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Abstract 

 

 

This report is the result of a Master Thesis written at Toyota Material Handling Europe (TMHE), with 

the purpose to map the existing spare part supply chain structure and to analyse future suggested 

supply chain structures with a focus on transportation flows.  

TMHE is one of the world’s largest producing forklift distributors with large market shares 

throughout Europe. Besides the main activity of forklifts the aftermarket of distributing spare parts is 

a major business. With a current decentralised supply chain, the Future Logistic Concept (FLC) project 

was established to analyse the possibilities of a more centralised European supply chain.  

While earlier analyses within the FLC have been focusing on the customer markets, this thesis aims 

towards completing with analyses on the opposite side of the supply chain. It will present an 

aggregated view over a possible FLC supply chain setup with focus on suppliers, replenishment flows 

and usage of express transportation solutions.  

An analysis was performed based on supplier localisation and historically delivered tonnages. To be 

able to analyse the replenishment flows between European Distribution Centre (EDC) and Regional 

Distribution Centres (RDC), an inventory control and transportation model was developed. The 

model calculates costs for inventory holding, replenishment flows and express flows and optimises 

the relationships between these controlling variables. This makes it possible to analyse the 

transportation flows in a specified set of possible supply chain structures.  

The results of the localisation analyses based on suppliers, show that the central part of the supply 

chain should be located in the northern parts of central Europe. To be able to minimise the supplier 

inflow, facilities should be established in Mjölby and Ancenis. A warehouse in Eastern Europe is 

probably necessary to be able to keep customer lead times at an acceptable level, but from a supply 

point of view this location is not supported, due to the low amount of Eastern European suppliers.  

The results from the model suggests a supply chain structure with a central distribution centre in 

Antwerp, Belgium (Scenario 2 in the analysis) and regional warehouses in Sweden, United Kingdom, 

Spain, Italy and the Czech Republic.  
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1 Introduction 

In this chapter we introduce the reader to the background of this Master thesis.  

1.1 Background 

Toyota Material Handling Europe, THME, is the result of three major forklift manufacturers, BT, 

Toyota and Cesab, merged into one company. Both Toyota and BT were world leading in their 

respective markets, BT for warehouse forklifts and Toyota for counterbalanced forklifts. Together 

they create one of the world’s leading forklift manufacturers.   

As the TMHE supply chain now consists of three previous supply chains it needs to be modified to fit 

the new conditions.  The production sites of TMHE end products are situated in Mjölby, Sweden for 

BT products, Ancenis, France for Toyota products and Bologna, Italy for Cesab products. Each 

production site has its own distribution network which causes lack of efficiency as the brands 

overlook possible integration with each other.  

When selling a forklift, a service deal is often established with the customer, guaranteeing the 

possibility of purchasing service and spare parts. To manage these service deals a well functioning 

and fast responding supply chain of spare parts is needed. Even though the production of forklifts is 

treated in separate companies, the distribution of spare parts is treated centrally by TMHE. With 

central warehouses in proximity to the production and several national warehouses throughout 

Europe TMHE desires a high service level to the nearly 5000 service technicians.   

With three central warehouses (CW) and approximately 30 national warehouses (NW), each 

responsible for spare part distribution in their respective area, many operating facilities are being 

used. As so often pointed out, keeping low inventory levels are vital for companies today. 

Centralising the supply chain has often been proven to be a way of keeping low inventory and at the 

same time keeping your service levels intact or even improving them. TMHE considers the possibility 

to restructure their supply chain, implementing regional warehouses covering larger areas, and in the 

long run even introduce a single larger central warehouse. To evaluate these potential savings the 

FLC project was established. 

1.2 The FLC project 

The Future Logistics Concept project was initialized due to the belief of a potential over all business 

improvement through a more centralised supply chain. In recent years there has been quite a few 

changes in the business structure of BT. BT industries, as well as Cesab Forklifts, were acquired by the 

Toyota Industries Corporation. The result from this was not only the biggest forklift company in the 

world but also a rather decentralised warehouse structure throughout Europe. The FLC project aims 

towards suggesting and implementing an optimal supply chain structure within Europe. 

1.3 Where the FLC project is standing today 

A lot of work has been carried out within the FLC project and the project group is close to a decision 

on a final supply chain structure. Extensive work has been made with business cases, trying to clarify 

the total logistics cost situation and the belief is that there is a significant savings potential. The 

estimated payback period is from three to five years. There has also been strategic density 

simulations on market demand performed for localisation purposes. 
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1.4 Our role in the FLC project 

Even though the localisation procedure has been carried out already, there is a hesitation about 

which supply chain structure to choose. The transport studies that have been carried out so far, have 

mainly been concentrating on where customer segments are located. Our vision is to come up with a 

aggregated picture of existing transportation flows and to discuss how this would change in future 

supply chain scenarios. We do want to stake out that the work of creating a totally aggregated 

picture of today’s situation versus a future situation is very demanding as you will have to access a 

lot of data and have the possibility to validate this data. Not at least transportation tenders of not 

existing routes are difficult to come over. Also it could be very helpful using sophisticated software in 

such an undertaking. Therefore we will aim at making a more or less conceptual model of how such a 

decision tool could look like and deliver it together with approximate figures.  

1.5 Purpose 

The purpose of this master thesis is to map the existing supply chain structure and to analyse future 

suggested supply chain structures with focus on transportation flows. We further aim to identify 

specific key indicators and analyse possible effects of a centralisation of the supply chain. 

The transportation situation in TMHEs supply chain is expected to be of great interest in future 

evaluations of the FLC project and will be a major factor on future decisions. Not only future 

expected transportation costs and lead times, but also environmental aspects, are of interest. Our 

ambition with this thesis is to contribute with insight to future transportation flows within the supply 

chain, to assist in the decision process that the FLC project is facing. 

