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“In theory, there is no difference between theory and practice.  

In practice there is.” 
 

- Yogi Berra 1925 

 

 

 

“Most of the fundamental ideas of science are essentially simple, and may,  

as a rule, be expressed in a language comprehensible to everyone.” 
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I. Preface 
 

This report presents the results of a research project in order to receive the Master’s Degree in 

Industrial Engineering and Management Science from the Technische Universiteit in Eindhoven 

(TU/e), the Netherlands. The project was carried out from April 2004 to January 2005 at Kappa 

Containerboard BV (KCB) in Roermond, the Netherlands, part of Kappa Packaging.  

 

This final thesis ends an approximate 7.5 year period in which I have been studying, and above all, 

have enjoyed being a student. While performing the project at Kappa, I gained interesting insights in 

what is suggested in theory and what is actually done in practice. Moreover, matching the appropriate 

theory with the practical situation seemed even more difficult than I ever expected. I think this 

experience can be of great value in my further career. 

 

Although I had my ups and downs the previous nine months, I can look back with great satisfaction. 

As one may imagine I could not have completed this challenging project without the help of many 

people. Therefore, first of all I would like to thank Ton de Kok, my first supervisor of the Technische 

Universiteit Eindhoven, who always participated enthusiastically and helped me to see the light in 

times when I got stuck in my thinking process. Moreover he continuously managed to stimulate me to 

think “out-of-the-box” and kept my drive for ambition high. Next to him, I also would like to express 

thanks to Jimme Keizer who provided critical feedback about my used methods and processes. Next to 

my supervisors I am indebted many thanks to Koos Huibers for his extremely important share in 

providing help with the Delphi programming part of the decision support tool. 

 

At Kappa Packaging I would like to thank Tom Munten for his daily support and understanding. The 

entire period he always was ready for me and kept patience during our many conversations and 

meetings while I tried to explain my inventions. Next to him I also would like to thank Peter 

Fleurkens, as my second supervisor, for his critical feedback and not being an easily convinced person. 

Furthermore I am indebted thanks to both Roel Lempens and Wim Schreurs for their willingness to 

answer my many questions and helping me to find the appropriate data. Without them I could not have 

been able to run, test and validate my developed model and decision support tool. Finally I would like 

to thank the entire team of the Sales Operations Department who provided me much insight into their 

daily issues and dialect, which I still cannot understand by the way. 

 

Also in my personal life the effects of performing such a complicated project must have been visible. 

Especially the last few months when the pressure was fairly high, I received much support from family 

and friends. Therefore I want to thank everybody who has in one way or another been involved. Last 

but not least, I would like to express many thanks to Patrice, who always managed to cheerfully 

encourage me. Without her, I could not have been able to achieve this satisfying result in the first 

place. 

 

 

 

Bram den Hartog 

January 2005 
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II. Abstract 
 

This thesis describes the development of an integral model for evaluating the logistical performance of 

a paper supply chain subject to service level constraints. A divergent multi-item two-echelon inventory 

system and a multi-server multi-item production environment are considered. A decision support tool 

is designed to enable automated performance evaluation based on the integral model. After exhaustive 

validation of the model, this tool is used to analyse performance improvement opportunities. 
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III. Executive Summary 
 

Kappa Packaging is an integrated multinational paper and board company providing packaging 

products and -solutions to the consumer packaged goods industry. The organisation covers a wide area 

of the total paper supply chain; from paper recovery to production of corrugated sheets and -boxes. 

The cluster Kappa Containerboard (KCB) is positioned in the upstream part of the supply chain and is 

responsible for the production of paper. The focus of this thesis lies within the Recovered Paper 

Europe (RPE) cluster, which is part of KCB. It consists of three paper mills operating six machines, 

and a coordinative Shared Service Centre (SSC). Providing commodity products, their competitive 

position is primarily achieved through cost leadership and excellent customer service.  

 

Recently, within the RPE cluster the SSC has adopted the Vendor Managed Inventory/Consignment 

Stock (VMI/CS) policy as a new inventory management approach. This enabled them to control the 

inventory levels at both the paper mills and their customers. As a result the overall inventory 

requirements in the supply chain could be reduced while the service to the customers remained 

unaffected. This led to lower costs, which in fact is required to strengthen the competitive position of 

the RPE cluster. However, Kappa is not certain that it currently takes full advantage of the VMI/CS 

concept. We state that Kappa encounters problems in correctly aligning its supply chain because: 

 

1. Kappa lacks quantitative insight into relations between the outcomes of planning decisions 

2. So that the logistical parameters are set individually instead of integrally 

3. Inventory levels are considered as independent variables 

4. Moreover, an overall exhaustive quantitative model to easily evaluate the supply chain 

performance does not exist 

5. Therefore the performance of the current supply chain parameter setting remains unknown 

6. And Kappa is unable to evaluate the future performance of other possible supply chain 

settings. 

 

This led to the following definition of the assignment and four deliverables: 

 

“Develop an integrated logistical performance evaluation model enabling Kappa to align the 

corrugated case material supply chain, so that the specified customer service levels are met at 

minimal supply chain cost.” 

 

1. Provide detailed mathematical insight into the operational relations between both the physical 

and supporting logistical processes in the supply chain 

2. Develop an evaluation model that enables logistical parameter setting in the supply chain at a 

tactical decision level, based on state of the art science 

3. Develop a decision support tool in order to automate the evaluation process 

4. Evaluate different parameter settings with the support tool.  

 

The supply chain has been systematically analysed and important modelling requirements have been 

identified in order to preserve the relation between model and reality. Additionally, appropriate state-

of-the-art theory was selected to form the basis for our model. The integrated performance evaluation 

model is designed accordingly. It enables detailed analysis of both the inventory part and the 

production part within the supply chain. It is argued that the logistical control parameters included in 

the model should be collectively exhaustive in order to efficiently achieve the overall supply chain 

objective. The input variables therefore describe all demand-, production-, distribution- and cost 

related characteristics. Additionally, the entire supply chain is aligned towards predefined customer 

service levels. Consequently, in order to satisfy these service levels, the expected inventory- and 

necessary safety stock levels in the supply chain are determined. The capital investment is derived 

from these inventory requirements. 
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The model appears not to be suitable for easy and quick manual evaluation of the logistical control 

parameters, due to the structural complexity. Therefore, and in order to encourage application of our 

design in practice, the evaluation process is highly automated by developing a decision support tool. 

This tool performs a series of algorithms to evaluate our design. It provides a practical user-interface 

implemented in Excel/Visual Basic and enables simple input of the required data. Moreover it offers 

convenient opportunities for analysis of the results. Also, functionalities are added that facilitate 

simulation of ‘what-if’ scenarios. All necessary calculations are performed automatically without 

requiring any user intervention. This part is implemented in Delphi.  

 

By means of the decision support tool the developed performance evaluation model has been 

exhaustively validated. The approximations for the values of the logistical parameters by the model 

have been compared with the values in reality. Sequentially, the following aspects have been 

thoroughly investigated: 

• Demand consistency 

• Overall- and detailed utilization degrees and production lead times 

• Average inventory levels and the corresponding locations 

• Capital investment 

• Detailed safety stock levels. 

 

On all aspects our model gave accurate approximations of the reality and therefore proved to be valid. 

 

Having established the validity of the model, different values were used to vary the main control 

parameters, i.e. the service levels. The results were analysed in order to identify opportunities for 

improvement. It appeared that the current situation of Kappa is equivalent to a supply chain setting 

with a factory service level of 99% and a customer service level of 99,9%. It could be noticed that 

with a slight decrease in service levels, the inventory requirements are reduced substantially. We argue 

that it is most important to align the supply chain to the downstream service level first, as this is the 

point in the supply chain at which the company interacts with the customers. Furthermore a distinction 

should be made between theoretical- and perceived service levels. In general, customers can still 

perceive good service at lower values for the theoretical service levels. This implies that Kappa’s 

service levels indeed can be decreased in order to reduce inventory requirements, without negatively 

affecting the service to the customers. However, Kappa is currently not explicitly measuring customer 

service levels. Therefore the relation between theoretical and perceived service is not known, yet.  

 

We conclude that:  

1. In order to achieve the overall strategic- and tactical supply chain objectives, decision 

making should be supported by integral evaluation of all relevant logistical control 

parameters 

 

2. Aligning the supply chain to appropriate customer service levels provides better 

opportunities to reduce the total capital investment than aligning to low inventory levels. 

 

Several recommendations have been given for Kappa that focus on practical usage of our design. We 

suggest that, as our decision support tool is able to perform an integrated analysis on logistical 

performance, it should be used for maintaining consistency between the objectives of different control 

levels. Moreover we suggest using the fill rate as an explicit measure for customer service. 

Additionally, measurement of the realised fill rate in relation to the perceived service by the customer 

should give Kappa insight in how these two measures interrelate. This enables well-founded parameter 

setting and could reduce the inventory requirements, and therefore capital investment, substantially.  

 

Regarding the use of the tool, we suggest re-evaluation of the logistical parameters every 3 to 6 month 

in order to avoid anticipation on non-structural changes in demand or production. Equally important is 

that the results of our model should be interpreted by the user. Unconditional use of the results is not 

advised; it is a decision support tool, not a decision making tool!   
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V. Introduction 
 

This introductive chapter aims at providing a general roadmap on how this report is structured. This 

report has been written to clearly describe the solution to the problem under investigation. However, it 

may occur that in some parts of this thesis we assume a certain level of knowledge to understand our 

reasoning. These chapters are indicated with a (*) and may raise difficulties. Nevertheless, we have 

tried to increase the readability of the report by frequently using conceptual figures and moving 

detailed mathematical expressions to the Appendices. Furthermore, those who are interested in exact 

derivations of the used expressions are referred to the corresponding literature. The outline of the 

report is as follows: 

 

Chapter 1 will primarily discuss Kappa Packaging in order to get acquainted with its corporate 

environment. Successively, the global market of paper, the paper supply chain, and the company itself 

will gain attention. The structure of the total Kappa organization, as well as the specific division 

relevant for this project is presented. Moreover a brief note is made on Kappa’s competitive position 

and on the characteristics of the process industry itself. 

 

When the environment of Kappa is transparent, the details about this research project are the main 

focus in Chapter 2. An introduction into the Supply Chain Integration project is given first, after 

which the problem and assignment of this thesis are discussed. The chapter ends with the expected 

outcome of the project and the methodology used to achieve this.  

 

Chapter 3 presents an analysis on the current situation. Several methods are used which enable 

exhaustive analysis of the supply chain processes on an operational level. The supply chain is 

described according to the four main areas: demand, production, distribution and supply chain 

planning. Finally the total supply chain is characterized with regard to its complexity, uncertainty and 

flexibility.  

 

Next, in Chapter 4 the problem analysis is described. It aims to provide a link between the current 

situation and the design. An appropriate problem area is determined and opportunities for 

improvement are given. Finally, additional requirements are derived which help to model the current 

supply chain.  

 

Chapter 5 (*) elaborates on the relation between theory and practice. It builds on the problem analysis 

and shows how to reduce the analysis complexity of the total system under consideration. 

Furthermore, a brief literature review is provided in which available theoretic concepts are addressed. 

Their applicability is reviewed based on the earlier stated model requirements and the most suitable 

concept is selected. Finally, the limitations of our selected theoretical concept are discussed in relation 

to the reality. 

 

Chapters 6 (*) and 7 are the main design chapters of this thesis. Respectively, the performance 

evaluation model and the decision support tool are developed. Moreover, in Chapter 7 also an 

important validation step is performed. The model is exhaustively validated by comparing the 

approximated results to the current situation. Several criteria are suggested in order to determine 

validity. 

 

Subsequently, Chapter 8 provides several simulations with different parameter settings. The results 

are analysed and improvements are suggested.  

 

The report ends with Chapter 9 providing concluding remarks, recommendations and several 

thoughts for future research. 

 

All Appendices are detached from this report. These are collected in a separate bundle. 
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1. Kappa Packaging 
 

This first chapter provides an introduction into the business of Kappa Packaging. It will briefly address 

its external business environment by focusing on the products, market situation, and the global supply 

chain in sections 1.1 and 1.2. Furthermore, in section 1.3 the internal environment is presented by 

means of the organizational structure, focussing on the parts relevant for this research project. Finally 

the competitive position and industry characteristics are discussed in sections 1.4 and 1.5. 

1.1. Products & Market  
 

Paper covers a wide range of purposes and is used and produced extensively around the world. It can 

be used as newsprint, for graphic purposes, in hygienic products but also in packaging. For detailed 

descriptions we refer to Appendix A. Paper can be produced out of two sorts of raw materials: fresh 

virgin fibres, i.e. new wood fibres, and recycled paper (recovered paper). Virgin fibres provide a better 

quality but are more expensive. On the other hand, wood fibres cannot be recycled endlessly, because 

of the decreasing quality. On average, wood fibres are re-used seven times before they are 

automatically excluded from the process. In Europe 42% of the raw materials used are virgin fibres 

and 42% are recycled fibres (CEPI 2002). This is in contrast to the US, where paper mills primarily 

use virgin fibres. This project only focuses on recycled fibre based paper.  

 

Both paper and recovered paper have become global commodity products. Prices are set monthly 

according to the market situation and are sensitive to fluctuations in demand and supply. The paper 

and recovered paper markets are interconnected and fluctuations in recovered paper prices are 

followed by the paper industry immediately. Annually, the total global production of paper reaches 

320 million tonnes (CEPI 2002). The largest producer is the USA (32%), closely followed by Europe 

and Asia, both representing a share of 30%. The market of produced paper comprises a wide range of 

different segments, varying from plain printing paper in the business-to-consumer market, to 

corrugated packaging materials concentrated in the business-to-business segment. This last segment, 

also known as the packaging paper industry, represents 40% of the total paper production volume in 

Europe which equals approximately 38 million tonnes, see also Appendix A. 

 

The packaging paper segment can be divided into several sub-segments of which case materials form 

the largest part. Case materials are paper types that are used to produce corrugated boxes. This 

segment is positioned into a business-to-business environment, mainly located in the upstream part of 

the supply chain. In general, corrugated boxes perform an important function by protecting goods from 

damage from the point of manufacture through to the final consumer. Therefore these cases should 

strictly comply with the requirements specified by the customer, i.e. goods manufacturers, packers and 

fillers. Current trends address the trade-off between economic and ecological considerations. Extended 

shelf life of products often requires heavier packing, i.e. high performance and higher weight of case 

materials. The environmental consequences should be weighted against the impact of lower shelf life, 

but less packaging materials. Recent trends show that customers more often start to request lighter 

paperweights, resulting from their drive to cut costs.  

 

Kappa Packaging is among the three leaders who dominate the European packaging industry. These 

leaders have a combined market share of 48% and are followed by several smaller producers, who 

have medium sized market shares. Finally the market is separated into a large amount of small, 

independent, often family based companies.  

 

 

 



Tactical Supply Chain Performance Evaluation: Design of a Decision Support Tool 

 

 

Master’s Degree Thesis 2 

1.2. Supply Chain 
 

This section outlines the paper supply chain of which the structure is shown in Figure 1-1. Recycling 

companies collect recovered paper and supply the paper mills. These mills transform the raw materials 

into paper reels, often referred to as corrugated case materials, which are input for the corrugated 

industry. These companies use the paper to manufacture corrugated boards and transfer these boards 

into cases. The cases are sent to manufacturers who use these primarily as packaging materials. 

Through retailers and supermarkets the cases finally end up at the consumers, and are returned through 

a disposal channel. Along the chain disposal also occurs at intermediate levels. The level in the chain 

at which recovered paper is collected determines the quality of the used paper. 

 

 

Figure 1-1: General Paper Supply Chain 

 

More often trends towards vertical integration in the supply chain are identified: large enterprises like 

Kappa Packaging cover a certain part of the chain, in this case the recycling of used paper, the 

production of new paper, and the converting into boxes. Despite these initiatives, the power is clearly 

increasing downstream the supply chain. The final society’s demand to consumer packaged goods 

(CGP) strongly influences the demands and requirements of packaging products. In order to survive, 

companies operating in this segment need to adjust their strategies. On the one hand, the corrugated 

industry needs to be customer-oriented. Their focus should be on providing unique packaging 

solutions, excellent customer service and low-cost products. On the other hand, suppliers of the 

packaging materials, i.e. the paper mills, are more process-oriented. Making use of capital intensive 

machines for paper production and offering easily replaceable commodity products, their focus is 

mainly on reducing costs.  

1.3. Corporate History 
 

A brief introduction on the foundation of Kappa Packaging is given here. The company was founded 

in 1998, out of a merger between the packaging activities of Bührmann-Tetterode (BT) and 

Koninklijke Nederlandse Papierfabrieken (KNP). Both BT and KNP started the build-up of packaging 

activities in the 1970s. This was an addition to their core activities of paper merchanting, printing 

machine retail business and coated paper production. In 1993, when these groups merged and became 

KNP-BT, their combined packaging activities had a significant market share in the United Kingdom, 

Benelux, France, Germany, Poland and Czech. This continued until the detachment of the KNP-BT 

Group in 1997, when the packaging activities became independent and took the already existing name 

of Kappa (in Dutch, KArton Produktie & PApier). A management buy-out with the help of CVC and 

Cinven, two institutional investors, was arranged to realize this. Mid 2001 Kappa Packaging doubled 

its size by the acquisition of the packaging activities of the AssiDomän Group, which was primarily 

situated in northern Europe. Herewith, Kappa had strengthened its market position in the packaging 

industry.  

 

Today, Kappa Packaging is an integrated paper and board company that produces and sells 

containerboard, solid packaging board, graphic board, fibre-based packaging material and packaging 

solutions. The group has two main activities: the production of Paper & Board and 

Packaging, which means the converting into end-user packaging products. Kappa employs 

Kappa 

Packaging 

Paper 

Recovery 

Virgin  

Fibres 

Paper  

Recycling 

Corrugated 

Industry 
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approximately 16.500 workers within 115 companies in 18 different European countries. The 2002 

annual sales reached 3 billion Euro with an EBITDA of 453 million Euro (Kappa 2003). 

