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Abstract 
This research was conducted as a master thesis project performed at Jumbo Supermarkten B.V. in 

collaboration with Eindhoven University of Technology. Jumbo experienced a lack of clarity about the 

concept of VMI and the strategic contribution of VMI for Jumbo. This research has clarified the 

definition of VMI, the critical enablers and the benefits that can be obtained with a VMI system. In 

addition, a VMI decision process flowchart has been created to support Jumbo in determining the 

eligibility of a VMI system for a specific supplier. Assessment of the current VMI situation at Jumbo 

indicated that the disappointing performances in the current VMI system were mainly due to inability 

of the suppliers to integrate the VMI system in the production process. Therefore, other retailer-

supplier collaboration scenarios have been tested to improve the freshness at the stores and reduce 

the supply chain waste. The concepts of Constant-Order Policy, Range-policy and supply chain 

synchronisation resulted in improvements in waste reduction in comparison with the situations 

whereby the production information was not shared and the retailer order was placed at an 

unfavourable moment. The highest waste reduction was obtained in the situations characterised by a 

large production interval at the manufacturer.    
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Management summary  
Problem introduction 

Jumbo, a service-oriented Dutch retailer, is experiencing a strong growth, which has an impact on the 

supply chain as more products flow through the chain. In addition, they are operating in a volatile 

market characterized by a high number of SKUs, with short product life cycles, a high level of 

competition and demanding customers. Among these customer demands is the importance of the 

quality of the products. According to Heller (2002) the quality of the perishable goods assortment is 

becoming the core reason why customers choose one supermarket above others. All these factors 

indicate that there is a need for good functioning and tight management of the entire supply chain. In 

addition, there is a need to decrease the throughput times of fresh products to improve the quality of 

these perishable products at the stores (Jumbo fresh strategy, 2017).  

The product availability and the quality of the products at Jumbo is directly influenced by the 

performance of the suppliers. Jumbo is aware of this dependency and is willing to strengthen the 

relationships with their suppliers. Over the years, Jumbo already invested in different type of 

collaboration agreements including Vendor Managed Inventory (VMI). However, there is no consistent 

approach when VMI should be selected. In addition, it is not clear how Jumbo could benefit from a 

VMI system, therefore there is a need for clarification of the concept of VMI and its strategic value. It 

is questioned whether Jumbo should continue with VMI or that it would be better if they regain control 

in managing inventory. Finally, some of the current VMI relations with the suppliers are functioning 

well, whereas others show dysfunctionalities. Therefore, there is a need for change in the current non-

beneficial VMI collaborations within Jumbo. However, there is no clear overview of the factors that 

influence the VMI successes, and the reasons why some VMI collaborations with the suppliers do not 

work.  

The main question considered in this project is: 

“How to determine the type and extent of a VMI system for a specific supplier”. 

 

Research directions 

Given the problem statement the research was divided in different parts. The first part was focussed 

on solving the lack of clarity related to VMI. Research has been executed into the definition of VMI. 

The basis for the development of VMI in a supply chain system has been studied to clarify why VMI 

should be implemented and what benefits can be obtained. In addition, the critical factors and 

enablers of VMI have been studied that determine the successes of a VMI system. All these factors 

were used in the design of a decision process flow chart to support the retailer in the VMI decision 

process of a VMI system for a specific supplier.  

During this qualitative study it became clear that the conditions of the VMI system are determining 

the successes. VMI should only be applied under the right conditions whereby the retailer capability, 

the supplier capability and the relationship between both partners are important. It requires 

technological investments and time, effort and expertise from both partners to operate according the 

system. Besides that, the supplier should be trusted as the responsibility for replenishment is shifted 

towards the supplier. Therefore based on expertise, technological and relational factors a VMI system 

will be discouraged for many suppliers.  



vi 
 

In addition, post-implementation VMI literature indicated that the benefits obtained with VMI were 

often disappointing.  These disappointing results are often due to the inability of the supplier to 

integrate the VMI system in its production line. Jumbo is also experiencing non-beneficial VMI 

collaborations whereby the supply chain performances are not as expected before the implementation 

of VMI. 

Therefore, in the second part of this thesis a quantitative analysis has been executed into retailer-

supplier collaboration that can be applied in a supply chain situation characterised by inflexible 

production lines. Different scenarios have been studied to improve the coordination of the supply 

chain whereby the retailer remains in control of the ordering process. The proposed scenarios are 

based on synchronisation of the supply and demand process and collaboration whereby agreements 

are made about the replenishment order size.  

The first scenario considers the supply chain synchronisation scenario. In a synchronised supply chain, 

the retailer ordering interval is synchronised to the production interval. Therefore, the order is placed 

at a favourable moment whereby products can be sent to the retailer directly after production. It is 

expected that fresher products will arrive at the retailer as less days of shelf life will be lost at the 

supplier.  

The second scenario considers the Constant Order Policy (COP). In this scenario the retailer’s ordering 

interval is also synchronised to the production interval. In addition, agreements are made about the 

order quantity, therefore each period the same amount is ordered by the retailer. With this policy it is 

expected that the manufacturer can better coordinate its production as the size of the order is known.  

Therefore no buffer is needed to cover the order fluctuations from the retailer. In addition, as the 

processes are synchronised it is expected that products will be send directly to the retailer after 

production, whereby the remaining shelf life of the products will be higher when they enter the retailer 

DC.  

Finally, the third scenario is the Range-policy. In this scenario the retailer ordering interval is also 

synchronised to the production interval, and agreements are made about the order amount. The order 

placed by the retailer each period is restricted to a minimum and maximum boundary. As such, the 

retailer has the possibility to increase or decrease the order whereby some flexibility remains at the 

retailer to respond to fluctuations in store orders.  

 

Analysis and modelling 

A three-echelon supply chain simulation model was created whereby the supply chain performance 

was measured at store, retailer DC and manufacturer DC level. This model is a microcosm of the real 

world, since one sample product is used to study a real-life situation with many products. The different 

scenarios have been tested for a perishable product which was selected based on its critical short shelf 

life, its importance for the portfolio of the retailer and because this product is kept in stock at the DCs. 

First, a baseline scenario has been calculated which indicates the current situation at Jumbo according 

a traditional supply chain. This corresponds to a pull driven supply chain whereby each upstream stage 

waits until they receive a replenishment order of a downstream stage. In addition, the process of 

supply and demand are not synchronised. In other words, the production interval at the supplier is 

often larger than the ordering interval of the retailer.  This baseline scenario has been calculated for 

different production intervals of the manufacturer.  
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Thereafter, the different scenarios of synchronisation, COP and Range are calculated and compared to 

the baseline scenario. The performance of the supply chain scenarios are calculated in terms of total 

supply chain waste and freshness of the products sold to the customers.  

Results  

With the results of the different experiments it can be concluded that it can be beneficial to invest in 

retailer-supplier collaboration to improve the freshness of the products and to reduce waste except 

for the situation whereby the production interval is equal to one. In that specific case, the situation is 

too trivial to obtain benefits with retailer-supplier collaboration. 

In the situation where the production interval is equal to two, benefits can be obtained in the 

collaboration scenarios compared to the situation whereby the retailer order is placed at an 

unfavourable moment. The same store fill rate can be obtained for a lower amount of supply chain 

waste. The COP and Range policies did not outperform the current situation, however benefits can still 

be perceived by the supplier as the uncertainty for the supplier is reduced. The supplier is ensured that 

it will receive an order, in addition information is known about the size of the order. Therefore, this 

can be beneficial for the production planning of the supplier.  

Finally, the highest benefits were obtained in the scenarios whereby the production interval were 

larger. In that case, the COP, Range and synchronised scenario resulted in lower levels of waste in 

comparison to the current situation.  In addition, if these outcomes are compared to the situation 

whereby the retailer order is placed at a non-favourable moment, this resulted in even higher waste 

reduction.  

 

Recommendations  

It is advised to reconsider the strategic value of VMI for Jumbo. From an operational perspective, VMI 

should not be applied for suppliers of non-perishable products as there is no unique contribution of 

VMI that cannot be obtained in a supply chain setting whereby the retailer remains in control. 

However, it is valuable to consider collaboration initiatives like information sharing or collaborative 

forecasting. For perishable products it may be recommended to stop with some VMI collaborations if 

the supplier is not able to integrate the VMI system in their production planning.  

Benefits in terms of freshness increase and waste reduction can be obtained with retailer-supplier 

collaboration whereby the retailer remains in control, also in situations characterised by an inflexible 

production line. It is recommended to Jumbo to invest in retailer-supplier collaboration agreements as 

COP and Range-policy with their suppliers. Especially the suppliers that deal with an inflexible 

production line with a large production interval should be selected for these implementations.  

The results of this project also indicated that there are further possibilities to improve the freshness at 

the stores and reduce the waste in the supply chain by making changes in the supply chain settings at 

the retailer. A decrease in waste can be obtained by decreasing the target fill rate at the RDC. 

Therefore, it is also recommended to Jumbo to use these insights in practice  for example by lowering 

the amount of inventory at their DCs and making a distinction between store orders that are generated 

which are very urgent and store orders whereby it would be sufficient if the order is fulfilled the next 

day.  
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1. Introduction  
This first chapter functions as an introduction of this master thesis project. This research is executed 

in cooperation with Jumbo Supermarkten B.V., which will be introduced in a company description. 

Subsequently, the problem context and research questions of this project will be presented. Finally, 

the outline of this report will be provided.  

1.1 Company description 
Jumbo is the second largest grocery retailer in the Netherlands. Currently, their market share is at 21.6 

percent of the Dutch retail market (Jumbo Infographic, 2019). Jumbo is a family-owned service-

oriented supermarket, whereby they use an omni-channel strategy in which they tend “to be where 

the customers are located” via multiple channels. First, they have brick stores with a regular 

supermarket concept.  Second, they offer a Food market concept in which the service of the regular 

supermarket is extended with fresh and prepared food by professional chefs. Third, they operate in 

urban areas with compact convenience Jumbo city stores. Finally, they offer products on the digital 

channel and deliver via home delivery or pick up points.   

Jumbo is experiencing a strong growth due to taking over Emté and building new stores. In August 

2019, the number of regular supermarket stores was 664. They are planning to expand by increasing 

their number of regular supermarkets, Jumbo city stores and Jumbo Food markets and opening the 

first three supermarkets in Belgium in 2019. In addition, they noticed a growth in online sales and are 

expecting it to grow in the upcoming years for the Dutch and Belgium markets. The supply chain 

network of Jumbo consists of three National distribution centres and four regional DCs, whereby DC 

Veghel is considered as both national and regional DC (Jumbo Infographic, 2019).   

The customer is the core focus in all activities of Jumbo. Jumbo is continuously trying to outperform 

the expectations of the customer.  This customer focus is translated in the seven certainties of Jumbo, 

which are the following:   

1. Euros cheaper 
2. Service with a smile  
3. For all your groceries  
4. Fresh is really fresh  
5. Quick and easy shopping  
6. Not satisfied? Money back!  
7. Your wishes are central.   
 
These certainties are implemented throughout the entire supply chain of Jumbo. Jumbo continuously 

keeps a sharp eye on innovations and operates according to their Every Day Low Pricing (EDLP) 

principle (Jumbo annual report, 2018).  
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1.2 Problem context  
Jumbo is experiencing a strong growth and is expecting it to continue in the upcoming years. The 
amount of goods sold as well as the variety of their product portfolio will increase further. This growth 
has an impact on the supply chain of Jumbo as more products will flow through the chain. Therefore, 
there is a need for good functioning and tight management of the entire supply chain. This includes 
collaboration with suppliers as the product availability and quality of the products is directly influenced 
by the performance of the suppliers. Jumbo is aware of this dependency and is willing to strengthen 
the intensity and duration of relationships with their suppliers.  
 
Besides that, Jumbo is striving to improve the freshness of their products offered to end-customers at 
the stores. According to Heller (2002) the quality of the perishable goods assortment is becoming the 
core reason why customers choose one supermarket above others. Jumbo identified the need to 
decrease the throughput times of fresh products as they move too slowly through the chain (Jumbo 
Fresh Strategy, 2017). They are searching for ways to improve the flow of goods through the chain 
without harming the customer service level.   
 
Over the years, Jumbo has already invested in different type of collaboration agreements with their 
suppliers varying from information sharing, shared forecasting or VMI. Some of these collaborations 
are performing well, while others show dysfunctionalities, however the reasons for these 
dysfunctionalities are not clear. In addition, there is no consistent approach when to implement a 
certain collaboration type and therefore the collaboration initiatives are implemented based on 
calculation of individual business cases. VMI has been part of the strategic vision of Jumbo for several 
years. However, it is not known to what extent Jumbo could benefit from a VMI system. Besides that, 
the desired situation related to VMI is not clear. The awareness of the risk of loss of control related to 
VMI is present within Jumbo. It is questioned, whether Jumbo should be willing to continue with the 
VMI system or that supply chain performance would be better when they continue controlling 
inventory themselves.   
 
In short, there is a need for change in the current non-beneficial VMI collaborations within Jumbo. 
They want clarification of the concept of VMI and its strategic value. Finally, they are striving to 
improve the freshness of the products at the stores whereby they are searching for ways to improve 
the flow of products through the chain.  
 

1.3 Research questions  
Based on the problem context, the following research question and sub questions have been 

developed:   

Research question: “How to select the type and extent of a VMI system for a specific supplier?” 

This research question is supported by the following sub-research questions:   

SQ1: What is the definition of VMI? 

SQ2: What is the current retail supply chain and VMI system of Jumbo? 

SQ3: What are critical enablers for a VMI system? 

SQ4: How should a VMI decision process be designed? 

SQ5: What are potential benefits of a retailer-supplier collaboration for Jumbo? 

SQ6: What is the effect of a specific retailer-supplier collaboration on the supply chain of perishables? 
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The research questions mentioned above are marginally different from the research questions as 

presented in the research proposal. During the qualitative research it was clarified that the suitability 

of VMI is influenced by multiple conditions therefore instead of one decision tree a flow chart was 

designed with more consecutive steps to support the VMI process. In addition, based on the qualitative 

study and the analysis at Jumbo it became clear that in most cases the VMI system would be 

discouraged for many suppliers. Therefore, it was concluded that it would be more contributing to 

determine the effect of retailer-supplier collaboration and the effects for perishable products for 

conditions whereby the retailer remains in control. Therefore, to create clarity the research questions 

have been adjusted accordingly. 

1.4 Research methodology 
This research is executed according the model provided by Mitroff et al. (1974) as shown in figure 1. 

The stages are indicated by the circles and the steps or actions by arrows. The steps are 

conceptualization, modelling, model solving and implementation. This model is used as a guidance to 

ensure that all the steps for proper research were completed.  This thesis is divided in two parts. The 

first part consists of the qualitative research that consists of a literature study and stakeholder 

interviews whereby a flow chart for the VMI decision process is created. The second part considers the 

quantitative simulation study whereby a multi-echelon supply chain model is created.  In both parts 

the research method of Mitroff et al. (1974) is applied.  

 

Figure 1. Research methodology by Mitroff et al. (1974) 

This thesis starts with the clarification of the current situation at Jumbo. This includes the problem 

description as mentioned above, research into the definition of VMI (RQ1) and the clarification of the 

current supply chain and VMI system at Jumbo (SQ2).  This corresponds to the first phase of the model 

of Mitroff et al. (1974). Qualitative research with an extensive literature study and stakeholder 

interviews will be conducted to create a basis for the enablers of a VMI system (SQ3). These enablers 

are combined whereby a flow chart for the VMI decision process will be designed (SQ4). This model is 

validated and thereafter this model is applied to the current situation whereby conclusions are made 

about the strategic contribution of VMI for Jumbo. The outcomes of this qualitative study create the 

basis for the quantitative research. Based on the outcomes, scenarios of retailer-supplier collaboration 

are analysed to improve the coordination of the supply chain to improve the freshness of the products 

on the shelves. The idea behind these scenarios are presented in a conceptual model. Thereafter, this 

conceptual model is translated into a scientific model. This model is validated, thereafter the method 

of simulation is applied for real life testing. This quantitative research contributes to the understanding 

of the benefits of retailer-supplier collaboration for Jumbo (SQ5). As perishable products are 

considered in this simulation study, this will also contribute to the understanding of the impact of 
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retailer-supplier collaboration on the supply chain of perishable products (SQ6). Finally, the results will 

be presented and the implementations will be presented for Jumbo. Concrete solutions and 

recommendations will be provided based on the problem in the current situation. This is the final stage 

of the model of Mitroff et al. (1974).  

1.5 Report structure 
This thesis will follow the structure of the questions as presented above, in addition the report is 

divided in two parts. The first part of this thesis considers the qualitative research based on literature 

study and executed interviews with stakeholders. In chapter two, the concept of Vendor Managed 

Inventory will be clarified including the cause for the emergence of VMI within a retail supply chain. In 

addition, the current supply chain and VMI system of Jumbo will be discussed. Subsequently in chapter 

three, the enablers and critical success factors are discussed. Subsequently, these enablers are 

designed in the flow chart for the VMI process. This flow chart is validated and applied to assess the 

current situation at Jumbo.  

The second part of this thesis considers the quantitative study which is focussed on the analysis of 

retailer-supplier collaboration in the supply chain of perishable products. The idea behind the 

proposed scenarios are clarified in the introduction. Thereafter, the scenarios are explained in more 

detail in the conceptual model in chapter 5.  Subsequently, this model is translated into a scientific 

model in chapter six and the model is solved. Finally, the results will be presented in chapter seven and 

conclusions are made for perishable products. This report ends with recommendations for Jumbo for 

the future of VMI and retailer-supplier collaboration and it provides suggestions for further research.  
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Part I: Qualitative research 
2. Supply chain and VMI  

This chapter considers the foundation and motivation of supply chain collaboration from a retail supply 

chain perspective. First, the traditional retail supply chain will be discussed with its associated 

problems as the bullwhip effect or the mismatch between supply and demand. Thereafter, several 

types of retailer-supplier collaborations will be discussed that occur in the Fast-Moving Consumer 

Goods (FMCG) industry. Finally, Vendor Managed Inventory will be discussed in more detail. Therefore, 

this chapter will contribute to the first research question by explaining the definition of VMI.  

2.1 Retail supply chain  
The retail supply chain considers the flow from production of raw materials until consumption of 

consumer goods. A retail supply chain consists of many entities, from the supplier of raw materials 

until the end customer. In this report, the retailer view of the supply chain is taken as indicated in 

figure 2. This figure is based on the retail supply chain as indicated by Van der Vlist (2007). The supply 

chain view starts with the manufacturer of end products until the retail stores where consumers buy 

the products.   

The retail supply chain operates according to a pure pull principle whereby downstream stages place 

replenishment orders at their upstream stage. As can be seen in figure 2, retail stores place store 

orders at the retailer distribution centre (RDC) and this RDC places replenishment orders at the 

manufacturer DC (MDC). Replenishments are based on installation stock, which means that 

replenishments made at stores or retail DC are based on local inventory levels and local demand (Van 

der Vlist, 2007).  Manufacturers in the retail supply chain produce according the Make to Stock (MTS) 

or Make to Order (MTO) policy. MTS considers a production that is (forecast) driven by the planning 

and production processes of the manufacturer production plant. Replenishment orders of the retail 

DC are fulfilled from stock. With the Make to Order (MTO) strategy, goods are produced based on 

customer order.   

The Customer Order Decoupling Point (CODP) is the point in the supply chain where the customer 

order penetrates the system and the product is linked to a specific customer order. Downstream from 

this CODP, the operations are order-driven whereas upstream from this point the operations are 

forecast-driven (Van Hoek, 1997). In the retail supply chain in figure 2, the CODP will be located at the 

manufacturer’s warehouse or at the manufacturer plant, depending on the used production policy.  

 

Figure 2. Traditional retail supply chain 
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In the traditional retail supply chain, the retailer is responsible for management of inventory at DC and 

downstream stores and determines the quantity and frequency of replenishments. The retailer places 

an order and the supplier or manufacturer fulfils it, this is also known as Retailer managed inventory 

(Yu, Tang, Xu & Wang, 2015). According to Holweg, Disney, Holmström and Småros (2005) the 

traditional operating of a supply chain means that each stage issues production orders and replenishes 

stock without considering either the up or downstream situation. Besides the transaction-based 

communication there is limited or zero amount of information sharing between the retailer and 

supplier. Each partner makes decisions to optimize its own situation, resulting in the bullwhip effect 

and mismatch between supply and demand in the supply chain (H.L. Lee, Padmanabhan & Whang, 

1997).   

