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Abstract
Outdating of perishable products is a major challenge for businesses in retail industries. The
challenge becomes more complicated when the supply chain is more complex. This research focuses
on the prevention of outdating in a two-echelon supply chain with one central warehouse and
multiple retailers. Several properties and procedures in the central warehouse are considered in
order to identify areas with room for improvement.
The purpose is to identify the redesigns with highest potential in terms of reducing outdating of fresh
products. Next to outdating, availability levels are taken into account in the model. Supplier
arrangements and a reduction of the case pack size are reconsidered. Moreover, the current
allocation rule in the distribution center is analyzed and a new proposal is evaluated. Finally, the
unique opportunity of sharing information on stock levels in both echelons is considered in two
redesigns: (I) a redesign that uses information on inventory levels in stores in ordering decisions at
the distribution center, and (II) a redesign that anticipates for outdating in stores with estimated
information on ages of inventories.
In general, a two-echelon supply chain with one central warehouse and multiple retailer faces
sufficient opportunities to reduce waste. However, highest potential can be found in reducing the
case pack size, optimizing supplier conditions and allowing for lower service levels.
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Executive summary
This research is conducted as a graduation project for a student Operations Management & Logistics
from Eindhoven University of Technology. It is initiated by Jan Linders Supermarkten.

Problem statement
Jan Linders controls a two-echelon supply chain with one central warehouse and multiple retailers.
Unique is the fact that both the distribution center and all stores are owned by the company, which
stimulates the intention for company-wide profits. Jan Linders is acknowledged because of the
freshness of their products, which is also a direct challenge. In an environment with perishable
products, the company should manage the tradeoff between quality and availability of these
products. Outdating values are perceived to be high. In particular for products that are kept on stock
in the cooled area in the distribution center, reduction of waste is conceivable. Several policies in the
distribution center are well-established procedures. However, it is not clear whether these
procedures are efficient in the current situation and whether they are followed properly. Jan Linders
is currently implementing a new automatic ordering system in the distribution center, called Slim4.
The purpose of this thesis is to consider the performances of Slim4. Moreover, the relevance of
several modifications to current procedures is evaluated in order to reduce the amount of outdating
for the total supply chain further. This purpose leads to the following research assignment:
Reduce the amount of outdating in the stores by reconsidering the policies in the distribution center.
This research assignment is split into several sub assignments to evaluate different potential
improvements:
1.
2.
3.
4.
5.
6.

Discover the prospected performances of the distribution center when Slim4 is implemented.
Consider the current supply properties.
Evaluate the profitability of breaking up the case pack size.
Investigate the opportunities of a different allocation procedure in the distribution center.
Investigate the influence of sharing information on inventory levels in the stores.
Investigate the influence of taking into account the age of products on stock in the stores.

With the purpose of the research in mind, a simulation model is developed that reflects the total
supply chain when Slim4 is implemented. The simulation model is adapted for the different sub
assignments in order to evaluate the effects of these potential improvements.

Analysis
For a selection of six products with various characteristics, an analysis is performed in order to obtain
input parameters for the simulation model. Remaining life times of products when arriving in the
distribution center and demand distributions are derived based on historical data. The selected
products are assumed to face stationary demand, since no clear indication for a trend or a
seasonality pattern is found. Besides, a week pattern is discovered and taken into account. Since
demand should be discrete, the logic of Adan, van Eenige, & Resing (1995) is applied to determine
the demand distributions that are required to generate the demand for the simulation.
Next to these analyses, potential opportunities in the supply properties are evaluated. After
contacting relevant suppliers, some potential changes in current order and delivery schemes are
proposed to better align the procedures in the distribution center with the procedures at suppliers.
These proposals should be (I) beneficial for the amount of outdating, (II) physically possible and (III)
perceived as realistic in cost-perspectives. Some suggestions are in (I) shorter lead times, (II)
additional deliveries or (III) complete shifts of the schedule.
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Design
The supply chain of Jan Linders is replicated as much as possible. The replenishment policies in the
stores and in the distribution center are approximated with an R,s,nQ-policy (Silver, Pyke, &
Peterson, 1998). The reorder levels in the stores are determined such that the aggregate service level
for the stores is on average 95%. The forecasting technique that Slim4 uses is approximated by an
exponential smoothing algorithm. Moreover, the picking behavior in the distribution center is
modelled as executed in practice: a fixed sequence of stores is used for allocating available products
to stores, and picking the products occurs according to a FIFO-policy. Important is the behavior
concerning outdating, since outdating is an important performance indicator. In the stores, products
are disposed one day before the products expire, while the distribution center handles an internal
expiration date when the products should be shipped to the stores.
The objective is to minimize the amount of outdating and inventory levels for every product (𝑖). Since
lost sales are also not desired, restrictions are determined on availability levels:
min(𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠(𝑖) + 𝑂𝑢𝑡𝑑𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠(𝑖))
such that
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑆𝑡𝑜𝑟𝑒𝑠(𝑖) ≥ 0.95
𝐴𝑣𝑎𝑖𝑙𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝐷𝐶(𝑖) ≥ 0.80
Since the purpose is to compare different scenarios and redesigns, it is important to compare
optimized models when drawing conclusions. Therefore, the safety amount in the distribution center
(part of the R,s,nQ-logic) is modelled as a decision variable. The simulation is used to find the safety
amount that causes lowest values for the objective function while the constraints are satisfied.
For sensitivity reasons, all results are obtained for two different consumer withdrawal behaviors.
With respect to outdating, consumers desirably pick the oldest products from the shelves. Although
current procedures are handled to stimulate this behavior, some consumers will search for the
freshest product on the shelf. Therefore, a second withdrawal behavior, where 80% of the customers
pick the oldest product and 20% pick the newest products is examined. Besides, for some products, it
is investigated what the effect is of a relaxation on the availability constraints.
Furthermore, the model is used to value the effect of reducing case pack sizes or handling different
supply conditions. To evaluate these properties, some parameters are determined again.

Redesigns
For the last three sub assignments the simulation model is adapted more elaborately.
First, a redesign is developed that handles another allocation rule in the distribution center. Instead
of allocating in a fixed sequence, stores are assigned to available products in order of importance. In
this sequence, products are allocated first to stores that have highest shortage probability. This
procedure is based on the myopic allocation rule introduced by Prastacos (1981).
The effect of having information on inventory levels in the stores when ordering in the distribution
center is explored by implementing the DRP-approach, as explained by Martin (1995). With help of
the inventory levels, and the expected demand during lead time and review period at the distribution
center (based on the demand distributions), appropriate decisions are made.
To explore the effect of taking into account ages of inventories, these ages should be estimated,
since the actual ages are not tracked. In combination with the inventory levels, the estimation is used
to anticipate for disposals due to outdating in the stores. Although the ages are not known, but
estimated, the concept is related to the EWA-policy (Broekmeulen & Van Donselaar, 2009).
v

Results
The basic situation, which represents the situation when Slim4 is implemented, shows improvements
compared to current outdating values. Hence, the optimization step that Slim4 executes outperforms
the current (manual) replenishments.
Another interesting result on the basic model is the high potential in reducing the case pack size.
Products that face much outdating could benefit substantially from a case pack size that is reduced to
1. Moreover, for some products, rearranging supplier conditions is profitable; especially checking
whether current arrangements are fully utilized is an easy obtainable gain.
Allowing for lower service levels is also valuable in order to reduce outdating. Moreover, consumers
get even fresher products. Consequently, consumers face empty shelves more often. Although this
consequence is not desirable, it does not need to be detrimental. The effect of the withdrawal
behavior is in general not very large.
The redesigns show varying results. The new allocation rule faces highest potential for products with
low average demand and relative short product life times. Sharing information on inventory levels in
the stores is in general not that profitable. That conclusion also applies to the incorporation of
estimated age-dependent stock levels.

Recommendations
Most important recommendations for Jan Linders are in the reduction of the case pack size. Since
opportunities exist for major cost savings, it is important to investigate how this could be achieved
and for which products it is worth to implement a certain procedure to break up the case packs.
Another simple improvement may be found in reconsidering the supplier conditions and checking
whether the current arrangements are fully utilized. Jan Linders should evaluate the possibilities and,
when possible, communicate the results with the suppliers in order to reconsider current conditions.
Besides, it is interesting to study the consequences of having out-of-stocks on a regular base in the
stores. Since for some products consumers are very willing to substitute, lower service levels may be
acceptable for those products. It is important to identify for which products this reduction in service
level is allowed and what that reduction may be without being affected by shortages for those
products. These decisions are associated with assortment planning decisions.
Because savings are not high for all three redesigns, it is recommended to postpone focusing on
implementing these redesigns. However, it may be worth to consider the implementation later,
possibly in a different setting, and to check how these redesigns can be integrated in current
procedures.
Risen interesting research areas are in products that face a seasonality pattern or a trend. Current
models are not applicable for products with these demand characteristics; hence, this area can be
further investigated in future research. Moreover, promotional periods are interesting to include in
future research, because promotions are a major cause of outdating as well.
A last and important remark is to focus on products that face outdating more often, since potential
gain is largest for these products.
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1. Introduction
This research is initiated by Jan Linders and is performed as graduation project. In order to define a
proper research assignment a literature review was written and a research proposal was developed
in order to identify a properly outlined research purpose. In order to have a clear view on what is
investigated, the structure of the report is explained first, after which the environment of the
research assignment is sketched.

1.1. Report structure
After a general introduction in this chapter, chapter 2 states the research purpose and outlines the
research as developed in the research proposal. Afterwards, chapter 3 presents the results of a data
analysis, which is performed in order to obtain input parameters for the model. This basic model is
elaborated in chapter 4. Subsequently, three redesigns are developed in order to satisfy the research
purpose. These redesigns are explained in chapter 5. Chapter 6 describes how the simulation model
is used and how it is executed in order to obtain reliable results.
After determining all design parameters the simulation is executed and the results can be found in
chapter 7 for the basic model and chapter 8 for the redesigns. Chapter 9 reflects the research
assignments and draws conclusions and recommendations for Jan Linders. Finally, chapter 10
evaluates this research and states some recommendations for further research from an academic
perspective.

1.2. Background description
To obtain a good understanding of the problem context, this section creates a general view on the
background of Jan Linders.

1.2.1. Jan Linders and its supply chain
Jan Linders BV is a food retailer in the south east of the Netherlands. The main office and distribution
center are located in Nieuw Bergen. Jan Linders started his first supermarket in 1963 in Gennep and
since then the company has expanded to 57 supermarkets nowadays. The supermarkets are located
in the provinces Noord Brabant, Limburg and Gelderland. Although the number of stores has
increased, the atmosphere of a family company is retained. Other core values are: quality of
products, customer focus and regional involvement. The goal of Jan Linders is to be the best
supermarket for consumers in the south east of the Netherlands. Jan Linders has been awarded by
consumers as the supermarket with the best fresh products for the last six years (GFK Versrapport
2015). Jan Linders aims for maintaining this appreciation.
Jan Linders owns both the distribution center and the stores, which makes the part of the supply
chain managed by Jan Linders a distribution inventory system (Axsäter, 2003), as is graphically
represented in Figure 1. Next to these locations, Jan Linders has a Service Office, in which central
decisions are made, e.g. assortment decisions, pricing of products, and marketing campaigns. In this
Service Office the department Supply Chain is responsible for the inventory management of both the
distribution center and the stores. In order to compete with large food retailers Jan Linders has
joined a collective purchasing organization called Superunie.

1

Figure 1: Two-level distribution inventory system (Axsäter, 2003)

1.2.2. Division into product categories
Jan Linders handles a general classification of “Food/Non-food” and “Fresh” products. The latter type
of products has relatively short life times and consists of seven subcategories: AGF (potatoes,
vegetables, fruit), Meats, Fresh meat, Fridge, Cheese, Bakery, and Flowers. The Food/Non-food
category contains products with long life times and can be further divided into three subcategories:
Groceries, Freezer, and Tobacco. The division is also shown in Appendix A. Within these product
categories several product groups can be distinguished.

1.2.3. Inventory management
Jan Linders has implemented an automatic ordering system for the stores, called F&R. The system
provides order quantities that should satisfy demand. These order quantities are determined based
on predictions, current inventory levels and some additional parameters. The predictions are based
on historical data taking into account trends and seasonality. Besides, previous promotions are
indicated and can be ignored in the forecasts. The additional parameters are a safety amount to
satisfy a targeted service level and a presentation stock, which is additional stock that should be
stacked because of commercial reasons. With this information F&R calculates the order quantities
and provides them to the store manager. In general, the store manager orders the provided order
quantity, although he is allowed to deviate from this outcome. On top of that, the system indicates
whether an unusual situation occurs. This situation could be caused by inadequate scanning in the
store, when the actual inventories are not aligned with the inventories according to the system.
Also, the system indicates when it is expected that inventories will perish before demand arises.
However, the system does not know what the exact expiration date was of the sold products, i.e. the
customer picking behavior is not encountered in the system and thus the actual age-distribution of
the stock in stores is not known.
Most of the products are replenished from the distribution center; however, some are delivered
directly by its supplier. For the products that cross the distribution center, an R,s,nQ-policy is used
(Silver, Pyke, & Peterson, 1998). The inventory is periodically reviewed (R). When the inventory
position is below the dynamic reorder level s, an order is placed at the supplier of n case pack sizes
(of size Q). However, this policy is only used on paper, whereas in reality, the orders in the
distribution center are manually made and no pre-defined values for reorder levels are known.
Besides, the link between the F&R-system of the stores and the orders at the distribution center is
also made manually. Currently, an inventory replenishment system (Slim4, a system of Slimstock) is
implemented at the distribution center, which aims to better structure the replenishment policy at
the distribution center.
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1.3. Problem introduction
Currently, society is known as demanding. This also holds for the consumption of food and the
experience of buying those products, e.g. availability and atmosphere in stores. In daily life many
people come in contact with supermarkets. Hence, supermarkets face a challenge in satisfying the
needs of those potential customers, while at the same time being profitable.
Just as other retail industries, supermarkets face challenges in holding the right inventory levels,
selecting the best suppliers and satisfying customers. On top of that, supermarkets handle a broad
assortment of products with many different properties. A remarkable property of a large part of the
products sold in the stores is perishability. As mentioned before, Jan Linders’ fresh products are
awarded by consumers. In order to maintain that appreciation it is important to have sufficient fresh
products on the shelves. On the other hand, too many products in the stores cause much holding
costs and, more important for perishable products, outdating. A major challenge for Jan Linders is to
manage the outdating in order to minimize waste and related costs, while targeted service levels are
still reached and consumers remain satisfied.

1.3.1. Outdating in the stores
According to Jan Linders, managing outdating could be improved, because total costs are perceived
to be too high. Figure 2 shows which proportion of the total outdating costs is allocated to which
product category. Particularly, the products that belong to the Fresh categories face too high
outdating values. As can be seen in Figure 2, some categories are majorly responsible for the
outdating values in the stores, e.g. Groceries, AGF, Fresh meat, Fridge, and Bakery.

Figure 2: Outdating at stores 2014

1.3.2. Outdating in the distribution center
Next to the stores, also the distribution center faces outdating. However, these amounts of outdating
are negligible compared to the waste in the stores. These low values are caused by the policies: when
products in the distribution center reach their expiration date, first it is attempted to sell them
through for example a promotion. When that is not possible or stock is still left, the products are
donated to the foodbank.
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2. Research design
In the preparation phase of this master thesis a research proposal was formulated (Mertens, 2015b).
That proposal is used to determine a problem definition. Several solution directions were evaluated
in order to come up with a proper research design, which is summarized in this chapter.

2.1. Problem definition
The problem of outdating that is introduced can have several causes. In the research proposal
(Mertens, 2015b) a quick analysis was performed, which shows that multiple causes could be
investigated. The cause-and-effect diagram that was sketched can be found in Appendix B. The quick
analysis (Mertens, 2015b) shows that products are in general too long in the distribution center.
Orders from the distribution center at the supplier are on average too large compared to the period
for which the demand should be satisfied with those orders. On top of that, the actual stay in the
distribution center for the selection was even larger than expected based on the average demand
from the stores and the ordered amounts, which implies a large safety amount. At the same time,
out-of-stock situations are not prevented for. Therefore, it is assumed that policies could be
improved in order to reduce outdating, increase freshness and improve total performances. Since
Slim4 is currently being implemented, this is used as a given for the remainder of the research.
Based on a literature review, Mertens (2015b) developed several solution directions in order to
reduce the amount of waste. Literature shows that rearranging supplier properties in terms of
reducing lead times and/or review periods (van Donselaar, van Woensel, Broekmeulen, & Fransoo,
2006) and breaking up the case pack size (van de Ven, 2014) are opportunities to reduce outdating.
Moreover, taking into account information on the inventory levels in the stores is hardly investigated
for perishables in a distribution inventory system, but conclusions were promising for other supply
chain structures (Ketzenberg & Ferguson, 2008). Finally, the allocation of products to stores, which is
executed in the distribution center, may be inappropriate. Implementing another allocation rule is a
good solution direction, since Jan Linders is very interested in the effects of improving the allocation
procedures in the distribution center. In this research, these solution directions are applied due to
their practical relevance and current gaps in literature.
The remainder of the thesis uses some definitions. The time between arrival in the store and the
time of expiration is denoted as ‘shelf life’, while the time between the arrival in the distribution
center and the expiration time is denoted as ‘Age at arrival’ or ‘Remaining life time at arrival’. The
case pack size is the amount of consumer units per packing that is shipped from the distribution
center to the stores. The number of packings that arrive in the distribution center are denoted as
incoming order quantities (in number of case packs). When the demand at the distribution center is
meant, it is explicitly mentioned, otherwise ‘demand’ represents the demand in the stores.

