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Abstract 
Advanced technology has changed the way in which inventory control techniques can be 
applied. An efficient inventory system can be a competitive advantage, and companies have 
become aware of the importance of inventory systems that control the flow of goods and 
optimises the cost of goods. (Axsäter, 2006) 
 
This project focuses on how a decision framework should be designed for replenishment and 
planning strategies at Duni. The reason for this project is that Duni has identified the need to 
assess other types of replenishment and planning strategies than forecast driven 
replenishment. Therefore, this research analyses how Duni’s articles can be replenished and 
planned by dividing the article assortment into classes. 
 
The research method chosen for this project was an embedded case study, where the subunit 
of analysis was the different product characteristics to be able to study how strategies could 
be organised. Nine interviews were performed with employees at Duni with both operational 
and management roles, which gave a holistic view and objective understanding of the case. 
By comparing the empirical findings with the frame of references combined with quantitative 
data analysis the foundation for the analysis was set. The analysis started with a comparison 
of frame of references and empirical findings. Factors that enabled to divide articles into 
different classes depending on characteristics were established and analysed by mathematical 
modelling. 
 
This study has proven that it is possible to increase the service level, decrease the tied up 
capital and increase the planning efficiency through alternative replenishment strategies at 
Duni. The decision framework has been the foundation of the results and performing a 
suitable classification has shown to be essential. Controlling articles with low variation with 
stochastic demand models have been concluded to be successful in terms of service level, tied 
up capital and planning efficiency. It has also been concluded that articles with a high 
volatility and low demand are suitable for MTO. Finally, demand forecast accuracy can be 
improved by aggregating forecasts on warehouse level.  
 
Key words: Inventory Control, Supply Chain Management, Replenishment Strategies, 
Planning Strategies, Coefficient of Variation, Demand Forecasting  
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Table of Abbreviations 
This table explains to the reader the abbreviations used in this report. 
Table 1: Abbreviations used in the report 

Abbreviations Explanation 
BA Business Area 
BU Business Unit 
CS Consumer, business area at Duni 
DOC Days of Coverage, average number of days of inventory to cover demand 

DOI Days of Inventory, average number of days an article is in inventory 
EOQ Economical order quantity  
ERP Enterprise Resource Planning 
KPI Key Performance Index 
MAPE Mean Average Percentage Error 
MOQ Minimum Order Quantity 
MRP Material Requirements Planning 
MS Meal Service, business area at Duni 
MTC Make-to-Contract, Duni’s definition of a mix between MTS and MTO 
MTO Make-to-Order, production or purchase based on order 
MTS Make-to-Stock, production or purchase based on inventory rule 
POS Point of sales, sales made by a company for a specific period 
S1 Service level 1, method to calculate service level 
S2 Service level 2, method to calculate service level 
SKU Stock Keeping Unit 
SNP Supply Network Planner, a system provided by SAP 
TT Table Top, business area at Duni 
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1 Introduction 
 
This chapter will introduce the reader to the background of the problem. In addition, a 
brief description of the company and the problem at hand will be discussed, followed by 
purpose and research questions.  Focus and delimitations, target groups, and the structure 
of the project will also be presented in this chapter. 

 
1.1 Background 
Companies today have realised the true importance of inventory control systems that controls 
the flow of goods and optimises the inventory costs. An efficient inventory system can be a 
competitive advantage that can bring either a higher service level and/or decrease costs in 
inventory, and releasing cash for other purposes. 
 
Advanced technology has changed the way in which inventory control techniques can be 
applied. Today, computer systems have made it possible to implement information systems 
that can handle extensive data to optimise the inventory system fully by controlling products 
down to article number. (Axsäter, 2006)  
 
Due to lead times between order and delivery, and due to ordering costs that makes it 
sometimes necessary to order in batches instead of unit for unit, companies need to order 
items before customers place their orders. To be able to do so companies need to look ahead 
and forecast the demand. The forecast is an estimate of the average demand for some future 
time period. However, knowing the average demand is not enough. The uncertainty in the 
forecast needs to be measured to determine how much safety stock that needs to be stored to 
compensate for the forecast error. (Axsäter, 2006) 
 
As forecasts are complex to perform for products with low or sporadic demand, the forecast 
error tend to be high for these types of products. Therefore, it is common to use other 
inventory control techniques to cope for the high forecast error.    
 
Earlier research has shown that it is possible to classify a product range into different demand 
patterns and therefore be able to better predict future sales by analysing historical sales data. 
An example where this was performed is the company Rohm and Haas, in 2000. The 
company increased both the service level and reduced the tied up capital in stock after the 
products were sorted and controlled depending on the respective demand pattern. 
(D'Alessandro & Baveja, 2000) 
 
1.2 Company Description 
Duni is a company in the paper industry, who produces and supplies disposable goods to the 
hotel, restaurant, event and consumer industry. The paper goods are produced by Duni 
meanwhile goods of other materials are purchased from suppliers. Examples of products 
supplied by Duni are napkins, plastic take-away boxes and candles. Duni has developed a 



	2	

concept called “goodfoodmood”, which explains the market Duni is in. “goodfoodmood” 
consists of products that creates pleasurable eating and drinking occasions. Duni has four 
Business areas (BA): Table Top (TT), Meal Service (MS), Consumer (CS) and New Markets. 
(Duni AB, 2016) 
 
Duni supplies “goodfoodmood” to 40 markets and is market leader in the central and northern 
parts of Europe. Duni has 2100 employees in 18 countries, the head office is located in 
Malmö, Sweden. The production facilities are located in Bramsche, Germany and Poznan, 
Poland. Duni has four main warehouses, two of them are owned by Duni and located in 
connection with production facilities in Bramsche and Poznan. The other two warehouses are 
owned by third party logistics providers and are located in Norrköping, Sweden and 
Riihimäki, Finland. (Duni AB, 2016) 
 
This project will be facilitated from the head office in Malmö, where the central demand 
planning department is located. Demand planning is performed central from Malmö and the 
local planning is performed from field offices. The supervisor from Duni for this project is the 
international demand manager who works in Malmö.  
 
1.3 Problem Discussion 
According to Duni, the main objective is growth. In order to grow, new and existing 
customers need to be satisfied. Duni launched an investigation to evaluate which capability 
that was most important to the existing customer, the unanimous answer was reliability. There 
are several factors that affect reliability but Duni has identified delivery performance as the 
crucial factor. Therefore, to retain and gain customers it is important for Duni to improve the 
reliability to stay competitive in the market.  
 
Demand planning is an important component of the supply chain, all succeeding components 
are affected and make decision based on the output from demand planning. Steady and 
reliable plans are crucial for a good delivery performance and an efficient supply chain.    
 
Duni’s warehouse in Germany has reached its maximum capacity, moreover Duni has been 
forced to use external warehouses to keep the operation running. The introduction of external 
warehouses has created additional warehousing processes. Furthermore, the complexity of the 
supply chain has increased. There is much to gain by reducing inventory levels, for example, 
the complexity of the supply chain can be reduced. The cost of using external warehouses can 
be reduced or even avoided, in addition tied up capital in stocks will be reduced.   
 
Duni has during the course of the last three years improved their forecast error for all their 
BAs, Days of Inventory (DOI) has decreased for the larger part of the article assortment, and 
the delivery performance has improved. However, the total warehouse space need has 
increased. These results have been realised due to improvements of the current replenishment 
and planning strategy, which mainly consists of forecast driven replenishment.  
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To take the next step, in improving the overall demand planning process, Duni has identified 
the need to assess other types of replenishment and planning strategies than forecast driven 
replenishment. Therefore, Duni is requesting an investigation of alternative replenishment and 
planning strategies to further improve delivery performance, reduce stock levels, and increase 
the efficiency of the planning process. 
 
1.4 Research Purpose and Questions 
The purpose of this project is to present a proposal for replenishment and planning strategies 
aiming to improve delivery performance, reduce stock levels, and increase the efficiency of 
the planning process.  
 
The following research questions will be answered in this project. 
 

1. What kind of replenishment and planning strategies suits Duni’s product assortment? 
2. How should a decision framework be designed for replenishment and planning 

strategies at Duni? 
 
The authors have identified four stakeholders that are affected by this project. The 
stakeholders are: Duni, the authors, research and the community. All stakeholders have 
different incentives or purposes to this project. 
 
Duni’s incentive to this project is to get an alternative proposal for how to handle their 
replenishment and planning activities. The proposal will include a classification of Duni’s 
articles, replenishment and planning strategies will be proposed to each category.  
 
The authors purpose of this project is to gain a deeper theoretical knowledge in inventory 
control and supply chain management. The authors will also gain knowledge how these 
subjects are dealt with in practise. The authors will also gain experience how to plan and 
perform a large project.  
 
The contribution to research is to investigate if already known theoretical strategies within 
inventory control and supply chain management can be applied or even confirmed.  
 
The contribution to society will be in form of environmental impact. A reduction of tied up 
capital and/or increase service level implies that less resources need to be spent by Duni. Less 
spent resources lead to a reduction of environmental impact which contributes to the society. 
 
1.5 Project Focus and Delimitation 
This project will focus on Duni’s activities in Europe. Suppliers, production facilities, 
warehouses and customers in Europe are all included in the project. Suppliers located outside 
of Europe will not be included. The BA New Markets are performing the majority of their 
activities outside of Europe, the whole BA will be excluded from the project.  
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The BAs that will be in focus during this project is: TT, MS and CS. All of these BAs’ have a 
mix of products produced by Duni and traded goods. These three BAs cover the industries: 
Restaurant, hotel, event and consumer. Furthermore, the restaurant industry can be divided 
into fine dining and take-away industry. Since the three BAs will be in focus, the 
corresponding industries will also be in focus. The three BAs have year around and seasonal 
products, both product types will be in focus for this project.  
 
In all BAs there is a category called Private Label. A Private Label article is a customised 
article made by Duni upon customers’ request. A Private Label article has often a unique 
design or a customer want to print their name on the article. A directive given by Duni is to 
exclude all Private Label articles, mainly because Duni’s way of working with Private Label 
articles is different compared to the other assortment. A removal of Private Label articles will 
reduce the complexity of the project, in addition there are doubts that a feasible solution for 
controlling Private Label articles can be implemented or even accomplished.  
 
Duni is collaborating with some customers, the collaboration is in form of exchange of 
information. Point of sales (POS) data and forecasts are provided by customers that Duni 
collaborate with although this kind of information is limited. Information from customers will 
be excluded in the project which means that no exchange of POS data and forecasts will be 
available in the project. The focus will be on internal information, which the researchers will 
gather from Duni, an example of internal information is sales history. 
 
1.6 Target Groups 
This project is aimed to the management at Duni, researchers and students at a University 
level. All stakeholders are assumed to work with inventory control or supply chain 
management, therefore the stakeholders are expected to have a higher education. Thus, all 
stakeholders will understand the academic language and terms used throughout this report.  
 
1.7 Report Structure 
Table 2 below is an overview of the report and contains a description of the different chapters. 
 
Table 2: Overview of the report 

Name of 
Chapter 

Chapter Explanation 

Introduction 1 This chapter will introduce the reader to the background of 
the problem. In addition, a brief description of the company 
and the problem at hand will be discussed, followed by 
purpose and research questions.  Focus and delimitations, 
target groups, and the structure of the project will also be 
presented in this chapter. 

Methodology 2 In this chapter different research methodologies will be 
presented. In addition, a motivation of the chosen 
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methodology will be followed by a brief explanation of the 
project execution. A Discussion regarding data collection and 
analysis will be presented. Finally, methods to increase 
reliability, validity and objectivity of the report will be 
presented. 

Frame of 
Reference 

3 In this chapter relevant theories regarding inventory control 
and supply chain management are presented, together with 
key terminology that will be used in the project. This chapter 
will provide a theoretical basis which the rest of the report 
will be connected to. 

Empirical study 4 In this chapter the collected data will be presented. The 
chapter begins with a mapping of Duni’s supply chain, 
followed by a discussion of Duni’s products. Duni’s current 
classification, forecasting methods and replenishment system 
will also be presented. The objective of this chapter is to 
describe how and why Duni works with the current 
replenishment and planning strategies. 

Analysis 5 In this chapter the collected data are analysed with the help of 
the presented theory. The analysis will consist of explaining 
patterns and relationships between collected data and theory. 
Mathematical modelling will also be used to analyse the 
collected data. The analysis will be conducted according to 
the presented methodology. A solution will be presented. 

Conclusions & 
recommendations 

6 Results of the analysis are presented, where conclusions will 
be drawn based on the same results. Our recommendations to 
Duni are presented together with motivations of the 
recommendations. A discussion regarding the generalisation 
of the results will be presented. Suggestions for further 
research and reflections by the authors will be provided. 

References 7 This chapter include a list of all reference used in this report. 
The reference list is built according to the Harvard system. 
When a reference is written before the punctuation that 
sentence comes from the same reference, although is a 
reference written after the punctuation the whole section is 
from the reference. 

Appendix 8 Additional information in forms of tables and figures will be 
presented in this chapter. 
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2 Methodology 
 
In this chapter different research methodologies will be presented. In addition, a motivation 
of the chosen methodology will be followed by a brief explanation of the project execution. 
A Discussion regarding data collection and analysis will be presented. Finally, methods to 
increase reliability, validity and objectivity of the report will be presented.  

 
2.1 Research Methodology 
A methodology should be selected with great caution as it is an important part of the 
knowledge generation regarding the studied subject. The methodology is not a manual of the 
execution, but a guide of how research and analysis are conducted. (Höst, et al., 2006) 
 
2.1.1 Inductive and Deductive 
There are two ways to connect empirical observations with theory; Induction and deduction. 
The inductive approach entails that conclusions have been drawn from empirical 
observations. However, it should be mentioned that this approach does not guarantee that the 
conclusions are correct. (Ghauri & Grønhaug, 2002) 
 
The deductive approach means that conclusions can be drawn through logical reasoning. 
Existing laws and theories are used to explain or predict some observed case. Therefore, the 
conclusions do not need to be true, but it is logical. The deductive approach involves 
hypothesis based on propositions being accepted or rejected by empirics. (Ghauri & 
Grønhaug, 2002) 
 
The figure below (figure 1) explains the relationship between inductive and deductive. 
 