According to H.L. Lee et al. (1997) the bullwhip effect is known as the phenomenon where orders to 

the supplier tend to have larger variance than sales to the buyer, and this distortion propagates 

upstream in the supply chain in an amplified form. Due to the mismatch in supply and demand excess 

inventory levels are kept throughout the supply chain to cope with demand uncertainty, cover the 

inertia of production or distribution system, improve the production or transport capacity or prevent 

shortages. The high inventory levels for perishable goods also results in high levels of waste and low 

freshness of the products on the shelves. The mismatch between supply and demand may also result 

in low product availability or situations of out of stock in the retail stores (Holweg et al., 2005).  

2.2 Retailer-supplier collaboration  
The sub-optimal situation in the supply chain indicates a need for retailer-supplier collaboration. 

Among other things, collaboration between partners is a way to improve the supply chain 

performance. According to Lummus and Vovurka (1999) firms can no longer compete in isolation of 

other entities in the supply chain and they see the benefits of collaborative relationships with and 

beyond their own organization. Entities of the supply chain are working together to make the entire 

supply chain competitive, which includes understanding of the business systems and working together 

to discover opportunities to deliver superior customer value.  The degree of collaboration between 

retailer and supplier can be seen as continuum from one-way information sharing to collaboration 

whereby decision making is done by one entity for the entire chain (Holweg et al., 2005). 

In the retailing and FMCG industry the volatile market conditions and short product life cycles have 

implications on operating the supply chain. The ideal chain as described by Godsell, Emberson & Storey 

(2006) is the ‘customer -responsive chain’ which entails an operating chain with minimum number of 

stock-out events, with quick response to market changes while carrying minimum buffer stocks. Supply 

chain collaboration between retailer and suppliers mainly occur as information sharing, continuous 

replenishment program (CRP), Vendor Managed Inventory (VMI) and collaborative planning, 

forecasting and replenishment (CPFR) (Pramatari, 2007).  

Supply chain collaboration can already occur when information is shared between partners. 

Information can be one-way shared upstream, the other way around from supplier to retailer or in 

both directions. Many researchers have indicated benefits of information sharing among which are 

inventory reduction (Lau, Huang & Mak, 2002), reduction of the bullwhip effect (H.L. Lee, 

Padmanabhan & Whang, 1997), building and strengthening relationships (Lau et al., 2002) and 

improvement of the capacity utilization (H.L. Lee & Whang, 2004). In some cases solely information 

sharing is not sufficient to obtain the desired performance improvement. As indicated by Cristopher 

and Lee (2004), information sharing may not be sufficient if the manufacturer does not have the 

flexibility to respond to the available information due to the inflexibility of its production line and 

planning. Besides that, information sharing may not result in performance improvements if entities 

remain focussed on optimizing their own objectives, whereby information is not used or used in their 
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own favour. Objectives of the manufacturer and the retailer should be aligned and both partners need 

to be focussed on chain-wide improvements to prevent sub-optimization (Dong & Xu, 2002).  

In addition to information sharing, a relationship between partners can be intensified by transferring 

responsibilities to the other partner. For example, the responsibility of ordering may be transferred to 

the upstream manufacturer which means that the replenishment orders are no longer placed by the 

retailer and the manufacturer becomes responsible for managing inventory at the retailer’s site. This 

is known as Vendor Managed Inventor (VMI) whereby the supplier takes on the responsibility of 

replenishment of the products by deciding how much to replenish and when to replenish (Verma & 

Chatterjee, 2017).  

2.3 Vendor Managed Inventory  
Varying definitions of VMI are mentioned in previous research of supply chain collaboration. In the 

remainder of this document, the following definition of VMI will be used:   

Vendor Managed Inventory (VMI) is a supply chain collaboration arrangement between a vendor and 

a retailer, whereby the vendor is commissioned to manage the inventory held at the retailer site 

under mutually agreed-upon conditions as stated in the VMI contract. This means the vendor is 

allowed to determine the timing and size of the replenishments as long as certain conditions are met. 

These conditions are composed in consultation to ensure a win-win situation for both partners. 

A VMI system can be implemented by enabling the supplier to manage inventory. Often the supplier 

is restricted by contractual boundaries. According to Guan and Zhao (2010) this is necessary to avoid 

the situation whereby the vendor operates according the minimization of its own costs, which causes 

unsatisfactory results for the supply chain system costs. In addition, a VMI system may result in the 

risk of loss of control by the retailer (Tyan & Wee, 2003). Therefore, contractual agreements are 

necessary to ensure that the service level of the retailer is guaranteed. This contract often includes 

inventory boundaries expressed in pieces or days of stock. According to Fry, Kapuscinski & Olsen (2001) 

it is possible to have a (z, Z) type of VMI contract, whereby the vendor is penalized if the inventory 

drops below z or above Z after fulfilling customer demand. Without these boundaries the vendor might 

ship more than the physical storage at the retailer might handle or it will decrease the service level of 

the retailer by affecting the product availability in the stores. For perishable products a VMI contract 

may include agreements about the minimum remaining shelf life of the products when products enter 

or leave the DC. In additions, boundaries may be set on the operating of the VMI system, for example 

related to the frequency of shipment to the retailer.  

One of the major benefits of a VMI system is the reduction of the bullwhip effect in the supply chain. 

The information provided by the retailer will increase the visibility for the manufacturer whereby some 

flow time delays are eliminated whereby the Forrester effect and Promotion effect can be reduced. In 

addition, VMI eliminates one decision making layer in the supply chain as replenishment orders are no 

longer initiated by the retailer. In this way the Houlihan (gaming) and the Burbidge (batch sizing) effect 

can be avoided completely with the implementation of VMI (Disney and Towill, 2003). This 

smoothening of the peaks and valleys in the demand pattern as lower stock levels are needed at the 

supplier to buffer for uncertainty (Waller, Johnson and Davis, 1999).  

In addition, benefits in production efficiencies can be obtained with a VMI system. As information 

about actual and forecasted demand is made available at an early stage, fluctuations can be 

smoothened over time which enables the supplier to act pro-actively instead of reactively (Claassen, 

Van Weele & Van Raaij, 2008). Pro-active production planning makes it possible to produce closer to 

its own preferred batch size. In this way the supplier may benefit by integrating the operational 
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decisions of production and replenishment regarding economies of scale and flexibility (Yu et al., 

2015)(Kaipia, Holmström & Tanskanen, 2002). Kaipia et al. (2002) also indicated that smoothening of 

the production requirements would result in higher utilization rates and lower overtime. This 

smoothening by more pro-active behaviour and smoothening of the production may also create the 

possibility for the supplier to make more cost-effective decisions for its own materials due to 

negotiations and volume discounts (Lamb, 1997). In addition, transport efficiencies can be obtained as 

the supplier has the possibility to determine the size of the shipments whereby full truck load deliveries 

are ensured (Kaipia et al., 2002). 

Other benefits can be obtained in terms of reduction of administration costs and ordering costs at the 

retailer (Waller et al., 1999)(Aichlymayr, 2002). Besides that, VMI may result in better delivery 

performance by the supplier which also impacts the service level of the retailer (Alftan, Kaipia, 

Loikkanen and Spens , 2015). Finally the supplier could obtain more market knowledge as more retailer 

information is shared with the supplier whereby a better view of the consumer behaviour is provided 

(Claassen et al., 2008) 
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2.4 As-is situation  
In this section the current situation of Jumbo is analysed. First, the current supply chain is discussed 

whereby the operations at the different stages are considered. Thereafter, the current VMI system at 

Jumbo will be discussed. Therefore, this section contributes to the second sub research question 

“What is the current retail supply chain and VMI system of Jumbo”.   

2.4.1 Current supply chain  
The total number of regular Jumbo supermarket stores in August 2019 is 664 in the Netherlands. In 

2019, Jumbo is also planning to open their first three stores in Belgium. The network of Jumbo consists 

of three national distribution centres and four regional distribution centres (DCs). The DC located in 

Veghel is considered as both national as regional distribution centre. (Jumbo annual infographic, 2019). 

The DCs are supplied by many suppliers with multiple products in their portfolio.  Each stock keeping 

product is kept in stock on a national level or on a regional location but not both.  The location of the 

product is depending on the agreements with the supplier. Jumbo has different types of national DCs 

related to product classifications. One of the national DCs is supplying perishable products whereas 

the second national DC is supplying only non-perishable products. Currently, Jumbo is building a fully 

automated national DC which will replace the current national DC of non-perishable products. The 

physical flows of the products of the two national DCs go through the associated regional DCs, however 

this is only to merge the shipments as the products in these flows are not kept in stock at the regional 

DCs. The third national DC is supplying frozen products whereby direct delivery to the stores is applied. 

The Jumbo stores are supplied by the four regional DCs depending on the location of the stores.  

The information flow in the supply chain moves from downstream stores in the upstream direction in 

the supply chain. The functioning of the supply chain can be considered as a classic pull system 

whereby goods are replenished by upstream stages as soon as a downstream stage places an order. 

The flow of goods follows the opposite direction of the information flow, thus from upstream supplier 

towards the downstream store as indicated before in figure 2.  In the remaining of this section, the 

current situation at each stage in the supply chain of Jumbo will be discussed in more detail in the 

order from downstream stores till upstream supplier.  

 

Jumbo stores 

In each store consumer demand is fulfilled from the products on the shelves. These shelves are 

supplied by replenishment deliveries. This replenishment order is created in several steps. First, based 

on historical demand, a base line order advice is generated for the stores by the SAP F&R system. 

Additional lift-factors like weather or holiday influences are manually implemented by the responsible 

forecasters. In addition, the Store Event Management team make store specific manual changes that 

could influence the forecast like local events or renovations.  

After the manual adjustments the actual order advice is created by the SAP F&R system for each store 

on a daily basis. The functioning of this inventory system is comparable with a (𝑅, 𝑠, 𝑛𝑄) policy (Silver, 

Pyke & Peterson, 1998). The inventory at the stores is periodically reviewed (𝑅), whenever the 

inventory position is below the re-order point (𝑠), an order advice is created containing one or an 

integer multiplication (𝑛) of the case pack size (𝑄). The products are often not shipped in customer 

units (CU) therefore the case pack size can be considered as trade-unit (TU). For the reorder point used 

at the stores an amount of safety stock is included. This safety stock is needed to buffer for the 

variations in customer demand and to ensure that the service level can be obtained.  
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The order advice is presented to the stores. This order can be adjusted by the store owners until the 

final moment of ordering (UBM, in Dutch: Uiterst Bestel Moment). Currently, Jumbo is implementing 

the so-called Hands-off policy. This means that the order advice created by the system will be leading, 

and no adjustments can be made by the store staff. In the nearby future, Jumbo is planning to fully 

implement this policy among all the stores.  

The inventory at the stores is monitored in SAP F&R, however the shelves are not monitored 

electronically. Therefore, the reliability of the inventory levels is depending on the scanning at the cash 

desks and the manual corrections of store staff via a Personal Digital Assistant (PDA). As the expiration 

dates of the goods are not monitored by the system, the inventory corrections related to outdating of 

products is also depending on manual adjustments of the store staff. The stores are supplied by the 

Jumbo DCs whereby delivery schedules differ per store. This means that the frequency as well as time 

slots and number of days delivered per week are different for the stores.  If the store order is created, 

the delivery to the store takes place the next day except for Sundays as only part of the total amount 

of stores are supplied on Sundays.  

 

DC 

The goods are shipped from the Jumbo DCs to the stores. For the majority of the products, the goods 

are kept in inventory at the DC. However, for products with an extreme short expiration date a cross 

dock (XD) flow exists at Jumbo whereas zero stock is kept at the DC. There is no clear distinction which 

products can be shipped according the XD flow, therefore this is depending on the agreements with 

the suppliers. In addition, there is no clear distinction of the location of the products. As mentioned 

above, among the national DCs there is a clear difference in the type of national DCs related to the 

products. However, other perishable products are also kept in inventory at the regional DCs. Therefore, 

the location of the storage of the products is also depending on the agreements with the suppliers.  

The amount of inventory kept at the DCs is based on the order frequency and the associated shelf life 

characteristics of the product. For non-perishable products higher inventory levels are maintained due 

to bulk discounts and transport efficiencies as full-pallet deliveries that are impacting the ordering 

process. For perishable goods with a medium shelf life, the number of products in stock could cover 

demand for multiple days. However, for products with an associated critical short shelf life and daily 

deliveries, the amount of inventory is relatively short. To conclude, the amount of inventory is strongly 

depending on the shelf life characteristics which is considered in determination of the review period 

and frequency of ordering for a specific product.   

A team of replenishers at Jumbo headquarters is responsible for ensuring that the goods are available 

at the DC for delivery to the stores.  This process of replenishment is somehow comparable with the 

(𝑅, 𝑠, 𝑛𝑄) policy of Silver et al. (1998). The replenisher checks the inventory on a daily basis, whenever 

the inventory is below the re-order point (𝑠) at the review period (𝑅), an order is generated. The order 

is rounded up to pallet-layer amount or full pallet amount for transport and handling efficiencies. 

These pallet layers or full pallet restrictions could be interpreted as minimum order quantities (𝑄). 

This order amount differs from the case pack size used to supply the stores. In some cases, the 

replenisher is restricted to a minimum amount of case packs due to arrangements with the supplier. 

However, this is more an exception than common procedure. In the replenishment process, they 

manually handle a certain level of safety stock. As a rule of thumb, they ensure that sufficient inventory 

is available to cover the demand for one additional day above the review and lead time period.  
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The replenishers are supported by the SAP system. The SAP system provides alerts to the 

replenishment team related to outdating and Out Of Stock (OOS) issues. Each day, a list is provided to 

the replenishers with goods at DC with short remaining shelf life (expiration date ≤ 5 days compared 

to the norm for shipment of these products. This information supports the replenisher to anticipate 

on outdating of the products. Additional push shipments of products towards the stores or other 

adjustments are not considered. Sometimes, products are shipped towards the stores for 100 percent 

discount when they exceeded the norm set on the expiration date. However, this is an exception on 

the rule. The second alert is related to products that are Out of Stock (OOS) or risking OOS due to a 

low amount of inventory. This is a push message automatically created by the system to set priority of 

the replenisher on ordering these products.  

 

Suppliers 

Jumbo has a broad portfolio of many different products, coming from many different suppliers. 

Products are produced according the MTO and MTS policy however to the best awareness of Jumbo 

most of the products are produced according the MTS policy.  

It is assumed that the MTS production is a forecast driven production process.  During the interviews, 

Supplier A and D mentioned that historical order demand of Jumbo was used to create the forecast 

and production planning. Supplier B mentioned that products are produced and kept in stock for 

several days from where the customer demand is fulfilled. For branded products multiple customers 

were delivered from the same location and same batches. Also, the products dedicated to Jumbo are 

delivered from stock. Supplier C produces several Private Label (PL) products only once per week, 

however they are ordered by Jumbo multiple times per week.  This applies to PL products as well as 

products dedicated to Jumbo as they only occur in the portfolio of Jumbo. Jumbo is aware that this 

production policy occurs at other suppliers as well by checking the expiration dates when goods enter 

the distribution centre. They experienced that deliveries on different days contained the same 

expiration date.  

Production schedules are not shared with Jumbo. Jumbo is aware of some reluctance at the supplier 

to share this information. There is no regular forecast sharing with the suppliers. However, information 

is shared related to promotional activities and expectations related to holidays or a BBQ forecast is 

shared for products related to the BBQ assortment. Some products are produced according to a MTO 

policy, whereby the production size is related to the size of the order of Jumbo. 

 

2.4.2  Products 
At Jumbo in the supply chain F&R department, the products are classified in four main product groups 

which are DKW1, DKW2, Fresh1 and Fresh2. This classification is determined by the division of the 

team based on the responsibility of replenishment for the different products. The main category 

groups DKW1 and DKW2 consider the non-perishable products whereby Fresh1 and Fresh2 consist of 

perishable products. Each main product group is also divided in sub product categories. For example, 

Fresh1 is divided into subgroup AGF (potatoes, vegetables, fruit), Bread, Fresh Juices, Convenience 

meals and Frozen goods. The shelf life of the products differs strongly among these sub product groups.  

The DKW product categories consist of non-perishable products. These products often also have an 

expiration date printed on the package however this is considered as not limiting due to the 

throughput of the products through the chain in combination with the shelf life.  
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2.4.3 Current VMI system 
Besides the regular replenishment according the (𝑅, 𝑠, 𝑛𝑄) policy of Silver et al. (1998) whereby Jumbo 

is responsible for placing the replenishment orders, Jumbo also operates according a VMI system. With 

this collaboration Jumbo places no longer replenishment orders and the responsibility for determining 

the timing and size of the replenishment orders is shifted to the suppliers.  

At this moment, Jumbo operates according a VMI system with fourteen suppliers, both for suppliers 

of perishable products and non-perishable products. There is no procedure for the selection of the VMI 

suppliers, therefore potential VMI implementations were analysed at the supplier’s request. Each 

individual situation was analysed according a business case analysis before the implementation of this 

VMI system.  

Operating according a VMI system at Jumbo includes information sharing related to sales and 

inventory data from Jumbo to the supplier. The sales information consists of Delfor messages which 

are the aggregated store orders, in most cases sent four times a day. The inventory information 

considers the stock levels of the supplier’s products at the relevant DCs. These inventory reports are 

sent once a day, at 04.00. The supplier is responsible for the DESADV messages that inform Jumbo 

about the goods included in the shipment. This message is sent at the moment the truck departs from 

the supplier’s DC. In addition, the supplier is responsible for sending the invoice to arrange the 

purchasing of the goods. All information is shared via EDI linkages.  

A VMI system includes contractual agreements in the Service Level Agreements (SLA) and Standard 

Operating Procedure (SOP) documents. Among other things, these contractual agreements are related 

to the performance of the supplier in terms of shelf life of the products when they enter the retailer 

DC, stock height measured in inventory days and delivery reliability from retailer DC to the stores.  The 

remaining shelf life is checked when goods enter the DC whereby the shelf life should at least be one 

day above the minimum norm for shipments to the stores. The amount of days in inventory is not 

actively monitored. Therefore, the stock height is not controlled and the supplier is not limited to a 

maximum amount or minimum amount of stock. However, the VMI contracts at Jumbo can be 

considered as buyback contracts. This means that the supplier is accountable for the amount of 

outdated products and the arrangement of the return shipment falls within the responsibility of the 

supplier. Therefore, the costs of waste at the DC are eliminated for Jumbo. Most commonly outdated 

products are shipped to a charity organisation (in Dutch: De Voedselbank) as the products are outdated 

as the minimum lifetime for shipment to the stores are reached, however the remaining shelf life is 

still some days till the expiration date of the products is reached.  Finally, the delivery reliability is 

measured to determine whether there is sufficient inventory available at the retailer DC to fulfil the 

store orders. As this delivery reliability is used as performance indicator, it is not needed to include a 

minimum inventory level restriction in the VMI contract. In the negotiations to determine the 

agreements as discussed in the SLA and SOP contracts, a compensation for providing the VMI 

information is also considered as common in the procedure of creation of a VMI contract. Jumbo is 

rewarded for providing support to the supplier to determine the size of the replenishment order.  

To summarize, Jumbo has fourteen VMI suppliers, both for perishable and non-perishable products. 

The VMI supplier is responsible for the inventory management at the DCs of Jumbo. It is restricted to 

contractual agreements about the shelf life of products, stock height and delivery reliability of the 

supplier as stated in the SOP and SLA contracts. As the responsibility is shifted to the supplier, it is 

important to determine whether the supplier is eligible for a VMI system. The enablers for a successful 

VMI system are discussed in the next chapter.   
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3. Enablers VMI system 
To implement the VMI system and to operate according to it, certain factors need to be present varying 

from relationship characteristics till technology requirements. This chapter discusses the enablers of a 

VMI system that needs to be present to facilitate the implementation and operating of a VMI system. 

Thereby it contributes to the third sub research question:  ”What are the critical enablers for a VMI 

system?” To be able to select the right system it is necessary to know the factors to check the eligibility 

for a VMI collaboration. These enablers can be considered as the basis for the factors that need to be 

included in the VMI decision process.  

3.1 Capability supplier and retailer  
In order to have a successful VMI system both the supplier and the retailer need to be capable to 

operate according to this system. This capability is influenced by the extent of information extraction, 

technology factors, product characteristics and the ability to combine the VMI operations in the 

production process. The factors are discussed below.  

3.1.1 Information extraction  
First of all, the retailer should be able to provide information about the inventory and sales demand 

data towards the supplier. According to Holweg et al. (2005) the supplier needs to base its decisions 

on the same information as previously used by the retailer. Therefore, it needs to be provided with up-

to-date sales and inventory data. According to Van der Vlist (2007) this inventory information considers 

echelon inventory, thus including downstream inventory, as controlling inventory based on echelon 

inventory performs better than controlling inventory per installation. This corresponds to the findings 

of Alftan et al. (2015) that DC-level information is not sufficient as it is not perfectly showing market 

influences. DC-level information depends on the behaviour of downstream supply chain partners, for 

example ordering decisions at retail stores.  