1.6 Target Group 

This master thesis is mainly intended for the assignment client, TMHE. The thesis could also be 

contributing to the research field of logistics, transportation and supply chain management, and 

could therefore be of interest to researchers and students. Concerning prior knowledge of the 

reader, we assume that the reader is not entirely unversed to the research or business field of 

logistic, transportation and supply chain management, although we aim towards making the thesis 

interesting also for the less experienced readers.  

1.7 Academic master thesis 

An academic master thesis is supposed to complete a university master education, in this specific 

case the education for a Master of Science title. To realise a master thesis certain demands are set on 

the writers. The main purpose of the thesis is for the writers to prove that they have the ability to 

independently identify and analyse case specific problem, relevant to the education field. The master 

thesis should also prove that the students are able to use the knowledge gathered throughout the 

education.  

Regarding an academic study, Björklund and Paulsson (2003) are stating that it has to be of general 

nature but with a specific theoretical depth that origins from an existing academic knowledge. They 

further mention three demands on an academic study, that is has to be controllable, repeatable and 

individually independent. 
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1.8 Limitations 

In our analyses, of the present situation as well of the possible future scenarios we limit the scope 

with these statements  

 The analyses will only concern the flow of spare parts, and will therefore exclude the flow of 
products (forklifts and hand pallet trucks).  

 We will not include end customers as individuals in our analyses, and only aggregate a total 
demand within certain discrete areas. This should however have minimal effect on the 
results.    

 Within the supply chain, there is a major flow of returned goods. These will be excluded from 
our analyses.  

 TMHE does not only provide spare part to the European countries, but also ship overseas. 
Our analyses will only include the flow within the European supply chain.   

 A large part of the Italian Cesab flow is distributed via CW Mjölby. This is the only Italian 
Cesab flow concerned within the thesis while there are other existing flows that are 
neglected.  

 The express- and replenishment flows concerned within this thesis will be analysed in 
magnitude and in monetary values. The inflows from suppliers as well as the outflow to 
customers will not be analysed in monetary values.  

 Every specific country uses local suppliers. These will not be included in the analyses.  

1.9 Disposition 

The following Chapter 2 provides a presentation of the company TMHE, with historical facts and 

organisational structure.  

In Chapter 3 we describe the actual problem in higher detail and formulate the questions this thesis 

is based upon. The method used to analyse the problem is described in Chapter 4. 

To be able to provide a detailed background to concepts used throughout this thesis we present a 

reference survey in Chapter 5. 

In Chapter 6 we present the current supply chain at TMHE, with locations and transportation 

methods, while we in Chapter 7 analyse the actual transportation flows in the present supply chain.  

The theory behind the model developed to be able to analyse the replenishment flows is presented 

in Chapter 8. 

A localisation analysis based on supplier locations and delivered volumes is presented in Chapter 9, 

while a scenario specific analysis on direct inflow from suppliers is presented in Chapter 10.  

The results from the model developed are presented in Chapter 11 with a relating sensitivity analysis 

in Chapter 12.  

A final scenario specific outflow analysis is presented in Chapter 13.  

The thesis is ended by our conclusions in Chapter 14 and suggested future work in Chapter 15.  
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2 Company Presentation 

In this chapter we will present a brief history of TMHE and give an introduction to the main business 

activities BT and Toyota are involved with. An organisational overview over the business will also be 

provided. 

2.1 History of BT and Toyota 

BT was founded in Stockholm in 1946 by Ivan Lundquist and the original business concept was to 

provide equipment to the forest- and transportation industry. In the first years there were no own 

production, and all sales were based on imported goods. One year after the company birth the first 

own developed forklift (hand driven) was presented and the making of BTs own products could start. 

In those days the level of standardisation in material handling was very low, and therefore BT and the 

Swedish State Railway (SJ) developed a standardised pallet that was presented in 1949. This pallet 

would later become the standard pallet for most industries throughout Europe, known under the 

name EUR-pallet. This pallet together with the hand pallet truck became the real breakthrough for 

BT. With a high market demand BT continued to develop new forklift models and with an extensive 

growth the company had to move from Stockholm to make an expansion of the company possible. 

Because of good train connections the decision was to move the production to Mjölby in 1968, and 

production facilities have been established there since. (BT, 2006) 

The history of Toyota is well known with an exceptional success in the automobile industry. The 

company started as Toyota Automatic Loom Works Ltd. by Sakichi Toyoda and was obviously 

originally in the loom business. It was later on Sakichi’s son Kiichiro that led the company to the 

motor industry when he established Toyota Motor Co. in 1937. The company expanded widely, not 

only within the original businesses as the first lift truck was presented in 1957. Through the years, 

Toyota has become one of the largest producers of counterbalanced forklifts. (Toyota, 2010) 

Meanwhile, BT was growing their business and in 1995 when they bought the American forklifts 

company Raymond, they reached a world leading position on the warehouse forklift market, with a 

20% world market share on the warehouse truck market. In the late 90’s BT was acquired by Toyota 

Industries Corporation (TICO) and the BT share was delisted from the Stockholm Stock Exchange. 

Even though BT was acquired, the actual BT brand is still in use because of its important market value 

throughout Europe. The brand is still today world leading on the warehouse forklift market and 

together with the world leading producer of counterbalanced forklifts, Toyota, TMHE holds over 20% 

of the global industrial forklift market share. 

2.2 Organisation 

As mentioned earlier, BT is today a part of the Toyota Company or the Toyota Industries Corporate 

Organisation, TICO. As we can see in Figure 1, TICO is divided in five different market segments: 

Automobile, Electronics, Textile Machinery, Logistics and in Material Handling. Further is the Toyota 

Material Handling (TMH) Group divided into five different subsections, based on geographic market 

location; Japan, North America, China, International and Europe. It is under TMH Europe that the BT 

activities are included.  
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Figure 1: The Toyota Company Organisation 

 

 

 

 

 

 

 

 

Putting the Material Handling Group in relation to the entire company, the Material Handling 

contributes to 39% of total Net Sales. In total the Material Handling group provides four different 

brands of forklifts; the Japanese Toyota, the American Raymond, the Italian Cesab and of course the 

Swedish BT.  