2.2. Research purpose
From the results of the quick analysis and the elaboration of the solution directions, opportunities
arise in reconsidering the policies at the distribution center. Consequently, the purpose of this
master thesis is the following:
Reduce the amount of outdating in the stores by reconsidering the policies in the distribution
center.
To create a proper view on the research purpose, several sub assignments are developed. Interesting
solution directions are applied to these sub assignments, such that a clear recommendation for the
management of Jan Linders can be done.
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1. Discover the prospected performances of the distribution center when Slim4 is implemented.
In order to investigate the influence of the different potential improvements, first a basic model
should be developed that represents the situation aligned with Slim4 and is used as benchmark for
the other solution directions. Since currently an R,s,nQ-policy is executed manually and Slim4 is also
based on an R,s,nQ-policy, the current execution is related to the prospected one of Slim4.
Nevertheless, differences are in the performances, because Slim4 has more opportunities in
optimizing the parameters and it should thus outperform the current situation. Actually, Slim4 is the
optimization step for the current procedures in terms of replenishments.
2. Consider the current supply properties.
In order to reduce the amount of time the products are kept on stock in the distribution system, Jan
Linders depends on the delivery properties of its suppliers. One should think of life times of the
products at arrival in the distribution center, supplier delivery schedules, and potentially additional
deliveries. It is possible that rearranging these conditions is beneficial for the amount of outdating.
3. Evaluate the profitability of breaking up the case pack size.
The developed model can be used to investigate the potential benefits of breaking up the case pack
size. When products can be shipped in smaller amounts, this can be better for the amount of
outdating, but it requires additional handling elsewhere in the supply chain.
4. Investigate the opportunities of a different allocation procedure in the distribution center.
The current allocation procedure in the distribution center has not been considered for a long time. It
may be worth to evaluate its performances and consider a different procedure. The model can be
adapted for another allocation procedure which may reduce the outdating in the stores.
5. Investigate the influence of sharing information on inventory levels in the stores.
The basic model can be adapted such that the actual inventory levels at the stores are kept. With this
information, replenishment decisions in the distribution center could be more aligned with the actual
demand in the stores. Literature suggests that this may be profitable (Ketzenberg & Ferguson, 2008).
6. Investigate the influence of taking into account the age of products on stock in the stores.
In order to investigate the influence of knowing the age of the products on stock in the stores,
another addition to the model can be done. When, in addition to the number of products on stock in
the stores, the remaining life time of these products is known, literature suggests that this would
improve the replenishments and also reduce the waste (Broekmeulen & Van Donselaar, 2009).

2.3. Research decisions
This section explains which products are considered during the research and which method is used to
evaluate the different sub assignments.
As can be seen in Figure 2, the problem of outdating is major for several product categories. In this
thesis, the product category Fridge is considered, because it is assumed that this category has most
potential gain in the area of Fresh products. This gain originates from the fact that products within
this category commonly do not face that much outdating. Other categories that face much outdating
are not considered due to: (I) products do not cross the distribution center (Bakery and Fresh meat),
or (II) products have variable weights (AGF and Fresh meat).
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For sensitivity reasons, six Fridge products are selected that differ on product characteristics: (I)
average demand, (II) week pattern in the demand, and (III) life time of products. Table 1 presents
important characteristics of the products that are used in this research. Out of these products, article
255411 is a dessert, while the others are snack meals. Appendix C presents the article descriptions.
Table 1: Selected products with characteristics

Article

Special property

326401
326359
255411
326223
326215
326884

Fast mover
Slow mover
Large week pattern
Small week pattern
Large age at arrival
Small age at arrival

Current
relative
outdating
1,6%*
18,4%
34,1%
5,5%
2,5%
38,3%

Average
weekly
demand (#CU)
1008
59
123
183
128
78

Week
pattern
3,9
3,5
6,9
2,8
3,3
3,9

Average
age at
arrival
26
22
19
22
35
15

Case
pack size
(#CU)
10
1
6
1
1
1

Fresh
Case
Cover
0,148
0,342
1,014
0,098
0,088
0,341

* Partly caused by promotions

One should note that the week pattern is determined by dividing the average demand of the
weekday with highest demand by that of the weekday with lowest demand. The fresh case cover
represents how unlikely it is that a case pack would be sold before expiration; it is determined by
dividing the case pack size by the average demand per store during the average shelf life. The relative
outdating is presented as the aggregate cost price of the outdated products divided by the net sales.
How these special properties are related to the greater assortment is explained in section 3.2.3.
The model that is developed is a simulation model, since that allows for complex dependencies
between different elements of the supply chain of Jan Linders. Moreover, simulation enables
developing redesigns and comparing them with the reference situation easily. The mathematical
program that is used is R-studio. With the research purpose in mind the performance indicators that
are monitored are: (I) the amount of outdating, (II) the average inventory position, (III) the unfulfilled
demand, (IV) the availability in the distribution center, (V) the aggregate service level for the stores
(also known as fill rate), (VI) the average shelf life, and (VII) the relative outdating. In the end,
different design settings are compared based on these performance indicators to draw conclusions.

2.4. Scope
This section explains some assumptions and decisions to properly define the scope of this research.
The forecasting and replenishment algorithms covered in F&R are not considered in the master
thesis due to complexity and the focus on the policies in the distribution center. The replenishments
at the stores are approximated by the R,s,nQ-policy. The reorder levels in this policy are determined
with the DoBr-tool (developed by Van Donselaar & Broekmeulen), based on an intended service level
(fill rate) of 95%. In this determination, the 95% is the aggregate service level for all stores, which
implies that the service level of specific stores may be higher or lower than 95%, as long as the
aggregate service level is 95%.
In practice, products are not directly stacked when they arrive at the stores. For some stores, the
products are kept in the backroom for the rest of the day. However, if a product would run out-ofstock it would be stacked immediately during the day. This presumes that an out-of-stock situation in
the store is not possible when products are still in the backroom. Hence, it is assumed that products
can immediately be sold, when they physically arrive at the backroom of the stores.
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Jan Linders’ policy is to have only two expiration dates on the shelves at a time. Thus, only products
with the two earliest expiration dates can be sold. Other products are stored in the backroom so that
they cannot be sold. However, it is assumed that shelves are restacked immediately when only one
expiration date is left on the shelf. Too little shelf capacity is not taken into account.
Although it is an interesting research area according to Mertens (2015b), potential problems in store
execution are not considered. That implies that shelves are restacked immediately when the
procedure prescribes and products cannot be lost in the store.
For this research the promotional periods for products are not taken into account, only regular sales
and regular replenishments are considered. High outdating values during these periods are expected
to be caused by bad forecasting techniques, which are not considered in this research.
Stores can order six days a week (Monday till Saturday). F&R generates the order quantities
overnight, and store managers can adapt them before 10 am. In this study, adaptations in orders are
not accounted for, since these are particularly caused by specific promotional periods or events in
practice; it is assumed that the replenishment decisions are totally based on the inventory position at
the end of the previous day. During the day, products are picked in the distribution center, such that
they are shipped to the stores the next day, early in the morning. The products arrive at the stores at
last at opening time of the store. Hence, for the opening hours (and thus inventory position) of the
stores the lead time is only one day (except for Monday delivery). This order and delivery schedule is
used as given and potential adaptations are thus not considered.
Suppliers are assumed to always deliver the ordered goods. Hence, a potential out-of-stock situation
at the supplier is left out of scope.
When in the distribution center an out-of-stock situation occurs, the demand of the stores that
cannot be fulfilled is lost. Since the inventory position of the stores is not increased, the order is
generated again automatically at the next potential order moment.
It is assumed that operations in the distribution center always proceed. Potential disruptions of
systems or insufficient available employees are left out of scope.
Although it is investigated what the benefits are from reducing the case pack size, it is not
investigated what the best way is to achieve this.
Some other properties of the system that are subject to change for the redesigns are elaborated on
in the corresponding sections.

2.5. Stakeholders
The stakeholders in this project are in particular Jan Linders and the University of Technology in
Eindhoven. Jan Linders is represented by two company supervisors, Claudia den Hartog and Hans
Jaspers. Claudia is manager of the supply chain sub department and Hans is director of the Finance &
Logistics department. However, also other employees within the department Finance & Logistics are
stakeholders, since they can provide information and clarify processes. The University of Technology
in Eindhoven is represented by two supervisors. First supervisor is Karel van Donselaar, expert on
logistic processes in retail industries. Maximiliano Udenio functions as a second university supervisor;
he is an expert on multi-echelon supply chain management. Next to those parties, also Slimstock is a
stakeholder, since the research area is coinciding with their implementation of Slim4. The aim is to
conduct a research that is both practically relevant for Jan Linders and academically well
substantiated for the university. In the end, both university supervisors assess the quality of the
research, partly based on input of Jan Linders.
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3. Data analysis
Some parameters for the model can easily be obtained by the information systems of Jan Linders,
such as the currently handled case pack sizes, and the order-and-delivery schemes with potential
ordering moments, while others need more investigation. In this chapter, the age of products at
arrival in the distribution center is studied. Also, sales and ordering data are analyzed in order to
determine the forecasting parameters and to generate the demand for the upcoming periods for the
simulation. Section 3.4 elaborates on the determination of the prices, which are used as input
parameters for the simulation study. Finally, an analysis is performed on the supplier properties in
order to evaluate the opportunities of reconsidering supplier arrangements in relevant cases.

3.1. Age at arrival distribution center
The life times at arrival in the distribution center of the selected products are analyzed based on
historical data for three months (August 2015 till October 2015). In general, products can be
categorized in two types of age distributions. The first category contains products that can have the
same expiration date at different arrival moments. The second category consists of products that
have equal ages at every arrival. For the six products that are considered, three articles can be
assigned to the first category and three to the second category.

3.1.1. Deliveries on multiple days with equal expiration dates
Some products can have the same expiration date when they arrive at the distribution center at a
different moment. This could indicate a make-to-stock policy at the supplier, while they do not
produce daily. When the supplier has still stock left from the previous batch, the new order arrives
with the same expiration date at the distribution center of Jan Linders. For this research it is assumed
that products with the same expiration date indeed are produced at the same moment, which is also
confirmed by the supplier analysis in section 3.5. The proportion of orders that has the same
expiration date as the previous is explored. In the determination of this percentage only delivery
moments that could have had the same expiration date in order to still satisfy the guaranteed
supplier life time are taken into account. It is assumed that suppliers always fulfill these agreements
on the guaranteed life time at arrival.
For deliveries with a new expiration date it is checked what the different life times at arrival are.
Because of the limited amount of data an empirical distribution is assumed for the age of these
products when arriving at the distribution center. Appendix D shows the determination of these ages
in mathematical formulas.

3.1.2. Always equal life times on arrivals at the distribution center
Some products always have equal life times when they arrive at the distribution center. It is expected
that these suppliers produce on order, and thus that the products always have equal life times,
because they are shipped directly after production. This is confirmed by the supplier analysis for the
selection of products (section 3.5). The age at arrival in the distribution center for these products is
easy to determine, since it is always equal when no disruptions occur at the supplier or during
transportation from supplier to distribution center. It is assumed that a product fits the properties of
this category when it occurs for less than 10% that the life time deviates from its modus; hence, the
life time at arrival is modelled as deterministic for those products. Sometimes, per weekday a
deterministic remaining life time may be assumed. The differences between different weekdays may
then be dependent on the production moments of second tier suppliers, which can be the case for
products of Superunie. These products are still modelled with a deterministic remaining life time at
arrival in the distribution center, but with a different value for different delivery days.
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3.2. Sales data
The sales data for the selection of products are obtained from January 1 2014 till October 18 2015.
These data are transformed such that promotional periods and outliers are removed from the data
set. Based on these clean sales, graphs can be drawn. As an example, Figure 3 shows the clean sales
of article 326401 in the store in Sevenum. After the deletion of the outliers, it can be seen that it is
reasonable to claim that there is no seasonal pattern or trend in these data; however, a week pattern
is likely to play a role. For other product-store combinations similar conclusions can be drawn. Based
on these clean data, further analysis is performed in order to generate the demand for the simulation
model. In this generation, it is assumed that past sales approximate the future demand properly.
Moreover, it is assumed that demand does not depend on the age of the products that are on the
shelf.
Figure 3: Sales Article 255340

3.2.1. Fitting distributions
With these data points, distributions are fitted per product per store per weekday. That implies that
the week pattern is captured by using different distributions for different weekdays. An alternative
approach would have been to determine a distribution per week and then to divide the demand over
the weekdays proportionally. However, the latter implies dependencies between different days
within a week and possibly non-integer demand. The data support independencies between different
days: an occasionally high demand on a certain day does not consequently imply high demand on
consecutive days. Since the demand is in integer products a discrete distribution is required. To fit a
discrete distribution the logic of Adan et al. (1995) is used. Based on the mean and standard
deviation of the demand a specific factor is determined; dependent on that value a Binomial (38%),
Poisson (3%), Negative Binomial (43%) or Geometric (16%) distribution has been fit. For all ProductStore-Weekday combinations the demand distribution is determined. The parameters for these
distributions are obtained from the logic of Adan et al. (1995) as well.

3.2.2. Validating distributions
For a proper data analysis these fitted distributions should be validated. Therefore, the data are split
up into two parts (odd and even weeks). One half of the data is used to determine the distributions.
The other half is used to validate the fitted distributions based on a chi-squared test. Note that for
some products (three out of six) the data are limited, since they entered the assortment later than
January 2014. For these Product-Store-Weekday combinations, it is almost impossible to fit and
validate a distribution. For the products that are in the assortment the entire period, 44% of the
Product-Store-Weekday combinations are validated by the chi-squared tests. When considering the
different distributions, no specific reasons can be found for the (in)validation of distributions, i.e.
there is no specific weekday or store that performs consequently better or worse. Moreover, the
(in)validation does not depend on the type of distribution from Adan et al. (1995). Thus, the
validated combinations seem to be random, which complicates managing this problem. When
looking into more detail to the fitted distributions (based on the first half of the data) and the actual
observations (based on the second half of the data) (Figure 4), some conclusions may be drawn.
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Figure 4: Validated (left) and invalidated (right) distribution

The left graph in Figure 4 shows a fitted distribution that is validated, while the right graph is not.
Both graphs seem to fit to the observed data. It is assumed that the lack of validation is due to lack of
data. Better validation can be done when more data points are available. Therefore, in the absence
of additional data, the invalidated distributions are used. Also, the demand for products that were
not in the assortment in January 2014 is approximated by the same logic of Adan et al. (1995), but
without performing a chi-squared test. One should note that with the invalidated and not tested
distributions some caution is required when comparing the results with reality. However, for the
purpose of this thesis, the distributions can be used to compare the proposed improvement models
with the reference model.

3.2.3. Representativeness selection of products
To generalize conclusions, it is important to know which sales characteristics (tested by the selected
products) are typical for the greater assortment. Therefore, the average demand, week pattern and
product life time are investigated for the greater assortment of fresh meals and dairy products
(consisting of 500 products): two product groups that are perceived to face too much outdating
within product category Fridge. For the average demand, the analysis shows that 55% of the articles
is on average sold less than once a day per store, which is considered as slow moving. The life time of
68% of the products is between one and three weeks, which is assumed to be a short life time
(shorter than a week does not occur for products that are kept on stock within these groups).
Subsequently, the value for the week pattern (as defined in section 2.3) is only in 41% of the cases
larger than 4, which is assumed to indicate a large week pattern. On top of that, within the 500
products 79% has a case pack size that is larger than one, from which 43% has a fresh case cover
larger than 0,5, which is assumed to be high. See also Appendix C for an overview.

3.3. Ordering data
Information on the orders from the stores is required for the implementation of the forecasting
techniques of Slim4. Data for all orders are obtained simultaneously with the sales data. Thus, they
are available for the same period: from January 1 2014 till October 18 2015. Some products have
entered the assortment later, some even in the last months (as was observed in the sales analysis as
well). For these products, only the months in which they were in the assortment are considered.
Besides, for some periods, some of the data should be filtered out due to several reasons. First, the
data for the known promotional periods are removed from the data set (including three days before
and one day after). Second, periods are removed for which in seven consecutive days at most once
orders were placed; an out-of-stock at the distribution center was assumed for these periods. Third,
days where the demand is higher than ten times the average demand are removed, since it is
assumed that these high demands had a special reason, which is not representative for regular
demand.
10

With the purpose of this analysis in mind, the data are translated to monthly demand. For missing
values the averages of the other days in that month are used. These data are used to determine the
initial smoothing parameters for the forecasting mechanism, which is explained in section 4.2.1.
The monthly data are used to check for trends and seasonality, since that is required for Slim4 to
make a good forecasting model. Figure 5 shows the monthly demand pattern for article 326884.