Claassen, Weele and van Raaij (2008) indicated that commonly in successful VMI cases information 

about inventory levels, demand forecasts, production schedules and promotional activities were 

shared between partners. Alftan et al. (2015) indicated that a forecast should be provided to support 

the supplier. This forecast should consist of a base-level forecasting and exceptions management that 

cover promotions and other actions. The importance of sharing information related to production 

schedules was also pointed out during interviews with suppliers. Two suppliers indicated that the 

timing of their production schedule was not in line with the timing of the VMI information sharing of 

Jumbo. Therefore, they were only able to respond to two Delfor messages during the day and the other 

two messages were considered the next day.  

During several supplier interviews the importance of shelf life information was also mentioned for the 

VMI systems for perishable products. This information was not provided by Jumbo and therefore 

suppliers experience some difficulties to interpret the inventory data or predict large amount of 

outdating at the DCs and thereby fluctuations in the inventory levels.  VMI-supplier A implemented a 

system to monitor the shelf life of its products in inventory at the Jumbo DCs.   

Finally, Claassen et al. (2008) also indicated that the more extensively information was shared between 

supplier and retailer, the more successful the implementation of VMI. This corresponds to the findings 

of Simchi-Levi and Zhao (2003) who indicated that a higher frequency of information sharing per 

replenishment period increases the amount of inventory savings at the supplier, however above four 

times per replenishment period the marginal savings are lower. The retailer should be able to provide 

information multiple times a day.  



14 
 

To summarize, it is important that a retailer is actively monitoring his sales and the levels of inventory 

at both DC and store levels for each SKU. This should be updated during the day and communicated 

multiple times per review period to the supplier. In addition, the retailer should provide support to the 

supplier in terms of forecast, shelf life of the products and information related to promotional 

activities.  

3.1.2 Technology and process integration  
VMI is a technology driven system. In order to facilitate a VMI system and ensure the availability of 

information, a direct link and electronic data interchange are needed to transfer point-of sales data, 

inventory levels and other information. This sets requirements on the IT-system and this needs to be 

integrated on operational level for both partners (Tyan & Wee, 2003). According to Claassen et al. 

(2008) the quality of the ICT-system at both the supplier and the retailer is strongly determining the 

success of the VMI system. Often customized ICT-systems were created to include all the necessary 

information to monitor and support replenishment decisions. A customized system has also been 

shown during a company visit at VMI-supplier A which is a considered as successful VMI supplier of 

Jumbo. This supplier created a dashboard that allows them to continuously monitor their products in 

the supply chain of Jumbo and adjust their production process according to this information. This 

dashboard shows the inventory levels of the products with the associated expiration dates at the 

Jumbo DCs. These levels are updated after each Delfor message. In addition, the expected demand is 

also given based on historical data and their production planning for the upcoming days is presented.  

Supplier A did a successful integration of the VMI system with their production process. They are able 

to make changes in their production planning based on the information provided in the VMI system. 

In this way, they have the flexibility to respond to end customer demand. Disney, Holmström, Kaipia 

and Towill (2001) also indicated the importance of the integration of the VMI system into the 

production and inventory control system of the supplier, whereby the production for VMI customers 

can be combined with production for non-VMI customers. They suggest a Decision Support System 

(DSS) whereby the inventory levels of the VMI customers can be combined with the finished goods 

inventory of the suppliers and VMI sales data are integrated with the replenishment orders of non-

VMI customers.  

Post (2016) indicated that it is important for a supplier to have organizational opportunities in order 

to obtain VMI gains. A supplier should have sufficient expertise related to planning and there should 

be a certain degree of flexibility in this planning. In addition, there should be possibilities to improve 

the current methods of the supplier. If the supplier lacks in expertise it would be better if the retailer 

remains in control. In addition, if the planning and production is already optimized the VMI gains would 

be disappointing.  

 

3.1.3 Product types and demand pattern 
It is important to carefully select the products that should be included in a VMI system based on their 

demand pattern. Disney et al. (2001) excluded the products that have a demand only related to annual 

religious/cultural events from their study. They perceived these products as unsuitable for VMI based 

on their short demand pattern, and therefore a VMI system should not be considered for these 

products. 

In other studies, mixed results were obtained regarding the suitability of different products for a VMI 

system. This can be explained as the suitability is strongly depending on the type of VMI system and 

the reasoning behind the implementation of the VMI system. According to Raghunathan and Yeh 
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(2001) VMI is likely to be more valuable for mature products with large and stable demand. This 

corresponds to the statement of Barratt (2004) that VMI is suitable for products with high volumes, 

stable demand that are frequently replenished. Sari (2008) showed that higher successes of VMI can 

be achieved in case of low demand variability compared to high variability. These findings correspond 

to the VMI systems that are implemented for commodity products whereby the supplier was expected 

to take over the responsibility of the entire chain without much retailer involvement.  

However, other VMI systems are implemented to improve the performance of strategic products 

whereby the retailers are highly involved and willing to provide all the necessary information to the 

suppliers.  Disney et al. (2001) showed that a VMI system is best suited for products that suffer from 

the Bullwhip effect based on their calculation with the Time Benefits Analysis Tool of Disney et al. 

(2001). They indicated that the higher the amplification, the higher the obtained time benefit when 

they move from order-based material flow to sales and inventory-based control. For these products it 

is needed to provide information to the supplier about the demand forecast and promotional activities 

to support the supplier in the replenishment process.  

Finally, it is important to note that VMI may not be suitable for products that have repetitive and 

infrequent changes in the product specifications. For example, it is difficult to monitor a VMI operation 

with frequent product changes resulting in a new product identification number used in the supply 

chain (Niranjan, Wagner and Nguyen, 2012). For many new product introductions, it is also better to 

collaborate with information sharing and not with VMI (Raghunathan & Yeh, 2001) (Niranjan et al., 

2012).  

3.2 Relationship  
Waller et al. (1999) indicated that besides the technical implementation of the VMI system, also sound 

business processes and a strong relationship between the partners are required to obtain the desired 

benefits. Effective participation of both the retailer and supplier is required. In addition, benefits must 

be recognized and clear for both partners. There should be commitment to the VMI system in both 

organizations at operational levels and at top management level. At operational level, people should 

be able and willing to work according the VMI system. Top management should be involved as VMI 

should be treated as strategic initiative and objectives, benefits and the implementation process 

should be clear and communicated to all the stakeholders (Borade, Kannan & Bansod, 2013). Of equal 

importance for a VMI system are the characteristics of the relationship between partners which 

considers the openness, trust, mutual interdependency, honesty and chemistry (Claassen et al., 2008). 

They indicated a significant importance of the quality of the relationship between the supplier and 

retailer on the VMI success, whereby especially trust was identified as key factor. The quality of the 

relationship was measured by questioning whether retailers were satisfied with the relationship with 

the supplier in general, satisfied with the performance of the supplier, convinced that the supplier will 

live up to deals and agreements and whether their view on the relationship matches the view of the 

supplier. 

During the interviews with several supply chain operators (SCO) at Jumbo the duration of the 

relationship was also pointed out as influencing factor for the VMI suitability of a supplier. It is not 

essential to have a long relationship however it is considered as advantage if Jumbo has already 

experienced a long period of collaboration. In addition, it is preferred to select suppliers for VMI 

collaboration that are considered as strategic partners or potential strategic partners. They are 

trustable, form an important part of the supplier base of Jumbo and show commitment to actively 

improve the performance of the supply chain.  



16 
 

3.3 VMI savings  
The success of a VMI system depends on the potential savings that can be obtained in a supply chain. 
If the potential gains of the implementations are disappointing, the implementation may not be worth 
the investment. Post (2016) indicated the importance of product and process related characteristics 
on the potential VMI gains. These product and process related characteristics consider the demand 
uncertainty and the production and logistics characteristics as lead time, flexibility, set up times, 
bottlenecks etc. In order to obtain VMI gains, a supplier should be able to experience a decrease in the 
uncertainty in demand and/or process constraints should be removed by making changes in the 
production process.  However, if the uncertainty of the demand or the complexity of the process is too 
high the potential VMI gains decrease as the circumstances are too complex to operate according a 
VMI system. In addition, if uncertainties in both demand and process are low, the situation is too trivial 
to improve with VMI. In this case, VMI would not result in significant improvements compared to the 
current situation.   
 
During the interviews at Jumbo headquarters it became clear that it is also important to consider the 
VMI gains in terms of customer service level. As Jumbo is a service-oriented supermarket it is important 
to ensure that it will improve the situation experienced by the customer or improve the efficiency of 
the supply chain operations without harming the customer service. For example, the potential VMI 
gains can be considered in terms of higher product availability or higher remaining shelf life of the 
products on the shelves, however for products that already have a relatively long remaining shelf life, 
it may not contribute to a better perception of the customer. However, if this remaining shelf life is 
much shorter an increase in the remaining shelf life may be a significant contribution.  
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4. VMI decision process  
In this chapter the design of a VMI decision process is considered. In the previous chapter, the enablers 

of a VMI system were discussed. In this chapter, these enablers are combined in a decision process to 

support the retailer in the VMI decision to determine whether VMI would results in supply chain 

optimization gains and if the partners are ready for the VMI system. In order to come up with a good 

design, research has been executed into different VMI models. In this chapter, the different designs of 

VMI tools that exist in the current literature will be discussed. In addition, a design for strategic 

collaboration in general is also considered. These models function as the basis for the VMI decision 

process flow chart as designed in this project. Thereafter, the VMI process flow chart is presented and 

its functioning is explained. This chapter contributes to the fourth sub-research question “How should 

a VMI decision process be designed?” 

4.1 VMI models 
In the process of the design of the decision process, research has been executed to explore current 

VMI models in the literature.  Several models have been found in the current literature which will be 

discussed in this section.  

4.1.1 Features Framework 
Niranjan et al. (2012) indicated several features that are impacting the business suitability of a VMI 

system.  In their research they identified 15 factors which were classified in the categories: product-

related, company-related and supplier-related factors, the overview of the features is presented in 

appendix I.   A questionnaire tool was created to calculate the VMI readiness score for a retailer-

supplier combination. Each feature was included in a question and different weights were assigned to 

the questions. By filling in the questionnaire a VMI suitability score can be calculated for a retailer-

supplier combination.  

Among these 15 features are several features in line with the VMI enablers presented in the previous 

chapter. For example, Niranjan et al. (2012) mentioned that the demand variance should be low, there 

should be infrequent changes in the product characteristics and demand and inventory levels need to 

be closely monitored. These are in line with the product-related and information extraction enablers 

discussed in the previous chapter. In addition, they indicated that there should be trust among the 

partners, the supplier and retailer should be willing to provide information and cooperate according 

the VMI system, the benefits should be clear and the information system should be integrated. These 

are in line with the relationship and technology enablers that were mentioned before.  

4.1.2. VMI adoption tool (Hierarchical process design).   
Borade et al. (2013) created a VMI adoption tool (figure 3) based on an Analytical Hierarchical Process 

(AHP) design. This framework can be used as starting point when an organisation considers VMI 

adoption in general. They identified VMI factors that need to be evaluated on forehand to achieve the 

goal of successful VMI adoption. They categorized the VMI factors into (1) adoption drivers, (2) 

strategic drivers, (3) insights in practices, (4) information sharing practices, (5) prerequisites, (6) 

motives and (7) encouragement practices. Subsequently, each factor was classified in more sub factors 

and the hierarchical design was used to create the tool. The list with all the subfactors are presented 

in appendix I.  

This tool indicates that a successful VMI adoption is influenced by multiple factors. Many of these VMI 

factors are in line with the enablers indicated in the previous chapter. For example, they mention the 

adoption drivers for VMI which include the reduction of lead time or expected increase in profit. This 

is in line with the research of Post (2016) that VMI should only be implemented in case of sufficient 
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organizational improvement opportunities. In addition, the factor of VMI insights indicates that for 

VMI successes it is important to be able to monitor the ongoing VMI processes in terms of demand 

and process control. The information sharing practices factor is also mentioned by Borade et al. (2013), 

whereby production planning information, inventory status, forecasting-related information, logistics 

and distribution related information were mentioned.  The prerequisites consider the essential things 

that are necessary for a VMI system including EDI linkages, a decision support system, trust among the 

partners and the integration of the partners. Finally, the encouragement category considers the things 

that need to be which is the adoption of the EDI technology, explanation of the benefits to both 

partners and education of the employees. All these factors are in line with the technology and 

integration, information extraction, and relationship enablers as mentioned in the previous chapter.  

 

 

Figure 3. Analytical hierarchy process-based framework for VMI adoption. (Borade et al., 2013) 

 

4.1.3. VMI framework  
Post (2016) created a framework to indicate the area for VMI gains depending on the supplier 

characteristics. He classified the supplier characteristics among (1) supplier’s product and process 

characteristics and (2) supplier’s organizational characteristics. He visualized this potential area in a 

VMI framework as presented in appendix I.  

In order to obtain VMI gains, there should be positive process opportunities. This means that the 

supplier should have the opportunity to improve its process, thus the supplier should be able to 

experience reduction in demand uncertainty and make changes in the product-, production and 

logistics system characteristics. In case of negative process opportunities, the process may either be 

too complex to optimize or too trivial to obtain VMI benefits. In addition, Post (2016) identified that 

there should be large organizational optimization opportunities. This means that if the supplier lacks 

in expertise related to optimisation activities or if the situation is already optimized, the VMI gains will 

be disappointing  
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4.1.4. Strategic collaboration readiness ECR  
A research of the ECR community Shrink & OSA group was also used in this project (Peacock, 2019). 
This research was focussed on strategic collaboration as a strategy to tackle food waste prevention in 
the retail supply chain. It is mentioned that in the first phase for strategic collaboration between 
partners, it is important for the retailer to consider whether they are ready to collaborate. In other 
words, to test the strategic foundation for collaboration. In the research of the ECR community Shrink 
& OSA group a hierarchical framework was designed in which the strategic foundation is divided in 
strategic fit and capability readiness, which is presented in figure 4. Broadly speaking, the strategic fit 
considers whether the concept of food waste and collaboration with partners is considered on the 
corporate and CEO agenda. The capability readiness considers the availability and sharing of the right 
data, and the presence of a collaborative culture and multi-disciplinary thinking. In their research they 
also developed a self-assessment tool for retailers to determine their readiness for strategic 
collaboration with suppliers. This tool is a questionnaire in which retailers should answer questions 
related to the strategic collaboration aspects on a five-point scale. Thereafter, the answers of the 
retailer can be compared to the baseline presented in a spider chart.  
 
Even though this research covers strategic collaboration in general and is mostly focussed on waste 
reduction, several factors are in line with the VMI enablers as discussed in chapter 3. For example, the 
strategic fit factors are in line with the relationship enablers that indicate that top management should 
be involved and VMI should be considered as strategic initiative. Besides that, the research of the ECR 
group indicated that the retailer should be capable to collaborate whereby data should be available, it 
should be possible to share this data and the retailer should have sufficient proficiency in making a 
mid-long-term volume planning. These are in line with the information extraction, technology and 
integration VMI enablers.  
 

 

Figure 4. Hierarchical framework for the strategic foundation of collaboration. (Peacock, 2019) 
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4.2 VMI decision process flow chart  
This section considers the VMI decision process flowchart that is designed to support the retailer in 

the VMI decision process. The flow chart of the process will be presented and its use will be explained.   

4.2.1 Foundation of the design 
As described by Peacock in the research of the ECR community Shrink & OSA group (2019), setting up 

a strategic collaboration consist of consecutive phases. Therefore, this VMI decision process is 

designed in a flowchart to indicate the different steps in a consecutive order. In addition, in the 

stakeholder interviews it was mentioned that there was a need for a clear guidance throughout the 

VMI process. Therefore, a design of a flowchart is preferred as the steps can be executed whereby the 

direction of the arrows is followed. Besides that, during one of the interviews with a supply chain 

operator it was mentioned that there is a need for a checklist in the VMI process. In this way it can be 

ensured that all the important factors are considered. In addition, it will provide a clear indication of 

the factors for the retailer and supplier to work on. Therefore, the format of checklist is also used in 

the design of the VMI decision process flowchart.  This is in line with the model of Niranjan et al. (2012) 

that was also designed in a questionnaire format. With these questionnaire formats it was also possible 

to include multiple factors in the VMI decision process. This is in line with the models of Borade et al. 

(2013) and Post (2016) who indicated that VMI suitability is determined by multiple factors.  Finally, as 

mentioned by Jumbo the VMI decision process flowchart should not only be applied to measure VMI 

appropriateness for potential new VMI suppliers but also judge the performance of current VMI 

suppliers. The VMI decision process flowchart is presented in figure 5.  

 

 

 

Figure 5. VMI decision process flow chart 

4.2.2 Explanation flow chart   
The VMI decision process flow chart should be started at the start node on the left. In the first phase, 

the retailer readiness should be considered. Broadly speaking, the retailer is evaluated based on its 

capability of gathering data, monitoring of the process and KPIs and the technological status necessary 

to operate according a VMI system. In order to determine the retailer readiness, the “Retailer 

checklist” should be completed. This checklist is presented in appendix II, as well as the other checklists 

mentioned in the flowchart. If the retailer readiness score is not sufficient the suitability of a VMI 
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system for the retailer should be questioned. The checklist will indicate the necessary factors to 

improve the retailer’s suitability for a VMI system. In order to operate according a VMI system with a 

single supplier the retailer itself should at least be ready for such a collaboration. Therefore, in case of 

disappointing readiness score, the outcome of the decision process flowchart could be to not continue 

further VMI analysis which is located at the end of the “No-arrow”. On the other hand, this could also 

indicate the factors that need to be adjusted in order to continue to the next phase.  If the retailer-

readiness score is sufficient, the flowchart can be continued.  

The second phase considers a comparable readiness check, this time performed for the supplier. The 

supplier is also tested based on technology, capability and commitment factors. Among other things 

this measures the capability of the supplier to use the information and make changes in its production 

processes. In addition, it evaluates the supplier´s technology requirements to receive the retailer´s 

information and the commitment and willingness to make changes and do necessary investments. If 

the supplier score is not sufficient the model gives the advice for no further VMI analysis. On the other 

hand, this checklist could also be interpreted as the list of factors that should be worked on in order to 

make the supplier ready for VMI.  

Thereafter, a distinction is made in the flowchart between potential new VMI suppliers and current 

VMI suppliers. For the new VMI suppliers the potential gains of VMI are determined based on filling in 

the strategic importance and freshness importance checklists. In the strategic importance, process 

characteristics are considered related to production, inventory and transport. In addition, the 

importance of the product for the retailer’s portfolio is considered. In the freshness check the 

perishable characteristics of a product and the waste in the supply chain are considered to determine 

the potential areas for improvement. In this phase, the potential VMI gains are considered. In addition 

it is questioned whether it would contribute to a customer service or supply chain efficiency 

improvement.  

For the current VMI suppliers the supply chain performances are analysed to determine whether the 

VMI collaboration should be continued. The performances before and after the VMI implementation 

should be compared.  Among other things the checklists consider factors as inventory, production 

efficiencies, supply chain waste, demand uncertainty etc.  

Finally, the relationship between the partners is evaluated. Even though both partners may be good 

candidates for a VMI collaboration there should also be trust and a good quality relationship between 

partners to obtain VMI benefits. This checklist considers the relational factors among the partners as 

trust, communication, a shared view etc. Besides that, the importance of the relationship is evaluated 

in terms of strategic partner and the duration of the relationship. Finally, it is evaluated whether the 

basics and the benefits of the VMI system are clear for both partners.  

At the end of the flow chart a supplier may reach the stage of “consider further analysis”. This indicates 

that the supplier is a potential candidate for a VMI system. It is not yet a clear VMI-advice as further 

analysis should be considered. This includes a calculation of the benefits and the determination of the 

type of VMI system to state in the contract.   
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4.3 Validation flow chart  
The VMI decision process flow chart has been validated before it was used to assess the situation at 

Jumbo.  

As the flow chart consist of a combination of VMI models that exist in literature, its functioning was 

partly validated by the validation of the VMI models in previous research. The model of strategic 

collaboration of the ECR group was validated in collaboration with two retailers and a manufacturer 

in the Dutch retail industry (Peacock, 2019). Stakeholder interviews were executed whereby the 

factors and questions of the model were tested and reflected upon.  Multiple factors of this strategic 

collaboration model were included in the VMI decision process flow chart. In addition, many 

questions were used for the checklist at several stages in the VMI decision process. As these factors 

and questions were validated for strategic collaboration decision process, they are assumed to be 

valuable for VMI decision process as well. In addition, the VMI-prerequisites model of Niranjan et al. 

