
 Eindhoven University of Technology

MASTER

Procurement lot sizing in a production environment under dynamic demand conditions
a case study at a convenience food manufacturer

Nieuwerth, S.B.

Award date:
2016

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/2a92208b-5722-4068-a6ca-cc5862dd28aa


 

 Eindhoven,  June 2016  

 

 

 

 

 

 

 

 

 

 

 

 
By Stephan Nieuwerth 
 

BSc Industrial Engineering & Management, — UT 2013 
Student identity number 0852450 

 
 
 

in partial fulfilment of the requirements for the degree of 
Master of Science 

in Operations Management and Logistics 

 

 

 

 

 

 

 

 

Supervisors   

Dr. ir. R.A.C.M. Broekmeulen, TU/e, OPAC 

Dr. ir. H. Eshuis, TU/e, IS 

Drs. W. van Erp, Conveni B.V. 

  

Procurement lot sizing in a 
production environment under 
dynamic demand conditions: a 
case study at a convenience food 

manufacturer 



TUE. School of Industrial Engineering. 
Series Master Theses Operations Management and Logistics 

 

 

 

 

 

Subject headings: dynamic lot sizing, mixed integer linear programming, shelf life, 

raw materials, rolling horizon, forecast uncertainty



I | A b s t r a c t  
 

Abstract 

This thesis report describes research that is done to reduce average inventory levels for raw 

materials and packaging materials at a convenience food manufacturer. To realize this aim, lot 

sizing models are designed that are able to determine optimal procurement lot sizes (order 

quantities) for these items and that incorporate relevant practical constraints.  The designed 

lot sizing models are implemented in a decision support tool and are tested in a case study. 

The case study results indicate that the decision support tool generates improved procurement 

lot sizing decisions for the company under study, while maintaining desired customer service 

levels. With improved procurement decision-making, the average inventory levels for the 

majority of the raw materials and packaging materials can be substantially reduced, thereby 

saving considerable operational costs and utilization of storage space. 
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Management Summary 

This master thesis project describes research that is done by the author at a convenience food 

manufacturer, Conveni B.V. The company produces convenience food products which are 

products that are easy to purchase and prepare and are increasingly popular among 

customers. Since food products are perishable goods, Conveni B.V. primarily follows a Make-

to-Order (MTO) production strategy for their finished products and their aim is to be a highly 

flexible and responsive member in their food supply chain.  

Problem context 
Conveni B.V. currently faces problems that are occurring as a result of a still growing customer 

base and a growing product assortment, while having a limited internal storage capacity to 

hold inventory. The management at Conveni B.V. indicates that they currently have no clear 

insight and appropriate means to determine the performance of the inventory management for 

the incoming goods, which consist of raw materials and packaging materials that are required 

for the production of the end-products. The growing sales volumes and growing product 

assortment enforce increasingly challenging constraints on the inventory management. 

Without insight knowledge how to optimize inventory levels, this currently leads to Conveni 

B.V. keeping high average inventory levels for these items with the current inventory 

replenishment method. In turn, this results in considerable congestion in the storage areas and 

undermines inventory location control. Because of these circumstances, Conveni B.V. would 

like to know if average inventory levels can be reduced and how this can be achieved. 

Research Question 
In order to address the company problem while also providing a theoretical contribution to 

academic literature, the following research question is formulated: 

How can a food manufacturer that is following a MTO production strategy determine optimal 

procurement lot sizes for multiple items such that total operational costs are minimized, 

considering all relevant practical constraints for the timing and quantity of orders? 

Approach 
The methodology of van Aken et. al (2012) is applied for the research project, using the 

reflective redesign process and a problem solving cycle.  

By means of structured interviews with relevant stakeholders within the company and 

analyzing MRP records of items, the inventory replenishment process is analyzed in detail. 

From this analysis, detailed insights are obtained in the current method for determining order 

quantities, followed by a diagnosis of the problem.  

Furthermore, relevant cost drivers and ordering constraints are identified. With these findings, 

lot sizing models are designed with which the formulated lot sizing problem can be optimally 

solved. The lot sizing models are rather general by nature and can also be applied in other 

MTO or MTS production environments. The designed lot sizing models are implemented in 

OpenSolver, which is a suitable software tool for solving the lot sizing problem under study. 
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Case study  
The decision support tool in which the lot sizing models are implemented is tested in a case 

study at Conveni B.V. In total 30 raw materials and 5 packaging materials are selected. Historic 

data on demand and inventory records from 2015 is used as input data. The performance of 

the decision support tool is evaluated on three Key Performance Indicators (KPIs): average 

inventory level, inventory holding costs and customer service level. With a subsequent 

sensitivity analysis, the performance of the decision support tool is evaluated where changes 

are made to input parameters.  

 

Results 
The decision support tool performs substantially better than the current ordering method for 

the majority of the selected items. For 17 out of 30 items analyzed with the Single item Lot 

Sizing model, the decision support tool generates reduced average inventory levels up to 60% 

and substantial inventory holding cost savings, while maintaining a 100% service level. For 7 

other items the decision support tool performs equal and only 3 items show considerable worse 

performances with the decision support tool. The items analyzed with the Multi-item Lot Sizing 

model also show considerable improvements to total average inventory levels and inventory 

holding costs in comparison to the current method, while also maintaining a 100% fill rate for 

all items.  

The sensitivity analyses show that the decision support tool still performs remarkably well, 

where the decision support tool is tested with minimum starting inventory levels and later with 

the addition of excluding safety stocks. For the majority of the items, a fill rate of 98% is still 

maintained. Next to the determined safety stocks, the order batch sizes prove to also act as a 

buffer for the deviations in the demand.  

Implementation 
When implementing the decision support tool, the process of ordering raw materials and 

packaging materials is changed. The planning department which is responsible for the ordering 

decisions can use the decision support tool on a rolling horizon basis, where the tool can be 

run at every ordering period of an item. The generated order quantities from the decision 

support tool can then be selected for order placements at the suppliers.  

 

Conclusions & Recommendations 
From the case study it follows that the decision support tool either provides equal or improved 

performances over the current ordering method, while maintaining the desired customer 

service level. The inventory levels for the majority of raw materials and packaging materials 

can be substantially reduced. In addition, cost savings can be realized due to lower inventory 

holding costs.  All in all, the utilization of the decision support tool over the current inventory 

replenishment method seems very promising for Conveni B.V. The current problems related 

to suboptimal inventory levels can be resolved. 

 

There are a few practical recommendations that follow from the research project for Conveni 

B.V.: 

 

 Practical validation of the decision support tool with up-to-date information for input 

parameters to test the reliability. 
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 Start tracking and storing historical forecasted material requirements in order to improve 

the mean forecast error and to subsequently obtain more reliable safety stocks for 

component items.  

 

 Connect the inventory management system (currently Exact), to the decision tool such that 

external data can quickly be inserted. By doing this, it becomes much easier to use the 

decision tool as it saves up significant set-up time (and handling costs) for inserting input 

data and reduces errors with respect to wrong or incomplete inserted data. Furthermore, 

this also stimulates more frequent usage of the decision tool. 

 

 Test the decision support tool for other items in the raw materials and packaging 

assortment in order to find out if improvements for average inventory levels and inventory 

holding cost reductions can be realized for these items as well. 
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1 Introduction 
The first chapter starts with a description of key characteristics of the industry in which the 

company under study operates and specific details of the company under study. Furthermore, 

the problem context is described as experienced by stakeholders within the company. A clearly 

defined problem definition for the research project concludes the chapter.  

1.1 Food-processing industry 

The food-processing industry can be considered as a part of the process industries, which is 

defined as ‘firms that add value by mixing, separating, forming or chemical reactions’ (Cox & 

Blackstone, 2002). These operations are applied on agricultural raw materials to obtain food 

products and the processing of these raw materials can be done continuous or in batches. The 

latter case is often referred to as semi-process industries (Akkerman & van Donk, 2009).  

In general, the production process can be divided into two stages: processing of raw materials 

into intermediate products and packaging of food products (Figure 1.1). 

 

Figure 1.1: Typical two-stage food production process 

Companies operating in the food-processing industry face an increasing need for flexibility, 

due to growing logistical demands as the result of changing market conditions. Other changes 

are a tendency towards more diversity and the growth of unique products for certain customers, 

such as special offers (e.g., 10% extra, different packaging) along with specific orders for 

export. Certain products are demanded in limited quantities or with large gaps between orders. 

A quick response production strategy and production capability is therefore of utmost 

importance to cope with these typical logistical demands (Akkerman & van Donk, 2009). An 

overview of the food supply chain characteristics is shown in Table 1.1 and is based on 

Romsdal et. al (2011). 

Table 1.1: Food supply chain characteristics (Romsdal et. al, 2011) 

Area Description 

Product Perishability and shelf life: high perishability, with shelf life constraints for raw materials, 
intermediates and finished products.  
 
Complexity and variety: mainly divergent product structure, with varying complexity. High 
and increasing variety, particularly for promotions. High percentage of slow-moving 
items.  

Product life cycle (PLC): decreasing, with high failure rates for new products.  

Volume: high volume, with increasing volume variability in downstream processes.  
Market Delivery lead time: varies by product. Customers generally demand and receive frequent 

deliveries and short response times. Demand mainly met from finished goods inventory.  
 
Demand uncertainty: varying and increasing, largely caused by high and increasing 
frequency of promotional activities. Strong presence of bullwhip effect.  
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Inventory management: limited ability to keep stock. Periodic ordering. High and stable 
stock-out rates. Cost of lost sales often higher than inventory carrying costs.  

Production 
system 

Production lead time: product dependent, but generally long lead times and low degree 
of postponement.  
 
Plant, processes and technology: adapted to low product variety and large production 
volumes. Mainly integrated and continuous production process on capital-intensive 
equipment with long set-up times and high set-up costs.  
 
Supply uncertainty: some uncertainty, mainly caused by seasonality, demand 
amplification and economy of scale thinking, but generally high reliability for raw 
materials.  

Production strategies in the food-processing industry 
Traditionally, food processing industries have organized their production systems in such a 

way that they were able to produce in large quantities. In order to be as inexpensive as 

possible, full use of capacity was necessary and as a result, production was made to stock. By 

applying a Make-to-Stock (MTS) production strategy, fast delivery from such stock is easy. 

However, given the changes described and demands posed upon the industry, it is problematic 

to maintain this production policy since greater product variety, higher demands on quality and 

best-before date, smaller quantities and new products can be barriers to proceeding with the 

current way of producing to stock (van Donk, 2000).  

 

In addition to reducing responsiveness to customers by maintaining a MTS production 

strategy, it also implies production in large volumes is becoming more and more costly 

considering the changes that the industry faces. The trend of more product variety, higher 

demand uncertainty and an increase in the sale of fresh food products with short shelf life 

means that food producers need large amounts of finished goods inventories to ensure 

customers find the products they want – resulting in large amounts of waste when products 

expire in inventory or use of overtime and other costly measures to avoid stock-outs (Romsdal, 

Strandhagen, & Dreyer, 2014).  

 

In an attempt to better meet these changing customer requirements, the food processing 

industry has over the past couple of decades adopted more market-oriented approaches to 

Production Planning and Control (PPC) - shifting from the traditional MTS approach to applying 

more Make-to-Order (MTO) and combined MTO-MTS approaches (Romsdal, Strandhagen, & 

Dreyer, 2014). The main factor for determining an appropriate production strategy for a food 

manufacturer is the point from where production is done based on actual customer demand 

information opposed to forecasted customer demand, and is called the Customer Order 

Decoupling Point (CODP) (van Donk, 2000). Determining the location of the decoupling point 

aims at finding a balance between the costs of procurement, production, distribution and 

storage, on the one hand, and the customer service to be offered, on the other. In principle, 

each product-market combination can have its distinct decoupling point (van Donk, 2000). 

  

There are three important aspects associated with the CODP: 

 

 The order-driven and forecast-driven activities are separated by the CODP. 

 The CODP is the main point of inventory from which the customers are delivered. 

 The forecast-driven activities can be optimized in some way, as they are not directly 

influenced by the irregularities of the market. 
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Figure 1.2 illustrates how the decision on where to put the decoupling point defines the 

production strategy of a food manufacturer, which can lie somewhere between MTS, where 

both intermediate and subsequent finished products are produced to stock, and MTO where 

both intermediate and subsequent finished products are produced according to customer 

order. 

 

 

Figure 1.2: Relevant PPC approaches in food production (Romsdal et. al. 2014) 

The three PPC approaches in Figure 1.2 are all relevant in food production and the decision 

often boils down to: which production activities should be on forecasts and which should be 

triggered by customer orders? Or framed differently: what production strategy is appropriate 

for each product-market combination? In order to address these questions, Romsdal et. al 

(2014) constructed a PPC framework that is based on the following principles and is illustrated 

in Figure 1.3: 

1. Favorable product and market characteristics should be exploited to provide flexibility to the 
production system  

2. PPC approaches should be differentiated according to product and market characteristics  

3. Slack resources in the form of inventory, production capacity and time should be 
differentiated to buffer against demand uncertainty  

 
 

 

 

 

 

 

 

 

 

 

Figure 1.3: Framework for differentiated PPC in food production (Romsdal et. al, 2014)  
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1.2 Description of the company under study 

Conveni B.V. is a food manufacturer that is operating in the food processing 

industry and produces convenience food products for retailers established in 

mainly the Netherlands and Belgium, among other countries. Their mission 

is to be a highly flexible company in their supply-chain due to the limited shelf 

life of their end-products and fierce competition in the market, since they are  

only a small player with limited resources.  

Convenience products 
Convenience products can be seen as goods that require minimal time and effort to purchase 

and prepare. Here, simplicity is key. Convenience products remove steps in the meal 

preparation process, making it easier for novice cooks or time-pressured parents to make 

healthy meals. Some slower foods, such as slow-cooker meal kits, allow the consumer to 

quickly assemble a meal in the morning and return to a ready-made dinner in the evening 

(Bureau, 2010).  

Changing consumer demographics have contributed to the growth of the convenience food 

market. The convenience trend symbolizes the increased time pressures, stresses and work-

life balance problems that consumers are increasingly experiencing, as illustrated in Figure 

1.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.4: Contributing factors for growth of convenience food market (Bureau, 2010) 

Time scarcity, meal fragmentation, speed shopping and the erosion of cooking skills are 

stimulating the demand for more convenient food options. Working longer hours and lack of 

cooking skills increase the attractiveness of convenience foods. Consumers also want food 

products that are healthier and interesting.  

 

Economic conditions also affect people’s behavior as they choose meal solutions. Many are 

trying to save money by cutting their use of takeaways and reducing the frequency with which 

they go to restaurants. This behavior correlates with consumers preparing more meals at home 

(Bureau, 2010).  
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Product assortment 
The main category of convenience products that Conveni B.V produces are artisan pizzas.  

These pizzas are produced according to customer requirements and are produced using a 

MTO production strategy, since the production process of these products needs to be highly 

flexible. Another major category of convenience products are sauces that are produced 

according to a Pack-to-Order (PTO) strategy. The other products that complete the assortment 

are cooked ready-to-eat meals and consist of pasta meals and bami & nasi meals. Not all of 

these latter meals can be produced to order, since the cooking process requires a minimal 

production batch size and so a part of these meals are produced to stock.  

 

 

Figure 1.5: Examples of products made by Conveni B.V. 

For the production of all the end-products, several hundreds of different raw materials and 

packaging materials are required. The raw materials consist of perishable items with a short 

shelf life such as fresh groceries, items with a medium shelf life such as cheeses and meat 

and items with a long shelf life such as pasta and rice.   