Figure 5: Monthly demand article 326884

For the other articles similar graphs are drawn (a combination is shown in Appendix E). For products
that enter the assortment later, the graph is only interesting from the second month they are in
assortment (the first month is left out to prevent for deviation due to the launch period). These
graphs show similar patterns as Figure 5. Hence, the graphs show no clear indication for a trend.
For some products, the demand for one month is accidentally higher or lower than others (more
than 25% deviation from the average). Since the month where this occurs seems to be random (not
consistently summer periods or the month December), it is assumed that it is accidental and not due
to a seasonal pattern. To check for seasonality, more years should be compared. However, due to
lack of data, this is not possible. Nevertheless, the assumption of no seasonal pattern intuitively
seems reasonable for the selected products.

Figure 6: Week pattern sales

Besides, the last twelve clean weeks (weeks without missing data due to (un)known promotional
periods) are extracted from the ordering data. As can be seen in Figure 6, also these data indicate a
week pattern. Therefore, the forecasts for the distribution center take into account the week
pattern. To implement the week pattern, Slim4 requires lift factors per day. The initial lift factors for
the distribution center are determined by dividing the total demand on a weekday for the last twelve
clean weeks divided by the total demand during the last twelve clean weeks. Based on these lift
factors Slim4 generates a forecast per day.

3.4. Price determinations
To determine the purchasing prices per product, the total cost price for the sold products in a period
of twelve weeks (August 2015 – October 2015) is divided by the number of sold products. This
average is taken, because prices vary over time. It is assumed that these averages are representative
for the whole year. Appendix F shows the relevant purchasing prices for the selection of products.
11

3.5. Supplier properties
The suppliers of the selected products are analyzed in order to check whether changes in agreements
are physically possible. The simulation model is used to check the gains of these proposed changes.
Table 2 presents an overview of the suggestions. The representation of Fr-Tu, Tu-Th is an order
moment on Friday for delivery on Tuesday and an order moment on Tuesday for delivery on
Thursday. Note that it does not imply that these proposed changes are the only possibilities; these
are intuitively the best alternatives, as is explained in the remainder of this section. For other
suppliers that deliver products in the same product groups as the selected products, this analysis is
also performed. Appendix G shows the results on that analysis.
Table 2: Potential changes in Order & Delivery scheme

Supplier
Superunie
Vleems Food
De Zuivelmakers
De Kroes

Current Order & Delivery scheme
Divers
Th-Tu
Fr-Tu, Tu-Fr
Fr-Tu, Tu-Th

Proposed Order & Delivery schemes
Fr-Tu; Fr-Tu, Tu-Th
Fr-Tu, We-Fr; Th-Mo, Tu-Th
Mo-We, We-Fr

For all proposed delivery schemes, it holds that potential profits in one aspect should be weighed
against the negative effects on other aspects (e.g. increased flexibility against decreased quality).
Therefore, these changes are considered during this master thesis and tested in the simulation
model. Section 3.5.1 explains why no changed order and delivery schedule is proposed for Superunie,
while the remainder of the section shows the results for the other suppliers, which can be classified
to their production strategy.

3.5.1. Superunie
Adaptations to the current supply scheme are not considered for Superunie, since Superunie supplies
multiple products to Jan Linders. The products that are in the selection represent only a small
proportion of these products. Since the delivering schedules are interrelated for products with the
same supplier, it is important to consider the overall improvements for products supplied by that
supplier; potential benefits for one product could harm the results for other products. It is too
complex to judge the products of Superunie by just considering this selection of products. On top of
that, many products from Superunie have different suppliers themselves, which makes arrangement
with the original suppliers even more difficult. Especially since arrangements also depend on other
members of Superunie.

3.5.2. Make-to-stock strategy at supplier
Several products are produced by a make-to-stock policy. Within this category one can distinguish
between suppliers with a fixed production moment and a random production moment. Vleems Food
and De Zuivelmakers belong to this category and both have a fixed production moment per week.
Hence, the delivery schedules in the distribution center could potentially be better aligned with
those fixed production moments at the supplier.
Vleems Food produces the products for Jan Linders only on Mondays. On other weekdays different
products are produced; which complicates shifting the production to another weekday. Because in
the current delivery scheme Vleems Food supplies Jan Linders on Tuesdays, which is directly after a
production moment, this is optimized in terms of freshness.
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When analyzing current arrangements, the lead time of Vleems Food seems long. Vleems Food
handles a structure where one should order at one day, Vleems Food collects the products the next
day and the products are delivered the day after (no weekend days incorporated). Hence, the lead
time can be reduced by shifting the ordering deadline from Thursday to Friday. Another opportunity
arises in creating an additional delivery moment to incorporate more recent information in actual
ordering decisions: whether the increased flexibility outweighs the decreased quality may be worth
to evaluate. Therefore, an additional order moment on Tuesday with an additional delivery on
Thursday is considered. It is worth noting that this implies that products should be kept on stock
longer at the supplier (without adapting current production schedules).
De Zuivelmakers produces on stock, but has more types of productions for their products. According
to De Zuivelmakers they produce for two products on Mondays and Thursdays and for two products
on Tuesdays only. It is known that the products should cool down after production and thus products
can be shipped at earliest two days after production. However, since they produce on stock, they can
handle the same lead time structure as Vleems Food. This implies that the current structure of
ordering on Tuesday for delivery on Friday can easily be changed to ordering Wednesday for delivery
on Friday. Besides, a totally different structure may be considered. As a result of the production
moments at De Zuivelmakers, a delivery on Thursday seems profitable, since this is the earliest
moment the production of Tuesday’s products can be shipped. Therefore, a total change in delivery
schedule to ordering Tuesdays for delivering Thursdays and ordering Thursdays for delivering
Mondays may be considered. Note that the Zuivelmakers also supplies a few other products in
another product group, but since they have larger life times and face more demand, it is assumed
that these depend less on the current order and delivery scheme.
Note that the age distributions for products of these suppliers may need to be reviewed as well when
potential changes are incorporated in the simulation model, especially when a supplier has fixed
production moments.

3.5.3. Make-to-order strategy at supplier
The production of the other relevant suppliers can be categorized as make-to-order. This
classification is indicated by life times at arrival that are always equal, but it is also confirmed by
contact with these suppliers. For these products the lead times cannot be shorter, since the
production should still happen within this lead time.
De Kroes handles both make-to-stock and make-to-order policies. However, for the selection of
products, they perform make-to-order. At another delivery day the products are thus not likely to be
fresher or older. Nevertheless, different delivery moments could be beneficial, since lead times
become shorter (by avoiding weekend days in the lead time), or since it is better aligned with the
actual demand of the stores. Therefore, one other order and delivery schedule is considered.

3.5.4. Breaking up case pack size
Finally, the analysis on supplier properties is also used to determine whether breaking up the case
packs at the supplier is physically possible. This possibility is especially interesting when breaking up
the case pack size is profitable. The analysis shows that the properties of some products do not allow
them being shipped separately or in smaller boxes. For other products, suppliers face other reasons
why they state that breaking up the case packs is not applicable at their side. Only Vleems Food
indicates that it is physically possible to break up the case pack size before shipping the products.
When the third sub assignment turns out to be profitable, for products of Vleems Food the possibility
of breaking up the case pack size at the supplier may be investigated, while for the others the
solution should be found in the distribution center.
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4. Basic model
In order to develop a proper simulation model, it is important to have a clear understanding of the
basic situation. Because Jan Linders is currently implementing Slim4 as forecasting and
replenishment system in the distribution center, the basic situation takes into account these policies.
This basic situation can be used for executing the first three sub assignments. The redesigns required
for the last sub assignments are discussed in chapter 5. Since policies can be divided in policies in the
stores and policies at the distribution center, this division is also made in this chapter. Note that
Appendix H presents the model in mathematical formulas.

4.1. Store policies
The policies in the stores can be divided into four categories: (I) forecasting, (II) replenishments, (III)
outdating, and (IV) withdrawals. Each is explained in a separate section.

4.1.1. Forecasting
The forecasting techniques that are incorporated in F&R are based on regression. Effects for trends,
seasonality and week patterns are taken into account. However, for the selection of products, data
analysis shows that seasonality effects and trends are no major factors, which simplifies forecasting
in the model. Nevertheless, implementing regression in a simulation is still difficult, because it
requires intermediate analyses. Fortunately, the details in the stores are less important, since the
purpose of the thesis is to consider the policies in the distribution center. Daily forecasts are not
necessary to know in the basic situation, since replenishments are approximated by an R,s,nQ-policy
where reorder levels are determined with help of the DoBr-tool based on the average expected
demand (see also section 4.1.2).

4.1.2. Replenishments
As defined in the scope, the replenishment strategy of the stores is approximated by an R,s,nQpolicy. This approximation is reasonable, since inventory levels are checked periodically (R), products
can only be ordered in multiples (n) of a fixed case pack size (Q), and F&R determines the order
quantities based on the current inventory position and the predicted demand for coming lead time
and review period in addition to a certain safety amount for having a service level of 95% (s). Recall
that store managers may adapt the predictions of F&R, but that happens only rare. Moreover, if it
happens that is mostly related to promotions or special events. Therefore, it is assumed that the
policies of F&R perform well for the situation of this thesis.
Because the policies in the stores are not considered in detail, the determination of the reorder level
in the R,s,nQ-model is approximated as well. As explained in section 2.4, this approximation is
performed by the DoBr-tool, developed by Van Donselaar & Broekmeulen. Required input
parameters are discovered in section 3.2. The tool determines the required reorder levels to reach
the target service level of 95%. In this determination, the reorder levels are dynamic over the week;
on contrary, the safety amount is not. It could be interesting to investigate a variable safety amount
(or a different targeted service level) during the week as well. However, Weteling (2013) did a study
in a comparable environment and concluded that the influence of weekdays on outdating is not that
big. Due to time constraints and with the purpose of reducing outdating in mind, it is assumed to
accept a fixed safety amount and to determine the reorder levels only on varying demand (and not
varying safety amounts). Moreover, Cohen & Prastacos (1981) argue that the determination of the
optimal reorder levels is not very dependent on the actual withdrawal behavior (i.e. how consumers
pick the products from the shelves in terms of freshness), so for the determination of the reorder
levels it is not necessary to know (or make assumptions on the actual withdrawal behavior.
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In the simulation model, the replenishments of the stores are managed by keeping track of the
inventory on hand and the inventory on transit in order to determine the inventory position at a
potential order moment. According to the R,s,nQ-logic this inventory position is complemented with
an order such that the new inventory position is at least not less that the determined reorder level
(Silver, Pyke, & Peterson, 1998).

4.1.3. Outdating
Products are removed from the shelves at the end of the day before the expiration date in order to
maintain the image of being the best supermarket in fresh products. Thus, on their expiration date
products are not sold anymore. Since the actual age of the inventory is not known, Jan Linders makes
use of a ‘Code Book’ to keep track of products that potentially could be old. In this book, the
theoretical first expiration date per product is captured. When it is one day before this expiration
date, it is checked whether this date is on the shelf in practice. When a store clerk is at the shelf, he
removes products from that date and registers the new earliest expiration date. This disposing
procedure is also modelled in this way; products are counted as outdated at the end of the last day
before the expiration date.

4.1.4. Withdrawals
Customers can pick any product from the shelf. For the simulation model, it is important to know this
so-called withdrawal behavior of the customers, since that influences the amount of outdating.
Ideally, every customer picks the products with the shortest remaining life time, which would imply a
First-In-First-Out principle (FIFO). Jan Linders’ image of having fresh products contributes to FIFObehavior of customers, just as stacking the products such that the oldest products are in the front of
the shelves. Moreover, Jan Linders aims for only having two expiration dates at the shelf at a specific
moment, which implies that products with a third expiration date are stored in the backroom and
stacked when another expiration date has left the shelves. Whether this policy is executed well in
practice is not known, but for the model it is assumed to be performed well, since poor store
execution is not considered in this research. In the model, customers can only choose a product with
the first or second expiration date that is in the store.
Note that analysis on the real withdrawal behavior is very time-consuming. Therefore, in this thesis,
only two different behaviors are considered and the differences in results are discussed. When
differences are significant, it may be worth to investigate the withdrawal behavior in more detail in a
future research. Due to the ‘fresh’ image of Jan Linders, probably many customers ‘trust’ the quality
of Jan Linders’ products and just pick the first product from the shelf (Kock, 2015). Therefore, one
behavior that is considered is 100% FIFO. In the other investigated behavior people choose 80% on a
FIFO base and 20% on a SIFO (Second-In-First-Out) base. Next to the image, the design of the shelves
contributes to FIFO withdrawal behavior, because limited space per product and full shelves
discourage customers to search for fresher products. These thoughts are supported by literature (e.g.
Van Burgh (2007)). Finally, the shelf life of the selected products is larger than a week, which implies
that customers who visit a supermarket once a week (which is common according to van Donselaar &
Broekmeulen (2012)) have in general no need to search for fresher products. Combining these
thoughts results in the second considered withdrawal behavior of 80% FIFO combined with 20%
SIFO. In the simulation, this is modelled by randomly assigning a behavior to an arriving customer.
When the customer behaves FIFO, a product with the shortest remaining life time that is in the store,
is withdrawn. When the customer behaves according to a SIFO-policy, a product with the second
shortest remaining life time is withdrawn (when more than one expiration date is in the store).
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4.2. Distribution center policies
The policies of the distribution center can be divided in similar categories as the policies in the stores:
forecasting (section 4.2.1), replenishments (section 4.2.2), outdating (section 4.2.3), and withdrawals
(section 4.2.4).

4.2.1. Forecasting
The forecasting in Slim4 is based on the exponential smoothing algorithm. Besides, effects for
seasonality or a trend can be taken into account. As is shown in the ordering analysis in section 3.3,
the selection of products does not show clear indications for seasonality or trends; therefore, they
are modelled in the simulation program neither.
Once per month, Slim4 predicts the sales for coming month based on the exponential smoothing
algorithm. The smoothing factor is optimized for every product based on the available order data for
past available months. For this prediction, the first month is not considered due to the influence of
the launch phase. The smoothing factor (i.e. factor determines the importance of the last
observation) is determined such that the absolute deviation is minimal. However, the smoothing
parameter can be at most 0,4, since higher values are likely to be surrealistic (Silver, Pyke, &
Peterson, 1998). For initializing the simulation, an initial smoothing parameter is determined on
historical data. In this initialization, the first prediction is the prediction for the fifth month, which is
equal to the average demand of the second till the fourth month. This is done to let the very
influential first prediction not be too dependent on a single value.
Afterwards, this monthly prediction is spread over the weeks (divided by 4,33 according to Slim4).
Subsequently, the predictions per day are determined by lift factors for different weekdays based on
data for the last twelve clean weeks to incorporate the week pattern (as described in section 3.3).
Weeks are assumed to be clean when no promotions, events or out-of-stock situations occurred.
These predictions are made and (in principle) maintained for the whole month.
Slim4 uses the management by exception principle. This principle implies that the system gives a
tracking signal when predictions deviate too much from the real demand. In this case, the tracking
signal is given when the relative deviation is over 0,4. When this is the case, either manual
adaptations to the predictions can be done, or a new initialization (based on the last twelve months
of observations) can be executed. Manual adaptations can particularly be interesting for products
that are difficult to predict, e.g. promotional products. For the simulation, a new initialization process
is started whenever an exception was signalized, since (I) this research does not consider
promotional periods and (II) manual interpretation are difficult to model. Moreover, the model
checks only after five days for an exception signal, to avoid for a new initialization after the first days
of the month (when the relative deviation is more likely to vary much).

4.2.2. Replenishment
According to the manual for the implementation of Slim4, the proposed inventory system also takes
into account a safety amount in the determination of the order quantities. Since they face fixed
delivery schedules and specific order quantities at the suppliers, this system can also be
approximated by an R,s,nQ-policy.
In contrast to the replenishment policy in the stores, it is important to consider the policy in the
distribution center in more detail, because the procedures in the distribution center are subject to
change. Thus, a reorder level approximation with help of the DoBr-tool is not suitable. However, the
used approach is comparable, which implies determination of order quantities by checking the
expected demand during the lead time and review period in addition to a safety stock.
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In the model, this safety stock is not fixed, since for different situations, a different safety amount
may be optimal. As mentioned, for the stores, week patterns have relatively small influence on the
outdating values (Weteling, 2013). In the distribution center, the effect is even less, since the
variation on customer demand is pooled over the demand of all stores. Therefore, there is only one
static safety stock modelled as decision variable (and not a dynamic one across the week). The insight
that the influence of a dynamic safety amount during the week does not have to outperform the
static one is supported by Van Donselaar & Broekmeulen (2008).
For the optimization phase of the simulation the safety amount is chosen such that the objective
function (section 6.1) is minimized, while the aggregate service level of 95% in the stores is still
satisfied. The way of optimizing is described in section 6.2.3.

4.2.3. Outdating
To prevent outdating, products require a minimum remaining life time with which they are allowed
to leave the distribution center, which is five days for the selection of products. When this
requirement would not be met, Jan Linders aims for pushing these products to the stores, since the
possibility exists that they are sold anyway (although not expected). According to this policy products
are always at least five days in the stores and less outdating would occur in the distribution center.
However, in practice, the push orders of the additional stock are only shipped to the five stores with
the highest demand, because it is associated with much additional handling and potentially many
unnecessary shipments otherwise. In the simulation, these push orders are modelled by transporting
the additional inventories that would violate the push order requirements to these five stores as
well. However, these five stores can get at maximum their average demand (based on last twelve
clean weeks). When products are left after these pushed products, it is assumed that potential
profits do not compensate the extra costs of handling and transportation. In that case, these
products are disposed at the distribution center and counted as outdating.