(2012) has also been validated with ten different companies. Their VMI model was able to predict the 

firms VMI readiness, which matched to the companies where VMI was indeed implemented. 

Therefore it can be concluded that the predictive power of this VMI model which is designed as a 

questionnaire was largely validated. In the VMI decision process flow chart, the same distinction 

between product-, supplier- and retailer factors were used as used by Niranjan et al. (2012). In 

addition, the same procedure was applied as checklists were used to determine the VMI readiness at 

different stages of the VMI decision process. As this procedure was validated in the research of 

Niranjan et al. (2012) it was used in the flow chart as well.  

Finally, the different steps in the VMI decision process flow chart has been validated with different 

stakeholders within Jumbo. In multiple interviews it has been checked whether all the important 

factors were covered in the different steps. In addition, it was validated whether the stakeholders 

agreed upon the included factors. Finally, the final process flow chart has been validated with Jumbo 

to validate whether the model was predicting the right outcomes.  In other words, if the model was 

able to indicate the factors why a current successful VMI supplier was outperforming VMI-suppliers 

with disappointing performances.  
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4.4. Results   
In this chapter the current VMI situation is assessed according the different steps in the VMI decision 

flow chart. This corresponds to the model solving phase of Mitroff et al. (1974) whereby the process 

flow chart is used to assess the current VMI situation at Jumbo and a solution is created for Jumbo. 

The readiness of Jumbo and some current VMI suppliers will be analysed based on the results of the 

stakeholder interviews and the company visit at a supplier. In addition, post-implementation results 

of VMI systems in the literature will be discussed. At the end of this chapter conclusions will be 

drawn regarding the continuation and strategic contribution of VMI for Jumbo.  

4.4.1 Readiness current VMI situation 
Jumbo has a well-developed IT system, whereby all VMI-information is shared via EDI linkages. This 

system is integrated with the supplier’s system as there is intermediate system between the IT-

systems of jumbo and its supplier that translates the information of Jumbo into a meaningful format 

for the supplier’s system. As mentioned before, the information provided in the VMI system of 

Jumbo considers inventory information on a DC level. This considers the amount of products in stock 

at the relevant DCs. This information does not consider inventory at the stores, forecast related 

information or the expiration dates of the products in stock. As no information about the stock on 

store level and the expiration date of the products on store or DC level is provided to the supplier, 

the supplier should develop a way to monitor this information to predict outdating of the products in 

the chain.  

Several interviews and a company visit have been executed with VMI suppliers to create an overview 

of the readiness of some of the current VMI suppliers. A selection of the VMI suppliers was made 

including suppliers of perishable products with a critical remaining shelf life, perishable products with 

a moderate shelf life and non-perishables. The overview of the readiness of the included suppliers is 

presented in table 1. In general, the IT-system of the suppliers is linked to the IT system of Jumbo and 

all the information is shared via EDI linkages. VMI-supplier-A designed a Decision Support Tool in 

which they actively monitor the inventory levels at the retailer Distribution Centres and the 

remaining shelf life of these products. Long term production planning is based on forecasts that are 

based on historical demand. Short term changes are made based on the information provided by the 

retailer. Their production is adjusted based on the sales information provided in the VMI system. 

Their products are sent to the Jumbo DC right after production. The people in the supplier’s 

organization are committed to the VMI system and top management is aware of the importance of 

the VMI collaboration. This indicates a great supplier readiness for operating according a VMI system. 

However, other VMI suppliers indicated less promising outcomes related to supplier readiness for 

VMI. Supplier B mentioned that they produce according a Make-to-Stock policy, thus the products 

are delivered to Jumbo from stock. The information shared in the VMI collaboration was not included 

in the production planning. Also for supplier C it became clear that their production planning is not 

adjusted according the information provided in the VMI system. This is due to the inflexible 

production planning characterised by their large batches and long production runs; thus it is not 

possible to adapt the production process based on daily information. In addition, several suppliers 

mentioned that they are not aware of the remaining shelf life of the products. Supplier D mentioned 

that the functioning and the operating according a VMI system were not clear. The information 

provided by Jumbo was used to reflect their forecast however it was not really used in their 

production planning. Also for supplier E it became clear that VMI knowledge have vanished due to 

organizational changes in the team.  

Unfortunately, due to lack in data availability it was not possible to perform a pre- and post-

implementation data analysis of the VMI systems. However, performance of the VMI suppliers has 
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been evaluated during the interviews at Jumbo. For the products of supplier-A, Jumbo experienced 

an improvement in delivery reliability from Jumbo DC to the stores after the implementation of the 

VMI system. This is due to a better availability of the products at the Jumbo DC due to the increase in 

visibility for the supplier. In addition, Jumbo experienced an increase in the remaining shelf life of the 

products that entered the Jumbo DC. This can be explained as products are shipped to the Jumbo 

DCs right after production. However, other VMI suppliers show disappointing results after the VMI 

implementations. Products of several suppliers contain strongly varying shelf lives of the products 

that enter the DC. In addition, significant levels of waste are obtained at DC level resulting in time 

consuming operations for Jumbo to arrange the return shipments. These signals indicate that the 

VMI systems are not correctly implemented to obtain the desired supply chain efficiencies as 

expected with a VMI implementation.  

Table 1. Supplier readiness results for some VMI suppliers. 
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4.4.2 Post-VMI implementation in literature  
These disappointing VMI results have also been reported in literature. According to Aichlymayr (2000) 

only three or four out of ten VMI implementations achieved great successes. Three or four obtained 

some benefits, but not as much as expected and two or three implementations did not achieve any 

benefits at all.  First, VMI successes are often disappointing due to lack of expertise at the suppliers. 

Sari (2008) indicated that VMI benefits are often reduced as the knowledge of upstream suppliers is 

lacking as they are further away from the end-customers. According to Barratt (2004) VMI benefits 

were disappointing as the practices were not continued in the total supply chain. The manufacturers 

experienced an increase in visibility due to the information shared by the retailers. However, 

information sharing benefits were not continued to upstream partners of the manufacturer, due to a 

lack of internal integration at the manufacturer and the inability of the manufacturer to translate 

retailer demand information into meaningful information for their upstream suppliers. An example of 

suppliers that lack in expertise happened at the grocery retailer Spartan Stores that implemented a 

VMI system however they shut it down after one year due to the inability of its vendors to deal with 

Spartan’s promotions (Simchi-Levi et al., as cited in Sari, 2008). The same situation occurred at Kmart 

where many VMI contracts were discontinued as their vendors were lacking in their forecast 

performance (Fildis, as cited in Sari, 2008).  

Another reason for the disappointing results is that VMI optimization could not be achieved within the 

contractual boundaries. Claassen et al. (2008) mentioned that cost reductions with the VMI 

implementations were not as much as expected before the VMI implementation. They indicated that 

suppliers were exposed to tight upper and lower limits which are not in line with the VMI concept that 

favours dynamic optimization of production and replenishment schedules. Barratt (2004) indicated 

that is necessary to have a sufficient amount of VMI customers that share information in order to 

obtain improvements in upstream visibility and obtain VMI successes. Disney and Towill (2003) 

explained the VMI implementation as a two-stage program whereby cost savings are only obtained in 

the second stage. The first stage considers Vendor Managed Replenishment (VMR) whereby the 

responsibility of ordering, inventory management and replenishment of goods is shifted towards the 

vendor, but the implementation are not integrated with the production. The second stage considers 

the situation whereby the supplier receives full pipeline inventory control in the supply chain.  

4.4.4 Non-perishables  
For non-perishable products VMI systems can be questioned from an operational perspective. The 

freshness importance is zero as the shelf life of these products is not limiting. Therefore, sufficient 

amount of inventory can be kept at the DCs to be able to fulfil the store orders and offer a great product 

availability on the shelves. In addition, the production policies of most non-perishables are 

characterised by Make To Stock production with large batches and long runs whereby the production 

planning is made on a relatively long term. Therefore information sharing on a daily basis does not 

contribute to production efficiencies as these are already planned on a long term. In order to obtain 

production efficiencies information should be provided on an earlier notice. Therefore, information 

sharing on a longer term or collaborative forecasting collaborations are more contributing for these 

non-perishable products. This is in line with the research of Disney et al. (2001) who indicated that the 

supplier should have the flexibility to respond to information and make changes in the production 

planning to obtain VMI successes. In addition, the product portfolio of non-perishables is characterised 

by many new product introductions and frequent product changes. However, research of Niranjan et 

al. (2012) indicated that it is difficult to monitor VMI operations with product changes and 

introductions resulting in a new product identification number. For these products it is better to 

collaborate with information sharing and not with VMI (Raghunathan & Yeh, 2001) (Niranjan et al., 

2012). Finally, it was indicated by Jumbo that with a VMI system the benefits of bulk discounts for 
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Jumbo are diminished as the size of the replenishment is determined by the supplier. Therefore, from 

an operational perspective VMI systems may not be valuable for non-perishable products. On the 

other hand, Jumbo receives compensations for operating according a VMI system. Therefore it should 

be considered whether this compensation outweighs the risk of loss of control and loss in bulk 

discounts. However it is important to note that these compensations may also be received with other 

collaboration practices between the retailer and the supplier.  
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Part II: Quantitative Research  
 

As indicated in the first part of this project the successes of a VMI system are depending on the 

performance of the supplier and the flexibility in its production line. In order to obtain VMI successes 

the supplier should be able to adjust its production planning based on the information provided in the 

VMI system. However, production systems in the Fast-Moving Consumer Goods industry are often 

characterised by inflexible production lines. Products are produced in batches, the production is often 

forecast based and the retailer demand is fulfilled from stock at the supplier. For perishable products 

this means that shelf life of the products is lost in the supply chain as the products spent days in 

inventory at the supplier.  

The quantitative research of this project is focussed on improving the coordination of supply chain 

situations for perishable products in a way that it is possible for the supplier to experience production 

efficiencies even if their production line is inflexible. In other words, it is studied how retailer-supplier 

collaboration can contribute to a better coordination of the supply chain to obtain a higher freshness 

of the products on the shelves at the downstream stores.  

First,  to prevent perishable products for losing shelf life by spending days in inventory at the supplier’s 

DC, synchronisation of supply and demand is applied in the supply chain. This means that the ordering 

interval of the retailer is adjusted to the production interval of the supplier. Therefore, the retailer 

replenishment order will be placed at the most favourable moment. Products can be shipped to the 

retailer DC right after production whereby it is expected that products will have a longer remaining 

shelf life when they are received by the retailer. This idea is based on the research of supply chain 

synchronisation of Van der Vlist (2007). To be able to synchronise the ordering process to the 

production process, the production schedules of the suppliers should be shared with the retailer. 

However, in the retail industry it is known that suppliers are often reluctant to share information 

related to production and ordering schedules (Creemers, 2019).  Suppliers may be afraid that retailers 

will show gaming behaviour so that the supplier will not be able to sell remaining products with a lower 

shelf life, resulting in high levels of waste at the supplier.  

Therefore besides the synchronisation of the supply and demand process, the situation of the supplier 

can be improved by making agreements about the replenishment orders of the retailer. In this way the 

timing of the orders is known for the suppliers and it is ensured that the products will be sold to the 

retailer. The idea behind this agreement is based on the Constant Order Policy (COP) as described by 

Haijema and Minner (2016). This considers an inventory policy whereby each period a constant 

amount is ordered. It is expected that this COP will improve the coordination for the supplier as a 

constant amount can easily be included in a production planning. In addition, as the order amount is 

known for the supplier the uncertainty for the supplier is removed. Therefore, no safety stock is 

needed at the supplier. This is because if the peaks and valleys in the demand pattern are damped, 

lower levels of safety stock are needed at the supplier’s site to buffer for fluctuations in the orders of 

the retailer (Waller et al., 1999) (H.L. Lee et al., 1997). As no stock is kept at the supplier, it is expected 

that products will have a higher remaining shelf life as no shelf life will be lost by spending days in 

inventory.  

The flexibility in ordering of the retailer is removed with the COP policy as the retailer is restricted to 

the constant order size. The retailer would be willing to sometimes order less or sometimes order more 

depending on the fluctuations in store orders. Therefore, the concept of Range policy is also considered 

in this quantitative study. This considers an inventory ordering policy whereby each period an order is 
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placed by the retailer and the size is restricted to a minimum and maximum order size. In other words, 

the size of the replenishment order should stay within a range, therefore in this policy is mentioned as 

Range-policy. This concept is based the (𝑠, 𝑆, 𝑞, 𝑄)-policy introduced in the research of Haijema and 

Minner (2016). The range scenario would limit the amount of safety stock needed at the supplier as 

the order is restricted to a maximum. In addition, it is ensured that at least some products are sold as 

the order is restricted to a minimal value.  

This second part of this project considers the quantitative research whereby the different concepts of 

supply chain synchronisation, COP and the Range policy are analysed for perishable products in a 

three-echelon supply chain. The method of simulation is used for testing the different scenarios. This 

quantitative research contributes to the fifth and sixth sub-research question as it calculates the 

benefits of retailer-supplier collaboration for Jumbo and it quantifies the effects of retailer-supplier 

collaboration on the total supply chain of perishable products. First of all, a conceptual model is 

provided whereby the basis for this quantitative study is considered. Thereafter, this conceptual model 

is translated into a scientific model. In the scientific model section the details of the simulation study 

are explained and the timing of events in the simulation study is considered. In addition, the execution 

of the experiment is explained in several steps. Thereafter the model is solved and implementations 

are discussed.  
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5. Design   
This chapter considers the conceptual model of the quantitative part of this thesis. The concepts of 

retailer-supplier collaboration as introduced before will be explained in more detail. Therefore the 

conceptual model will be designed in different scenarios and the KPIs will be introduced. Subsequently, 

the position in the current literature will be considered. Thereafter, the contribution to existent 

literature will be clarified.  

5.1 Conceptual model  
As perishable products are considered in this simulation study, the ultimate goal of these collaboration 

initiatives is to improve the coordination of the supply chain in order to increase the freshness offered 

to the end customers and reduce the waste in the chain. The proposed scenarios are intended to 

increase the freshness by decreasing the amount of shelf life lost in the supply chain before entering 

the stores. With the supply chain synchronisation products are expected to have a higher remaining 

shelf life when they are shipped to the retailer as they are shipped directly after production.  In 

addition, because of the agreements about the order sizes, lower levels of inventory will be kept at the 

supplier. Products will spend less days in inventory and therefore products are expected to have a 

longer remaining shelf life when they enter the stores.  

To conclude, the aim of this simulation can be stated as follows: 

The aim is to design a retail supply chain process for perishable products, by synchronising the 

demand and supply processes and collaboration between the retailer and manufacturer, to 

improve the freshness of the products sold to the customers and reduce the amount of waste 

in the supply chain.  

5.1.1 Scenarios  
The conceptual model is described in the different retailer-supplier collaboration scenarios, the idea 

behind these scenarios are discussed in detail below. To be able to determine the effect of the retailer-

supplier collaborations, the scenarios will be compared to the current supply chain scenario. 

Therefore, a baseline scenario is also created.  

Baseline scenario  

The baseline scenario considers the current supply chain scenario. Each stage uses a pull driven local 

inventory replenishment policy whereby demand is fulfilled from stock. Replenishment orders are 

based on a  (𝑅, 𝑠, 𝑛𝑄) policy of Silver et al. (1998), whereby an order is placed if the inventory position 

(IP) at a stage drops below the reorder level (s) as visualized in figure 8. Inventory is kept at each stage 

including safety stock to buffer for fluctuations in orders of the next stage. The supply and demand 

process are not synchronised and therefore in most cases the manufacturer production interval is 

larger compared to the review period of the retailer DC (figure 6). This means that various shipments 

to the retailer DC on different days are delivered from the same batch and therefore products contain 

the same expiration date. In other words, the products received at later shipments during the supply 

review period contain a lower remaining shelf life.  

 

 

 

 

 Figure 6. Three-echelon supply chain with the different stages and their lead time (L) and review period (R). 
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Supply chain synchronisation 
 
The first collaboration scenario considers supply chain synchronisation which includes a synchronised 
supply and demand process. The review period of the retailer DC is set equal to the production interval 
of the manufacturer DC. This is based on the concept of supply chain synchronisation of Van der Vlist 
(2007) as visualized in figure 7. The retail orders are combined and one shipment is created instead of 
multiple shipments during the manufacturer supply period.  
 
 The idea behind synchronisation is that the goods are sent to the retailer directly after production, in 
other words that the retailer order is placed at the most favourable moment. In order to obtain this 
synchronised situation, the production at the manufacturer should be started before the review period 
of the retailer. It is expected that with synchronisation, products will be shipped towards the retailer 
directly after production and therefore products will have a longer remaining shelf life when they enter 
the retailer DC.   
 

 
 
  
 
 
 
  
 

 

 

COP policy 
 
The second retailer-supplier collaboration scenario considers the Constant Ordering Policy (COP) 
whereby collaboration between the manufacturer and the retailer takes place about both the timing 
and size of the order, which is visualized in figure 9. The review period of the manufacturer and the 
retailer are synchronised whereby supply chain synchronisation is obtained as visualized in figure 7.  
The order of the retailer is placed at the most favourable moment. In addition, agreements are made 
about the timing and size of the replenishment orders with the use of the COP policy. With the COP 
each period a fixed amount is ordered. This COP policy is based on the research into ordering policies 
of Haijema and Minner (2016). In the experiments with this policy, the retailer ordering and supplier 
production interval are synchronised, therefore it is expected that the remaining shelf life of the 
products will be higher when they enter the retailer DC as they are shipped directly after production. 
In addition, because of the constant order agreements, it is expected that no safety stock will be 
needed at the supplier to buffer for retail order fluctuations.  Finally, the production quantity will 
match the order quantity and therefore no products will remain at the upstream supplier.  
 
Range policy 
 
The final retailer-supplier collaboration scenario considers the Range policy which corresponds to the 

(𝑠, 𝑆, 𝑞, 𝑄)policy of Haijema and Minner (2016), as visualized in figure 10. The retail  order size is 

restricted to a minimum (Qmin) and a maximum quantity (Qmax), in other words the order size should 

stay within an order range. In the remaining of this document, the name Range-policy will be used. In 

the experiments with the Range policy, the ordering interval of the retailer will be adjusted to the 

production interval of the supplier. As the supplier and the retailer are synchronised, the products will 

be shipped to the retailer sooner after production. Therefore, it is expected that the products will have 

Figure 7. Supply chain synchronisation (van der Vlist, 2007). 
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a higher remaining shelf life when products enter the retailer DC. In addition, it is expected that this 

scenario will reduce the upstream variance and uncertainty as the retailer order is restricted by a 

minimum and maximum boundary. Therefore, this will reduce the amount of safety stock needed at 

upstream stages. The retailer will still have a certain amount of flexibility in determining the size of the 

replenishment order as it is possible to increase or decrease the order amount within the boundaries.   

 

 

 

   

Figure 8. Visualization (R, s,nQ) policy Figure 9. Visualization COP  Figure 10. Visualization (s,S,q,Q) policy 
(Range-Policy) 
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5.1.2 Position in literature  
This research is based on acceleration of the flow of the goods from production to the stores by 
decreasing the inventory levels at different stages and thereby the time spend in inventory. Therefore, 
it is related to literature that focusses on safety stock reduction in the supply chain with retailer-
supplier collaboration. According to Kaipia et al. (2002) safety stock can be decreased at the upstream 
supplier’s site due to better visibility and thus lower uncertainty for the supplier. This corresponds to 
the findings of Waller et al. (1999) who indicated that supply chain collaboration helps to damp the 
peaks and valleys in demand pattern and thereby reduces the need for safety stock.  
 
Van der Vlist (2007) indicated that inventory savings in cycle stock at the supplier can be obtained with 
supply chain synchronisation. In this synchronisation the timing and amount of replenishment orders  
of the retailer were synchronised to the upstream process. This research was performed for non-
perishable products.  
 
Haijema and Minner (2016) performed research into the effects of ordering policies for perishable 
products on single echelon level. They calculated the average cost reduction of order policies 
compared to base-stock ordering whereby cost of lost sales and waste were considered.  Among other 
policies they studied the Constant Order Policy (COP) and the (𝑠, 𝑆, 𝑞, 𝑄)-policy whereby the order size 
was restricted with a constant amount or minimum and maximum sizes respectively.  
 