1.2 Problem context 

The management at Conveni B.V. indicates that they currently have no clear insight and 

appropriate means to determine the performance of the inventory management for the 

incoming goods, which consist of the raw materials and packaging materials that are required 

for the production of the end-products. This need for clear insight has partly arisen due to a 

still growing, dynamic product assortment while having a limited internal storage capacity to 

hold inventories. These two ‘givens’ enforce increasingly challenging constraints on the 

inventory management of the raw materials and packaging materials. The current method that 

is used for inventory replenishment of these items results in high average inventory levels and 

experiences difficulties in coping with these tightening constraints. In order to better deal with 

the evolving situation at Conveni B.V, the inventory management for these items require re-

examination. 

Current symptoms that are signaled by workers are congestion in the storage areas which 

undermines a well-functioning inventory location control. This congestion is caused due to 

inventory of items that is put-away on different locations in a storage area because of an 

apparent lack of storage space at the dedicated location for the item. Without a sophisticated 

warehouse management system (WMS) in place, locating inventory and updates on inventory 

locations need to be processed manually by the workforce. If these updates on inventory 

locations are not communicated timely and appropriately to the planning department that 
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monitors the inventory levels, inventory counters might miss out on some significant portion of 

inventory of an item during inventory cycle counting. This can result in inventory record 

inaccuracy to occur, which is defined as the discrepancy between the system inventory record 

and the actual physical inventory level (Chuang & Oliva, 2015). When present, this causes the 

planning department to determine inaccurate, biased replenishment quantities since the 

reordering process of raw materials and packaging materials is also done manually. If these 

situations repeat themselves, the mentioned problems only tend to amplify each other because 

of a lack of system control.    

Taken this as-is situation in mind, management would like to obtain better process insights in 

order to know if it is possible to reduce average inventory levels of the raw materials and 

packaging materials, without sacrificing service levels to customers. By keeping average 

inventory levels to a limit, their aim is to attain better control on inventory location management 

and reduce congestion in the storage areas while also reducing inventory inaccuracy. In 

addition, possible reductions in average inventory levels could save up significant amounts of 

tied up capital and hence reduce operational costs. 

Problem formulation 
Given the situation as illustrated at Conveni B.V., it becomes clear that the current method for 

inventory replenishment needs to be improved in order to optimize and reduce inventory levels 

of the incoming goods. Based on the problem analysis, the problem can be defined as follows:  

The average inventory levels for raw materials and packaging materials are too high with the 

current method for inventory replenishment and there is a lack of insight how to optimize these 

inventory levels. 

1.4 Report outline 

The outline of this report is structured according to the conceptual model of problem solving in 

organizations presented by van Aken et. al (2012). A further elaboration of this conceptual 

model is given in section 2.3. Chapter 2 describes the research project and consists of a 

literature study on the thesis subject with identified literature gaps, research questions, 

research approach and the scope of the project. In Chapter 3 a detailed analysis is described 

of all key processes and parameters that are relevant for the problem context and which form 

the basis for the solution design. Chapter 4 describes the solution design and consists of a 

conceptual design, a detailed design and implementation part, respectively. Next, in Chapter 

5 a case study at the company under study is described. Chapter 6 discusses the 

implementation of the designed solution. Finally, Chapter 7 ends with a summary of 

conclusions and recommendations. The other subjects that are discussed in this final chapter 

are the research limitations, the theoretical contribution and opportunities for future research.  
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2 Research project 
In this chapter the outline of the research project is presented. It consists of a literature study 

on the research topic, a set of research questions, description of the applied research 

methodology, research approach and assumptions and boundary conditions for the research 

project. 

2.1 Literature study 

In order to conduct a theory-informed analysis, a literature study is done. Here, relevant, state-

of-the-art academic literature on the research topic is studied and evaluated. The focus is not 

simply on the specific business problem that Conveni B.V. faces, but rather on a generic type 

of business problem. It is the first step of the ‘Reflective redesign process’ of van Aken et. al 

(2012), which is depicted in Appendix D. Taken the problem context of the company under 

study in mind, research gaps are identified that can be filled with the research project.    

 

Lot sizing problems 
Lot sizing problems are extensively studied in the academic literature. Lot sizes basically mean 

batch sizes that need to be determined for ordering or production decisions. The focus of this 

research project is on determining lot sizes for ordering (procurement) decisions.  

 

The purpose of the lot sizing problem is to determine the amount of order quantity in each 

period to meet customer demand over a finite discrete horizon with the minimum total ordering, 

purchasing and holding costs. Smaller lot sizes generally decrease holding cost but raises 

ordering cost while a larger lot-size reduces ordering cost but leads to higher inventory costs 

(Mohammadi & Tap, 2012) 

 

Most literature starts with classifying the lot sizing problem based on different features that are 

taken into account. An important characteristic that should be looked at first is the nature of 

demand experienced by the company. Static demand problems assume a stationary or 

constant demand pattern, while dynamic demand problems permit demand to vary. If the 

demand pattern is known over time, the demand is defined as deterministic demand and 

otherwise stochastic if it is uncertain (Suwondo & Yuliando, 2012). How complex a lot sizing 

problem becomes, depends on the features that are taken into account by the model. Karimi 

et.al (2003) explain that the characteristics affect the classifying, modelling and the complexity 

of lot sizing decisions including: 

 

(a) Planning horizon, which is the time interval on which the master production schedule 

extends into the future 

(b) Number of levels, whether single-level or multi-level 

(c) Number of products 

(d) Capacity or resource constraints: include manpower, equipment, machines, budget etc. 

(e) Deterioration of items that influence the restrictions in the inventory holding time 

(f) Demand 

(g) Setup structure 
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Figure 2.1 presents the six most commonly researched deterministic dynamic demand lot-

sizing models. The lot-sizing problems are classified according to three factors: (1) single or 

multiple items, (2) capacitated or uncapacitated replenishment quantities and (3) joint or 

independent setup cost structures. Each node represents a problem class and their structural 

relationship is indicated by arcs. The logic is that a problem node originating an arc is a 

generalization of the problem node terminating the arc (Suwondo & Yuliando, 2012). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: Taxonomy of deterministic dynamic demand lot-sizing problems (Robinson, 2009) 

Perishable items 
A common assumption in most of the lot sizing literature is that finished and intermediate 

products involved in the production process have unlimited lifespans, meaning they can be 

stored and used indefinitely. However, in practice, most items deteriorate over time, referring 

not only to physical exhaustion or loss of functionality, but also to obsolescence. Often, the 

rate of deterioration is low or can be ignored and there is little need for considering it in the 

planning process. Nonetheless, in many types of industries it is common to deal with items that 

are subject to significant rates of deterioration. These items are referred to as perishable 

products (Acevedo-Ojedaa, Contreras, & Chen, 2015).   

 

Limited storage capacity 
Another common assumption in the lot sizing literature is that there are no restrictions in 

warehouse capacity to store raw materials or finished products, such that big lot sizes can be 

determined for certain periods, while those actually might exceed storage capacity. Minner 

(2009) analyzes the problem of the replenishment of multiple products to satisfy dynamic 

demands when the warehouse capacity is limited. In this context the timing of replenishment 

lot-sizes has to be staggered to account for the capacity conflict and to provide an effective 

space sharing in addition to the solution of the trade-off between setup and inventory holding 

costs. Furthermore, for multi-item procurement lot sizing problems it is important to take into 

account capacity limits for mode of transportation, such as truckload or cargo load.  
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Lead times 
The papers of Acevedo-Ojeda et. al (2015) and Minner (2009) respectively incorporate 

perishability of raw materials and warehouse capacity in their formulated lot-sizing problems. 

However, both papers neglect the lead-time of replenishment orders and often set it to 0 or 1 

period. This also is a common assumption made in lot sizing literature. Incorporating lead-

times in a lot-sizing problem makes it more practical, especially since Conveni B.V. has a wide 

variety of raw materials & packaging materials with differing lead-times from suppliers. 

Mohammadi & Tap (2012) formulate a mixed integer programming model that incorporates 

lead-time for the items as an integer coefficient of a period.  

 

Rolling horizon approach 
The process of production planning & inventory replenishment is done continuously in 

organizations, having an infinite horizon. The lot sizing models in literature however have a 

finite planning horizon for which a solution is generated. Furthermore, generated lot sizes for 

periods at the end of a finite planning horizon tend to become less reliable as updates on 

inventory levels and production volumes happen continuously in a production environment. To 

overcome this challenge, a rolling horizon approach should be maintained, following a rolling 

schedule. This schedule is formed by solving a multi-period problem and implementing only 

the first period's decisions. One period later, the multi-period model is updated and the process 

repeated (Baker & Peterson, 1979).  

Rolling schedules are important to use since they often represent the practical means by which 

analysis is converted to action in dynamic problems. Even when an analysis consists of finding 

an optimal solution for a multi-period model, that solution is seldom implemented in its entirety 

without revision. It is more common to revise the analysis as new information becomes 

available, possibly modifying the previous solution. Each multi-period problem in a rolling 

schedule is usually a finite horizon planning model. Such models require, for their specification, 

information about a limited number of time periods in the future, for instance the time interval 

on which the master production schedule extends into the future. Even though the system 

being modeled is sure to exist beyond the time encompassed by the model, there are strong 

practical reasons for preferring to work with this formulation (Baker & Peterson, 1979).  

 

Baker & Peterson describe these practical reasons as follows: 

 

1) Forecasts pertaining to the distant future tend to be less precise than for the near future. A 

finite horizon model incorporates near-term information, while giving no weight to the less 

reliable information about the distant future. 

 

2) Problems encompassing greater numbers of time periods tend to be more difficult to solve, 

planning models with shorter horizons are attractive for computational reasons.  

 

The above described literature, from an application point of view, is mainly treated 

independently. In many practical environments, such as in the case of Conveni B.V., items 

have multiple relevant characteristics that should be taken into account when determining 

procurement lot sizes. Also external conditions can have an effect on lot sizes such as limited 

capacity for which multiple items compete. This limited capacity can be warehouse capacity of 

truckload capacity. 
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To the best of the author’s knowledge, no known existing research has been done to 

incorporate constraints such as item lead-time, shelf life and limited capacity altogether in a 

lot-sizing problem for a practical situation. As these are factors that likely apply to the situation 

at Conveni B.V., this research project attempts to fill this literature gap.  

 

2.2 Research questions 

Given the description of the problem definition in Chapter 1 and the identified literature gap, 

the following research question has been formulated for this research project: 

 

How can a food manufacturer that is following a MTO production strategy determine optimal 

procurement lot sizes for multiple items that minimize total operational costs, considering all 

relevant practical constraints for the timing and quantity of orders? 

Sub questions 

1. What are the relevant cost drivers that influence the procurement lot size decisions? 
 

2. What other parameters play a decisive role for the determination of procurement lots and 
what are the characteristics of these parameters? 

 
3. How can all relevant cost drivers and parameters be properly integrated in the 

formulation of an optimization model? 
 
4. How can the formulated optimization model be implemented in a decision support tool 

and solved? 
 
5. How do the results of the decision support tool perform in comparison to the currently 

used procurement method, based on relevant Key Performance Indicators (KPIs)? 
 

6. How should the decision support tool be implemented and further used in the company 
under study? 
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2.3 Methodology 

As briefly mentioned in section 1.5, the followed structure of the research project is based on 

the reflective redesign process which is presented in van Aken et. al (2012) and depicted in 

Appendix D. 

 

This methodology follows the logic of the problem solving cycle, which is depicted in Figure 

2.2 and that consists of five successive phases that need to be followed: Problem definition, 

Analysis and diagnosis, Solution design, Intervention and Evaluation & learning.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: The problem solving cycle (van Aken et. al, 2012) 

 

The first phase, problem definition, is described in the first chapter together with the ‘problem 

mess’ experienced by people from the organization out of which a clearly defined problem 

definition is formed by the author and in accordance with management of the company under 

study. What follows after the defined problem definition is a research plan and research 

methodology that is described in the remainder of this chapter.  

The second phase, analysis and diagnosis, forms the key analytical part that starts off the 

actual research project. Here, the goal is to gather sufficient detailed knowledge of the context 

of the problem such that a proper solution design can follow in the next phase of the problem 

solving cycle. What follows is the intervention phase, in which the designed solution from the 

previous phase is implemented in the organization. This phase is not completed during the 

research project because of time restrictions, though the designed solution is tested in a case 

study to see how it performs. Finally, the problem solving cycle ends with the evaluation and 

learning phase. This last phase is out of scope for this research project, but the final chapter 

of this thesis elaborates on findings that follow from the case study that is performed at the 

company under study along with practical recommendations.  
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2.4 Research approach 

The formulated research questions primarily cover phases two and three of the problem solving 

cycle, which are analysis and diagnosis and solution design. The sub research questions are 

in line with the steps out of which these two phases consist.  

 

Figure 2.3: General structure of conceptual project design for the diagnosis in field problem solving projects (Van Aken 
et. al, 2012) 

Van Aken et. Al (2012) present a general structure of a conceptual project design for the 

diagnosis in field problem solving projects (Figure 2.3). The aim is to conduct theory-informed 

analysis of business processes in order to identify the diagnosis of the problem under study 

and for further exploration of solution directions. This general structure is applied to answer 

the formulated general research question and sub questions. The approach to answer the 

research sub questions is described as follows:  

Sub question 1 

To answer the first sub question, the general cost drivers stated in the academic literature for 

lot sizing problems are analyzed to which degree they apply for the company under study. 

Furthermore, any additional cost drivers that apply at Conveni B.V. also need to be identified. 

In order to obtain an overview of all relevant cost drivers, structured interviews are conducted 

with the purchaser at Conveni B.V. and with one employee from the planning department. The 

former is responsible for all supplier contracts and the latter is partly responsible for the 

inventory management of raw materials and packaging materials. The cost driver details on 

item-level are obtained via the inventory management system.  

Sub question 2 

The second research question is answered by a thorough analysis of the inventory 

replenishment process. For this, both quantitative data and qualitative data is obtained. The 

quantitative data is obtained with MRP records relating to demand and inventory data. These 

are extracted from the inventory management system and from the internal hard-drives at 

Conveni B.V.  Furthermore, structured interviews with multiple employees from the planning 

department and the head of the expedition department are held to gain insights in the current 

ordering process of items and serve as the qualitative data. 

Sub question 3 

For answering the third sub question, academic literature from the literature study is evaluated 

to explore possibilities to adequately formulate the identified cost drivers and parameters into 

a lot sizing model.  
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Sub question 4 

To answer the fourth sub question, a small research is done what software tools are freely 

available and are appropriate to use. The software tool should make it possible to implement 

the designed lot sizing models and to generate optimal, valid solutions.  

Sub question 5 

This sub question is answered by conducting a case study in which the performance of the 

decision support tool is tested against the current inventory replenishment method, based on 

several formulated KPIs. From the KPI scores, the performance of the decision support tool 

over the current method can be evaluated.  

Sub question 6 

The last sub question is addressed by making an implementation plan for the company under 

study. This constitutes instructions for the utilization of the decision support tool and practical 

recommendations for validating the tool. 

2.5 Assumptions and boundary conditions 

Assumptions and boundaries are important in order to find specific literature that is applicable 

to the situation of Conveni B.V. and to make the problem more manageable and executable. 

Therefore, the following important assumptions and boundaries are made for this research 

project: 

 

 Only raw materials and packaging materials are considered as component items for 

inventory replenishment. 

 

 Supply of items is in perfect quantity and quality. 

 

 Supply lead-time of items is fixed according to a specified lead-time, implying no 

variability in timing of delivery. 

 

 Only one specific supplier for every item. 

 

 Production Planning & Scheduling for end-products is out of scope. 

 

 No inventory inaccuracy, implying that the system inventory records are identical to the 

actual physical inventory levels. 

 

 Storage policies for inventory are out of scope. 
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3 Analysis of key processes and parameters 
This chapter describes the detailed analysis of all key processes and parameters that relate to 

the problem context as described in Chapter 1. The results of this detailed analysis are required 

as input for the solution design that is covered in the next chapter.  

In order to perform the analysis and diagnosis phase from the problem solving cycle, it must 

be clear what activities need to be done and how these are to be executed. Therefore, an 

approach for data collection is described.  