4.2.4. Withdrawals
The withdrawals in the distribution center should be considered as well when the policies in the
distribution center are considered. The products that are ordered at the distribution center are
allocated to stores first and then picked in a certain way. Especially when total inventories are
insufficient, this allocation decision is important.
Currently, stores’ orders are allocated to available products in a certain fixed sequence. This
sequence was once set based on the departure times at that moment. The sequence causes that
some stores consequently face higher availability in the distribution center than other stores; stores
that had late departure times at that moment simply have bad luck by facing out-of-stocks in the
distribution center more often. However, the basic model uses this fixed allocation sequence.
The picking sequence is based on the allocation sequence. However, at most two other stores are
assigned to the same picking operation in practice. This combination is based on different properties,
but is always different. Therefore, this practical operation is modelled by adapting the initial
allocation sequence by assigning at random at most two other stores to the same picking operation.
This picking sequence influences the freshness of the delivered products, since the products are
picked according to the FIFO-policy. It is reasonable to assume that this FIFO operation performs
properly, since product with a longer remaining life time than the shortest are stacked at a bulk
location, not near to the picking location. Note that allocation is performed first, so stores that face
an out-of-stock by the allocation rule are not combined with other stores.
Note again that mathematical formulas of the simulation model are shown in Appendix H.
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5. Redesigns
Next to the basic situation, three redesigns can be distinguished that are required to perform the last
three sub assignments in order to satisfy the research purpose. The first redesign adapts the
allocation procedure in the distribution center. The other two are both adaptations to the
replenishment policies of Slim4. One takes into account the actual inventory levels at the stores,
which implies that information is shared on those inventory levels. The other policy takes, next to the
inventory levels, also the (estimated) age of those products into account. Also for the redesigns,
relevant changes in mathematical formulas, which are used in the simulation model, are explained in
Appendix H.

5.1. Different allocation rule
The research proposal (2015b) suggests that the current allocation rule may be inappropriate. This
redesign develops an alternative for the allocation rule. As mentioned in section 4.2.4, the current
allocation procedure (as part of the current withdrawal procedure in the distribution center) does
not depend on the actual current demand. Since stores have to order before 10 am and picking the
products within the Fresh category starts at 12 pm, total demand is known when picking starts.
Hence, all information on incoming orders is known when the allocation procedure starts and could
thus be taken into account. Especially when total inventory on hand is insufficient, another allocation
procedure could be cost-effective. Therefore, this redesign studies a different allocation rule to
evaluate whether it is profitable to adapt the current procedure.
The proposed new allocation rule aims for equal treatment for all stores, since that is what is
currently lacking. The rule is based on the logic of Prastacos (1981). This rule allocates the stock such
that the shortage probabilities are equalized for all stores. It implies that the first product is assigned
to the store with the highest shortage probability; the second product to the store that has the
highest shortage probability after the first product is assigned and so on. This rule treats the stores
equally, which is desirable in a supply chain where stores are judged separately.
Cohen et al. (1981) introduce two alternative allocation rules: (I) proportional allocation and (II) fixed
allocation. However, these rules have disadvantages. The proportional allocation rule satisfies an
equal proportion of the ordered amount for every store; hence, it enables manipulation by stores,
while the fixed allocation rule distributes all available stock in predefined proportions and thus
ignores the actual demand at the distribution center. The weaknesses of the allocation based on the
shortage probabilities are in the implementation, since sales forecasts should be taken into account.
However, since the demand in the stores is generated based on certain demand distributions
(section 3.2), the best forecast is the expected value of these distributions. The weaknesses of this
rule are thus not that influential in this research. Therefore, the rule that aims for equalized shortage
probabilities is studied in this thesis.
The shortage probability that is considered is the probability that a shortage occurs in a store caused
by the current order. That implies that the demand between the delivery moment of the current
order and the next delivery moment cannot be fulfilled with the products in stock in the store. The
demand during the lead time (the demand that arrives between ordering and receiving the current
order) is required for calculating this probability, since that demand causes the inventory position at
the delivery moment of the current order. However, this demand is approximated by its forecast,
because this demand is not known exactly at the moment of allocation of current orders.
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A second property that should be taken into account in the allocation is the age of the products that
are in stock in the distribution center. When multiple ages should be allocated, it is not desirable to
allocate more ages to one store due to practical implications. Therefore a segregation rule is applied
(Prastacos, 1979): after allocating the total number of products, the different ages are assigned to
the stores in FIFO-order. This requires only one picking action per store, which is desirable. This
implies that the allocation based on shortage probabilities occurs without considering the age first.
Afterwards, the picking is executed by collecting the items in FIFO-order per store (as it is managed
currently). The difference with the current picking sequence is that this sequence is based on the
initial shortage probabilities instead of the fixed sequence that is currently handled.
Hence, the proposed new allocation rule assigns the number of products such that the shortage
probabilities for all stores are equalized, while the picking behavior (influential for the freshness of
the shipments) only changes in the initial picking sequence.

5.2. ‘VOI’-model
When the inventory levels of the stores are incorporated in the decision at the DC, this can be
incorporated in multiple ways. In this research the distribution resource planning (DRP) approach is
investigated. The DRP-approach (Martin, 1995) uses sales forecasts to predict the orders of the
stores and thus demand at the distribution center. Combined with the other inventory management
variables (e.g. reorder levels, reordering moments, and case pack sizes) the distribution center can
act as if the demand for coming days is known and order accordingly. Challenges of this method are
in the variations in the predictions which are difficult to incorporate. However, this is tackled by
applying safety amounts in the distribution center.
Another commonly used strategy in literature is a policy with an order-up-to level for the Total Items
in System, the so-called TIS-policy (Karaesman, Scheller-Wolf, & Deniz, 2011). The TIS-policy requires
less information on specific inventory levels, while it takes into account potential variation in
predictions. However, the downsides are in the allocation that is based on the balance assumption,
which implies the ability of negative shipments: e.g. when according to the TIS-policy a store has
currently inventory levels that are too high, they should return products to the distribution center in
order to be redistributed to other stores. Since this is not desirable, this policy is not the most
appropriate for the situation of a supermarket. Also the New-Items-in-Stock policy (NIS-policy), which
uses an order-up-to level for all new items in stock (Karaesman, Scheller-Wolf, & Deniz, 2011) is not
the most appropriate, because it is more applicable to other types of perishable products (for
example blood) and a definition for ‘New’ should be determined.
Since the DRP-approach requires forecasts for the demand in the stores, these forecasts are
incorporated in this redesign. As in the previous redesign for the improved allocation algorithm, the
forecasts are assumed to be equal to the expected values (depending on the weekday) according to
the demand distributions.
In fact, for this redesign, the amount to be ordered is no longer determined by historical data and
forecasts based on the exponential smoothing algorithm. Instead, it is determined by predicting the
demand at the distribution center as if the stores always face its expected demand in coming days
and act accordingly (following the R,s,nQ-logic).
Hence, the DRP-approach is implemented for this second redesign in order to investigate the value of
sharing information on inventory levels in the stores. In the remainder of the report, this redesign is
called the ‘VOI’-model.
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5.3. ‘AGE’-model
The intention of the last sub assignment is to incorporate the ages of the inventories in the stores.
Therefore an ‘AGE’-model is developed, which is based on the EWA-logic of Broekmeulen & van
Donselaar (2009). That logic uses the age of the inventory and predicted sales in order to determine
the expected outdating (assuming a certain withdrawal behavior) before the next delivery moment.
The EWA-logic turned out to outperform the related policy without taking into account the age
distribution (the R,s,nQ-policy).
Alternatively, Duan & Liao (2013) developed the OIR-policy, which stands for Old Inventory Ratio.
This policy also needs age-dependent inventory levels. Dependent on the number of products that
are at the moment ‘old’, they order additional products. However, due to the difficulties in
determining when a product becomes ‘old’ and the simplified context in which the OIR-policy was
tested, the EWA-logic is used in this redesign.
The limitations of this redesign are in the practical implementation, since the EWA-logic needs agedependent inventory levels, while the ages of the stock are currently not registered. Because of the
major costs associated with implementation of a system that registers the ages, it is not realistic that
this method is implementable for Jan Linders. Therefore, the ages of the products in the stores are
estimated based on the actual sales in the stores. For this estimation an assumption is required on
the withdrawal behavior as well. Due to practicalities, in this estimation, it is assumed that all
consumers pick the oldest product first (100% FIFO withdrawal behavior). When the actual
withdrawal behavior is 100% FIFO this corresponds to the real ages of the stock, otherwise it is an
approximation.
The procedure of incorporating the expected ages makes use of ‘shadow’ inventory levels. The
distribution center counts every sold product as if it was the oldest in stock and assumes a product is
disposed one day before it reaches its expiration date. The demand during lead time and review
period (which should be bridged with the current order of the distribution center) is estimated by its
mean per weekday. When, according to this ‘shadow’ inventory position, disposals due to outdating
occur, the approximation assumes that stores act accordingly and order more when required.
However, it is possible that the actual inventory levels do not match the real inventory levels,
because of outdating of different aged products, which is caused by the approximation on the
withdrawal behavior. Therefore, the other properties of the ‘VOI’-model are still incorporated, such
that the total number of products in stock is also registered. When the estimated total amount of
products in stock deviates from the real total amount (which is known because of the ‘VOI’-model),
the estimated amount is adapted by adjusting the estimated age-dependent inventory levels at the
oldest age in stock.
Hence, the ‘AGE’-model is based on the EWA-logic, but applies estimated products ages for the
stores assuming demand according to its forecast and 100% FIFO consumer withdrawal behavior.
Moreover, it takes also the actual inventory levels (without knowing the ages) into account.
Note again that mathematical formulas for the redesigns are presented in Appendix H.
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6. The simulation
All required information is known to reproduce the two-echelon supply chain in a simulation model.
Both the basic situation and the proposed redesigns are elaborated. This chapter explains what is still
required to measure the performances of these models in a clear and reliable way. Besides, it
explains which scenarios are evaluated in order to draw appropriate conclusions at the end. Finally,
this chapter evaluates the model in terms of verification and validation.

6.1. Objective
With the research assignment in mind, an objective function is formulated. It is important to have
appropriate inventory levels in order to have low outdating costs. However, out-of-stocks and
consequently low service levels are not allowed. Since indirect effects of having low service levels are
difficult to quantify, restrictions on availability are taken into account in the objectives.
A typical objective function in a multi-echelon environment is a cost function that takes into account
holding costs and penalty costs for having backorders (among others Dicks & de Kok (1998)). For
perishables, an essential additional element should be taken into account; namely costs due to
outdating. Since Jan Linders operates in a lost sales environment, back orders at the stores are not
allowed and are not required to be considered in this research. Instead, lost sales at the stores
should be considered, since it is important to have sufficient products available on the shelves.
Moreover, also availability in the distribution center should be sufficient. How these elements should
be incorporated in the objective function for the model is elaborated in the remainder of this section.
The variables that are used in the formulas are described in Table 3.
Table 3: Definition Parameters and Variables

Sets
𝑰𝑻𝑬𝑴𝑺
𝑱
𝑱𝒊
𝑻
Indices
𝒂
𝒊
𝒋

Set of selected products
Set of locations including the distribution center
Set of locations where product i is in assortment including the distribution center 𝐽𝑖 ⊆ 𝐽
Set of days in the simulation

Index for the remaining life time in days (∈ ℕ)
Index for the product (∈ 𝐼𝑇𝐸𝑀𝑆)
Index for the location (∈ 𝐽 𝑜𝑟 ∈ 𝐽𝑖 )
Index for the time in days since the start of the simulation (∈ 𝑇)
𝒕
Parameters
Cost price for product i
𝒄𝒊
Fraction opportunity costs related to holding one consumer unit in stock during one year
𝒉
Variables
𝑨𝑹𝑹𝒕,𝒊,𝒋,𝒂 The number of case packs arriving at the beginning of day t for product i at location j with
remaining life time a
𝑫𝒕,𝒊,𝒋
Demand during day t for product i at location j
𝑰𝒕,𝒊,𝒋,𝒂

Inventory on hand at the end of day t for product i at location j with remaining life time a

𝑰𝑷𝒕,𝒊,𝒋

Inventory position at the end of day t for product i at location j

𝑶𝒕,𝒊,𝒋

Products disposed due to outdating at the end of day t for product i at location j

𝑹𝑪𝒊

Relevant costs for product i
21

6.1.1. Holding costs
It is assumed that every product has a number of pick locations in the distribution center (as long as
the product is in the assortment). Independent of the number of products that is on stock at a
specific moment, some costs are related to this used space. However, since in general sufficient pick
locations are available in the cooled area, it is assumed that these costs are sunk. Next to the holding
costs related to the space, there are also opportunity costs, since the investment in stock could also
be invested in other funds, which may be more profitable (for example interest). Because these costs
depend on the actual inventory levels, these should be taken into account. The holding costs are
implemented by assigning a certain fraction h of the value of the total inventories to holding costs.
For this research a value of 10% is assumed for h.
𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠(𝑖) = 𝑐𝑖 ∗

ℎ
∗ (∑ ∑
𝐼𝑃𝑡,𝑖,𝑗 )
365
𝑡∈𝑇
𝑗∈𝑱𝒊

6.1.2. Outdating costs
Most important costs with respect to the purpose of the research are the outdating costs. The price
that is paid to the suppliers can be considered as lost, when that product is not sold anymore to
consumers. Therefore, the costs related to outdating are equal to the cost price of the unsold
products. These costs are the same for outdating in the distribution center as in the stores.
𝑂𝑢𝑡𝑑𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠(𝑖) = 𝑐𝑖 ∗ (∑

𝑡∈𝑇

∑

𝑗∈𝑱𝒊

𝑂𝑡,𝑖,𝑗 )

6.1.3. Lost sales
As mentioned, lost sales play also a role in evaluating the performance of different alternatives. Lost
sales occur due to bad availability. It is difficult to determine what an out-of-stock costs, since it is
not clear what the customer’s reaction is to an out-of-stock (Campo, Gijsbrechts, & Nisol, 2000).
When a customer leaves the store and never comes back, an out-of-stock is very undesirable, but
when a customer is willing to substitute, low availability may not be unfavorable. Hence, lost sales
are not taken into account as cost factor, but as restriction. This method to set service level
restrictions to overcome difficulties in determining appropriate cost factors for lost sales is also used
by Minner & Transchel (2010). Currently, Jan Linders aims for a service level of 95% in the stores
because of different commercial reasons. Although this value is difficult to measure in reality, and it
may not be optimal for every product, it is used as restrictive value for this research.
+

∑𝑡∈𝑇 ∑𝑗∈𝑱𝒊 \{𝐷𝐶}(𝐷𝑡,𝑖,𝑗 − ∑𝑎∈ℕ(𝐼𝑡−1,𝑖,𝑗,𝑎+1 + 𝐴𝑅𝑅𝑡,𝑖,𝑗,𝑎 ))
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑆𝑡𝑜𝑟𝑒𝑠(𝑖) = 1 −
≥ 0.95
∑𝑡∈𝑇 ∑𝑗∈𝑱𝒊 \{𝐷𝐶} 𝐷𝑡,𝑖,𝑗
Slim4 requires a predefined availability restriction for the distribution center in order to determine
the optimal safety stock, which Jan Linders determined at 80%. This value can be lower than the
service level in the stores, since an out-of-stock in the distribution center is not immediately
detrimental for the customer satisfaction. In practice, this availability is measured by the proportion
of days that a product in the distribution center is not out of stock. Therefore, this availability is also
restricted in the simulation model similarly:
𝐴𝑣𝑎𝑖𝑙𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝐷𝐶(𝑖) = 1 −

∑𝑡∈𝑇 (1|(𝐷𝑡,𝑖,𝐷𝐶 − ∑𝑎∈ℕ(𝐼𝑡−1,𝑖,𝐷𝐶,𝑎+1 + 𝐴𝑅𝑅𝑡,𝑖,𝐷𝐶,𝑎 ) > 0))
|𝑇|
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≥ 0.80

6.1.4. Other cost factors
Other costs that may be relevant and are in general large cost factors for companies like Jan Linders
are costs due to transportation and due to handling. However, these are not incorporated in the
model, since they are irrelevant for the purpose of this research, as explained in this section.
Transportation is a major cost factor in the distribution of the products. However, the influence of
the proposed solutions on the need for transportation is assumed to be negligible, since the demand
in the stores is not that different. For implementing the proposed redesigns the same delivery
schedules can be handled and thus the same amount of trucks is required. Currently one truck a day
visits a store with cooled products, which is still required for all of the redesigns.
Also, handling costs influences the total profit of the company. However, the total demand is
assumed to remain equal across the proposed models, therefore, the total number of products that
is ordered and handled in the distribution center and the stores is not very different. Therefore, the
corresponding savings or additional costs in handling due to these small changes in number of
product handlings are neglected in this research. In contrast to these regular operations, a reduction
in outdating would also cause a reduction in handling due to disposing outdated products. However,
this type of additional handling is also not taken into account, since the removals from the shelves
(which are the most important handling activities) are performed simultaneously with the inventory
checks related to the ‘Code book’ (explained in section 4.1.3). That implies that no additional time is
required to walk to the shelves and search for potential outdated products. Only grabbing is an
additional operation, which is assumed to cost negligible time.
Another type of costs that may be interesting for this research is the cost of splitting up the case pack
size, which is investigated in the third sub assignment. However, that sub assignment only considers
the influence of breaking up the case pack size on outdating. How potential savings should be
encouraged (e.g. breaking up the case packs in the distribution center with additional handling costs
or ordering smaller case packs at the supplier with a higher cost price) is not taken into account in
this research, and therefore, these costs are considered neither.