Finally, this research is also related to literature focussed on the reduction of waste in the retail supply 

chain. According to Van Donselaar, Van Woensel, Broekmeulen and Fransoo (2006) among other things 

waste in the retail supply chain can be reduced by reduction of the lead time and/ or review period. In 

addition, flow of the products to the store can be accelerated by making changes in the distribution 

strategy. For example, with direct delivery from the manufacturer to the stores or with cross-docking 

at the retailer’s DC whereby in both cases the lead time is reduced.  

5.1.3 Contribution to literature  
This research contributes to the existent literature as it considers supply chain collaborations in a 

three-echelon supply chain with perishable products. Previous research has indicated that inventory 

levels can be reduced due to collaboration and synchronisation, however the impact on freshness of 

the products offered to the end customers has not been studied. This research will extend the findings 

on supply chain synchronisation by performing the research for perishable products. It will also 

contribute to the research of supply chain performance of different inventory policies for perishable 

products as it will be studied with a multi-echelon scope. The order policies will be combined with 

synchronised supply and demand processes and the impact on the freshness offered to the end 

customers will be measured. Finally, it will contribute to the research of waste reduction in the retail 

supply chain by studying the effect of synchronisation and collaboration on total supply chain waste.  
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5.1.4 Functional requirements/ KPIs  
To be able to compare the performance of the different scenarios several Key Performance Indicators 

are introduced.  As Jumbo is a service-oriented supermarket these KPI’s are mainly focussed on the 

performance at the store as the performance offered to the end customer is their main focus.  

However, as supply chain wide optimization for perishable goods is considered, the amount of waste 

is measured for the entire supply chain.  

The performance is measured in the following KPIs: 

1. Freshness.  
Freshness can be indicated by the average remaining shelf life of the products sold to the consumers 
(Broekmeulen & Van Donselaar, 2019).  The aim of this simulation study is to improve the freshness 
offered to the customers, therefore the freshness of the products sold should improve in the proposed 
scenarios compared to the baseline scenario 
 
2. Fill rate at the stores.  
Jumbo strives to fulfil all their customer demand with a high product availability at the stores. 

Therefore, for the scenarios it is important that the product availability as experienced by the 

customers is not harmed. In the calculation of the scenarios a target fill rate at the aggregated store of 

95 percent has been used.  

3. Supply chain waste  
This research is focussed on supply chain wide optimization for perishable goods, the scenarios should 
reduce the total supply chain waste. In order to obtain a waste reduction, the total sum of waste of all 
the stages should be lower compared to the baseline scenario. The total waste is considered in 
percentages of the mean period demand of the sum of the stores.  
 
The fill rate and waste outcomes of the simulation experiments will be visualized in efficient frontiers. 
An efficient frontier corresponds to the graph that shows the minimal expected waste increase if the 
fill rate at the stores increases (Broekmeulen & Van Donselaar, 2019). The concept of efficient frontiers 
was used to be able to compare outcomes of different experiments whereby different fill rates and 
waste levels were obtained.  In addition, visualization in efficient frontiers creates the possibility to 
evaluate different scenarios based on the decision-making criteria of the user of the model. For 
example, in some cases a minimum fill rate restriction is very strict whereas in other circumstances 
obtaining a lower waste level is more important.   
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5.1.5 Scope of the system 
This simulation study considers a three-echelon retail supply chain. Therefore, three stages are 

included in the model which are the upstream manufacturer DC, retailer DC and retailer stores. The 

manufacturer DC is supplied by the manufacturer production. However, the manufacturer produces 

the amount of goods ordered by the manufacturer DC, therefore the manufacturer production site is 

not considered as stage in the supply chain.  

The supply chain model can be seen as a microcosm of the total supply chain situation at Jumbo.   This 

means that the model is an encapsulating in miniature of the characteristics of something much larger 

in the real world. In the real-world situation, the suppliers deliver multiple products to Jumbo. In this 

simulation model, one sample product is selected to test the model. This considered sample product 

is a perishable product, with a relatively critical shelf life which is kept in stock at the stages in the 

supply chain.  

The number of downstream stores included in the model are 50. This is based on the research of 

Wijshoff (2016) who indicated that around 50 retail stores are sufficient to draw conclusions for a 

situation with much larger number of stores in the real world. It is important to note that the number 

of stores included in the study has an effect on the upstream stages. The standard deviation of the 

retailer DC can be calculated as follows: 𝜎𝑅𝐷𝐶 =  √𝑛 ∗ 𝜎𝑆𝑡𝑜𝑟𝑒 . Therefore the standard deviation in 

ratio is less if more stores are included. In order to obtain precise results it was necessary to include a 

sufficient number of stores. Therefore, no less than 50 stores were considered in the experiments. 

For each store, the mean demand was calculated and used as input variable. Subsequently, the 

behaviour at each store was simulated as described in more detail in the scientific model.  Therefore, 

this simulation study is based on theoretical research and not on empirical research.  

One retailer DC is included in the model. Only one DC was included as this is more in line with the 

number of stores included. In the real-world situation around 150 stores are supplied from one DC.  In 

addition, the national DCs were not included as separate stage in the supply chain as products are only 

kept in stock at one DC and are therefore either located at a national or regional DC. One manufacturer 

DC is included in the simulation study as the product is only supplied by one supplier.    
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6. Scientific model   
This chapter discusses the scientific model based on the conceptual model as described in the previous 

section. The simulation model and the sequence in the events of simulation study is presented in figure 

11. This simulation is based on the three-stage supply chain operations as described in the conceptual 

model. This chapter will explain all the events presented in the flow chart. In addition, it will be 

explained how the performance of the different scenarios will be measured. Thereafter, the model will 

be validated. Finally, the execution of the experiment will be discussed where it will be explained in 

detail how the simulation was executed in different steps.  

6.1 Sequence of simulation events  
The simulation model is visualized in a swim lane as presented in figure 11. As can be seen a three-

echelon supply chain is considered in the simulation model thus the stores, RDC and MDC are included 

as supply chain stages. The production facility is not included as a separate stage in the simulation 

model. Some events occur during the day whereas most events occur at the end of a day.  The events 

during the day are located in the white area and events that occur at the end of the day are located in 

the grey area in figure 11.   

The simulation can be seen as ongoing process, therefore the swim lane model is also presented in the 

appendix III for four days in a row to be able to follow the products from the moment of production 

till they are received by the stores.  

 

 

  
Figure 11. Swimlane sequence of events simulation model 
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6.2 Description of events  

This section describes the events included in figure 11. As a pull driven supply chain is 

considered, the events will be explained from downstream store in the upstream 

direction.  

1. Sales store 

During the day products are sold to consumers at the store. When the products are sold, the products 

are removed from inventory.  

For the simulation of the demand at the stores the procedure of Adan et al. (1995) is used. This method 

was selected as only 2 parameters are needed to fully specify the probability distribution function of 

the demand. These parameters are mean period demand and variance at the stores as the method is 

depending on the Variance To Mean (VTM) ratio. In this simulation study, often a negative binomial 

distribution was used due to the VTM ratio at the stores. The mean demand of the stores was 

calculated based on sales data of Jumbo. The included stores and their mean period demand are 

presented in appendix IV. Stores were randomly selected from the total list of stores of Jumbo, 

however it was checked whether the product was sold at the stores and whether the stores differ 

among each other based on their location and size. The variance of each store demand is calculated 

according the power law for perishable products as described by Broekmeulen and Van Donselaar 

(2019). They identified a relationship between the mean daily demand and the standard deviation of 

demand. For perishable products the standard deviation can be calculated with equation (6.1 ) and the 

variance is the squared value of this standard deviation.  

𝜎𝑠𝑡𝑜𝑟𝑒 = 1,18 ∗ 𝜇𝑠𝑡𝑜𝑟𝑒
0,77     (6.1) 

Consumer withdrawal according a First In First Out (FIFO) procedure was assumed at the stores.  In 

addition, a lost sales environment was considered. Therefore, if there was no sufficient inventory to 

fulfil the consumer demand, it is considered as lost sales.  

 

2. Remove expired products from inventory (store) 

At the end of the day the products are removed from inventory that cannot be sold the next day. This 

considers the restriction that the products should have an expiration date that is at least equal to the 

date when the product is sold.  This means that if the remaining shelf life of a product at the end of 

day τ is lower than or equal to the Minimum Life On Supply (MLOSstore), it should be removed from 

inventory. This is because the removal of the products occurs at the end of the day, for the products 

that cannot be sold the next day. This can be checked with equation (6.2).  

𝑅𝑆𝐿𝜏 ≤ 𝑀𝐿𝑂𝑆𝑠𝑡𝑜𝑟𝑒    (6.2) 

In the sequence of the events in the simulation model (figure 11) a decision point is located where it 

is considered whether there is a review moment for the store or not. If there is a review moment, the 

simulation will continue to the next step whereby it is considered whether placement of a 

replenishment order is needed. If there is no review moment, the store does not take any further 

action. In this simulation study, the store review period is set equal to one in all the experiments like 

in the current situation of Jumbo. This means that each day the store considers whether it should place 

an order to the RDC or not.  
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3. Place order based on IP (store) 

In the third event, the store considers whether a replenishment order should be placed. Before the 

calculation of the replenishment order, the store will receive an update message from the RDC where 

it is communicated if the store would receive a shipment from the RDC at the end of the day. If the 

store will receive the amount of products that were ordered, the Inventory Position (IP) remains 

unchanged. If the store will not receive the amount of products that were ordered, the IP is adjusted. 

This updating step of the IP was included in the simulation study as the calculation of the 

replenishment order occurs before the receiving of the delivery. If a store would not receive the 

expected deliveries, the store should consider this in the calculation of the size of the replenishment 

order.  

Subsequently, the store replenishment is calculated whereby the EWA policy of Broekmeulen and Van 

Donselaar (2009) is used. The replenishment logic includes that if the inventory position is below a 

certain re-order level, a replenishment order is created. With the EWA logic the inventory position (IP) 

is reduced with the estimated outdating during the upcoming period (lead time plus review period 

minus one). Subsequently, the size of the replenishment order is based on this modified IP. The EWA 

policy was used as with this replenishment logic the reorder levels are almost independent of the fixed 

lifetime. Therefore, the inventory policy can be applied for perishable products without making major 

restrictions to the system parameters or demand distribution. In figure 11, the ‘Place order based on 

IP’ event is highlighted with a light blue colour. It is highlighted as this event at store level is different 

compared to the events at RDC and MDC level. At store level the order is based on the modified IP as 

the EWA-policy is used, whereas at RDC and MDC the replenishment order is based on the unmodified 

IP.  The calculation of the replenishment order for the RDC and MDC is clarified in event 8 and 12 

respectively. 

 
4. Receive order (RDC) 

In the fourth event, the replenishment order of the store is received at the RDC at the end of the day.  

 

5. Allocation (sales RDC) 

The store orders are fulfilled at the beginning of the day. In this allocation step, the products are 

allocated to the stores. This is done iteratively for the stores as long as there is remaining inventory at 

the DC. Products will always be shipped in the amount of one or an integer multiplication of the case 

pack size. If a batch is finished, the order fulfilment will be continued with the next batch until all the 

orders are fulfilled. Therefore the RDC uses a FIFO policy. If the store orders exceed the available 

inventory at the RDC these orders will not be fulfilled as a lost sales environment is considered at the 

RDC.  A prioritization rule is applied to ensure that these stores have a higher priority of being supplied 

the next time. The next period the sequence of order fulfilment is influenced by this prioritization as 

the orders of stores that have a priority number are fulfilled first. This prioritization is applied as it is 

expected that without prioritization the same stores may receive no shipments for several consecutive 

periods which will result in bad fill rates. In addition, this prioritization is selected as with its simplicity 

it is useful for an implementation by Jumbo. In figure 11, the ‘Allocation’ event at RDC level is 

highlighted with a dark blue colour. This event is highlighted as it is different compared to the allocation 

at the MDC level, due to the use of the prioritization rule at the RDC.  
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7. Remove expired products from inventory (RDC)  

At the end of the day the products are removed from inventory at the RDC that cannot be shipped to 

the stores the next day. This means that if the remaining shelf life of a product at the end of day τ is 

lower than or equal to the Minimum Life On Supply (MLOSRDC), it should be removed from inventory. 

This is because the removal of the products occurs at the end of day τ, for the products that cannot be 

sold on day τ+1. This can be calculated with equation (6.3).  

𝑅𝑆𝐿𝜏 ≤ 𝑀𝐿𝑂𝑆𝑅𝐷𝐶    (6.3) 

This MLOS values at the RDC and MDC are input values of the simulation model. Different values can 
be used whereby the flow of the products through the chain is coordinated. However, the minimum 
value of the restriction is influenced by the review period (R) as the products should have sufficient 
remaining shelf life to fulfil the demand for the receiving stage during the entire review period. The 
MLOS at the RDC should at least be set at 𝑀𝐿𝑂𝑆𝑅𝐷𝐶  ≥  𝑀𝐿𝑂𝑆𝑠𝑡𝑜𝑟𝑒 + 𝑅𝑠𝑡𝑜𝑟𝑒    (6.4) 
The MLOS at the MDC should at least be set at 𝑀𝐿𝑂𝑆𝑀𝐷𝐶  ≥  𝑀𝐿𝑂𝑆𝑅𝐷𝐶 + 𝑅𝑅𝐷𝐶     (6.5) 
The Guaranteed Shelf Life is also an input variable for the simulation model which is connected to the 
MLOS restrictions.  This GSL corresponds to the shelf life of the products after production. This 
should at least be set at 𝐺𝑆𝐿 ≥ 𝑀𝐿𝑂𝑆𝑀𝐷𝐶 + 𝑅𝑀𝐷𝐶      (6.6) 
 

After removing the expired products from inventory at the RDC, in the sequence of events in the 

simulation model it will be considered whether there is a review moment for the RDC or not. If there 

is a review moment, the simulation will continue to the next step whereby it is considered whether 

placement of a replenishment order for the RDC is needed. If there is no review moment, the RDC does 

not take any further action. 

 

8. Place order based on IP or inventory policy (RDC) 

Before the calculation of the replenishment order the store will receive an update message from the 

MDC where it is communicated if the RDC would receive a shipment from the MDC at the end of the 

day and how many products will be delivered. If the RDC will receive the amount of products that were 

ordered, the Inventory Position (IP) remains unchanged. If the RDC would not receive the amount of 

products that were ordered, the IP is adjusted and therefore the IP will be lowered.  

Subsequently, the replenishment order is calculated for the RDC. Whether a replenishment order is 

placed and the size of the replenishment order are depending on the inventory policy used in a 

simulation scenario. The different inventory policies will be considered below.  

(𝑹, 𝒔, 𝒏𝑸) policy 

For the baseline scenario and the synchronised scenario, the (𝑅, 𝑠, 𝑛𝑄) policy of Silver et al. (1998)  is 

used. A replenishment order is placed if the inventory position is below the re-order level. This re-

order level is set at different values during the calculation of the different scenarios as described in the 

execution of experiment section.  

The amount of case packs ordered can be calculated as follows: 

 𝑛𝜏,𝑅𝐷𝐶 =  {
⌈

𝑠𝜏,𝑅𝐷𝐶− 𝐼𝑃𝜏,𝑅𝐷𝐶

𝑄
⌉                  𝑖𝑓   𝐼𝑃𝜏  <  𝑠𝜏  

 
0                                     𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

      (6.7) 

The amount of Customer Units ordered is:   𝑂𝑄𝜏,𝑅𝐷𝐶 =  𝑛𝜏,𝑅𝐷𝐶 ∗  𝑄𝑅𝐷𝐶    (6.8) 
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where  
𝐼𝑃𝜏,𝑅𝐷𝐶 = 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡𝑖𝑚𝑒 𝜏 𝑎𝑡 𝑡ℎ𝑒 𝑅𝐷𝐶;  

𝑠𝜏,𝑅𝐷𝐶 = 𝑟𝑒𝑜𝑟𝑑𝑒𝑟 𝑙𝑒𝑣𝑒𝑙 𝑎𝑡 𝑡𝑖𝑚𝑒 𝜏 𝑎𝑡 𝑡ℎ𝑒 𝑅𝐷𝐶  

 

COP 

If the Constant Order Policy is used, each period an order is placed by the RDC. The order size is 

constant over time which is set at different values during the calculations of the COP-scenarios as 

described in the execution of experiment section. The replenishment order size can be calculated as 

follows:   

𝑂𝑄𝜏,𝑅𝐷𝐶 =  𝐶𝑂𝑃𝑄 𝑅𝐷𝐶          (6.9) 

where 
𝐶𝑂𝑃𝑄𝑅𝐷𝐶 = 𝑇ℎ𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑜𝑟𝑑𝑒𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑅𝐷𝐶    

 

Range policy  

If the range-policy is used, each period an order is placed by the RDC. This order is restricted to a 

Minimum and Maximum order quantity. These minimum and maximum quantities are determined for 

each product whereby the case pack size is also taken into consideration. The replenishment order 

quantity in the range scenario can be calculated as follows: 

𝑛𝜏,𝑅𝐷𝐶 = 𝑚𝑎𝑥 {⌈
𝑄𝑚𝑖𝑛

𝑄,𝑅𝐷𝐶
⌉ , min ( ⌈

 𝑠𝜏,𝑅𝐷𝐶− 𝐼𝑃𝜏,𝑅𝐷𝐶

𝑄,𝑅𝐷𝐶
⌉), ⌈

𝑄𝑚𝑎𝑥

𝑄,𝑅𝐷𝐶
⌉) }    (6.10) 

where  
𝑄𝑚𝑖𝑛 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑜𝑟𝑑𝑒𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦; 
𝑄𝑚𝑎𝑥 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑜𝑟𝑑𝑒𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦; 
𝐼𝑃𝜏,𝑅𝐷𝐶 = 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡; 

𝑠𝜏,𝑅𝐷𝐶 = 𝑅𝑒𝑜𝑟𝑑𝑒𝑟 𝑙𝑒𝑣𝑒𝑙 𝑎𝑡 𝑅𝐷𝐶, 𝑎𝑠 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑖𝑛 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 2.4; 

𝑄, 𝑅𝐷𝐶 = 𝑐𝑎𝑠𝑒 𝑝𝑎𝑐𝑘 𝑠𝑖𝑧𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑅𝐷𝐶 

 

9. Receive order (at MDC)  

In the ninth event, the replenishment order of the store is received at the MDC at the end of the day.  

 

10. Allocation (sales MDC)  

The RDC order is fulfilled at the beginning of the day, which can be considered as sales by the MDC. If 

a batch is finished, the completion of the order will be continued with the next available batch until 

the RDC order is completed.  Therefore, the MDC uses a FIFO policy. If the RDC order exceeds the 

available inventory at the MDC, the maximum number of available case packs will be shipped to the 

RDC. Products will always be shipped in the amount of one or an integer multiplication of the case pack 

sizes of the RDC. The case pack size at the RDC corresponds to a pallet layer amount which is included 

for handling efficiencies at the DCs.  

 

11. Remove expired products from inventory (MDC)  

At the end of the day the products are removed from inventory at the MDC that cannot be shipped to 

the RDC the next day. This means that if the remaining shelf life of a product at the end of day τ is 
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lower than or equal to the Minimum Life On Supply (MLOSMDC), it should be removed from inventory. 

This is because the removal of the products occurs at the end of day τ, for the products that will be 

sold on day τ+1. This can be calculated with equation (6.8). 

𝑅𝑆𝐿𝜏 ≤ 𝑀𝐿𝑂𝑆𝑀𝐷𝐶     (6.11) 

Subsequently, it will be considered whether there is a review moment for the MDC or not. If there is a 

review moment, the simulation will continue to the next step whereby it is considered whether 

placement of a replenishment order for the MDC is needed. If there is no review moment, the MDC 

does not take any further action. 

 

12. Place order based on IP (MDC) 

At the end of the day the replenishment order is calculated for the MDC. Whether a replenishment 

order is placed and the size of the replenishment order are depending on the inventory policy used in 

a simulation scenario.  

In the experiments for the baseline scenario and the synchronised scenario, the (𝑅, 𝑠, 𝑛𝑄) policy of 

Silver et al. (1998)  is used at the MDC. Also if the RDC uses a range policy, a (𝑅, 𝑠, 𝑛𝑄) policy is used 

at the MDC. With this (𝑅, 𝑠, 𝑛𝑄) policy a replenishment order is placed if the inventory position is 

below the re-order level. This re-order level is set at different values during the calculation of different 

experiments as described in the execution of experiment section. The calculation of the size of the 

replenishment order corresponds to the formulas as mentioned before in equation (6.7) & (6.8), The 

case pack size of the MDC will be used in this formula.  

If the Constant Order Policy  scenario is used, each period an order is placed by the MDC. The order 

size is constant over time which is set at different values during the calculations of the COP-scenarios 

as described in the execution of experiment section. The size of the order is equal to the order size of 

the RDC. This can be calculated according the formulas mentioned before in equation (6.9).  