 

Scope of the analysis 
The analysis covers the whole inventory replenishment process of raw materials and 

packaging materials, since this is the key process in the problem context. The planning 

department of Conveni B.V. is responsible for the execution of this process. They have to make 

sure that they obtain the right information from throughout the company in order to determine 

the right decisions for procurement. The expedition department is responsible for the receiving 

process of incoming goods and put-away of new inventory in the storage areas. Finally, the 

purchaser is responsible for communication with suppliers and making contracts with them. 

These three departments form the scope of the analysis.  

 

Selection of cases and type of data collected in each case 
The aim of the analysis is to gain insights in the performance in the inventory replenishment 

process. Cases selected are a few randomly chosen items (raw materials and/or packaging 

materials). The type of data that is collected are quantitative data on demand and inventory 

records, which are described in item MRP-files. Other quantitative data that is collected is the 

moment at which an order is placed for an item and supplier lead-times.  

Qualitative data that is gathered, in addition to own observations from the author, are feedback 

from the three employees of the planning department, the head of the expedition department 

and the purchaser.  

 

Dominant sources of data 
The dominant sources of quantitative data are MRP files that can be extracted from Exact, 

which is the inventory management system of Conveni B.V. and Excel-files from the internal 

system hard-drives. The dominant source of the qualitative data are structured interviews that 

are held with the employees mentioned above. The structured interviews are set up in such a 

way that details on specific topics, that are chosen by the author, are acquired.  

 

What follows is a thorough analysis of the inventory replenishment process, using the above 

described data collection approach. The aim of the analysis is to arrive at a diagnosis of the 

problem and to acquire detailed information on cost drivers and parameters that are essential 

for designing a solution to the problem. 
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3.1 Inventory replenishment process  

The generation of data for future requirements of raw materials and packaging materials 

(component items) that are needed as input for decisions regarding their procurement lot sizes 

(order quantities) starts with setting up a Master Production Schedule (MPS). The planning 

department makes use of a MPS to plan ahead future production of end-products and for this 

they use forecasted customer demands as information input. To review future requirements 

and projected inventory records of components, a Material Requirements Planning (MRP) 

method is used. The components that make up the recipe for the end-products are shown in 

this planning overview. 

The reviewing of component inventory records is generally done at the reorder periods. 

Procurement orders for components always have to be made using forecasted material 

requirements, since production plans are often rescheduled a day before or even at the day of 

actual production of a customer order. Apart from this, there is also a considerable yield 

uncertainty when producing end-products. To deal with this, the planning department adds an 

average scrap-percentage to the recipe of an end-product.  

Given this information and the fact that many suppliers of components have a lead-time of one 

week or longer, determining optimal procurement lot sizes is difficult with the current manual 

lot-sizing method, since for instance forecast errors need to be considered. 

When determining procurement lot sizes, only the restrictions on order quantities are 

considered together with item lead times. No cost analysis is involved that for instance 

considers inventory holding costs versus ordering costs.  Furthermore, it is not clearly specified 

at what moment a procurement order should be made for a component. The planning 

department, out from own experience and insights, does take into account a buffer inventory 

for components that buffers against demand and lead-time variability during the supply lead-

time. However, these buffer inventories are not clearly specified nor are they aggregated per 

category of component items. This therefore leads to unnecessary over- or underestimation of 

required component lot sizes and hence to sub-optimal procurement decisions. As a 

consequence of this, it occasionally leads to costly expedited orders on the one hand, as they 

want to avoid an out-of-stock situation of an item at all times. On the other hand, this can lead 

to keeping very high inventory levels, which is often unnecessary.  Furthermore, the inventory 

management system does not consider information on the shelf life of components, such that 

there is no system control on the expiration dates and Conveni B.V. faces the risk of inventory 

outdating. 

Once the final order is placed, the supplier delivers the ordered goods after the lead-time period 

and upon delivery these are then transported to their assigned storage location inside the 

facility.  

Ideally, there should be enough available storage capacity to put-away the new goods 

according to the First-in-First-out (FIFO) principle. However, given the aforementioned 

problems that Conveni B.V. faces, there are daily occasions where the dedicated storage 

space is not sufficient to store the new goods and the inventory of a specific item is put-away 

on multiple locations. This has the following operational consequences: 

 An item might not be directly found while it is needed for production and the personnel 

needs extra time to locate the item. 
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 Periodic cycle counting of items can take extra time and might miss out on some inventory. 

This affects inventory record accuracy levels. 

 

 Extra handling time is required to search for a free storage location and for item put-away. 

A visualization of the complete process of inventory ordering and subsequent delivery, as 

described above, can be found in Appendix A.  

Diagnosis, causes and consequences 
The analysis of the inventory replenishment process reveals interesting findings. A complete 

overview of the identified causes, consequences and mutual relationships are given in 

Appendix B by means of a cause-and-effect diagram. 

The diagnosis of the main problem can be formulated as follows: 

It is not clear when exactly a replenishment order should be triggered and what the optimal 

order quantity should be, due to insufficient insight and lack of proper integration of parameters 

that form a key influence for this decision making process. 

The cause-and-effect diagram is divided in three different types of causes: internal related 

causes, customer or commercial related causes and supplier related causes. Conveni B.V. 

has very limited influence on the latter two causes. Therefore, it is desirable to primarily focus 

on the internal related causes during the research project. 

In consultation with management it is chosen to focus on the cost drivers, item shelf life and 

the material requirement forecasts uncertainty. These factors are chosen since they can be 

managed in some way and are highlighted in the cause-and-effect diagram. 
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3.2 Analysis of cost-drivers and relevant parameters 

The inventory replenishment process for raw materials and packaging materials at Conveni 

B.V. entails many important elements that need to be considered, as can be seen from the 

cause-and-effect diagram in Appendix B. Therefore, it is important that a detailed analysis is 

done on the cost-drivers and other related parameters such that they can be properly 

incorporated in the solution design. 

3.2.1  Cost structure 
In order to determine optimal lot sizes for inventory replenishment, total costs should be 

minimized. Most lot sizing models in literature consider purchasing costs, ordering costs and 

inventory holding costs. Following from the structured interviews that are conducted with the 

purchaser and one employee from the planning department, these are also the cost-drivers 

that apply at Conveni B.V. Therefore, the following three relevant cost-drivers are determined: 

 Purchasing costs 

 Ordering costs 

 Inventory holding costs 

Purchasing cost  

The purchasing cost consists of the purchasing price for an item. Silver et. al (1998) use the 

term Unit Value or Unit Variable Cost (denoted by the symbol v) to describe this. ‘It is simply 

the price (including freight) paid to the supplier plus any cost incurred to make it ready for sale’. 

At Conveni B.V., these prices are fixed as long as the restrictions with respect to order 

quantities are satisfied. The restrictions are placements of a minimum order quantity and timely 

placement of orders. The purchasing price of an item can change however when expedited 

orders need to be made and when less is ordered than the minimum order quantity. Then the 

cost of freight increases the prices. These latter two situations are however not covered in the 

research project.  

 

Ordering cost  

Another cost-driver that needs to be determined is the ordering cost. This is a fixed cost that 

is normally independent of the size of the order. However, at Conveni B.V. it is dependent on 

the size of the order to a certain degree. If the order quantities satisfy a minimum order quantity 

and the order is placed on time at the supplier, the costs for transportation (or freight) are 

incorporated in the purchasing price of the items. This means that only the costs for the actual 

ordering and receiving should be determined, matching the definition of Silver et. Al (1998). 

They define the ordering cost as ‘the costs of order forms, postage, telephone calls, 

authorization, typing of orders, receiving, (possibly) inspection, following up on unexpected 

situations, and handling of vendor invoices’. The planning department at Conveni B.V. is 

responsible for preparing and placing orders at the suppliers. The ordering process consists 

of two steps: the first step is to analyze the inventory record of an item to determine how much 

to order, if any, and to make sure that all restrictions with respect to the order quantity are met. 

The second step involves typing the order into the system and sending it to the supplier via 

Electronic Data Interchange (EDI). This process takes no more than 5 minutes on average per 

individual item according to employees from the planning department.  
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The second part of this cost-driver consists of the handling costs dedicated to receiving an 

order (assisting the docking operations of an incoming truck) and handling of vendor invoices. 

This process is also estimated to take no longer than 5 minutes per received shipment, 

according to the head of the expedition. The other handling operations that are part of the 

receiving process are not assumed to vary with the amount of placed orders, but rather to vary 

with the quantities ordered at the supplier per order placement. These operations consist of 

inspection of incoming goods on quantity and to check whether this meets the information 

stated on the vendor invoice and transportation of the incoming goods from the truck to their 

dedicated bulk-storage location in the facility. As the majority of raw materials and packaging 

materials are received in a multitude of full pallet loads, there is little to no handling costs 

involved for e.g. restacking of pallet layers to other pallets.  

Summing up both parts of the ordering and receiving process, the process does not take longer 

than an estimated 10 minutes per order. Converting this process-time to a cost by using the 

hourly wage of an average worker, an estimated ordering cost of about €4 to €7 per order is 

obtained. Because of this low cost, it is assumed that this cost driver does not make a 

significant difference in the total operational costs of ordering and holding inventory. Therefore, 

this cost-driver is not considered in the remainder of the research.  

Inventory holding costs  

When received items are not directly used in production, inventory holding costs need to be 

incurred. Silver et. al (1998) define the cost of carrying items in inventory to include ‘the 

opportunity cost of the money invested, the expenses incurred in running a warehouse, 

handling and counting costs, the costs of special storage requirements, deterioration of stock, 

damage, theft, obsolescence, insurance, and taxes’.  

 

In practice, it is very difficult to precisely assess these costs as they are very business specific 

and require a detailed analysis of all Stock-keeping-units (SKUs) in inventory. Nevertheless, 

some rough estimates can be given which make it convenient both from a theoretical and a 

practical point of view.  A single rate r is usually assumed for most items according to Silver 

et. al (1998). The standard rule of thumb is to put the carrying costs at 25% of inventory value 

on hand (Stock & Lambert, 1987). The following estimates can be found in literature covering 

this rate: 

 

 Capital costs : 15% 

 Storage space costs : 2% 

 Inventory service costs : 2% 

 Inventory risks costs : 6% 

 

As all these four cost factors also apply at Conveni B.V., the carrying costs can be set to 25% 
of inventory value of an item on hand per year.   
 

3.2.2  Additional relevant parameters and factors 

Apart from the described cost-drivers that are critical for determining optimal order quantities 

from a cost-perspective, additional parameters must be included that enforce constraints on 

the timing and quantity of the inventory replenishment orders. These are described in this 

paragraph. 
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Shelf Life 

The raw materials assortment of Conveni B.V consists of perishable goods that have a limited 

shelf life. Shelf life or fixed life perishability is defined as items that may be retained in stock to 

satisfy demand for some specified fixed time after which they must be discarded (Nahmias S. 

, 1982). However, there are significant differences to the degree in which these raw materials 

are perishable at Conveni B.V. Some are highly perishable and risky to carry in inventory while 

others have a relatively long shelf life that often can just be ignored.   

An example of highly perishable items at Conveni B.V. are fresh goods such as groceries, 

while examples of items with a long shelf-life are rice and pizza crusts. These latter items 

generally are consumed before the end of their shelf life. Hence, shelf life does not enforce 

any additional constraint for inventory replenishment of these type of items. 

Nevertheless, incorporating shelf life of raw materials is important in the inventory 

management of a food manufacturer. Especially the time between production runs in which a 

raw material is required can have a considerable effect on item availability if shelf life is taken 

into account. If these time intervals are long and irregular, even raw materials with a relatively 

long shelf life face the risk of outdating if not properly monitored. Currently Conveni B.V. does 

not consider shelf life of raw materials in their inventory replenishment decisions, since Exact 

has no functionality to monitor this. The planning department is dependent on observant 

employees that notice if some raw materials are about to become outdated.  

Storage capacity 

As mentioned in the first chapter, Conveni B.V. faces a limited internal storage capacity to hold 

inventory. This has become an increasing problem since the product assortment has grown 

and more different customers are served than before, with each customer having their own 

product preferences. Apart from this, the average inventory volumes have increased as well, 

which is the second factor that is a source for congestion in the storage areas when having a 

limited storage capacity. 

 

The first factor, the amount of items in the assortment of raw materials and packaging 

materials, is primarily customer-dependent and therefore out of scope for this research project. 

The second factor is the inventory volume of these items, which is primarily managed by the 

planning department. This factor can thus be influenced and is the primary subject of this 

research project: keeping the inventory levels to a minimum in order to limit the congestion in 

the storage area and reduce tied up capital & inventory holding costs. 

 

At Conveni B.V., all raw material and packaging items are stored at a dedicated pick location 

in the storage areas. This means that every item has a specified storage space where it is 

allowed to be stored for order picking. In some storage areas, there is also storage space for 

bulk inventory. Here, mostly new inventory is stored which is put-away to their dedicated pick 

locations once there is storage space available. The bulk storage of inventory does not strictly 

follow a dedicated storage policy, but rather a class-based storage policy where a group of 

items with similar characteristics is randomly stored at a bulk inventory location (Chan & Chan, 

2011). The storage policies of items are however out of scope for this research project since 

only the inventory volumes of items are considered. 
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Timing of actual inventory replenishment 

To assure sufficient availability of raw materials and packaging materials inventory for 

production, it is important to optimize the timing of deliveries of new inventory. Most deliveries 

happen in the morning, before 12 AM. However, production starts in the morning as well. 

Therefore, sufficient inventory must be on-hand at the start of production on each day for all 

production orders that are planned to be finished on the same day. This should be taken into 

account when ordering in order to minimize (partial) stock-outs of an item at the moment of 

order picking. A partial or complete stock-out of an item can lead to undesired situations such 

as postponement of the dedicated production order to a later moment on the day, or even to a 

day after. It can furthermore lead to costly expedited ordering.  

 

Lead-times and reorder intervals 

Other critical factors for the timing of placing orders at Conveni B.V. are the supply lead-time 

of an item and the reorder interval. Supply lead time is defined as the time between the 

placement of an order at the supplier and the actual delivery from the supplier. The reorder 

interval is the time between possible periods at which orders can be placed at the supplier. 

 

Order quantity restrictions 

Another factor that enforces major constraints on inventory replenishment is the order quantity 

restriction. At Conveni B.V., always a Minimum Order Quantity (MinOQ) needs to be ordered 

when replenishing inventory levels. This is due economic reasons from the supplier, as they 

normally do not want to transport small truckloads. Furthermore, suppliers generally demand 

batch-size ordering. This means that orders must consist of a multitude of pallets, crates or 

case packs, rather than individual units. Sometimes suppliers even demand that a full truckload 

(FTL) is ordered at minimum, for example in cases where the lead-time is very long (multiple 

weeks) and suppliers are very distant. The high costs for transportation are in this case 

converted to a high minimum order quantity.  

Forecasting uncertainty  

Since MRP is used for inventory control at Conveni B.V., one of the underlying assumptions is 

that all required information is known with certainty. However, uncertainties do exist. Nahmias 

& Olsen (2015) mention two key sources of uncertainty: forecasts for future sales of the end 

item and the estimation of the production lead times from one level to another. Forecast 

uncertainty usually means that the realization of demand is likely to be different from the 

forecast of that demand (Nahmias & Olsen, 2015). This is exactly the case for Conveni B.V.  