6.1.5. Objective function
The objective function that is considered to evaluate the proposed solutions consist thus of two cost
elements. Next to these cost factors, availability is important. Therefore, the restrictions on the
availability are taken into account in the model. These objectives result in the following model that
could be simulated for every product i in the selection of products:
min(𝑅𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑐𝑜𝑠𝑡𝑠(𝑖))
where
𝑅𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑐𝑜𝑠𝑡𝑠(𝑖) = 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠(𝑖) + 𝑂𝑢𝑡𝑑𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠(𝑖)
such that
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑆𝑡𝑜𝑟𝑒𝑠(𝑖) ≥ 0.95
𝐴𝑣𝑎𝑖𝑙𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝐷𝐶(𝑖) ≥ 0.80
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6.2. Simulation properties
In order to draw proper conclusions, the simulation should be modelled in a reliable way. The length
of a simulation is determined to be one year, while the number of runs for the optimal safety stock is
60. This section explains these choices and the optimization technique that is used.

6.2.1. Run length
According to van der Aalst (1995) a simulation run should be of sufficient length. It should be
discovered whether one has to deal with a stable or terminating situation in order to determine what
a sufficient length is. Since inventory levels fluctuate between certain levels, and not indicate a
specific endpoint, it is assumed that the situation is stable. If the situation is stable, the run length
should be determined such that the starting state is independent from the starting state of other
runs. However, it is difficult to determine whether runs are identical and independent, since the
state space is infinitely large and finding a regeneration point is challenging. Therefore, the situation
is approached as a terminating situation, which in some cases can be better according to Law &
Kelton (1982), especially when the situation changes over time in reality.
A terminating model subsequently implies that results depend on the initial situation. To tackle this
problem, it is important to indicate a good warmup period. The simulation starts with an empty
system. Some trial simulations show that the inventory levels increase fast and stabilize quickly.
Appendix I shows graphs for (I) outdated products, (II) shortage products, and (III) total inventory
position for a trial simulation. As can be concluded from these graphs, a short warm up period is
probably sufficient. Therefore, a warm up period of one month is modelled.
After the warmup period, the actual measures start. It is assumed that a simulation of one year gives
a representative view on the situation, while the situation is not that changeable. After one year, it is
likely that the situation has changed such that parameter values and demand distributions should be
reconsidered (Law & Kelton, 1982). Besides, one year seems strategically a good horizon.

6.2.2. Number of runs
Next to the length of a simulation run, which is thus equal to one year, it is also important to define
the number of runs. According to Law & Kelton (1982) the number of runs could be determined by a
Fixed-Sample-Size distribution or by specified relative precision. Relative precision is the half-length
of a specified confidence interval divided by the mean. Ideally, one would have precise results, which
implies an approach with a relative precision to determine the number of runs. Unfortunately,
simulating a single run only is time-consuming. Considering time restrictions, that complicates the
determination of an appropriate relative precision that is suitable for all scenarios for all products.
Therefore, a Fixed-Sample-Size is used in this research. For the situation with the optimal safety
stock, this sample size is 60, which implies that the simulation for the optimal situation has run 60
times (for a length of a year). This 60 is determined by weighing reliability and feasibility due to time
restrictions (Law & Kelton, 1982). It is also taken into account that an optimization process (explained
in next section) is required, before the optimal safety stock is obtained; of course these optimization
steps are also time-consuming when aiming for reliable results.

6.2.3. Optimization techniques
Also, a technique is required for optimizing the model by varying the decision variable, which is in
this thesis the safety stock in the distribution center in number of case. Usually one should optimize
models by determining derivatives. However, with computer simulations this is not possible.
Therefore, all possibilities should be evaluated to find the optimal solution. Although only one
decision variable should be varied, it is time-consuming to find the optimal value by enumeration.
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When considering the decision variable, a lower value for the safety stock in the distribution center is
expected to result in lower values for the objective function, since higher safety stocks imply higher
inventory positions and subsequently higher outdating values (Broekmeulen & Van Donselaar, 2009).
However, the availability constraints should be satisfied. Therefore, the optimization is initialized
with a very small safety stock that is definitely not sufficient to satisfy the target service levels
(determined by trial and error). For that safety stock a single simulation run is executed. As long as
the service levels in the stores and the distribution center are low, the next iteration step is
performed. When the service levels approach the restrictive values, the number of replications is
gradually increased up to 30 replications (which is the minimum to apply the Central Limit Theorem
(van der Aalst, 1995)). This method is performed to find the first safety stock (with corresponding
lowest objective function) that meets the constraints. When the restrictions are satisfied, the 30
replications are extended with 30 more replications to reach the total number of 60 replications.

6.3. Scenario analysis
This section explains which models are simulated in order to draw relevant conclusions.

6.3.1. Basic model
For the basic model, currently handled order and delivery schedules, and case pack sizes are
modelled. Based on these results, the proposed performance of Slim4 can be shown. To accomplish
the second and third research assignment, those parameters can be changed in order to evaluate the
potential improvements. The reduction of case pack size can only be examined for two out of the six
products, since the other four products have a case pack size of 1. Nevertheless, the two products
have a special difference in the fresh case cover. Article 255411 has a relatively high fresh case cover,
while article 326401 has a low fresh case cover (Table 4 on next page).
For the supplier arrangements three types of changes are considered, resulting from the analysis that
is performed and described in section 3.5: (I) shorter lead times, (II) additional deliveries, and (III)
totally different order and delivery schedules. With articles 326215 and 255411 it is checked what
the influence is of a shorter lead time. Whether an additional delivery is beneficial is analyzed by
reconsidering the supply scheme of article 326215. For articles 326884 and 255411 the simulation is
run to examine whether a totally different order and delivery scheme with changed ordering days
and changed delivery days can be profitable. The other three articles are supplied by Superunie,
which implies that they do not have a proposed change in the current order and delivery scheme
(Table 2, section 3.5). Note that other properties (for example the age at arrival) are changed when
necessary to make fair comparisons with the basic model.
As mentioned in section 6.1.3, it is not straightforward to measure the aggregate service level.
Besides, for some products it is not per definition undesirable if the availability in the stores is lower.
Van Woensel, Van Donselaar, Broekmeulen, & Fransoo (2007) state that consumers are willing to
substitute for perishables, which implies that the aggregate service level for the stores may not have
to be high. Hence, it is a tradeoff between allowed shortage percentages and reductions in costs.
This consideration is especially interesting for products with high outdating values, which is often
related to products facing low demand or having short life times. Therefore, it is tested what the
influence of a reduction from a target service level of 95% to 92% would imply for a slow-moving
product (article 326359) and a short life time product (article 326884). Using this lower target
aggregate service level for the stores, the reorder levels are redefined. Moreover, a reduction of the
availability restriction in the distribution center may be considered. It is investigated what a
reduction from 80% to 70% would imply for the objective function (for articles 326359 and 326884).
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6.3.2. Redesigns
The products that are considered for testing the redesigns are presented again in Table 4. The first
two products are used to evaluate the impact of the average demand on the effects of the redesigns;
the week pattern and average age at arrival are not very different for those two articles. By articles
255411 and 326223, the influence of the week pattern is studied. Finally, the last two products are
considered because of their different age at arrival in the distribution center. One should note that
the case pack size is different in the first two comparisons. To exclude the effect of case pack sizes,
the redesigns are evaluated for a case pack size of 1 for each article.
Table 4: Considered products for simulation

Article

Special property

Current
relative
outdating

326401
326359
255411
326223
326215
326884

Fast mover
Slow mover
Large week pattern
Small week pattern
Large age at arrival
Small age at arrival

1,6%*
18,4%
34,1%
5,5%
2,5%
38,3%

Average
weekly
demand
(#CU)
1008
59
123
183
128
78

Week
pattern

Average Case
Fresh
age at pack size Case
arrival
(#CU)
Cover

3,9
3,5
6,9
2,8
3,3
3,9

26
22
19
22
35
15

10
1
6
1
1
1

0,0005
0,0010
0,0032
0,0003
0,0003
0,0009

* Partly caused by promotions

For these products different models are compared (Table 5). These models represent the basic
situation and the redesigns that are explained in chapter 5.
Table 5: Considered models

Model
Model 1
Model 2
Model 3
Model 4

Replenishment policy, allocation procedure
Basic replenishment, current allocation procedure
Basic replenishment, improved allocation procedure
‘VOI’ replenishment, current allocation procedure
‘AGE’ replenishment, current allocation procedure

Moreover, the influence of the withdrawal behavior is researched by comparing the models for two
different consumer withdrawal behaviors as explained in section 4.1.4. The different levels for the
input parameters are tested in a full factorial experiment, i.e. all combinations of levels are tested,
which is summarized in Table 6.
Table 6: Input parameters for the simulation experiment

Input parameter
Product
Model
Customer withdrawal behavior

Levels
{326401, 326359, 255411, 326223, 326215, 326884}
{Model 1, Model 2, Model 3, Model 4}
{100% FIFO, 80% FIFO – 20% SIFO }

These models are evaluated with a two-sample T-test (Montgomery & Runger, 2011) in order to
determine whether found differences in objectives and outdating values are significant (α=0,05), and
thus, which additions to the basic model improve performances in terms of outdating.
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6.4. Evaluation model
Before going to the results, it is important that the model is implemented properly. Therefore, the
model is verified and validated. Besides, the impact of the optimization of the decision variable is
considered in this section.

6.4.1. Verification
The simulation model is verified by simulating several scenarios and assessing the behavior of the
model on several aspects. To prevent for anomalies, the simulation model makes use of functions,
which modularizes the model. This ensures the understandability of the simulation model and makes
it possible to verify sub modules separately. The verification implies, among other things, that (I)
negative inventories on hand do not occur, (II) products are outdated at the right moment, (III) all
demand is satisfied when possible, and (IV) products are distributed and arrive at the proposed
moments. These findings are all as intended by the model description, which makes it a verified
simulation model. Also, some graphs based on single runs are drawn to check whether the results are
intuitively right (see also the graphs used for determination of the warmup period in Appendix I).

6.4.2. Validation
Naylor & Finger (1967) formulated a three-step approach to check the validity of a simulation model:
(I) face validity, (II) empirical testing of assumptions, and (III) checking representativeness.
The first step is face validity, which implies that it should be checked whether the model reflects
reality and reasonable assumptions are made. This validity is maintained by discussing the
assumptions and modelling decisions with the supervisors during the project. Moreover, existing
theories are implemented and intuition is used to judge the reliability of the functions. An example
can be found in the withdrawal behavior: for the basic situation a FIFO-withdrawal behavior results in
less outdating than the 80% FIFO – 20% SIFO situation. By intuition, it is logical that in a FIFOwithdrawal environment, less outdating occurs, since the oldest products are more often withdrawn.
Also, prior researches confirm this observation (among others Cohen & Prastacos (1981)).
The second step is empirical testing of assumptions. A good method to perform empirical tests is via
a goodness of fit test, which is performed during the data analysis. Also, scenario analysis is a method
to check this step of the approach of Naylor & Finger (1967). Therefore, different types of products
and two types of withdrawal behaviors are considered during the research to compare several
scenarios.
The last step contains checking the representativeness of the model by comparing the model with
the current situation. Since the model does not represent the current situation but the proposed
situation with Slim4, this cannot be tested directly. However, indirectly it is possible; using the
current data on inventory positions, one can draw a graph of the inventory position of the
distribution center over time (Figure 7) (no promotional period).

27

Figure 7: Inventory position distribution center article
255411 based on current data

Figure 8: Inventory position distribution center article
255411 based on simulation output

The corresponding average inventory position of 28 case packs in the current situation can also be
obtained by the simulation model by assuming a certain safety stock (found by trial and error). Figure
8 shows a graph for the inventory position of the simulation at a safety stock of 11 case packs.
Although the actual used safety stock in the distribution center is not known at present, the current
behavior presumes a currently handled safety stock of approximately 11 case packs (because of the
similarities between the graphs). The corresponding relative outdating is 32,1%, which is near to the
real relative outdating of 34,1%. The difference is reasonable, since the higher outdating values in
practice may also be caused by poor store execution as was concluded by Mertens (2015b). This is
another indication that the situation is modelled properly. Note that the Basic model (and thus
Slim4) optimizes the safety stock in the distribution center. Consequently, the optimal average
inventory position and relative outdating is lower, as is explained in section 7.1.
Apart from a single run, one can also draw conclusions on the decision variable: the safety stock in
the distribution center. This is further explained in next section.

6.4.3. Evaluation decision variable
To evaluate the objective function for different safety stocks (regardless of the constraints), one
simulation was run for multiple safety stocks for articles 326401 and 326884 (in the basic situation).
Note that these simulations also allow for negative safety stocks. Negative safety stocks are allowed
as long as the reorder levels are positive. The out-of-stock situation that occurs in the distribution
center consecutively does not immediately have to be unfavorable for service levels in the stores.
This effect is enlarged by the effect of the restriction on the aggregate service level. Because of the
low demand in general, an increase of the reorder level by one product, can cause an increase in
service level (per store) that is marginal. The constraint on the aggregate service level implies that
some stores consequently face higher availability than 95%, which makes facing an out-of-stock in
the distribution center not detrimental. The results of this simulation for article 326401 are shown in
Figure 9 (next page).
Most conclusions that can be drawn from these graphs are straightforward. A higher safety stock
increases the total inventory position, subsequently the amount of products that cannot be sold
before the expiration date, and thus the amount of outdating. Since those two elements are part of
the objective function, it is also straightforward that the objective function increases when the safety
stock increases (Figure 9). In general, the shortages decrease for higher values of the safety stock.
This is intuitively logical, i.e. when more products are kept on stock, more products are available.
Consequently, the aggregate service level for the stores increases as well (Figure 9). Unfortunately,
these higher inventory levels and availability percentages cause shorter shelf life (Figure 9): since
more products are kept on stock in the distribution center, products stay on average longer in the
distribution center, and thus shorter in the stores.
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Figure 9: Graphical representation performance indicators for article 326401

For products with a short product life time, the decrease in shelf life is even influential for the
availability in the stores for high safety amounts in the distribution center. Figure 10 shows the
aggregate service level for the stores related to the safety stock in the distribution center for a
product with a short life time, e.g. article 326884. As can be seen in Figure 10, the aggregate service
level in the stores decreases, when safety stock exceeds approximately 10 items. Although this may
be conceived as counterintuitive, the behavior can be explained. The decrease in shelf life causes
disposing goods on a more regular basis and with shorter time intervals. In current procedures, a
disposal due to outdating induces one day of zero inventories in the store, as long as products of only
one age are kept on stock (which is expected for slow movers). This one day is caused by the lead
time for store orders and the fact that the system does not anticipate for a potential disposal due to
outdating when ordering. Since these disposals occur more often, consumers face an empty shelf
more often.

Figure 10: Graphical representation aggregate service level for article 326884

Based on the verification and the validation of the model one may conclude that the simulation
satisfies the purpose of this research.
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7. Results Basic model
After analyzing the data and describing the simulation model in previous chapters, result are
obtained for all scenarios that are described in section 6.3. This chapter describes the results for the
basic model. That implies that the basic model is compared with current performances, and the
influence is evaluated of: (I) different supplier conditions, (II) reduced case pack sizes and (III)
reduced target service levels.

7.1. Evaluation implementation Slim4
As explained in section 6.4.2, the basic model (representing the situation with Slim4) optimizes the
R,s,nQ-policy with respect to the safety stock in the distribution center. While the safety stock in
Figure 8 is equal to 11 case packs, the optimization in the simulation results in an optimal safety
stock in the distribution center of 2 case packs for the 80% FIFO – 20% SIFO withdrawal behavior. For
that lower safety amount, the aggregate service level restriction of 95% is satisfied. Hence, the
inventory position and relative outdating are also lower than in the current situation (before
implementation of Slim4). These reductions are partly caused by the implementation of Slim4. Figure
11 shows the results on the relative outdating for the six considered products for both examined
withdrawal behaviors compared to the current outdating values.