 

13. Supply  

The products are supplied by the manufacturer. The products are produced in a production amount 

equal to the size of the replenishment order of the MDC.  

 

14. Receive delivery 

As the final event at the end of a day, the products are received. As can be seen in figure 11, this event 

occurs at each stage. When the products are received, the inventory on hand is increased with the 

number of products. From this inventory, the products can be sold the next day in the allocation (sales) 

steps as described before.  

It is important to note that the timing of receiving the deliveries is depending on the lead times. 

Therefore, if the order is placed to the upstream stage at the end of day τ, the products will be received 

at:  

• τ + Ls    at the store  

• τ + LRDC    at the RDC  

• τ + LMDC   at the MDC   
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6.3 Evaluation of the model 
Before the model was used to test the different scenarios, the model was verified and validated. 

Multiple trial runs were executed whereby the outcomes of the simulation model were considered.  

6.3.1 Verification of the model 
In the verification of the model, different policies were tested in multiple trial runs and the behaviour 

of the model was tested on several aspects. This verification implies, among other things, (I) No 

negative inventory on hand is obtained at the stages, (II) Freshness of the products sold at the different 

stages matches the MLOS restriction of the stage and (III) Fill rate is not above one hundred percent. 

During several trial runs with the model, the above-mentioned factors were ensured. Therefore, the 

model did not show impossible outcomes and was therefore verified.  

6.3.2 Validation of the model 
The model was also validated to determine whether the model and its behaviour are reasonable. The 

method of face validity was applied as described by Sargant (2010). Several scenarios were tested 

whereby parameters were changed and the behaviour was checked.  

First of all, the effect of increasing the re-order levels was considered. If the re-order level at the RDC 

was set around the mean period demand of the stores, the aggregated fill rate at the stores was around 

50 percent. This make sense as the store orders are fulfilled in case pack sizes, therefore store orders 

can only be partly fulfilled. As the re-order level at the RDC was increased, the aggregated fill rate at 

the stores increased as well. During these steps the inventory on hand at the RDC remains zero. This 

can be explained by the fact that all the products are shipped towards the stores as not all the store 

demand is fulfilled. If the re-order level was set at a value which is not a multiplication of the case pack 

size, products remain in inventory at the RDC. In other words, a positive inventory on hand was 

obtained in these situations. This is logical as the products are sent in case pack sizes towards the 

stores.  

If the re-order level at the MDC was equal to the re-order level of the RDC, a fill rate of 100 percent 

was obtained at the MDC. If the re-order level at the MDC was lower compared to the re-order level 

of the RDC, the fill rate at the MDC was lower than 100 percent. This makes sense as the MDC does 

not have sufficient products to fulfil the orders of the RDC. If the re-order level was set above the re-

order level of the RDC, a fill rate of 100 percent was obtained at the MDC and additional products 

remain in inventory at the MDC.  

In addition, the COP policy was tested. In this scenario a lower upstream variance was obtained. This 

make sense as order size agreement are made and each period an order is placed which reduces the 

fluctuations in the orders for the upstream manufacturer DC and production. In addition, if the COP 

quantity at the RDC was equal to the COP quantity at the MDC, no inventory was left at the end of the 

period at the MDC. If the COP was much higher compared to the mean demand of the stores, a 

significant amount of waste was obtained at the RDC. This makes sense as too much is ordered 

compared to the mean demand.  

Finally, the pattern in the freshness at different stages has been analysed. The products are received 

at the MDC with a remaining shelf life of the products equal to the guaranteed shelf life (GSL). With 

synchronisation of supply and demand, these products can be shipped to the RDC at the beginning of 

the next day. In the trial runs with the synchronised (𝑅, 𝑠, 𝑛𝑄) and the COP policy, a freshness of GSL-

1 was obtained at the MDC. This indicates that the concept of synchronisation was applied successfully.  
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6.4 Execution of experiment 
The simulation experiment is executed in several steps. Each step will be explained in this section.  
 
One-echelon supply chain experiments  
The first step of this simulation study was calculated with a one-echelon supply chain. The performance 
was only considered on store level. A screenshot of the one-echelon model is presented in figure 12. 
The green cells consider the input values that can be adjusted in different experiments and the 
outcomes are presented in the white cells and visualized in efficient frontiers. The references (e.g. 
[A1]) in the following paragraph correspond to the labelled cells of the simulation model (figure 12).  
 
Step one: Impact Remaining Shelf Life of products on store performance   
In the first step the relation between the Remaining Shelf Life (RSL) and the store performance in 
freshness and waste is studied. In this step, a one-echelon situation is considered thus the performance 
was only analysed on store level. In different experiments, the remaining shelf life of products that 
enter the store was increased and the effect was measured in terms of waste and freshness at store 
level. In all the experiments, the mean demand of the sample store was used as input variable for the 
store demand [C6]. The base remaining shelf life of the products that enter the store was set equal to 
the current restriction set for this product at Jumbo in the first experiment [C8]. Subsequently, the 
remaining shelf life was increased and decreased with steps of one to calculate the effect of the 
remaining shelf life of the products that enter the store, on the store waste and the freshness offered 
to the customers. In each experiment the outcomes are calculated for different re-order levels at the 
store [O3: Y3], to be able to create different points on the efficient frontiers.  

 
Figure 12. Screenshot of the one-echelon model for calculation of step one: Impact remaining shelf life of products on store 
performance. 

 
Three-echelon supply chain experiments  
In the other steps of the simulation study, a three-echelon supply chain was considered whereby one 
MDC, one RDC and 50 stores were included in the experiments. A screenshot of the three-echelon 
model is presented in figure 13. The green cells in this model correspond to the values that can be 
adjusted in the different experiments and the white cells present the outcomes of the experiments. 
Note that in the screenshot only 10 stores are visualized due to the size of the screenshot, however in 
the experiments with the simulation model 50 stores were included. The references (e.g. [A1]) in the 
following paragraphs correspond to the labelled cells of the simulation model (figure 13).  
 
The optimization approach to determine the desired values for the decision variables at the different 
stages can be considered as greedy heuristic. To the best awareness of this research, there exist no 
good functioning heuristic for multi-echelon optimization of a divergent three-echelon supply chain 
model, for perishable products whereby the order sizes are influenced by case pack sizes at different 
stages. A two-echelon supply chain optimization for perishable products has been studied by of Duan 
and Liao (2013). They used a simulation optimization approach with sample average approximation for 
finding near-optimal policies. For the three-echelon supply chain model, the optimal values for the 
decision variables could have been discovered with full enumeration of all the different combinations. 
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However, because of the computational time a heuristic was preferred whereby the values of the 
decision variables at upstream stages were set at the  local optimal choice. It is important to note that 
this optimization approach does often not result in optimal solutions nonetheless it approximates a 
globally optimal solution within a reasonable amount of time. The optimization approach of this 
simulation study has been executed in a sequence from downstream store till upstream MDC, which 
will be described in the steps below.  
 
Step two: Baseline scenario  
In the second step of the simulation study, first of all different experiments were executed to calculate 
the re-order level at the RDC whereby a 2-echelon supply chain has been considered. Therefore, the 
number of locations of the MDC was set at zero [D2]. The base reorder level at the RDC [E12] was set 
equal to the mean period demand of the stores [F10]. Subsequently, the reorder level was increased 
with steps equal to the case pack sizes at the store [F7] until the fill rate at the RDC was equal to 99 
percent [E18]. This corresponds to the current situation at Jumbo as they strive to maximize the RDC 
fill rate. The procedure of increasing the re-order level assumes that a higher fill rate will be obtained 
at the stores with a higher re-order level at the RDC, as more products will be available at the RDC to 
fulfil store orders.  After determining the re-order level at the RDC, the optimization approach was 
continued to the MDC level. A three-echelon supply chain was considered, thus the number of 
locations of the MDC was set at one [D2].  The policy at the RDC [E13] and MDC [D13] were set at the 
(𝑅, 𝑠, 𝑛𝑄) policy. The reorder level at the RDC was set at the level whereby the fill rate restriction of 
99 percent was obtained. The reorder level at the MDC was set equal to the mean period demand of 
the stores [D12]. Subsequently, the reorder level at the MDC was increased with steps equal to the 
case pack sizes of the RDC [E7]. This was continued until the fill rate at the RDC was equal to 99 percent 
[E18]. In addition, it was checked that the aggregated fill rate at the stores was equal to or above 95 
percent [F18] and the minimum fill rate obtained at a store was not below 90 percent [G18] . In some 
cases, the fill rate of 99 percent was not reached in the three-echelon situation with the pre-set reorder 
level at the RDC. For these cases the reorder level of the RDC [E12] was increased with one case pack 
size and the search procedure for determining the re-order level at the MDC was repeated.  
 
The baseline scenario was calculated for the different production intervals of the manufacturer. 
Therefore, the same procedure was applied for the different numbers of review period at the MDC 
[D5].  
 

 
Figure 13. Screenshot of the three-echelon simulation model whereby a (R, s, nQ)- policy is used at the RDC and MDC. 
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Step three: Decreasing fill rate RDC 
In the third step the effect of the RDC fill rate on the freshness and waste is studied. Currently  Jumbo  
wants to maximize the fill rate at the RDC. However, in order to achieve this high fill rate at the RDC, a 
high amount of inventory needs to be kept at the RDC. Therefore, in step three the fill rate 
maximization restriction is released. It is calculated how far the reorder level can be decreased to still 
be able to achieve the aggregated fill rate at the stores of 95 percent.  
 
The same optimization approach has been applied as described in step 2, with adjusting the cells in 
the simulation model as described before. First, a two-echelon supply chain situation was considered 
to determine the reorder level at the RDC. The base reorder level at the RDC was set equal to the mean 
period demand of the stores. Subsequently, the re-order level was increased until an aggregated fill 
rate of 95 percent at the stores was obtained. Thereafter, a three-echelon supply chain was considered 
whereby the re-reorder level at the RDC was set at the determined value. The base re-order level of 
the MDC was set equal to the mean period demand of the stores. Subsequently, it was increased with 
steps equal to the case pack sizes of the RDC until an aggregated fill rate of 95 percent at the stores 
was achieved. In addition, it was checked whether the minimum fill rate at a store was not below 90 
percent. If the aggregated store fill rate of 95 percent was not achieved, the re-order level at the RDC 
was increased with one case pack size of the store and the search procedure for determining the re-
order level at the MDC was repeated.  
 
Step four: Synchronised traditional supply chain  
In the fourth step, the synchronised supply chains have been analysed for the different production 
intervals. The review period of the RDC [E5] was set equal to the review period of the MDC [D5] in each 
situation. The same optimization approach as described before was applied. Therefore, first a two-
echelon supply chain was considered. The re-order level was determined for the RDC under the 
conditions of the new review period. In order to obtain this value, the base re-order level was set equal 
to the mean period demand of the stores and increased with steps equal to the case pack size of the 
stores till the aggregated fill rate of 95 percent was obtained at the stores. Subsequently, a three-
echelon supply chain was considered. The base re-order level at the MDC was set equal to the mean 
period demand of the stores, the re-order level at the RDC was set at the determined value. The re-
order level at the MDC was increased with steps equal to the RDC case pack size until an aggregated 
store fill rate of 95 percent was achieved.  
 
This search procedure for the synchronised scenarios was performed twice whereby a distinction was 
applied in the timing of the events. First, the review period of the RDC was set equal to review period 
of the MDC without making an offset in the timing, thus the offset of the RDC in the model was set 
equal to zero [E4]. This corresponds to the situation where both the RDC and the MDC place an order 
at the end of the same day as their review periods are equal as visualised in figure 14.  It is important 
to note that this offset has an impact on the freshness of the products that are received by the RDC.  
As the products need to be shipped at the beginning of the next day the MDC is forced to keep products 
in stock from a previous ordering moment. These products are therefore shipped with a lower 
freshness to the RDC. An example of supply chain synchronisation with an offset equal to zero is 
visualized in figure 14. In this visualized experiment, the guaranteed shelf life of the product is equal 
to 12. As they are shipped to the RDC after a few days due to the timing of the order interval, the 
highest possible freshness of the products shipped to the RDC could be 10 days. In other words, 
freshness of the products is lost upstream in the supply chain by spending days in inventory. This 
considers a situation that occurs very often in the retail supply chain as the production interval is not 
shared with the retailer.  
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Figure 14. Example of supply chain synchronisation with offset = 0 

The synchronised scenario has also been calculated with experiments whereby an offset was added to 
the RDC, thus the offset value of the RDC in the model was set equal to one [E4] . This offset means 
that the timing of the simulation events at the RDC will start at time τ+1. An example of supply chain 
synchronisation with an offset of one for the RDC is visualized in figure 15. In this visualized experiment, 
the guaranteed shelf life of the product was set at twelve. The products can be shipped to the RDC the 
next day with a remaining shelf life of 11, thus the products are shipped to the RDC with a higher 
freshness compared to the example visualized in figure 15. In case of equal review periods and an 
offset of 1 for the RDC, the RDC will place an order to the MDC when the MDC just received the 
products. Therefore, the order is placed at the most favourable moment and products can be shipped 
to the RDC with higher freshness. This situation corresponds to the idea behind synchronisation how 
it should be applied to improve the freshness of products in the chain. 

 
Figure 15. Example supply chain synchronisation with offset =1 
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Step five: Constant Ordering Policy 
In the fifth step, the constant order policy was tested for the situations with the different production 
intervals. A screenshot of the model whereby a COP policy was used is presented in figure 16. In the 
experiments the COP policy was used at the RDC level [E13] and the MDC level [D13]. The review period 
of the RDC [E5] was set equal to the review period of the MDC [D5]. In addition the offset of 1 was 
used at the RDC [E4] to ensure a synchronisation of supply and demand. Therefore, the replenishment 
order of the RDC was placed at the most favourable moment as the products were just received by the 
MDC. In the optimization approach a three-echelon supply chain was considered. The constant order 
size at the RDC [E12, E14 & E15] and MDC [D12, D14 & D15] was set at a base value which was the 
highest integer multiplication of the RDC case pack size, just below the mean period demand of the 
stores. The constant order amount at the MDC and RDC level were equal. Subsequently, the constant 
order amount was increased in steps of the DC case pack size till an aggregated store fill rate of 95 
percent was achieved [F18].  
 

 
Figure 16. Screenshot of the three-echelon simulation model whereby a COP policy is used at the RDC and the MDC. 

 
Step six: Range policy  
In the final step the experiments with the Range policy have been calculated. A screenshot of the 
model whereby a Range policy is used is presented in figure 17. The policy at the RDC was set at the 
Range policy, therefore the COP was selected as policy [E13] however minimum [E14] and maximum 
order sizes [E15] were added to use a Range policy. The policy at the MDC was set at a (𝑅, 𝑠, 𝑛𝑄) policy 
[D13]. In the optimization approach a 3-echelon supply chain model has been considered. The base re-
order level at the RDC [E12]was set equal to the mean period demand of the stores ,whereby it was 
ensured that it was an integer multiplication of the case pack size at the store. The minimum value 
[E14] was set equal to the closest multiplication of the case pack size at the RDC just below the re-
order level. The maximum value [E15] was set at the closest integer multiplication of the case pack size 
at the RDC [E7] just above the re-order level. In other words, the scenario was tested with a total range 
width equal to one case pack size of the RDC. Subsequently, the range width was changed whereby 
the re-order level stayed the same. The minimum value [E14] was decreased with one case pack size 
of the RDC. Therefore, a total range width of two times the case pack size of the RDC was tested. The 
different range widths are visualized in figure 18. In the experiments the re-order level at the MDC was 
tested for the different values within the range of the RDC. First, the base re-order level at the MDC 
[D12] was set at the lowest value within the range of the RDC whereby it was ensured that it was an 
integer multiplication of the case pack size of the MDC [D7]. Subsequently, in other experiments this 
re-order level at the MDC was increased with steps equal to the case pack size of the MDC. The search 
procedure was continued until an aggregated fill rate of 95 percent was achieved at store level.  The 
range policy has been executed for all the different production intervals of the manufacturer. 
Therefore, the same procedure was applied for the different review periods of the MDC [D5].  
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Figure 17. Screenshot of the three-echelon simulation model whereby a Range policy is used at the RDC and (R,s,nQ)-policy at 
the MDC. 

 

 

 
Figure 18. Visualization range width 

 

6.5 Simulation properties 
Warm up period 
In the simulation experiments the initial values of inventory at the different stages are set at the re-

order levels. To ensure that the initial settings do not influence the results, van der Aalst (1995) 

suggests to use a warm up period. This warm up period means that the first days of the simulation are 

not included in the calculation of the results. In this way the outcomes are stabilized and the influences 

of the initial settings are diminished. In this simulation experiment a perishable product with a 

relatively short guaranteed shelf life is considered. Therefore the products in the supply chain will be 

outdated which can be seen as resetting of the system. As this outdating will occur quite often due to 

the short shelf life of the products, it is assumed that the warm up period of 100 days should be 

sufficient.  

Simulation replications 
In this simulation experiment a combination of different number of simulation replications is used. 

First the method of enumerative search is applied to allow a quick search to approach the values of 

the optimal reorder levels at the different supply chain stages. Thereafter, a more precise simulation 
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with more rounds is used to obtain results that have a higher accuracy and to be able to make a fair 

comparison between the scenarios. This corresponds to the simulation method as applied by in their 

simulation study for perishable products by Haijema and Minner (2016). In their enumerative search, 

they limited the amount of replication to 10. Therefore, only 10 replications were also used in this 

project in the first explorative search as well to allow the quick search. One run of a simulation 

experiment whereby 10 replications were used took several minutes. In this project for the calculation 

of the detailed scenarios more rounds were applied. This was necessary to obtain a fill rate precision 

for the stores below 0,2%. In these rounds more accurate results were obtained whereby a fair 

comparison could be made between the outcomes of different scenarios. The number of replications 

was set at 25. This increase in number of replications was used to run detailed calculations of the 

scenarios whereby an aggregated fill rate at the stores was achieved between 80 and 96 percent. The 

detailed run with 25 replications took around 20 minutes.  

Simulation length 
In this project, strategic supply chain implementations are considered and therefore it makes no sense 

to have a simulation length of less than one year. In addition, the length of the simulation rounds 

should be significant compared to the length of the warmup period. In the enumerative search the 

length of 500 days is assumed to be sufficient as it corresponds to 5 times the warmup period. In the 

detailed search the simulation length of the rounds is extended to have a more precise result of the 

outcomes. The length of 5000 days is used in the second round to obtain more accurate results to be 

able to compare the costs and outcomes in terms of waste and freshness between the different 

scenarios. These detailed runs have been applied for the scenarios whereby an aggregated fill rate was 

achieved between 80 and 96 percent.  
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6.6 Quantitative measurements 
The most important outcomes of the simulation study are freshness, total supply chain waste and fill 

rate at the stores. These KPIs were introduced in chapter five, the calculation of the KPIs will be 

discussed below.   

Freshness 

Freshness is indicated by the average remaining shelf life of the products sold to the consumers 

(Broekmeulen & Van Donselaar, 2019).  

Waste  

Waste consist of the number of products that reach the Minimum Lifetime On Sale restriction at a 

stage before they can fulfil demand of the next stage or the end customer. The waste outcome of this 

simulation model is expressed in percentages and is measured on MDC, RDC, aggregated store and 

individual store level. To be able to compare the waste levels at different stages in the supply chain, 

the amount of waste is expressed in the percentage of the sum of the mean period demand of the 

stores. Therefore, the waste at a store is calculated as follows: 

𝑊𝑠 = 100 ∗ 
𝑂𝑠

𝜇𝑠
       (6.12) 

where  
𝑊𝑠 = 𝑊𝑎𝑠𝑡𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑓𝑜𝑟 a product 𝑎𝑡 𝑠𝑡𝑜𝑟𝑒 𝑙𝑒𝑣𝑒𝑙 
𝑂𝑠 = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑢𝑡𝑑𝑎𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑜𝑓 𝑎 𝑆𝐾𝑈 𝑎𝑡 𝑠𝑡𝑜𝑟𝑒 𝑙𝑒𝑣𝑒𝑙 
𝜇𝑠 = 𝑚𝑒𝑎𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑎 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑎𝑡 𝑠𝑡𝑜𝑟𝑒 𝑙𝑒𝑣𝑒𝑙 

The aggregated amount of waste at the stores can be calculated as follows: 

𝑊 = 100 ∗ 
∑ (𝑊𝑠∗ 𝜇𝑠)𝑆

𝑠

∑ 𝜇𝑠
𝑆
𝑠=1

     (6.13) 

where  
(𝑊𝑠 ∗  𝜇𝑠) = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 𝑓𝑜𝑟 𝑎 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑎𝑡 𝑎 𝑠𝑡𝑜𝑟𝑒 

The amount of waste at RDC and MDC level can be calculated as follows: 

𝑊𝐷𝐶 = 100 ∗ 
𝑂𝐷𝐶

∑ 𝜇𝑠
𝑆
𝑠=1

     (6.14) 

 

Fill rate (P2)  

The third important outcome of the simulation study is the fill rate at the stores. The fill rate is the 

long-term fraction of demand delivered immediately from stock. Jumbo is a service-oriented 

supermarket therefore it is very important that the minimum fill rate should be reached at the stores. 