1.4. Organizational structure 
 

Kappa Packaging is divided into two divisions, i.e. “Paper & Board” and “Packaging”, see Appendix 

B for detailed organizational charts. Companies of the Paper & Board division are responsible for the 

collecting and sorting of recycling paper, production of solid board and production of paper. Out of 

this paper, Packaging companies produce corrugated sheets, -boxes and related articles. 

 

Two clusters can be identified within the Paper & Board division: Kappa Containerboard (KCB) and 

Kappa Solid Board. Containerboard companies are responsible for production of paper and the 

collection of recycling papers, whereas the companies in the other cluster are responsible for the 

production of solid board. The Packaging division will be left out of the scope, as the project does not 

have any direct relation with this division. 

 

The focus of this project lies within the KCB-cluster. Thirteen paper machines on eight locations 

produce various paper qualities from both virgin material and 100% recycled material. The annual 

production capacity of the KCB-cluster totals to 2.3 million tons of paper, accounting for a market 

share of 10%. KCB is the third largest volume based producer of containerboard in Europe.  

 

In the KCB-cluster, the business unit Recycled Paper Europe (RPE) is a co-operative joint venture of 

three Kappa paper mills, and a Shared Service Centre (SSC): 

• Kappa Roermond Papier, 3 machines, the Netherlands (KRP) 

• Kappa Wiesloch Papier, 1 machine, Germany (KWP) 

• Kappa Zülpich Papier, 2 machines, Germany (KZP) 

• Kappa Containerboard BV (SSC). 

 

The mills are all producing recovered corrugated case materials (RCCM), whereas the Shared Service 

Centre can be described as the co-ordinator of this cluster and is primarily responsible for the Order-

to-Cash (OTC) process. Also services with regard to ICT, Accounting and Controlling are performed. 

As the “OTC-process owner”, the SSC receives customer orders from the Sales Organizations. These 

orders are processed, allocated to the different factories, produced, shipped to the customers and 

finally invoiced, see also Appendix B. In 2003 the total production volume of the RPE-cluster reached 

approximately 950.000 tonnes representing a sales value of 280 million Euro and an EBITDA of 61 

million Euro. The project will be carried out within this cluster. 

1.5. Strategy & Competitive Position 
 

In order to denote the relevance of our thesis in later chapters, it is useful to provide a brief discussion 

on the strategy and competitive position of 

Kappa Containerboard. The competitive forces 

model of Porter (1979) can be used for 

analysing the attractiveness of an industry. The 

model is depicted in Figure 1-2. 

 

First of all, the rivalry among the competitors is 

quite high in the paper industry. Lots of small 

paper producers exist, yet the market is 

dominated by three major companies among 

which Kappa. The barriers for new entrants are 

very high, as the investment intensity is high due 

to expensive machines. This requires companies to operate at high capacity utilization levels. Often it 

Figure 1-2: Competitive Forces in the Paper Industry 

cf. Porter (1979) 
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can be seen that the larger companies absorb the existing small family sized businesses instead of new 

companies entering the market. Regarding substitute products, corrugated boxes are efficient low-cost 

solutions for CPG manufacturers to protect their products. However, this low-cost aspect proves to be 

very important. If paper prices increase, CPG-manufacturers tend to search for substitute products. 

Moreover, the prices are established by a market mechanism, which increases pressure on prices. In 

general, we therefore consider the threat to substitutes small, but we stress the importance of low 

prices. 

 

Finally the power in the supply chain is increasing enormously downstream. As paper is a commodity 

good, it is easy for customers to switch from suppliers. Being in this position they are able request 

excellent service. Consequently, the suppliers must comply with these requirements in order to prevent 

losing its customers.  

 

Summarizing, in order to maintain its competitive position Kappa’s objectives are twofold: 

• Customer driven. It  is vital to focus on providing good customer service 

• Cost leadership. Increasing profits can be achieved through cost reductions. 

1.6. Process Industry 
 

Having described the paper industry from a competitive perspective, here we discuss industry related 

characteristics from a production control perspective. The manufacturing process at the paper mills of 

Kappa primarily consists of transferring raw materials into paper reels. The production steps are 

typically common for process oriented companies.  The APICS-dictionary (Wallace 1984) provides a 

good definition of this type of industry: “Process Industries are businesses that add value to materials 

by mixing, separating, forming, or chemical reactions. Processes may be either continuous or batch 

and generally require rigid process control and high capital investment”. Furthermore Fransoo and 

Rutten (1994) give definitions of respectively continuous and batch processes, which are supposed to 

be the two extremes on the continuum: 

 

• Process/flow: A manufacturer who produces with minimal interruptions in any one 

production run or between production runs of products which exhibit process characteristics 

such as liquids, fibres, powders, gases 

 

• Batch/mix: A process business which primarily schedules short production runs of products.  

 

Figure 1-3 provides an overview of the differences between the two types of processes. As can been 

seen later in Chapter 3, the paper industry has characteristics of both process- and batch industries, but 

not to such extremes. Consistent with other classifications Fransoo and Rutten therefore position paper 

production in the middle of their typology. This characterization is useful because it provides some 

insight into the different requirements for production control.  

 

Process/flow characteristics 

 

Batch/mix characteristics 

 
Oil/steel 

 
Paper Drugs 

1. High production speed, short throughput time  

2. Clear determination of capacity, one routing 

for all products, no volume flexibility  

3. Low product complexity 

4. Low added value  

5. Strong impact of changeover times 

6. Small number of production steps 

7. Limited number of products 

1. Long lead time, much work in process  

2. Capacity is not well-defined (different 

configurations, complex routings 

3. More complex products  

4. High added value  

5. Less impact of changeover times  

6. Large number of production/process steps  

7. Large number of products 

Figure 1-3: Characterization of the Process Industry, partly cf. Fransoo and Rutten (1994) 
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2. Research Project 
 

A brief introduction of the business environment of Kappa was given in the previous chapter. This 

chapter proceeds by elaborating on the research project as described in this report. The purpose is to 

situate the project within Kappa and to provide the details of the thesis. The outline of this chapter is 

as follows: section 2.1 reviews the background of the project. Additionally, section 2.2 resolves the 

scope within which the project is carried out. Subsequently, the problem and assignment of the thesis 

are subject of sections 2.3 and 2.4 respectively. Finally, in section 2.5 a description is given of the 

methodologies that are used throughout the project to achieve the assignment. 

2.1. Background 
 

Recently the Supply Chain Integration project has been started within the RPE-cluster. Participants are 

the paper producers, i.e. the mills, the Shared Service Centre, and the customers, i.e. the operating 

companies or corrugators. The aim of the project is to move from an individual sub-optimization 

perspective pursued by the single companies towards an optimized integrated supply chain. On the one 

hand, the order to cash (OTC) processes are automated through the development and support of an e-

business system called “Kappa Connect”. On the other hand, changes have been made in the way 

inventories throughout the supply chain are managed and a vendor managed inventory program (VMI) 

has been started. In the following two sub-sections both concepts will be discussed shortly in more 

detail. 

2.1.1. Kappa Connect 

 

Kappa Connect is the ICT-platform that enables e-business between two or more companies. It mainly 

automates processes that were carried out manually in the past. Electronic messages containing e.g. 

order- or invoice information are sent between users and information is updated automatically into the 

ERP systems. By using this method the availability of information throughout the chain has become 

better and more up-to-date. Also the exchange of larger volumes of information is enabled and the 

amount of manual data entry is reduced. Nonetheless, the Kappa Connect-part of the SCI-project lies 

outside the scope of this thesis and will be disregarded in the remainder of this research project. 

2.1.2. Vendor Managed Inventory 

 

Although Kappa adopted a new inventory management approach, the Vendor Managed Inventory 

(VMI) concept is not a new phenomenon. Already in the 1990s authors discussed this topic in 

academic literature. It gained much attention because companies operating in the Fast-Moving 

Consumer Goods industry adopted this type of inventory management. Dong and Xu (2002) describe a 

VMI program as follows: “A typical VMI program involves a supplier which monitors inventory 

levels at its customer’s warehouses and assumes responsibility for replenishing that inventory to 

achieve specified targets through the use of highly automated electronic messaging systems.” From 

this definition it follows that the supplier instead of the customer makes the replenishment decision. 

 

A special modification of VMI is Consignment Stock (CS). Hereby, inventory located at the customer 

warehouses remains property of the manufacturer, in this case the SSC. The physical inventory can 

range freely in quantity between a minimum required level s and a maximum permitted level S. 

Customers formally pay the goods at the moment of consumption (Valentini and Zavanella 2003). The 

advantages are twofold: customers now do not have inventory costs regarding their incoming goods 

anymore and the supplier gains optimal control over the goods in stock.  

 

Advantages of a VMI/CS program are among others: reduced demand uncertainty upstream in the 

chain, reduced inventory requirements and improved customer service. It lies outside the scope to 
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exhaustively argue the advantages and disadvantages of this type of inventory management here. For 

reviews refer to Waller, Johnson and Davis (1999), Williams (2000).  

 

Figure 2-1 presents the supply chain of Kappa Packaging. 83% of the customers of Paper and Board 

are internal Packaging companies and 17% are external clients. Both the internal and external 

customers participate in the VMI/CS project and currently the total number of participants is nine. 

Annually, these companies together consume approximately 200.000 tonnes of paper, which 

corresponds to 20% of RPE’s total paper production volume. The adoption of the VMI/CS inventory 

policy has already led to an increased performance in the supply chain. By controlling the customers’ 

inventory, Kappa, i.e. the SSC, obtained better visibility throughout the chain. Therefore it managed to 

decrease variability related aspects like rationing and speculation by the customers, resulting in 

substantial reductions in the inventory requirements. Obviously, this positively affected the working 

capital, as less capital was tied up in inventory. Currently, the number of participants is increasing 

rapidly and customers are literally lining up for collaboration. The target is to apply the VMI/CS 

concept to 80% of RPE’s customers within the next 2 years. 

 

 

Figure 2-1: Kappa Packaging Supply Chain 

2.2. Scope 
 

Before going into more detail regarding the problem and the assignment, a clear understanding of the 

boundaries of this project should be provided. This section discusses what is included in the project, 

and evenly important, what is excluded. Figure 2-1 shows the processes and stock points under 

consideration in this project. The organizational structure obstructs the analysis of the total supply 

chain of Kappa Packaging. The responsibility of the SSC does not cover the total supply chain 

therefore a downstream and an upstream boundary are proposed respectively.  

 

Downstream, the SSC’s responsibility ends at the stock locations of the corrugating companies. 

Therefore it is chosen to set the downstream border at the inventory of recycled paper-based paper 

reels of the customers, managed by the SSC. Although the corrugators are participating in the SCI-

project, the SSC is totally dependent on these companies. The SSC has no authority over their 

operations whatsoever. In addition, only forecasts are provided by the corrugators. Data about their 
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sales is unavailable. From an integral chain perspective it certainly would be interesting to include the 

corrugators, but due to the restrictions mentioned above, this is impossible during this project.  

 

Upstream, the boundary is set just after the incoming raw materials stock at the three factories in the 

RPE-cluster. Towards the beginning of the chain, paper-recycling companies are also left out due to 

the limited responsibility of the SSC. The raw material inventory at the paper mills is left outside the 

scope, because the procurement of used-paper is a strategic process that is decoupled from the 

production process. Because the market for used paper is a commodity market, purchase prices instead 

of optimal inventory levels are the main drivers for procurement. On average, the amount of used-

paper inventory at each production facility equals two weeks production. This is amply sufficient and 

therefore without any uncertainty 100% availability can be assumed. This makes it possible to exclude 

this stock-point from the project. Concluding it can be stated that the processes under consideration 

are: 

 

1. The paper production process in the three paper mills 

2. The paper reel inventory at the three paper mills and at the external warehouses 

3. The transport of the paper reels from the paper mills to the customer 

4. The consignment inventory of recovered paper-based paper reels at the corrugators 

(external & internal). 

 

If in the remainder of this report is spoken of ‘supply chain’ it is referred to the specific area of the 

total chain as defined above and in Figure 2-1. 

 

It is important to include all processes mentioned above because of the possible influences due to the 

adoption of the VMI/CS concept. Leaving out aspects will almost certainly lead to a sub-optimized 

system. For this reason the analysis should not be restricted to products under the VMI/CS control 

only. Thus initially all products will be included in the analysis. Nonetheless, at certain levels 

aggregation will be applied so that products are grouped together providing the right amount of detail, 

being satisfyingly accurate and not leading to excessive complexity.  

2.3. Problem 
 

This thesis is part of the SCI-project mentioned in the beginning of this chapter. It arises from the 

adoption of the new logistical inventory control concept. This concept is not applied to all customers 

and all products, and consequently an increased planning complexity is implied. On the one hand, 

while the number of participants is increasing at a speed of approximately 5 per year, the planning of 

the replenishments and the allocation of the goods to the consignment customers is currently still 

carried out manually. Besides increasing the workload, this complicates the daily operations in that the 

planners have to assess multiple variables while making decisions. On the other hand, increased 

knowledge of how logistical processes interact is necessary in order to deal with the raised amount of 

complexity. Currently relations between logistical processes in the supply chain are only known 

qualitatively and conceptually, not quantitatively. Kappa lacks detailed insight into the actual effects 

that the VMI/CS concept has on the other processes along the chain. Planners’ behaviour regarding 

operational decision making is guided by their own experience only, while the actual implications of 

their choices on other parts of the supply chain remain unknown.  

 

This lack of insight fosters the idea that operating in this way Kappa may not fully profit from existing 

opportunities provided by the VMI/CS concept. The problem will therefore be defined as follows: 

 

“The current control structure and planning capabilities in the corrugated case material supply chain 

are not sufficient to determine if Kappa profits optimally from the advantages provided by the 

adoption of the VMI/CS program.” 
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2.4. Assignment  
 

Despite there had not been defined a clear problem on beforehand, Kappa did provide an initial 

request for this thesis: “Mathematically link all elements regarding inventory-, transport- and capacity 

management and determine their optimal levels”. A clear and unambiguous definition of the 

assignment is required in order to avoid differences in expectations in the end. As the scope of the 

project covers a wide area, it was not possible to state the total assignment in detail at once. While the 

project progressed, the assignment was refined in order to provide more detail. A first definition of the 

assignment was constructed through the following reasoning: 

 

1. Related to its strategy Kappa aims at improving their competitive position through cost-

leadership and excellent customer service 

2. The VMI/CS approach was adopted to reduce the inventory requirements and therewith the 

working capital, hence costs 

3. However, Kappa is not certain that it currently takes full advantage of the VMI/CS concept. 

 

Therefore, 

 

“Provide a structured approach enabling Kappa to fully exploit the advantages of the VMI/CS concept 

for the corrugated case material supply chain.” 

 

After detailed problem analysis the assignment was refined to: 

 

“Develop an integrated logistical performance evaluation model enabling Kappa to align the 

corrugated case material supply chain, so that the specified customer service levels are met at 

minimal supply chain cost.” 
 

Related to this assignment we agreed on the following deliverables of the project, of which we think 

are necessary in order for Kappa to fully exploit the VMI/CS concept: 

 

1. Provision of detailed mathematical insight into the operational relations between both the 

physical and supporting logistical processes in the supply chain 

2. Development of an evaluation model that enables logistical parameter setting in the supply 

chain at a tactical decision level, based on state of the art science 

3. Development of a decision support tool in order to automate the evaluation process 

4. Evaluation of different parameter settings with the support tool.  

2.5. Methodology 
 

This section provides information about the methodologies that are used throughout the project to 

achieve the objectives stated in the previous section. It is discussed why and for what purpose the 

methods are used.  

 

The project is generally carried out according to the “Ten Steps Approach” (Dutch: “Tien Stappen 

Plan”) of Kempen and Keizer (2000). It is chosen to utilize their model because it is specifically 

developed to support academic advisory studies which is the nature of this project. It is divided into 

sequential phases, which have been altered somewhat to suit this project. The three phases are 

discussed below, i.e. the orientation-, analysis and design-, and implementation phase. 

 

This first phase deals with the orientation within the company. The goal is to identify and specify the 

key targets in this study. Both external- and internal factors influencing the company and relevant to 

this thesis are reviewed. Interviews are held in order to become familiar with the primary and 

secondary processes. Moreover the Supply Chain Operations Reference (SCOR) model (SCC 2002) is 
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used to describe these processes in more detail. This is a tool that is developed by the Supply-Chain 

Council to provide a cross-industry standard for supply chain management. It has proved its 

effectiveness among large companies, making it an applicable tool for this purpose. 

 

The second phase is known as the “Analysis and Design”- phase. Regarding the former, an exhaustive 

analysis is performed to provide the required mathematical insight into the operational relations 

between both the physical and supporting logistical processes. For this purpose, first the “BWW-

framework for production control and material management” (Betrand, Wortmann, Wijngaard, 1998) 

is used. It provides a clear understanding on how planning processes are related to the physical 

production chain. Because with this method, the processes cannot be described in the greatest 

necessary detail, the IDEF-0 function modelling method (FIPSPUB, 1993) is used subsequently. Also 

this method is used extensively in business and governmental environments. The method is used to 

describe existing systems and provides the opportunity to decompose the processes into their 

component activities according to a hierarchical manner. Mathematical relations are formed 

accordingly. After having obtained a clear view on the total system, the scope for the design is 

determined. Then, by using state of the art academic literature an evaluation model is designed that 

enables parameter setting in the supply chain at a tactical decision level.  

 

Kempen and Keizer (2000) identify the final phase as the implementation phase. The target here is to 

realise the design for practical usage. A decision support tool is developed to automate the evaluation 

process based on the designed model. The computer programming languages Visual Basic for 

Applications (VBA) and Delphi are used to accomplish this. VBA in combination with MS Excel 

forms an end user friendly combination for dealing with large amounts of data input and output, 

required in this situation. Delphi primarily performs the calculations provided by the designed model. 

To support easy understanding of the tool an additional manual has been written, but this will not be 

further discussed in this report.  