The BT activities are further divided in different companies where BT Products AB (BTP) controls the 

actual production of forklifts within the BT brand. BTP is subdivided into three different divisions with 

separated production. Division Powered Trucks produces the regular warehouse forklifts and Division 

Hand Trucks produces the hand driven forklifts. Special Products distributes custom products with 

high product flexibility. The handling of spare parts is treated in the separate company BT Europe AB. 

See Figure 2. 

 

2.3  Parts Distribution Europe 

In Europe, TMHE provides forklifts and spare parts for three different brands, BT, Toyota and Cesab. 

Production takes place on three different locations, in Sweden, in France and in Italy. In total the 

company is active in over 30 European countries.  

TMH Europe 

BT Europe AB 
BT Products 

AB 

Division 

Powered 

Trucks 

Division Hand 

Trucks 

Special 

Products 
Parts 

Figure 2: Organisation, Mjölby 
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Spare parts are distributed via over 400 sales and service centres to nearly 5000 service technicians 

and end customers. The spare parts distribution is based on the three production sites in Sweden, 

France and Italy as there locations also functions as central warehouses. Several national warehouses 

are located throughout Europe to manage high service level to every service technician.  

Even if the service technician in most cases is not the end customer in the supply chain, he is often 

treated as one by the supply chain management. The real end customers, often the companies that 

use the forklifts, are dependent on functioning products in their operations. The service level and 

delivery time to the service technician are therefore treated as crucial.  

The origins of the main spare part flows are at the suppliers, mainly located throughout Europe. The 

suppliers are in most cases delivering to both the spare part distribution and to the production. From 

the Central Warehouses spare parts are supplied to the National Warehouses. These replenishment 

flows are in most cases controlled centrally, however the flows from national warehouses to service 

technicians are not. The main service goal is to be able to provide a spare part needed by a service 

technician over night, sometimes less. It requires a highly efficient supply chain to fulfil this goal. 
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3 Problem Description 

In this chapter we will give the reader a thorough explanation of the reason behind this study and the 

questions it intends to give answers to.  

3.1 Studied field 

 The purpose of this master thesis is to map the existing supply chain structure and to analyse future 

suggested supply chain structures with focus on transportation flows.  In this case transportation 

involves volumes, distance, geographical coverage, mode of transport and costs. Because previous 

studies within the FLC project have suggested a number of possible future scenarios we will proceed 

from these results in our research.  Previous studies have had focus on end customers and with 

density simulations based on service technician and dealer locations they have provided possible 

supply chain set ups. Our intention is to include levels higher up in the supply chain, if we assume the 

customers on a lower level, and also be more focused on actual transportation rather than density of 

customers, see Figure 3. 

 

 

Even if the focus of the analyses will be on the higher levels of the supply chain, it will be necessary 

for us to identify end customer demand on an aggregated level.    

3.2 Purpose breakdown 

As mentioned earlier the purpose of this master thesis is to: 

 ...initially map the existing supply chain structure and further analyse TMHEs future supply chain 

layout with transportation flows in focus. Through the narration of the present structure identify 

specific key indicators and analyze possible effects of a centralisation of the supply chain. 

It has also been mentioned earlier that the thesis is roughly divided into two parts, an initial part 

aiming to describe the present supply chain structure and an analysis part of possible future 

solutions. A more thorough purpose breakdown of the two separate parts will be presented. 

Supplier 

Supplier 

Supplier 
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NW 

  NW 
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  NW 

NW 

Service 

technicians 

Service 

technicians 
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technicians 

 

 

End 

Customers 
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Figure 3: Studied system 
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3.2.1 Present situation 
The purpose of a mapping and describing the current supply chain structure is to get a fundamental 

understanding of the problem and to identify, collect, structure and analyse data of interest. The 

studied system, as seen in Figure 3, is the supply chain from supplier through central warehouses to 

the national warehouses. Some identification of the market of service technicians will also be 

realised, to get an aggregated view of market density throughout Europe.  

The purpose of this section is to, on one hand, to provide the reader of this thesis a background 

information and understanding to the problem, and on the other hand to function as a base in the 

following analyses of future scenarios.  

3.2.2 Future scenarios analyses 
The future scenario analyses part of the thesis is mostly directed to the clients, TMHE. We will in this 

section proceed from the analysis of the present situation and analyse possible effects of a modified 

supply chain in the European supply and distribution network.  The analyses will be based on present 

used suppliers, current transport volumes with different transportation modes and current market 

demand. 

3.3 Problem specification breakdown 

Similar to the purpose breakdown we specify the problem by dividing the thesis into a description 

part and an analysis part of the present scenario, and an analysis of future solutions. The questions 

have been formulated in agreement with the clients. 

3.3.1 Present situation 
In this section the current supply chain is in focus. To specify the mapping and analysis, certain 

questions are formulated. The goal of this part of the thesis is to provide a general picture of the 

present supply chain.  

At first, an initial general question was asked: 

 What does the present supply chain look like? 

This general question was broken down into more specific question formulations: 

 Where are the nodes in the supply chain located? 

o Where are production activities located? 

o Where are central warehousing activities located? 

o Where are regional warehousing activities located? 

The mapping of the present situation additionally includes an analysis of the current supplier 

situation. To specify this analysis following questions were made: 

 Where are the suppliers located? 

 Do they differ in terms of volumes, delivered goods and brand? 

 How are the goods distributed from them into the supply chain? 
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As this thesis has a certain focus on transportation flows within the supply chain we further asked:  

 How is the replenishment flow structured, in terms of 

o Routes? 

o Volumes? 

o Transported distance? 