In the production planning context, it also could mean that updated forecasts of future demands 

are different from earlier forecasts of those demands. Forecasts must be revised when new 

orders are accepted, prior orders are canceled, or new information about the marketplace 

becomes available. That has two implications in the MRP system. One is that all the lot-sizing 

decisions that were determined in the last run of the system could be incorrect, and, even more 

problematic, former decisions that are currently being implemented in the production process 

may be incorrect. (Nahmias & Olsen, 2015). The same problem consists for the inventory 

planning of component items, and in the case of Conveni B.V. that applies to the raw materials 

and packaging materials. 
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3.3 Conclusions 

From the analysis of the inventory replenishment process it follows that the planning 

department does not clearly specify rules that are backed up by inventory theory for when to 

reorder items. Too much is relied on own experience and judgment when deciding whether to 

reorder an item, and if so, how much to order. The uncertainty of future material requirements 

at the moment procurement orders need to be determined is causing a problem. Due to 

insufficient knowledge how to adequately deal with this, the planning department tends to place 

relatively big procurement lot sizes at suppliers to ensure avoiding a costly stock-out of any 

item.  The downside of this is the stockpiling of high average inventory levels for component 

items and high inventory holding costs. This cost driver is not taken into account by the 

planning department when determining a replenishment order. Therefore, there is no focus on 

optimizing total operational costs, but is the focus primarily set on ensuring a high service level 

for component items. Furthermore, the inventory management system does not monitor the 

shelf life of raw materials and this factor is also not considered when reordering, facing the 

potential risk of expiration of raw material inventory.  

From these findings, a scope is determined that consists of cost drivers and parameters that 

are analyzed and which are deemed essential to be considered for the solution design. 

What follows from the subsequent cost driver analysis is that the actual ordering costs only 

represent a negligible part of the total costs, since the costs for transportation are incorporated 

in the purchase costs as long as a minimum order quantity is ordered. Because of this, only 

the purchasing costs and inventory holding costs are considered to be relevant for the solution 

design. 

The parameter analysis reveals that many elements affect the timing and quantity of orders 

that are placed and that all need to be taken into account in the solution design. The forecast 

uncertainty for component items at the moment an order needs to be placed is a major concern 

for the planning department, as they struggle to adequately cope with this.



22 | C h a p t e r  4  
 

4 Solution design  
In this chapter the solution design is described. It consists of three phases: conceptual design, 

detailed design and implementation. The conceptual design defines rules and functional 

requirements for the solution. The detailed design consists of a mathematical description of 

two lot sizing models, in which the defined rules and functional requirements are implemented. 

The implementation part describes how the designed lot sizing models can be implemented in 

a software tool.  

4.1 Conceptual design  

The analysis phase from the previous chapter is primarily qualitative by nature and is aimed to 

gain a thorough understanding of the processes and key parameters within the problem 

context. With this knowledge, we can make the second step, which is to define the scope of 

the system we want to design and optimize. The scope of the system in this research project 

is the inventory management of raw materials and packaging materials at Conveni B.V. What 

follows after is the formation of the right and complete set of Functional Requirements (FRs).  

 

In most cases when designing an operations planning and control system, a primary FR is 

setting a certain service level that has to be met, for example 95% of the orders has to be 

delivered within two days. Normally, the service level will vary depending on type of product, 

since for some items it is costlier to run out-of-stock than it is for others. A typical classification 

is a ABC classification where type A products get a 98% service level, type B products a 95% 

service level and type C products a 90% service level (Teunter, Babai, & Syntetos, 2010). 

Another important FR that is often used is to maximize the companies’ profits or to minimize 

its costs (Bertrand, et al.). For the research project, these are the functional requirements for 

the entire system: 

 

 A predefined minimum service level needs to be maintained for every item. 
 

 Total operational costs need to be minimized. 
 

 All supplier imposed constraints for the timing and quantity of replenishment orders need 
to be satisfied.  

 

 Shelf life of raw materials must be taken into account when determining replenishment 
orders, to keep outdating to a minimum. 

 

The first three FRs are general and can be applied to any manufacturing company. The fourth 

FR is rather specific for Conveni B.V., but is also of importance for other manufacturers that 

work with perishable materials, such as other food manufacturers.  

 

Now that the FRs are stated for the entire system, the focus can be laid upon the processes 

that have to be executed in the system, which are more specific for the company under study. 

As mentioned in Chapter 3, the timing of inventory replenishment is important. To minimize the 

risk of not having enough inventory on-hand when production starts in the morning, the 

forecasted material requirements of each item should be on-hand at least the day before they 

are required. This process requirement forms the fifth FR and affects the timing of placing the 
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replenishment order. The other supplier imposed constraints for placing replenishment orders, 

stated by the third FR, are further described in detail in Chapter 3. 

 

In order to meet a predefined minimum service level in an environment with forecast 

uncertainty as in the case of Conveni B.V., there needs to be a way to effectively deal with this 

fact. According to Silver et. al (1998), it is necessary to consider safety stock or safety time for 

dependent demand items when there is uncertainty of this type. However, a quantitative 

analysis of exactly how much safety stock or safety time is appropriate for each item is very 

complicated because of the erratic, time-varying, dependent nature of the demand patterns 

(Silver, Pyke, & Peterson, 1998). An additional way is to use the rolling schedule approach as 

presented by Baker & Peterson (1979) in the case when forecasts of future demand and 

inventory levels are changed as they get closer in the planning horizon.  

To reason to set safety stocks for dependent demand (component) items, instead for end-

products is that in the case for Conveni B.V. it is risky to do the latter. The reason is that the 

end-products are food products with a specified best-before date (or remaining shelf life). 

Customers only accept deliveries of orders with a single best-before date for all products and 

require these to be as ‘fresh’ as possible. This means that the forecast uncertainty of end-

products cannot be buffered with safety stock of end-items in the case of Conveni B.V., since 

customers do not accept orders of end-items that have multiple best-before dates. Therefore, 

this uncertainty must be buffered by a safety stock at the component level.  

As assumptions are made in section 2.5 about the supplier-related uncertainty, only the 

demand uncertainty during replenishment lead-time is considered. In the situation for Conveni 

B.V., this boils down to the dependent demand uncertainty during replenishment lead-time of 

an item, for which a safety stock must be considered.   

Traditional safety stock setting is generally done using the standard deviation of historic 

demand or using the forecast error. If both can be determined, the better choice is to use the 

forecast error since this considers estimated future demand, while the standard deviation uses 

information of historic demand. The forecast error is defined as the difference between the 

forecasted demand and the actual demand that has occurred. One way to calculate the 

forecast error is by using the Root Mean Squared Error (RMSE) and this is calculated with the 

following formula: 

 

                                                              𝑅𝑀𝑆𝐸 =  √∑ (𝐷𝑡 − �̂�𝑡)
2𝑁

𝑡=1

𝑁
                                                             (4.1) 

 

Here, N represents the total amount of forecast time intervals,  𝐷𝑡 is the actual demand during 

𝑡 and �̂�𝑡 is the forecasted demand during 𝑡. By taking the root of this squared error, the larger 

errors are weighted higher than the smaller errors, so this provides a better buffer against a 

stock out. Since the nature of the demand for raw materials and packaging materials at 

Conveni B.V. is time-varying and dynamic, this treatment of forecast errors seems appropriate. 

From a statistical point of view, the RMSE is the standard error of the forecast mean. When 

we apply the Central Limit Theorem to this, we can determine that this standard error is 
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distribution-agnostic. The Central Limit Theorem states that when you have a sufficiently large 

sample of independent random variables, the arithmetic mean will approximately be normally 

distributed, regardless of the underlying distribution (John, 1995).This implies that we can 

assume a normal distribution for the standard error of the forecast mean.  

Safety stock setting is further based on a specific target customer service level, which 

represents the expected probability of not hitting a stock-out. Intuitively, the service level 

represents a trade-off between the cost of inventory and the cost of stock-outs (which incur 

lost sales, lost opportunities and client frustration among others). There are two types of 

service levels: P1 and P2. Silver et. al (1998) provide general formulas to illustrate these service 

levels. The P1 service level implies the probability that all customer orders arriving within a 

given time interval will be completely delivered from stock on hand without delay. 

 

               𝑃1 = 𝑃𝑟𝑜𝑏 {𝐷𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 

≤ 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑜𝑛 ℎ𝑎𝑛𝑑 𝑎𝑡 𝑡ℎ𝑒 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙}                                 (4.2) 

 

Whereas the P2 service level can be defined as follows: 

 

                                  𝑃2 = 1 −  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠 𝑠ℎ𝑜𝑟𝑡 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

𝑇𝑜𝑡𝑎𝑙 𝑢𝑛𝑖𝑡 𝑑𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙
                                 (4.3) 

 

The P2 service level considers the fill rate of an item. The fill rate is defined as the percentage 

of demand which can be satisfied from the inventory on hand immediately (Van Donselaar & 

Broekmeulen, 2011). 

For the research project it is chosen to use the P2 service level or fill rate for the definition of 

the customer service level, since customer orders can differ vastly in magnitude over the 

course of the planning horizon and the fill rate is generally seen as the better service level to 

use in a business-to-business (B2B) environment. The fill rate considers the magnitude of the 

stock-out, whereas the P1 service level does not. For Conveni B.V., it is costlier to have a lost 

sale of a big customer order than to have a lost sale of a small customer order. Since the P1 

service level does not account for this difference (only the amount of customer orders is 

considered) in contrast to the fill rate, the P2 service level is more appropriate for this situation. 

The fill rate can be calculated either for a backordering system or a lost sales system. At 

Conveni B.V., if a component item is completely or partially out-of-stock, then an emergency 

order is triggered to deliver the item as soon as possible to ensure the dedicated production 

order can still be executed. In some circumstances, the production order can be postponed to 

a day after. Therefore, a backordering inventory system for component items can be 

considered for Conveni B.V.  

 

An approximation for the fill rate with backordering 𝑃2
𝐵𝑂 can be calculated using the formula 

derived by Van Donselaar & Broekmeulen (2011) for a backorder system with a (R,s,nQ) 

replenishment logic and discrete stochastic demand. This replenishment logic works as 

follows: if at a review moment R the inventory position drops below the reorder level s, an 
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integer multiple of case packs with each fixed size Q units are ordered to raise the inventory 

position back to or above s. The reorder level s is equal to s = (L+R)𝜇 + SS, with L denoting 

the supply lead time, 𝜇 the average demand per period and SS denoting the safety stock (Van 

Donselaar & Broekmeulen, 2013).  

 

For the calculation of the safety stock, the DoBr-tool can be used. This software tool is 

developed by Van Donselaar & Broekmeulen (2014) and can be used to calculate several KPIs 

or cost drivers for an inventory system with a (R,s,nQ) replenishment policy. Although the 

replenishment policy for inventory at Conveni B.V. is based on MRP, the dynamics of the 

(R,s,nQ) replenishment policy are rather similar to a MRP system with safety stocks, batch-

ordering, periodic review and a MinOQ constraint.  

 

So far, we have discussed methods for setting safety stocks that are considered to be static 

and don’t need to be changed. However, if there are strong dynamics in the demand of an 

item, such as seasonality, a static safety stock may not be appropriate. Mattson (2010) 

addresses this situation. His findings suggest that a static safety stock can be used for size 

ratios up to 1.7 provided that the coefficient of variation during lead time is bigger than 0,2. The 

size ratio in his article is defined as the relationship between the highest and lowest monthly 

seasonal index, or in other words the biggest difference in demand between high and low 

season in a year. The coefficient of variation (CV) is defined as the ratio of the of the standard 

deviation 𝜎 to the mean 𝜇 (Everitt, 1998).  

Essentially, the safety stock is destined to buffer against the variance of the cumulative lead-

time forecast error and is here taken as the sum of the error variances of the individual forecast 

intervals that cover the lead-time.  

Syntetos & Teunter (2014) however show that this standard approach for settings safety stocks 

always underestimates the true lead-time demand variability, resulting in too low safety stocks 

and poor service. In their paper, they present corrected expressions for two of the most widely 

applied forecasting techniques and show that the error in the standard approach is often 

considerable. Furthermore, they claim that the same fundamental problem exists for all 

forecasting techniques and all demand processes and this issue deserves wider recognition. 

The calculated safety stocks by the DoBr-tool need to be increased by a correction factor, 

which in turn is based on the underlying forecasting technique. At Conveni B.V., the forecasts 

for raw materials and packaging materials are dependent on the forecasts for the end-products. 

The forecasts for the end-products are done by using a Simple Moving Average (SMA) 

forecasting technique.  In this technique, forecasts are determined using the average demand 

of a limited amount of periods from the recent past. The corresponding correction factor from 

Teunter & Syntetos (2014) with which the safety stock must be multiplied is the following: 

                                                                             √1 +
(𝐿 − 1)

𝑁 + 1
                                                                          (4.4) 

Where L represents the lead-time for the item and N the amount of time periods for which an 

average demand is used to forecast demand for upcoming time periods.  
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What motivates these correction factors is the fact that forecast errors are correlated over time, 

even if the demands are not. This positive covariance of the forecast errors should be included 

in the calculation of the lead-time demand variance (Syntetos & Teunter, 2014).  

Syntetos & Teunter (2014) also mention that other authors have argued and shown that the 

traditional approach can underestimate the variance of (the forecast error of) lead-time 

demand if the demand process is more variable than assumed, e.g. if demand is assumed to 

be normally distributed but the mean demand fluctuates over time, as is in the case for Conveni 

B.V. 

To illustrate the effect of the correction factor in the case of the SMA forecasting technique, 

the following table shows the percentages by which the traditionally calculated safety stocks 

need to be increased, assuming normally distributed lead-time demand. 

Table 3.1: Correction factors for safety stock calculation with an SMA procedure (Teunter & Syntetos, 2014) 

 Increase in safety stock for 

Lead time N = 1 (Naïve) N = 4 N = 12 N = 52 

1 0% 0% 0% 0% 

2 22% 10% 4% 1% 

3 41% 18% 7% 2% 

4 58% 26% 11% 3% 

5 73% 34% 14% 4% 

6 87% 41% 18% 5% 

4.2 Detailed design 

The objective of the detailed design phase is to set up rules such that the functional 

requirements that are defined in the conceptual design are met and implement these in an 

optimization model. Important in choosing the right rule is that the system that is modelled 

meets the functional requirements, while at the same time staying feasible. Key is to respect 

the decisions made in the conceptual design. During the design of the rules certain 

assumptions have to be made that are underpinned with arguments. 

 

The research problem of minimizing total operational costs while satisfying a set of functional 

requirements can be defined as a lot sizing problem where most items can be analyzed 

individually since they do not compete with each other for any shared resource. For these 

items a Single item Lot Sizing Model formulation suffices as a solution design and is 

uncapacitated (Figure 2.1). However, there are groups of items for which the supplier demands 

a full truckload (FTL) to be ordered at minimum. Here, the items in the group need to be ordered 

simultaneously as they share a common restricted resource: the truckload in which they are 

transported. For these groups a Multi Item Lot Sizing Model needs to be formulated and that 

is capacitated due to the FTL restriction (Figure 2.1). 

Single item Lot Sizing Model 

Based on the functional requirements stated in the conceptual design, the following decision 

rules are made: 

 Inventory level at the end of day 𝑡 should be sufficient to cover the forecasted material 

requirements on day 𝑡 +1 in addition to the safety stock.  
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 Ordering is only possible at ordering periods 𝑡′  which are finite in the rolling planning 

horizon. 
 

 Lead-times should be included, such that orders placed at period 𝑡′ are received at period 

𝑡′ + 𝐿. 
 
The following variables and parameters form the input for the mathematical description of the 

Single item Lot Sizing Model.  