Figure 11: Comparison Basic model with current situation

As can be seen in Figure 11, the relative outdating is substantially lower than the current values for
all products. Although the reductions could partly be caused by the assumption of optimal store
execution or the assumption on the target service levels, it is reasonable to state that Slim4 is a
major cause of these reductions (considering potential reductions in outdating by store execution,
mentioned in section 6.4.2 and the research proposal (Mertens, 2015b)).
In the retail industry a commonly used guideline, which is also known by Jan Linders, is that a product
should be on average 1/3 of the product life time at the distribution center, 1/3 at the stores and 1/3
at the consumer. However, it is hardly studied what the optimal distribution is, neither in literature,
nor for Jan Linders. During this research, these distributions of the life time are registered for the six
products. Table 7 and Table 8 present the life time distributions for the 100% FIFO and 80% FIFO –
20% SIFO withdrawal behavior respectively.
Table 7: Distribution product life time (100% FIFO withdrawal behavior)

Article
% life time for distribution center
% life time for store
% life time for consumer

326401
9,53%
15,54%
74,93%

326359
21,89%
28,68%
49,43%
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255411
12,81%
38,70%
48,49%

326223
8,74%
26,52%
64,74%

326215
10,05%
19,60%
70,35%

326884
12,56%
36,97%
50,47%

Table 8: Distribution product life time (80% FIFO – 20% SIFO withdrawal behavior)

Article
% life time for distribution center
% life time for store
% life time for consumer

326401
8,85%
15,76%
75,39%

326359
22,07%
27,07%
50,86%

255411
14,69%
37,61%
47,70%

326223
8,92%
25,86%
65,22%

326215
10,08%
19,35%
70,57%

326884
14,73%
34,16%
51,11%

As can be seen, the life time in the optimal situation is differently distributed than the rule of thumb
states. In general, the products are shorter in the distribution center and longer at the consumer.
This implies that the consumer buys fresher products than the guideline prescribes.
Notable is the fact that the three products that face the most outdating (articles 326359, 255411 and
326884 according to Figure 11) stay relatively longest in the distribution center and have lowest
percentage of their life time for the consumer. This is logically explained by the fact that the lower
the percentage of life time for the consumer, the older the products in general are when they are
sold; subsequently, products that are on average older are likely to outdate more often.
Also, it is worthwhile to mention that the distributions do not differ tremendously for the different
withdrawal behaviors. Cohen & Prastacos (1981) and Nahmias (1982) state that the optimal orderup-to level is not very different for different issuing policies. That implies similar ordering behavior in
the distribution center and the stores for both withdrawal behaviors, which results in similar product
life time distributions as well, as is supported by Table 7 and Table 8.

7.2. Different supplier properties
As section 6.3.1 describes, three types of changing supplier conditions with respect to order and
delivery schemes can be distinguished: (I) shorter lead times, (II) additional deliveries, and (III) totally
different order and delivery schedules. The effects of these changes are explained in this section.

7.2.1. Shorter lead time
The analysis of the supplier properties in section 3.5 results in a potential change in ordering
moments. Some products are ordered one day before the order deadline and this may be improved.
Table 9 and Table 10 show the impact of implementing a shorter lead time for articles 326215 and
255411 respectively.
Table 9: Effect shorter lead time article 326215

Performance indicator Current lead time
100% FIFO 80%FIFO –
20%SIFO
Objective (€)
35,2
43,6
Relative outdating
0,17%
0,26%
Average inventory
249,2
250,1
position
Availability
0,9147
0,9172
distribution center
Average shelf life
31,14
31,11
Average age for client 24,33
24,44
Cost savings

Reduced lead time
100% FIFO 80%FIFO –
20%SIFO
33,8
45,3
0,17%
0,29%
233,5
235,1

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 4,1%
+ 3,9%*
- 1,7%*
+ 11,9%
- 6,3%
- 6,0%

0,9243

0,9310

+ 1,0%

+ 1,5%

31,08
24,32

30,95
24,26

- 0,2%
- 0,0%
€ 1,44

- 0,5%
- 0,7%
€ - 1,70

* Result is not significant.
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Table 10: Effect shorter lead time article 255411

Performance indicator Current lead time
100% FIFO 80%FIFO –
20%SIFO
Objective (€)
1738,1
1881,8
Relative outdating
23,54%
25,48%
Average inventory
323,2
334,9
position
Availability
0,8569
0,8861
distribution center
Average shelf life
16,78
16,42
Average age for client 9,33
9,18
Cost savings

Reduced lead time
100% FIFO 80%FIFO –
20%SIFO
1641,2
1658,9
22,26%
22,43%
305,3
305,5

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 5,6%
- 11,8%
- 5,4%
- 12,0%
- 5,5%
- 8,8%

0,8457

0,8459

- 1,3%

- 4,5%

17,23
9,49

17,23
9,53

+ 2,7%
+ 1,7%
€ 96,89

+ 4,9%
+ 3,8%
€ 222,87

The effect of a shorter lead time seems small for article 326215 (Table 9). Moreover, the direction is
even adversely for both withdrawal behaviors, which would imply different results on the withdrawal
behaviors. However, the results are hardly or not significant, which is possibly due to relative low
outdating values for the article. Thus, one should be cautious in drawing conclusions for this product.
For the article that faces relatively much outdating (article 255411), the influence of reduced order
lead times for the distribution center is substantial (Table 10). Next to the cost savings, it results in
fresher products on the shelf for both withdrawal behaviors. Interesting is the fact that shelf life does
not increase with one day, unless the reduction of the lead time by one day. However, it can be
explained: the gain in shelf life is not specifically caused by the reduction in lead time, because article
255411 has a fixed production moment, while its supplier produces on stock. That implies that a later
arriving order is probably supplied from the same batch and the age at arrival in the distribution
center is not very different (neither the shelf life). The increase in shelf life is (in line with the
reasoning behind the reduction in inventory position and the increase in availability) caused by
reduced uncertainty in the demand during lead time and review period for the distribution center,
since less days should be considered at an ordering moment. Moreover, products could be ordered
with more recent information on actual demand.
Despite the limited amount of products with significant results, these conclusions support prior
statements (van Donselaar, van Woensel, Broekmeulen, & Fransoo, 2006), which makes generalizing
the conclusions more acceptable. Additionally, one may conclude that the effects are larger when
the withdrawal behavior is not 100% FIFO. This observation could be caused by the higher potential
for the 80% FIFO – 20%SIFO withdrawal behavior, because average freshness is lower under current
lead times compared to the 100% FIFO withdrawal behavior.
Hence, outdating can be reduced by managing the right ordering moments for this product. Although
it is a relatively easy change in procedures, it can result in substantial cost savings. Especially for
product with high relative outdating this could save money.

7.2.2. Additional delivery moment
When the simulation model is extended with an additional ordering moment for article 326215 on
Tuesday for delivery on Thursday, performances change. Table 11 shows relative differences with the
model without the additional delivery. Note that the reference model in this case is the model that
incorporates the reduced lead time for the current delivery to compare the models purely on the
additional delivery according to the new supplier schemes proposed in Table 2 (section 3.5).
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Table 11: Effect additional delivery moment article 326215

Performance indicator Current deliveries
100% FIFO 80%FIFO –
20%SIFO
Objective (€)
33,8
45,3
Relative outdating
0,17%
0,29%
Average inventory
233,5
235,1
position
Availability
0,9243
0,9310
distribution center
Average shelf life
31,08
30,95
Average age for client 24,32
24,26
Cost savings

Additional delivery
100% FIFO 80%FIFO –
20%SIFO
29,9
39,5
0,17%
0,27%
185,8
183,3

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 11,3%
- 12,9%
- 1,8%*
- 6,9%
- 20,4%
- 22,0%

0,9180

0,8979

- 0,6%

- 3,6%

31,26
24,62

31,33
24,78

+ 0,6%
+ 1,3%
€ 3,82

+ 1,2%
+ 2,1%
€ 5,85

* Result is not significant.

Table 11 shows promising results for an additional delivery when the relative differences for the
objective are evaluated. Unfortunately, the results on the relative outdating are not significant for
the 100% FIFO case, which is probably due to the fact that the article has very low values on relative
outdating. The significance in the objective function is particularly due to the reduction in inventory
position, which is considerable. By the additional delivery, less days of demand should be ordered at
an ordering moment, since the reorder levels are lower, which reduces the average inventory
position and consequently reduces the amount of outdating and increases the shelf life. Van
Donselaar et al. (2006) mention that reducing the review period (and thus increasing the order
frequency) is beneficial for the amount of outdating, which is thus confirmed by this analysis (despite
the limited opportunities for the selection of products). Even for a product that faces limited
outdating it turns out to be profitable. The effects are probably even larger for products that face
more outdating.
For article 326215, the cost savings are probably too small to reconsider the arrangements with its
supplier. However, the same procedure can be used to check the potential savings for other products
in other categories. Hence, an additional delivery is in general beneficial for the amount of outdating.
Nevertheless, only if the potential cost savings are substantial, arranging an additional delivery at the
supplier would make sense.

7.2.3. Different order and delivery schedule
The third adaptation of the current order and delivery scheme is a totally different scheme, with
changed order and delivery days. As explained in section 6.3.1, it is tested for two products whether
this may be profitable. The output of these simulations is compared to the basic model with current
properties and the relative differences are shown in Table 12 (next page).
The X-values in the third column of Table 12 represent the infeasible solution of that scenario. The
adaptation in the order and delivery schedule results in lower service levels for this article. That
implies that comparing the models on a specific value for the safety amount of the distribution
center results in a lower service level for the changed supply scheme. Consequently, the target
service level of 95% is never satisfied with current parameters for the 80% FIFO – 20% SIFO
withdrawal case. Without changing the properties in the stores, this adaptation leads to an undesired
situation where the service level restrictions are not met. To really draw conclusions on the different
order and delivery schedules the policies in the stores should thus be reconsidered as well.
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Table 12: Effect different order and delivery schedule

Performance indicator

Objective (€)
Relative outdating
Average inventory position
Availability distribution center
Average shelf life
Average age for client
Cost savings

Relative Difference Art. 326884
100% FIFO
80%FIFO –
20%SIFO
- 2,8%
X
- 2,8%
X
- 3,0%
X
+ 6,4%
X
- 2,2%
X
- 3,1%
X
€ 39,59
X

Relative Difference Art. 255411
100% FIFO
80%FIFO –
20%SIFO
- 28,2%
- 32,2%
- 28,4%
- 32,6%
- 12,9%
- 15,7%
- 0,8%
- 6,5%
+ 10,7%
+ 13,1%
+ 13,4%
+ 16,0%
€ 489,53
€ 606,73

Also, for article 255411 it holds that the store policies should be reconsidered to really draw
conclusions on the new order and delivery scheme. However, for this article it is different in the
sense that the service levels in the stores improve instead of deteriorate by the proposed new order
and delivery scheme. Hence, a lower value for the safety amount is suitable for this article. When
reorder levels in the stores are redefined, this could thus lead to even more reduction in outdating.
When the policies in the stores are not reconsidered (as in this thesis), the executed method can be
used to check any other order and delivery schedule and its potential savings, potentially also for
other products. However, one should note that in this way, total performances are not optimized. It
should therefore be evaluated whether the parameters in the stores are still appropriate or whether
they should be adapted to draw conclusions on the profitability of the proposed new order and
delivery schemes. Nevertheless, the fact that a different supply scheme can reduce waste production
without optimization (as for article 255411 (Table 12)) is an indication that reconsidering the total
supply scheme may be profitable. Anyhow, for article 255411 it is.
The difference in shelf lives originates from the fixed production moments at the supplier.
Apparently, the new scheme for article 255411 is better aligned with the actual demand and the
current production moment, which results in fresher products in the stores and less outdating.
The potential savings of the proposed changes in order and delivery schedules are not instantaneous.
The gains should be weighed against the costs that are associated with achieving these changed
properties of the supply chain. Only the improvements on shorter lead times that are caused by
inappropriate usage of the current arrangements (i.e. not utilizing arrangements) can be obtained
without additional costs. When additional negotiations with suppliers are desired, it is likely that a
potential gain is associated with additional costs.
Moreover, products of the same supplier are interrelated, which implies products of this supplier to
have similar order and delivery schedules (due to cost considerations). This interrelationship implies
that a reduction of outdating for one product could cause an excessive increase of outdating for
other products. Therefore, this should be considered before changing supplier properties.

7.3. Reducing case pack size
As explained in section 6.3.1, for two articles the results of the basic model are compared with the
results of the basic model where the case packs have been broken up. Table 13 shows the output for
article 255411, which has a high fresh case cover with the current case pack size, while Table 14
compares both situations for article 326401, which currently has a low fresh case cover.
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Table 13: Results reducing case pack size article 255411

Performance indicator Current case pack size
100% FIFO 80%FIFO –
20%SIFO
Objective (€)
1738,1
1881,8
Relative outdating
23,54%
25,48%
Average inventory
323,2
334,9
position
Availability
0,8569
0,8861
distribution center
Average shelf life
16,78
16,42
Average age for client 9,33
9,18
Cost savings

Reduced case pack size
100% FIFO 80%FIFO –
20%SIFO
253,6
334,0
3,27%
4,37%
201,3
205,2

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 85,4%
- 82,2%
- 86,1%
- 82,9%
- 37,7%
- 38,7%

0,9075

0,9247

+ 5,9%

+ 4,4%

17,06
11,09

16,91
11,22

+ 1,7%
+ 18,9%
€ 1484,58

+ 3,0%
+ 22,2%
€ 1547,86

Table 14: Results reducing case pack size article 326401

Performance indicator Current case pack size
100% FIFO 80%FIFO –
20%SIFO
Objective (€)
67,1
70,8
Relative outdating
0,09%
0,10%
Average inventory
1233,5
1217,6
position
Availability
0,9826
0,9643
distribution center
Average shelf life
23,52
23,70
Average age for client 19,48
19,60
Cost savings

Reduced case pack size
100% FIFO 80%FIFO –
20%SIFO
41,2
43,8
0,01%
0,02%
1129,3
1128,9

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 38,7%
- 38,0%
- 88,8%
- 80,8%
- 8,4%
- 7,3%

0,9426

0,9414

- 4,1%

- 2,4%

23,90
20,31

23,91
20,30

+ 1,6%
+ 4,3%
€ 25,94

+ 0,9%
+ 3,6%
€ 26,92

As can be seen in Table 13 and Table 14, breaking up the case pack size has positive effects on the
objective function and relative outdating for both products. Besides, shelf lives increase, which
implies that products are on average fresher in the stores. Remarkable is the difference in reduction
of the objective between both products, while the reduction in relative outdating is almost similar
(relatively). This is due to the reduction in inventory position, which is much larger for article 255411.
Since outdating values for article 326401 are relatively low, the large relative reduction on outdating
has in absolute values hardly impact on the objective function; that function is majorly determined
by the inventory position, in contrast to article 255411. Note that in absolute savings, the profitability
for article 326401 is low, which implies no necessity in reducing the case pack size for that product.
Based on the differences between both products (i.e. the effects are larger for article 255411), it can
be concluded that a reduced case pack size has more impact on products with high fresh case covers.
Although it may be caused by other factors, it is expected that the fresh case cover indeed influences
the impact of reducing the case pack size, since prior researches concluded that products with a high
fresh case cover can benefit more from a reduced case pack size (Kock, 2015). Apparently, the
availability in the distribution center is affected differently for both articles, which may be caused by
the difference in fresh case cover as well. However, due to the limited amount of products in this
research, this finding cannot be generalized without additional research.
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7.4. Reducing service levels
As explained in section 6.3.1, having shortage in the stores does not have to be that detrimental.
Table 15 and Table 16 show results for the situation of articles 326359 and 326884 respectively,
when the target aggregate service level for stores is reduced to 92%. Note that, using this alternative
service level, the reorder levels in the stores are adapted to achieve a proper situation.
Table 15: Effect reduction target service level to 92% article 326359

Performance indicator 95% service level
100% FIFO 80%FIFO –
20%SIFO
Objective (€)
411,0
474,1
Relative outdating
6,84%
7,92%
Average inventory
133,6
135,5
position
Availability
0,8623
0,8746
distribution center
Average shelf life
17,17
17,11
Average age for client 10,87
11,16
Cost savings

92% service level
100% FIFO 80%FIFO –
20%SIFO
371,3
399,1
6,36%
6,86%
127,5
126,6

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 9,7%
- 15,8%
- 6,9%
- 13,5%
- 4,6%
- 6,6%

0,9063

0,9062

+ 5,1%

+ 3,6%

16,49
10,93

16,57
11,27

- 4,0%
+ 0,6%
€ 39,74

- 3,2%
+ 1,0%
€ 75,08

Table 16: Effect reduction target service level to 92% article 326884

Performance indicator 95% service level
100% FIFO 80%FIFO –
20%SIFO
Objective (€)
1430,8
1734,7
Relative outdating
12,69%
15,40%
Average inventory
124,7
130,6
position
Availability
0,8198
0,8850
distribution center
Average shelf life
13,12
12,79
Average age for client 7,57
7,67
Cost savings

92% service level
100% FIFO 80%FIFO –
20%SIFO
1185,5
1415,4
10,82%
12,93%
114,7
119,4

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 17,1%
- 18,4%
- 14,7%
- 16,0%
- 8,0%
- 8,6%

0,8686

0,9153

+ 6,0%

+ 3,4%

12,83
7,77

12,60
7,83

- 2,2%
+ 2,6%
€ 245,29

- 1,5%
+ 2,2%
€ 319,28

As can be seen in Table 15 and Table 16, reducing the target service level could lead to substantial
reductions in outdating and inventory levels and consequently the objective function. Intuitively this
is logical since fewer products are required to be ordered by stores to satisfy the restricted service
levels under unchanged demand. Since stores order less, the distribution center’s availability turns
out to increase and products stay on average longer in the distribution center. Another effect of this
increase is that shelf life decreases. Nevertheless, the life time for the client increases. Due to the
lower service levels, stores have less inventory, which implies that the total inventory is sold earlier
under equal demand; hence, the average withdrawals are fresher. However, these effects are small.
Based on these limited results one cannot conclude under what conditions a reduction of the target
service level has relatively most impact, but in absolute values this method shows that a reduction in
service level is especially profitable for products that currently face much outdating.
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8. Results Redesigns
The investigated products are chosen because of their product characteristics. The results for the
different redesigns are compared in total and per characteristic in this chapter.