 
Figure 1: The relationship between induction and deduction based on (Ghauri & Grønhaug, 2002) 

2.1.2 Qualitative and Quantitative Methods 
There are two kinds of methods that can be used for collecting data, i.e. Qualitative and 
Quantitate methods. The selection of method depends on the formulation of the problem and 
the target of the research. Qualitative and quantitative research differs in terms of procedure, 
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moreover the methods have different views on the objective of the research and knowledge. 
(Ghauri & Grønhaug, 2002) 
 
The qualitative method is a process oriented method with focus on understanding. The most 
common way to collect data is through observations and interviews, which demands skills and 
experience from the researcher. The researcher needs to understand and interpret the 
respondent’s answers, which means that the researcher will become subjective. In order to 
make a valid analysis, the researcher needs to be able to be unbiased to the subject but at the 
same time being able to utilize past experiences and skills. Qualitative data is rich and gives a 
holistic perspective that can be useful for establishing hypotheses. (Ghauri & Grønhaug, 
2002) 
 
The quantitative method emphasis on facts and reasons, the same facts and reasons are 
established through tests and verifications. The data is often collected individually and 
aggregated in order to perform an analysis. The researcher is distant to the data, which makes 
the researcher objective. The quantitative method is result oriented and often used to test 
already established hypotheses. (Ghauri & Grønhaug, 2002) 
 
It is common to use qualitative and quantitative methods in the same study, there are 
researchers who claims that the two methods are complementary and cannot be used 
separately. However, qualitative and quantitative methods are compatible in different steps of 
the research. The qualitative method is often used in the early stages of research with the 
objective to create a hypotheses or structure a problem. A quantitative method can be applied 
to test the hypotheses created in the early stages, the hypotheses will be verified or rejected by 
the logic applied through the quantitative method. (Ghauri & Grønhaug, 2002) 
 
2.1.3 The Selected Methodology 
Both an inductive and deductive approach will be used in this project, because empirical 
observations will be made, in addition conclusions will be drawn from logical reasoning. 
Empirical observations will be generated from conversations and company visits; conclusions 
will be drawn from these observations. In order to make sure that the conclusions from the 
empirical observations are correct, logical reasoning will also be made. The logical reasoning 
will primarily be made through data analysis. The combination of the approaches will be 
iterative throughout the project, in order to reach the wanted result.  
 
In the same manner, qualitative and quantitative methods will be used to collect data. As 
mentioned above qualitative methods are used to understand, by performing interviews and 
observations. The first part of this project is to understand Duni’s material flow, product 
characteristics, and their current replenishment and planning strategies. The second part is to 
achieve a result, which will be done through testing hypothesis. In order to test the hypothesis 
data need to be collected and aggregated. Qualitative and quantitative methods will be used in 
both parts of the project, since they are complementary and will provide the general picture. 
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2.2 Research Strategy 
The question what research strategy to use depends on the expected results and characteristics 
of the project. Therefore, it is crucial to choose the right research strategy to reach the project 
objective (Höst, et al., 2006). 
 
2.2.1 Research Strategies 
There are five different research strategies that are generally known according to Yin (2014). 
These five research strategies are depicted below, in table 3. The first thing to consider when 
deciding upon a research strategy is the research questions. 
 

• Explanatory questions like “how” and “why” makes it more suitable to use a case, 
history, or experiment study. 

• Exploratory questions like “what” questions are suitable for all five types of research 
methods. However, if “how much” and “how many” questions are used then survey 
methods or the archival analysis method are more suitable than the others. 

 
There are two other conditions that should be considered when choosing a strategy, that are 
the extent of the control of behavioural events and the focus on contemporary events (Yin, 
2014). 
 
Table 3: Decision factors for different research strategies based on (Yin, 2014) 

Strategies (1)  
Form of Research question 

(2)  
Requires 
Control of 
Behavioural 
Events? 

(3)  
Focuses on 
Contemporary 
Events? 

Experiment How, why? Yes Yes 
Survey Who, what, where, how many, 

how much? 
No Yes 

Archival 
Analysis 

Who, what, where, how many, 
how much? 

No Yes/no 

History How, why? No No 
Case How, why? No yes 

 
2.2.2 The Selected Strategy 
The selected strategy for this master thesis is a case study. The research questions that have 
been proposed are of the types “how” and “what”, which makes case study, history, and 
experiment suitable research strategies. The context, in this case the material and information 
flow, needs to be understood in order to study the object. However, an experiment requires 
control of the context that the phenomenon is studied in. Therefore, it is not a feasible 
research strategy as the real-life context should not be tampered in this study. The objects of 
study are replenishment and planning strategies at Duni, which are contemporary events. 
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Therefore, history can be excluded as a choice of research strategy as it does not entail 
investigation of contemporary events.  
 
The scope of a case study can be defined according to Yin (2014) as: “A case study is an 
empirical inquiry that investigates a contemporary phenomenon in depth and within its real-
life context…” (Yin, 2014). Therefore, a case study will be conducted as it fits best the 
purpose of the research. The objective of the project is to find alternative replenishment and 
planning strategies. Existing theories includes processes that describes how this can be 
accomplished. The research purpose of the case study will therefore be theory testing.  
  
2.2.3 Case Study Approach 
Case studies can be used for different types of research purposes; therefore, the case study can 
be designed in several ways to suite the purpose (Höst, et al., 2006). Yin (2014) mentions four 
different types of case study designs. These designs can be divided into single-case designs 
and multiple-case designs. 
 
It is appropriate to choose a single-case design when a case represents a critical test of a 
significant theory or an extreme occurrence. It is also appropriate to choose a single-case to 
represent a revelatory, or longitudinal case: studying the same single case at two or more 
different points in time. When a single study includes more than a single case it is a multiple-
case design. The purpose of a multiple-case design is to develop theory by finding similarities 
or contrasts from each case. 
 
There are several advantages and disadvantages that must be accounted for when deciding 
upon single- versus multiple case design. Choosing a single-case design allows rich 
descriptions of the existence of the phenomenon, while multiple-case design yields more 
robust, generalisable, and testable theory (Eisenhardt & Graebner, 2007). The disadvantage of 
a single-case design is the limitation to explain that conclusions are general. There are also 
risks of misinterpretation of a single event, and of overestimating the results from a specific 
case design. Multiple-cases designs are therefore more preferable and also protects against 
observer bias (Voss, et al., 2002). Multiple-case designs, even with two cases, provides the 
possibility for direct replication. Given that the cases provide the same conclusion the results 
will be more generalisable, which strengthens the findings from the study. Disadvantages with 
multiple-case design is that it requires extensive resources and is time consuming (Yin, 2014). 
 
Moreover, Yin (2014) makes a last distinction between holistic and embedded. Single-cases 
and multiple-case designs can be both holistic and embedded. Embedded case studies concern 
cases where subunits of analysis are given attention, which allows the researcher to study the 
case in more detail. Holistic case studies concern units of analysis at one level only, which 
means that the case study is examined in a global nature.  
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2.2.4 The Selected Case Study Approach 
The selected case study approach is an embedded single-case study. The reason for this is that 
the case represents significant theory, while the conclusions are expected to be specific to the 
case study and not applicable to other similar cases.  
 
Furthermore, the units of analysis are the material and information flow. To study how to 
control these flows in more detail, the subunits will be different product characteristics, which 
will be defined in the case study. Therefore, embedded analysis will be considered, with a 
subunit of different product characteristics.  
 
2.3 Project Execution 
The project started with initial interviews with the aim of establishing the problem 
formulation, at the same time initial methodology research was conducted. The initial 
interviews took place at Duni’s head office in Malmö. The interviewees were managers with 
insights in Duni’s current replenishment and planning strategies, in addition inputs were 
gathered of what the project would accomplish. After the initial interviews had been 
conducted and analysed the problem formulation could be created and confirmed by the 
project supervisors at Duni and Faculty of Engineering, LTH. 
 
The next stage was a combination of several tasks, the frame of reference was established to 
build a theoretical foundation which later could be compared with the empirical study. The 
first round of data collection consisted of interviews with the objective to find out what 
factors were important for Duni when characterising products, in addition a first batch of data 
was extracted from Duni’s Enterprise Resource Planning (ERP) system. An interview guide 
was developed and was used in the second round of data collection, more thorough interviews 
were conducted in the second round than the first round which made it reasonable to create an 
interview guide. A first analysis was conducted in order to perform a characterisation of the 
products and create product groups, the foundation of the analysis was a combination of the 
collected data and the frame of reference.  
 
The second round of data collection consisted of data extracted from Duni’s ERP system and 
extensive interviews with Duni managers and employees. The second analysis was performed 
through mathematical modelling and spreadsheet modelling. The objective of the second 
analysis was to calculate parameters for the suggested replenishment strategies and tied up 
capital. A framework was created which enabled Duni to characterise existing and new 
articles into the already established classes. Thus, an alternative replenishment strategy was 
proposed to Duni. Final conclusions were drawn and written along with suggestions for 
further research. Figure 2 illustrates the different cornerstones of the  
project. 
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Figure 2: Project execution 
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2.3.1 Data Collection 
There are five different tools to collect data: Observations, Communication, Surveys, 
Interviews and Focus groups (Ghauri & Grønhaug, 2002). These tools are used in different 
kind of situations and chosen based on the desired outcome.  
 
2.3.2 Primary and Secondary Data Sources 
There are two types of data sources, primary and secondary data sources. Secondary data 
sources should be the first data source to use, mainly because it saves time and money to the 
project. Secondary data sources are divided into two categories, internal sources and external 
sources. An internal source can be a company’s annual report meanwhile an external source 
can be a journal article. An advantage connected to secondary data sources are that they 
provide a tool to understand the primary data sources. Moreover, they create a knowledge 
base for the researcher, which can be used to draw conclusions. Primary data sources are data 
that is collected by the researchers, the data can be collected from interviews, observations 
and surveys. Primary data sources suit the specific project but may be expensive and time 
consuming to collect. (Ghauri & Grønhaug, 2002) 
 
In this project primary and secondary data sources will be used. The primary data sources that 
will be used are in form of interviews and observations. Furthermore, the secondary data 
sources that will be used are from both internal and external sources. The external sources that 
will be used are journal articles to establish what the current trends are in planning and 
replenishment. Internal sources that will be used are for example historical sales volumes.  
 
2.3.3 Interviews 
Interviews are considered as one of the best data collection methods. However, to ensure 
reliability of the interview, the selection of interview method is especially important. There 
are three types of interview methods, Structured interview, Unstructured interview and Semi 
structured interview. (Ghauri & Grønhaug, 2002) 
 
A Structured interview consists of a standard form, which results in systematic sampling over 
predetermined areas. Furthermore, a Structured interview is comparable to a survey, the 
difference is that questions are asked during the interview. The Unstructured interview 
consists of leading questions asked by the interviewer, which the respondent is free to 
elaborate on in almost any direction. The objective of an Unstructured interview is to get 
answers to questions “how” and “why”. The Semi-structured interview is a combination of 
the other two types. The advantage with a Semi-structured interview is that it is possible to 
perform in depth interviews, which grants the possibility to use open-ended questions. Thus, 
it is possible to get a better understanding of the respondent’s view on certain areas. (Ghauri 
& Grønhaug, 2002) 
 
According to Ghauri and Grønhaug (2002) objectivity is important to consider when 
performing and analysing interviews. When performing an interview, questions should not be 
formulated in a leading way. The respondent should be free to answer the questions and not 



	 13	

be affected by the formulation of the question. Regarding the analysis of the interviews, it is 
important to stay objective and not interpret the interviews with the influence of the 
interviewees knowledge. (Ghauri & Grønhaug, 2002) 
 
An interview guide (Available in Appendix B) will be constructed, the interview questions 
will be developed according to the objective of the research. To ensure that the questions are 
aligned with the objective of the research, the questions will be sent to our supervisor for a 
review. A Semi-structured interview format will be used since a case study is performed, 
which entails in depth interviews with the possibility of open-ended questions. 

 
2.4 Data Analysis 
After collecting the data an analysis of the gathered data needs to be conducted. It is 
important to understand and consider the constraints that the data gathering technique inflict 
on the data analysis method. If a quantitative data collection method is used then a 
quantitative data analysis method needs to be utilised (Ghauri & Grønhaug, 2002).  
 
2.4.1 Qualitative Data Analysis 
Yin (2014) proposes that there are five different types of analytic techniques. These should be 
used in a structured and suitable manner. Below is a list of analytic techniques that Yin (2014) 
presents. 
 

• Pattern Matching: Compares patterns from empirical findings with patterns that were 
predicted prior to the data collection. This logic is focused on finding similarities and 
differences between the two mentioned patterns. 

• Explanation Building: This is a special type of pattern matching, which is more 
difficult and complex. The goal with this technique is to analyse the case developing 
an explanation about the case. 

• Time-series Analysis: Comparison of some observed empirical trend with either a 
theoretically significant trend specified before the investigation or some rival trend, 
also specified earlier. 

• Logic Models: specifies and operationalises a complex chain of occurrences or events 
over an extended period of time. The events are staged in cause-effect patterns. The 
model logic is built on matching empirically observed events to theoretically predicted 
events. 

• Cross-Case Synthesis: Aggregating data from all cases to find similarities or 
differences for different categories of data. The findings will then confirm or 
disconfirm the original expectations. 

 
The analytic technique selected is pattern matching. By utilising the pattern matching 
technique the frame of reference will be compared to empirical data to see deviations and 
similarities. Thus, the first research question will be answered and compared with how Duni 
have designed their replenishment and planning strategies to control the material and 
information flow. This will partly lead us to research question two. However, to fit specific 
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replenishment and planning strategies to Duni’s product assortment the products needs to be 
categorised. To reach a categorisation pattern matching will be used again. The remaining 
steps involve mostly analysis of quantitative data to fit products into the different categories, 
find suitable replenishment and planning strategies, and design the decision framework for 
replenishment and planning strategies for Duni.  
 