 

The figure below summarizes the contents of this research project according to the design-oriented 

research approach of Verschuren and Doorewaard (1995). In the upper right corner the corresponding 

chapters are shown. 

 

 

Figure 2-2: Outline of the Research Project 
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3. Supply Chain Analysis 
  

In the previous two chapters the focus has primarily been on providing information about Kappa 

Packaging in order to point out the relevance of this project. Furthermore, we discussed the details of 

our research. Here, this chapter provides the results of an exhaustive analysis on the operations in the 

supply chain. The main function is to establish the necessary understanding that enables a clear 

problem analysis in the Chapter 4. We present the most characteristic issues only; it is not aimed to 

discuss all processes in detail. For complete descriptions we refer to the IDEF-0 model in Appendix C. 

Our analysis is based on the structure provided by the SCOR-model.  

 

The following five questions are to be answered respectively in the following sections: 

1. How is a product built up and how can the demand be described?  (3.1) 

2. How does the production environment look like?   (3.2) 

3. How are finished goods distributed to the customers?    (3.3)  

4. How is the total supply chain planned?   (3.4) 

5. How can the total supply chain be characterized?   (3.5)  

 

 

Figure 3-1: Supply chain 

 

Figure 3-1 depicts the supply chain of Kappa again, but now in a less conceptual way than earlier 

shown. It is used as support and illustrates the various machines, factories, stock points and 

distribution channels. Also the corresponding sections are shown. The remainder of this chapter will 

refer back to this picture.  
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3.1. Demand 
 

In order to accomplish a clear understanding of the supply chain operations, the first act is to 

unambiguously define a finished product or stock keeping unit (SKU). Subsequently, the demand to 

these end-products is analysed.  

3.1.1. Stock Keeping Units 

 

The Bill-Of-Materials (BOM) is examined in order to describe a SKU. It states how the paper 

structure is built up, see Figure 3-2. 

 

Recovered paper is the main raw material input for 

the production process. It exists in three different 

types with varying qualities and the ratio in which it 

is used as input determines the grade or type of the 

paper. During the production process several 

substances are added. Besides large quantities of 

water, additives like starch and dye are used. The 

additives determine the quality characteristics of the paper type, relating to e.g. strength, flexibility and 

colour. Finally, produced paper is collected on a carton core and tape is added to fasten the paper reel.  

The quality characteristics or specifications of finished goods are agreed upon in advance and are the 

same for each production location. Nevertheless, the amount and type of raw materials needed depends 

on the specific factory and machine on which the paper is produced. This is caused by different 

machine characteristics and varying production environments. 

 

Besides the paper grade, a finished paper reel, or SKU has the following primary distinguishing 

characteristics: 

• Paper weight, also referred to as ‘grammage’. This is expressed in gram per square meter 

(gr/m2) and varies from 90 gr/m
2
  to 220 gr/m

2
 

• Reel width. This varies from 60 cm to 280 cm. 

 

Furthermore, the physical location of the finished reels should be considered, because different stock 

locations can imply differences in added value or different opportunities in satisfying demand:  

• Paper mills. All mills hold finished goods stock. Several mills also have additional external 

warehouses 

• Customers. The SSC is only responsible for those items in stock that are under VMI/CS 

control at these locations. 

 

Based on this, a SKU is identified by its grade, weight, width and stocking location. Additionally we 

identify a product group by a grade and weight. Next, the demand to these SKUs will be analysed. 

3.1.2. Demand Analysis 

 

Before going into detail about the demand, a short note should be made on the order penetration point 

or customer order decoupling point in the supply chain.  

3.1.2.1. Customer Order Decoupling Point 

 

The Customer Order Decoupling Point (CODP) is presented in Figure 3-3. It is a well known term in 

the Operations Management literature and can be described as the point in the supply chain after 

which activities become customer driven, instead of forecast driven (Bertrand, Wortmann, Wijngaard 

1998). 

Figure 3-2: Bill of Materials (BOM) 
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In the Kappa supply chain, two different CODPs can be identified. The first one is located at the most 

downstream part of the chain, i.e. the VMI-stock point at the customer. This is often referred to as a 

Make-to-Stock (MTS) concept. Although the inventory at this location is already related to a specific 

customer, the placement of inventory is still driven by 

customer forecasts. The demand is directly satisfied 

from this stock point. In Kappa’s own terminology this 

is known as “usage”. The second decoupling point is 

located more upstream, at the raw materials stock. 

This equals the Make-to-Order (MTO) concept. 

Customer demand is produced on order instead of 

forecasts. Kappa refers to this by “direct orders”.  

 

The distinction between both CODPs is made here 

simply because different products have different 

decoupling points. This is the result of the fact that the 

VMI/CS control concept is not applied to all products. Products can only be handled as MTS-items as 

the customer participates in the SCI-project and the total yearly demand satisfies some predefined 

requirements. Approximately 20% of the total volume consists of usage (MTS), the other 80% of 

direct orders (MTO). Due to the adoption of the VMI/CS concept this ratio is changing in favour of 

the MTS-concept. As de facto no stock is held for MTO demand, producing to stock leads to an 

increase in inventory, thus a higher capital investment for the SSC. Yet, from a chain wide perspective 

this enables Kappa to reduce the overall amount of inventory. 

3.1.2.2. Demand Characteristics 

 

Below, Figure 3-4 depicts the analysis of the demand. The aggregated sales for the period 2002-2003 

are considered. Paper reels are intermediate manufactures, of which demand is derived from the 

demand to final products of Kappa Packaging, i.e. the corrugated boxes. This in turn depends on the 

demand to the consumer goods manufactured by its corporate customers. In the end, the demand for 

paper is a far derivation of the society’s demand to consumer products. 

 

Figure 3-4: Demand pattern (A), Pareto Analysis (B) 

 

Overall, the demand pattern gives evidence of a strong seasonality. Peaks can be identified before 

summer and Christmas, which in fact already occurs around September, due to Kappa’s upstream 

place in the supply chain. Also the influence of price speculations is visible. Rumours about price 

increases started customers to build up inventory in advance. On the right hand side, a pareto analysis 

is presented. It clearly shows that 10~20% of the end products account for 80~90% of the total sales 

Figure 3-3: Customer Order Decoupling Points 
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volume. The same pattern can be identified if the number of orders is considered instead of volume. In 

total, approximately 1800 different kinds of products are produced. So, despite the fact that end-

product variety seems high, 90% of this variety is caused by slow-moving items with infrequent small 

orders. 

3.1.2.3. Customers 

 

Having defined the end-products and analysed the demand, this 

section provides a brief analysis on the customers. The SCI-project 

increased the integration between the Kappa paper mills and the 

Kappa corrugators. Figure 3-5 depicts the current customer 

distribution. It is clear that the variety of customers is very low. 

Internal customers are obliged to procure their goods from the SSC. 

On the one hand this implicates high political pressure on the SSC. 

On the other hand the customer base is stable and therefore demand 

can be somehow predictable as historical behaviour is known.  

‘Export customers’ are located outside Europe, mainly in Asia, and 

Africa. Export markets primarily act as ‘dump’-markets because of the exceptional lower paper prices 

and therefore have no priority to Kappa. Export orders are only produced if the mills have excess 

capacity. 

 

Both internal customers as well as competitors can participate in the VMI/CS-program. Those who do 

are referred to as “E-business”- customers, because processes are carried out electronically. Demand 

of one item can thus be handled differently; depending on if the customer is participating in the 

VMI/CS program. Therefore in the remainder of this report the term “MTO- or MTS demand” will be 

used instead of MTO- or MTS items”.  

3.2. Production  
 

The analysis continues with the production environment of the factories. The physical production of 

paper and the production control gain attention respectively. The key is to focus on the critical aspects 

relevant to this project. Again, it is not aimed here to present an exhaustive description of both 

processes.  

3.2.1. Manufacturing Process 

 

The manufacturing processes in the three paper mills are similar. The process in Kappa Roermond 

Papier will be used as guidance for analysis. Referring to Figure 3-1 in total 6 paper machines (PM) 

are operating in three mills. Each machine produces multiple products, and most products can be 

produced on multiple machines, see also Appendix F. 

 

The production process of paper is conceptually shown 

in Figure 3-6. Generally three processes can be 

identified: 1. pulping & cleaning, 2. drying, and 3. reel 

cutting. The pulper transforms cubicles of recovered 

paper into paper pulp. In the next step the paper machine 

forms the paper fabric from the pulp mixture. Additives 

are inserted and finally the paper is collected on a large 

jumbo reel. At last, the winder cuts the jumbo reel 

according to the specifications of the customer- or 

replenishment order. 

 

Figure 3-5: Customers 
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The drying process on the paper machine is identified as the bottleneck operation. The limited drying 

capacity causes the machine to produce different products at different speeds. This is related to the 

weight of the paper. A light paperweight corresponds to thin paper, which requires less drying 

capacity and therefore can be produced at a high speed. Although heavier weights are produced slower 

the amount of paper that is produced per hour is more, see Appendix F for an example. Thus each 

product-machine combination has its own specific production rate. 

 

Several other activities can be identified, but these are excluded from this project. Examples are: the 

handling of rejected reels, and the handling of waste. For the remainder of this report, the production 

process implicitly refers to the bottleneck processes carried out by the paper machine.  

3.2.2. Production Planning 

 

The manufacturing processes at the machines are planned locally by production planners. For each 

machine, a detailed production schedule is created, which states when to produce which products for 

how long. This release schedule triggers the primary physical production process. It is created two to 

four days in advance to be able to adjust the planning in case machine failures or other uncontrollable 

events occur. Four major issues are identified regarding the production control:  

• Finite capacity  

• Scheduling difficulties 

• Fixed sequences  

• Difficult deckle planning. 

Each point will be discussed in the following sub sections. 

3.2.2.1. Capacity 

 

As is common in the process industry, the production capacity is limited. Machines operate 

continuously, producing 24 hours a day, 7 days a week, several official holidays excluded. The 

machinery is very capital intensive and requires large investments for expansion. All this implicates 

low capacity flexibility. Thus for Kappa to be able to satisfy the demand by itself, the total available 

capacity should exceed the total demand. Yearly the total capacity is forecasted based on factors as 

average paperweight, production efficiency, production speed, maintenance stops etc., named the 

budgeted capacity. Then, by using a tool called ‘The Carrousel Model’, it is determined which product 

to produce at which machine(s). Yet, on a day-to-day basis decisions can be made to deviate from this 

plan. The actual available capacity is thus also related to variables like e.g. actual product mix and run 

lengths. Figure 3-7 depicts the production capacity compared to the demand in the period 2003. It can 

be easily verified that the actual production curve shows a seasonal pattern following the demand 

curve. Months exist where demand exceeds the available production capacity.  
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Figure 3-7: Production Capacity & Demand 
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3.2.2.2. Scheduling 

 

As mentioned before, the production schedule is created several times a week in order to anticipate on 

changes. In general, if a customer order is placed before Thursday, the items are agreed to be delivered 

between next week’s Monday and Friday, see Figure 3-8. For E-business customers the items are 

delivered a week later, which has a political reason. The lead time is thus considered as an exogenous 

variable to the system. Often rush orders, changes in lead time or requested quantities require the 

planner to adjust his schedule.  

 

Figure 3-8: Fixed Lead Times 

3.2.2.3. Sequencing 

 

Characteristic for process industries is the presence of technological constraints in the production 

environment. With paper, production follows a more or less fixed sequence of products primarily due 

to constraints regarding paperweight. Each machine has a possibility to range between a minimum and 

a maximum weight. Consequently, not all products can be produced on every machine. Moreover, 

switching to different weights implicates setup times. The point is that machines can only gradually 

increase or decrease its production weight, i.e. the thickness of the paper. During such a change, paper 

is produced that does not comply with the specifications given by the customer and therefore is 

rejected. The time needed to switch to a different weight can be regarded as the setup time of a 

production batch. In order to minimize this setup time, a fixed sequence is applied. In general, the 

sequence follows an ‘elevator’- pattern, i.e. from low grammage to high grammage and back. An 

example is given in Appendix F. As a result a cyclical production pattern can be identified. Cycles are 

used with a length of one week. Fast-moving items are produced more frequent during a specific cycle 

than slow-movers. 

 

Another restricting aspect concerns the paper grade. Changes in grade require a different composition 

of the input for the “pulping & cleaning”-process. This can be performed while the machine is still 

producing another grade, because of the length of the first process. While the grade gradually changes, 

the quality of the paper is not so much affected that it should be rejected. In principal fixed, cyclical 

sequences are used, but often deviations exist in order to meet the delivery date as mentioned in the 

previous section. This results in extra setups and creates variability in the production process.  

3.2.2.4. Deckle planning 

 

Another part of the planning concerns the planning of the ‘deckle’, which means the planning of the 

‘width-utilization’ of the machine. Not only does each machine have a fixed weight range, also its 

maximum and minimum production widths are fixed. For most machines this maximum width exceeds 

the product width. Therefore multiple products with different widths are grouped to feasible 

combinations in order to utilize the total width of the machine. An exact fit cannot always be achieved. 

This implicitly correlates to capacity, as less than full utilization of the machine width implicates 

capacity loss.  
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3.3. Distribution  
 

The delivery process aims at providing the finished goods on time to the customer. As most customers 

are located on the European mainland, transportation is carried out mainly by trucks. Paper reels are 

directly delivered from the factory to the customer warehouse, without using intermediate stock 

locations like regional distribution centres. One truck supplies one customer and only full truckloads 

(FTL) are shipped. The average freight of a truck contains 10 paper reels, equivalent to approximately 

25-30 tonnes. Maximum freight weights are determined by governmental regulations and therefore 

differ per country, see Appendix G. Due to the paper reel characteristics as weight and dimensions it is 

not possible to deliver the exact amount of paper requested by the customer. Nonetheless, customers 

are aware of this and accept relatively little positive or negative deviations (+/- 10%). 

3.4. Supply Chain Planning 
 

The part that has not been discussed yet is the overall supply chain planning. While Kappa does not 

actually have a function named ‘Supply Chain Planning’, this term is used here as it reflects the targets 

of different planning departments, namely to balance the (aggregated) demand and supply in the 

supply chain. A long-term and a short term planning can be distinguished. Figure 3-9 depicts an 

overview of all planning processes, both short- and long term, and with a local- and global 

perspective. For an extensive review we refer to Appendix C. 

3.4.1. Long-term Planning 

 

Long-term planning primarily has the target to align the demand and supply processes regarding a 

time horizon of approximately three months to one year. It includes the annual budget or capacity 

planning and the three-month rolling forecast. Once a year it is determined on which machines the 

products should be produced. This is performed with the Carrousel Model; a linear programming 

model. It maximizes the contribution margin per product by reviewing different production locations 

and assessing related costs. Finally each product group is assigned to one ore more machines.  

 

On a month to three-month time horizon demand and supply are discussed on an aggregate level and it 

is tried to anticipate on demand changes. Forecasts of demand appear not to be very reliable, which 

leads to decision making based on experience or future expectations. In fact, the basic inventory 

balance equation is solved:  

)()()()1( tDtPtItI −+=+  Eq. 3-1 

 where, 

 I(t) inventory level at the end of month t 

 P(t) production during month t 

 D(t) demand during month t 

3.4.2. Short-term Planning 

 

The short-term planning in contrast considers day-to-day demand and supply balancing. On the one 

hand, demand is actually allocated to the different machines. On the other hand, the replenishment of 

the consignment customers is carried out.  

3.4.2.1. Demand Allocation 

 

Demand allocation reflects the process of determining where to produce which products. In general, 

each product has a fixed production location as determined by the “Carousel Model”. In reality 
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exceptions are made frequently in order to establish the required flexibility. Nonetheless, the impact of 

these exceptions is not always fully considered. 

 

 

 

Figure 3-9: Overview of all Planning Processes 

3.4.2.2. Customer Replenishment 

 

The replenishment process is performed on a daily basis and its purpose is to supply the consignment 

customers with the right products in the right amounts. This process is thus merely applied to the 

products of the e-business customers that are under VMI/CS control. It provides the SSC the 

opportunity to take precautions for demand variations.  

 

The replenishment of all consignment customers is planned centrally by the SSC. Every day the 

available finished goods are allocated to the different customers by generating replenishment orders. If 

for a specific item the inventory position of the customer falls below a minimum stock level, a 

replenishment order is generated. The quantity of the order is equal to one or more FTL-shipments, so 

that the inventory level reaches above the minimum again. It is tried to avoid combined shipments 

with different types of products. The total amount of inventory for an item at the customer’s 

warehouse may not exceed a predefined maximum level. 

 

Planners have a certain degree of freedom in generating replenishment orders. If items are not 

available it can be decided not to replenish a specific customer although its inventory position is below 

the minimum. The opposite also applies; the customer is replenished and more inventory is placed 

than needed. These decisions are often based on the planners’ experience and future expectations.  
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3.4.3. Parameter Setting 

 

The consistence between both long and short term planning functions is achieved through logistical 

parameter setting. These are actually the control variables with which Kappa tries to align its supply 

chain. The following parameters can be identified: 

 

• Demand Allocation to Machines. This is the outcome of the Carrousel Model 

 

• Maximum inventory level. This is often determined by restrictions of the available space at 

the customer/factory warehouse.  

 

• Safety stock level. The ability to locate stock at the customers provides Kappa with the 

opportunity to react to uncertainty in demand. A well-known method is the holding of safety 

stocks. Within Kappa the safety stocks at the consignment customers are determined by the 

Sales Offices. A relatively straightforward approach is used, based on equal safety factors: 

 cicici kxSS ,

_

,, σ+=  

  

 where, 

 ciSS ,  safety stock level for item i  at customer c 

 cix ,

_

 average usage of  item i  by customer c per day 

 

 k  safety factor, equal for all items and customers, k=2.  

  

 ci,σ  standard deviation of the average daily demand of item i at customer c 

  

• Inventory targets. These are set as guidelines for the average (aggregate) inventory level 

 

• Service level. This measure is not explicitly used or defined at Kappa. Yet, the determination 

of the safety factor by calculating the safety stock implicates a certain service. Demand is 

assumed to have a normal distribution. Then with k=2, approximately 98% of the demand is 

covered. 