8.1. Different allocation rule
Figure 12, Figure 13 and Figure 14 show the differences in the objective function when considering
the new allocation rule. Note that ‘*’ represents an insignificant difference.

Figure 12: Comparison Model 1 vs. Model 2: influence average demand on objective function

Figure 13: Comparison Model 1 vs. Model 2: influence week pattern on objective function

Figure 14: Comparison Model 1 vs. Model 2: influence product life time on objective function

A general conclusion that can be drawn is that the new allocation rule is not beneficial for all
products, although most products show small reductions in terms of outdating.
Based on Figure 12, one may conclude that the new allocation rule has a positive effect on products
with limited demand (article 326359), while article 326401, with large demand, does not show
significant results. Figure 13 shows that the influence of a week pattern on the cost-effectiveness of
the new allocation rule is minor. For a large week pattern (article 255411), the profitability is even
negative, while for a small week pattern (article 326223) the performance in terms of outdating
improves only slightly. However, these results are not or hardly significant. Finally, Figure 14 shows
that products with a short life time (article 326884) can benefit from the new allocation rule, while
for a product with a long life time (article 326215) the effects are negative or insignificant.
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As can be concluded from Figure 12, Figure 13 and Figure 14 most benefits for the new allocation
rule are found for products with low demand or short life times. Therefore, the performance
indicators of these articles are evaluated in more detail in Table 17 and Table 18. These detailed
comparisons are also elaborated for the other products, which can be found in Appendix J.
Table 17: Effect new allocation rule article 326359

Performance indicator Model 1
100% FIFO
Objective (€)
Relative outdating
Average inventory
position
Availability
distribution center
Average shelf life
Average age for client
Cost savings

Model 2
100% FIFO
339,9
5,60%
127,7

80%FIFO –
20%SIFO
397,2
6,49%
129,8

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 18,2%
- 17,5%
- 18,1%
- 18,1%
- 4,4%
- 4,2%

411,0
6,84%
133,6

80%FIFO –
20%SIFO
474,1
7,92%
135,5

0,8623

0,8746

0,8215

0,8350

- 4,7%

- 3,2%

17,17
10,87

17,11
11,16

17,16
10,90

17,13
11,21

- 0,1%
+ 0,3%
€ 74,74

+ 0,1%
+ 0,5%
€ 83,07

Table 18: Effect new allocation rule article 326884

Performance indicator Model 1
100% FIFO
Objective (€)
Relative outdating
Average inventory
position
Availability
distribution center
Average shelf life
Average age for client
Cost savings

Model 2
100% FIFO
1376,3
12,21%
123,6

80%FIFO –
20%SIFO
1683,6
14,96%
130,0

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 3,8%
- 3,0%
- 3,7%
- 2,8%
- 0,9%
- 0,5%

1430,8
12,69%
124,7

80%FIFO –
20%SIFO
1734,7
15,40%
130,6

0,8198

0,8850

0,8215

0,8911

+ 0,2%

+ 0,7%

13,12
7,57

12,79
7,67

13,07
7,58

12,77
7,65

- 0,4%
+ 0,1%
€ 54,49

- 0,2%
- 0,2%
€ 51,11

Especially for article 326359 the relative reduction is substantial. This reduction implies that the new
allocation rule has most benefits (relatively) for products with low demand. This is intuitively logical,
since low demand results on average in lower stock levels. When these stock levels are not properly
divided (which can occur with the current allocation rule), it could be detrimental for the sufficiency
of inventory levels of stores. Subsequently, this inappropriate division could lead to more outdating
and higher availability in some stores, while other stores have lower availability (despite an
aggregate service level of 95%). Also, it can logically be explained that the new allocation rule
improves the performances of products with a short life time (e.g. article 326884): since shelf lives
are short, inappropriate division of products could lead to outdating faster for these products.
Moreover, the influence of the new allocation rule on the shelf life and the life time assigned to the
consumer is in general small. This is logical, since the total number of shipped and sold products is
not different and the moment of shipment is not changed by the new allocation rule.
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Another reason for the effectiveness of the new allocation rule for products with those two
characteristics can be found in the availability in the distribution center. Since these are lowest for
those products, an out-of-stock in the distribution center occurs most often for those products. The
allocation rule is required less often for the other products, since stock levels are in general
appropriate to satisfy all orders from the stores; a proper division is thus not required.
On top of that, since both products in Table 17 and Table 18 currently face relatively much outdating,
these reduced outdating percentages also result in cost savings absolutely.

8.2. ‘VOI’-model
Figure 15, Figure 16 and Figure 17 show the effects of the ‘VOI’-model on the objective function for
the six products. Again, ‘*’ represents an insignificant result.

Figure 15: Comparison Model 1 vs. Model 3: influence average demand on objective function

Figure 16: Comparison Model 1 vs. Model 3: influence week pattern on objective function

Figure 17: Comparison Model 1 vs. Model 3: influence product life time on objective function

In general, the most important conclusion on the ‘VOI’-model, is that the results are not auspicious.
Some products face some minor opportunities, but others show even negative results. Especially
when relating cost savings to potential investments, the ‘VOI’-model is not very lucrative.
Figure 15 shows small reductions of the objective function for both products that are compared
because of their different average demand. The results are significant, although hardly. In absolute
values the cost savings for the slow mover 326359 are more substantial than for the fast mover
326401, but this is due to the higher outdating values they currently face.
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Figure 16 does show interesting results. While the product with the large week pattern (article
255411) faces negative effects of implementing the ‘VOI’-model, the product with a small week
pattern (article 326223) faces opportunities. Thus, a product with a limited week pattern can reduce
its outdating by implementing the ‘VOI’-model, although the differences are relatively small. Figure
17 shows very small opportunities for the product with a short life time. However, these results are
not promising, since most are insignificant.
Based on Figure 15, Figure 16 and Figure 17 the effect of the week pattern on the impact of the ‘VOI’model is most interesting. Therefore, this difference is investigated in more detail in Table 19 and
Table 20. For the other products these results are presented in Appendix K.
Table 19: Effect 'VOI'-model article 255411

Performance indicator Model 1*
100% FIFO
Objective (€)
Relative outdating
Average inventory
position
Availability
distribution center
Average shelf life
Average age for client
Cost savings

Model 3*
100% FIFO
267,3
3,45%
193,4

80%FIFO –
20%SIFO
344,2
4,53%
193,9

Relative differences
100% FIFO 80%FIFO –
20%SIFO
+ 5,4%
+ 3,1%
+ 5,5%
+ 3,7%
- 3,9%
- 5,5%

253,6
3,27%
201,3

80%FIFO –
20%SIFO
334,0
4,37%
205,2

0,9075

0,9247

0,9208

0,9217

+ 1,5%

- 0,3%

17,06
11,09

16,91
11,22

16,91
11,09

16,94
11,34

- 0,9%
- 0,0%
€ - 13,71

+ 0,2%
+ 1,1%
€ - 10,27

* Note that these models are compared for a situation with a case pack size of 1
Table 20: Effect 'VOI'-model article 326223

Performance indicator Model 1
100% FIFO
Objective (€)
Relative outdating
Average inventory
position
Availability
distribution center
Average shelf life
Average age for client
Cost savings

Model 3
100% FIFO
176,7
0,84%
258,0

80%FIFO –
20%SIFO
233,4
1,16%
258,0

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 3,4%
- 6,1%
- 3,5%
- 6,3%
- 2,0%
- 2,5%

182,9
0,88%
263,3

80%FIFO –
20%SIFO
248,5
1,24%
264,5

0,9096

0,9165

0,8882

0,8870

- 2,4%

- 3,2%

19,63
13,93

19,59
14,03

19,94
14,15

19,96
14,28

+ 1,6%
+ 1,6%
€ 6,17

+ 1,9%
+ 1,8%
€ 15,12

Again, one can see that the impact of the ‘VOI’-model limited in general. Even the largest reduction
(Table 20) is rather small and results in only a few euros of cost savings. Interesting is the relation
between the change in outdating and the change in inventory position for article 255411 (Table 19).
Despite the lower inventory position, the relative outdating is higher. This observation is caused by a
lower safety amount that satisfies the service level constraints. Unfortunately, the reduction in
inventory position is not sufficient to overcome the additional outdating costs under the ‘VOI’-model.
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Finally, it is remarkable that potential profits are larger for the 80% FIFO – 20% SIFO withdrawal case.
This finding is probably due to the fact that products should be reordered more often, since products
are sold earlier, while more products expire. Hence, availability in the distribution center reduces
(more) and shelf life increases (more), which in turn causes increased savings (or decreased costs).
Hence, one may conclude that the effect of sharing information is not very lucrative in this situation,
which could imply that the findings of Ketzenberg & Ferguson (2008) in a serial inventory system are
not applicable to a distribution inventory system. Probably, the effects found by them are reduced by
the complexity of the supply chain. However, further research is required to generalize these
findings, since they might be related to specific design decisions (e.g. regular demand periods).

8.3. ‘AGE’-model
Finally, the ‘AGE’-model is tested and graphs are presented in Figure 18, Figure 19 and Figure 20.
Note again that ‘*’ represents an insignificant difference.

Figure 18: Comparison Model 1 vs. Model 4: influence average demand on objective function

Figure 19: Comparison Model 1 vs. Model 4: influence week pattern on objective function

Figure 20: Comparison Model 1 vs. Model 4: influence product life time on objective function

First of all, one can see that the models show constant results. Thus, the effect of taking into account
estimated ages of inventories in stores is not very beneficial for the performances of the distribution
center. In general, the effects are similarly directed as the effects of the ‘VOI’-model, although some
effects are little larger or smaller, and the significance of some results is also changed. Nevertheless,
the effects and especially the corresponding cost savings are minor.
41

Since absolute and relative savings are most promising for article 326359, the detailed results for this
article are presented in Table 21, while the details for the other products can be found in Appendix L.
Table 21: Effect 'AGE'-model article 326359

Performance indicator Model 1
100% FIFO
Objective (€)
Relative outdating
Average inventory
position
Availability
distribution center
Average shelf life
Average age for client
Cost savings

Model 2
100% FIFO
395,4
6,56%
131,9

80%FIFO –
20%SIFO
442,7
6,49%
131,6

Relative differences
100% FIFO 80%FIFO –
20%SIFO
- 3,8%
- 6,6%
- 4,1%
- 6,9%
- 1,3%
- 2,9%

411,0
6,84%
133,6

80%FIFO –
20%SIFO
474,1
7,92%
135,5

0,8623

0,8746

0,8490

0,8453

- 1,5%

- 2,0%

17,17
10,87

17,11
11,16

17,26
10,94

17,37
11,41

+ 0,5%
+ 0,7%
€ 15,66

+ 1,5%
+ 2,2%
€ 31,46

When comparing Table 21 with Table 17, one can see that the effects are smaller for the ‘AGE’-model
than for the redesign with the new allocation rule. Besides, the found effects on the ‘AGE-model are
intuitively explainable in a similar way as for the ‘VOI’-model.
Again, one may conclude that the effect of the average demand is negligible, because of the
similarities between the effects for articles 326401 and 326359. The week pattern has minor
influences on the profitability of the ‘AGE’-model; respectively positive for products with a small
week pattern and negative for products with a large week pattern. Moreover, the effect of the
product life time on the impact of the ‘AGE’-model is hardly found.
Considering the withdrawal behavior, the effects are favorable for the 80% FIFO – 20% SIFO case. It
implies that information sharing is in general more profitable when the withdrawal behavior is not
completely FIFO, which is probably caused by higher initial outdating values. Also, a decrease in
outdating is associated with an increase in shelf life. Moreover, when redesigns are profitable, they
are usually beneficial for both outdating and freshness on the shelves.
In general, some product characteristics show opportunities for (some of) the redesigns. However,
the effects are small and associated cost savings are limited. In some cases, it results in even more
costs. When evaluating the general effects of the redesigns, the aggregate results on the objective
for the six products can be evaluated (Figure 21). Also based on Figure 21, one may conclude that the
effects of the ‘VOI’- and the ‘AGE’-model are small, while the new allocation rule is the best redesign.

Figure 21: Aggregate objective function redesigns
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9. Conclusions
In this chapter, the sub assignments are evaluated in order to satisfy the research purpose. Based on
these findings a recommendation is provided for Jan Linders on how they can apply the results in
order to reduce the outdating in their supply chain.

9.1. Evaluation sub assignments
This section evaluates the sub assignments as formulated in section 2.2.
1. Discover the prospected performances of the distribution center when Slim4 is implemented.
As is shown in section 7.1, the basic model outperforms the current policies with respect to inventory
levels and relative outdating. Moreover, products are fresher than in the current situation. This
implies that the implementation of Slim4 (which is incorporated in the basic model) is a substantial
improvement compared to the current policies.
2. Consider the current supply properties.
As can be concluded from the results on the supplier properties in section 7.2, it is worth to
reconsider the suppliers’ policies. For the investigated modifications, it turns out that some changes
are profitable. For example, a shorter lead time (tested for article 326215 and 255411) could cause
less outdating, which is intuitively logical. Nevertheless, it is not by definition that it is profitable to
shorten the lead time according to the results for article 326215 (which also shows a negative result).
Section 3.5 indicates also some potential changes in supply conditions in terms of additional
deliveries or varying order and delivery schemes. However, a potential implementation depends on a
tradeoff between improved outdating performances and implementation costs. Section 7.2.2 shows
that an additional delivery is expected to be beneficial for the amount of outdating, independent of
the assumed withdrawal behavior. Outdating could be reduced by approximately 10%.
Based on section 7.2.3, one can conclude that it is more difficult to determine the potential savings
of handling a different order and delivery scheme without reconsidering parameter settings in the
stores. This is caused by the fact that a different order and delivery scheme not only influences the
amount of outdating, but also the service levels: without changing the reorder levels in the stores it
causes higher service levels for one product (e.g. article 255411), which allows for lower safety
amounts in the distribution center. On contrary, another product (e.g. article 326215) is unable to
satisfy the restrictions on the service level without reconsidering stores’ reorder levels. To evaluate
the performance of a proposed new order and delivery scheme it would be fair to take into account
the reorder level decisions in the stores to make appropriate comparisons. Nevertheless, it may be
concluded that, without changing the parameter setting in the stores, reconsidering the order and
delivery schedule may have potential for the situations where the target service level is satisfied.
It should be noted that for this research the products are considered separately, while, in reality, the
effects for products are interrelated. The profitability for one product could be detrimental for other
products from the same supplier. In practice, only one scheme per supplier is possible. Thus, a
deliberate decision should be made to have integrally the best order and supply scheme per supplier.
3. Investigate the profitability of breaking up the case pack size.
Breaking up the case pack size is profitable for the investigated products. Outdating can be reduced
with around 80%, which makes this policy change very lucrative. As is shown in section 7.3, especially
products with a high fresh case cover could benefit from reducing the case pack size.
43

4. Investigate the opportunities of a different allocation procedure in the distribution center.
A different allocation procedure only has impact when the product availability in the distribution
center is relatively low, since then, an appropriate division of the available stock is important to meet
the demand in all stores. When demand at the distribution can always be fulfilled, every store
receives the ordered goods and the effect of another allocation rule is not noticed. However, for the
investigated products the availability in the distribution center is not 100% in the optimal situation,
which implies an opportunity for the proposed new allocation rule based on expected shortages.
The results in section 8.1 show, despite many insignificant results, that the new allocation rule is
effective for a few situations. For products with low demand or short product life times the allocation
rule that takes into account shortage probabilities outperforms the basic situation with a potential
reduction in relative outdating, up to 18%. These savings are due to the relative low availability levels
in the distribution center that are sufficient to satisfy the service level restriction for the stores. Thus,
the opportunities of implementing this new allocation rule can in particular be found for products
with low demand and short life times. Also, since these products are the products that face most
outdating, implementing the new allocation rule could reduce outdating costs.
5. Investigate the influence of sharing information on inventory levels in the stores.
In general, the influence of sharing information on the inventory levels in the stores is small. While
some products show some slight improvements in performances, other products cause even
increasing outdating costs. Moreover, many results are insignificant, which implies that this redesign
is not an improvement. One remarkable difference that is observed in section 8.2 is related to the
week pattern, which does show significant results. Apparently, products with a small week pattern
can profit from the implementation of the ‘VOI’-model, while products with a large week pattern
cannot. However, also these results are very small and not very cost-effective.
6. Investigate the influence of taking into account the age of products on stock in the stores.
Estimating the age of the inventory levels in the stores (the inventory levels are known, since it is an
extension of the ‘VOI’-model) shows similar effects as only incorporating the level (without agedistribution). Again the difference in the week pattern is observed, but still all findings are very small
or insignificant. Based on the simulation for the considered products, it may be concluded that the
effect of estimating the age of the inventory levels in the stores and considering them in the order
decisions in the distribution center is not very profitable.