2.4.2 Quantitative Data Analysis 
According to Law and Kelton (1991) a system is defined by all factors needed to explain the 
system at a certain time which are connected to the objective of the research. The quantitative 
data will be the foundation to the factors that are needed to explain the system. Law and 
Kelton’s model (figure 3) will be used to answer research question 2.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Once the system has been defined one need to decide whether to use an experiment of the 
actual system or an experiment with a model of the system (Law & Kelton, 1991). An 
experiment of the actual system would mean that changes would be implemented in Duni’s 
current system and the outcome would be analysed further. However, this is not feasible. First 
of all, it is costly and it would jeopardise Duni’s business. A model of the actual system is the 
logical choice and it is what will be used in the project, although questions can be raised 
whether the model is reflecting the actual system (Law & Kelton, 1991).  
 
The next piece of the jigsaw is to determine whether to use a physical model or a 
mathematical model. An example of a physical model is clay cars in a wind tunnel (Law & 
Kelton, 1991). A physical model is not feasible to use in this project. However, a 
mathematical model suits the project. A mathematical model reflects the system and explains 
logical and quantitative relationships, the same relationships are then modified in order to 
establish how the system will respond under the modifications (Law & Kelton, 1991). 

Figure 3: Way to study a system (Law & Kelton, 1991) 
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An analytical solution is feasible when the mathematical model itself is not too complex. The 
complexity of the mathematical model in this research will not demand a simulation model, 
which is used when the mathematical model is too complex. (Law & Kelton, 1991) 
Simulation should only be used when it is not possible to solve the problem in an analytical 
way, in addition results generated through simulation can only be reached with a certain 
statistical significance (Bertrand & Fransoo, 2002). An analytical model will be feasible for 
this project and numerical solution will be reached. 
 
2.5 Credibility 
It is important to establish quality throughout the research to ensure that the research has high 
credibility. Having credibility means that conclusions are supported, assures that research 
address the phenomena that is supposed to be studied, and that the results from the research 
are generalisable. 
 
Credibility is built on two constructs; validity and reliability. Reliability refers to the stability 
of the measure, meaning that repetitive studies results in the same findings and conclusion. 
Validity measures how well the findings actually describes the reality (Ghauri & Grønhaug, 
2002). The dart analogy can be used to describe the relationship between reliability and 
validity, which is presented in figure 4 (Björklund & Paulsson, 2010). In research it is 
important to have both high reliability and validity to ensure both that the researchers are 
measuring the phenomena right and that repetitive measurements are the same. Yin (2014) 
proposes four tests that can be conducted to increase the reliability and validity.  
 

 
Figure 4 illustration of reliability and validity based on (Björklund & Paulsson, 2010) 

 
2.5.1 Construct Validity 
Construct validity is defined as identifying correct measures for the phenomenon. To ensure 
that construct validity is covered an investigator must define the case study topic in terms of 
specific concepts, and identify measures that match the concepts. There are three tactics that 
are available to ensure construct validity. The first one is the use of multiple sources of 
evidence to support the conclusions, thereby confirming validity. To establish a chain of 
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evidence so that the steps in the research can be traced from conclusion to research questions 
and vice versa. The last tactic is to let key informants review the report to ensure that all key 
findings and evidence are present. 
 
2.5.2 Internal Validity 
Internal validity test is suitable for explanatory or casual studies and not for descriptive and 
exploratory studies. The internal validity test reflects the casual relationship between events. 
To ensure that there is no threat to internal validity all events need to be considered and 
described.  There are four analytic tactics that can be used: pattern matching, explanation 
building, addressing rival explanations, and using logic models. 
 
2.5.3 External Validity 
External validity test is performed to measure to what extent the findings are generalisable 
beyond the immediate study. However, it is important to distinguish analytic generalisations 
and statistical generalisations. When considering case studies, the goal is to generalise theory 
(analytic generalisation) and not to infer probabilities (statistical generalisation). To arrive at 
analytic generalisations, the research questions need to be pressing on “how” and “why”.  To 
increase the external validity for a single case study appropriate theory needs to be identified, 
and for multiple case studies cross-case synthesis can be used.  
 
2.5.4 Reliability      
The reliability test objective is to ensure that if a later research is conducted in the same 
procedure described from the previous research the findings and conclusions should be the 
same. To accomplish high reliability means that there are few errors and biases in a study. To 
minimise the errors and biases in the data collection case study protocols, with detailed 
documentation, and case study databases can be used.  
 
2.5.5 Credibility in the Master Thesis 
In table 4 different techniques to ensure credibility that have been selected for the different 
steps in the case study are presented. 
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Table 4: How credibility will be accomplished based on (Yin, 2014) 

Tests Techniques Description Phase of 
Research  

Construct 
Validity 

Multiple sources 
of evidence 

Triangulation by interviewing different 
people, using other sources for example, 
homepage and internal information 

Data 
collection 

Chain of evidence Make it possible to track conclusions from 
interviews by declaring questions and how 
data were analysed 

Data 
collection 

Key informants 
review report 

Reviewed by involved people at Duni Composition 

Internal 
Validity 

Pattern matching Matching theory from the frame of 
reference with empirical data discovered 
through interviews and observations 

Data 
analysis 

External 
Validity 

Theory in single-
case studies 

Mapping the context of the case study Research 
design 

Reliability Case study 
protocol 

Create protocol to provide the possibility 
for replication of the study. 

Data 
collection 

Develop case 
study database 

Create database to list all interviewed 
people to track conclusions from the 
interview and the purpose of it 

Data 
collection 
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3 Frame of References 
 
In this chapter relevant theories regarding inventory control and supply chain management 
are presented, together with key terminology that will be used in the project. This chapter 
will provide a theoretical basis which the rest of the report will be connected to.  

 
3.1 Classification 
Commitment to customers consists of determining service level and accomplishments for 
different customers and products. Providing the same service commitment to all customers for 
all products will generate high costs and low service level. Furthermore, preferred customers 
and products with high expectations will experience a relative poor service, in opposite 
customers and products with low expectations will be provided a relative good service but at 
an unacceptable cost. The risk linked to this course of action is that profitable customers will 
move to another supplier and profitable products will not sell because the commitment cannot 
be met, evidently the existing customers and products are not profitable. Thus, differentiation 
is essential, focus can be on the most profitable customers and products. Differentiation is in 
this case usually performed through classification of products or customers. (Jonsson & 
Mattson, 2011) 
 
3.1.1 Classification Based on Demand Patterns 
Endless resources are spent on supply chain performance, from Electronic Data Interchange 
to automated warehouses. In spite of all resources spent on supply chain performance, supply 
chains around the world are underperforming. The reason of the underperformance is a 
mismatch between kind of product and kind of supply chain. In order to establish an effective 
supply chain strategy one need to assess the product assortment and understand the type of 
demand connected to the assortment. Factors to consider are for example, product variety, 
lead times, product life cycle, etc. Classification of products based on their demand patterns 
results in that they are either mainly functional or innovative. (Fisher, 1997) 
 
Functional products are characterised by stable and predictable demand. The product itself 
covers often simple needs which are relative constant over time. The characteristics of the 
functional products enables competition. Thus, the profit margins are low. Innovative 
products are on the other hand characterised by unpredictable demand, the innovative nature 
of the product drives unpredictability, in addition the product life cycles are often short but 
the profit margins are high. Competitors gain their opportunity through imitation of the 
product, which calls for continuous introduction of new products in order to stay ahead of the 
competition and being able to keep high profit margins. Continuous introduction of new 
products drives the product assortment, which typically is large for innovative products. 
(Fisher, 1997) 
 
The different products require two different supply chains. According to Fisher (1997) there 
are two kind of supply chains with different objectives. The physical function of a supply 
chain is to produce goods, from raw material to finished goods and transport the same goods 
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through the supply chain. The market media function of a supply chain is to match demand 
with supply. Furthermore, ensuring that the right products are reaching the market where the 
demand exist. (Fisher, 1997) 
 
Cost Effective versus Responsive Supply Chain 
Regarding functional products, the market media function of the supply chain is relative easy 
to cope with because of the stable demand characterised by functional products. Resulting in 
an almost perfect match between supply and demand. Focus can be directed on the physical 
function with the objective to minimising costs through for example, high production 
utilisation and low inventory. This kind of supply chain is called cost efficient. Innovative 
products need another kind of supply chain, the insecurity of how the market will respond to 
the innovation drives costs through risk of shortages and excessive supply. The market media 
function carries the cost for innovative products, the cost of the physical function should not 
be in focus. Early sales are especially important, which enables capitalisation of the high 
profit margins that occurs when the product is introduced. Reacting fast to market signals and 
respond to demand is crucial, buffer stocks and available production slots are strategies that 
can be used to limit the risk of being out of stock. This kind of supply chain is called 
responsive. (Fisher, 1997) 
 
In order to create the right supply chain strategy, Fisher (1997) proposes the following steps 
to be taken. The first thing to determine is if the products are functional or innovative. 
Products with unpredictable demand are generally the ones who creates logistic problems. 
The next course of action is to determine if the existing supply chain is responsive or 
functional. The matrix below (figure 5) can then be deployed, matching product type and 
supply chain. The same method can be used on a lower level, for example product groups. 
(Fisher, 1997) 
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The Nature of the Functional Product 
The end customer of a functional product purchases a product at a reasonable price and 
companies that supply the product gets a predictable demand in return. As mentioned earlier, 
predictable and stable demand makes it easier to match demand with supply, although this 
situation can change fast by for example, usage of price incentives (campaigns). Functional 
products are price sensitive and customers tend to use forward buying when prices are low, 
which pull the previous predictable demand to a more unpredictable nature. The cost efficient 
strategy cannot cope with unpredictable demand and this phenomenon is something that add 
cost instead of reducing it. (Fisher, 1997) 
 
The Nature of the Innovative Product 
Fisher (1997) presents four methods to handle the uncertainty generated from innovative 
products. The first method is acceptance; an innovative product is not innovative without 
uncertain demand. The forecast error will be high, trying to reduce it will not remove the 
uncertainty generated from the products. The uncertainty can although be reduced through for 
example, postponement or new sources of information. Uncertainty can be avoided through 
reduced lead times and increased flexibility. Lead times can for example be reduced by 
implementing Single Minute Exchange of Die (SMED) and flexibility can be achieved 
through Make-to-order. To avoid the risk of shortages of supply excess buffers can be 
deployed throughout the supply chain and additional production capacity could be used. The 
presented methods can be used together and should be applied according to current 
circumstances. A common issue regarding uncertainty is connected to seasonality. In Fisher’s 
article, the company Sport Obermeyer has developed an interesting solution to this issue. 

Figure 5: : Matching Supply Chains with Products (Fisher, 1997) 
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Sport Obermeier managed to shorten their lead times so that they could produce twice in one 
season. Aggregated forecasts steered what products and in which amounts they would 
produce in the first production slot. Early sales gave Sport Obermeier an indication of what 
kind of products that would sell most during the year, the same products could be scheduled 
in the second production slot and be produced once more. (Fisher, 1997) 
 
3.1.2 ABC Analysis 
ABC analysis is a method for classifying products and it was developed by Pareto (Flores & 
Whybark, 1988). The method has been used in the business world ever since Pareto 
established the method (Flores & Whybark, 1988). An ABC analysis consists of a 
classification of products into different classes, i.e. A B C. The factors that historically have 
determined the ABC analysis are percent of articles and percentage of annual dollar usage, 
illustrated in figure 6 (Flores & Whybark, 1988). The result of an ABC-analysis is that few 
products stands for a large part of the dollar usage, these products are classified as A products 
(Ramanathan, 2006). The amount of products increases for each category and the percentage 
of dollar usage decreases, the classification continues in descending order (Ramanathan, 
2006). Category A products have priority over the others. The classification provides a 
foundation for how companies should prioritise their activities, for example, resource 
allocation. Different strategies can be applied on different categorises with the objective to be 
competitive.  

 
 
 

Figure 6: Illustration of ABC analysis (Chen, et al., 2008) 
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3.1.3 Multi Criteria ABC Analysis 
According to Flores and Whybark (1988) there is a confusion regarding how to control the 
classified products, especially from a management perspective. Furthermore, classification of 
inventory items based on annual dollar usage alone may create misleading classification of 
products (Flores & Whybark, 1988), (Flores, et al., 1992). For example, a product can have a 
high annual dollar usage but the same product may have a short lead time. Moreover, 
customers are requesting differentiated products, which means the amount of products kept in 
inventory is increasing (Ramanathan, 2006). The original ABC analysis is therefore in some 
cases deemed to be insufficient to classify inventory items (Ramanathan, 2006), (Flores, et 
al., 1992). This call for multi criteria ABC analysis. Thus, products can be classified 
according to multi criteria and proper strategies for each group can be established.  
 
A multi criteria ABC-analysis can consist of more categories than three. Super categories, sub 
categories or lower categories are recommended to create according to the developed 
inventory management policies and control methods. Additional categories can also be 
created by combining categories, for example AC, BA, etc.  
 
3.1.4 Classification Criteria 
The number of criteria to use for inventory control depends on the type of company and 
industry, in addition the importance of each criterion is not generic, criteria are also company 
specific (Flores, et al., 1992).  There is a trade-off regarding how many criteria one should use 
when performing the classification. Too many criteria will create a disordered analysis with 
low value. On the other hand, too few criteria might not create a feasible solution and capture 
the whole complexity. Thus, the optimal classification will not be achieved (Christopher, et 
al., 2009). Examples of criteria to use are: lead time, criticality, obsolescence, substitutability, 
reparability (Ramanathan, 2006), (Flores, et al., 1992). Ramanathan (2006) continues with 
more examples including: inventory cost, number of requests for the item in a year, order size 
requirement, stockability, demand distribution and stock-out penalty cost. 
 