 What volumes and distances are classified as 

o Express transports? 

o Replenishment transports? 

3.3.2 Future scenarios 
The FLC project has been going on for quite a while now. Many ideas have been evaluated, some of 

them have been put into practice, while others has been either dismissed or put on hold. Strategic 

network decisions, as the FLC project concerns, are highly complex and many factors have to be 

taken into account. We will focus our research towards the transportation area and our expectation 

is to be able to give some new ideas on how transportation flows could be mapped in future 

scenarios and what the effects of this mapping will be.  

Our study will not concern market localisation models as we rely on the market density simulations 

performed in previous studies. We will evaluate some scenarios suggested by these density 

simulations. The scenarios are provided by TMHE as interesting as possible solutions. The suggested 

scenarios are as follows: 

Scenario 1 

Scenario 1 proceeds from the present situation with three central warehouses, CW, in Sweden, 

France and Italy. The national warehouses are in this scenario merged to four regional distribution 

centres, RDCs, covering a larger European area than what National Warehouses does today. 

 

 

CW – Mjölby, Sweden 

CW – Ancenis, France 

CW – Bologna, Italy 

RDC – Antwerp, Belgium 

RDC – Leicester, United Kingdom 

RDC – Zaragoza, Spain 

RDC – Bratislava, Slovakia 

 

 

 

 

 

Figure 4: Scenario 1 
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             Scenario 2 

In Scenario 2, a European Distribution Centre, EDC, is introduced. In this scenario the EDC is placed in 

the north western part of Europe. Further are there five regional distribution centres used. 

 

 

 

EDC – Antwerp, Belgium 

RDC – Mjölby, Sweden 

RDC – Leicester, United Kingdom 

RDC – Zaragoza, Spain 

RDC – Bologna, Italy 

RDC – Prague, Czech Republic  

 

 

 

Scenario 3 

Scenario 3 includes an EDC in the central Europe. Further are six regional distribution centres located 

throughout Europe.   

 

 

EDC – Frankfurt, Germany 

RDC – Mjölby, Sweden 

RDC – Leicester, United Kingdom 

RDC – Zaragoza, Spain 

RDC – Ancenis, France 

RDC – Bologna, Italy 

RDC – Bratislava, Slovakia 

 

 

 

 

 

 

Figure 5: Scenario 2 

Figure 6: Scenario 3 
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Through the realisation of the thesis some modifications to the existing scenarios was requested by 

the clients. These modified scenarios were based on Scenario 3, and we included Scenario 3a and 3b 

as following: 

Scenario 3a 

Scenario 3a is based on Scenario 3 with the only difference being the Eastern European regional 

warehouse located in Krakow, Poland instead of in Bratislava.  

 

 

EDC – Frankfurt, Germany 

RDC – Mjölby, Sweden 

RDC – Leicester, United Kingdom 

RDC – Zaragoza, Spain 

RDC – Ancenis, France 

RDC – Bologna, Italy 

RDC – Krakow, Poland 

 

 

 

 

Scenario 3b 

In Scenario 3b we introduce a regional warehouse in Paris, instead of (as in Scenario 3) a regional 

warehouse in Ancenis. We further move the central EDC from Frankfurt to the eastern Leipzig.  

 

 

EDC – Leipzig, Germany 

RDC – Mjölby, Sweden 

RDC – Leicester, United Kingdom 

RDC – Zaragoza, Spain  

RDC – Paris, France 

RDC – Bologna, Italy 

RDC – Bratislava, Slovakia 

 

 

 

 

Figure 7: Scenario 3a 

Figure 8: Scenario 3b 
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Scenario 4 

Scenario 4 includes an EDC in Eastern Europe, and five distribution centres located in the other parts 

of Europe.  

 

 

EDC – Prague, Czech Republic 

RDC – Mjölby, Sweden 

RDC – Leicester, United Kingdom 

RDC – Zaragoza, Spain 

RDC – Antwerp, Belgium 

RDC – Bologna, Italy 

 

 

 

 

 

3.4 Question formulations 

To specify the problems the analysis is broken down to the following questions that will be asked on 

each scenario: 

 How will the supply flows be affected in each scenario? 

o Which suppliers can be affected? 

o How will they be affected? 

o What happens to supplier transport flows in each scenario? 

 What happens to the replenishment flows in each scenario? 

o What effects can we be expecting in terms of transported distance, volumes and 

monetary value? 

 What happens to express transport flows in each scenario? 

o What effects can we be expecting in terms of transported distance, volumes and 

monetary value? 

o How does the use of express transports relate to inventory control? 

 What happens to customer transport flows in each scenario?  

o What effects can we be expecting in terms of transported distance and volumes? 

 

 

Figure 9: Scenario 4 
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3.5 Problem Discussion 

The studied problem concerns the transportation flows from supplier to warehouse as well as 

transportation flows between central warehouse and regional warehouses. 

It has to be noted that the end customer demand is affecting the supply chain inventory keeping and 

the supply chain transportation flows. The problem therefore has to include the actual end customer 

demand.   

As a problem of this magnitude is on a high strategic level, it is likely that the problem becomes hard 

to define. We although find that the specific possible future scenarios narrow the problem field 

effectively.   
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4 Method 

This section covers the method used during this project work. To provide the reader with good 

insight and background to scientific research we start the section by briefly discussing scientific 

research methods. We continue by discussing project standardisation methods and sum up by 

presenting the project structure we are using.  

The section is completed with a discussion on the methods used during every activity throughout the 

project.  

4.1 Scientific research methods  

A scientific study is supposed to include some analyses. Even if the main problem could be similar in 

many analyses, you could use different research methods to tackle the problem. Some problems 

leave it up to the analyser to choose method, but some specific problems demands a certain method. 

The choice of method is often dependent on available and valid data, prior work done and problem 

characteristics.  

Ejvegård (2009) presents nine different methods in scientific research. They are here briefly 

presented.  