9.2. Sensitivity analysis
Some additional conclusions can be drawn due to the scenario decisions that are made in section 6.3.
In general, the effects of two redesigns (‘VOI’-model and ‘AGE’-model) do not depend on specific
product characteristics. For the new allocation rule, the proposed redesign does have an effect:
products with low demand and short life time benefit from this redesign. Also, since products with
those characteristics face much outdating, these findings are valuable in terms of absolute cost
savings.
In general, the effects do not differ greatly for the investigated withdrawal behaviors. This implies
that for most decisions it is not important to know the exact withdrawal behavior of the consumers.
Although the magnitude of the effects can differ, the direction of the effects is usually similar. Thus,
most decisions can be made without knowing the exact withdrawal behavior.
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When considering the impact of the effect, it is typically the 80%FIFO – 20%SIFO that shows larger or
more profitable effects for most of the proposed changes (not for breaking up the case packs). This
implies that the effects are even larger when the consumers do not pick optimally in outdating
perspectives. Thus, implementing one of the alternatives is even more beneficial when not all
customers behave optimally. This finding is caused by the potential gain, which is larger for the 80%
FIFO – 20% SIFO case, since the absolute outdating values are higher (note that in absolute values the
100% FIFO behavior is still favorable).
As shown in section 7.4, a reduction of the target service level for the stores leads, as expected, to
lower outdating values. Consequently, in terms of reducing outdating, allowing for more shortage in
the stores is cost-effective. Nevertheless, one should evaluate the consequences of having lower
service levels in the stores. Considering the potential savings in section 7.4, it is definitely worth to
allow for lower service levels, when that does not imply lower customer satisfaction.
The results show that the availability in the distribution center is above the 80% restriction in the
optimal situation for every considered product. Hence, this availability restriction is never the most
restrictive constraint. Relaxing the restriction on the availability in the distribution center would thus
have no effect on the optimal solution.

9.3. General findings
Based on the evaluations on the sub assignments and the sensitivity analysis, general conclusions can
be drawn on the main research purpose. Hence, one can draw conclusions on what the best methods
are to reduce the outdating by reconsidering the policies in the distribution center.
Table 22 shows an overview of all considered alternatives for the six products with corresponding
cost savings for the 100% FIFO withdrawal behavior. Besides, the relative improvements are shown
(in parentheses). These percentages are indications for the opportunities of the different alternatives
when current outdating values would have been different. The results for the 80% FIFO – 20% SIFO
withdrawal behavior is presented in Appendix M.
Table 22: Overview opportunities (100% FIFO)

Article

Shorter
lead
time

Additional
delivery

Different
scheme

326401

-

-

-

326359

-

-

-

255411

€ 97
(6%)
-

-

€ 490
(28%)
-

Reducing Reducing
case
target
pack size service
level
€ 26
(39%)
€ 40
(10%)
€ 1485
(86%)
-

€1
(4%)
-

€5
(11%)
-

-

-

-

€ 40
(3%)

-

€ 245
(17%)

326223
326215
326884

-

* After reduction of the case pack size
** Result is not significant.
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Different
allocation
rule

‘VOI’model

‘AGE’model

€ 1*
(3%)
€ 75
(18%)
- € 5*,**
(- 0%)
€6
(3%)
€ 0**
(1%)
€ 54
(4%)

€ 2*
(5%)
€ 10
(2%)
- € 14*
(- 1%)
€6
(3%)
- € 1**
(- 2%)
- € 7**
(- 0%)

€ 2*
(5%)
€ 16
(4%)
- € 4*,**
(- 0%)
€9
(5%)
-€1
(- 4%)
- € 29
(- 2%)

As can be concluded from Table 22, largest cost savings can be found by breaking up the case pack
size. Also, allowing for lower service levels and reconsidering supplier conditions may be lucrative.
For some products, the new allocation rule leads to improvements as well. Based on these findings,
the focus of Jan Linders for future research can be determined (section 9.4). However, one should
remember that these cost savings are not instantaneous profits, since the implementation of the
alternatives (not considered in this thesis) may lead to additional costs. Hence, whether to
implement an alternative also depends on these implementation costs.
Another general conclusion is on the guideline for the product life time distribution, which is
introduced in section 7.1. The results on the basic model (incorporating Slim4) show that the
commonly used guideline (i.e. a third of the product life time for respectively the distribution center,
the store and the consumer) is outperformed by the basic model with respect to the proportion of
the life time that is for the consumer. Some considered alternatives result in even larger values for
the shelf life and the age for the consumer. This increase in freshness is associated with a product life
time distribution that is even more deviating from the guideline for these alternatives. For the
selected products, usually only 10-15% of the product life time should be for the distribution center
in the optimal situation. This is enabled by the low values for the safety amounts in the distribution
center that satisfy the service level constraints.
As can be concluded from this research, reducing the case pack size is very cost-effective, in
particular products that have a high fresh case cover can benefit from this reduction. Since 43% out
of the approximated 400 potential products (79% of the 500 products in the assortment of fresh
meals and dairy products has a case pack size larger than one) has a high fresh case cover, these
products face major opportunities when their case pack size would be reduced. Nevertheless, it is
difficult to determine what the exact absolute savings are, since these also depend on the purchasing
prices (cost factor 𝑐𝑖 in the objective function).
Except for the gain due to the reduction in case pack size, most absolute savings can be found for the
products with low demand and short life times, since these products have relatively high outdating
values. Section 3.2.3 shows that 55% of the fresh meals and dairy products is slow moving, while 68%
of the products has a short product life time. Especially for the products that belong to both
categories (33% out of the 500 products), opportunities exist in reducing their outdating values by
implementing some of the proposed solutions in this research.
Although the investigated product groups have specific characteristics, some conclusions may be
useful for other product groups. Within the product category Fridge, more products are kept on
stock in the distribution center, which face similar demand patterns and have similar product life
times. Conclusions on this study can be applied to these products as well. Moreover, some
conclusions are even more robust, since prior researches support the findings (for example reducing
the case pack size or allowing for lower service levels). Therefore, other product categories can
benefit from the results of this research.

9.4. Implications and recommendations for Jan Linders
Since the simulated situations show major savings in the basic model, it implies that Jan Linders is
doing well by implementing an automatic ordering system as Slim4 for the distribution center. The
automation results in less outdating and inventories that are replenished more accurate.
Rearranging supplier properties can be profitable. In particular, reducing lead times and adding extra
delivery moments are beneficial for the shelf life and the outdating of products. Besides, it is
relatively easy to test the influence of these adaptations by running the simulation.
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First, Jan Linders should focus on aligning current procedures with current arrangements, since, at
the moment, some agreements are not completely utilized in terms of ordering moments. These
related potential savings are easily obtained. Afterwards, Jan Linders could use the output of the
simulation to identify suppliers that show most opportunities in terms of cost savings, when
reconsidering the order and delivery schedules. One should note that an analysis should be
performed first to identify whether a proposed change is physically possible for the supplier. Another
important remark is in the interrelationship of products; the potential savings should be combined
for all products of a supplier to evaluate whether additional costs for modifying the current schemes
are acceptable. Moreover, it would probably be impossible to supply different products of the same
supplier by different supply schemes in practice, since it is not economical in terms of transportation.
Since breaking up the case pack size is beneficial for the amount of outdated products, breaking up
the case pack size is a good area to focus on, in order to reduce overall outdating. Especially for
products that currently have relatively high outdating values, reducing the case pack size is
profitable. Since this observation is typically caused by too little demand during product shelf life,
these products can also be defined as products with a high fresh case cover. The profitability of
reducing the case pack size can be tremendous for these products, because the potential savings in
terms of outdating are up to 80% according to the simulation output. Therefore, Jan Linders should
discover how they could enable the reduction of the case pack size and for which products it is
profitable. The fresh case cover characteristic can be helpful in determining relevant products.
Moreover, Jan Linders should investigate what the effects are of out-of-stock situations in stores for
different products. As shown in section 7.4, the potential savings of reducing the target service level
for the stores with 3%, are up to 18% in terms of outdating. For products that are hardly related with
other products, consumers could be willing to substitute when they face an empty shelf. For the
products that currently face high outdating costs, Jan Linders should investigate whether this
willingness to substitute is plausible. When a high willingness to substitute is identified, parameters
in the stores can be set, such that lower service levels in the stores are allowed for those products.
Subsequently, the parameters in the replenishment decisions of the distribution center can be set
accordingly. For those products, lower availability could reduce the amount of outdating significantly.
Furthermore, Jan Linders could investigate the opportunity of setting combined service levels for
some products. These decisions are related with assortment planning, for which Kök, Fisher, &
Vaidyanathan (2009) conducted a literature review.
Adjusting the allocation rule can be beneficial for some products, although potential savings are not
extensive. For some products, the new allocation rule is even disadvantageous. Therefore, further
research is required to draw more robust conclusions, while considering the additional coats that are
associated with implementing the new rule. At the moment, Jan Linders could better focus on
different, more auspicious, alternatives. Nevertheless, when further research is performed, the focus
should be on products with low demand and short life times, since those have highest potential.
Since the potential of implementing the ‘VOI’-model is relatively low, it can be concluded that it is
not worth to investigate how information on the inventory levels in the stores could be incorporated
in the decisions in the distribution center: it is thus not necessary to couple the systems of Slim4 and
F&R. However, one should remind that this research only considers products in regular periods and
no trends or seasonality are assumed. Especially in periods right after promotions, the stock levels in
the stores could be very high due to overestimated forecasts during the promotional period, which
could be influential for future decisions. Hence, the opportunities of sharing information may be
further investigated for promotional periods and consecutive days. In particular for the leftovers
after the promotional periods, the value of information could be substantial.
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Since the results of the ‘AGE’-model are not very promising and implementation of that model is
even more complicated than the ‘VOI’-model (because estimated age-dependent inventory levels
should be captured additionally), it is not worth to put all effort in. Therefore, it is recommended not
to focus on the implementation of this redesign; especially not before the opportunities of the ‘VOI’model on promotions are further investigated.
For most promising proposed redesigns or redefinitions of parameters in this research, the effects do
not depend on the assumed withdrawal behavior. Thus, with the purpose of reducing outdating in
mind, it is not essential to know the exact withdrawal behavior. Since discovering the real withdrawal
behavior is difficult and time consuming, it is recommended to not focus on analyzing this property.
Furthermore, it is important to focus on products that do face relatively high amount of outdating in
any redesign of the supply chain. The potential savings for these products are largest and the findings
in this research are more often significant. Therefore, it is probably less relevant to consider products
with relatively high demand or products with longer life times, since they face less outdating.
Because this research was performed for products with a stationary demand, further research is
required on the impact of the proposed changes for products with other demand characteristics, in
terms of seasonality patterns or trends. Also, promotional periods in general (thus not only for the
‘VOI’-model or the ‘AGE’-model) should be investigated, since promotions are a major cause of
current outdating as well.
Since the optimal safety stock for some products turns out to be very low, this results in low
inventories on stock. When a delivery arrives in the distribution center, many products are directly
claimed by stores. Hence, this situation resembles other flows of managing products in the supply
chain. The property of having low inventory levels in the distribution center is comparable to the
methods crossdocking and transit (also known as pick-to-zero (Zwaan, 2015)). The relative small
difference between the remaining life time at arrival in the distribution center and the shelf life (i.e.
the length of stay in the distribution center) supports the observation that some properties are
imitating those of cross dock or transit policies. Therefore, it may be worth to reconsider the current
ordering methods for some products. It could be beneficial to manage some products no longer as a
stock-keeping unit, but change it to transit handling or crossdocking.
Finally, it is worth to investigate the policies in the stores and to evaluate the current store
execution, which was left out of scope in this research, but was indicated as an interesting research
direction by Mertens (2015b).
As a conclusion, based on this research, Jan Linders faces most opportunities in breaking up the case
pack size. Thus, the focus should mainly be on how to achieve this implementation against lowest
expenses. Subsequently, the focus should be on determining appropriate service levels (possibly
combined service levels) and corresponding assortment decisions.

48

10. Academic review
To conclude this thesis, it is explained how this research contributes to the literature and what is
interesting for future research.

10.1.

Contribution to literature

In a literature review, conducted in preparation for this master thesis, Mertens (2015a) has pointed
out that perishability is a hardly investigated area in multi-echelon supply chains.
Ketzenberg & Ferguson (2008) investigated the influence of sharing information on inventory levels
in a two-echelon serial supply chain on outdating of perishable products. This research contributes to
that research, since it evaluates the effects on a different supply chain structure, i.e. a two-echelon
supply chain with one central warehouse and multiple retailers. For this distribution inventory
system it is investigated how outdating potentially changes when inventory levels in the stores are
taking into account in the ordering decisions at the distribution center (‘VOI’-model). This research
explores that these effects on outdating are low. Although this is concluded by a single case study, it
is an indication that sharing information on inventory levels is not very beneficial for the amount of
outdating for a distribution inventory system. This implies that the conclusions of Ketzenberg &
Ferguson (2008) for a serial supply chain cannot be applied to a distribution inventory system.
Besides, recent research was conducted to evaluate the effects of having information on the ages of
inventories in order to anticipate for outdating. For example, the EWA-policy (Broekmeulen & Van
Donselaar, 2009) and the OIR-policy (Duan & Liao, 2013) are methods that are introduced recently.
One important gap in these researches is that the methods are only considered in a single-echelon
environment. This research contributes to literature, since multiple stages of the supply chain are
considered. However, due to the additional complexities it requires other simplifying assumptions on
the ages (which are estimated). Nevertheless, this research indicates whether taking into account
inventories’ ages anyhow can be effective for the amount of outdating in a two-echelon supply chain.
The results for this case study are regrettably disappointing, which contradicts prior research.
Furthermore, the allocation rule that is introduced by Prastacos (1981) is evaluated in this thesis. This
study for Jan Linders can be used as case study; it shows that the potential profits of this allocation
rule compared to a fixed allocation sequence are not positive for all product characteristics. Whether
this allocation rule is beneficial depends on several properties.
The models are fitted to the situation of Jan Linders. Nevertheless, the situation of one warehouse
and multiple retailers is frequently observed in industries. With a few adjustments to the model and
a new data analysis, the model can be used for different businesses in the retail industry that face a
similar supply chain. Moreover, the findings on different types of products that could benefit from
the redesigns result in interesting conclusions, which contributes to current literature.
Also, this research is an addition to the investigation of using service level restrictions instead of
incorporating a lost sales cost component in the objective function. Where Minner & Transchel
(2010) conducted a research in a single echelon supply chain, this research implements service level
constraints in a more complex multi-echelon supply chain.
Moreover, some well-known guidelines are evaluated in this thesis. Where a commonly used rule of
thumb is that a third of the product life time should be for the distribution center, a third for the
store, and a third for the consumer, the optimization in this research shows that it is better to have
the six considered perishable products even shorter in the distribution center. This finding
contributes to the freshness of products in stores and consequently leads to a reduction in outdating.
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Next to these additions to the literature, this research also provides some confirmations. For
example the impacts of breaking up the case pack size (van de Ven, 2014), reducing the lead time
(van Donselaar, van Woensel, Broekmeulen, & Fransoo, 2006) and allowing for lower service levels
(van Woensel, van Donselaar, Broekmeulen, & Fransoo, 2007) are studied before. Most conclusions
on these topics are in line with these prior articles, which makes these conclusions more robust.

10.2.

Future research

First of all, it should be noted that the current results are based on a small sample of products.
Although the choice for products is well-considered, the generality of the results may be questioned.
A different research approach enables managing these short comings. Although using real-world
examples of products is practically useful, it also involves limitations on the results, because it cannot
always with certainty be attributed to one specific product characteristic. Future research could use
more stylistic products where only one characteristic at a time is modified to create more robust
conclusions.
Since simulating was very time-consuming, some results are still insignificant. Especially products
with high demand show less significant results. This is due to the fact that those products in general
do not face much outdating and thus potential reductions are relatively low. However, more
research can be done to the effects on these products. Also, significant differences could be studied
more elaborately to create more robustness on the conclusions.
An interesting area, although not investigated during this thesis, is the influence of promotions, since
these are a major cause of outdating. While some products have structural problems with outdating,
other products do not suffer much during regular periods, but they do during and right after
promotional periods. When promotional sales disappoint, many products are left in the stores after
the promotional period, which probably causes outdating. It is interesting to investigate how these
leftovers can be prevented for and, if those situations do occur, how to dispose this excess inventory.
Not only for Jan Linders, but also for academic perspectives it is interesting to do more research to
the effect of seasonality patterns or trends in the demand on the different redesigns.
As noticed in section 9.4, some products are short in the distribution center. Therefore, these
products seem to be managed by crossdocking or transit policies. It is worth to compare more
properties of crossdocking or transit products with those of stock-keeping products in future
research, and to give a recommendation on when these methods should be performed.
For other companies it may be physically possible and not too expensive to know the exact ages in
the stores. For those companies it may also be interesting to investigate the effect of the ‘AGE’model with real ages instead of estimated ages.
Chapter 5 explains the redesigns that are applied to the situation of Jan LInders. For other situations,
other choices may have been more suitable. It is therefore interesting to investigate the effects of
handling different new allocation rules. Moreover, for other companies the DRP-approach may not
be the most suitable approach to share information on inventory levels; thus, other policies can also
be investigated in future research.
Finally, while this research mainly focusses on prevention of outdating, it is relevant to do more
research on disposal strategies for outdated products in a distribution inventory system, as was
indicated as a gap in literature by Mertens (2015a). Potentially, it could be beneficial to use the
pooling property of the distribution center and collect all waste again at the distribution center,
before it is discarded centrally.
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