Christopher et al. (2009) provides a framework consisting of five classification criteria, the 
criteria are: Duration of life cycle time, time window for delivery, volume, variety and 
variability. The reason for using these criteria is that many authors conclude that duration and 
steps of product life cycle are the drivers for tailored supply chain strategies. Furthermore, the 
timeframe has changed, forcing companies to act more responsive. Duration of product life 
cycle is not generic for all products and different logistics strategies need to be applied 
accordingly, for example transportation and manufacturing. The same argument can be made 
regarding volume. Variety of products creates opportunities for companies, although the 
results of variety is often high inventory levels and complicated production scheduling. 
Demand variability requires different strategies with the objective to satisfy occurred demand, 
nevertheless supply and process variability should also be accounted for when choosing 
strategy. (Christopher, et al., 2009) 
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3.2 Demand Models 
Occurred demand over a period of time can be divided into five categories. Explanations of 
the different categories are available below, an illustration of the components are available in 
figure 7. (Olhager, 2014) 
 

• Trend: The demand increase or decrease in a stepwise manner.  
• Seasonal: A certain demand pattern that reoccurs, typically once a year. Holidays, 

seasons and weather may cause reoccurring patterns.  
• Cyclic: This kind of pattern typically reoccurs after several years, business cycles 

drive often this pattern.  
• Levelled: A levelled demand pattern is the average demand over time. It is 

characterised by countered or lack of trend, seasonal and cyclic demand.  
• Random: The random category is characterised by random variation of demand. The 

variations cannot be connected to any specific pattern.  

 
Figure 7: Five demand models from ( (Olhager, 2014)) 
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3.3 Replenishment Systems 
For companies to be able to have high delivery performance some type of replenishment 
system needs to be used. The purpose of a replenishment system is to decide how much and 
when to order new goods. Hopp and Spearman (2011) mentions that the inventory control 
problem can be broken down into two parts (Hopp & Spearman, 2011). The first issue is to 
determine the order quantity, or the amount of inventory that will be purchased or produced 
with each replenishment. The second issue is to determine the reorder point, or the inventory 
level at which a replenishment will be triggered. The setup should be optimised to minimise 
costs of ordering, transportation, and handling, while avoiding stockouts. There are different 
ways the setup of a replenishment system can be configured. Axsäter makes a clear 
distinction on constant demand models and stochastic demand models. For each type of 
demand models, a continuous or periodic review can be used (Axsäter, 2006). Figure 8 will 
be used to differentiate between models. 
 

 
 

 

 

 

 

 

 

 

 

Figure 8 : Matrix to differentiate replenishment models 

Before going in to any deeper discussion about how the replenishment system can be 
configured the inventory situation needs to be defined. In inventory control the stock situation 
can be described by the inventory position (Axsäter, 2006): 
 
Inventory position = stock on hand + outstanding order – backorders. 
 
Ordering decisions are based on the inventory position, however inventory costs depends on 
the inventory level: 
 
Inventory level = stock on hand – backorders. 
 
3.3.1 Continuous or Periodic Review 
The update of the replenishment system can be conducted in two ways. Either the system is 
updated continuously or periodically. Continuous updates of the replenishment system mean 
that the monitoring of the system is continuous. This entails that as soon the inventory 
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position reaches a certain level, an order is triggered. With a periodic review the 
replenishment system is monitored at certain points in time. Moreover, the intervals between 
the reviews are constant. (Axsäter, 2006) 
 
The benefit with a continuous review is that it requires less safety stock as it entails that 
orders always can be triggered when needed, which means that the inventory needs to guard 
against variability under the delivery lead-time. For a periodic review the safety stock needs 
to be increased as an order might not be triggered under a certain review. This means that the 
order can only be triggered in the next review period and delivered after the delivery lead-
time. Hence, to ensure that products are still available a greater guard against variability is 
crucial. (Axsäter, 2006) 
 
Axsäter (2006) mentions that periodic review for products with high demand decreases the 
cost of the replenishment system, compared to continuous review. Therefore, it is common 
that periodic review is used for high demand products, while continuous review is used for 
low demand products. However, the information system at the company is a constraint which 
will decide how the monitoring of the inventory position can be performed. (Axsäter, 2006) 
 
3.3.2 Ordering Policies 
The most common ordering policies in inventory control are (R,Q) and (s,S) policies.  
 
(R,Q) 
When the stock level reaches R a batch of Q units is ordered. When demand is continuous and 
we have continuous review the inventory position will always be between R+Q – R, because 
the reorder point will be always hit R. How the stock level changes over time with an (R,Q) 
policy and continuous review is explained in figure 9. (Axsäter, 2006) 
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 (s,S) 
With an (s,S) policy the order is triggered when the inventory position reaches or goes below 
s, at that time an order is triggered up to the maximum level of S. An (s,S) policy is similar to 
an (R,Q) policy. In the case of continuous demand and review the two policies are actually the 
same provided that s=R and S=R+Q. However, if the reorder point is not hit exactly by the 
inventory position the equivalence is not valid. In figure 10 the change in stock level over 
time for an (s,S) policy with continuous demand and periodic review is depicted. (Axsäter, 
2006) 

Figure 9: (R,Q) policy with continuous reviw and continuous demand 
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Figure 10: (s,S) policy with periodic review and continuous demand 

3.3.3 Constant Demand Models 
Constant demand means that the demand does not change over time. This is rarely the case in 
real-life, however the models based on this assumption tends to be useful nevertheless. With a 
constant demand model there is no regard for safety stock or reorder points as the demand is 
assumed to be deterministic (known in advance). The control parameter that is of interest in 
this case is the order quantity Q. (Axsäter, 2006) 
 
To determine the optimal order quantity there are three well-known models that are used.   
If the constant demand over continuous time the Wilson-formula can be used. However, if the 
demand changes over time, a continuous time model, like the Wilson-formula, is not 
sufficient enough. Instead the demand can be summed up in discrete time periods and to solve 
the lot size dynamic lot-sizing models such as the Wagner-Whitin and Silver-Meal Heuristic 
can be used. (Axsäter, 2006) 
 
Wilson-Formula 
Economic Order Quantity (EOQ) or the Wilson formula is the most well established model 
for determining lot-sizes (Axsäter, 2006). The Wilson formula is based on the following 
assumptions: 

• Demand is constant and continuous 
• Ordering and holding costs are constant over time 
• The batch quantity does not need to be an integer 
• The whole batch quantity is delivered at the same time 
• No shortages are allowed 
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Hence, the model can be placed in category one in the matrix from figure 8. Before explaining 
the model in more detail the following notations need to be established: 
 
Q = the ordering quantity in units 
D = the demand rate 
C = total replenishment cost 
A = ordering cost 
h = holding cost 
 
Due to the assumptions that no shortages are allowed no safety stock needs to be deployed. 
Moreover, as the whole batch quantity is delivered immediately, the whole previous batch can 
be finished before delivery. How the inventory develops over time is explained in figure 11. 
(Axsäter, 2006) 
 

 
Figure 11: How inventory change over time under the assumptions of the Wilson-Formula 

 
The two parameters that the model are based on are the costs that vary with the batch 
quantity, i.e., the holding costs and the ordering costs. The total replenishment cost can 
therefore be expressed as: 
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#
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The costs involved in the total replenishment cost is depicted in figure 12. 
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Figure 12: How costs in EOQ change with the replenishment quantity Q 

As illustrated above the total replenishment cost function is convex in Q. The approach to 
determine the minimum for the function C(Q) is to take its derivate with respect to Q, set it 
equal to zero, and solve the resulting equation to obtain the economic order quantity.  
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Solving the above equation renders the optimal order quantity or EOQ = +-.
/

 

This gives the minimum replenishment cost = 2()ℎ 
 
Silver-meal heuristic 
In practise it is more common to use simple heuristic to obtain an approximate solution, and 
the Silver-Meal heuristic is one of the most well-known methods. This model belongs to the 
second category in the matrix from figure 8. 
 
The objective is to determine the lot sizes to minimise the ordering and holding costs. The 
following assumptions are included in the model: 

• Finite number of discrete time periods 
• Demand take place in the beginning of each time period 
• There is no initial stock 
• The whole batch is delivered at the same time 
• Holding cost and ordering cost are constant over time 
• No backorders are allowed 
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Since the demand is time-varying the lot sizes can no longer be considered to be constant. 
This is a dynamic lot sizing model in the sense that both quantity and time are decided in the 
same model. The model is a sequential method were the the following time periods demands 
are considered when determining the delivery in the preceding time period. To find the 
optimal lot size for a period the cost for ordering materials for one, two, three, etc. time 
periods demands are compared. When the average per period costs increase for the first time 
the iterative process is finished and the optimal lot size for a period has been found. This 
process continues until the finite number of time periods have been planned for. (Axsäter, 
2006) 
 
The preceding description results in the following formulas: 
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3.3.4 Stochastic Demand Models 
Stochastic demand models are based on more sophisticated calculations as the demand is not 
deterministic and this leads to more uncertainties to be accounted for. Stochastic demand 
means that the demand pattern changes over time and can be explained by a probability 
function that describes how the demand behaves overtime. (Axsäter, 2006)  
 
Reorder Points and Safety Stock 
The constant demand models mentioned before did not need to account for any uncertainty in 
demand as it was assumed to be deterministic. As mentioned before in real-life it is 
predominantly not true that the demand is constant. Up until now the only concern has been to 
calculate the replenishment quantity Q. Now the reorder point R will be considered as it 
determines the safety stock, i.e., inventory held to avoid stock outs. The relationship between 
the reorder point R, mean lead-time demand AB, and safety stock SS is depicted in figure 13 
and can be formulated as: 
 
R = AB+ SS 
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Figure 13: The relationship between reorder point, safety stock and mean lead-time demand denoted as CD 

The safety stock or the reorder point is determined based on a specified service level, which 
will be discussed later. However, the problem is in this case two-folded. To decide the 
optimal reorder point for a given service level, the replenishment quantity Q needs to be 
determined as well. A common approach is to replace the stochastic demand by its mean and 
use a deterministic model to determine Q by utilising a constant demand model. Given Q, a 
stochastic model can be utilised to determine R. (Axsäter, 2006). However, R and Q can be 
decided jointly in a stochastic model. 
 
3.3.4.1 Fixed-interval order system 
Another stochastic demand model that can be used is the fixed-interval order system. The 
fixed-interval order system triggers an order every period by periodical inspection of 
inventory levels. At each inspection a batch of an arbitrary number of units are ordered to 
reach the order-up-to-point. (Olhager, 2014) The model is depicted in figure 14.  
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The order-up-to-point is defined as the sum of safety stock, demand during lead-time and 
inspection interval. Moreover, the inspection interval can be determined by either adjusting it 
to production or by utilising the following relationship between inspection interval (I), mean 
demand for the analysed data set ('), and EOQ. (Olhager, 2014)  
 
The relationship is defined as: 
 

E =
FG#
'

 

 
Uncertainty 
Uncertainty in demand is the result of deviations in lead-time and demand during the lead-
time. This can be expressed as: 
 

HIJ C = F D HIJ 'K + F 'K +HIJ D = ℓMN+ + )+MO+ 
 
Where X represents the stochastic demand during the replenishment lead-time, L represents 
the replenishment lead-time (random variable), ℓ is the expected replenishment lead-time, MO 
is the standard deviation of replenishment lead-time, MN is the standard deviation of daily 
demand, and d is the expected daily demand. (Hopp & Spearman, 2011) 
 
The standard deviation of lead-time demand can now be expressed as: 
 

Figure	14:Illustration	of	the	fixed-interval	order	system 
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MB = HIJ(C) = 	 ℓMN+ + )+MO+ 

 
However, if the lead-time is constant over time the formula above can be reduced into: 
 

MB = 	MN ℓ 
 
Now it remains to determine which probability function that can describe the mean and 
standard deviation of the lead-time demand. A normal distribution can in cases of large 
demand be a suitable probability distribution for the lead-time demand. The agreement 
between observation and the model can be tested by performing a Chi Square test. A Chi 
Square test is a statistical test comparing the relative frequencies for the intervals/bins in a 
histogram with the theoretical probabilities of the chosen distribution (Laguna & Marklund, 
2005). The Chi Square test is expressed as.  
 

C+ =
(GP − FP)+

FP

>

P47

	 

 
Where C+ = chi square statistic; GP and FP are the observed and expected frequencies in the i-
th frequency interval. 
 
For low demand items a normal distribution becomes awkward as it is a continuous demand 
model, which means that the lead-time demand does not have to be an integer. When demand 
is low it is better to use a Poisson distribution. This is a discrete demand model, with only one 
parameter Q which represents both the variance and the mean value (Axsäter, 2006). Axsäter 
mentions that in practice a Poisson distribution can describe the demand if the following 
condition is satisfied: 
 

0,9 <
M+	
A
< 1,1 

 
Service Level 
Service level must be defined clearly, and it should not be misinterpreted by any function in 
company. There are two types of definitions for service level that should be known in 
inventory control. Those are: 
 

• Service level 1 (S1) = probability of no stock out per order cycle 
• Service level 2 (S2) = “fill rate” – fraction of demand that can be satisfied 

immediately from stock on hand 
 

S1 is a relaxed definition of service level. This makes it relatively simple to calculate, 
however, it comes with a disadvantage. S1 does not consider the replenishment quantity Q. 
Therefore, S1 could be low even if Q covers demand for several consecutive periods. S1 is 
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not recommended to use in practice. S2 is a better definition that gives a better understanding 
of the real service level but is more complex to use. As with any Key Performance Index 
(KPI) service level needs to be clearly defined and understood by all functions within the 
company. (Axsäter, 2006) 
 
S1 is as mentioned easy to calculate. S1 is usually used when considering continuous review 
and continuous stochastic demand models. Therefore, assume that the lead-time demand is 
normally distributed with average mean, AB and standard deviation MB. This gives the 
following equation (Axsäter, 2006): 
 

T7 = U ' D ≤ V = 	Φ
V − AB

MB
= 	Φ

TT
MB

 

 
For a given value on the service level the safety stock can be calculated by 
 

TT = 9MB 
 
Where k is a safety factor that is given for a certain service level 
 
S2 as earlier mentioned is the fraction of demand that can be satisfied immediately from stock 
on hand. However, depending on the assumption how much customers may order every time 
they order, there are different mathematical definitions. A common assumption is that 
customers are only allowed to order one item in one order combined with either a normal 
distribution or pure Poisson distribution with continuous review respectively renders the 
following mathematical definition of S2 (Axsäter, 2006): 
 

T+ = U(ED > 0) 
 
In the case of a normal distribution with continuous review and continuous lead-time demand 
S2 can expressed in more detail as (Axsäter, 2006): 
 

T+ = 1 −	
MB

#
X

V − AB

MB
− X

V + # − AB

MB
 

 
The so called “loss function”, G(X), is defined as: 
 

X Y = 	 Z − Y ∗ \ Z )Z	 = 	\ Y − 	Y ∗ (1 − ∅ Y )
^

_
 

 
Where, 
 

\ Y = )`:abcd	ef:gcbh:	ehJ	:hJiIj	)bacJbkfcbh: 
∅ Y = )bacJbkfcbh:	ef:gcbh:	ehJ	:hJiIj	)bacJbkfcbh: 
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AB stands for the expected mean lead-time demand, while MB represents the standard deviation 
for lead-time demand. To estimate MB for a sample population a point estimate can be used. 
 