Input parameters: 

𝐷𝑡 = Forecasted dependent demand for period 𝑡  

𝑄𝑡′ = Procurement lot size in order period 𝑡′ 

𝑌𝑡′ = Binary variable denoting an order placement in period 𝑡′ (1) or not (0) 

𝑡 = Index for periods (𝑡 = 1, …, T) 

𝑡′ = Index for ordering periods (𝑡′ = 1, 1+W, 1+2W, 1+3W . . ., T - L) 

𝑊 = Reorder interval in number of periods 

𝐿 = Supply lead time in number of periods 

𝑀 = Fixed internal shelf life in number of periods 

𝐶 = Purchase cost  

ℎ = Inventory holding cost  

𝐼0 = Starting inventory level 

𝐼𝑂𝑄 = Incremental order quantity  

𝑀𝑖𝑛𝑂𝑄 = Minimum order quantity  

𝑀𝑎𝑥𝑂𝑄 = Maximum order quantity  

𝑆𝑡 = Received amount of items in period 𝑡 

𝐹𝑡′ = Integer value denoting the amount of 𝐼𝑂𝑄s that is ordered in period 𝑡′ 

𝑆𝑆 = Safety stock 

Two important assumptions need to be made regarding the internal shelf life 𝑀 and the safety 

stock 𝑆𝑆: 

1) Once new supplied raw materials are added to the inventory on hand, these have a fixed 

internal shelf life 𝑀, independent of the moment of delivery from the supplier. 

 

2) The safety stock 𝑆𝑆 of a raw material item does not expire and therefore remains fixed. 

These two assumptions need to be made since in practical situations the supplier of raw 

materials also has its own production schedule, with batch-production. All produced items of 

this batch have a common best-before date (remaining shelf life), and if delivered from on-

hand stock, it could be that a received raw material at the customer at day 𝑡 has the same 

best-before date as the same raw material received a day or two before. This would imply a 
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difference in (remaining) shelf life 𝑀 of the same raw material that is ordered. Furthermore, to 

guarantee a specified best-before date for the end-products, it is also important for Conveni 

B.V.  to ensure that the raw material inventory always has enough remaining shelf life once it 

is picked for a production order. Therefore, the remaining shelf life of the supplied raw materials 

is corrected for the internally allowed maximum shelf life at Conveni B.V. 

The second assumption is important to make due to the time between production runs for 

which the raw material is required. If this is a long period, it could be that a fraction of the safety 

stock expires since a rule is designed that the safety stock should always be on-hand during 

all periods, even when strictly following a First-In-First-Out (FIFO) production order picking 

rule.  

Given these assumptions and a description of the parameters, the objective function is 

formulated as: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ (𝐶 ∗ 𝑄𝑡′)

𝑇−𝐿

𝑡′=1

+ ∑ ℎ ∗ 𝐼𝑡

𝑇

𝑡 = 𝐿

                                                                                                (1) 

      

subject to: 

𝐼𝑡 = 𝐼𝑡−1 − 𝐷𝑡 + 𝑆𝑡      𝑡 = 𝐿, … , 𝑇                       (2) 

𝐼𝑡 ≥ 𝑆𝑆 + 𝐷𝑡+1      𝑡 = 𝐿, … , 𝑇                       (3) 

𝑄𝑡′ = 𝐹𝑡′ ∗  𝐼𝑂𝑄      𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿      (4) 

𝑄𝑡′ ≥ 𝑀𝑖𝑛𝑂𝑄 ∗ 𝑌𝑡′     𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿      (5) 

𝑄𝑡′ ≤ 𝑀𝑎𝑥𝑂𝑄𝑡′ ∗ 𝑌𝑡′     𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿              (6) 

𝑀𝑎𝑥𝑂𝑄𝑡′ = ∑ 𝐷𝑘 + 𝑆𝑆𝑘=𝑡′+𝐿+𝑀
𝑘=𝑡′+𝐿+1     𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿                  (7) 

𝑆𝑡 = 𝑄𝑡−𝐿       𝑡 = 𝐿, … , 𝑇                       (8) 

𝑆𝑡 ≥ 0        𝑡 = 𝐿, … , 𝑇                             (9) 

𝐹𝑡′  ≥ 0   integer     𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿                (10) 

𝑌𝑡′ ∈ {0,1}       𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿    (11) 

The objective function (1) describes all associated costs which include the item purchase costs 

and the inventory holding costs. Constraint (2) is the inventory equation and describes that at 

every period 𝑡  the inventory level is decreased by the forecasted dependent demand 𝐷𝑡 and 

increased with the received amount of ordered items 𝑆𝑡 .Constraint (3) ensures that the 

inventory position at the end of day 𝑡 is at least the safety stock level 𝑆𝑆 plus the forecasted 

dependent demand for the next day 𝑡 + 1. This is formulated as such since it is not desirable 

for (partial) stock-outs to occur when picking material requirements for a production order at 

day 𝑡 and that the production order must be postponed until replenishment inventory arrives 

at day 𝑡, an expedited order must be placed or that the production order even needs to be 
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postponed to the next day. This can for instance happen when the safety stock 𝑆𝑆 is not 

sufficient to cover the actual material requirements at day 𝑡. Hence, this constraint ensures 

that there must be sufficient inventory on-hand at the start of day 𝑡 to satisfy the forecasted 

dependent demand 𝐷𝑡. 

Constraints (4), (5), (6) and (7) are the ordering-constraints. Constraint (4) ensures that only 

multiples of the Incremental Ordering Quantity (IOQ) are ordered and constraints (5) and (6) 

ensure that the order quantity must be in-between the MinOQ and the MaxOQ. Constraint (7) 

incorporates the internal shelf life and ensures that no more can be ordered than the total 

forecasted demand over the duration of the internal shelf life of an item from the moment it 

arrives at 𝑡′ + 𝐿. Constraint (8) describes that the received amount of items  𝑆𝑡 is the quantity 

ordered at 𝑡  minus the lead-time 𝐿 , if any. Constraints (9) and (10) are non-negativity 

constraints where constraint (10) must have an integer value. Constraint (11) denotes the 

binary nature of 𝑌𝑡′ , the decision whether to place an order or not.  

Multi-item Lot Sizing Model 

As mentioned before, for the groups of items for which a full truckload needs to be ordered at 

minimum, a capacitated Multi-Item Lot Sizing Model must be formulated. This model is similar 

to the Single Item Lot Sizing Model and has the following parameters and variables: 

Input parameters: 

𝐷𝑡,𝑖 = Forecasted dependent demand for period 𝑡 of item 𝑖 

𝑄𝑡′,𝑖 = Procurement lot size in order period 𝑡′ of item 𝑖 

𝑌𝑡′,𝑖 = Binary variable denoting an order placement in period 𝑡′ (1) or not (0) for item 𝑖 

𝑡 = Index for periods (𝑡 = 1, …, 𝑇) 

𝑡′ = Index for ordering periods (𝑡′ = 1, 1+W, 1+2W, 1+3W . . ., 𝑇 − 𝐿) 

𝑊 = Reorder interval in number of periods 

𝐿 = Supply lead time in number of periods 

𝑀𝑖 = Fixed internal shelf life in number of periods of item 𝑖 

𝐶𝑖 = Purchase cost of item 𝑖 

ℎ𝑖 = Inventory holding cost of item 𝑖 

𝐼𝑖,0 = Starting inventory level of item 𝑖 

𝐼𝑂𝑄𝑖 = Incremental order quantity of item 𝑖 

𝑀𝑎𝑥𝑂𝑄𝑖 = Maximum order quantity of item 𝑖 

𝑆𝑡,𝑖 = Received amount of items in period 𝑡 of item 𝑖 

𝐹𝑡′,𝑖 = Integer value depicting the amount of 𝐼𝑂𝑄s ordered in period 𝑡′ of item 𝑖 

𝑆𝑆𝑖 = Safety stock of item 𝑖 

𝐹𝑇𝐿 = Full truckload capacity 
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The objective function of this model is then as follows: 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 = ∑ ∑ (𝐶𝑖 ∗ 𝑄𝑖,𝑡′)

𝑇−𝐿

𝑡′= 1

𝑁

𝑖 = 1

+ ∑ ∑ ℎ𝑖 ∗ 𝐼𝑖,𝑡

𝑇

𝑡 = 𝐿

𝑁

𝑖 = 1

                                                                         (12) 

      

subject to: 

𝐼𝑖,𝑡 = 𝐼𝑖,𝑡−1 − 𝐷𝑖,𝑡 + 𝑆𝑖,𝑡   𝑡 = 𝐿, … , 𝑇         𝑖 = 1, … , 𝑁            (13)                                                          

𝐼𝑖,𝑡 ≥ 𝑆𝑆𝑖 + 𝐷𝑖,𝑡+1   𝑡 = 𝐿, … , 𝑇         𝑖 = 1, … , 𝑁            (14) 

𝑄𝑖,𝑡′  = 𝐹𝑖,𝑡′ ∗  𝐼𝑂𝑄𝑖    𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿       𝑖 = 1, … , 𝑁            (15) 

𝑄𝑖,𝑡′  ≥ 𝑀𝑖𝑛𝑂𝑄𝑖 ∗ 𝑌𝑖,𝑡′   𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿       𝑖 = 1, … , 𝑁            (16)                                                          

𝑄𝑖,𝑡′ ≤ 𝑀𝑎𝑥𝑂𝑄𝑖,𝑡′ ∗ 𝑌𝑖,𝑡′  𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿       𝑖 = 1, … , 𝑁            (17)                                                          

𝑀𝑎𝑥𝑂𝑄𝑖,𝑡′ = ∑ 𝐷𝑖,𝑘
𝑘=𝑡′+𝐿+𝑀
𝑘=𝑡′+𝐿+1 + 𝑆𝑆𝑖        𝑡

′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿       𝑖 = 1, … , 𝑁            (18)                                                          

∑ 𝑄𝑖,𝑡′
𝑁
𝑖=1 = 𝐹𝑇𝐿    𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿       𝑖 = 1, … , 𝑁            (19)                                                          

𝑆𝑖,𝑡 = 𝑄𝑖,𝑡−𝐿     𝑡 = 𝐿, … , 𝑇         𝑖 = 1, … , 𝑁            (20)                                                          

𝑆𝑖,𝑡 ≥ 0     𝑡 = 𝐿, … , 𝑇                       𝑖 = 1, … , 𝑁            (21)                                                          

𝐹𝑖,𝑡′  ≥ 0   integer   𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿       𝑖 = 1, … , 𝑁            (22)                                                          

𝑌𝑖,𝑡′ ∈ {0,1}     𝑡′ = 1, 1 + 𝑊, 1 + 2𝑊, … , 𝑇 − 𝐿       𝑖 = 1, … , 𝑁            (23)                                                          

The main difference with the Single item Lot Sizing Model is denoted by constraint (19), which 

describes that the sum of all order quantities ordered for all items 𝑖 = 1, … , 𝑁 at ordering period 

𝑡′ must be equal to the full truckload (FTL) capacity.  

Both lot sizing models can be solved with Mixed Integer Linear Programming (MILP) where 

variables are restricted to either integers or non-integers. The objective function and the 

constraints are linear. 

4.3 Implementation 

The implementation phase consists of implementing the detailed design in a software package. 

For this step, an Excel-add in called OpenSolver is used. This tool is specifically developed to 

be able to solve linear programming problems such as the MILP models in this research 

project. The user can respectively insert an objective function, decision variables and 

constraints.  Once the input is done and checked for correct settings, the tool optimizes the 

objective function (total costs) by determining optimal values for the decision variables, while 

satisfying the constraints that are put in by the user. 
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5 Case study at Conveni B.V 
This chapter describes the preparation, execution and results of a case study within Conveni 

B.V. where the developed lot sizing models are applied to company data. 

The goal of the case study is to test the designed lot sizing models in Chapter 4 in a real-life 

setting in order to validate the realized improvements for operational performance. The case 

study is done at Conveni B.V. where the decision support tool, in which the lot sizing models 

are implemented, is compared with the current inventory replenishment method on a set of 

predefined KPIs. These KPIs are the following: 

A. Inventory holding costs 

B. Service level 

C. Average inventory level 

Furthermore, a sensitivity analysis is conducted to analyze the performance of the lot sizing 

models where changes are made to several input parameters. 

5.1 Preparation 

For preparations in conducting the case study, the following is required: 

1) Selection of items to be analyzed 

2) Data on demand and inventory records 

3) Parameter characteristics 

4) Safety stock calculations 

Item selection 
Since the inventory of an industrial organization can consist of hundreds of items, which 

Conveni B.V. can relate to, having widely varying costs, usage and lead-time together with 

procurement and technical problems, it is neither desirable nor possible to exercise the same 

degree of control over all these items. The management should pay more attention to items 

whose usage value is high (Samak-Kulkarni & Rajhans, 2013). This also indicates that it might 

be beneficial to group items in product classes that require the same degree of inventory 

control, such as by making a ABC-classification with each class having an own service level 

requirement. The most common ranking criteria here are demand value and demand volume 

(Teunter, Babai, & Syntetos, 2010). Currently Conveni B.V. has a product classification for 

inventory management purposes based on items belonging to the same supplier, which can 

be ordered together at the same time and thus have the same lead-time L.  

 

The assortment of raw materials and packaging materials at Conveni B.V.  consists of 

hundreds of items. To limit the scope of the case study, only a limited amount of items is 

carefully selected for analysis. For this selection, it is chosen to include a range of items that 

represented the most purchasing costs in 2015. Conveni B.V. has a record of all raw materials 

and packaging materials that are purchased in 2015, sorted by total purchase costs and total 

volume (Appendix C). The reasoning goes that for the items representing the most purchasing 

costs, the potential savings of applying the lot sizing models can be the highest as well. Apart 

from this factor, the following characteristics are also considered in order to have a fair 

representation of these items that belong to this critical category. 
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 Shelf life 

 Lead-time (at least 3 days) 

 Items that require a full truckload to be ordered at minimum for the whole group of items 

The lead-time constraint of 3 or more days is chosen since the lot sizing models are primarily 

designed for items with a certain degree of uncertainty in forecasted demand, to which the 

safety stock is intended to buffer for.  It is probably not necessary to carry a significant amount 

of safety stock for items with a very short lead-time (1-2 days), since in that case the forecast 

uncertainty is relatively low at the moment of ordering and order adjustments to changing 

material requirements forecasts can be frequently made before the final order needs to be 

placed. Hence, for these items it is assumed that there is little chance for (partial) stock-outs 

and expedited ordering for which the safety stock must protect. For the same reasoning it is 

not chosen not to incorporate fresh groceries in the case study. These items have a very short 

internal shelf life (maximum usage is for 2 days) and these can be ordered every day with a 

one-day lead time. As such, a Lot-for-Lot (LFL) policy is currently used for ordering these items, 

where only the requirements for the next day are ordered. It is not expected that the applied 

models significantly improve the procurement lot sizes for this group of raw materials either, 

also since no ordering costs are incurred that otherwise need to be balanced with the inventory 

holding costs. 

Considering both total purchasing costs over 2015 and the mentioned item characteristics, 30 

raw material items and 5 packaging material items are selected that are supplied by in total 14 

different suppliers.   

 

Packaging materials 

 
Table 5.1: Packaging materials item selection 

Raw materials 
 

Table 5.2: Raw materials item selection 

Supplier Item. Code Item 

B V5110 Onderlegger karton 29cm wit/wit 

V5111 Omdoos lidl pizza karton 324x322x187 

V5120 doos pizza Prosciutto Lidl 

V5121 doos pizza Spianata Romana Lidl 

V5122 doos pizza Formaggi Lidl 

Supplier Item Code Item 

VT G2598 Pizzabodem Ital Napolitana 29cm, 300gr (18x48ds) 

G2592 Pizzabodem Italian 27cm met saus, 280gr (20x48ds) blauw 

G2597 Pizzabodem Bianco 29 cm, 230gr (25x48ds) geel 

G2513 Pizzabodem 25cm met saus, 230gr (18x48ds) BULK 

KB G2681 Mozzarella geraspt 

G2651 Mozzarella lint (4x4kg) 
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These 35 items together represent over 55% of the total purchasing costs for all raw materials 

and packaging materials over the year 2015. 

Demand data 
As explained in section 3.1, the planning department makes use of forecasted material 

requirements to determine order quantities for raw materials and packaging materials. As such, 

demand data is required for forecasted material requirements for the case study. 

Unfortunately, historical data of this is not directly available in Exact. What happens is that the 

forecasted material requirements for day t are overwritten by the actual amount of consumed 

materials after production has finished on day t. The historical forecasted values are then lost 

in the MRP modules. 