3.5. Supply Chain Characteristics  
 

Based on the previously described processes, this section aims to provide an overall supply chain 

classification. This is useful in order to facilitate the problem analysis in the next chapter. The supply 

chain is summarized according to a classification given by Bertrand et al. (1998). They suggest an 

evaluation of the complexity, uncertainty and flexibility of the total system.  

3.5.1. Complexity 

 

Complexity depends on factors like product variety, number of different production steps, different 

distribution channels, and planning. From our supply chain description it can be concluded that the 

physical processes are relatively simple, while the planning processes are quite complex. This is 

common in the process industry, but will be explained below.  

3.5.1.1. Physical Processes 

 

First, the variety of products is relatively low. According to Macduffie et al. (1996) variety can be 

described by end-product variety and manufacturing complexity. The former is related to the amount 
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of various end-products that are offered to the customers. Concluding from the section about the 

demand analysis this type of variety is low, as the Pareto rule applies. At the same time, the 

manufacturing complexity is relatively low, i.e. the complexity during the production process resulting 

from the offered end-product variety. Secondly, the physical production steps to produce paper are 

simple. Paper production follows only one fixed routing equally the same for all products. 

Furthermore, the production process is the same in the three different paper mills and each machine 

can produce multiple kinds of products. Thirdly, the distribution process is simple. No intermediate 

distribution centres are used and only transports directly from paper mill to customer exist. There is no 

need for cross-docking or other extra handling and each transport has one customer as destination. 

Concluding from the above, the physical processes are considered relatively simple. 

3.5.1.2. Planning Processes 

 

Yet, the planning process can be classified as quite complex. First, from a supply chain perspective, 

demand should be balanced with the supply. To avoid sub-optimization of the total system one should 

have total overview, which requires explicit knowledge and understanding of the consequences of the 

decisions taken. The more variables exist, the more complex this task becomes. Secondly, the 

existence of multiple factories and machines requires a well founded decision which states where to 

produce which item. Thirdly, also from the production planning point of view, above average 

difficulties are encountered. Technical constraints require increased attention to scheduling, 

sequencing and deckle planning. Furthermore, the throughput time of a product on a machine depends 

partly on the production speed which again relates to the product mix on the specific machines. In 

general, all processes are interrelated and influence each other to a certain extent. Therefore the 

planning processes in the supply chain are very complex. 

3.5.2. Uncertainty 

 

According to Bertrand et al. (1998), uncertainty originates from dynamics and unpredictability. They 

make a distinction between uncertainty related to the demand side and the supply side of the supply 

chain. We consider the total system to perceive medium uncertainty. Both sides will be discussed 

separately. 

3.5.2.1. Demand side 

 

First, the demand is classified as medium to high uncertainty. It shows a strong seasonality and is 

influenced by price speculations. Furthermore, although the aggregated demand pattern is pretty 

predictable, the variation in demand of individual products appears to be relatively high. Secondly, the 

large ratio of MTO-demand compared to the MTS-demand implicates uncertainty. Yet, the trend 

towards standardized products that can be made to stock is growing. Therefore, in the near future this 

type of uncertainty is expected to decrease. Thirdly, there is some kind of certainty related to the 

customer base as a large share of the customers is Kappa owned. Overall the uncertainty on the 

demand side is classified as medium to high. 

3.5.2.2. Supply side 

 

The uncertainty of the production process is considered low. The availability of raw materials is 

assumed at 100% and the product recipes are constant for each factory. Additionally, the quality of the 

end-products is the same in the different mills, allowing for little agreed deviations. Secondly, the 

reliability of the paper machines is high. Unplanned machine breakdowns in percentage of total 

available production time vary between 4% and 10%. Thirdly, although the production rates of the 

machines vary according to product-machine combinations, each product-machine combination 

appears to have a stable production rate. Therefore the level of uncertainty perceived at the supply side 

is considered low.  
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3.5.3. Flexibility  

 

Flexibility is needed in order to react to uncertainty. The flexibility of the total system is considered 

medium. The production environment is capital intensive and the capacity is finite. Additional 

production capacity cannot be easily provided. Although total cumulative available capacity is 

sufficient to satisfy the cumulative demand, periods exist where demand exceeds the supply. 

Moreover, the presence of machine restrictions like feasible weight- and width ranges has a flexibility 

reducing effect. Consequently, the flexibility of the production system is low. On the contrary, the 

flexibility of the supply chain is high due to the possibility of holding safety stocks. 

3.6. Summary 
 

The purpose of this chapter was to provide the results of a detailed analysis of the processes in the 

supply chain. Figure 3-10 gives a summary of the main points. It can be concluded that the system as a 

whole is flexible enough to anticipate on the perceived uncertainty. Yet, the coordination of this 

proves to be complex. In the next chapter we will analyse the problem in detail an present a solution. 

The results obtained in this chapter are used in order to derive appropriate requirements for the design. 

In this way it is aimed to maintain the link between the model to be developed and the reality. 
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4. Problem Analysis 
 

The previous chapter analysed the processes in the supply chain and gave an overall summary of the 

most important supply chain characteristics. This chapter builds on the analysis and uses the results to 

focus on the problem area. We first aim to point out the problem in section 4.1. Subsequently, in 4.2 

we suggest what should be done in order to solve this problem and we determine the scope for 

improvement. Next we present an overview of our solution in 4.3. Additionally, we refer again to the 

end of Chapter 3 and derive the requirements for the design of our solution.   

4.1. Problem Area 
 

To start with, we consider again the overall objectives of Kappa, as derived from its strategy. Kappa 

primarily is customer oriented and aims at cost-leadership. Therefore it is required to: 

1. Provide excellent customer service 

2. Reduce total capital investment, i.e. costs. 

 

The VMI/CS control approach was adopted in order to contribute to the accomplishment of these 

overall objectives. In Chapter 2 we formulated the following problem:  

 

“The current control structure and planning capabilities in the corrugated case material supply chain 

are not sufficient to determine if Kappa profits optimally from the advantages provided by the 

adoption of the VMI/CS program”.  

 

We will start with the latter part of this definition; the adoption of the VMI/CS program enabled 

Kappa to handle demand to products differently. As first only products were produced to order, now a 

make-to-stock policy is possible. Producing to stock automatically leads to an increase in inventory for 

the SSC. However, a chain perspective is pursued and by doing so, the SSC is possible to reduce the 

total inventory requirements of the supply chain.  

 

With regard to the first part of the problem definition, what exactly is meant by control structure and 

planning capabilities and to what extent are these not sufficient? By answering this question, we can 

focus on the appropriate area of the problem and design a solution. So, let us first define control 

structure as the architecture of the planning functions in relation to each other. With regard to Figure 

3-9 presenting the overview of all planning processes in the previous chapter: Is every planning 

function -or square in that figure- performing the right task? Secondly, consider ‘planning capabilities’ 

as the opportunity to correctly align the supply chain so that the overall supply chain objective is 

accomplished. 

 

Regarding the above, the following should be questioned:  

1. Does Kappa have the appropriate planning and control structure to accomplish the 

overall objective? 
2. Does Kappa correctly align its supply chain in order to accomplish the overall objective? 

 

Here, these questions will be discussed in the respective order. 

4.1.1. Planning and Control Structure 

 

The first question deals with the control structure and primarily considers if the planning in general is 

well organised. Regarding the analysis performed in the previous chapter, the planning process was 

concluded to be very complicated. Several planning functions were identified varying in a short or 

long term horizon and pursuing a local or global perspective, see Table 4-1.  
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Planning functions with a global perspective pursue a chain wide view. The long-term oriented 

functions as the Annual Capacity Planning and the Three-Month Rolling Forecast review the situation 

in the supply chain over a longer period. The 

purpose is mainly to anticipate on the future 

expectations regarding aggregate demand and 

supply balancing. Decisions are made which 

impact day-to-day operations, i.e. the short-term 

planning functions. These short-term planning 

functions control the physical primary process and 

make detailed decisions according to the latest 

possible information. Appendix C presents an 

exhaustive analysis of all planning functions, their interrelations, and their decisions in time.  

 

We conclude that the overall structure of the processes is sufficient for the situation at Kappa, i.e. each 

function performs the right task. It is a fact that customer forecasts are only accurate on the aggregate 

level, whereas large deviations exist if individual SKUs are considered. This implicitly requires 

control on an aggregate level; or long-term oriented with a global perspective. On the day-to-day 

basis, detailed decisions are then made that exactly balance the daily supply and demand, i.e. short-

term oriented with global and local perspective. 

 

This way of control requires an appropriate fit between the long-term and short-term planning 

functions, so that what is decided on a daily basis will result in the long-term targets. Thus, while each 

planning function performs the right task, also the control between the planning functions should be 

considered. An appropriate fit is achieved by setting the correct targets for each function. This is 

discussed in the next section. 

4.1.2. Supply Chain Alignment 

 

Concluding from the previous section, key in controlling the supply chain consistently is the presence 

of specific targets for each function, which are aligned to the higher level supply chain goal. These 

targets are also known as the logistical parameters and provide guidance for decision making. 

Important examples identified at Kappa are the allocation of demand to the factories and the 

inventory- and reorder levels at the stock points. The various planning functions thus should base their 

decisions on the logistical parameters provided. 

 

Within Kappa, the majority of the logistical parameters is set on a rather individual basis without 

considering the interrelatedness between each other. E.g. although the Carrousel Model takes several 

different aspects into consideration in determining where to produce a product, it does not 

exhaustively include all relevant supply chain parameters. The same applies for the setting of the 

reorder levels, i.e. minimum stock levels. Difficulties in determining how parameters influence each 

other are caused by the lack of insight into the exact quantitative relations between the outcomes of 

different planning decisions. Thus although Kappa aims for chain-wide alignment, often effects of 

other processes are not considered if parameters are being set. This inevitably leads to the question if 

planning and control according to these parameters leads to the accomplishment of the higher 

objective. And moreover, it evokes the question if Kappa cannot perform better. 

 

We argue that in order to achieve the overall supply chain objective it is necessary that all processes 

are integrally evaluated instead of individual and that the parameters are set accordingly. However, 

then a multitude of variables should be taken into account, so that the considered parameters 

exhaustively cover all relevant aspects in the supply chain. Because many parameters are 

interdependent, the integral evaluation of logistical parameters is complicated dramatically. 

 

Secondly, besides the fact that the parameter are set individually, Kappa explicitly aims for inventory 

reduction and uses this as a driving force for decision making. In fact, inventory is handled as an 

 Long-term Short-term 

Global 

1. Allocation of demand to 

machines (Carrousel Model) 

2. Three Month Rolling 

Forecast 

1. Order Acceptance 

2. Allocation of demand to 

machines 

3. Customer Replenishment 

Local - 
1. Production Planning 

2. Transport Planning 

Table 4-1: Planning Horizon & Perspectives 
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independent variable, meaning that the supply chain is aligned to have as less inventory as possible. 

This is seen in both long term and short term planning functions. Having low inventory levels tells 

something about how much capital is already invested. It does not say anything about the performance 

of the company towards its customers, which in fact is one of Kappa’s supply chain objectives. Low 

inventory levels could mean e.g. low capital investment, but on the other hand also poor customer 

service. Therefore we dispute that this is not the most appropriate way to accomplish the higher goal. 

In fact, we argue that inventory should be handled as a result, thus as a dependent variable and that the 

supply chain should be aligned according to predefined customers service levels, in the first instance. 

4.1.3. Problem Summary 

 

Figure 4-1 gives a summary of the problem. First of all we repeat our preceding line of reasoning: 

1. Kappa aims at improving their competitive position through cost-leadership 

2. The VMI/CS approach is adopted to reduce the inventory requirements and hence costs 

3. However, Kappa is not certain that it currently takes full advantage of the VMI/CS concept. 

 

Following from our problem analysis, we conclude that within Kappa it is tried to harmonise decisions 

as good as possible in order to take full advantage of the adoption of the VMI/CS concept, however: 

 

Figure 4-1: Problem Summary 

 

Kappa encounters problems in correctly aligning its supply chain towards the overall goal: 

• Kappa lacks quantitative insight into relations between the outcomes of planning decisions 

• So that the logistical parameters are set individually instead of integrally integral 

• Inventory levels are considered as independent variables 

• Moreover, an overall exhaustive quantitative model to easily evaluate the supply chain 

performance does not exist 

• Therefore the performance of the current supply chain parameter setting remains 

unknown 

• And Kappa is unable to evaluate the future performance of other possible supply chain 

settings. 

 

Summarizing, Kappa encounters difficulties in making appropriate, fact-based decisions that actually 

enable integral achievement of predefined targets. Moreover, the targets aimed at do not automatically 

lead to achievement of the overall supply chain objectives. In order to solve this problem it is 

suggested to support the decision making process with a model that enables integral evaluation of the 
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most important parameters in the supply chain. Additionally an appropriate overall target should be 

set, according to which the total supply chain should be aligned. The assignment is therefore 

summarized as:  

 

“Develop an integrated logistical performance evaluation model enabling Kappa to align the 

corrugated case material supply chain, so that the specified customer service levels are met at 

minimal supply chain cost.” 

 
The next section provides a discussion on the improvement proposition. 

4.2. Scope for Improvement 
 

This section discusses the scope for improvement. We build on the problem analysis carried out in the 

previous section. First we advocate a suitable decision level corresponding to our improvement 

proposition. We introduce an appropriate measure for customer service and comment on the 

parameters to evaluate. Finally we present an overview of our solution and discuss the design 

requirements.   

4.2.1. Appropriate Decision level 

 

Regarding to Ballou (1999) “…logistics planning attempts to answer the questions of what, when and 

how, and takes place at three levels: strategic, tactical, and operational...” In this thesis, we consider a 

large span in the supply chain. We suggested that many variables should be taken into account in order 

to achieve the overall supply chain objectives. Given these objectives, two questions are then 

important, namely:  

 

1. How are these objectives to be achieved?  

i.e. tactical logistical parameter setting 

 

2. When should what decisions be made?  

i.e. operational guidelines/restrictions. 

 

Therefore, within the given strategy our design mainly 

focuses on the tactical level and the consequences for the 

operational level. As both levels are under consideration, 

we advocate a top-down approach. First the logistical 

parameters are evaluated on a tactical level, after which 

the outcome is converted into constraints and guidelines 

for the operational level. In this way, the overall 

objectives are consistently pursued by all processes along different decision levels, while operational 

flexibility is not negatively affected. Figure 4-2 depicts the position of our design. 

4.2.2. Overall Target for Supply Chain Alignment 

 

Having determined the appropriate decision level, here a measure for customer service is suggested as 

a target on the tactical level. Silver et al. (1998) state that if demand is probabilistic, there exists a 

chance that demand cannot be satisfied on time. For this reason the right amount of inventory should 

be held, which means not too less and not too much. They suggest four possible methods to arrive at 

appropriate decision rules regarding inventory management, namely:  

1. A straightforward approach, 2. Minimizing costs, 3. Customer service, 4. Aggregate considerations. 

 

Moreover it is mentioned that the use of these methods should comply with the customers’ perceptions 

of what is important.  

Figure 4-2: Scope for Improvement 
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As mentioned in Chapter 3, Kappa currently uses a straightforward approach. Here it is argued that it 

would be more satisfying to aim at a clearly defined customer service level. We advocate use of the 

fill rate, which is defined as the fraction of demand that can be directly satisfied from stock. This will 

be explained below.  

 

Paper reels are considered commodities and therefore easy replaceable. Although the focus of paper 

producers is said to be on reducing costs, e.g. inventory holding costs, not being able to deliver goods 

on time encourages customers to switch to other paper manufacturers. Focussing only on minimizing 

inventory levels should consequently not be considered as a primary target. In contrast, the reasoning 

for holding inventory should aim at providing the right amount of service, and this service should be 

measurable in quantitative terms. From the perspective of consignment customers, goods should be 

available at their warehouse when necessary. This implies satisfying demand directly from stock, thus 

inventory control with a fill-rate perspective. Note that this measure only applies for goods that can be 

held on stock. For MTO-demand another measure should be used, but that is not discussed here.   

 

Following from the restriction set by the customer service level, the inventory requirements should be 

determined. Now inventory has become a dependent variable, which results from other decisions in 

the supply chain. Therefore also the capital investment in inventory has become dependent. This 

implies that capital investment is related to customer service which provides the opportunity to 

consider cost changes in relation to service changes. We advocate that this approach enables better 

opportunities to evaluate the inventory requirements in the supply chain.  

4.2.3. Logistical Parameters 

 

The previous section argued the control of the supply chain from a service measure perspective. In 

fact, the pre-defined fill rate was suggested as a restriction to align the supply chain. We mentioned 

that the logistical parameters should be evaluated in an integral way providing exhaustive coverage of 

the supply chain. In order to achieve this exhaustive coverage, the right parameters should be included 

in our model. Below, Figure 4-3 gives a general overview of the parameters. We make a distinction 

between input- and output variables. 

 

 

 

 

Figure 4-3: Exhaustive Coverage of the Supply Chain 

 

The input variables are exogenous and are related to both the external environment and the supply 

chain design. These include, demand-, production-, distribution- and price- characteristics. Appendices 

D through H provide detailed insight into the modelling of these parameters. Note how decisions on 

the strategic level relate to the input variables. Furthermore, a restriction is required. This is the 

customer service level and should be determined by Kappa. Together the exogenous input variables 

and the restriction determine the parameter setting of the supply chain. Evaluation of the entire setting 

then results in the endogenous output variables.  

The main output variables are related to amount of inventory. The need to consider these as 

endogenous variables has been discussed in the previous section. Safety stocks reflect the minimum 
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inventory levels or reorder points, whereas the expected inventory levels reflect the long-run amount 

of inventory at a particular stock point. Capital investment is related to this inventory level. 

Additionally a new endogenous variable is introduced, i.e. lead time. It is mentioned here, because our 

approach differs from the current situation at Kappa, where lead time is considered as a given. Below 

we give a brief explanation. 