M′ =
1

: − 1
(dP − d)+

>

P47

 

 
Where M′ is the estimated standard deviation for lead-time demand, n is the number of 
observations, dP is the observed demand in observation i and d is the the point estimate of the 
mean from the sample. (Laguna & Marklund, 2005) 
 
To describe a Poisson distribution, it only requires one parameter Q as earlier mentioned. The 
maximum likelihood estimation (MLE) of lambda is a pure mean value from a number of 
observation per time unit (Laguna & Marklund, 2005): 
 

QmOn =
1
:

9P
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P47

 

 
Where 9P is the value obtained from observation i of n observations per time unit. Moreover, 
only one observation per time unit is conducted. As the mean value for the lead-time demand 
is of interest in inventory control the lead-time has to be multiplied with lambda which 
renders: 
 

Q′ = D ∗ QmOn. 
 
The lead-time demand can now be expressed by an probability function for a Poisson 
distributed stochastic variable (Axsäter, 2006). 
 

U ' D = 9 =
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When the probability function for the lead-time demand is known the probability function for 
the inventory level can be expressed as: 
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#
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The service level S2, is in this case with Poisson distributed demand equal to the probability of 
inventory level greater than zero. 
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The reorder point can now be solved numerically for a given Q and a given service level. The 
common approach is to use bisection. This is a simple search for the smallest R giving the 
required service level. (Axsäter, 2006) 
 
3.3.5 Holding Cost 
Keeping stock invites an alternative cost for tied up capital in inventory, the occurred 
alternative cost should be compared with the return of an alternative investment. There are 
several costs that are pieces of the holding cost, although the major cost is the capital cost. 
Other costs that can be included in the holding cost are according to Axsäter (2006) material 
handling, storage, damage, obsolescence, insurance and tax costs. Several costs can be either 
fixed or variable with the inventory level. All variable costs should be included in the holding 
cost. A percentage of the unit value often represents the holding cost. The percentage varies 
depending on which product that are stored, for example the percentage is generally higher 
for technical products than paper.  
 
According to Axsäter the expected cost of inventory can be expressed as: 
 

! = ℎ V +
#
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− x

V + # − AB

MB
 

 
The function H(x) is tabulated in a normal distribution table. 
 
3.4 Forecasting 
Forecasting can be used in different settings but the overall purpose of a forecast is trying to 
predict future events. The purpose of forecasting for a producing company is often to predict 
future demand and sales. Furthermore, this information can be used to plan for future demand 
and sales, moreover resources can be used smarter and efficiently supplying demand. Even 
though there are a lot of advantages of performing forecasts one need to consider and 
understand the nature of forecasts. Information concerning demand from for example planned 
campaigns should not be ignored. Information is always more accurate than forecasts. A 
forecast is always an approximation of the future which means the reliability of the forecast 
must be questioned, a forecast is probably not correct. In order to understand and cope with 
the approximation the forecast should be presented together with a forecast error, a usual 
measurement of the forecast error is standard deviation. Another aspect that Olhager (2014) 
mentions is forecast accuracy, which depends on two factors, i.e. time frame and aggregation. 
A forecast of tomorrow’s demand is more accurate than a forecast of one year. An aggregated 
forecast is more accurate; the forecast error is lower if the forecast is performed on a higher 
level.  (Olhager, 2014) 
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A forecast can be used as support for business decisions. There are certain aspects to consider 
if one wants to use forecast as support for business decisions. As mentioned above time frame 
and aggregation is important aspects, moreover other aspects to consider are listed below. 
(Olhager, 2014) 
 

• Number of forecasting objects – What kind of products is necessary to forecast? It 
may be necessary to forecast a large number of products, if that is the case a 
suggestion is to develop a standardised forecasting process.  

• Planning or control – What is the underlying reason for performing a forecast? 
Forecasts connected to planning is often used for identifying demand patterns, on the 
other hand if the forecast is used to control, it is more reasonable to use the forecast 
for the identification of deviations in the process.  

• Stability – Can the demand be connected to a specific pattern? Successful 
identification of demand patterns should be used for future forecasts. If the demand 
cannot be identified with a specific pattern other kind methods need to be applied.  

• Existing business processes – How should the forecast support the business and for 
whom it is useful?   

 
The purpose, forecasting object, decision area and time frame are dependent on the period of 
the forecast. Olhager (2014) present three periods, short-term, average-term and long-term. It 
is available in the table below.  
 
Table 5: Usage of forecasting in different periods (Olhager, 2014) 

 Short-term Average-term Long-term 
Time frame 1 day – 3 months 2 months – 1 year Minimum 1 year 
Purpose Operational control 

of production and 
staffing 

Efficient allocation 
of resources 

Planning for 
acquisition of 
resources 

Forecasting object Products, models 
and articles 

Product groups 
decomposed into 
products 

Aggregated sales, 
product groups 

Decision area Production, 
Purchasing 

Main planning, 
purchase planning, 
distribution planning 

Capacity planning, 
facility planning 
Sales and business 
development 

 
The order decoupling point determines the forecasting object. Olhager (2014) mentions four 
different order decoupling points, Make-to-stock (MTS), Assemble-to-order, Make-to-order 
(MTO) and Engineer-to-order. Table 9 shows what the forecasting object should be when the 
order decoupling point is determined. (Olhager, 2014) 
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Table 6: Connection between Order decoupling point and forecasting object (Olhager, 2014)  

Order decoupling point Forecasting object 
Make-to-stock Finished product 
Assemble-to-order Module, half finished product 
Make-to-order Raw material, purchased components 
Engineer-to-order Raw material, purchased components 
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4 Empirical Study 
 
In this chapter the collected data will be presented. The chapter begins with a mapping of 
Duni’s supply chain, followed by a discussion of Duni’s products. Duni’s current 
classification, forecasting methods and replenishment system will also be presented. The 
objective of this chapter is to describe how and why Duni works with the current 
replenishment and planning strategies. 

 
The empirical study is based on interviews with Duni employees who are connected to 
replenishment and planning. Internal documents have also been used in order to construct the 
empirical study. A table including information regarding the interviews are available in 
Appendix A.  
 
4.1 Mapping 
A map of Duni’s material flow has been constructed in order to better understand Duni’s 
supply chain. Duni’s supply chain handles approximately 9000 articles where some articles 
are produced by Duni and others are procured from external suppliers.  
 
Duni owns a paper mill which is located in Dalsland, Sweden, where the raw material is 
produced. The production of paper runs on a three to four weeks’ production cycle, and the 
paper mill is operational every day of the year. The paper is then transported to Duni’s 
production facilities, which are located in Bramsche, Germany, and in Poznan, Poland. The 
finished products are first stocked in the warehouse in connection with its production facility. 
Here either the warehouse directly supplies its market or it distributes goods down the supply 
chain to two satellite warehouses (satellite warehouse is a warehouse with no production) and 
to the specific market which a warehouse holds stock for. One satellite warehouse is located 
in Norrköping, Sweden, and one in Riihimäki, Finland. Norrköping supplies the Norwegian 
and Swedish market, Riihimäki supplies the Finnish market, Poznan supplies the polish 
market, and Bramsche supplies all other markets and is therefore the main distribution centre. 
The traded goods are purchased to Norrköping or Bramsche from external suppliers. Goods 
are further transported when needed from these two warehouses. The supply chain is depicted 
below in figure 15.
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Figure 15: Duni’s Supply Chain
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4.2 Products 
Duni’s own produced articles can be divided in unicolour and design articles. Unicolour 
articles are one-coloured articles and design articles are printed articles hence the article can 
have more than one colour. Unicoloured articles are part of the standard assortment and have 
a longer product life cycle than design articles. The unicoloured articles have a product life 
cycle of 10-50 years, meanwhile the design articles have a product life cycle of 1-2 years. 
Duni’s articles can also be divided as yeararound or seasonal. A yeararound article is sold 
during the entire year and a seasonal product is a designed article, intended for a specific 
season. For example, a red napkin with a printed Christmas tree. Yeararound articles can also 
be affected by the reoccurring seasons, for example the demand for unicoloured yellow 
napkins increase at Easter season.  
 
Duni has distinguished its products as innovative and high quality products, in comparison to 
the competitors’ products. Duni has as earlier mentioned relative short product life cycles (for 
design products), In addition Duni is introducing new products every year. The rate of 
product introduction is however different depending on the BA. TT has a target to exchange 
25 percent of the assortment every year. The discontinued products are in general low volume 
articles with low level of contribution to the bottom line. The rate of product introduction for 
MS is 5 percent and a lot of the assortment are standard products and sold year around. CS are 
exchanging 30-50 percent of the design articles every year. TT, MS and CS are also working 
with campaigns.  
 
In terms of quality, Duni offers premium and basic napkins. The premium napkins are 
napkins of a unique material with the highest grammage, meanwhile basic napkins are multi 
or one ply napkins. The unique material of the premium napkins is of high quality, although 
there are substitutes available on the market. However, the perceived quality of Duni’s 
premium napkins is higher than the substitutes.  
 
4.2.1 Table Top 
Products included in TT are mainly napkins, table covers and candles. These products are 
produced by Duni and are made of paper. Duni produces premium and basic napkins and 
therefore offer napkins of a wide value range. The main differences between a premium and 
basic napkin is the material or the mixture of raw material. TT is the most profitable BA and 
napkins stand for 70 percent of TT’s sales. Design articles are divided further in TT. TT 
distinguish between traditional and modern design articles, in addition the product life cycle 
is different for modern and traditional design articles. Modern design articles have a product 
life cycle of 1-2 years, mainly to keep up with current trends. Meanwhile, traditional design 
articles have a product life cycle of 4-5 years.  
 
4.2.2 Meal Service 
Products included in MS are purchased from suppliers. The products can be of different kind 
of materials such as plastic, bagasse, etc. Examples of products that are included in MS are: 
disposable cutlery, food boxes and take-away cups. In general, MS do not have seasonal 
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products although there is a mixture of demand, the demand can differ from one stock 
keeping unit (SKU) to 5000 SKUs per month.  
 
4.2.3 Consumer 
CS products are a mixture of products from the other BAs. However, CS articles have fewer 
pieces in each package. For example, the same napkin may be available in TT and CS but the 
quantity per package in TT is 50 pieces and in CS the quantity per package is 12 pieces. CS 
can although have unique designs that will only be offered to CS customers.  
 
4.2.4 Supply Chain  
The overall objective of Duni’s supply chain is to provide reliability and availability of goods 
to its customers. Different information systems provided by SAP are used to increase the 
reliability and increasing the transparency of information throughout the supply chain. A new 
add on called Supply Network Planner (SNP) has been introduced, the purpose of this add on 
is to reduce the reaction time to the market and always be able to supply the demand.  
 
Agreements regarding service level from Duni exists with bigger customers, if the service 
level is not met there are penalty clauses that will be in effect. However, this kind of 
agreements are not offered to all customers and the number of agreements are limited.  
 
4.2.5 Competitors	
There are competitors on the market, the biggest competitor is at the moment Papstar. Papstar 
has the ability to penetrate the market where Duni makes most of their money. However, as 
earlier mentioned, Duni is the only provider of some products where only substitutes are 
available. In order to stay ahead of competition innovation is the strategy at hand. New 
articles, new designs and provide a complete assortment (being able to match napkin with 
table covers) is important.   

 
4.3 The Current Classification 
Duni’s classification is updated three times a year and the update is performed in January, 
May and September, which concur with the end of each season. The classification is based on 
one year of data. The classification is performed separately for each Business Area. 
Furthermore, splitting articles based on business area is the first differentiation. Duni uses two 
classification criteria, “Number of order lines cumulated of year base” and “Contribution on 
C3 Level”. “Number of order lines cumulated of year base” is the accumulated amount of 
order lines for an article during one year. “Contribution of C3 Level” is a measure of the 
articles contribution and is defined as:  
 

!"#$%&'($&"#	"#	!1	+,-,. = 0,$	12.,3 − 1
10 ∗ 0,$	12.,3 − !"3$	"7	8""93 

 
Sales is deducted based on rebates. 
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Duni is using six categories in the classification, an explanation of each category is available 
in the table below. 
 
Table 7: Duni’s segmentation 

Category Contribution on C3 
Level 

Number of Order Lines 

A High High 
B High Low 
C Low High 
D Low Low 
N - - 
O - - 

 
N stands for new articles and information regarding contribution and number of order lines is 
not available. Articles are classified as new for one year before they are classified into 
category A-D. All new articles are given the same priority as A articles. O stands for 
discontinued articles, these articles are removed from the assortment. Duni has also 
established different targets of delivery performance for each category, which is presented in 
the table below. In case of capacity dilemmas in the production Duni has established the rule 
that A, B and N products will be produced and naturally are given a higher priority than the 
other categories. 
 
Table 8: Delivery performance connected to category 

Category Target for Delivery 
Performance 

A, N 97% 
B 95% 
C 93% 
D 90% 

 
4.4 Forecasting 
Forecasting is an important part of Duni’s operations. Today, Duni has a forecast driven 
replenishment system, which means that production and purchase occurs before the actual 
sales order is entered. To be able to do so Duni is dependent on accurate and efficient 
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forecasting. The process of the forecasting starts at the demand planning department at Duni, 
which is responsible for creating and updating the weekly forecast and also analysing the 
forecast error and how it may be improved. In order to measure the performance of the 
forecast, Duni measures the forecast error by calculating the Mean Absolute Percentage Error 
(MAPE) on a monthly basis. The forecast is performed in two ways. Either it is performed 
statistically or manually. The decision rule is that when a product has two years of data, Duni 
evaluates if the same product can be statistical forecasted with a good result. If the result is 
deemed to not reach the target, the product will continue to be manually forecasted. 
 