Therefore the aggregated fill rate of the stores is used to check whether the service level restriction is 

reached in the experiment or that further adjustments of the decision variables are necessary. 

Thereafter, the minimum fill rate at a store is checked to determine if this is acceptable and if it does 

not deviate too much from the aggregated score of the stores. In addition, the fill rate of the RDC is 

also calculated for step three of the simulation study. In this step the increase in freshness offered to 

the customers is determined by lowering the fill rate at the RDC.  It is calculated how low the fill rate 

of the RDC may become in order to still be able to reach the service level target at the stores. The 

outcomes of the simulation experiments were presented in efficient frontiers to be able to evaluate 

outcomes of different experiments based on both the obtained service level and supply chain waste.  
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7. Model solving 
In this chapter the results of the experiment are presented whereby the model is solved. First, the 

input parameters as used in the simulation experiments are listed. Thereafter, the results will be 

presented in the order of steps as explained in execution of experiment section. In this chapter the 

results of the scenarios as mentioned in the conceptual model are presented and compared to the 

baseline scenario. A sensitivity analysis is performed to determine the potential effect that changes in 

the input parameters may have on the performance of the model.   

7.1 Input parameters 
The following data was necessary as input for the model in the simulation experiment: 

• Mean demand (CU/day/store). (Appendix IV) 

• Lead time in days of the store (Ls), the RDC (LRDC), and the MDC (LMDC). 

• Review period in days of the store (Rs), the RDC (RRDC) and the MDC (RMDC). 

• Case pack size for store orders in CU(MOQS) 

• Case pack size for RDC orders in CU (MOQRDC) 

• Case pack size for MDC orders in CU (MOQMDC) 

• Guaranteed shelf life after production in days (GSL). 

• Minimum lifetime on sales at the MDC in days (MLOSMDC)  

• Minimum lifetime on sales at the RDC in days (MLOSRDC)  

• Minimum lifetime on sales at the store in days (MLOSs)  

The corresponding values of each parameter are presented in appendix IV.  In addition, some decision 

variables were calculated during the simulation experiment as explained in the execution of 

experiment section. This considers the following decision variables:  

• Re-order levels for RDC, MDC and stores 

• COP order quantity 

• Range order quantity and range width 

7.2 Output parameters 
The output of the simulation study is provided for each experiment and is provided in the following 

measurements:  

• Fill rate (P2) for each store, RDC and MDC.  

• % Waste for each store, RDC and MDC 

• Freshness of products sold (or shipped to the next stage) in days for each store, RDC and MDC 
 

Besides these relevant measurements, an overall output was also generated: 

• Fill rate precision (for each store) 
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7.3 Results 

Step one: Impact Remaining Shelf Life of products on store performance   
In the first step the effect of the remaining shelf life of a product on the store performance is analysed. 

In this section, first the contradicting behaviour of the KPIs freshness and service level will be clarified. 

Thereafter,  the impact of the amount of remaining shelf life on the waste and service level will be 

discussed.  

The outcomes for SKU 171856 at a regular Jumbo store are visualized in figure 19. As can be seen, the 

freshness curve has a concave shape whereas the efficient frontier has a convex shape. This means 

that as the non-empty shelf target increases the amount of waste increases and the freshness of the 

products sold decreases. This indicates that in order to obtain a product availability at the stores, 

sufficient inventory needs to be kept at the stores. However, as more inventory is kept of perishable 

products, the freshness of the products sold decreases and the amount of waste increases.  

For this perishable product with a critical shelf life, a freshness of 3,3 days  can be obtained at a non-

empty shelf percentage of 87 percent. However, this is not acceptable for a service-oriented 

supermarket. At Jumbo, the minimum target for the AGF category (potatoes, vegetables and fruit) is 

set at 88 percent, however the goal is to increase this KPI in the upcoming years. Therefore, the non-

empty shelf percentages of 90,47 percent or 93,24 percent are more likely targets. These percentages 

correspond to an On Shelf Availability (OSA) target of above 93 or above 95 percent respectively. In 

the remaining of the experiments the OSA target of 95 percent was used.  

 

The impact of the Remaining Shelf Life (RSL) of the incoming products on the store performance is 

visualized in figure 20. As can be seen, if the remaining shelf life of the products that enter the store 

increases, the amount of waste decreases. Therefore, for the same amount of waste a higher service 

level in terms of OSA can be obtained. If the RSL of the products that enter the store increases the 

freshness offered to the customers also increases. However, the increase of one day in the RSL of 

products that enter the store, results in an increase of freshness of less than one day. This can be 

explained as the freshness is calculated as the average freshness of the products sold to the customers. 

As the RSL increases, more products can be sold to the customer and less products will be outdated. 

Products that are sold at first will have a higher freshness however products that are sold on a later 

moment will be sold with the same freshness as before.  

Figure 19. Screenshot  of the simulation model with results of step one. Efficient frontier and freshness curves for SKU 171856 



52 
 

From this first step it can be concluded that in order to obtain high availability of the products on the 

shelves, higher amount of inventory needs to be kept, however this results in lower freshness and 

more waste. Waste can be decreased if the remaining shelf life of the products that enter the store is 

higher. Higher service levels can be obtained with the same amount of waste.  
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Figure 20. Efficient frontiers (store level) for different RSL values of products that enter the store.  
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Step two: Baseline scenarios  
In the second step of the simulation study, the baseline scenarios have been calculated for each 
production interval at the manufacturer. These scenarios create a base to determine the impact of the 
other retailer-supplier collaboration scenarios. These baseline scenarios are presented in figure 22 till 
24 in combination with the outcomes of the collaboration scenarios. These outcomes will be compared 
in step four till six.  

 

Step three: Decreasing the fill rate restriction at the RDC 
In the third step the effect of the fill rate restriction at the RDC on waste has been studied. In the 
current situation at Jumbo they are trying to maximize the fill rate. In order words, they want to be 
sure that all the store orders are fulfilled from stock at the RDC. The effect of this restriction on the 
amount of waste has been studied.    
 
For all the different production intervals the scenarios have been calculated whereby a 99 percent fill 
rate was ensured. Subsequently, this RDC fill rate restriction was released. For all the production 
intervals it was indicated that the amount of waste can be reduced if the fill rate restriction of the RDC 
is released. This can be explained as higher reorder levels were needed at the RDC to achieve a fill rate 
of 99 percent. In addition it was necessary for the MDC to have a high reorder level to be able to fulfil 
the order of the RDC. However, an aggregated fill rate of 95 percent at the store can already  be 
obtained at lower reorder levels at the RDC. Therefore, waste reduction in the supply chain can be 
obtained by lowering one of the retailer’s own restrictions. The effects are visualized in figure 21 for 
the different production intervals. The vertical line indicates service level of 95 percent. The highest 
point on each curve on the right marks the situation whereby a 99 percent fill rate at the RDC was 
obtained.  
 

 

Figure 21. Efficient frontiers for decreasing the fill rate restriction at the RDC 
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Step 4-6: Scenario analysis Synchronisation, COP and Range  
In this section the outcomes of the experiments with the retailer-supplier collaborations will be 

discussed. Figure 22, 23 and 24 present the results of the different scenarios for the production 

intervals one, two and three respectively. The differences between these scenarios will be explained 

below in the order from production interval one till three.  

As can be seen in figure 22 no remarkable differences between the scenarios were obtained in the 

situations whereby the production interval of the manufacturer was equal to one. The graphs of the 

current traditional supply chain, the COP policy and the Range policy behave in the same way1.  This 

can be explained as if the production interval is equal to one the manufacturer produces every day. 

Therefore, there is no mismatch in the timing of the supply and demand process. Therefore, the 

production process can be considered as relatively flexible and able to respond to fluctuations in 

customer demand.  

The highest aggregated fill rate at the stores obtained in the scenarios was around 95 percent. This can 

be explained as the target OSA for the stores was set at 95 percent. This means that the re-order level 

at the stores was based on a service level target of 95 percent. Therefore having more products in the 

supply chain does not result in higher service at the stores as the stores did not ask for more products. 

Increasing the reorder levels or COP or Range values only resulted in higher levels of waste in the 

supply chain.  

It can be noticed that at some points between the graphs there are small differences between the 

scenarios. This can be explained by the executed search strategy to obtain the points on the graphs. In 

the search procedure for determining the parameters of the re-order levels and COP or Range-policy 

the values were increased with steps equal to the case pack size. Thus the small differences in the 

graphs can be explained by the accuracy of the search method.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1 The synchronised scenario is not included as separate curve as the current scenario is already synchronised. 
The review period of the MDC and RDC are both equal to one.  
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Figure 22 . Results of the  different scenarios in the situation of production interval 1 
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The scenarios whereby the production interval is equal to two are visualized in figure 23. As can be 

seen similar graphs are obtained for the current scenario, the synchronised scenario (with offset 1), 

the COP and the Range scenario. Therefore it can be concluded that the same amount of waste will be 

obtained for the fill rate levels with these different inventory policies. The synhronised situation 

whereby no offset is used in the timing of event is also visualized in the graph. This corresponds to the 

situation whereby the retailer places an order on a moment that is not favourable as there are no 

goods received at the MDC in that period.  Therefore, the MDC is forced to keep products on stock 

from a previous review moment to be able to fulfill the retailer order. The products that are shipped 

to the retailer have a lower freshness compared to the synchronised scenario and the COP and Range 

scenario. In other words the minimum lifetime on sales restriction is achieved sooner and more waste 

is obtained in the chain. It is important to note that this situation occurs very often in practice as 

information about the production planning is not shared with the retailer. In comparison with this line 

it can be concluded that the collaboration scenarios of COP, Range and the synchronised (with offset 

1) result in improvements in waste reduction. Therefore, with a synchronised supply chain whereby 

an order is placed at a favourable moment or with the COP and Range scenario the same fill rate can 

be obtained with a lower amount of supply chain waste. This can be explained as in these scenarios 

the remaining shelf life of the products that are received by the retailer is higher. The  COP and Range 

scenario do not outperform the current situation. This can be explained as in the COP and Range 

policies an order is placed by the retailer every period, whereas in the current situation, the retailer 

has the possibility to not place an order if the inventory position at the RDC is not below the re-order 

level. Therefore, eventhough the remaining shelf life increases of the products that enter the RDC, this 

freshness improvement diminshes due to the constant order placement. The graphs of the different 

scnearios come together at a fill rate of 95 percent. This was due to the target used to determine the 

re-order levels at the stores as described in the results of production interval 1.  
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The scenarios whereby the production interval is equal to three are presented in figure 24. More 

differences between were obtained between the outcomes of the results compared to the scenarios 

whereby the production interval was equal to one or two. As can be seen, the synchronised scenario 

(with offset 1), the COP scenario and the Range scenario outperform the current situation for the 

scenarios whereby a fill rate at the stores is obtained between 75 and 94. This means that for these 

scenarios the fill rate was obtained for a lower amount of supply chain waste compared to the current 

scenario. These results are in line with the research of Haijema and Minner (2016) who indicated that 

COP can especially be beneficial in cases of larger review periods. Therefore, it is indicated that this 

also applies in a multi-echelon situation.  

In addition, the graph of the synchronised scenario (with offset 0) shows an important outcome of this 

research. This scenario corresponds to the situation whereby the retailer order is placed at a non-

favourable moment, as described in the section of production interval two. In the experiments for this 

scenario no fill rate higher than 61,4 percent was achieved. This can be explained as in order to obtain 

a higher fill rate at the stores, the inventory levels at the RDC needs to be increased. However, due to 

the unfavourable moment of ordering, the products are received at the RDC with a lower remaining 

shelf life. Therefore, it makes no sense to increase the inventory levels as this would only result in more 

waste as the products will reach the minimum lifetime on supply restriction. An increase in reorder 

level results in a large peak in the amount of supply chain waste as indicated in the graph.  

Based on figure 24 it can be concluded that a large waste reduction and increase in fill rate at the stores 

can be achieved with the collaboration scenarios compared to the synchronised scenario whereby the 

offset is equal to 0. In addition, the collaboration scenarios outperform the current situation in the 

scenarios whereby a fill rate between 75 and 94 is obtained at the stores. Therefore, this research 

indicates that for a larger production interval, larger benefits can be obtained with the three 

collaboration scenarios compared to the scenarios with a shorter production interval.  

Figure 24. Results of different scenarios for the situations where the production interval is three 

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

50 60 70 80 90 100

%
 T

o
ta

l s
u

p
p

ly
 c

h
ai

n
 w

as
te

 

% Fill rate at the stores

Production interval 3

Current

synchronised (Offset 0)

Range

Synchronised (Offset 1)

COP

95 % Fill rate



57 
 

The impact of the different scenarios on the remaining shelf life of the products that enter the DC is 
visualized for the different scenarios in production interval 3 in figure 25. As can be seen for the COP 
and the Range scenario an optimal freshness of 11 is obtained for the products that enter the RDC. 
This indicates that products are directly shipped to the RDC on the most favourable moment as they 
are produced with a guaranteed shelf life of 12 and the lead time is equal to one. In the current scenario 
the incoming freshness of the products decreases as the fill rate at the stores increases. It starts to 
decrease after a fill rate at the stores of 78 percent is reached. This can be explained as in order to 
obtain a higher fill rate, higher reorder levels should be used at the RDC. In order to fulfil the orders of 
the RDC the MDC should also maintain a higher re-order level. However, as higher levels of inventory 
are maintained the remaining shelf life of the products decreases as shelf life is lost by spending time 
in inventory. Therefore, products enter the RDC with a lower remaining shelf life.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.4 Conclusion quantitative experiments 
Based on the results presented above, it can be concluded that it can be beneficial to invest in retailer-

supplier collaboration to improve the freshness of the products and to reduce waste except for the 

situation whereby the production interval is equal to one. In that specific case, there is no mismatch 

between the timing of the supply and demand process in the supply chain. The supplier has the ability 

to respond to fluctuations in demand. In other words, it can be concluded that in case of production 

interval equal to one the situation is too trivial to obtain benefits with retailer-supplier collaboration. 

In the situation where the production interval is equal to two, benefits can be obtained in the 

collaboration scenarios compared to the situation whereby the retailer order is placed at an 

unfavourable moment. The same store fill rate can be obtained for a lower amount of supply chain 

waste. The COP and Range policies did not outperform the current situation, however benefits can still 

be perceived by the supplier as the uncertainty for the supplier is reduced. The supplier is ensured that 

it will receive an order, in addition information is known about the size of the order. Therefore, this 

can be beneficial for the production planning of the supplier.  

Finally, the highest benefits were obtained in the scenarios whereby the production interval was set 

at three. In that case, the COP, Range and synchronised scenario resulted in lower levels of waste in 

comparison to the current situation.  In addition, if these outcomes are compared to the situation 

whereby the retailer order is placed at a non-favourable moment, this resulted in even higher waste 

reduction.   

Figure 25. Remaining shelf life of the products received at the RDC for different scenarios. In the situation where the 
production interval is 3. 



58 
 

7.5 Sensitivity analysis 
The performance of the different scenarios have been presented in the previous chapter. The results 

are depending on the input parameters of the simulation experiments. In this section the model will 

be tested whereby input factors will be changed. Therefore, a sensitivity analysis for the GSL, MLOS, 

prioritization rule, FIFO withdrawal at the stores and target OSA setting at the stores have been 

performed. 

The guaranteed shelf life corresponds to the shelf life of the products after production. In the 

experiments the same amount of GSL has been assumed. A sensitivity analysis has been performed to 

indicate the effects on the supply chain performance if the GSL of the products would have been longer 

or shorter. If the GSL is shorter, more waste is obtained in the chain and the fill rate at the stores is 

lower. Waste occurs at upstream stages as the MLOS restriction is obtained sooner. In addition, the 

waste at the downstream stores also increases. If the GSL is longer the waste in the supply chain 

decreases and waste at upstream stages is eliminated. In addition, the amount of waste at the stores 

is decreased and the freshness of the products sold is increased.  

In the experiments of this simulation study the MLOS restriction at the stores was set at equal to one. 

However, according the current policy of Jumbo this can also be set equal to two as Jumbo does not 

want to sell products with an expiration date equal to the current date. Therefore, the effect of MLOS 

restriction at the store equal to two has been studied in the sensitivity analysis. It was indicated that 

the supply chain operates in the same way however the waste was increased as the MLOS restriction 

on store level was reached earlier. This is visualized in appendix VI.  

In addition, sensitivity analysis has been performed for the upstream MLOS restrictions. The upstream 

MLOS values were set at higher values to determine the effect of the MLOS on the freshness and waste 

in the chain. From the sensitivity analysis it can be concluded that higher MLOS restrictions for 

upstream stages will cause more waste at upstream stages without improving the freshness of the 

products sold at the stores. With an increase of the upstream MLOS restriction, the fill rate at the 

stores was decreased as less products reached the downstream stores as they are already removed 

from the inventory at upstream stages.   

The experiments have been tested including the prioritization rule for the allocation of the products 

to the store orders. Therefore, in the simulation experiments the store orders were fulfilled with higher 

priority if the orders of these stores were not fulfilled in the previous round. A sensitivity analysis has 

been performed whereby this prioritization was not used and store orders were fulfilled in a random 

order each period. The results of this sensitivity analysis indicated that for the situations whereby the 

re-order level was set at relatively high levels compared to the mean period demand, the prioritization 

rule did not cause any differences in the results. This means that the same fill rates were obtained at 

the stores with and without the prioritization rule. This makes sense as the amount of inventory at the 

RDC was sufficient to fulfil the store orders, therefore no prioritization was needed. In the situations 

whereby the re-order level was below the mean period demand, small differences were obtained. 

Slightly lower fill rates were obtained at the stores in the situations where the prioritization rule was 

not applied. In addition, the difference between the minimum fill rate of a store compared to the 

aggregated store fill rate was  a bit larger. A lower minimum fill rate was obtained without application 

of the prioritization rule.  However, these differences are smaller than 0,1 percent thus due to the 

accuracy of the results no clear conclusion can be made about the effect of the prioritization rule.  

In the experiments a 100 percent FIFO withdrawal was assumed to be able to compare the scenarios 

and see the impact of collaboration scenarios without consumer withdrawal behaviour that might 

influence the outcomes. A sensitivity analysis has been executed to determine the impacts on the 
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outcomes of the simulation if this FIFO withdrawal would have been different. It was identified that 

with lower FIFO withdrawal, higher levels of supply chain waste are obtained in order to achieve the 

same service level at the stores. This is visualized in the appendix VI.  

Finally, a sensitivity analysis has been executed with the target OSA used in the experiments. The target 

OSA was increased from 95 to 96 or 97 percent whereby the re-order levels at the stores were 

increased. It has been identified that higher service levels at the stores were obtained with the same 

re-order levels combinations at the RDC and MDC. This can be explained as more products are 

demanded by the stores, therefore more inventory is located at the stores from where customer-

demand can be fulfilled directly. However, as the target OSA levels at the stores were increased, also 

higher levels of waste were obtained to achieve the same fill rate at the stores. This can be explained 

as the Target OSA controls the reorder levels of all the stores at once. Therefore, a replenishment order 

was also triggered sooner for the stores that have a low mean demand. In total, more waste was 

therefore obtained at store level. Different results could have been achieved if re-order levels were 

optimized for each store individually. However, this optimization approach would have been very time 

consuming and as the focus of this project is on supply chain wide operations, no detailed store 

optimization has been considered. 
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7.6 Managerial insights 
This project resulted in some practical insights for Jumbo: 

Freshness improvements of the products on the shelves cannot be obtained with a VMI system in a 

situation of an inflexible production system whereby the supplier is not able to integrate the VMI 

information in its production planning.  However an increase in freshness of the products can be 

obtained with retailer-supplier collaboration especially in situations characterized by a larger 

production interval of the supplier. 