 

Lead time refers to the time that elapses from the moment at which an order is placed, until the goods 

are physically delivered, ready to satisfy customer demand, see e.g. Silver et al. (1998). There seem to 

be many perspectives on how to deal with lead time. We follow the reasoning applied by Smits (2002) 

among others. She advocates that the lead time should be considered as a dependent variable. The lead 

time at an arbitrary stock point in the supply chain is supposed to include the following components:  

 

• Delay, e.g. due to administration or handling activities 

• Transport time of the goods from the preceding stock point 

• Waiting time due to lack of stock at the preceding stock point. 

 

The last component is often excluded. Yet, the enclosure of the waiting time implies dependence on 

other processes and therefore it is considered endogenous. For a more extensive review, we refer to 

Smits (2002). The length of the lead time is negatively correlated to the amount of safety stock 

needed, and consequently, to the expected inventory level and total capital investment. 

4.3. Requirements for Design 
 

This final section provides an overview of our solution to the problem. In the next chapter theoretical 

concepts are reviewed and selected to apply for model development. Therefore, additionally we give a 

short overview of the design requirements in order to enable a deliberate concept selection.  

4.3.1. Design Overview 

 

So far, it can be concluded that to solve Kappa’s problem, an integral model should be developed that 

enables quick and easy evaluation of the logistical parameters on a tactical decision level. 

Furthermore, the model should be able to evaluate ‘what-if’ scenarios. Figure 4-4 depicts the three 

main parts of our solution and the corresponding chapters, i.e. supply chain modelling, performance 

analysis and ‘what-if’ scenario analysis. 

 

 

Figure 4-4: Solution Overview 

 

In order to make sure that our model consistently describes the situation in reality, an additional 

validation part is included. Each individual part demands different requirements and input data. For 

the specific data we refer again to Appendices D through H. Here we focus on the requirements for 

supply chain modelling.  
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4.3.2. Supply Chain Modelling Requirements 

 

The initial prerequisite of the model is that is should be exhaustively collective, meaning that every 

influencing variable within the scope of this project should be taken into account. And additionally, it 

should be constructed so that it correctly describes the reality in the most appropriate detail, whilst the 

entire model still remains analysable. It was already mentioned how to achieve completeness in the 

previous section, i.e. input parameters should reflect demand-, production-, distribution-, price and 

cost characteristics. Below, per category requirements will be stated which the model should comply 

with.  It is partly based on the analysis performed in Chapter 3. 

4.3.2.1. Demand 

 

• Multiple, non-identical SKUs. Although the Pareto rule applies, still approximately 200 

different products should be taken into account 

 

• Multiple, non-identical customers. Customers order different products in different quantities 

at different times and are located at different geographical locations 

 

• Demand distribution. The demand is stochastic and variable. An appropriate distribution 

function should be chosen to model the demand. Also an appropriate time scale should be 

selected, i.e. continuous or deterministic 

 

• Customer Order Decoupling Point. Kappa has two different decoupling points; therefore the 

model should be able to include both make-to-stock demand and make-to-order demand 

 

• Endogenous lead time. We argued that the lead time depends on other processes and should 

be considered endogenous accordingly.  

4.3.2.2. Production 

 

• Multiple non-identical machines. Each machine has different characteristics and produces 

different non-identical SKUs  

 

• Non-identical production rates. Each machine-product combination has its own production 

rate   

 

• Finite capacity. Production is controlled differently in situations where capacity flexibility is 

non-existent 

 

• Fixed, cyclic sequences. Items are produced according to pre-defined fixed sequences. The 

influence of this type of production should be considered in the model 

 

• Non-identical, sequence dependent setup times. These influence the use of capacity and 

therefore should be explicitly modelled. 

4.3.2.3. Distribution 

 

• Variable non-identical transport times. The factories and customers are geographically 

spread.  Each combination has a different stochastic transport time 

 

• Non-identical transport batches. The volumes of FTL-shipments differ per customer and per 

factory 
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• (s,nQ)-installation stock policy. If the inventory position of a single stock point (installation 

stock) falls below order point s, an integer multiple n of quantity Q is ordered from the 

upstream echelon. The inventory position is then defined as the physical inventory plus the 

stock on order minus the backorders, e.g. Silver et al. (1998).  

4.3.2.4. Price & Costs 

 

• Cost price. In order to evaluate the capital investment in inventory, the price of the goods at 

the specific location in the supply chain should be included 

 

• Holding costs. This determines the cost of capital. 

4.4. Summary 
 

This chapter performed the problem analysis. We noted that Kappa adopted the VMI/CS concept in 

order to achieve its supply chain objectives, i.e. high customer service and low costs. However it was 

questioned if these objectives are achieved efficiently, i.e. are the advantages of VMI/CS fully 

exploited? We disapprovingly concluded that Kappa does not appropriately align its supply chain: 

logistical parameters are set individually instead of integrally, there is no model that enables integral 

performance evaluation and it is aimed at low inventory levels instead of customer service. We 

suggested the design of an integral performance evaluation model that exhaustively covers all relevant 

logistical parameters in the supply chain. The model should determine the inventory requirements and 

safety stock levels according to predefined customer service i.e. fill rate. Finally we presented design 

requirements in order to maintain the relation between the model to be developed and the reality. 

 

Next, in Chapter 5, we review relevant literature and suggest a convenient modelling approach. The 

purpose is twofold: to simplify the analysis and to be able to construct the model in Chapter 6. 
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5. Theoretical Basis for Model Development (*) 
 

The previous chapters provided information about the processes in the supply chain and the results of 

the performed problem analysis. The focus now lies on the development of a model that enables 

evaluation of various logistical parameters on a tactical level in the supply chain. Before the actual 

design is presented in the next chapter, this chapter primarily adopts a more theory oriented approach. 

The aim is to provide arguments on how to model the supply chain, why this is done in that way, 

which parameters are of importance, and how this relates to practice. 

 

One goal of the final design is to give clear insight into the behaviour of the total supply chain. 

Modelling the total chain at once would probably result in an incomprehensible model, or in a model 

not showing the required amount of detail. In reality, each factory delivers products to multiple 

customers, and each customer is replenished from multiple factories. Thus the structure of the supply 

chain is quite complicated. At least, in this way it does not allow for relatively easy analysis. For this 

reason, it proves to be practical to distinguish two inter-related systems that should be analysed 

individually before being linked together for overall analysis. By doing so, the analysis complexity is 

reduced eminently. The two systems are depicted in Figure 5-1 below. An upstream part and a 

downstream part are identified which will respectively be referred to as the production system and the 

inventory system. 

 

Both systems are discussed separately below. For each system, first an appropriate way is suggested 

how to model the reality of the specific system under consideration. Next, relevant literature is 

reviewed and an appropriate concept is identified for evaluating the logistical parameters of this 

system. Finally, the selected theoretical concept is discussed and linked to the practical situation at 

Kappa. Several assumptions will be stated. This chapter thus results in two theoretic concepts applied 

to evaluate the inventory system and the production system respectively. The next chapter will then 

state the entire model in detail. 

5.1. Inventory System 
 

The inventory system is considered first . It describes the downstream part of the supply chain: from 

the point where customer demand is received, upstream to the point at which demand is allocated to 

the different machines. 

5.1.1. Model Explanation 

 

For each end-item a single inventory network can be constructed, we refer to Figure 5-1. The different 

echelons in the supply chain reflect the various factory- and customer stock locations. Yet, this still 

implies a combined divergent and convergent network structure, as explained above. This proves not 

to be suitable for clear analysis. So, for modelling and analysis purposes the structure is altered by 

introducing one virtual stock point, which represents the combined stock points of the factories. The 

stock points of the customers remain unchanged. As a result, a pure divergent multi-echelon system 

can be observed. This structure can be characterized by “…the property that a stock point is supplied 

by exactly one other stock point, and supplies one or more stock points” (Diks et al. 1996). An 

explanation will be given below. 

 

The downstream stock points reflect the consignment customers and receive independent demand, i.e. 

the usage. This demand is satisfied directly from stock. It is referred to as independent because the 

demand is placed from outside the boundaries of the system and is not derived from an order-process 

within the network. Furthermore, a (s,nQ)-installation stock policy is used.  
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Figure 5-1: Production System & Inventory System 

 

The virtual upstream stock point reflects the combined stock points of the factories. At this stock point 

demand is received which is derived from the (s,nQ)-ordering process at the downstream echelons, 

therefore known as dependent demand. Note that in practice, the inventory at this echelon is thus 

spread out over different geographical areas, i.e. Roermond (NL), Zülpich (D) and Wiesloch (D). 

Furthermore, also independent demand is received at this point, i.e. direct orders (MTO demand), 

albeit that these items are produced to order and the demand is not satisfied from stock located at this 

point. 

 

Consequently, multiple divergent, single-item, two-echelon supply chains have been created. This 

‘simplifies’ the analysis, while the relation with the reality has not been changed dramatically. The 

next section discusses reviewed literature. The utmost requirement is that the model should be able to 
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evaluate the system regarding the service level, i.e. fill rate. Several other requirements have already 

been presented in the last section of the previous chapter.  

5.1.2. Literature 

 

Diks et al. (1996) provide a literature review on divergent multi-echelon systems with a focus on the 

use of service levels. They distinguish between installation- and echelon stock policies, and state that 

for both policies the complexity of the analysis is concentrated at different aspects. According to the 

modelling requirements, here the installation stock policy applies. In their paper they conclude that 

regarding this type of inventory policy, “...the major difficulties are the determination of the demand 

process at upstream stages and the determination of the delay time characteristics.” Furthermore it is 

pointed out and explained that assumptions usually stated to circumvent this problem in reality, do not 

hold. Examples are that customers are assumed to be identical, demand is considered deterministic or 

lot sizes are the same for all customers. Therefore in selecting an appropriate concept to evaluate the 

inventory system in this thesis, the applicability in practice should be taken into account. 

 

Axsäter (2004) presents and discusses models for the analysis of divergent inventory systems with 

stochastic demand. He assumes one decision maker who wants to optimize the whole supply chain, 

which is analogue to the supply chain of Kappa. Also Smits (2002) provides a short literature review 

in her dissertation. She primarily focuses on tactical logistical models on the (s,nQ)-policy. 

 

Although a divergent supply chain is considered here, exact analysis is very complex or even 

impossible. Therefore approximations are required in order to evaluate the logistical parameters in the 

supply chain. Kiesmüller et al. (2004) provide a computational approach for approximating 

operational performance characteristics of 

a divergent N-echelon (s,nQ)-policy. The 

power of this approach is that it can 

handle non-identical retailers, i.e. 

downstream stock points, different batch 

sizes, and unequal demand streams. 

Moreover they apply a general distribution 

for modelling the demand streams. The 

approach proves to be analogue to the 

system under review at Kappa. Figure 5-2 

shows which input data is needed to 

evaluate the inventory system. In their 

paper the upstream echelon is replenished 

from an external supplier. In the Kappa 

case, the production system represents this 

external supplier. The endogenous 

production lead time is the outcome of the 

production system. It therefore is 

equivalent to the replenishment lead time 

in this model and forms the interconnection between both systems. Next, the production system is 

discussed. The integral model will be presented in detail in the next chapter. 

5.2. Production System  
 

In addition to the elaboration on the inventory system, this section describes the production system. 

The upstream boundary of the inventory system was set at the SSC, or the point at which the demand 

is allocated to the different machines. Here, the production system continues upstream: it comprehends 

the 6 paper machines located in the 3 different paper mills. 

Figure 5-2: Data input for Inventory System, partly cf. Dijk 

and Dobrolinska (2003) 
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5.2.1. Model Explanation 

 

As the routings of paper are fixed, no interaction between machines appears to be existent during the 

production process. Each machine can therefore be modelled independently of the other machines. Six 

single systems should be evaluated, with each system consisting of a single machine with a stock point 

for each of the N items produced on this machine. This can be denoted as multiple single-server multi-

item production systems. As items can be produced on multiple machines, one machine produces only 

a certain part of the demand to an item. The demand process observed at these stock points is 

dependent on the demand process resulting from the analysis of the inventory system and therefore 

stochastic. 

 

The demand is satisfied by the finished goods that become available from the production process. This 

requires an amount of time denoted as the production lead time. This lead time depends on the 

behaviour of the production system and is therefore endogenous. In the production system items are 

produced with limited capacity, according to a cyclic pattern with sequence dependent setup times. 

The expected total production lead time is represented by the expected waiting time and the expected 

production time. The next section briefly reviews relevant literature. 

5.2.2. Literature 

 

The model that has to be designed should be able to evaluate the production system resulting in an 

expected lead time. As waiting time is considered, literature on queuing theory is addressed. Three 

different directions have been explored: traditional queuing theory, polling models and literature on 

the Stochastic Economic Lot Scheduling Problem. The latter proves to be the most appropriate 

concept to describe the production situation at Kappa. Arguments for this conclusion are provided 

below. 

5.2.2.1. Traditional Queuing Systems 

 

In his dissertation Tielemans (1996) provides a review on models for production planning available in 

the literature. He reasons the need for models measuring the manufacturing performance by evaluating 

the manufacturing lead time as opposed to evaluating costs. Based on modelling principles presented 

by Karmarkar et al. (1992) he describes a model that enables queuing delay analysis in a single server, 

multi-item production environment. The demand rate is assumed to be Poisson, all batches of a given 

product are of the same size and setup times are sequence independent. Production characteristics of 

each product are assumed constant. He concludes that the modelling of the input process, i.e. demand 

process, is of major importance to the applicability of his model. Both the Poisson assumption and the 

fixed batch size assumption do not apply to Kappa. Moreover, we consider sequence dependent 

setups. 

5.2.2.2. Polling Systems  

 

Takagi (1986) provides an extensive overview on the analysis of polling systems. Basic polling 

models consider a single server with multiple queues which are served in a cyclic sequence and can 

have non-zero switchover times, i.e. setups. Each order arrives according to a Poisson process and 

waits in the queue until the server has become available. After processing the order leaves the system. 

Various extensions to the basic model are suggested, e.g. different batch sizes, sequences, service time 

distributions or time scales. The major drawback of this type modelling is the assumption of the arrival 

process. It appears that if other arrival processes are considered, e.g. renewal processes, the analysis is 

complicated dramatically. Furthermore difficulties are observed with handling sequence dependent 

setups. Also a different polling concept is needed if a production cycle deviates from a pure cycle, i.e 

e.g. (1-2-..-N, N-..-2-1) instead of (1-2-..-N, 1-2-..-N). 
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5.2.2.3. Stochastic Economic Lot Scheduling Problem  

 

An early article that addresses single server production planning with scheduling decisions in cyclic 

environments is Elmaghraby (1978). He 

presents the Economic Lot Scheduling 

Problem (ELSP) which is described by a 

production situation with a continuous 

deterministic demand rate, fixed production 

rate and sequence independent setup times. 

Sox et al. (1999) provide a review on the 

stochastic version (SELSP). They define the 

SELSP concept as “…scheduling the 

production of multiple products with 

random demand on a single facility with 

limited production capacity and significant 

changeovers between products.” Within this 

category of models Smits et al. (2004) 

present analytical expressions that enable 

quick evaluation of the production lead time, based on a (R,S)-inventory policy, under a general model 

for the demand. Moreover they consider sequence dependent setups. This concept neatly fits with the 

demand process observed from the inventory system. Figure 5-3 depicts the data input for the 

production system. 

5.3. Limitations 
 

Both selected concepts are suitable for analysing the situation at Kappa. However, the models are 

subject to restrictions. We therefore give an overview of the main limitations of our design: 

 

• Seasonality. In reality, the independent demand streams show a seasonal pattern. We assume 

the demand to be stochastic and stationary. It proves to be very difficult to include seasonality 

in the analysis therefore these influences are omitted. Nevertheless, the planner is able to take 

seasonality into account when he evaluates the results of our model. 

 

• Inventory for MTS demand. Our design only focuses on the determination of inventory 

requirements for satisfying MTS demand. The amounts of rejects and cycle stock are 

disregarded. Moreover, strategic decisions can overrule our results. 

 

• Supply Chain parameters. As we operate on the tactical decision level, the model is static. The 

dynamics of daily decision making are not addressed. Therefore, often averages have been 

used for modelling the appropriate values of the required supply chain parameters. The 

assumptions can be found in Appendices D through H. 

5.4. Summary 
 

Chapter 4 discussed the problem in the current situation and stated requirements for the solution. This 

was done in order to maintain a link between the model to be developed and the reality. This chapter 

continued and presented a complexity reducing approach for correctly modelling the supply chain. We 

distinguished between an inventory system and a production system connected by the replenishment 

lead time, i.e. production lead time. The former consists of multiple divergent single-item two echelon 

supply chains. The selected theoretic concept is able to handle non-identical downstream stock points, 

different batch sizes, and unequal stochastic demand streams and is based on the (s,nQ)-order policy.  

 

Figure 5-3: Data input for Production System 
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The production environment is composed of multiple single-server multi-item production systems and 

is equivalent to the Stochastic Economic Lot Scheduling model. An appropriate concept was selected 

that enables quick evaluation of the production lead time, based on a (R,S)-inventory policy, under a 

general model for the demand. The total model is subject to several limitations: 

• Seasonality of demand is not considered 

• Inventory other than for satisfying MTS demand is disregarded 

• The model is unable to deal with daily dynamics. 

 

Next, Chapter 6 presents the development of the integrated model, based on the selected theoretical 

concepts. 
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6. Model (*) 
 

The previous chapter suggested a facilitating way for modelling the supply chain. A separate inventory 

system and production system were identified. Additionally theoretical background was reviewed and 

appropriate concepts were selected. This chapter now continues and presents the development of the 

integral performance evaluation model. Besides the presence of the Inventory System and the 

Production System, we construct the model out of three individual Building Blocks. For readability 

reasons, it is here explicitly chosen to reduce the amount of mathematical formulations to a necessary 

minimum. For those who are interested, we refer to Appendix I for the complete mathematical model.  

 

First, the functioning of the total model will be discussed in section 6.1 after which in sections 6.2 

through 6.4 the Building Blocks are presented in detail. We conclude with requirements for the 

implementation, i.e. the design of the decision support tool that is presented in the next chapter.  