4.4.1 Statistical Forecasting 
The statistical forecast (program in SAP) process is built on three years of historical data 
which is used in one of the nine statistical calculation methods that Duni has developed to 
determine the forecast on warehouse level. Duni’s nine methods includes five old methods 
and four new methods, which were introduced last year. Both old and new methods are used 
by the statistical forecast managers. However, Duni has experienced improved forecast 
MAPE with the new methods. To determine which method suits which article the methods are 
tested by the statistical forecast manager. The manager compares the generated MAPE for 
each method per article in combination with professional experience of the product and the 
articles specific demand pattern. When the method has been decided, the program calculates 
the statistical forecast automatically. The statistical forecast is updated each week in the 
system with a horizon of three years. As only three years’ historical data is used the first week 
in the historical data is removed and a new week in the future is added.  
 
It is important for the statistical forecast managers to ensure that the historical data is correct 
for articles. As holidays such as Easter occurs in different time periods for different years, the 
historical data has to be moved to the time period that corresponds with the present time 
period. Moreover, if a campaign was launched the previous year and is not planned for the 
present year than that needs to be removed from the historical data as well. 
 
4.4.2 Manual Forecasting 
The manual forecast process is performed in practise for all new products which has not been 
sold for more than two years. The manual forecast is carried out on warehouse and Business 
Unit (BU) level for these articles. BU entails that a specific BA is forecasted against a specific 
region. For example, there is a forecast for the warehouse in Bramsche for TT articles in the 
Great Britain region. The manual forecast is performed initially for new items when the phase 
out and phase in list is released, which is a list of all the new articles that will be sold. When 
the initial forecast has been created the manual forecasting managers has to wait for 
information and feedback regarding best-sellers and slow movers to be able to update the 
forecast.  
 
4.5 Replenishment System 
Duni’s replenishment is as earlier mentioned based on forecasts, the forecast is first sent to 
SNP where the system calculates what should be purchased or produced. The replenishment 
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strategy is to use Material Requirements Planning (MRP) to control inventory. The system 
takes several aspects into account when calculating purchase or production requisitions. The 
following aspects are taken into account: inventory level, “open” production or purchase 
orders (meaning that the same article has been ordered but not received in the warehouse), 
forecast and safety stocks. The system then generates a production or purchase order, these 
orders are suggestions which are sent to production planners or purchasing who are analysing 
the suggestions and refine them before the actual orders are created. Factors that are 
frequently taken into account are for example lead times, Minimum Order Quantities (MOQ) 
and bundling. A MOQ in the production is set by Duni and is the minimum quantity that is 
profitable to produce, other factors may influence the MOQ. A MOQ in purchasing is 
negotiated between Duni and the supplier, which means that it is the smallest quantity Duni 
can order from a supplier (for example one pallet). The next step in process is goods received. 

 
 

 

Figure 16: Illustration of Duni’s replenishment system 
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Warehouses are replenished based on deployment runs, a deployment run consists of input 
from the forecast and transportation lanes. Transportation lanes are established for all 
warehouse combinations, for example, from Bramsche to Norrköping. The transportation 
lanes consist of several parameters, transportation lane lead time, safety time, goods receiving 
time, rounding values (for example, the number of SKUs must equal pallet or layer). The 
deployment run is then transformed into a shipping plan. Each warehouse also has safety 
stock settings on article level. Replenishment of warehouse is therefore based on forecasts, 
sales orders and safety stock.  
 
The methods that are used to control inventory are a report consisting of the development of 
DOI per business area and analysis of pallet place utilisation. The development of DOI per 
business area are overviewed on a monthly level with time horizon of 12 months. DOI are 
used to find root causes for increased stock of an article. Pallet place utilisation is overviewed 
on a monthly level. 
 
Duni uses MTS for major part of the assortment. There are cases when MTO and Make-To-
Contract (MTC) are used. MTO is used in those cases when the article is not selling more 
than four times a year. However, MTO is misused by some sellers who use MTO to ensure 
the customer that products will be available and not selling the full quantity in one go, which 
forces Duni to keep stock. MTC is used in the same manner in all BAs, the general rule is that 
a predefined quantity is produced over a number of months. For example, an MTC order may 
be 800 SKUs over a period of 4 months.  
 
4.5.1 Safety Stocks 
Duni uses a tool to determine safety stocks, the input is historical data and the tool is using an 
algorithm to calculate the safety stock settings. For example, if 97 percent service level is 
wanted, the system proposes how many Days of Cover (DOC) the article should have in the 
specific storage location. The proposed DOC is then discussed with people involved in 
replenishment, for example, production planners and call off, it may be that the proposed 
DOC is unrealistic and then the current safety stock setting is kept. Production planners and 
call off includes other factors such as supplier performance, machine breakdowns and forecast 
error. There is higher safety stock setting for A articles and level of safety stock is descending 
according to the segmentation. For traded goods lead time is an important factor when 
deciding safety stocks, there are some supplier with relative long lead time.  
 
4.5.2 Service Level 
Service level is calculated based on the requested number of SKUs delivered on time, for 
example, if an order consists of 100 SKUs and 90 SKUs are delivered on time, the service 
level is 90 percent The KPI is comparing the requested delivery date and the actual delivery 
date. However, the actual delivery date is defined as when goods are leaving Duni’s 
warehouse. Outbound logistics is not considered, meaning delivery time to customers. Service 
level is calculated for MTS articles, although concerning MTO articles Duni has often 100 
percent service level for these articles since they individually agreed with customers.  
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5 Analysis 
 
In this chapter the collected data are analysed with the help of the presented theory. The 
analysis will consist of explaining patterns and relationships between collected data and 
theory. Mathematical modelling will also be used to analyse the collected data. The 
analysis will be conducted according to the presented methodology. A solution will be 
presented. 

 
5.1 Introduction 
To be able to increase the planning efficiency and find suitable replenishment strategies a 
general classification has been made, which can be applied for Duni’s warehouses. The first 
concern was to find suitable factors for the classification. The classification will be used to 
determine how articles can be differentiated so that the most suitable strategy can be applied 
for each class. When the different classes were established service levels could be defined for 
each class. Once service levels had been defined replenishment strategies were decided by 
analysing two or three representative articles from each class respectively. Three 
representative articles were used for classes consisting of a high number of articles, in order to 
be able to capture the complexity of the class.  
 
The data used for the analysis were transactional data, description of articles and stock levels 
in the warehouses. The analysis is based on data from 2015 and were extracted from Duni’s 
database with the help from an employee at Duni. As mentioned in the introduction, all 
articles in Duni’s assortment are not considered. The excluded articles are produced or 
purchased outside Europe, private label articles, profile print articles, display articles, and 
articles intended for campaigns. This resulted in 4916 out of 8847 articles that will be in the 
focus for the analysis.  
 
As earlier mentioned Duni has characterised their articles as yeararound or seasonal. The 
shares of articles in each category are visualised in figure 17. The yeararound articles stand 
for the major part of the analysed assortment. Produced and purchased yeararound articles are 
characterised by long product life cycles and are sold during the entire year. Unicoloured 
napkins are part of the yeararound assortment and are an example of articles with a long 
product life cycle. The seasonal articles are characterised by a short product life cycle and a 
short sales period. The rate of product introduction is higher in the seasonal assortment than 
the yeararound assortment, although there is continuous product introduction in both 
assortments.  
 
The major part of yeararound assortment consists of articles with predictable and stable 
demand. In addition, the characteristics of the yeararound articles indicate that the articles are 
functional and therefore demands a cost effective supply chain.  
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A differentiation between yeararound and seasonal articles is suitable for the assortment, there 
are several reasons for this differentiation. The sales period between yeararound and seasonal 
assortment differ which demand different strategies. The characteristics of the articles differ, 
which requests different replenishment strategies in order to spend less resources and to reach 
the wanted service levels. The differentiation would also make it possible to target the most 
valuable articles and increase the profit through proper steering and inventory control. 
An analysis of annual euro volume has been conducted in order to understand what impact 
yeararound and seasonal articles have on the bottom line. The share of annual euro volume for 
yeararound articles is above 90 percent, which is illustrated in figure 18. Yeararound articles 
have a bigger impact on the bottom line than seasonal articles, although one should recognise 
that yeararound articles also represent 77 percent of the assortment. However, in order to 
target the valuable articles and capture the whole complexity, more classes will be used for 
the yeararound assortment.  
 
 

Figure 17: Share of yeararound and seasonal articles 
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5.2 Yeararound 
The solution for the yeararound assortment will be presented in this section. 
  
5.2.1 Classification 
A common criterion to use when classifying products is annual euro volume. (Flores & 
Whybark, 1988) (Flores, et al., 1992). The authors have used euro instead of dollar since the 
gathered data has euro as currency. Although classifying articles based on this criterion alone 
may be misleading. However, annual euro volume was deemed as an insufficient criteria 
based on the dispersion of value among analysed articles. The dispersion was not large 
enough as shown in figure 19. In order to use annual euro volume as a criterion a rule of 
thumb is that the dispersion of value should be 20-30 times. In the analysed assortment the 
dispersion of value is maximum 10 times.  

Figure 18: Share of annual euro volume between yeararound and seasonal articles 
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Figure 19: Illustration of the dispersion of value among the articles 

Coefficient of variation is a criterion which illustrates the variation in demand in relation to 
the average weekly demand of SKUs. Coefficient of variation is defined as the standard 
deviation divided by the mean value. Coefficient of variation has been used as a criterion for 
the yeararound assortment illustrated in figure 20. Coefficient of variation illustrates the 
complexity of the assortment and natural inflection points have been identified. The average 
weekly demand and variation in demand differ among articles in the yeararound assortment 
and have created a dispersion which can be used for a differentiation of the articles. As seen 
in figure 20, four groups have been established. The vertical line which divide the average 
weekly demand has been set at the median of the average weekly demand for analysed 
articles. The median of the analysed articles was 10 SKUs per week. The horizontal line was 
set at one coefficient of variation, mainly because it is common to suggest MTS for articles 
with coefficient of variation below one. Coefficient of variation is a known criterion which 
researchers have used. D’Alessandro and Baveja (2000) used coefficient of variation as a 
criterion in their article: Divide and Conquer: Rohm and Haas' Response to a Changing 
Specialty Chemical Market.  
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Annual euro volume was not a suitable criterion based on the dispersion of value among the 
articles, although annual volume in number of SKUs has shown to be a sufficient factor to 
use. Since value was not a differentiating factor, the volume indicated which articles were 
contributing to the bottom line and were of importance. In addition, Christopher et al (2009) 
mention volume as a valid criterion to classify products. Natural inflection points were 
identified for the yeararound assortment and the 80-20 rule was applied. 20,8 percent of the 
articles were accountable for 82 percent of the volume, 31,7 percent of the articles were 
accountable for 15,7 percent of volume and 47,5 percent of the articles were accountable for 
2,3 percent of the volume. The dispersion of volume among the yeararound assortment is 
shown in figure 21. 

Figure 20: Analysis of coefficient of variation and average weekly demand  
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Figure 21: Analysis of annual volume in number of SKUs for the yeararound assortment 

 
In order to establish classes, the chosen criteria were combined. The order of when to use 
each criterion were important to consider. As mentioned above, a split between the 
yeararound and seasonal assortment was made and motivated earlier, which also was the first 
used criterion in the classification. Regarding the yeararound assortment, two criteria were 
used. A common way to decide the order between two criteria is to use the criteria with most 
amount of groups first. Coefficient of variation consisted of four groups and volume consisted 
of three groups which meant that coefficient of variation was used before volume, as shown in 
figure 22.  
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Figure 22: Illustration of the classification
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5.2.2 Service level 
When the classification had been established the service level for each class had to be 
decided. Serv1 was used to calculate the service level and was deemed to be a suitable 
measure. The overall target service level was decided in collaboration with our supervisor at 
Duni and the target was set to 96 percent. To reach the overall target, different service levels 
were determined for each class depending on variability and volume of demand. The classes 
below one in coefficient of variation have a stable demand which makes it is easier to 
maintain a high service level, while it is increasingly difficult to maintain a high service level 
for the classes that exceed one in coefficient of variation. Concerning the classes below one in 
coefficient of variation, it was decided that the class which represents the articles with the 
highest average weekly demand (AA) should be given the highest priority, as shown in table 
9. Therefore, also the highest service level. In order have a distinctive priority and suitable 
service levels for the classes, the target of 96 percent was improved and the overall service 
level was set to 96,6 percent. 
 
Table 9: Defined service level for each class 

Class Service level 
AA 98% 
AB 95% 
BC 95% 
CA 90% 
CB 90% 
DC 90% 

 
5.2.3 Replenishment and planning strategies 
As earlier mentioned representative articles were the starting point for the analysis of 
replenishment strategies. The representative articles were chosen in collaboration with our 
supervisor at Duni, a directive from Duni was to choose representative articles based on the 
distribution of articles from each BA in the classes. An analysis was made to investigate the 
share of articles from each BA in each class, which is illustrated in table 10. If one BA had a 
major share of the articles in the class, representative articles were chosen from this class. If 
two BAs stand for the same share of articles, one article from each BA were chosen. 
Concerning the classes AA, AB, CB and DC, initially three representative articles were 
chosen in these classes. Although one article in CB and DC were deemed to be insufficient 
since both articles were introduced in November 2015. A table of the representative articles is 
available in appendix C. 
 
 
 
 
 
 



	56	

Table 10: Shares of articles from each BA in the classes 

Class/Business Area Table Top (TT) Meal Service (MS) Consumer (CS) 
AA 64,3% 18,9% 16,8% 
AB 60,6% 22,1% 17,2% 
BC 49,8% 31,2% 19% 
CA 22,8% 6,5% 70,7% 
CB 27,3% 9,2% 63,5% 
DC 48,3% 17,8% 33,9% 

  
To decide replenishment strategies for the six different classes the authors analysed the 
classes position in figure 23. Moreover, replenishment strategies were chosen in collaboration 
with our supervisor from LTH. Class AA, AB and BC represents articles with stable demand, 
which means that they are easy to control. This also indicates that the demand pattern is 
levelled (Olhager, 2014). These classes can therefore be controlled by simple inventory 
control methods such as stochastic demand models achieving high service levels without 
deploying large safety stocks. Moreover, to decide what type of stochastic demand model that 
should be used for AA, AB and BC the demand needs to be considered. Regarding class AA, 
fixed production batches are suitable for articles with high and stable demand. Moreover, this 
type of demand is commonly controlled with a (R,Q) policy with continuous review under the 
assumption of normal distributed demand, as it is a simple and accurate method for inventory 
control.  