However, a back-up of the inventory management system is available at Conveni B.V. from 

the 31st of March 2015, in which information on forecasted material requirements are shown 

over the MRP horizon from this day on for every item in the assortment at that time. This 

demand data can be used as input for applying the lot sizing models to determine the timing 

of order placements and order quantities that are generated by the decision support tool. This 

information can then in turn be compared to the actual timing of order placements and their 

quantities over that historical period, along with the inventory levels, which are readily available 

in the real-time version of Exact. Although this method has drawbacks since data from one-

year-old is used and the forecasted demand data only has a limited time horizon, it is chosen 

above the alternative of collecting real-time data on forecasted and actual demand in 

G2641 Mozzarella / Cheddar mix 70/30 RASP 

G2650 Mozzarella blokjes (4x4kg) 

G2693 Mozzarella stiftjes 6x 2 kg(768kg) pizzaiolo 

TS G7516 Tomatenpulp in vaten (diced tomato) 214 kg 

G1361 Tomatenpuree (tomato paste 28/30) in vaten 235 kg 

FC G2691 Culinaire room clean label (cont.500ltr) 

G2694 Mascarponeroom 

G2685 Melkconcentraat (dobmil) 

G7155 Boter blok 10kg 

Mv G2814 Spianata Romana 

KR G2863 Spekreepjes gerookt 6x10x45 mm (80324) 

G2836 Coppa di Parma (diepvries) 

G2838 Prosciuto Crudo 6,5 gr(diepvries) 3 kg 

HK G2679 Mozzarella sliced 70mm 11gr. 

ADT G2695 Mozzarella bolletjes 6gr 

T 
 

G2699 Grano padano flakes BOB 

G2675 Pecorino geraspt 

G2751 Provolone plaatjes 

G2676 Gruyere geraspt 

BV G7150 Mascarpone 

G5068 Pizzasaus Conesa (20x 4x 220kg) drum 

BS G3071 Kip roasted breast strips 8-10mm (10kg krat) 

DJ G4305 Gedroogde tomaat parten gemar, IQF (2x7,4kg) 

BR G2748 Gorgonzola picante 
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combination with ordering data for several successive months, due to time limitations for 

conducting the research project. 

For the demand and inventory record data, only data from weekdays is considered in the case 

study. This means that the supplier lead-times are also expressed in weekdays. The weekend 

days are left out of scope since there is generally no production taking place during these days 

and there are also no deliveries from suppliers. Therefore, the demand is considered 0 during 

the weekend and the inventory level at the end of Friday is the same as the starting inventory 

on Monday.  

Parameter data 
The required input parameter data are all withdrawn from item modules in the back-up version 

of Exact, with the exception of the internal item shelf life. These item modules contain detailed 

information about e.g. suppliers, inventory records and costs. The internal item shelf life is 

withdrawn from a specific Excel-file which is supplied by the Product quality-department. The 

following parameter data is acquired: 

 Purchase price of item (C) 

 Order batch-size of item (IOQ) 

 Minimum order quantity of item (MinOQ) 

 Internal item shelf life (M) 

 Truckload capacity in number of pallets for groups of items for which this information 

is needed (FTL capacity) 

 Supply lead-time of item (L) 

 Weekly ordering periods of item (to determine W) 

The inventory holding costs are set to 25% of the purchasing price of an item per year. 

Safety stock calculation 
In order to calculate the safety stocks, the dynamics of the forecasted demand need to be 

evaluated first in order to know if a static safety stock over the planning horizon can be used. 

Therefore, the size ratio and the coefficient of variation over the lead-time 𝐶𝑣𝐿 are determined. 

The size ratio in the case study is based on the biggest difference in forecasted demand over 

the lead-time. This time-bucket is chosen since forecasted demand data is only available for 

several weeks per item, while Mattson (2010) is referring to monthly demand variations. His 

findings for the size ratio are however timescale-invariant, implying that demand over lead-

time can also be used instead of monthly demand. For every item, the available forecasted 

demand data is divided in a finite number of integer lead-time periods for which the size ratio 

is determined and the 𝐶𝑉𝐿. A static safety stock can be used for size ratios up to 1.7 provided 

that the coefficient of variation during lead time is bigger than 0,2 (Mattson, 2010). From the 

applied calculations it follows that for every item these requirements hold and a static safety 

stock can be used, see Table 5.3 
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For the calculation of the safety stocks, the DoBr-tool is used which is described in Chapter 4. 

Using the following function in the DoBr-tool, a reorder level is calculated based on a target fill 

rate: 

 

=DoBr_TargetFillRateReorderLevel 

 

This function uses a specific approximation for the fill rate to search for the optimal reorder 

level, given a specified target fill rate. The other input parameters are Lead time, Review 

period, Mean daily demand, Standard deviation of daily Demand, Case Pack Size and Target 

fill Rate.  

 

For the Standard deviation of daily Demand, the RMSE is used since forecasted demand 

information is available at Conveni B.V. For the Case Pack Size, the IOQ is used, which in turn 

is equal to the MinOQ. The target fill rate 𝑃2
𝐵𝑂 is an approximation for the fill rate in an inventory 

system with backordering and discrete stochastic demand (van Donselaar & Broekmeulen, 

2011). 

 

The safety stock 𝑆𝑆 is then calculated by subtracting the sum of the Lead time (𝐿) and the 

review period (𝑅) times the Mean daily demand (𝜇) from the reorder level (𝑠): 

 

                                                   𝑆𝑆 = 𝑠 − (𝐿 + 𝑅)𝜇                                                                           (5.1) 
 

The raw materials and packaging materials either belong to the production of artisan pizza’s 

or sauces. The forecasts of these end-products are done using the Simple Moving Average 

procedure (SMA). For the artisan pizza’s the forecasts in the MPS are made based on the last 

6 weeks of demand data, resulting in N = 30. For the sauces the forecasts in the MPS are 

made based on the last 4 weeks of demand data, resulting in N = 20. The calculated safety 

stocks with equation 5.4 are multiplied by the correction factor described by equation 4.4, using 

the correct values for N for every item.  

Table 5.3 shows all required input parameters for the determination of the safety stock and the 

final values of the safety stock. The RSME in the table is calculated over the total amount of 

days of which both forecasted demand and actual demand are available per item, which is 

equal to the length of the MRP time horizon that starts at 31-03-2015. The average daily 

demand per item �̂� is also calculated based on the number of days in the historic MRP time 

horizon. The FTL capacity is expressed in the number of IOQs that fill a truck, which 

correspond to pallet loads. For the pizza crusts (G2592, G2598, G2597 and G2513), the total 

combined pallet loads that need to be ordered at minimum is 33 and for the tomato pulp (G7516 

and G1361) this minimum is 26 pallet loads. For the other items the FTL capacity is not a 

constraint.  
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Table 5.3: Input parameters to determine the dynamics and value of the safety stock 

 

5.2 Execution 

The second part of the case study consists of running the decision tool with the input data in a 

rolling horizon setting and to compare the results with the actual historic results. For the rolling 

horizon, a time bucket needs to be chosen after which the model is rerun with updated 

information on projected future inventory levels. This is necessary since the actual material 

consumption on day t nearly always differs from the short-term forecasted material 

requirements for day t. Once the system inventory records are adapted with the actual material 

consumption for day t, it then causes a change in the projected future inventory level of day 

t+1 and beyond. This could mean that the determined order quantity for the next ordering 

period is not optimal anymore and must be adjusted.  

The time bucket in this case study is W, the reorder time-interval between two successive 

review moments of an item, since projected future inventory levels can only be raised at 

ordering periods that follow after one W. The rolling planning horizon has a length of T days. 

The cover time, i.e. the number of days for which optimal procurement lot sizes are determined 

to satisfy forecasted demand, and for which inventory levels are optimized, is T-L. This length 

is set in this way since projected future inventory levels can only be affected from day t = L 

onwards up to and including day t = T, when the first ordering period starts at t = 1. The 

inventory levels from t = 1 up to t = L are excluded for the KPI scores, since these inventory 

Item 
code 

𝑵 𝑳 𝑾 �̂� 𝑹𝑴𝑺𝑬 𝑰𝑶𝑸 𝑴𝒊𝒏𝑶𝑸 FTL 
capacity 

Target 
fill 
rate 

𝑺𝑺 Size 
ratio 

𝑪𝑽𝑳 Fixed 
𝑺𝑺? 

G2592 30 15 1 7508 3.433 960 960 

33 IOQs 

98% 32376 1,05 0,43 Yes 

G2598 30 15 1 6172 1.598 864 864 98% 13552 1,00 0,32 Yes 

G2597 30 15 1 605 1.000 1.200 1.200 98% 11952 1,63 0,20 Yes 

G2513 30 15 1 670 988 864 864 98% 11783 1,12 0,99 Yes 

G2681 30 5 5 389 115 512 512 - 98% 223 1,40 0,41 Yes 

G2651 30 5 5 214 43 512 512 - 98% 0 1,15 0,23 Yes 

G2641 30 5 5 175 79 512 512 - 98% 159 1,17 0,68 Yes 

G2650 30 5 5 91 30 512 512 - 98% 0 1,58 0,3 Yes 

G2693 30 5 5 32 45 768 768 - 98% 191 1,36 0,61 Yes 

G7516 20 15 1 1059 412 940 940 
26 IOQs 

98% 3945 1,29 0,44 Yes 

G1361 20 15 1 367 128 856 856 98% 1456 1,25 0,44 Yes 

G2691 20 3 5 638 180 500 500 - 98% 310 1,34 0,35 Yes 

G2694 20 3 5 162 23 420 420 - 98% 4 1,13 0,20 Yes 

G2685 20 3 5 216 58 420 420 - 98% 75 1,43 0,53 Yes 

G7155 20 3 5 29 11 500 500 - 98% 0 1,60 0,33 Yes 

G2814 30 5 5 83 20 100 100 - 98% 21 1,37 0,26 Yes 

G2863 30 5 5 52 29 20 20 - 98% 128 1,47 0,60 Yes 

G2836 30 5 5 15 3 5 5 - 98% 5 1,26 0,31 Yes 

G2838 30 5 5 62 15 12 12 - 98% 34 1,19 0,34 Yes 

G2679 30 5 1 85 45 384 384 - 98% 202 1,36 0,75 Yes 

G2695 30 5 2,5 126 20 360 360 - 98% 0 1,07 0,31 Yes 

G2699 30 10 5 45 6 234 234 - 98% 0 1,02 0,26 Yes 

G2675 20 5 5 57 18 320 320 - 98% 33 1,50 0,70 Yes 

G2751 30 5 5 32 6 320 320 - 98% 0 1,22 0,26 Yes 

G2676 20 5 5 59 21 320 320 - 98% 11 1,49 0,95 Yes 

G7150 20 5 2,5 260 72 500 500 - 98% 164 1,63 0,65 Yes 

G5068 30 5 2,5 351 80 880 880 - 98% 72 1,13 0,40 Yes 

G3071 30 5 2,5 55 39 520 520 - 98% 93 1,65 0,39 Yes 

G4305 30 5 2,5 71 10 592 592 - 98% 0 1,39 0,23 Yes 

G2748 30 6 2,5 82 17 540 540 - 98% 3 1,07 0,47 Yes 

V5110 30 5 2 4923 1.067 32.400 32.400 - 98% 0 1,70 0,26 Yes 

V5111 30 5 2 863 188 900 900 - 98% 275 1,49 0,33 Yes 

V5120 30 5 2 646 175 2.400 2.400 - 98% 83 1,10 0,38 Yes 

V5121 30 5 2 1291 351 2.400 2.400 - 98% 492 1,10 0,38 Yes 

V5122 30 5 2 646 176 2.400 2.400 - 98% 83 1,10 0,38 Yes 
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levels cannot be affected by the decision support tool and therefore remain the same in both 

cases.  

 

Furthermore, T is chosen such that it matches a receiving day from the order quantity ordered 

at the last order period T-L in the planning horizon. The ending inventory level of day T is 

however not considered in order to correct for the ending inventory, such that correct cost 

savings and average inventory levels are determined. 

 
Table 5.4: Input parameters decision support tool case study 

 

Table 5.4 provides an overview of all determined input values for the parameters that are 

required for the decision support tool in which the designed lot sizing models are implemented.  

The items that have a value of 2 or 2,5 for W can be ordered two or three times a week, on 

fixed days. In the case study the values for W are corrected for these fixed days. The other 

items can either be ordered every day or on one fixed day of the week, for which W does not 

need to be corrected. The starting inventory 𝐼0 is the actual historic starting inventory at t = 1. 

The inventory holding costs are set to 25% of the purchasing price of an item per year. For 

conversion to a daily holding cost, this cost is divided by 365. The safety stocks follow from 

Table 5.3.   

 

Item 
code 

Cover 
time      

𝑻 − 𝑳 
(days) 

𝑳 𝑾 𝑴 𝑴𝒊𝒏𝑶𝑸 𝑰𝑶𝑸 𝑰𝟎 𝑪 𝒉 𝑺𝑺 Model 

G2592 19 15 1 365 960 960 83.858 €0,47 €0,00032 32376 Multi 

G2598 19 15 1 365 864 864 39.133 €0,61 €0,00042 13552 Multi 

G2597 19 15 1 365 1.200 1.200 24.000 €0,54 €0,00037 11952 Multi 

G2513 19 15 1 365 864 864 16.702 €0,46 €0,00032 11783 Multi 

G2681 10 5 5 60 512 512 898 €3,04 €0,00208 223 Single 

G2651 10 5 5 60 512 512 696 €3,08 €0,00211 0 Single 

G2641 10 5 5 60 512 512 543 €3,15 €0,00216 159 Single 

G2650 10 5 5 60 512 512 694 €3,08 €0,00211 0 Single 

G2693 10 5 5 60 768 768 451 €3,04 €0,00208 191 Single 

G7516 10 15 1 365 940 940 9.740 €0,93 €0,00064 3945 Multi 

G1361 10 15 1 365 856 856 29.860 €0,46 €0,00032 1456 Multi 

G2691 20 3 5 11 500 500 2.652 €1,66 €0,00114 310 Single 

G2694 15 3 5 50 420 420 929 €2,86 €0,00196 4 Single 

G2685 20 3 5 20 420 420 670 €1,30 €0,00089 75 Single 

G7155 20 3 5 65 500 500 362 €3,63 €0,00249 0 Single 

G2814 15 5 5 23 100 100 330 €10,50 €0,00719 21 Single 

G2863 10 5 5 23 20 20 163 €5 €0,00342 128 Single 

G2836 10 5 5 60 5 5 45 €11,60 €0,00795 5 Single 

G2838 10 5 5 90 12 12 186 €11,89 €0,0081 34 Single 

G2679 18 5 1 21 384 384 617 €4,95 €0,00339 202 Single 

G2695 12 5 2,5 26 360 360 146 €5,37 €0,00368 0 Single 

G2699 5 10 5 60 234 234 458 €9,60 €0,00658 0 Single 

G2675 10 5 5 60 320 320 301 €10,4 €0,00712 33 Single 

G2751 10 5 5 67 320 320 129 €6,80 €0,00466 0 Single 

G2676 10 5 5 50 320 320 132 €7,95 €0,00545 11 Single 

G7150 20 5 2,5 28 500 500 1.606 €3,05 €0,00209 164 Single 

G5068 15 5 2,5 365 880 880 3.508 €0,86 €0,00059 72 Single 

G3071 15 5 2,5 365 520 520 592 €4,78 €0,00327 93 Single 

G4305 15 5 2,5 365 592 592 1.085 €6,60 €0,00452 0 Single 

G2748 12 6 2,5 42 540 540 659 €7,87 €0,00539 3 Single 

V5110 16 5 2 - 32.400 32.400 14.729 €0,05 €0,00003 0 Single 

V5111 16 5 2 - 900 900 587 €0,42 €0,00029 275 Single 

V5120 16 5 2 - 2.400 2.400 1.540 €0,23 €0,00015 83 Single 

V5121 16 5 2 - 2.400 2.400 1.504 €0,23 €0,00015 492 Single 

V5122 16 5 2 - 2.400 2.400 1.425 €0,23 €0,00015 83 Single 
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The following iteration procedure is performed for the execution of the case study: 

Step 1: Starting at t = 1 and given the forecasted demand for t = 1 up to and including t = T. 