6.1. Integral Model 
 

For clear understanding of the model first the functioning of the integral system will be discussed here, 

i.e. the position of the Building Blocks in relation to the inventory- and production system. Figure 6-1 

depicts the functioning of the total model. Both the inventory- and production system are shown.  

 

Figure 6-1: Integral Performance Evaluation 

 

The integral model is constructed out of three main successive building blocks: 

1. Upstream demand calculation (Inventory System) 

2. Production lead time calculation (Production System) 

3. Logistical performance analysis (Inventory System). 

 

It works as follows: in the first Building Block each single-item network is analysed. The purpose is to 

derive the demand perceived at the most upstream part in the supply chain from the demand perceived 

at the most downstream part of the supply chain. This is done by generating replenishment orders from 

the lowest echelon to the highest echelon, based on the (s.nQ)-order policy. Only MTS demand is 

considered until now (1). At this point for each product the dependent MTS demand streams and the 

independent MTO demand streams are combined and the total demand to individual products is 
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aggregated to demand per product group. This concludes the first Building Block. Subsequently, 

Building Block II aims at determining the production lead time for an arbitrary order for a product of a 

certain product group. First, the demand is allocated to the different machines, i.e. single stage 

production systems (2). As a result, each production system perceives a certain amount of workload. 

Based on this workload, for each product the expected production lead time can be calculated. Next 

this lead time is transferred back to the inventory system (3). Now for each single item network all 

details are known. In Building Block III the logistical performance can then be calculated. Based on 

these details in combination with the restricting service level, the expected inventory requirements at 

each echelon are determined (4). In the following sections the three Building Blocks will be discussed 

separately. 

6.2. Building Block I: Upstream Demand Calculation 
 

As mentioned previously the inventory system consists of multiple single-item two-echelon systems. 

The analysis of these systems is based on the paper by Kiesmüller et al. (2004). Although it is aimed at 

applicability of the model in practice, certain assumptions have been made. These will be discussed 

below. This first Building Block of the model calculates the upstream dependent demand out of all 

independent demand streams at the downstream echelons. It is not aimed to derive approximations or 

validate the theoretical concept itself here. For those purposes we refer to the paper of Kiesmüller et 

al. (2004). Here, it is reasoned why the theoretical model applies to the Kappa situation, and how it 

operates. Before addressing the demand, use of an appropriate time scale is advocated. 

6.2.1. Time scale 

 

The time scale in which demand is perceived is considered here. A choice should be made between a 

discrete or a continuous scale. Kiesmüller et al. (2004) suggest analysis on a continuous time scale and 

model the demand per time unit. In relation to the Kappa situation the following can be stated: 

1. Corrugators operate five days a week 16 hours per day during which demand can be placed at 

the SSC (discrete) 

2. The paper mills operate seven days a week 24 hours per day during which the five-day 

customer demand can be satisfied (continuous) 

3. Therefore, the customer demand should be considered on a continuous scale. The customer 

demand per week (five days) divided by the total time per week (7 days) gives the demand per 

time unit (continuous). 

This line of thought justifies the use of a continuous time scale. 

6.2.2. Independent Demand Distribution 

 

Each independent demand stream, i.e. the usage of the item by the customer, should be appropriately 

described. We assumed that the demand arrives according to a general distribution and can be 

described by a continuous compound renewal process. In 

short, it means that the demand can be characterized by 

two combined renewal processes, i.e.: the order size and 

the order arrival frequency. Simply said, each x time 

units an order of size y is placed, see Figure 6-2. Both 

the order size and the order inter-arrival time are then 

stochastic random variables. It appears that their 

distribution functions are in general intractable. 

Therefore the distribution functions of both variables are 

approximated. In this case a mixed-Erlang distribution is 

suggested, which consists of two separate Erlang 

distributions based on approximate expressions for the 

first two moments of both random variables. Now that 
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all independent demand streams can be modelled appropriately, the dependent demand should be 

considered. 

6.2.3. Dependent Demand Calculation 

 

For each end stock point the independent demand is translated into a replenishment process according 

to the (s,nQ)-ordering policy. Additionally the resulting dependent demand streams are aggregated by 

superposing the individual compound renewal processes. Below, Figure 6-3 depicts the aggregation 

process. The red arrows denote the independent demand streams. The purpose of the total aggregation 

process is to analyse the demand per time unit that is received by the production system. For each end-

product denoted by its grade, weight and width, the dependent demand at the upstream echelon in the 

MTS network is calculated. Subsequently, all independent MTO demand is added. At this point we 

have a certain demand per time unit for all products, i.e. differing in MTO- and MTS demand, grade, 

weight and width. Now the aim is to aggregate these multiple demand streams to a single demand 

stream per product group, i.e. denoted by a grade and weight.  

 

Figure 6-3: Superposing Compound Renewal Processes 

 

The reasoning for this is justified by the following arguments. In general, each product consumes a 

certain amount of capacity on a machine. This consumption is determined by: 

 

• Production rate (tonnes/hour). This rate varies between products of a different grade or 

weight, but is not influenced by the width of the product. As product groups are defined by a 
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grade and weight, whereas width is omitted, differences thus only exist between production 

rates of different product groups. Therefore aggregating to product groups has no negative 

effect on the capacity to be consumed.  

 

• Product width. Often it occurs that the machine width exceeds the product width. In this 

case feasible production combinations are formed between products within a product group. 

It is assumed that always a feasible combination can be found. Therefore, the aggregated 

amount of capacity that is consumed by each product equals the capacity consumed by the 

product group as a whole. This assumption can be partly validated by the fact that the 

production planners currently use the same approach in evaluating their machine capacity. 

Again, no negative effects are found to consider product groups instead of individual 

products. 

 

Transferring the demand per product to the demand per product group means aggregation of MTO 

demand, MTS demand and product widths for each specific grade and weight combination. As a 

result, at the upstream boundary of the inventory system the demand per time unit for each product 

group is now known. The distribution is also mixed Erlang, according to a compound renewal process.  

6.3. Building Block 2: Production Lead Time Calculation 
 

The previous Building Block resulted in the demand per time unit for each product group. This section 

continues from that point. It describes the processes of the second Building Block of the overall 

model, namely the calculation of the production lead time per product (group). The model is based on 

the theory developed by Smits et al. (2004). Again, for detailed derivation of approximations or 

formulae we refer to their paper. Nonetheless, supporting mathematical expressions can be found in 

Appendix I. As machines can produce multiple products, first it will be presented how the demand is 

allocated to the various machines. Secondly, the components of the production lead time are 

considered and finally the last subsection presents the actual calculation of the production lead time. 

6.3.1. Allocation of Demand 

 

The demand for individual products has been aggregated to the demand for product groups. Once 

done, each product group should be assigned to one or more machines. In principal, if day-to-day 

operations are to be considered, it is difficult to determine where a product group is usually being 

produced. However, if a larger time span is analysed a static pattern emerges. Therefore, we assume 

that each product group is assigned to a machine according to a geometrical distribution. This means 

that a product of product group k is produced on machine m with chance pk,m. Figure 6-4 (A) depicts 

the allocation to the machines, whereas (B) shows the resulting demand process at a specific machine. 

 

Figure 6-4: Allocation of Demand to Machines (A); Resulting Demand Pattern at a Machine (B) 
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The resulting demand process for a product group at a machine after allocation is depicted because it 

is namely not necessarily the same as before allocation. Only if demand is fully allocated to a single 

machine, both demand processes are equal. 

6.3.2. Components of Lead time 

 

Previously we argued that in our model the lead time is considered endogenous, i.e. resulting from the 

system. Here we define the components of the lead time, in particular the production lead time.  

 

 

Figure 6-5: Three Components of Production Lead time 

 

In general three components can be identified, see Figure 6-5: 

 

• Delay. This part comprises the time between the arrival of the order and the actual release of 

the production order. In reality this time can be thought of as administration time or order 

handling time. In our model the arrival process of the order is described by the dependent 

demand streams that result after allocation of the demand to the machines. 

 

• Waiting time. The total production system is considered analogue to a queuing system. The 

capacity of the machine is not sufficient to immediately process all arriving orders; therefore a 

queue emerges in front of the machine. In our case the queue is not physically present, but it 

reflects the time between the release of the production order for a certain product and the 

actual start of processing the order. The higher the workload of the machine, the longer the 

waiting time. Waiting time due to queuing is thus dependent on the workload of the machine. 

From this perspective, the assumption that the total lead time is endogenous is justified. 

 

• Processing time. This time reflects the actual presence of the product on the machine. Orders 

are processed in batches which are preceded by a setup time. The length of the actual 

processing time depends on the size of the batch and the production rate of the specific 

product group in the batch. In general it can be stated that: 
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)(iv  Product group of production order i 

mI
~

 Set of production orders on machine m 

K
~

 Set of product groups 

M
~

 Set of machines 

 

 However, products become available before the total production run is finished. Therefore the 

 processing time is assumed to be uniformly distributed. 

 

The total production lead time is now calculated as follows: 
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Where, 

 
P

miviL ),(,  
total production lead time of production order i of product group v(i) on 

machine m 
D

miviL ),(,  delay time of production order i of product group v(i) on machine m 

Q
miviL ),(,  waiting time of production order i of product group v(i) on machine m 

miviZ ),(,  Setup time of production order i of product group v(i) on machine m, due to 

changes in weight with regard to production order i-1.  

6.3.3. Calculation of Lead Time 

 

With regard to the previous sub-section where the three components of the lead time have been 

discussed, here the methods are presented how to calculate these components. For this purpose three 

aspects should be discussed respectively: 

1. When is demand received, i.e. the order policy 

2. When are production orders released, i.e. the production order release pattern 

3. What are the values for delay, waiting time and processing time, i.e. the total production lead 

time or throughput time. 

6.3.3.1.  Order policy 

 

For clear understanding, we refer again to Figure 5-3 in the previous chapter. This figure depicted a 

schematic representation of the production system, at least for one machine. It could be seen that each 

product can be modelled as a stock point receiving a certain demand stream. This demand equals the 

dependent demand after allocation of a product to a machine and is now already known. What results 

is the question how these ‘stock points’ trigger the production process, or analogous, according which 

policy these stock points are controlled. Smits et al. (2004) assume a periodic deterministic order-up-to 

(R,S)-policy. This means that each R time periods the inventory status s of the stock points are 

reviewed and that for each stock point an order is placed equal to the difference between s and S , i.e. 

S-s, or order-up-to S. 

 

The applicability of their assumption with regard to our situation is discussed here. In reality, the SSC 

receives orders, performs a check against the current inventories and accordingly plans its production. 

In fact, an equivalent of the (R,S)-policy can be identified, where the order-up-to value S depends on 

the orders received. The amount of demand that cannot be satisfied from stock is planned for 

production. In our model the dependent demand at the machines received during the review period 

actually reflects the demand to be produced and consequently determines the batch size. 
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6.3.3.2. Production Order Release Pattern 

 

Now that the use of the (R,S)-policy is agreed on, the question raises when production orders are to be 

released, and how this affects the total production lead time. As mentioned in Chapter 3, Kappa 

produces according fixed sequences, although this is often not true. Nevertheless, in order to describe 

the behaviour of the production system an assumption has to be made about the production sequences, 

because it matters if production does or does not follow a preset pattern. The pattern or the order in 

which production orders are handled affects the production lead time of an order. To stay close to 

reality, we assume that only fixed sequences are used. Moreover, this considerably improves the 

analysability. Appendix F presents the forming of those fixed sequences per machine in relation to the 

real situation. The validity of this assumption will be tested later in Chapter 7. 

 

In Figure 6-6 a schematic representation of the production schedule is given. It shows the relation 

between the production order release schedule and the actual production schedule.  

 

Figure 6-6: Schematic Representation of the Production Schedule, partly cf. Smits (2002) 

 

The figure clearly shows that the fixed sequence results from the release schedule. Furthermore, the 

production is cyclic, which means that the fixed sequence is invariably repeated. Thus at time tj 

production order j is released. Uj time units later, at tj+1, order j+1 is released and so on, until the 

release of order J at tJ. Because of the cyclic pattern UJ then states the time between tJ and t1, i.e. the 

start of the next cycle. The grade (Gj) and width (Wj) of production order j, relate to v(j), the 

production group  of order j. The review period is the time between the releases of two consecutive 

production orders for similar product groups:  
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Note that in Figure 6-6 different review periods for identical product groups can be identified. The 

release schedule only tells something about when orders are released. It does not say anything about 

how the production orders interact on the machine, i.e. how long an order has to wait, or how long its 

processing time is. This total throughput time will be discussed in the following section. But first, a 

parallel is drawn to the current situation at Kappa, in order to justify the use of the model presented 

above. 

 

 

t1 t2 t3 t4 t5 t6 t1+T 

 

G: Schrenz 

W: 100 gr 

 

G: Schrenz 

W: 110 gr 

 

G: Schrenz 

W: 115 gr 

 

G: Schrenz 

W: 120 gr 

 

G: Schrenz 

W: 115 gr 

 

G: Schrenz 

W: 110 gr 

 

G: Schrenz 

W: 100 gr 

 

U1 U2 U3 U5 U4 U6 

G: Schrenz 

W: 110 gr 

 

U1 U2 U3 

t2+T t3+T t4+T 

R4 

R1 

R2,1 R2,2 

R3,1 R3,2 

Release 

Schedule 

Production 

Schedule 

Setup 

time 

Production 

time 

Idle 

time 

Waiting 

time 

Where, 

 

Rv(j),n 
nth Review Period of product group 

v(j) 

Uj 
time between release of production 

order j and j+1 

tj production order release moment j 

T length of a production cycle 

Gj grade of production order j 

Wj Weight of production order j 



Tactical Supply Chain Performance Evaluation: Design of a Decision Support Tool 

 

 

Master’s Degree Thesis 42 

In general the production planners at Kappa create a production schedule several times a week. But in 

fact, what the planner does is creating an order release pattern. Twice a week it is determined when to 

produce which product group. As a matter of fact, a “block” is created which consists of different 

production orders to be released at successive points in time. At what time the actual production starts, 

depends on the machine behaviour. Thus, the production environment at Kappa can be fairly described 

by the model of Smits (2004), as presented in this and previous sections. Next, the actual calculation 

of the production lead time -or throughput time- is considered. 

6.3.3.3. Production Order Throughput Time 

 

After having described the sequential order release pattern, this section presents how the orders 

interact on the machine and consequently how the delay, waiting time and processing time are 

calculated. 

 

• Delay. This is reflected by the time between the arrival of the (demand) order and the release 

of the production order. Two extreme situations can occur if an arbitrary order arrives at the 

production facility:  

1. It is lucky and arrives just before the release of its corresponding production order. 

The delay is then approximately zero 

2. It is unlucky and arrives just after the release of its corresponding production order. 

The delay is then equal to the time until a new production order of the same type is 

released. This period is the review period. 

 

Both situations have an equal chance of occurrence, thus the delay is assumed to be 

homogenously distributed. The average delay is therefore equal to the half of the review 

period. 

 

• Processing time. This depends on the quantity that is to be produced, i.e. the production 

batch size, and the production rate. According to the previous section, the size of the batch 

depends on the demand received during a certain period. More specifically, it depends on the 

demand received during the review period. This demand can be calculated if the length of the 

review period and the demand per time unit are known. In fact both are known, thus the 

expected batch size can be calculated. As also the production rates are assumed to be known, 

the total processing time of a production order can be calculated. 

 

• Waiting time. This is the most difficult part because, as can be seen in Figure 6-6, the 

waiting time of a production order actually depends on the processing time and the waiting 

time of the previous order. Smits et al. (2004) present an algorithm that computes the 

performance characteristics, i.e. the first and second moments, of a similar queuing system. It 

is solved with a method based on the moment-iteration method developed by de Kok (1989). 

It is assumed that the queue is in a stationary state, which in fact is true if a satisfyingly long 

time period is considered. 

 

The procedure works as follows: For each production order j in a production cycle the 

expected waiting time is approximated based on the characteristics of the previous order j-1. 

Subsequently, for each order, the resulting first and second moments of the waiting time are 

compared to the approximated first and second moments of the same order in the previous 

production cycle. The procedure is repeated until the cumulative difference of the values for 

the moments of all orders in two consecutive production cycles is less then a very small 

value, say 10
-4

. Then we have good approximations for the waiting time of each production 

order. The iteration scheme is presented in Appendix I. 

 

Now that all components are known we can calculate the expected throughput time of a production 

order j, of product group v(j) on machine m. Actually, what we would like to know is the expected lead 
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time of an arbitrary order for a product of product group v(j). In other words, how long does it take for 

the upstream echelon of the inventory system to be replenished? In order to achieve this, for each 

machine the lead time of product group k should be calculated out of the throughput times of all 

individual production orders j, for which applies: v(j) = k. Additionally, the same has to be done for all 

machines. Now we have the overall expected lead time of an arbitrary product i of product group k(i) 

ordered from the upstream echelon of the inventory system. This concludes Building Block II of the 

integral model and as currently all necessary information is known, the logistical parameters can be 

evaluated in Building Block III. 

6.4. Building Block 3: Logistical Performance Analysis 
 

This section constitutes the final part of the integral model and deals with the calculation of the 

logistical parameters. Already in Chapter 4 we distinguished the various output parameters of our 

model. In general, in order to satisfy the preset customer service levels, the expected inventory 

requirements and related safety stock levels are determined. Similar to Building Block I, i.e. the 

upstream demand calculation, this final Building Block is based on the paper by Kiesmüller et al. 

(2004). Their theoretical approach is applied unmodified, because it neatly fits to our situation. For 

detailed explanations refer to their paper. Here just a basic description is given. 

 

The purpose of the first two Building Blocks was primarily to determine all variables in the network. 

Hence, at this point the following variables are already known: 

• Independent demand stream at the end stock points per product per customer 

• Dependent demand stream at the upstream echelon for each product 

• Replenishment lead time from the ‘external supplier’, i.e. production lead time, to the 

upstream echelon for each product. 