Class AB, and BC has lower volumes than AA. However, it was decided that the assumption 
of normally distributed demand could be used for these classes as well. Moreover, due to the 
low volume a (R,Q) policy might not be feasible since it will not enable Duni to coordinate 
procurement of articles supplied by one supplier.  

Figure 23: Illustration of the Positions of classes in coefficient of variation 
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To be able to increase the lot sizes periodic review can be used, since updating inventory level 
and position for predetermined time periods can give the possibility for coordinating several 
purchase orders to one supplier. Therefore, a fixed-interval order system could be used for 
both AB and BC. As AB has higher volume than BC the periodic review time period can be 
set to a lower level. It was decided that for AB the periodic review should be set to one week, 
and for BC it should be set to two weeks. The suggested strategies are both easy to use and 
decreases the nervousness in the system since there is a fixed batch quantity in the case of 
(R,Q) policy and a fixed periodic inspection interval in the case of fixed-interval order 
system.  
 
Regarding the calculations of the (R,Q) policy and fixed-interval order system, most 
parameters were calculated based on the collected data or gathered as they were predefined by 
Duni. However, the parameters set up and ordering cost were not defined by Duni. In order to 
perform the calculations, the set up cost and ordering cost were set based on industry standard 
in collaboration with our supervisor at LTH. In order to not overestimate the results, the 
parameters were set at the highest industry standard. For example, industry standard of the 
ordering cost was between 50-100 euro. Thus, the set ordering cost were to 100 euro.  
 
Finally, class CA, CB, and DC were deemed to have a coefficient of variation that exceeded 
what is feasible to control with stochastic demand models as it would require large safety 
stocks to cover the uncertainty in demand. It would be suitable to have MTO on all articles 
above three in coefficient of variation as it is more efficient to not keep stock and only 
produce when a customer order is released. However, this was not believed to be feasible at 
Duni. As Duni’s strategy is to increase sales, which according to Duni can be realised through 
assured stock availability. Therefore, the only option is to try controlling inventory with MRP 
as Duni does today. The different replenishment strategies for each class are summarised in 
table 11.  
 
Table 11: Suggested Replenishment strategies 

Class AA AB BC CA CB DC 
Replenishment 
strategy 

R,Q policy Fixed-interval 
order system 

Fixed-interval 
order system 

MRP MRP MRP 

Review Continuous 1 week 2 weeks - - - 
Service level 98% 95% 95% 90% 90% 90% 

 
The result from the calculations that have been made for each class is presented in Appendix 
D, were all parameters necessary to control the calculations are available. 
 
5.3 Analysis of the warehouses 
To be able to decide a replenishment strategy for a specific warehouse an article has to be 
classified depending on the demand that occurs at that warehouse. Therefore, all articles were 
re-classified per warehouse. This was done as an article in the general classification does not 
necessarily entail that it is classified in the same class as per warehouse. However, the general 
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classification contributed with general strategies and settings for the different classes by 
analysing a representative article on an aggregated level. To decide a replenishment strategy 
per warehouse level it is therefore only a matter of analysing how the articles are classified 
per warehouse and matching it with the proposed strategy for that class in the general 
classification. The logic is presented in figure 24.
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Figure 24: Logic of the warehouse solution 
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5.4 Planning efficiency 
Regarding the suggested alternative replenishment strategies, there is no need for Duni to use 
the current forecast for articles in these classes. From a replenishment point of view, a total of 
1566 articles can be removed from the current forecasting process. The replenishment 
systems are more or less self-sustaining and replenishment will occur according to the set 
policy. However, the demand may change over time which calls for an update of the 
parameters, which is a type of forecast. Our suggestion is to update the parameters R, Q, I and 
Order up to point once a year, which will require analysis of the sales data from the previous 
year.  
 
Concerning Duni’s current replenishment strategy, which is kept for three classes. Since the 
other classes will be removed from the current forecasting process, capacity to improve the 
forecasts exists and focus should be on improving the forecasts. Forecasts should also be 
performed on warehouse level because aggregated forecasts are more accurate and the 
classification is based on warehouse level. This suggestion is however somewhat 
contradictive since the authors originally suggested MTO for the major share of the concerned 
articles. A MTO strategy from a replenishment point of view means that forecasts are not 
necessary. Another aspect is that these articles are difficult to forecasts since the variation is 
high, in addition the contribution to bottom line is low for most of the articles which indicates 
that the work put in to improve the forecasts will not pay off. However, in order to further 
improve the service level, which is one of Duni’s goals the forecasts need to be improved.  
 
Introduction of new articles is an important aspect, which need to be acknowledged. Today, 
new introduced articles are segmented as A articles in one year. As shown in figure 25, there 
is a significant share of new articles is to the left. A pattern that one can determine through the 
figure is that the articles are either moving upwards or to the right. New articles that move to 
the right are potential high runners and should be kept and reclassified accordingly. Articles 
that move upwards should be reviewed to either be removed or reclassified as D. The process 
of introducing new articles is far too long and ties up capital, especially since the articles are 
classified in the A segment. A reasonable goal is to decrease the length of this process to two 
to three months. After two or three months enough information regarding the articles sales 
figures and demand pattern exist to decide whether an article should be kept or removed from 
the assortment. Evaluation of early sales figures is essential so that resources can be allocated 
to the successfully introduced articles. Furthermore, new introduced articles should initially 
be controlled through the MRP, initial forecasts and monitoring of new introduced articles are 
important. 
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5.5 Cost analysis 
An analysis of the costs affected by the suggested replenishment strategies has been made. 
However, the presented savings below can only be realised with the made delimitations. 
There are also other factors that affect the presented savings, these factors are mentioned in 
the conclusion. The focus of the analysis has been tied up capital in stocks, which is the most 
significant cost. However, there are more costs that are affected by other strategies and a short 
discussion will be provided.  
 
Data of tied up capital in stocks have been provided from Duni, the data consisted of average 
stock levels for each month during 2015. This data was combined with the defined holding 
cost from Duni. The holding cost was defined as 5 Euro per pallet and month. The expected 
inventory on hand was calculated for each representative article. The expected inventory on 
hand consists of expected inventory level and expected amount of backorders. The expected 
amount of backorders was deemed to be insignificant and did not affect the result. The 
expected inventory on hand for each representative articles was compared to the average 
stock levels for 2015, which gave the reduction in inventory in percentage. A mean 
percentage of the reduction in inventory was calculated for each class which could be 
compared to the total tied up capital in stocks, the result of the reduction in tied up capital is 
illustrated in table 12.  
  

Figure	25:	Illustration	of	the	positions	of	Duni’s	classes	in	coefficient	of	variation 
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Table 12: Savings that can be realised through the suggested replenishment strategies 

Class Current 
inventory cost 
per year 

New Inventory 
cost per year 

Savings in 
percent per 
year 

Savings in 
euro per year 

AA 1670991 730789 56% 940202€ 
AB 445279 193108 57% 252172€ 
BC 68034 28311 58% 39723€ 
CA 147772 147772 0% 0 
CB 260897 260897 0% 0 
DC 428708 428708 0% 0 
Total (all 
classes) 

3021681 1789585 41% 1232096€ 

 
As shown in the table above, there are savings that can be realised through applying the 
suggested replenishment strategies. The classes save almost the same share in percentage per 
year although there is a substantial difference of the savings in euro per year, which can be 
explained by the number of articles in each group and the volume of the articles. Class AA 
has not the highest number of articles but a high annual volume, compared to the other 
classes. Furthermore, the largest savings in euro is in class AA. Class AB has the largest 
amount of articles and have a higher annual volume than class BC, which explains the larger 
savings in euro per year. The reason why the total savings in percent is lower than the 
illustrated savings in the classes is that the authors assumes that the inventory cost will be on 
the same level for class CA, CB and DC. The inventory cost of class CA, CB and DC is 
therefore independent of the replenishment strategies for the other classes. A total saving of 
41 percent indicates that the suggested replenishment strategies will provide an improved 
inventory control for Duni. In addition, the overall service level target has been increased by 
0,6 percent.  
 
Due to the fact that the representative articles in class AA have a relatively low setup time (2 
minutes), the authors performed a sensitivity analysis of how the savings in percent per year 
would change if the set up time was increased. The relationship between increased setup time 
and savings in percent per year is illustrated in figure 26. It is evident that even if the setup 
time would increase to one hour, Duni would still save 23 percent per year with the suggested 
replenishment strategies.  
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Figure 26: Illustration of how the savings decline with an increased setup time 

There are other costs that are associated with a decreased inventory level. Staffing and 
administration costs are costs that Duni should be investigating. A decrease in inventory 
implies that the workforce in the warehouses could be decreased. As earlier mentioned, the 
warehouse in Germany has reached its maximum capacity, which will not be the case with the 
suggested replenishment strategies. The largest savings in tied up capital and space can be 
made in warehouse in Germany, since most of the products flow through this warehouse and 
the warehouse itself supplies the biggest market. Duni should investigate if it is necessary to 
keep the external warehouses. 
 
5.6 Seasonal 
Duni has four different seasons, which are active during different time periods. To be able to 
define how long the different seasons are the authors analysed how many SKUs were sold 
each week. Starting from the first week of the year the volumes were aggregated, this 
rendered a pattern that illustrated between which weeks most of the volume was sold. From 
this information it was possible to define the start and end of a season (see appendix E). The 
result is presented below in table 13.   
 
Table 13:Definition of the length of each season 

Season Start week End week Length of season 
Christmas 36 50 15 
Autumn 31 50 20 
Spring/Summer 1 38 38 
Easter 1 12 12 

 
The seasonal assortment is in general difficult to plan in terms of forecasting and 
replenishment. Currently, the analysed seasonal articles are manually forecasted by Duni, 
which was expected due to the defined process of forecasting at Duni. Moreover, because of 
the short life cycle and selling period it is difficult to estimate how volatile demand will be for 
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a future time period. Therefore, coefficient of variation could not be used as a parameter to 
steer planning and replenishment. In collaboration with our supervisor at Duni, it was 
concluded that it would be possible to estimate the volume sold during the season for an 
article and the number of weeks an article will be sold, which will be referred to as sales 
weeks henceforth. Another parameter that the authors thought would be interesting to analyse 
was the lead time, especially the ratio between lead time and sales weeks.  
 
 
 
As earlier mentioned, volume is a differentiating factor for the yeararound assortment which 
also can be applied to the seasonal assortment. The ratio between lead time and sales weeks 
will indicate how often one will be able to produce or procure a product during a season. 
Volume and the ratio between lead time and sales weeks are illustrated in figure 27. 
The figure above illustrates a classification model which makes it possible to prioritise 
articles and determine their flexibility. The priority of the articles is decided based on volume 
and the flexibility is decided based on the relation between lead time and sales weeks. High 
flexibility is deemed as less than 50 percent in terms of relation between lead time and sales 
weeks, low flexibility is therefore deemed to be above 50 percent of the same relation. 
Therefore, the interaction point on the x-axis is set at 0,5 (50 percent). Regarding the volume, 
the interaction point was set at 1174 SKUs sold per annum as 27 percent of the articles are 
accountable for 80 percent of the total volume and 73 percent of the articles are accountable 
for 20 percent. This resulted in four classes.  
 

 

Figure 27: Suggested classification model for the seasonal assortment 



	 65	

Regarding articles in Class A, 50 percent of the forecasted volume should be produced before 
the season starts. In Fisher’s example SportObermeier, the company are producing 50 percent 
of the volume before the season. Producing the articles before the season starts will make it 
possible to evaluate early sales figures in the beginning of the season. Class A articles are 
characterised by high volume and high flexibility. Due to the high flexibility it is possible to 
hedge against uncertainty such as volatility in demand by producing or purchasing a number 
of additional times during the season and it is therefore possible to keep a lower level of 
inventory. To be able to decide if there will be a surge or a decline in demand, it is essential to 
evaluate early sales figures. By analysing early sales, it is possible to re-allocate resources 
from articles that will not sell more during the season to articles that are projected to have 
increased demand, this is an opportunity to decrease the risk of excess supply. To conclude, 
class A need to be monitored in the season by early sales analysis to get indications regarding 
demand. Moreover, an initial forecast needs to be performed to determine the amount of stock 
that needs to be kept before the start of the season. As the life cycle for the seasonal 
assortment is short there is no time to sell off excess supply for class A. 
 
The other three classes, B, C and D, should have a lower priority. Regarding class B and D 
there is less opportunity to hedge against uncertainty as the low flexibility entails that it is not 
possible to produce more than once before the season. Class B and D articles could be 
produced in the full quantities that are forecasted for their corresponding periods. Class C 
represents articles with low volume and high flexibility Due to the low volume, there is low 
feasibility to produce more than once, since the setup cost would probably exceed the cost of 
lost sales or excess supply. Moreover, even if it is possible to produce more than once during 
the season for class C articles, efforts should be on following up the early sales figures of 
class A. Therefore, there might not be resources to follow up sales for class C articles. As 
class B, C and D articles only will be produced once an initial manual forecast is only 
required.  
 
The illustrated classification is unfortunately not correct due the fact that the lead time is not 
accurate. Duni uses a symbolic number for the lead time of produced products, the symbolic 
number of the lead time may deviate from the actual lead time. A classification is dependent 
on correct data and in this case the lead time is a deciding factor for the application of 
different strategies. However, the chosen factors and recommended strategies for the different 
classes are valid with a correct lead time.  
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6 Conclusions & recommendations 
 
Results of the analysis are presented, where conclusions will be drawn based on the same 
results. Our recommendations to Duni are presented together with motivations of the 
recommendations. A discussion regarding the generalisation of the results will be 
presented. Suggestions for further research and reflections by the authors will be provided. 

 
6.1 Answers to the research questions 
The following paragraphs answer the research questions. In addition, both research questions 
contain the authors recommendations to Duni. 
 