Description  

The simplest method of scientific research is the description method. This method could be simple, 

when it includes only a review of a system, organisation, country or anything else that is investigated. 

But the method could become rather challenging, due to the need of systematisation within the 

method. All information that is collected has to be categorised and sorted. This method implies that 

a lot of work is put down in selecting data.  The presentation has to be in focus, and only the facts of 

interest should be highlighted.  

Description method is often used to answer general questions, such as “is the organisation well 

structured?” etc. Description method is most often used to collect basic data for further 

investigation.  Without a thorough description of the present situation, a valid analysis is often 

impossible to realize (Ejvegård, 2009). 

Case study  

A case study is, according to Ejvegård (2009), well suited for most scientific research. Case studies are 

often complementary to other methods and are used to exemplify the reality by letting the specific 

case describe the reality. The advantages of this method are that you do not have to include the 

whole problem, and you could focus on a specific part. The main drawback is that a subpart of the 

problem never can explain or represent the whole picture. This implies that the investigator have to 

be careful with what assumptions that he uses. Even if the result from a case study can be assumed 

to be valid, is it in the end only an indication to what the true solution would be.  

Classification  

Classification is a research method following the process of data collection. The classification process 

is often a method used together with another method, and is used to structure the data collected to 

make them suitable for analysis.  It could be difficult to know in advance how to structure and 

classify the data, and the researcher has to be prepared to reclassify during the analyses. Ejvegård 

(2009) states that the classes chosen should be:  
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 Reliable  

 Valid  

 Exhaustive, the classes should cover all data  

 Clear, if the classes are vague and it is unsure where to put certain data, the classification is 
insufficient 

 Used, it is unnecessary to format classes which are not being used 

Quantification  

The process of quantification makes the problem calculative, and is in most problems necessary and 

effective.  Even though the quantification does not have to be numerical in all cases it most usually is. 

If it is not necessary, or impossible, with a numerical quantification, relationships between different 

facts are of interest.  

A quantitative analysis often provides more direct information of the results and is often well suited 

to use in a presentation. A diagram could take one minute to present, while the same information in 

spoken words claims several more.  

Hypothesis testing  

The hypothesis testing is a commonly used scientific method and is of course depending on the 

actual hypothesis. The hypothesis is in simple words a qualified guessing, were the researcher makes 

an assumption based on well known facts.  

Classical science research often uses this method, where scientists have observed a phenomenon 

and makes qualified guesses trying to explain what is causing the phenomenon.  The research then 

tries to disprove the hypothesis. If the guess is proved wrong, another guess is made.  

In the process of hypothesis testing is it very important to be careful with the technique used to 

collect data and how the data are interpreted. By psychological reasons is it common that a 

hypothesis is confirmed if the hypothesis is made by the researcher himself (Ejvegård, 2009). 

Theory formation  

The formation of a theory is not a description of reality, rather a simplified picture of how certain 

parts could function and relate to each other. The formation of a theory originates from basic facts. 

From these facts a hypothesis is derived and later discarded. From the prevailing hypothesis and new 

found facts a new hypotheses is derived. In this way, we get a network of facts and hypotheses, and 

this network builds the so called theory formation (Ejvegård, 2009). 

Model building  

Ejvegård (2009) says that a model is built using existing theory.  The main reason for a model is to 

provide a picture of reality during conditions chosen by the user. The better description of reality the 

user requests, the more complex the model needs to be.  In research it is most often not necessary 

to provide a perfect picture of reality, the relationship between model accuracy and model 

complexity could be seen as a trade-off.  

Comparison  

One of the more easy to grasp scientific methods is a simple comparison between options or 

situations.  At first the method could seem simple, but certain scenarios could make this method 

complex as well. Ejvegård (2009) states a couple of terms that has to be considered in a comparison:  
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 One have to proceed from units that are considered as comparable  

 Before the comparison, some sorts of generalisation of the phenomena that are going to be 
compared have to be realised.  

Prediction  

The final scientific method is prediction. This could include a prediction of future behaviour of a 

system if a modification is carried out, or for example the weather forecast from a weatherman. All 

types of forecasts are considered as predictions.  

A prediction is a guessing of the future and is often based on historical data. The prediction could be 

very complex due to the many factors affecting the outcome. Many of these factors are not 

correlated to the historical data such as market breakdowns, accidents etc.  

4.2 Project structure and flowchart 

As the trend within companies’ today moves towards managing operations in projects rather than in 

a functional structure, there is a need for standardised project structures. There are several existing 

standardised project models but all of them are more or less based on the same principles. We will 

start with giving an example of the project standardisation model used at TMHE, and then present 

our own model used during this master thesis project.  

Tonnquist (2007) defines a project model by declaring its content. He states that a project model 

consist of three main parts: 

 Processes 

 Roles 

 Templates and documents 

Tonnquist (2007) says that it is important to find a management method which provides sufficient 

control, but is not perceived as narrowing during the projects progression. He also says that all 

projects are not suitable for using a project model and that it is even inappropriate to force minor 

tasks into a project model.  

4.2.1 PROPS 
PROPS is a framework for enterprise project management, and is intended to support people 

working with projects, programs and project portfolio management within companies and 

organisations in different kind of business areas (TMHE, 2010). PROPS is a registered trademark and 

the copyright are currently owned by Ericsson AB, although SEMCON owns the right to adept, market 

and sell documentation, training and support. PROPS is currently the project management structure 

used at TMHE.  

PROPS as a trademark, provides beside a framework for project management guidelines on 

leadership, organisation theory etc. We here only discuss project management philosophy.  

The so called project life cycle is in PROPS divided into three parallel areas or functions: 

 The project steering function which comprises the project steering process and its tollgates. 

 The project management function which comprises the project management.  

 The project execution function which are the activities leading up to successful 
implementation and delivery of the project outcome.  
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Further, the project is divided into sex separated phases, distinguished by tollgates and milestones. 