 

Thus we know how long it takes to replenish the upstream echelon of the inventory system. To 

calculate all output parameters, additional information is required. Albeit that this information is 

exogenous input to the model. 

 

1. Restrictions. These are the targets towards which the total supply chain is aligned  

• Fill rate per product per customer at the downstream echelon 

• Fill rate per product at the upstream echelon 

 

2. Distribution. We need to know how long it takes to replenish successive echelons 

• Transport times between successive stock points 

 

3. Price and Costs. The inventory should be valued, in order to determine the capital investment 

and cost of capital 

• Cost price per product at each echelon 

• Interest rate. 

 

Based on the service level of an echelon towards its successive echelons and the time needed to be 

replenished from its preceding echelons, at each stock point the long-range expected inventory level is 

calculated. Furthermore the inventory located between two stock points, i.e. pipeline stock, is also 

determined. The total capital investment in inventory is calculated according to the amount of 

inventory and its value, determined by the cost price. Furthermore, the cost of capital is attained by 

multiplying the capital investment with the interest rate.  

 

Up to this point the most important logistical parameters have been evaluated and the supply chain has 

been aligned towards the predefined customer service level. The next section discusses the 

implementation of our model in practice.  



Tactical Supply Chain Performance Evaluation: Design of a Decision Support Tool 

 

 

Master’s Degree Thesis 44 

6.5. Implementation 
 

In Chapter 4 it was suggested to develop a model with which Kappa could easily and quickly evaluate 

its most important supply chain parameters. Yet, the model presented in this chapter does not apply for 

easy and quick analysis by hand. Therefore, and in order to encourage application of our design in 

practice, the evaluation process is highly automated by developing a decision support tool. This tool 

performs the successive steps and calculates the algorithms of our design. In order to operate correctly, 

we suggest several functional requirements for the decision support tool, see Figure 6-7. 

 

 

Figure 6-7: Functional Requirements of the Decision Support Tool 

 

The support tool should provide three main functions:  

 

1. Data input. The tool should provide an interface that enables data entry. In general this means 

that the service levels (restriction) and the supply chain input parameters (exogenous 

variables) can be inserted. 

 

2. Perform Calculations. Having access to all necessary data, the tool should automatically 

calculate the endogenous supply chain parameters according to the algorithms of the three 

Building Blocks of our performance analysis model. 

 

3. Present Output. Thirdly, the tool should present the output variables to the user such that the 

most important logistical parameters can be evaluated. 

 

Additionally the tool should obviously provide a user-friendly environment, with general operating 

functions that can reasonably expected to be found in any arbitrary program. The next section 

concludes this chapter with a brief summary. Chapter 7 will address the design of the decision support 

tool in further detail. 

6.6. Summary  
 

Following from the theoretical concepts selected in Chapter 5, in this Chapter we have presented the 

development of the integral performance evaluation model. The entire model is constructed out of 

three successive Building Blocks:  

 

I. Calculation of upstream demand. Successive demand streams are aggregated by 

superposing processes. The result is the dependent demand stream at the upstream echelon. 
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II. Determination of the production lead time. The aggregated demand is allocated to 

different machines and the lead time is obtained by calculating the waiting time and 

processing time of production orders. 

 

III. Logistical performance analysis. After all variables are known, the expected amount of 

inventory and related safety stock levels are determined in order to satisfy the preset customer 

service levels. 

 

Additionally, we suggested development of a decision support tool in order to encourage 

implementation, providing the following functions:  

 

• Enable data input 

• Automatically calculate the algorithms 

• Enable output evaluation.  

 

The next chapter describes the design of this automated decision support tool. Also an important 

validation step is carried out in order to determine the accuracy and correctness of our model. This is 

required to assure applicability of our design in practice. 
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7. Decision Support Tool  
 

Chapter 6 has primarily focussed on the development of the model with which the most important 

logistical parameters can be evaluated on a tactical decision level. In addition, the infeasibility of 

manual performance evaluation was emphasized. The design of a decision support tool was suggested 

and the functional requirements were given in the final section. This chapter continues and discusses 

the design of the tool in more detail. Moreover we perform an exhaustive validation step to determine 

the applicability of our model in practice. 

 

Having shortly described the functional requirements, section 7.1 discusses the user requirements for 

the tool. Next, the design is presented according to a similar format used in Chapter 6, i.e. first the 

total design is shown followed by its individual components. The last section, 7.3, provides the 

validation of the developed performance analysis model with support of the tool.  

7.1. User Requirements 
 

The main functional requirements have already been discussed in the last section of the previous 

chapter. Here it is specifically focussed on the user requirements. Generally, these requirements can be 

split up into four categories, i.e. requirements about: 1. the tool in general, 2. the data input, 3. the 

calculations, and 4. the output, see Figure 7-1 below. 

 

Figure 7-1: User Requirements of the Decision Support Tool 

 

1. General. The total tool should be built according to a clear structure. This means that the user 

should be able to navigate easily throughout the tool, and that he does not need to acquire 

special skills to operate the basic functions of the tool. This thus implicates ease of use. 

Furthermore, the tool should be stable, meaning that everything works smoothly, without 

errors as a result of basic operations. 

 

2. Data input. As large amounts of data must be inserted, the tool should enable easy data entry. 

Moreover, the data should be entered in a recognizable format to the user. E.g. average order 

size in tonnes and order inter-arrival time in hours for input do not say anything to the user if 

he is used to think in tonnes per month and does not know when an order is placed, how many 

times this is done and what the average size is. As the environment of Kappa is dynamic, the 

user should be able to expand the model, i.e. add new customers and products. Furthermore, 

the user should be able to analyse ‘what-if’ scenarios, without every time altering the input 

data manually.  

 

3. Calculations. As a matter of fact this is regarded as a black-box by the user. The only 

requirements here are that the calculations are automatically performed at an acceptable speed 
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4. Output. The main requirement is that the output is understandable to the user. Again 

recognition is aimed at. Furthermore, the output of various ‘what-if’ scenarios should be easily 

compared and communicable to other users/relevant managers. 

7.2. Design 
 

This section describes the actual development of the decision support tool. First, the integral design is 

discussed after which the individual components are presented. 

7.2.1. Integral Design 

 

Figure 7-2 depicts the integral design of the decision support tool. It is based on the functional 

requirements presented in Figure 6-7 of the last section of the previous chapter. The complete tool is 

split into two functional parts:  

 

1. User Interface. This part presents the graphical user interface (GUI). It is designed with MS 

Excel/VBA and enables the data input and the evaluation of the output. 

 

2. Computing Procedures. This part comprises the actual calculations of the algorithms 

according to the three Building Blocks of the design. For this purpose the Delphi 

programming language is used. 

 

 

Figure 7-2: Decision Support Tool  

 

In fact, the tool operates quite easily: the user enters the requested variables (1), subsequently the 

logistical parameters are evaluated by means of the computing procedures (2, 3), and finally the results 

are presented to the user in the interface (4).  
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The interface is designed with help of Microsoft Excel and Visual Basic for Applications. It is chosen 

to specifically use these programs as the model requires large amounts of (changeable) data input. 

Figure 7-3 depicts the structure of the interface as developed in Excel. The cockpit is the central 

control unit. From here the main functions can be addressed. Furthermore, an additional function is 

introduced, i.e. the analysis controls. The purpose of this is to enable the user to easily manipulate the 
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performing the actual calculations, the “Delphi”-part is initialized. Appendix K provides information 

about the communication between both programs. 

 

 

 

Figure 7-3: Excel Interface structure of the Decision Support Tool 

7.2.3. Computing Procedure 

 

The computing procedures are performed automatically without interference of the user. The Delphi 

Programming Language is used, as it enables relatively easy programming of complicated algorithms. 

Figure 7-4 shows the overview of the computing part of the decision support tool. Fortunately, a tool 

which enables supply chain analysis had already been developed by prof. dr. A.G. de Kok of the 

Technische Universiteit Eindhoven. The program is the Supply Chain Analyzer (SCAx). This tool 

provides the opportunity to evaluate the parameters of a divergent single-item multi-echelon supply 

chain, similar to the paper of Kiesmüller et al (2004). It calculates the upstream demand, and 

accordingly analyses the logistical performance, i.e parts of Building Block I, and Building Block III. 

 

 

Figure 7-4: Delphi Computing Procedures of the Decision Support Tool 

 

To be applicable to our case, only parts of the SCAx can be reused. Additionally, several procedures 

have been written in order to perform all required calculations: the aggregation of product demand to 

product group demand in building block I; and building block II in total. Furthermore it is taken care 

of appropriate input- and output communication with the Excel interface. Appendix J shows the 

detailed procedures in flowchart format. 
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7.3. Validation 
 

One substantial issue which has not been discussed so far is the validation of the developed model. In 

order to enable an assessment of the total supply chain, Chapter 5 suggested an appropriate modelling 

method to be applied. Subsequently, in Chapter 6 the actual model was developed. Nevertheless, 

certain assumptions had to be made. Until now, the validity of these assumptions could not be tested, 

because the model was just to complex to analyse manually. The development of the support tool in 

this chapter enables us to validate the entire design. One of the most important questions of this thesis 

will be answered in this section, i.e.: Does the developed model correctly describe the actual situation 

at Kappa?  

 

In order to answer this question first in section 7.3.1 the criteria are discussed on which we evaluate 

the differences between the outcome of the model and the reality. Accordingly the actual validation 

will be discussed in 7.3.2 to 7.3.4. 

7.3.1. Criteria 

 

The criteria to evaluate the performance of the model in relation to reality should be categorised per 

Building Block of the design. For each Building Block, here the appropriate validation aspect(s) is/are 

suggested: 

 

1. Building Block I: Demand consistency. This first procedure of the model calculates the 

upstream demand. In fact, this demand stream is derived from the initial independent demand 

stream entered in the model by the user. Regarding errors between model and the reality, two 

possibilities exist: 1. false data are entered, 2. the derived demand stream is not consistent with 

input demand stream, i.e. a mistake has been made in modelling the demand streams. Errors 

due to the former aspect cannot be imputed to the model in contrast to the second aspect. 

Therefore, we will evaluate the second measure. 

 

2. Building Block II: Utilization Degree & Production Lead-time. The second procedure of 

the model calculates the production lead time of an arbitrary order for a product of a certain 

product group. As lead time is considered dependent on the workload of the production 

machines, two aspects should be evaluated: 1. the workload perceived by the machines i.e. 

utilization degree, and 2. the production lead time itself.  

 

3. Building Block III: Inventory Levels, Capital Investment and Safety Stock Levels. This 

last procedure performs the actual evaluation of the logistical parameters. With a given service 

level, the model determines the expected amount of inventory in the supply chain, capital 

investment and the safety stock levels. The focus for determining the validity of the model 

therefore lies on the evaluation of these parameters. 

 
Below for each building block the appropriate validation aspect will be evaluated with regard to the 

model and reality. 

7.3.2. Block 1: Demand Consistency 

 

Evaluating the demand consistency means evaluating if the output reflects the input. Independent 

demand is entered as the expected demand per time unit and its variation. It is impossible to validate 

the second moments therefore only the first moments, i.e. the average demand per time unit, are 

considered. For each network the demand is calculated in a similar fashion and successive 

aggregations of demand are conducted likewise. The total demand per time unit after aggregation 

should be equivalent to the demand per time at the beginning.  
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Table 7-1 shows the results for the validation of the demand consistency. Seven products were 

randomly selected. It can be clearly seen that the demand is consistent to at least three decimals. The 

deviations that exist are explained by rounding errors. The results prove to be highly consistent and 

therefore the validity of this first building block is approved.  

 

Table 7-1: Validation of Demand  

 Input Ouput  

Products 
Independent  

Demand 

Dependent  

Demand 
Accuracy 

Nr Code Tonnes/Time unit Tonnes/Time unit ∆% 

1 Product I 0,2978 0,2979 100% 

2 Product II 0,1311 0,1311 100% 

3 Product III 3,7512 3,7511 100% 

4 Product IV 1,1890 1,1887 100% 

5 Product V 2,4534 2,4529 100% 

6 Product VI 0,2063 0,2063 100% 

7 Product VII 0,4190 0,4190 100% 

 

7.3.3. Block 2: Utilization degree & Lead time 

 

The validation measures for the second building block are the utilization degree and the production 

lead-time. Both will be discussed separately below. 

7.3.3.1. Utilization degree 

 

The utilization degree reflects the percentage of time that the machine is busy. For each machine this 

total degree is built up out of the utilization degrees of the individual production orders on that 

machine. The utilization degree of a machine is calculated by dividing the sum of the processing time 

and setup time of all production orders by the total cycle time: 
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where,  

mρ  utilization degree of machine m 

)( ,

B

miLE  expected processing time of order i on machine m 

miZ ,  setup time of order i on machine m 

mT  total cycle time on machine m 

 

Appendix F presents the initial data collection for the tool. Data is used from the period January 2004 

until September 2004, i.e. nine months. The utilization that results from our model should therefore be 

compared with the realized utilization degree of the machines during that specific period. Table 7-2 

below shows the validation results for the utilization degree. In general very good results can be 

identified. For machines 1, 2, 4 and 5 the model approximates the utilization even within a 3% range. 

From this it can be concluded that for these machines: 

 

• The assumption of fixed production sequences is valid 

• Assuming the batch size equal to the demand received during the review period is valid. 
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However, for machines 3 and 6 exceptions are identified. Here the model shows a negative deviation 

of 9% and 8% respectively. In fact, this still is within a 10% range but a further analysis is required. It 

appears that the problem is related to the assumption of fixed production sequences for these 

machines. The product mix on machine 3 is relatively variable compared to other machines. Often 

products are produced on this machine on an exceptional basis. These exceptions -often as less as 1% 

of the total demand to a certain product group is produced on this machine- have been omitted from 

the production sequence. This seems to be an explanation for the fact that the utilization is 

approximated several percentage points less than reality. Deviations in the utilization degree of 

machine 6 are primarily related due to the fact that the sequence itself is more variable than the 

assumed fixed sequence.  

Table 7-2: Validation of the Utilization Degree 

Machines Utilization degree Accuracy 

Nr Name 9-Month Period Model ∆ % 

1 PM1 0,95 0,934 98% 

2 PM2 0,98 0,96 98% 

3 PM3 0,92 0,833 91% 

4 PM4 0,95 0,975 103% 

5 PM6 0,89 0,892 100% 

6 PM7 0,83 0,765 92% 

 

It should be noted that if the utilization degree becomes closer to one, waiting times increase 

asymptotically. To anticipate on this, a scale-factor for the production rate is introduced to enable 

alignment of the utilization degree to an accuracy of 100%. If the model shows a negative deviation, 

the production rate is decreased by the scale-factor. The amount of demand remains unchanged, but it 

takes longer to produce this demand. Consequently, the waiting times change and the model reflects 

the reality with a higher accuracy.   

 

Appendix L presents an additional detailed analysis on the approximated capacity consumption of 

each individual product group on a machine, expressed by the utilization degree. It is concluded that 

both individual- and overall utilization degrees are appropriately approximated, and therefore the 

model is valid regarding this aspect.    

7.3.3.2. Production Lead Time 

 

The second validation measure in this Building Block is the 

production lead time of the production groups. However this 

is more difficult to evaluate as there are no data available 

that state the expected production lead time of an arbitrary 

order for a certain product group. Therefore, the lead times 

are checked with the production planner. A precise 

validation is not possible, but an indication can be given 

about the match between the calculated lead time and the 

planner’s expectation of the reality. It appears that the model 

provides good approximations for the production lead time. 

Table 7-3 gives an overview of the lead times of several 

randomly selected product groups. Appendix L presents the 

entire list. It shows that almost all lead times are considered to be less than one week, which is a good 

estimate of the reality. Furthermore, the planner recognized the differences between the lead times of 

different product groups.  

 

Table 7-3: Lead Times of Product Groups 

Model 
Product group 

E(L) s(L) 

No. Code Days Days 

1 Product group I 3.61 0.85 

2 Product group II 2,93 0.75 

3 Product group III 3,46 1.17 

4 Product group IV 7,47 0.09 

5 Product group V 7,47 0.07 

6 Product group VI 4,12 1.76 

7 Product group VII 5,44 2.52 
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7.3.4. Building Block III: Inventory Levels, Capital Investment & Safety 
Stocks 

 

For Building Block III three different validation measures have been identified, which again will be 

discussed below.   

7.3.4.1. Inventory Levels & Capital Investment 

 

The model determines the expected inventory levels based on the restriction to satisfy predefined 

customer service levels. The problem here is that Kappa does not explicitly align its supply chain, i.e. 

inventories, according to a preset customer service level. Therefore, to validate the inventory levels, 

we must ‘fine-tune’ the service levels of the model until the corresponding inventory levels are found. 

In fact, if the inventory levels of the model satisfy the average inventory levels in reality, the 

corresponding service level of the model indicates the -by Kappa still unknown- actual service level.  

 

Two requirements should be satisfied in order to declare the model valid regarding the overall 

inventory level approximation: 

1. The suggested overall amount of inventory should match reality. 

2. The suggested location of the inventory should match reality. 

 

Below, Figure 7-5 indicates the current inventory levels and the approximated inventory levels at a 

given service level. The determination of Kappa’s current inventory levels can be found in Appendix 

L. Note that at the factories only the inventory for satisfying the MTS-demand is considered. It can be 

verified that with an upstream factory service level of 99% and a downstream customer service level 

of 99,9%, both the approximated inventory levels at the factories and the customers reflect reality very 

good.  

 

 Reality Model 

Factory Service Level 

 (upstream) 
? 99% 

Customer Service Level 

(downstream) 
? 99,9% 

Inventory Inventory 

Average Total Average Total Stock point 

Normalized Normalized Normalized Normalized 

Factory I 23,97  23,47  

Factory II 3,65  3,28  

Factory III 17,95 45,57 20,10 46,85 

Corrugator I 3,46 2,65 

Corrugator II 10,30 7,97 

Corrugator III 7,61 8,93 

Corrugator IV 5,12 4,83 

Corrugator V 6,96 6,33 

Corrugator VI 5,35 4,89 

Corrugator VII 7,08 5,89 

Corrugator VIII 7,74 

 

 

7,58 

 

 

Corrugator IX 1,42 55,05 4,08 53,15 

Total  100,62  100,00 

Figure 7-5: Approximation of the Current Service Level at Kappa (Normalized) 

Customer Fill Rate 

Reality: ? 