The qualitative research provides insights for Jumbo as it clarifies the concept of VMI and it points out 

the critical enablers and factors to obtain VMI successes. In addition, it provides insights in how the 

type and extent of a VMI system for a specific supplier should be determined according a VMI decision 

process flowchart. That can be used by Jumbo to assess the eligibility of a supplier and also indicate 

the factors that needs to be changed for both Jumbo as the suppliers to become suitable for a VMI 

system. In addition, this project provides insights that clarify why some VMI collaborations result in 

disappointing results and others results in benefits. This is based on both post-VMI literature as on 

assessing Jumbo and some current VMI-suppliers according the VMI decision process flowchart. VMI 

successes are often disappointing due to the inability of integrating the VMI information in the 

production planning. This explains why freshness improvements and waste reductions are often not 

obtained and it provides insights to Jumbo that from an operational perspective it would be better to 

not continue with most of the VMI collaborations.  

The quantitative research provides insights to Jumbo as it indicated that with retailer-supplier 

collaboration the freshness of the products on the shelves can be increased and thus waste reduction 

in the supply chain can be obtained. With the collaboration scenarios of supply chain synchronisation, 

the COP-policy and the  Range-policy the ordering interval is adjusted to the production interval of the 

supplier. Therefore, the order is placed at a favourable moment whereby products can be shipped to 

the retailer directly after production and higher freshness of the products that enter the Jumbo DC can 

be obtained. This result in large waste reduction compared to the situation whereby the order is placed 

at an unfavourable moment which occurs very often in practice as often production intervals are not 

shared by the supplier. These findings provide insights to Jumbo that collaboration with suppliers could 

contribute to both benefits in waste reduction and service level improvements to the final customer. 

The highest benefits were obtained in the scenarios whereby the production interval of the supplier 

was larger. Therefore, this provides insights that collaboration initiatives should especially be 

implemented in situations characterized by inflexible production lines and large production intervals. 

Equal results were obtained between the Range policy and COP policy. As some flexibility remains for 

the retailer to determine the replenishment order size between the minimum and maximum 

boundary, this could be preferred by Jumbo. It is important to note that in order to obtain the freshness 

increase and waste reduction the products should actually be delivered with a higher freshness. 

Therefore, agreements between Jumbo and its suppliers should be made about the remaining shelf 

life of the incoming products, and this should actively be monitored.  

Finally, benefits in waste reduction and freshness improvements were also obtained with the 

relaxation of the fill rate restriction at the RDC. Lower levels of inventory will be needed at the RDC 

while the target fill rate of 95 percent at the stores is still reached. Therefore, less shelf life will be lost 

by spending time in inventory at the RDC. Jumbo could use these insights in practice, for example by 

lowering the amount of inventory at the RDC and making a distinction between store orders that are 

generated which are very urgent and store order whereby it would be sufficient if this store order is 

fulfilled the next day.  
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8. Conclusion 

8.1 Conclusions 
This research was aimed to clarify the concept of Vendor Managed Inventory, the strategic 

contribution of VMI for Jumbo and to provide support in the decision process for a VMI system for a 

specific supplier.   

Therefore the following research question was formulated which can now be answered:  

“How to select the type and extent of a VMI system for a specific supplier?” 

 

First, the definition of VMI has been clarified. Vendor Managed Inventory (VMI) was defined as a supply 

chain collaboration arrangement between a vendor and a retailer, whereby the vendor is 

commissioned to manage the inventory held at the retailer site under mutually agreed-upon 

conditions as stated in the VMI contract. This means the vendor is allowed to determine the timing 

and size of the replenishments as long as certain conditions are met. These conditions are composed 

in consultation to ensure a win-win situation for both partners. The most important benefits that can 

be obtained with a VMI implementation are the reduction of the bullwhip effect for upstream stages 

through an increase in visibility and by eliminating one decision making layer. Therefore, lower levels 

of inventory are needed at upstream stages. In addition, the supplier can benefit from production 

efficiencies as it is possible to have more pro-active production behaviour and thereby obtain 

economies of scale.  The improvements in coordination of the supply chain may result in a better 

delivery performance of the supplier and therefore may also increase the service level of the retailer.  

Second, the current retail supply chain and VMI system of Jumbo has been studied. The current supply 

chain of Jumbo can be considered as a pull driven supply chain whereby production at a stage is 

triggered by an order of the following stage whereby replenishment decisions are based on local 

inventory levels. In addition, Jumbo strives to maximize the order fulfilment from its DC to the stores. 

Therefore, sufficient inventory needs to be kept in the DC in order to fulfil all the store orders. Besides 

the pull driven supply chain operations, Jumbo has fourteen VMI suppliers, both for perishable and 

non-perishable products. The VMI supplier is responsible for the inventory management at the DCs of 

Jumbo. It is restricted to contractual agreements about the shelf life of products, stock height and 

delivery reliability of the supplier as stated in the SOP and SLA contracts. Among these VMI 

collaborations are successful and non-successful relationships. Information is provided to the VMI 

suppliers on a daily basis whereby DC inventory status and sales from DC to the stores (Delfor-message) 

are send via EDI linkages. The supplier should base its replenishment decisions on this information.  

The successes of VMI system are depending on the implementation and the eligibility of the partners 

included in the collaboration. Therefore, for answering the third research question the critical enablers 

for a VMI system have been studied. These enablers consider the capability of both the supplier and 

the retailer, product characteristics and the relationship between the partners. First, both partners 

should be able to monitor and extract the information to provide to the other partner in a VMI system. 

In addition, an important enabler is related to technology factors as information should be shared via 

EDI linkages and the IT-systems of the partners should be integrated. Third, VMI should be 

implemented for the right products, therefore it should not be implemented for product categories 

with frequent changes in product characteristics and identification codes. VMI should be implemented 

for mature products with a relatively constant demand pattern, however the benefits in terms of 

upstream uncertainty reduction can be bigger for products with a higher variability. However, in order 

to operate according a VMI system for these products more information needs to be shared to support 
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the supplier in its replenishment process. One of the most important enablers is that that the supplier 

is able to integrate the VMI operations in its production process and he should be able to respond to 

changes in demand. Finally, it should be possible to obtain VMI savings in the supply chain, therefore 

the situation should not be too complex to operate according a VMI system but also not too trivial as 

no VMI savings would be obtained in that case.  

These enablers have been combined to create a base for the VMI decision process. In addition, existent 

VMI models and a strategic collaboration model in the literature have been studied to determine the 

design of the VMI decision process. A flow chart was created to support the retailer in the decision 

process for the eligibility for a VMI system.  The type and extent of a VMI system for a specific supplier 

can be determined in different phases which are retailer readiness, supplier readiness and the 

relationship readiness. In addition, a distinction was made in the model to measure the eligibility of a 

VMI system for current VMI suppliers and potential new VMI suppliers. Therefore, one step was 

included to check whether the supply chain performance was improved for current VMI suppliers after 

the implementation of the VMI system. For potential new VMI suppliers two steps were included 

whereby the strategic importance and freshness importance were determined. In each phase that is 

included in the decision process, a checklist should be completed by answering the questions. At each 

different phase a VMI system could also be excluded for further analysis. Therefore, the outcome of 

this phase for the extent of VMI system will be “no VMI system”. In addition, the outcomes of the 

checklists will point out the factors to include in the VMI contract. Therefore, it will help to determine 

the type of VMI system for the situation with a specific supplier.  

At the end of the qualitative research, the decision process has been executed for the current situation 

of Jumbo. It was discovered that the dysfunction of the VMI collaborations was mainly due to inability 

of the suppliers to integrate the VMI information in their production planning. Therefore, the 

production efficiencies could not be obtained and VMI successes were disappointing. In addition, these 

disappointing results were also indicated in post-VMI research in the literature. Therefore, it has been 

concluded that from an operational perspective a VMI system should not be considered for Jumbo. A 

quantitative research has been executed to study other types and extents of retailer-supplier 

collaboration to obtain benefits in a supply chain system characterised by inflexible production 

systems. These collaboration initiatives have been studied for perishable products whereby the impact 

on freshness offered to the end customer and supply chain waste were considered.  Thereby the fifth 

and sixth research questions were answered in this quantitative part.  

It has been identified that a supply chain waste reduction can be obtained with retailer supplier 

collaboration, compared to the situation whereby no production information is shared and the 

retailer’s replenishment order is placed at an unfavourable moment. The retailer-supplier 

collaboration has been tested in scenarios whereby the inventory policy is included as COP policy, 

Range policy and with supply chain synchronisation of the supply and demand process.  In addition, it 

was indicated that the highest benefits in terms of waste reduction can be obtained in the situation 

where the production interval is large. However, when the production interval is equal to one the 

situation is too trivial to improve with COP or a Range policy. Therefore, no benefits in terms of waste 

reduction were obtained in these scenarios.  
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8.2 Scientific contribution 
This project has contributed to existent literature in several ways. First, in the qualitative part of this 

project a flow chart was created as guidance for a retailer in the VMI decision process. This flow chart 

consists of consecutive steps that can be followed to determine the eligibility of a VMI system for a 

specific supplier. This research has combined findings of previous researches in one decision process.  

Therefore this contributes to existent literature as factors of multiple models are combined in one 

process. In addition, the research has been executed from a retailer point of view. Therefore, the flow 

chart is created to support the retailer in its decision process.   

In addition, this research contributes to existent literature by quantifying the retailer-supplier 

collaborations in a multi-echelon supply chain for perishable products. This project extends the 

findings of supply chain synchronisation for perishable products. It has indicated that with 

synchronisation of the supply and demand process a higher remaining shelf life is ensured for the 

products that are received by the retailer DC. Besides that, this research also extends the findings of 

COP and Range inventory policies as it was studied in a multi-echelon supply chain setting. It was 

indicated that for both the COP and Range policy an increase in the remaining shelf life was obtained 

of the products received by the retailer DC. This was due to the agreements that were made about the 

size of the order and as the replenishment order was placed at the most favourable moment.  

In addition, this research contributes to existent literature as it indicates that the impact on the waste 

reduction for the retailer-supplier collaboration scenarios as the COP, Range-policy and synchronised 

supply chain scenario is bigger if the production interval of the supplier is larger. In the supply chain 

settings whereby the production interval was set equal to three, the COP and Range scenario 

performed even better than the current supply scenario. This indicates that as the production interval 

increases, it will even be more beneficial to operate according a COP or Range policy. Therefore, this 

can be considered as important findings for inventory policies in the research of multi-echelon supply 

chain of perishables.  
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8.3 Limitations and future research  
In this section the limitations of this research and the suggestions for future research are discussed. 

The most influential limitation of this research is the greedy heuristic that was applied to determine 

the values of the decision variables in the different scenarios. It is known that application of greedy 

heuristic often does not find the optimal solution, but it will result in a globally optimal solution within 

a reasonable amount of time. This limitation creates a possibility for future research to study the 

concepts of retailer-supplier collaboration in a multi echelon supply chain situation whereby a different 

optimization approach or full enumeration of all the possible values will be considered.   

Besides that, in the simulation study the replenishment orders are based on local inventory at the MDC 

and RDC when a traditional or synchronised scenario is considered according the (𝑅, 𝑠, 𝑛𝑄) policy of 

Silver et al. (1998). This is in contrast to the findings of van der Vlist (2007)  that replenishment 

decisions should be based on echelon inventory levels instead of local inventory levels. Local inventory 

levels were considered as it is not known by the researcher how an inventory replenishment policy for 

perishable products can be created whereby inventory is included at different stages. A multi echelon 

inventory replenishment policy for perishable products might be an interesting topic for future 

research.  

In future research, the concepts of COP and Range policy for perishable products in a multi-echelon 

supply chain setting may also be further extended. As indicated by the results of the simulation study, 

the freshness of the products received at the retailer DC increased with the COP and Range ordering 

policies. However, this freshness increase at the RDC did in some experiments not result in a freshness 

increase of the products sold to the customers at the stores compared to the current situation. This is 

due to the restriction that every period an order is placed to the supplier. Therefore, it may be valuable 

to study the COP and Range scenario whereby the retailer also has the opportunity to determine not 

to place an order. However, this would return the uncertainty in demand perceived by the MDC as it 

is not certain whether the MDC will receive an order from the RDC or not. To be able to fulfil the RDC 

order, the MDC would produce anyway even if no order is placed, the products will be shipped to the 

RDC the next time whereby the freshness improvements are lost. However, this may be prevented if 

the RDC would provide an early notice whether it is going to place an order or not.  

Finally, during the creation of the conceptual model it was discovered   that it might be contributing to 

push the products before the minimum lifetime on sales restriction at the RDC is achieved. This means 

that a combination of a pull and push supply chain can be created.  In this way, inventory at upstream 

stages do not consist of products with varying remaining shelf lives. In addition, no upstream waste is 

obtained and products are shipped to downstream stages earlier from where end-customer demand 

can be fulfilled. This push-pull combination was not included in the simulation model in this project as 

further research should be executed into a good functioning allocation rule for perishable products in 

a retail supply chain.  
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Appendixes 
I. VMI tools  
VMI tool: Feature framework (Questionnaire) By Niranjan et al. (2012) 

 

Figure 26. Snapshot VMI Tool feature framework (Niranjan et al. 2012) 

Process based framework for VMI adoption by Borade et al. (2013) 
 

 
  

Figure 27. Snapshots of factors included in the Process based framework for VMI adoption by Borade et al. (2013) 
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VMI Framework by Post (2016) 

 

Figure 28. Snapshot of VMI framework (Post, 2016) 

Questionnaire readiness for strategic collaboration (Peacock, 2019) 

 

Figure 29. Checklist for readiness for strategic collaboration (Peacock, 2019). 
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II. Checklists VMI decision process flowchart  
Retailer readiness checklist  
 

Supplier readiness checklist  

Strategic importance checklist 
 

Retailer VMI Readiness 
"Is the retailer ready for a VMI system"
Category Factor Question Range AdjustableWeight Answer Score

Technology IT To what extent is there a well-developed IT-system at the retailer? 1-5

EDI To what extent does the retailer have EDI linkages? So to what extent is it possible to extract data at potentially transfer this data? 1-5

Information sharing To what extent is it possible for the retailer to share data between different organisations? 1-5

Linked system To what extent is it possible to link the IT system of the retailer with the system of a supplier? 1-5

Capability Sales and inventory data (SC) To what extent does the retailer monitor and can clean reliable data be made available about sales and inventory data (echelon inventory data) throughout the supply chain?1-5

Product identification (SC) To what extent is the same unique product identification code used throughout the supply chain? 1-5

Forecasts (SC) To what extent can the retailer make clean, reliable and timely information available for the supply chain related to demand forecasts, promotions and exceptions? 1-5

OOS, Tht (store) To what extent can OOS and Tht of products at the stores be measured, and how transparant can causes be determined? 1-5

Availability, Tht (SC) To what extent can product availability and Tht of products be measured throughout the chain? 1-5

KPI's To what extent is there visibility, transparancy of and possibility to monitor supply chain KPI's that need to be available in collaboration between partners? 1-5

Volume planning How can the maturity or proffessionalism of the current mid(long) term planning of product volume at the retailer described? 1-5

People To what extent are the right people available for collaboration, at the right place, with the right amount of dedication? 1-5

Guidelines To what extent are there clear and general principles, business rules for supply chain collaboration available? 1-5

Commitment collaboration Top management To what extent does supply chain integration or collaboration occur on the agenda of the CEO of the company? 1-5

Scope To what extent are Tht or OOS improvements considered as predominant focus? 1-5

Perceived value To what extent has the business of supply chain collaboration, and its effects on OOS and Tht been considered as valuable? 1-5

Multi-disciplinary thinking To what extent does the retailer embrace a strong internally collaboration and multi-disciplinary thinking? 1-5

Commitment people To what extent are the people in your organization willing to operate according a VMI system? 1-5

Top management VMI support To what extent does VMI collaboratoin occur on the agenda of the CEO? 1-5

Willingness To what extent is the retailer willing to share confidential information to support supply chain performance? 1-5

Supplier suitability
"Is the supplier ready for a VMI system"
Category Factor Question Range AdjustableWeight Answer Score

Technology IT To what extent is there a well-developed IT-system at the supplier 1-5

EDI To what extent does the retailer have EDI linkages? 1-5

Information sharing To what extent is it possible for the supplier to share data between different organisations? 1-5

Linked system To what extent is it possible to link the IT system of the supplier with the information (system) of the retailer? 1-5

DSS To what extent is the supplier able or willing to operate according a integrated DSS system whereby planning can of VMI and non-VMI customers can be combined? 1-5

Capability Sales and inventory data (SC) To what extent is the supplier able to understand retailer-detail data, e.g. inventory and sales data? 1-5

Product identification (SC) To what extent is the same unique product identification code used throughout the supply chain? 1-5

Forecasts (SC) To what extent can the supplier make a reliable forecast for the sales of his products at the retailer? 1-5

Integrate information To what extent can the supplier integrate the retailer's information in the supplier's forecasts? 1-5

OOS, Tht (store) To what extent can OOS and Tht of products at the stores be measured at the supplier, and how transparant can causes be determined? 1-5

Availability, Tht (SC) To what extent can product availability and Tht of products throughout the chain be measured at the supplier? 1-5

KPI's To what extent is there visibility, transparancy of and possibility to monitor supply chain KPI's that need to be available in collaboration between partners? 1-5

Volume planning How can the maturity or expertise of the current mid(long) term planning of volume of the supplier described? 1-5

People To what extent are the right people available for collaboration, at the right place, with the right amount of dedication? 1-5

Guidelines To what extent do clear and general business guidelines for supply chain collaboration exist? 1-5

Commitment collaboration Top management To what extent does supply chain integration or collaboration occur on the agenda of the CEO of the company? 1-5

Scope To what extent are Tht or OOS improvements in the downstream retail stores considered as predominant focus? 1-5

Perceived value To what extent has the business of supply chain collaboration, and its effects on OOS and Tht been considered as valuable? 1-5

Multi-disciplinary thinking To what extent does the supplier embrace a strong internally collaboration and multi-disciplinary thinking? 1-5

Commitment people To what extent are the people in your organization willing to operate according a VMI system? 1-5

Top management VMI supportTo what extent does VMI collaboration occur on the agenda of the CEO? 1-5

Willingness To what extent is the supplier willing to adapt production planning process to the retailer's information? 1-5

Figure 30. Retailer readiness checklist for VMI decision process  

Figure 31. Supplier readiness checklist for VMI decision process  

Figure 32. Strategic importance checklist for VMI decision process 



71 
 

Freshness importance checklist  

 

VMI outcomes checklist  

 

Relationship checklist 

  

VMI outcomes
"Should the usage of this VMI system be continued, to what extent did we experience a positive outcome? "

Category Factor Question Range AdjustableWeight Answer Score

Production & inventoryExcess capacity To what extent is the supplier's safety stock or excess capacity reduced since the VMI system? 1-5 0

Planning To what extent is the possibility to create a production and transportation planning improved? 1-5 0

Batch size To what extent is the batch size more closer to the optimal batch size? 1-5 0

Purchasing To what extent is the supplier's uncertainty to deal with purchasing raw materials decreased, and to what extent are more volume advantages obtained?1-5 0

MTS To what extent is the supplier less forced to produce MTS? 1-5 0

Stock To what extent is a decrease in stock levels at DC's obtained? 1-5 0

T.h.t. To what extent did you experience an increase in offered T.h.t. to customers in the shelves? 1-5 0

Waste To what extent is the amount of waste at the stores decreased? 1-5 0

Total production & inventory 1-5 0

Transport Routes To what extent did VMI make it possible to reduce inefficient routes by combining deliveries? 1-5 0

FTL To what extent do we experience a favourable of FTL < x% ? 1-5 0

Palletload To what extent do we experience more pallet deliveries? FPL < x% 1-5 0

Total transport 1-5 0

Total 1-5 0

Relationship readiness

Category Factor Question Range AdjustableWeight Answer Score

Relationship perception Trust To what extent is there a good level of trust between the supplier and the retailer? Can confidential information be shared, do they expect their partners to live up to their agreements and responsibilities?  

Honesty, chemistryTo what extent is there a good level of trust between the supplier and the retailer? Can confidential information be shared, do they expect their partners to live up to their agreements and responsibilities?  

Shared view To what extent does the retailer and supplier share the same view on supply chain wide optimization? 

Communication To what extent do communication between different layers of both organizations occur?

Importance Duration To what extent is there an existence of a long-duration relationship, or willingness to invest in long duration?

Strategic partner To what extent is this supplier perceived as strategic partner for the retailer or potential strategic partner?

VMI system Clarity To what extent are the key rules, principles, guidelines and elements of VMI system explicitly stated and clear for both partners?

Benefits To what extent do benefits create a mutual win-win situation and are clearly stated to both partners?

Is the combination of the supplier and the retailer ready for a VMI system?

Figure 33. Freshness importance checklist for VMI decision process 

Figure 34. VMI outcomes checklist for VMI decision process. 

Figure 35. Relationship checklist for VMI decision process. 
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III. Extended swim lane of the simulation model   
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Figure 36. Extended swim lane of the simulation model 