Solve the multi-period lot sizing problem by determining optimal procurement lot sizes for all 

ordering periods  𝑡′ in the planning horizon. Implement the ordering decision generated at the 

current ordering period.  

Step 2: Replace the forecasted demand with the actual demand for t = 1 up to t = 1+W. Resume 

at t = 1+W and solve the multi-period lot sizing problem again. Implement the ordering decision 

for the current period. 

Step 3: Repeat the process by moving on to the next ordering period and by replacing the 

forecasted demand with the actual demand up to the current ordering period.  

One important rule that is considered here is that orders have to be placed at the supplier 

before the actual demand for that day are known, such that the forecasted demand for that 

day must be considered. This rule can be justified since the planning department adapts the 

inventory levels of the items in Exact either at the end of the day, after production is finished, 

or on the next day. 

Once the last ordering period is calculated the iteration procedure for ordering is finished. The 

remaining forecasted demand is replaced with the actual demand up to and including t = T. 

5.3  Results 

The results of running the decision support tool for a rolling planning horizon of T days and the 

comparison with the current procurement lot sizing method are presented in Table 5.5, where 

the following KPIs are measured: 

1) % Change in average inventory level realized by the decision support tool over the current 

method 

2) Realized inventory holding costs by the current method and by the decision support tool 

3) Actual fill rate realized by the current method and by the decision support tool 

All three KPI scores that are calculated for the cover time t = L to t = T, are corrected for the 

ending inventory at t = T and the starting inventory at t = L. The fill rate is determined as follows: 

 

                    𝑃2  =  100% – (%
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠 𝑠ℎ𝑜𝑟𝑡 𝑑𝑢𝑟𝑖𝑛𝑔 𝑐𝑜𝑣𝑒𝑟 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑

𝑇𝑜𝑡𝑎𝑙 𝑢𝑛𝑖𝑡 𝑑𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑐𝑜𝑣𝑒𝑟 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑
)                   (5.2) 

 

Table 5.5 describes the results for the single item analysis, using the Single item Lot Sizing 

Model.  
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Table 5.5: Case study results Single item Lot Sizing Model 

Item 
code 

Cover 
time  

(T – L) in 
days 

% Change in avg. 
inventory level decision 
tool vs. current method 

Holding 
costs 

current 
method 

(€) 
 

Holding 
costs 

decision 
tool 
(€) 

 

Holding 
cost 

difference 
(€) 

 

Fill rate 
current 
method  

Fill rate 
decision 

tool 

V5110 16 - 47,39% € 28,38 € 14,93 - € 13,45 100% 100% 

V5111 16 - 48,37% € 31,49 € 16,23 - € 15,26 100% 100% 

V5120 16 - 49,12% € 16,64 € 8,47 - € 8,17 100% 100% 

V5121 16 - 40,51% € 22,93 € 13,64 - € 9,29 100% 100% 

V5122 16 - 40,59% € 16,47 € 9,79 - € 6,69 100% 100% 

G2681 10 - 28,23% € 53,03 € 38,16 - € 14,87 100% 100% 

G2651 10 0,00% € 36,72 € 36,72 - 100% 100% 

G2641 10 0,00% € 37,38 € 37,38 - 100% 100% 

G2650 10 0,00% € 21,84 € 21,84 - 100% 100% 

G2693 10 0,00% € 21,70 € 21,70 - 100% 100% 

G2691 20 - 3,35% € 101,78 € 98,37 - € 3,41 100% 100% 

G2694 15 - 14,64% € 39,33 € 33,57 - € 5,76 100% 100% 

G2685 20 - 15,26% € 31,87 € 27,01 - € 4,86 100% 100% 

G7155 20 0,00% € 27,75 € 27,75 - 100% 100% 

G2814 15 - 7,55% € 76,18 € 70,42 - € 5,76 100% 100% 

G2863 10 - 14,74% € 20,48 € 17,47 - € 3,01  100% 100% 

G2836 10 - 34,88% € 10,37 € 6,75 - € 3,62 100% 100% 

G2838 10 - 11,88% € 31,10 € 27,40 - € 3,70 100% 100% 

G2679  18 + 47,24% € 21,36 € 31,45 + € 10,09 99,10% 100% 

G2695 12 - 34,13% € 50,43 € 33,22 - € 17,21 100% 100% 

G2699 5 0,00% € 24,90 € 24,90 - 100% 100% 

G2675 10 + 30,95% € 26,70 € 34,96 + € 8,26 100% 100% 

G2751 10 + 24,15% € 16,20 € 20,11 + € 3,91 100% 100% 

G2676 10 0,00% € 36,54 € 36,54 - 100% 100% 

G7150 20 - 51,66% € 125,93 € 60,88 - € 65,05 100% 100% 

G5068 15 - 61,14% € 34,14 € 13,27 - € 20,88 100% 100% 

G3071 15 0,00% € 21,00 € 21,00 - 100% 100% 

G4305 15 - 45,49% € 94,13 € 51,31 - € 42,82 100% 100% 

G2748 12 - 56,13% € 108,91 € 47,78 - € 61,13 100% 100% 

 

The results of the Multi item Lot Sizing Model with multi-item family groups are shown in the 

Table 5.6: 

Table 5.6: Case study results Multi item Lot Sizing Model 

Item 
code 

Cover 
time  

( T – L) 
in days 

% Change in 
avg. inventory 
level decision 

tool vs. 
current 
method 

% Change in 
total avg. 
inventory 

level 
decision tool 
vs. current 

method  

Holding 
costs 

current 
method 

(€) 
 

Holding 
costs 

decision 
tool 
(€) 

 

Holding 
cost 

difference 
(€) 

 

Fill rate 
current 
method  

Fill rate 
decision 

tool 

G1361 10 - 69,33% 

- 41,81% 

€ 86,36 € 26,48 

- €89,01 

100% 100% 

G7516 10 - 29,78% € 97,80 € 68,67 100% 100% 

G2592 19 +10,32% 

- 3,92% 

€ 398,20 € 439,29 

- €104,17 

100% 100% 

G2598 19 - 40,27% € 580,18 € 346,54 100% 100% 

G2597 19 + 5,72% € 108,52 € 114,73 100% 100% 

G2513 19 + 70,51% € 116,53 € 198,69 100% 100% 

 

As can be seen from the two tables, the decision support tool performs very well in comparison 

to the current procurement lot sizing method. For the items analyzed with the Single item Lot 

Sizing Model, 17 out of 30 items show substantial reductions in average inventory levels and 

inventory holding costs, while maintaining a 100% fill rate. Next, 7 items show equal 

performances and only 3 items show considerable worse performances, of which 1 item has a 

lower fill rate in the current situation.  
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The items analyzed with the multi-item lot sizing model also show considerable improvements 

in comparison to the current method, while also maintaining a 100% fill rate for every item. For 

the first group of items (G1361, G7516), both the average inventory level and inventory holding 

costs can be greatly reduced for both items. For the second group of items (G2592, G2598, 

G2597, G2513), the decision support tool provides better overall results for the average 

inventory level and inventory holding costs. However, for 3 out of the 4 items in the group the 

average inventory level is increased. This can be explained by the fact that always a FTL must 

be ordered with 33 pallets. Once the projected inventory levels for all items in the group are 

raised to the minimum level, the decision tool will fill the remaining truckload with items that 

have the cheapest purchasing price and hence cheapest inventory holding costs. When 

checking the purchasing price of these items in Table 5.4, the substantial average inventory 

level reduction for G2598 and average inventory level increases for the other three items make 

sense. 

5.3.1 Sensitivity Analysis 

In order to further test the quality and robustness of the designed lot sizing models in 

combination with the determined safety stocks, a sensitivity analysis is performed. In this 

analysis changes are made to input parameters for the decision support tool, in order to 

evaluate the changes in performance. The following two analyses are performed: 

a) Starting inventory at t = L, 𝐼𝑡=𝐿, after actual demand for this day  𝐷𝑡=𝐿 is satisfied, is set to 

0. The ending inventory for this day then completely consists of the quantities which are 

ordered at t = 1. The determined safety stock for every item is kept unchanged. The 

iteration procedure is followed, but no replacements for the forecasted demand with actual 

demand need to be done up till t = L, since the inventory 𝐼𝑡=𝐿, is already fixed at 0. The 

parameter settings are then configured in such a way that we start with the lowest possible 

inventory level at day t = L, the first day of the cover period. 

 

b) The same conditions as under a) but now without safety stock for all items. 

 

Table 5.7 describes the results for the items belonging to the Multi item Lot Sizing Model. 

Table 5.7: Results sensitivity analysis Multi item Lot Sizing Model 

 

Interestingly, the realized fill rates are still 100% for both situations. This can be explained by 

the fact that always a full truckload needs to be ordered for both groups of items, such that the 

procurement lot sizes are relatively big. The FTL ordered for the group of items therefore 

proves to act as buffer for the changes between forecasted demand and actual demand. 

  

Item 
code 

Cover time  
(T – L) in days 

Fill rate decision tool  
 It=L = 0 with SS  

Fill rate decision tool  
 It=L= 0 without SS 

G1361 10 100% 100% 

G7516 10 100% 100% 

G2592 19 100% 100% 

G2598 19 100% 100% 

G2597 19 100% 100% 

G2513 19 100% 100% 
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Table 5.8: Results sensitivity analysis Single item Lot Sizing Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.8 describes similar results for the items belonging to the Single item Lot Sizing model. 

For 29 out of 30 items, the fill rate is still 100% with a starting inventory of 0 at t = L, while for 

the one item which does not meet this fill rate, the fill rate is still very close to the required 98%. 

For the second sensitivity analysis, the majority of the items also still meet a 100% realized fill 

rate, with the exception of only two items. These remarkable results can also be explained by 

the fact that the order batch sizes act as a buffer for the deviations in forecasted demand and 

actual material demand. This indicates that the MinOQ for some items might be too high, 

resulting in very good service levels on the one hand but relatively high inventory holding costs 

on the other hand. Table 5.9 shows the items for which no more than the MinOQ is ordered in 

all analyses. Even with 0 starting inventory and no safety stocks, these items still meet the 

defined service level of 98% in the analyses. Therefore, it can be worthwhile to determine the 

economic order quantity (EOQ) for these items. The EOQ is the quantity that balances ordering 

costs and inventory holding costs for an item, and can be calculated with the following formula 

(Silver, Pyke, & Peterson, 1998): 

                                                                 𝐸𝑂𝑄 = √
2𝐾𝐷

ℎ
                                                                    (5.3) 

Where K represents the ordering costs, D represents the periodic demand (normally a year) 

and h represent the inventory holding costs over the period (normally a year). 

Item code Cover time  
(T – L) in days 

Fill rate decision tool  
 It=L = 0 with SS  

Fill rate decision tool  
 It=L= 0 without SS 

V5110 22 100% 100% 

V5111 22 100% 100% 

V5120 22 100% 100% 

V5121 22 100% 100% 

V5122 22 100% 100% 

G2651 15 100% 100% 

G2641 15 100% 100% 

G2650 15 100% 100% 

G2693 15 100% 100% 

G2691 28 100% 100% 

G2681 15 100% 99,64% 

G2694 21 100% 100% 

G2685 28 100% 100% 

G7155 28 100% 100% 

G2814 21 100% 100% 

G2863 14 100% 100% 

G2836 14 100% 100% 

G2838 14 97,38% 91,98% 

G2679  22 100% 88,31% 

G2695 16 100% 100% 

G2699 7 100% 100% 

G2675 14 100% 100% 

G2751 14 100% 100% 

G2676 14 100% 100% 

G7150 28 100% 100% 

G5068 21 100% 100% 

G3071 21 100% 99,75% 

G4305 21 100% 100% 

G2748 18 100% 100% 
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The reason why it could be worthwhile to calculate the EOQ for these items is that currently 

the transportation costs are incorporated in the MinOQ. These costs however represent the 

biggest part of the ordering costs. By separating these costs and using formula 5.3 to 

determine the EOQ, it could be the case that the EOQ is lower than the current MinOQ that is 

agreed upon for these items.  

Table 5.9: Order quantities selected items  

 

5.4  Conclusions 

The case study gives interesting and promising results. For the majority of items, cost savings 

can be realized while still keeping a 98% fill rate or higher. The decision tool either provides 

equal or better results than the current method does, apart from a few items. 

The cost savings are made by determining a smaller sum of procurement lot sizes with the 

decision tool to satisfy the forecasted material requirements over the cover period, hereby 

reducing the average inventory levels. It turns out that the average inventory level of most 

items selected for the case study can be kept much lower than they are kept in the current 

situation, thereby proving that the determined safety stocks are much smaller than the buffer 

inventory that is currently held for the majority of the items. Apart from the relevant inventory 

holding cost savings, this also implies that less inventory needs to be stored in the storage 

areas, thereby saving up valuable storage space in the storage. This in turn can considerably 

reduce congestion and inventory inaccuracy. 

The sensitivity analysis reveals even more promising results. Although the planning horizon is 

limited, it seems that for the majority of the selected items the average inventory levels can be 

reduced even further, without suffering from a worse service level. The order batch sizes act 

as a buffer for the difference in forecasted demand and actual realized demand. With the use 

of the EOQ formula, Conveni B.V. can determine if the MinOQs agreed upon with suppliers 

are optimal, or need to be renegotiated.  

Item 
code 

MinOQ Max order 
quantity case 

study 

Max order quantity first 
sensitivity analysis 

Max order quantity 
second sensitivity 

analysis 

G2650 512 512 512 512 

G7155 500 500 500 500 

G3071 520 520 520 520 

G2751 320 320 320 320 

V5110 32400 32400 32400 32400 
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6 Implementation  
This chapter discusses the plan for implementation in the organization. The limitations of the 

case study are described along with the data requirements that are needed for a proper 

implementation. Furthermore, an updated process-diagram is shown and elaborated for the 

new situation at Conveni B.V. when using the decision support tool for procurement lot sizing. 

The decision support tool gives interesting results in the case study and for the sensitivity 

analysis. However, the input values have been determined based on a limited period of historic 

demand data. Furthermore, the decision support tool needs to be practically validated before 

it should be used at Conveni B.V.  

Output improvement opportunities 
The actual implementation of the decision support tool should follow a series of steps in order 

to reap the full benefits. One of these steps is to acquire more data on the historical forecasted 

material requirements for calculating the forecast errors. This gives a better estimate of the 

RMSE and in turn a more reliable Safety Stock value for each item. Therefore, it is 

recommended to track this data and store it.  

However, care must be taken for potential seasonality when calculating the safety stocks. In 

the case study this is tested for, by calculating the size ratio and the coefficient of variation 

during the lead-time, and was concluded that no seasonality exists in the demand data. The 

used data is however limited to a month of demand data on average, so seasonality can still 

exist in-between months. The size ratio and change ratio described by Mattson (2010) can be 

used as means to determine whether a static safety stock can be used or a dynamic safety 

stock. 

Furthermore, research needs to be done on how often the MPS data from a specific future 

period is changed by the Planning department from the initial master schedule. Frequent 

changes to the MPS (and therefore the MRP) can have a substantial effect on the output of 

the decision model. To counteract this, a rolling horizon approach can be used for determining 

order quantities, as is done in the case study. However, for determining the forecast error (and 

in turn the Safety Stock) this poses a problem, since forecasts further in the future are much 

less reliable than short-term forecasts. Research could to done to figure out which future period 

in the MPS horizon is best to choose for the forecasted material requirements to base the 

forecast error on, since forecasts within the supply lead-time of an item are the most accurate 

but cannot be used since the order quantity already has to be determined by then. On the other 

hand, forecasts at the end of the rolling horizon are beyond the supply-lead time of an item but 

are too unreliable. 