Model: 99,9% 

Factory Fill Rate 

Reality: ? 

Model:  99% 
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Directly derived from the inventory levels is the capital investment. It reflects the capital that is tied up 

in inventory, i.e. both stock and pipeline stock. It is calculated through the amount of inventory and 

the cost-prices of the products in stock. By evaluating this measure, it can be determined if the 

assumptions regarding the cost-prices are valid. The total value calculated by our model is verified 

with the accounting department. 

7.3.4.2. Safety Stock Levels 

 

Now that the overall inventory levels and capital investment have been validated, we consider the 

individual safety stock levels for each product and customer. The current levels are compared to the 

outcome of the model at the settings that are supposed to reflect Kappa’s situation, as determined in 

the previous sections.  

 

Table 7-4 below depicts the reorder levels, i.e. safety stock levels at the customer stock points. In 

general the model gives very good approximations of the reality. However, it can be seen that for 

several products the model suggests an amount of safety stock that differs substantially from the 

reality (between brackets). The main reason for this is that during the year customers change their 

product mix. These changes have not been considered in the input of the model. The model suggests 

safety stock in order to satisfy the demand, whereas in reality this demand does not exist anymore. We 

conclude that the model is sensitive to these kinds of problems; therefore care should be taken input of 

demand data. Nevertheless, the results of our model are satisfying and the model is valid.  

 

Table 7-4: Comparison between Current- and Approximated 

Safety Stock Levels of the Customer Stock points 

 
Reorder Level 

Reality Model Customer Name Product Code 

- 99%  / 99,9% 

Total 265 206 

Product I 30 20 

Product II 30 19 

Product III 90 66 

Product IV 15 9 

Product V 40 33 

Product VI 30 30 

Corrugator I 

Product VII 30 29 

 

Total 510 716 (441) 

Product I 25 25 

Product VIII 100 71 

Product IX - (52) 

Product X - (86) 

Product XI 40 29 

Product XII 60 53 

Product XII 75 79 

Product XIV 30 27 

Product IV 50 39 

Product VI 40 40 

Product VII 90 79 

Product XV - (109) 

Corrugator II 

Product XVI - (28) 
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7.4. Summary 
 

In this Chapter we developed an automated decision support tool based on the model which has been 

designed in Chapter 6. The tool automates the calculations necessary to evaluate the most important 

supply chain parameters. Moreover it is an integral design which also enables easy data input, and 

output evaluation. Actual implementation of the tool is only useful if the results provided are valid, i.e. 

it correctly reflects the reality. Therefore we have performed an exhaustive analysis on the validity of 

the model. For each building block one or more criteria were selected. Subsequently the results of the 

model were compared to reality. We can conclude that the model is valid, because in: 

 

Building Block I (valid) 

• Dependent demand is consistently derived from the end customer independent demand.  

 

Building Block II (valid) 

• The overall machine utilization degrees are correctly approximated by the model 

• The utilization degrees of individual product groups on all machines closely match reality 

• All production lead times are approximated between several days and one week, which is 

equivalent to the actual situation. 

 

Building Block III (valid) 

• At an upstream factory service level of 99% and a downstream customer service level of 

99,9%, the expected overall amount and location of inventory equal the actual situation  

• Capital investment is verified with the accounting department 

• At the given service levels, the model suggests safety stock levels that are corresponding 

to the current situation. 

 

Now that the validity of the model has been justified, we will analyse different values for the logistical 

parameters in the next Chapter. By doing so, we aim to identify opportunities for improvement in 

relation to the current situation. 
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8. Results 
 

In the previous Chapter we have described the development of the decision support tool. Having 

created this tool enabled us to analyse the validity of the model designed in Chapter 6. We concluded 

that the model is analogue to the reality and provides valid results. Therefore we can analyse the 

impact of different parameter settings on the performance of the supply chain now. This is done in 

section 8.1. Afterwards in section 8.2 we present our perspective on how these results should be 

interpreted. In particular, we aim to identify opportunities for improvement especially with regard to 

service levels and the dependent inventory levels. 

8.1. Different Parameter Settings 
 

Regarding the logistical parameters in the supply chain, we distinguished between exogenous- and 

endogenous variables see e.g. Chapter 4 as well as Appendix D through H. In fact, if all other 

variables remain unchanged, the two main control parameters in the supply chain are: the service 

levels, and the machine allocation factors. The choice of the last set of parameters is outside the scope 

of our study. It results from strategic decision making and therefore it is assumed as a given for now. 

Here we focus on the relation between service levels and inventory. For each product at each stock 

point an individual service level can be set. However, adjusting each single service level drastically 

complicates the analysis. Therefore we only assume two different service levels to be determined: 

 

• Factory service level. Upstream echelon; applies for all individual  factories, for all products 

• Customer service level. Downstream echelon; applies for all individual customers, for all 

products. 

 

Table 8-1 shows the expected inventory levels, capital investment and costs of capital, corresponding 

to different settings for both service levels. The current situation is equivalent to scenario 5-K. 

 

Table 8-1: Scenario Results for different Service Level Settings (Normalized) 

Scenario X-Y 1 2 3 4 5 

Customer 

Service 

Level 

90% 95% 97% 99% 99,9% 

Inventory 
Capital 

Investment 

Cost of 

Capital 
Inventory 

Capital 

Investment 

Cost of 

Capital 
Inventory 

Capital 

Investment 

Cost of 

Capital 
Inventory 

Capital 

Investment 

Cost of 

Capital 
Inventory 

Capital 

Investment 

Cost of 

Capital 

 
Factory 

Service 

Level (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) (Norm) 

A 55% 38 50 50 48 58 58 55 64 64 70 77 76 100 103 102 

B 60% 38 50 50 48 58 58 55 64 64 69 76 76 100 102 101 

C 65% 39 50 50 48 58 58 55 64 63 69 76 75 99 101 100 

D 70% 39 51 51 48 58 58 55 64 63 68 75 75 97 100 99 

E 75% 40 51 51 48 58 58 55 64 63 68 75 74 96 99 98 

F 80% 41 52 52 49 59 59 55 64 64 68 74 74 94 97 96 

G 85% 43 53 53 50 60 60 56 64 64 67 74 74 92 95 94 

H 90% 46 56 56 53 61 61 57 65 65 68 74 74 90 93 92 

I 95% 52 60 61 58 65 65 62 69 69 71 76 76 89 92 92 

J 97% 57 64 65 62 69 69 66 72 72 74 79 79 91 93 93 

K 99% 68 73 74 73 77 78 77 80 81 85 87 87 100 100 100 

L 99,9% 93 93 93 97 97 97 101 100 100 108 106 106 123 118 119 

 

Figure 8-1 depicts the relation between different service level settings and the overall inventory level. 

Up- and downstream service levels have equal values. It can be clearly seen that if the service levels 

approach 100%, the inventory level increases dramatically. An increase in service from 90% to 99,9%  

corresponds to an approximate 200% increase in inventory. The capital investment curve depicts a 
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similar shape, but tends to increase faster near the end. Moreover it can be seen that Kappa currently 

finds itself in this ‘high-increase’- region.  
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Figure 8-1: Inventory Levels at equal Up- and Downstream Service Levels,  

based on Table 8-1 (Normalized) 

 

Figure 8-2 on the other hand, depicts again the relation between service levels and inventory, but now 

the up- and downstream service levels are varied independent of each other. Only customer service 

levels larger than 90% are considered. In addition to Figure 8-1 we notice a decrease in inventory if 

besides the downstream service level, also the upstream service level is decreased. At a given 

customer service level, decreasing the factory service level leads to a shift in inventory location. 

Whereas the inventory at the customers is increased due to less reliable suppliers, the inventory at the 

factories is decreased due to lower required service. However, the total amount of inventory is still 

decreased. Note that if the upstream service level becomes too low, the total inventory increases again. 

The same curves can be identified for the capital investment. 

 

Figure 8-2: Inventory Levels (A) and Capital Investment (B) at independent varied Up- and Downstream  

Service Levels, based on Table 8-1 (Normalized) 

 

We should note that the above results hold in the current supply chain setting, i.e. the machine 

allocation factor and the policy regarding batch sizes remain unchanged. However if these are 

adjusted, e.g. larger batch sizes are adopted, we would expect that this has an impact on the lengths of 

the lead times and accordingly on the inventory requirements in the supply chain. 
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8.2. Opportunities for Improvement 
 

Here comments are given on the results following from the previous section.  

 

Overall it can be concluded that decreasing the customer service level leads to lower inventories and 

lower capital investment. Furthermore, varying the factory service levels provide additional 

opportunities to even more decrease the inventories and costs. Several thoughts should be taken into 

account before being able to determine the best parameter setting: 

 

• Align the supply chain to the downstream service level first. This is namely the point in the 

supply chain at which the company interacts with the customers. High upstream factory 

service levels are of no use, if poor service is provided to the customers.  

 

• Distinguish between the theoretical service level and the perceived service level. Service 

levels used in our model are theoretical measures. These are very strict and no exceptions can 

be made, in contrast to the reality. If problems are expected, manual interventions can take 

care that demand is satisfied on time. Whereas our model would indicate an out of stock 

situation, in reality the customer is satisfied. 

  

However Kappa is currently not explicitly measuring customer service levels. Therefore the relation 

between theoretical and perceived service is not known. This complicates our analysis in selecting an 

appropriate parameter setting. While keeping in mind Kappa’s strategy-related goals -minimize 

inventory and maximize customer service- we argued that inventory should depend on the service to 

be provided to the customer. Consequently a suitable value for the service level should be chosen. Yet, 

as we do not know how a certain service level really impacts the perceived service by the customer, 

we cannot select a best supply chain setting at this moment. Nevertheless, we can interpret the graphs 

from the previous section in order to identify opportunities for improvement. An example is given 

below:   

 

“If Kappa decreases the theoretical customer service level to 97% and its factory service level to 70%, 

and the customer still perceives his required service, then the total amount of inventory could be 

reduced with approximately 45%.  

 

According a certain service level, the model also determines the required safety stock levels. These 

can then be evaluated in relation to the current situation and appropriate action can be taken. 

8.3. Summary 
 

Having validated the model by means of the automated decision support tool in the Chapter 7, this 

chapter proceeded and primarily focused on evaluating different parameter settings. We varied both 

factory- and customer service levels and analysed the effect on the inventory requirements. 

Additionally we compared the results to the current supply chain setting of Kappa and identified 

opportunities for improvement. It proved to be very valuable to use well-considered settings for both 

service levels as relatively little changes can substantially impact the inventory requirements. 

 

The next chapter finalizes this thesis. We provide the concluding statements, give recommendations 

for practical usage and discuss points of future interest. 
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9. Conclusions and Recommendations 
 

This report has described the development of a model in order to evaluate the critical logistical supply 

chain parameters. Furthermore, a decision support tool has been designed in order to enable quick and 

easy evaluation of these parameters. This final chapter presents the conclusions of the project based on 

the results obtained from the previous chapter. Additionally, we give recommendations for Kappa that 

focus on practical usage of our design and provide several thoughts for future research.  

9.1. Conclusions 
 

One of the reasons that Kappa has adopted the VMI/CS control was to reduce the overall inventory 

requirements in the supply chain so that the service to the customers remained unaffected. This should 

lead to lower costs, which in fact is required to strengthen their competitive position. Regarding these 

targets, we draw the following two conclusions: 

 

1. In order to achieve the overall strategic- and tactical supply chain objectives, decision 

making should be supported by integral evaluation of all relevant logistical control 

parameters. 

 

The most efficient way to achieve a high-level target is to make sure that decisions made on lower 

control levels in the supply chain are consistent with the overall goal. This can be done by 

appropriately setting the right values for the logistical control parameters on each level. However, this 

requires detailed knowledge of the exact interrelations between the implications of different decisions. 

The logistical control parameters should therefore be evaluated integrally. Although this seems 

complicated, we developed an exhaustive model that enables relatively easy integral analysis of all 

relevant parameters. By its top-down approach, we assure consistency between the targets of the 

multiple control layers in the supply chain. 

 

2. Aligning the supply chain to appropriate customer service levels provides better 

opportunities to reduce the total capital investment than aligning to low inventory levels. 
 

We argued that for a customer it is most important to receive its orders on time. Therefore all 

decisions made at all planning levels at the SSC should finally lead to this requirement. Yet, derived 

from conclusion #1, the total costs should be minimized. We proved that by considering the inventory 

as a variable depending on the service level, the expected amount of inventory necessary in order to 

satisfy this service requirement could be relatively easy calculated. Furthermore, we analysed different 

parameter settings and could conclude that by varying this service level indeed substantial reductions 

in inventory and capital investment were realised? 

9.2. Recommendations 
 

The conclusions drawn in the previous section lead to the following recommendations: 

 

Regarding supply chain alignment: 

 

1. The decision support tool should be used for maintaining consistency between the 
objectives on the different control levels. The tool, based on our developed performance 

evaluation model, provides the ability for integrated analysis of the logistical control 

parameters. It takes interrelations between different parameters into consideration, which 

results in an efficient accomplishment of the overall supply chain objectives. 
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2. The fill rate should be explicitly used as a measure for customer service. As the model 

aligns the supply chain on the service levels, explicit values for these parameters should be 

used. The fill rate proved to be an effective measure. The setting of these service levels should 

be derived from overall strategic goals. Kappa should therefore examine for each product and 

customer the appropriate service levels, in order to comply with the chosen strategy. 

 

3. The realised fill rate should be measured and related to the perceived service by the 

customer. As we distinguished between theoretical and perceived values of the fill rate, 

knowing the actual relation enables Kappa to better determine the service levels. In this way 

additional savings can be achieved. 

 

Regarding implementation of the decision support tool: 

 

4. The tool should be used every 3 to 6 months. The tool provides insight on a tactical decision 

level. It is not wise to update the input data of the tool too often. Only structural trends should 

be considered, not anticipations on temporary changes. The latter encourage “local fire-

fighting” and should be handled on an operational decision level. This implicates that the user 

should be allowed to make decisions that impact on a longer time horizon. 

 

5. Results of our model should be interpreted by the user. It is not advised to unconditionally 

use the results of our model. Although the model is exhaustively validated, meaning that the 

results give a good reflection of the reality, it still remains a model. The user should be aware 

of the limitations and should appropriately translate the results to guidelines for lower decision 

levels. 

 

6. Construction of the data input file should be simplified. To stimulate usage of our tool, we 

suggest that the gathering of the required data and construction of the related input file is 

formalized and simplified. 

 

Finally we would like to make a general note regarding our model and tool: 

 

It is a decision support tool, not a decision making tool! 

 

9.3. Future Research 
 

In this section, we would like to comment on two aspects, which we think are of future interest. The 

first comment to be made is on the current situation regarding setups in the production environment. 

Our model provides the ability to include setup times that are non-zero and sequence dependent. 

However, Kappa currently does not explicitly consider setup times. It is a well-known fact that setups 

affect the consumption of capacity i.e. more frequent setups reduce the effective time available for 

production. Currently, setups are included in the average production rate. By doing this, the effects of 

setup times on capacity are omitted. This implicitly affects the utilization degrees, therefore 

production lead times and in the end safety stocks necessary to satisfy the demand. Therefore we 

suggest a study which analyses the (stochastic) setup times between successive batches and separate 

these setups from the average production rate. 

 

Secondly, whereas the scope of this thesis only covered one specific part of the supply chain of Kappa 

Packaging, it is interesting to draw a parallel based on our results and conclusions. We have argued 

that the supply chain should be aligned according an appropriate customer service level in order to 

achieve a certain overall supply chain objective. Therefore, if chain-wide thinking is pursued, one 

should consider the implications of our results to the entire company. We note that almost all 

customers of the SSC are corrugators belonging to Kappa Packaging, i.e. they are intermediate 

customers. Since the actual end-customers of Kappa Packaging are in fact the customers of these 
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corrugators, and not the corrugators themselves, we question the need for high service levels between 

the upstream factories and these downstream corrugators. The analogue here: high service to the 

corrugators is of no use if subsequently they provide poor service to the external customers of Kappa, 

i.e. the FMGC-manufactures among others.  

 

Therefore we see improvement opportunities for Kappa as a whole. For now, our solution provides 

good insight and enables Kappa to improve within the scope as defined in our thesis. Nonetheless, we 

hope that in the near future our line of thought is extended and that the overall integrated supply chain 

is aligned towards the critical service provided to the real end-customers of Kappa.  
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BOM Bill of Materials 

BWW-framework Framework for production control and material management developed by 

Bertrand, Wortmann and Wijngaard (1998)  

CEPI Confederation of European Paper Industries 

CODP Customer Order Decoupling Point 

CS Consignment Stock 

Delphi Programming language 

EBITDA Earnings Before Interest, Tax, Depreciation and Amortization 

ERP Enterprise Resource Planning 

FTL Full Truck Load 

Fill rate The fraction of demand that can be satisfied directly from stock 

GUI Graphical User Interface 

IDEF-0 Integration Definition Language-0. Function modelling method.  

KCB Kappa Containerboard 

KRP Kappa Roermond Papier, factory 

KWP Kappa Wiesloch Papier, factory 

KZP Kappa Zülpich Papier, factory 

MTO Make-to-Order 

MTS Make-to-Stock 

OTC Order to Cash Process 

RCCM Recovered Corrugated Case Materials 

RPE Recycled Paper Europe 

SCAx Supply Chain Analyser 

SCC Supply Chain Council 

SCI Supply Chain Integration project 

SCOR Supply Chain Operations Reference Model 

SKU Stock Keeping Unit 

SO Sales Office 

SSC Shared Service Centre 

TSP Tien Stappen Plan 

VBA Visual Basic for Applications, programming language 

VMI Vendor Managed Inventory 
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