6.1.1 What kind of replenishment and planning strategies suits Duni’s product assortment? 
From the analysis it was concluded that there are opportunities to control inventory and plan 
demand in several ways depending on the characteristics of the product. From the analysed 
characteristics it was possible to find theoretical replenishment and planning strategies. For 
yeararound articles with low volatility, a theoretical potential was found in using stochastic 
demand models to control inventory performed better than the current MRP solution. As these 
articles will be controlled with stochastic demand models the forecast of demand does not 
need to be updated more than once a year. For articles with high volatility in demand was 
more difficult to find a suitable replenishment strategy. In most cases articles with high 
volatility and low demand should according to the authors not be kept in stock and only be 
made once a customer order is released. In this case both authors were convinced that a MTO 
strategy should be suitable for Duni. However, as discussed earlier Duni’s strategy is to 
increase sales through stock availability. Therefore, the proposition was not believed to be 
feasible in the current setup. With that in mind, the most suitable replenishment strategy 
according to the authors is the current MRP solution for all articles with high volatility 
independent of volume. Forecasts for articles with high volatility in demand can only be 
performed manually. However, the authors found that it is better to forecast these articles per 
warehouse, as aggregated forecasts are more accurate and then classification is performed on 
warehouse level. 
 
Concerning seasonal articles, articles with high flexibility and high demand should according 
to the authors be produced in advance in a batch size that covers half of the forecasted 
demand. This means that Duni can hedge against uncertainty in the manual forecast. By 
analysing early sales figures Duni can also decide which articles that will need to be produced 
again to better supply demand. For articles with high or low flexibility and low demand, and 
for articles with low flexibility and high demand it is suitable to replenish the whole 
forecasted demand in advance of the season, because the costs involved with an additional 
replenishment will be to great due to small batch sizes for low volume articles and infeasible 
for articles with low flexibility. For all seasonal articles it is suitable to aggregate the initial 
manual forecast per warehouse, as it is more accurate. 
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6.1.2 How should a decision framework be designed for replenishment and planning 
strategies at Duni? 

The decision framework consists of the presented classification and strategy for the 
warehouses. The classification contains factors that can be applied to yeararound articles. 
Furthermore, factors for new introduced products can be decided within a couple of months 
after the introduction, according to the authors. Concerning the validity of the factors, both 
factors have previously been used in research and are recommended to use in the presented 
frame of reference. Moreover, according to the analysis, the factors provide an adequate 
differentiation. Our recommendation is to perform a differentiation between yeararound and 
seasonal products, based on their characteristics. Regarding the yeararound assortment our 
recommendation is to use coefficient of variation and volume as factors. The variation 
illustrates the stability of the demand, which is necessary to know when choosing between 
MTO and MTS. Volume differentiates articles based on their contribution, since value can be 
neglected. The combination of the two factors make it possible to choose suitable 
replenishment strategies. The application of these factors generates six classes and four 
different replenishment strategies.  
 
Concerning the seasonal articles, a classification has been performed and replenishment 
strategies have been suggested accordingly. However, due to inaccurate lead times it is not 
feasible for Duni to use this classification. Although, the chosen factors and recommended 
replenishment strategies are valid. The authors strongly recommend Duni to launch an 
investigation to determine correct lead times of both seasonal and yeararound articles. Correct 
data of lead times can be used to support important business decision and the application of 
strategies, even beyond the reach of planning and replenishment. 
 
Duni has as earlier mentioned four warehouses and our recommendation is to use the same 
classification for all warehouses. It is possible to use the same classification for all 
warehouses since a general classification has been made and replenishment strategies have 
been suggested for the different classes. Furthermore, classifications for each warehouse have 
been performed with the same interaction points as the ones in the general classification. 
Moreover, the demand for each warehouse have been used in the separate classifications, 
which makes it possible to apply the general classification to all warehouses.  
 
6.2 What conclusions can be drawn from the results and analysis 
From the results and analysis, it can be concluded there is theoretical potential that could be 
realised through diversified replenishment and planning strategies as its articles differ in 
characteristics. It can also be concluded that dividing articles in classes and adapting 
strategies depending on their characteristics gives improved control of inventory and gives the 
possibility to allocate resources to articles that have a greater impact on the bottom line. Duni 
could by implementing the proposed decision framework theoretically be able to increase the 
service level with 0,6 percent, reduce inventory cost by 41 percent, and increase planning 
efficiency and accuracy. 
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6.3 Limitations and criticism 
This project has been time limited, which has forced the authors to make delimitations and to 
not consider all factors that affect the results. Furthermore, this project is in the field of supply 
chain management where parts are connected to each other and affected by changes, both up- 
and downstream the supply chain. The results can only be realised through a proper analysis 
of factors that may affect the results. Examples of factors that need to be evaluated are: 
production capacity, practicalities in the production and raw material planning. Regarding 
production capacity, one need to perform a production capacity analysis to evaluate if the 
production can support the suggested replenishment and planning strategies. There are also 
several practicalities in the production that affect the results, for example the paper-rolls in the 
machine might need to be consumed in one production run, which impose constraints to the 
smallest feasible batch quantity. The raw material planning process are connected to the 
Duni’s replenishment system. If one would consider to use the suggested replenishment and 
planning strategies, an analysis of the raw material planning process need to be performed and 
changed according to the suggested strategies.  
 
This project illustrates the potential of the suggested replenishment and planning strategies at 
Duni with certain delimitations. However, in order to evaluate what the real savings may be 
from the suggested strategies all factors need to be taken into account. The authors strongly 
recommend Duni to investigate all affected factors to determine if the suggested 
replenishment and planning strategies are feasible and what the real savings will be. 
	
There are two parameters that were decided in collaboration with our supervisor from LTH 
and were based industry standards. The decided parameters were setup and ordering cost, 
which were used to calculate EOQ. Given that these values were based on industry standards, 
the calculated savings may be uncertain. Moreover, lead times have been set to constant in all 
calculations which means that uncertainty in lead time has not been considered. This may 
have a high impact on the result if there is high volatility in lead time.  
 
When analysing the seasonal assortment, it was concluded that the lead time for produced 
articles were set to a standard level for all produced articles. Therefore, the authors are not 
certain that the articles are in the right position in the classification model for seasonal 
articles. However, since no further analysis on article level was performed, the model is still 
relevant, and can be used once the lead times per article have been established. 
 
Service level has been defined as the probability of no stock out per order cycle known as 
Serv1. Measuring service level by Serv1 is not as accurate as Serv2. To improve the accuracy 
of the service level Serv2 should be used instead. However, using Serv2 as a measurement for 
service level requires extensive knowledge in inventory control as it is more complex to 
calculate.  
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6.4 Generalisation of the results 
Parts of the results can be generalised to other industries. The approach of the classification 
and the suggested alternative replenishment strategies could be generalised to a similar 
industry, such as the paper industry. However, the more valuable the products gets the more 
questionable it is generalising the classification. In connection to the classification, using the 
current MRP solution for classes with high variation cannot be generalised to other industries 
or markets. Other companies would have used a MTO solution, which also the authors 
originally suggested.   
 
Regarding the seasonal assortment, the suggested strategies and classification can be 
generalised and applied to other companies and industries to some extent. The overall 
strategies and classification work in different settings. However, all companies that are 
challenged by seasonality face different issues and complexities. Adjustments according to 
the ruling issues needs to be performed and customisation of the replenishment is necessary.  
 
6.5 Suggestions for future studies 
Silo-thinking is a known and common problem, which exists at Duni. Especially, between the 
different BAs. The authors believe that working across the BAs and functions would increase 
the efficiency of the company. Resources could be used more efficiently and the information 
sharing would be improved. The process of introducing articles is also an area that are 
suitable for improvements. A discussion regarding the introduction of products has been made 
and articles should be reclassified after a couple of months, from a replenishment point of 
view. However, the silo-thinking is appearing in this process as well. The BAs have different 
processes for introducing products. It might be of interest to investigate if it is possible to use 
a common process for the introduction of products.  
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Appendix 
 
Additional information in forms of tables and figures will be presented in this chapter. 

 
Appendix A – List of interviews 
The table below includes information regarding interviews conducted in the master thesis.  
 
Table 14: List of interviews 

Interviewee  Title Date 
Interviewee 1 Supply Chain Director March 14 & 

February 3, 2016 
Interviewee 2 Supply Chain Planner MS March 17, 2016 
Interviewee 3 Statistical Forecast Manager MS & CS March 18, 2016 
Interviewee 4 Statistical Forecast Manager TT March 14, 2016 
Interviewee 5 Category Manager within TT March 18, 2016 
Interviewee 6 Manual Forecast Manager within CS & TT for 

Germany, Switzerland and Austria 
March 15, 2016 

Interviewee 7 Manual Forecast Manager CS for Germany March 16, 2016 
Interviewee 8 International Demand Manager February 4, 2016 
Interviewee 9 Director Value Chain February 4, 2016 
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Appendix B – Interview Guide 
The interview guide is constructed to answer the research question: What kind of 
replenishment and planning strategies suits Duni’s product assortment? 
General Questions 

1. What is your name? 
2. What do you work with? 
3. What are your responsibilities? 

Products and Supply Chain 
4. How would you describe Duni's products in terms of characteristics? 
5. What kind of Supply Chain has Duni? 
6. What is the primary objective of the Supply Chain? 
7. Who are the competitors and how many are they? 
8. What is the main purpose of Duni's classification? 
9. What is the result of the classification used for? 
10. What factors do you think one should consider when performing a classification for 

Duni? 
11. Is there something else that you think is relevant under these circumstances? 

Forecasting 
12. What kind of statistical forecasting methods are used today? 
13. How does the statistical forecasting work? 
14. How do you perform the manual forecasting? 
15. What is the information generated by forecasts used for?  
16. Are there any products that should not be forecasted? 
17. Are you satisfied with the forecasting process? 
18. Do you believe the forecast could be used in a different way compared to today? 
19. Is there something else that you think is relevant under these circumstances? 

Replenishment System 
20. Describe the replenishment process (the different stages) 
21. What methods and tools are used to control inventory? 

a. Are there different inventory control methods for different product 
characteristics? 

i. MTO/MTS 
22. How are the replenishment quantities determined for FGW? 
23. How is safety stock determined? 
24. How is service level measured? 

a. What service level is promised to the customers? 
25. Are you satisfied with current replenishment system? 
26. Is there something else that you think is relevant under these circumstances? 
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Final question 
27. Do you believe that there are products that should not be forecasted and/or kept in 

inventory?  
a. Which products? 
b. What characterise these products? 
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Appendix C – Representative articles 
The table below contains the representative articles, which have been used in the master 
thesis. The articles that are crossed over have not been used since both articles were 
introduced in November 2015. 
 
Table 15: List of representative articles and corresponding classification parameters 

Article 
number 

Class Description Business 
Area 

Coefficient 
of 
variation 

Average 
demand 
per week 

Volume 

2502 AA NAPKINS 3-PLY 33CM 
WHITE 

TT 0,28 1387 73503 

168380 AA NAPKINS 2-PLY 24cm 
BORDEAUX 

TT 0,39 96 5064 

402600 AA CUPS PLASTIC 21cl 
WHITE 

MS 0,49 1063 56343 

168478 AB NAPKINS 3-PLY 24cm 
COFFEE HEART 

TT 0,40 25 1343 

165552 AB NAPKINS SRP 3-PLY 
40cm PLUM 

TT 0,42 40 2126 

758006 AB TRAY SDISH PP TR 1-
COMP 138x114x53 

MS 0,57 53 2787 

171235 BC NAPKINS D-SOFT 
20X20CM LE BISTRO 

TT 0,90 7 350 

163600 BC CUP PS 12 cl LID 
COFFEE Q 

MS 0,83 7 356 

104061 CA NAPKINS 3-PLY 24cm 
BRILLIANT RED 

CS 1,00 114 6022 

105805 CA NAPKINS SRP 3-PLY 
33cm SILVER 

CS 2,28 115 6083 

173351 CB NAPKINS 3-PLY 33cm 
LAURA 

CS 4,96 27 1439 

167413 CB NAPKINS DL SOFT 
40cm VENEZIA ROSE 

CS 1,82 26 1364 

173713 CB PLATES PAPER 22cm 
BBQ HOT PINK 

CS 7,26 12 616 

174176 DC NAPKINS 2-PLY 
33X33CM MELLOW 
ROSE 

TT 5,38 0 3 

166448 DC NAPKINS 3-PLY 33cm  
YELLOW 

CS 2,32 2 106 

175784 DC TRAY CATER PP TR 1-
COMP 227X178X18 

MS 7,28 1 72 
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Appendix D – Summary of calculations 
The three tables below contain a summary of the performed calculations, the most essential 
parameters are illustrated. 
 
Class AA 
 
Table 16: Parameters for representative articles in class AA 

Article number 2502 168380 402600 
Service level 0,98 0,98 0,98 
Lead time demand 1417 98 2470 
Standard deviation of lead time demand 500 43 1054 
Safety stock 1025 88 2161 
Reorder point (R) 2442 185 4631 
Batch quantity (Q) 628 165 1839 
Expected stock on hand 1340 170 3081 

 
Class AB 
 
Table 17: Parameters for the representative articles in class AB 

Article number 168478 165552 758006 
Service level 0,95 0,95 0,95 
Standard deviation of the inspection interval 13 24 80 
Safety stock 21 39 133 
Inspection interval demand 26 41 53 
Order up to point (S) 72 121 468 
Expected stock on hand 34 60 159 

 
Class BC 
 
Table 18: Parameters for the representative articles in class BC 

Article number 171235 163600 
Service level 0,95 0,95 
Standard deviation of the inspection interval 9 15 
Safety stock 14 24 
Inspection interval demand 13 14 
Order up to point (S) 34 68 
Expected stock on hand 21 31 
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Appendix E – Length of the different seasons 
The four figures below each represent the length of a specific season. The length of a season 
is defined within the dashed lines. 
 

 
Figure 27: Illustration of the length of the Christmas season. 

 
Figure 28: Illustration of the length of the Autumn season. 
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Figure 29: Illustration of the length of the Spring/Summer season.  

 
Figure 30: Illustration of the length of the Easter season.  

 
 
 