The phases are: 

 The Analysis phase where the aim is to gather and assess relevant data and specify 
requirements.  

 The Planning phase where the purpose is to outline project, create budget and specify 
detailed requirements.  

 Execution – Establishment phase where the organisation is set up and plans are verified.  

 Execution – Realisation phase. The completion of the outcome/results. 

 Execution – Handover phase. The delivery and handover of results to and acceptance by 
customer.  

 Conclusion phase. The final phase where lessons learned are gathered, the final 
documentation are compiled and finally the project closure.  

The functions and phases in PROPS are presented in Figure 10, where the functions are showed 

horizontally with different colour codes (Red-Steering, Blue-Management, Yellow-Execution) and the 

phases divided across.  

 

Figure 10: PROPS project management structure (TMHE Intranet, 2010) 

4.3 Project approach 

Considering the project structure and possible research methods possible to the problem a general 

project structure was developed. The general project structure was then divided into a more specific 

project flow network and specific activities were identified.   

4.3.1 General project structure 
As a general structure of the project we have used a line based structure, quite similar to the PROPS 

model. We have divided the project into three separated phases according to Rudberg et al. (2010): 

Phase 1: Planning 

In our initial phase, the problem was identified and structured. Limitations of scope were chosen, 

and planning of future work was done. 

Phase 2: Mapping of present scenario. 

During the second phase the execution of our planning started. This included mapping the present 

scenario, data collection, verification, and analyses.  

Phase 3: Analyses, proposals, results, discussion 

Establishment Realisation Hand Over 
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The final phase is where future scenarios are analysed and results are discussed.   

Each phase is separated by a tollgate. Briefing to supervisors and writing was planned to be 

performed throughout the project.  The general project structure, with tollgates, is presented in 

Figure 11. 

 

Figure 11: General project structure 

4.3.2 Detailed project activities flow 
To provide a more specific structure of the project, we present a detailed flowchart on the project. 

The reference survey is placed outside of the main flow and writing the thesis is ongoing throughout 

the project and is therefore not mentioned in the flowchart. Through the different authentications 

and validations we continuously get feedback during the project.  The detailed project flow can be 

seen in  Figure 12 below.  

Phase 1 

This phase covers the planning of the project. From the decided purpose and company requests, 

method and limitations were decided.  

Phase 2 

This phase covers the mapping of the present scenario and is initialised by the decision on which data 

that is needed. The data collection and the mapping of the present scenario are followed by an 

authentication to ensure valid numbers and assumptions.  

Phase 3 

The final and third phase includes the model development and the analyses of future scenarios. 

These activities are accompanied by a validation to ensure valid results. The phase is completed by 

discussion, suggestions and finally the delivery and presentation. 

Parallel with the main project flow the reference survey is written which main objective is to provide 

theory behind the methods and concepts used. The flow ends with deciding if the survey is fulfilling 

or not.   

Phase 1: 

Planning 

Phase 2: 

Mapping of present 

scenario 

Phase 3: Analysis, 

proposals, results, 

discussion   

Briefing and writing on thesis  
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 Figure 12: Detailed project flow 

4.3.3 Planning phase 
Problem field and purpose 

During the planning phase the problem field was identified. After initial meetings with the 

supervisors and clients at TMHE the problem was identified, and the problem field was narrowed to 

a project purpose.  

After the introducing stage, basic data about the company and the problem were collected and the 

main questions were developed. During the project the main question formulations have been 

reformulated, as new ideas and experiences have evolved.  

Scientific method 

If we proceed from Ejvegård’s (2009) thoughts on scientific methods, we could identify which specific 

methods we have chosen to work with.  

The analyses of the problem started in phase 2, with the mapping of the present scenario. The main 

idea with mapping the present scenario is to get an initial groundwork on the problem done, and to 

get a scenario comparable to future modifications. The mapping could be described as a Description 

method, according to Ejvegård (2009).  

Our project as whole could be described as a Case study. In theory the main ideas and discussions 

could be applicable on other companies, but the model developed and the results found are 

considered as case specific.  
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The analyses phase is mainly seen as a Comparison, when we compare different possible scenarios 

with each other and with the present situation.  More specifically, the analyses phase could be seen 

as a Model building, because a model is developed based on collected data and project scope.  

Reference survey 

A scientific research is often based on work already performed. As a method to give us a certain 

problem understanding a thorough literature survey were performed. This literature survey is also 

included in this thesis to provide a theoretical framework for the reader to lean on. The survey were 

planned to be written during the planning phase, but supplements were written throughout the 

whole project. 

Planning-report 

The planning phase was completed with the delivery of a planning report. This report contains a 

description of the planning done, but also a description on the next steps in the project; how data 

should be collected, how the analyses should be realised etc.   

 

4.3.4 Present scenario phase 
The present scenario phase was initiated by mapping the existing supply chain and activities were 

identified and located. This general description was realised mainly by oral discussion and 

questioning of the employees at TMHE. As mentioned earlier this part could be seen as a description 

method, according to Ejvegård (2009). This general description was used to get an initial view on the 

problem and as a ground work to the following data collection.  

Data collection 

The general description of the present situation was followed by a data collection. The data 

collection was initiated by a decision on what data that was needed. It was although clear that we 

could not consider this decision as final, as we continuously needed to reconsider the data needed. 

The actual data collection was performed with support from our supervisors, and could be collected 

from the different inventory and transportation management systems used at TMHE.  

As most of the spare parts distributed from Mjölby are distributed together with end products, most 

data available was on the total transport. To be able to separate spare part flow from the product 

flow, an estimation of the spare part distribution was calculated, based on total outgoing order lines 

and total parts weight in 2009. We further assume that the relation between product and part 

weight is equal on all suppliers concerned. The data finally presented in the present situation 

analyses, is from the year 2008, as 2009 was considered as unrepresentative due to the unexpected 

and extraordinary market disturbance.  