Practical validation 
Another important step for the implementation phase of the decision tool is a practical 

validation of the tool for future forecasted demand and up-to-date parameter data. Due to time 

limitations of the author, this could not be done during the research project. The output of the 

decision tool can then be compared with the order quantities that are determined with the 

current method used by the Planning department. Factors that should then be critically 

examined are order quantity restrictions, lead-times and ordering periods. If these do not match 

or have been changed, they should be properly adjusted in the decision tool and be carefully 

monitored in the future. As for the practical use of the decision support tool, the tool could be 
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used at every ordering period for an item. A detailed process diagram for this process is shown 

in Figure 6.1.  

Figure 6.1: Updated ordering-process diagram  

Start
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Select material 
demand and inventory 

record data

Export selected data 
to decision tool

Insert input data and 
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solver settings
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Decision tool

Insert obtained order 
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Communicate order to 
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Ordering period of item

End

Inventory Management System

Item MRP file
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Other improvements to the model are as follows: 

 Connect the inventory management system (currently Exact), to the decision tool such that 

external data can quickly be inserted. By doing this, it becomes much easier to use the 

decision tool as it saves up significant set-up time (and handling costs) for inserting input 

data and reduces errors with respect to wrong or incomplete inserted data. Furthermore, 

this also stimulates more frequent usage of the decision tool by the Planning department.  

 

 Adjust the user interface in the decision tool to preferences for the people who need to use 

it, such that they gain a comprehensive overview of the input and output data and 

understand the complete functionality.
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7 Conclusions and recommendations 
The final chapter describes the conclusions of the research project along with practical 

recommendations for the company under study. Furthermore, the research limitations, 

theoretical contribution and future research opportunities will be discussed.  

7.1 General conclusions 

The central research question during this project was as follows: 

How can a food manufacturer that is following a MTO production strategy determine optimal 

procurement lot sizes for multiple items that minimize total operational costs, considering all 

relevant practical constraints for the timing and quantity of orders? 

In order to answer this research question, six sub questions were formulated which are 

answered in this chapter. 

 

What are the relevant cost drivers that influence the procurement lot size decisions? 

From the analysis phase it follows that two cost drivers primarily influence the lot size decisions 

for procurement. These are the purchase costs and the inventory holding costs. The ordering 

costs turn out to be a very small cost driver since the costs for transportation is already included 

in the purchasing price, as long as a minimum order quantity is ordered. Normally the costs for 

transportation form a big part of the ordering costs. The inventory holding cost is an important 

cost factor since it enforces determination of procurement lots that only cover short term 

demands and so avoids ordering large, bulky lot sizes that intend to cover a longer term 

demand and could fill up a lot of storage space in the storage areas upon delivery. The planning 

department does not adequately consider the inventory holding costs when replenishing 

inventory. 

What other parameters play a decisive role for the determination of procurement lots 
and what are the characteristics of these parameters?  

The other parameters that are relevant for the determination of procurement lots are the shelf 

life of items, supply lead-time, ordering periods and order quantity restrictions imposed by the 

supplier. The forecast uncertainty of material requirements is an additional very important 

parameter that should be adequately considered. The characteristics of these parameters 

differ widely per item and are crucial to incorporate when ordering these items.  

 
How can all relevant cost drivers, variables and parameters be properly integrated in 
the formulation of an optimization model?  

All cost drivers, variables, and parameters can be mathematically described in two lot sizing 

models: A Single item Lot Sizing model and a Multi item Lot Sizing model. The lot sizing models 

consist of an objective function with cost drivers and variables, and constraints, in which the 

parameters are described and which must be satisfied at all times. The formulated lot sizing 

models can be easily adapted and used in other manufacturing companies operating in both a 

MTO-environment and a MTS-environment, where additional cost drivers can be added in the 

objective function and constraints can be removed and/or added.  
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How can the formulated optimization model be solved and implemented in a decision 
support tool?  

The formulated lot sizing models are solved with Mixed Integer Linear Programming (MILP) 

and can be implemented in a software tool called OpenSolver, which is an add-in for Microsoft 

Excel. This tool is suitable for solving lot sizing problems such as the one formulated in the 

research project. 

 

How do the results of the decision support tool perform in comparison to the currently 

used ordering method, based on relevant Key Performance Indicators (KPIs)? 

For the majority of items selected for the case study, the decision support tool determines 

either equal or improved lot sizing decisions such that the average inventory levels are 

substantially reduced and cost savings can be realized. This is realized while still maintaining 

a necessary service level of 98% for the majority of the items. Therefore, the utilization of the 

designed decision support tool seems promising for Conveni B.V. and the problem of high 

inventory levels can be solved for a majority of raw material and packaging items. 

 
How should the decision support tool be implemented and further used in the 
company under study?  

Before actually using the decision support tool, a practical validation at Conveni B.V. is 

required. Furthermore, in order to attain more reliable results from the decision support tool, 

more data should be gathered that is required to determine the input parameters such as the 

RMSE.  

 

7.2 Research limitations 

Certain limitations have been made in order to conduct the research project. These limitations 

are as follows: 

1) The demand and parameter data for the case study are from March 2015. Both demand 

dynamics and parameter data could have been changed in the present, such that the 

conclusions made in the case study do not any longer hold. 

 

2) The MRP planning horizon in the case study was limited to a month on average, therefore 

no straightforward conclusions can be drawn for the long-term impacts. 

 

3) No option was considered for expedited ordering, such that orders can be placed even at 

non-regular ordering periods, at an additional cost. 

 

4) No ordering costs were separately considered since these were, for the most part, 

integrated in the purchasing price as long as MinOQ is ordered. This can be easily added 

in the objective function in the lot sizing models. Also by analyzing the ordering costs 

separately, lot sizes can be determined that balance ordering costs and inventory holding 

costs. 

 

5) Only a limited group of the raw material and packaging material assortment is selected for 

the case study, though the results strongly indicate that improvements can be realized for 

many other items as well. 
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7.3 Theoretical contribution  

The theoretical contribution of this research project is to incorporate a set of relevant 

constraints in a lot sizing model which serves a practical, company-focused application. Most 

lot sizing literature for instance do not incorporate supply lead-time and reorder intervals of 

items, but use simplifying assumptions for these factors. In addition, safety stocks were applied 

to buffer against forecast uncertainty in a MRP environment. 

 

Safety stocks in MRP and in lot sizing models is generally unusual since most lot sizing models 

assume deterministic demand, while in this research project the future demand is not known 

with certainty and there is no knowledge of the underlying demand distribution. For the safety 

stock setting, a correction factor was added that takes into account auto-correlation of forecast 

errors over the lead-time, which is a theoretical contribution. 

 

7.4 Future research opportunities 

The following directions could be further explored in future research:  

 

 Incorporate production planning & scheduling (PPS) with the inventory management of raw 

materials and packaging materials. In the research project the PPS was considered fixed 

such that the forecasted material requirements per day should always be met. Possibilities 

could be explored to adapt the PPS such that inventory levels of component items can be 

even more positively impacted while maintaining a minimum customer service level.  

 

 Research on the improvement of material requirements forecasts. Better forecasts imply a 

lower mean forecast error and in turn lower required safety stocks, if the methodology for 

setting safety stocks from this research project is followed. 

 

 Research on (flexible) storage policies for raw materials and packaging materials. The 

current storage layout and storage policies at Conveni B.V. are rather static and inflexible, 

while they are facing a still growing, dynamic product assortment and dynamic demand 

conditions from customers.  

 

 Explore possibilities to reduce supply lead-times of items and research the trade-off for the 

possible extra purchasing and/or ordering costs and the reduction in required safety stock 

inventory. 

 

 Explore possibilities to obtain a wider set of allowable order quantities for items and 

research the trade-off for the possible extra purchasing/and or ordering costs and the 

possible reduction in average inventory levels due to improved order quantity options. This 

can especially be worthwhile for items where structurally at most the MinOQ is ordered. 

The EOQ-formula can be used to give an indication for the order quantity that balances 

ordering costs and inventory holding costs. 
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Appendix A – Current inventory replenishment and 
receiving process diagram 
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Appendix B – Cause and effect diagram  



56 | A p p e n d i x  C  
 

Appendix C – Overview of purchased items 2015 
 
Artikel Omschrijving ABC Inkoopkosten % Cumulatief Aantal % Cumulatief

G2592 Pizzabodem Italian 27cm met saus, 280gr (20x48ds) blauw A 1.155.072,000 10,419 10,419 2.457.600,000 6,199 6,199

G2598 Pizzabodem Ital Napolitana 29cm, 300gr (18x48ds) A 1.036.224,790 9,347 19,765 1.647.405,000 4,155 10,354

G2681 Mozzarella geraspt A 351.048,920 3,166 22,932 112.028,000 0,283 10,637

G2691 Culinaire room clean label (cont.500ltr) A 273.552,220 2,467 25,399 173.403,000 0,437 11,074

G2838 Prosciuto Crudo 6,5 gr(diepvries) 3 kg A 247.281,900 2,230 27,630 21.510,000 0,054 11,128

G2525 Bodem thin&crispy 10" sauced 24st. 195 gr A 228.702,300 2,063 29,693 638.088,000 1,609 12,738

G2814 Spianata Romana A 209.944,750 1,894 31,586 19.933,000 0,050 12,788

G2748 Gorgonzola picante A 203.873,580 1,839 33,425 26.083,540 0,066 12,854

V7021 Deksel nieuw AH 280ml (3648) A 201.167,100 1,815 35,240 4.512.974,000 11,383 24,237

G7150 Mascarpone A 198.402,500 1,790 37,029 65.050,000 0,164 24,401

G2651 Mozzarella lint (4x4kg) A 176.326,560 1,590 38,620 55.912,000 0,141 24,542

G2695 Mozzarella bolletjes 6gr A 175.921,200 1,587 40,207 32.760,000 0,083 24,625

G7516 Tomatenpulp in vaten (diced tomato) 214 kg A 158.110,740 1,426 41,633 343.719,000 0,867 25,492

G2641 Mozzarella / Cheddar mix 70/30 RASP A 149.722,000 1,350 42,983 46.280,000 0,117 25,608

G2675 Pecorino geraspt A 128.920,000 1,163 44,146 12.470,000 0,031 25,640

G2699 Grano padano flakes BOB A 121.990,710 1,100 45,246 12.909,220 0,033 25,672

G2679 Mozzarella sliced 70mm 11gr. A 117.131,780 1,057 46,303 23.579,432 0,059 25,732

G2694 Mascarponeroom A 114.496,400 1,033 47,336 42.170,000 0,106 25,838

G3287 Cerneau(walnoot) zakje 15gr A 111.328,000 1,004 48,340 560.000,000 1,412 27,251

G2676 Gruyere geraspt A 106.371,000 0,959 49,299 13.380,000 0,034 27,284

G2597 Pizzabodem Bianco 29 cm, 230gr (25x48ds) geel A 103.680,000 0,935 50,235 192.000,000 0,484 27,769

V0004 Onderlegger 250mm EPS (1200st) A 100.130,750 0,903 51,138 1.890.380,000 4,768 32,537

G1361 Tomatenpuree (tomato paste 28/30) in vaten 235 kg A 98.602,750 0,889 52,027 106.555,000 0,269 32,806

V7339 Pot Tomaat-masc. AH 280ml (4992) A 97.021,320 0,875 52,902 1.271.670,000 3,208 36,013

V5111 Omdoos lidl pizza karton 324x322x187 A 95.722,800 0,863 53,766 226.295,000 0,571 36,584

V0072 Folie PET/PE 12/30 my 720mm 1000m A 90.385,400 0,815 54,581 561.150,000 1,415 37,999

G4305 Gedroogde tomaat parten gemar, IQF (2x7,4kg) A 85.958,400 0,775 55,356 13.024,000 0,033 38,032

V0058 Bovenfolie FS50M n4, 365mm (1800) A 84.309,420 0,760 56,117 676.098,000 1,705 39,738

G2876 Hamblokjes 10x10x5 bl A 81.943,850 0,739 56,856 28.256,500 0,071 39,809

G2513 Pizzabodem 25cm met saus, 230gr (18x48ds) BULK A 79.855,200 0,720 57,576 170.208,000 0,429 40,238

G5068 Pizzasaus (20x 4x 220kg) drum A 77.840,860 0,702 58,278 97.288,000 0,245 40,484

G5520 Thaise rijst (1000kg zak) A 76.845,000 0,693 58,971 103.000,000 0,260 40,743

V5110 Onderlegger karton 29cm wit/bruin A 75.965,550 0,685 59,657 1.538.700,000 3,881 44,624

G3911 Rucola vers (ongesneden) A 75.300,560 0,679 60,336 16.358,000 0,041 44,666

V5121 doos pizza Spianata Romana Lidl A 73.696,050 0,665 61,001 329.525,000 0,831 45,497

V7338 Pot Napoletana AH 280ml (4992/ds) A 73.123,310 0,660 61,660 963.456,000 2,430 47,927

G2685 Melkconcentraat (dobmil) A 70.707,580 0,638 62,298 59.713,000 0,151 48,078

G3071 Kip roasted breast strips 8-10mm (10kg krat) A 68.713,800 0,620 62,918 14.310,000 0,036 48,114

G2720 Geitenkaas gerijpt IQF (42mm) A 67.740,000 0,611 63,529 8.400,000 0,021 48,135

G2863 Spekreepjes gerookt 6x10x45 mm (80324) A 67.200,000 0,606 64,135 13.440,000 0,034 48,169

V0059 Onderfolie FS50M n3, 365mm (2500) A 65.520,000 0,591 64,726 630.000,000 1,589 49,758

G7427 Groentenbouillon Clean Label A 65.245,500 0,589 65,314 16.110,000 0,041 49,799

V0360 Schaal 400 gr. PP 227x178x30mm (288) A 65.078,790 0,587 65,901 668.160,000 1,685 51,484

G2902 Varkensvlees gemalen 80/20 IQF (10kg krat) A 62.121,730 0,560 66,462 23.850,500 0,060 51,544

G2650 Mozzarella blokjes (4x4kg) A 61.684,640 0,556 67,018 19.508,000 0,049 51,593

V0005A Onderlegger 27cm polyst. wit (5400) A 60.339,240 0,544 67,562 960.840,000 2,424 54,017

G3295 Basilicum pesto (3kg) met noot A 59.926,110 0,541 68,103 6.330,000 0,016 54,033

G2751 Provolone plaatjes A 53.380,000 0,481 68,584 7.850,000 0,020 54,052

G5555 Rijst basmati Traditional India (1zak=10 kg) A 49.957,950 0,451 69,035 23.335,000 0,059 54,111

G2705 Brie plakjes 20gr. IQF A 49.766,000 0,449 69,484 8.080,000 0,020 54,132

G2836 Coppa di Parma (diepvries) A 49.416,000 0,446 69,930 4.260,000 0,011 54,142

V7336 Pot 5-Kazen AH 280ml (4992) A 49.363,780 0,445 70,375 644.200,000 1,625 55,767

G5540 Mie Pagani (1000kg per pallet) A 48.074,550 0,434 70,809 50.695,000 0,128 55,895

G2917 Zalmsnippers gerookt (Global Gap) A 45.913,500 0,414 71,223 4.494,000 0,011 55,907

G2735 Buffelmozzarella blokje 2kg A 44.484,930 0,401 71,624 4.894,500 0,012 55,919

G7552 Novation 2600 (25 kg) A 43.254,000 0,390 72,014 16.200,000 0,041 55,960

G2811 Salami 85 mm A 42.319,800 0,382 72,396 9.180,000 0,023 55,983
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Appendix D – Reflective redesign process diagram 
 

 

 