Authentication 

The data collected and the present situation mapping was continuously authenticated during the 

phase progress. The management systems used at TMHE were considered as reliable sources, and 

the solutions and assumptions of the analyses were orally authenticated with the company.  

Half-time report 

The present scenario phase was completed by the delivery of a half-time report, which contains in 

general the frame of references and the mapping of the present scenario.  



 
4-21 

4.3.5 Analyses phase 
The analyses phase followed the present scenario phase. The analyses were divided into two 

significant activities.  

An analysis on how the existing suppliers would be affected by a modified supply chain was 

conducted. We further analysed how the supplier’s location and historical delivered goods could 

affect the supply chain modification decision. These analyses were mainly built upon a localisation 

analysis through the determination of supplier centre of density, and a p-median localisation model.   

The remaining analyses were focusing upon the replenishment flows in the different scenarios. This 

was done through the development of a model which related inventory holding to the use of Express 

Transportation. The model will later be explained in more detail in a separate section.  

The analyses phase was ended by the finishing of this thesis, followed by an oral presentation to the 

clients as well as at the University.  
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5 Frame of Reference 

This chapter is provided to give the reader a more detailed background to the concepts used 

throughout this thesis. The chapter is divided into several sub sections, each highlighting appropriate 

theory for this thesis.  

5.1 The logistic concept 

The concepts of logistics have been described in many ways and by many different persons. The basic 

idea of logistics have although always concerned the management of efficient goods flows.  

Webster’s dictionary (Webster's Online Dictionary, 2010) defines the word in three different 

domains: 

 Military, where the definition includes “the science of planning and carrying out the 

movement and maintenance of forces…” 

 Public administration, where the definition includes “the activity concerned with supply, 

storage… in emergency operations...” and “The movement of goods in an organisation, 

including purchase, sales, maintenance, etc.” 

 Transportation, where the definition includes “The process of designing and managing the 

supply chain in the wider sense”.  

It is thereby possible to say that the word has several meanings but generally concerns activities 

regarding the supply chain.  

Lumsden (2006) says that logistics could be defined as the science of efficient material flows and 

includes both strategic and operational activities. The strategic activities concerns activities to gain in 

supply chain efficiency: to do things right. The operational activities concerns activities to gain in-

house efficiency by doing the right things. 

Logistics could also be defined from a benefit point of view:  

Logistics covers the activities included to receive the right article or service at the right place in the 

right moment and in right quality at lowest cost possible (Lumsden, 2006) 

 The world leading logistic industry association Council of Logistics Managements defines logistics as 

(CLM, 2010): 

The process of planning, implementing, and controlling procedures for the efficient and effective 

transportation and storage of goods including services, and related information from the point of 

origin to the point of consumption for the purpose of confirming customer requirements. This 

definition includes inbound, outbound, internal, and external movements. 

Things to especially notice from the definitions of logistics are the focus on the whole supply chain, 

from origin to consumption, and that logistics include all flows, internal as well as external.  

Aronsson (2004) states that the view on logistics differs from the more traditional view on the supply 

chain, where each activity tries to minimize each participant’s costs, and instead are more focused to 

lower the total cost of the entire supply chain. 
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5.2 Centralisation 

As this thesis concerns centralisation of the BT/THME European supply chain, this section will cover 

the centralisation concept to give the reader a general view on the subject.   

It is been noticed for several years that an increasing number of companies are moving from a 

decentralized supply chain structure, towards a more centralized approach. By reducing the number 

of operational nodes in the supply chain, the overall goal is to decrease inventory holding costs and 

personnel while at the same time increase customer service levels, e.g. delivery service rate, delivery 

accuracy, shorter lead times etc. As the company wants to keep its market share and at the same 

time reduce their number of distribution points, transportation is affected. Possible effects are that 

number of transportations is reduced but the distance to customers is increased.  The main idea 

behind centralisation is illustrated in Figure 13. We can see a set of suppliers and a set of end 

customers. In the decentralised setting to the left, each supplier is able to reach each end customer 

directly. In the centralized set-up suppliers are only able to reach end customers through a central 

distribution hub. 

 

 

 

 

 

 

 

 

 

Ekenstedt (2004) states that the driving forces behind the concentration of distribution include less 

warehouse space and less associated costs, lower stock levels, the possibility of shipping components 

directly from suppliers to a single logistic centre, improved customer services and the reduction of 

tied-up working capital.  

In a decentralised supply chain, each node, e.g. factories and distributors, keeps its own inventory. In 

a centralised approach inventory is held at fewer locations, each supplying a larger number of 

customers. There have been many companies reporting good earnings from undergoing a 

centralisation process. Abrahamsson (1992) mentions several advantages divided into two 

categories: 

 Cost advantages 

o Lower costs for personnel, inventory and administration 

o Reduced warehousing cost, due to lower inventory 

o Central control and management of the physical flow 

End Customer Supplier End Customer Supplier 

Figure 13: Decentralisation and Centralisation  
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 Logistic added value 

o Shorter and more certain lead time 

o Higher delivery reliability 

o Higher ability of differentiation  

o More reliable and faster customer information 

As a result from several case studies Abrahamsson (1992) says that in most cases we can see that 

warehouse centralisation makes the distribution itself a competitive weapon. Companies will also get 

a more flexible distribution when improving management control. 

Further, Matthews (2003) discusses several, in some sense, hidden impacts of a centralised supply 

chain. He discusses the environmental impacts connected to reduced transportation as a result of a 

centralised warehousing model. Environmental impacts noted are among others: 

 Lower energy consumption  

 Lower rate of fatalities 

 Less greenhouse gases released through more efficient transportation  

Although, both Abrahamsson (1992) and Matthews (2003) warns that it is necessary for companies 

to be of a large enough scale, in terms of number of customers, turnover etc., to take full advantage 

of a centralised supply chain approach.  

5.2.1 Warehousing at many levels of the supply chain 
Even if there are proven advantages of a centralised supply chain, there is a limit to how centralised 

you could be, in regards to number of facilities or warehouses. One important motive to expand the 

supply chain to include a central warehouse together with several regional warehouses could be that 

the physical distance is large, and the customers are highly separated over a large geographical area. 

In such a case regional warehouses could be necessary to be able to offer the customers a short 

enough lead time (Aronsson et al., 2004).  

Furthermore, it could also be necessary with regional warehouses if the company supplies many 

smaller customers and is therefore in need of a consolidating point before delivering to customers. 

The ability to provide end customers with short lead times and a high service level is often 

dependent on the number of warehouses and the ability to coordinate transportation to obtain a 

high transport fill rate. The solution could look like the supply chain structure as described in Figure 

14, where we can see a central warehouse enabling coordinated transportation from factories and 

suppliers, and several regional warehouses enabling to provide high service levels to end customers. 
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Figure 14: Levelled Supply Chain 

 

 

 

 

 

 

 

 

 

 

 

 

Aronsson et al (2004) talks specifically about the case when a company provides spare parts to the 

company’s products. In these cases the importance of short lead times are crucial. It is important 

that the post market services are well functioning as future sales depends on a good reputation 

among customers. 

5.2.2 Information flow in the supply chain 
To manage a well functioning supply chain a major information flow is crucial. This is to be able to 

react properly to the end customer’s demand in every level of the supply chain. To be able to do so 

you have to have a well functioning flow of information on sales, forecasting and customer orders 

etc. through the entire supply chain.  Through the years this activity has become much more 

efficient, because of the introduction of enterprise resource planning (ERP) systems. It is believable 

that a larger number of operational sites aggravate efficient information flow. This is another good 

argument for a centralised supply chain approach. The performance of information exchange 

throughout the supply chain is also highly influencing inventory keeping abilities. With inferior 

information flows larger inventory levels are needed to provide good customer service.  

Olhager (2000) claims that a centralised supply chain, with less operational nodes and a centrally 

controlled inventory management, is more resistant to the bullwhip-effect.  The bullwhip-effect 

occurs in a supply chain when each node (e.g. supplier, factory, hubs etc.) is treated as an island, 

unaware of each other’s decisions. The main principle behind the bullwhip-effect is that when a 

customer makes an unusually large order and the supplier reacts by ordering even larger quantities 

(to be able to handle the sudden increased demand), this escalades throughout the higher levels of 

the supply chain. By having less operational nodes and a centralised control this effect could be 

lowered.  
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5.3 Transportation 

As this thesis considers the transportation of goods within a supply chain, this section will focus on 

transportation issues. 

Aronsson et al. (2004) gives a review over how the transport business has evolved over time. If we 

look at transportation from a historical perspective, we can easily see that transportation of goods 

has changed a lot over time. We have moved towards a situation where transport distance is less of 

an issue than it used to be. For suitable products it is no longer a problem transporting it around the 

globe if you would like to. In supply management terms this implies that the distance between 

provider and consumer have continuously increased. It is also true that the total transportation 

mileage has heavily increased over time and predictions tend to imply that this increase will continue 

(SIKA, 2000). 

One reason behind a total increase of transportation could be that many companies are identifying 

possible gains of centralisation of the production and distribution, and are therefore prepared to 

accept an increase in the amount of transportation. Further reasons are thought to be simplified 

cross-border trade, fewer customs, faster and more reliable vehicles and a quality rise on 

infrastructure (Aronsson et al., 2004). 

5.3.1 Different transportation modes 
Aronsson et al. (2004) describes advantages and disadvantages with using different transportation 

modes. The main characteristics of the different transportation modes are: 

 Transport by truck implies low fixed costs and relatively high running charge, causing a cost 
increase on distant transportations.  

 Railroad transportation on the other hand implies a high terminal cost but a low running 
charge, making large distance transportations more economically supportable. 

 The main difference between flight and transport by sea lies in a distinct lower cost with sea 
transport (by volume and distance), but what you lose in cost with flight transport you win 
in transport time.  

The chosen transportation mode often depends on possible solutions due to infrastructure, the 

transported goods characteristics and the trade off between lead time and acceptable cost.  

Lumsden (2006) explains the relationship between chosen transportation mode and product value. It 

is possible to view the actual transport as a point of inventory which therefore causes a 

transportation tied up capital. The relationship between transport cost and tied up capital could 

therefore be affecting the chosen mode. If the right transport mode is chosen the two costs should 

be in some sort of balance. If not, a faster transportation mode should be chosen if the tied capital 

cost is dominant and vice versa.  As a general statement Lumsden mentions that goods with a high 

value often is chosen to be transported with the shortest possible transport time, e.g. by air etc. 

Although, other factors, e.g. urgent customers etc., often allows the tied up capital/transport cost 

relationship to be unbalanced within a certain magnitude.    

5.3.2 Transportation cost 
The transportation cost is often more dependent on the market situation rather than the actual cost 

for distributing an article from one place to another. The actual cost of transportation affects the 
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pricing in longer term. Lumsden (2006) divides transportation costs into two sub groups: Regular- 

and other transport costs.  

Regular transportation costs 

The regular transportation costs consists of the costs associated with the actual movement of goods 

and the activities associated with the movement.  

 Movement 

 Loading 

 Transhipment 

 Unloading 
 
Other transportation costs 

These factors consist of other secondary costs. These costs can not directly be derived to the actual 

movement of goods. 

 Packaging needed because of the transportation 

 Inventory holding cost during the transportation 

 Damaged goods 

 Insurances 

 Tied up working capital during transportation 

 Expenditures towards a 3PL for waiting time during loading and unloading 

 Customs and other pubic costs 

 Expenditures associated with hiring a 3PL firm  

 Administration 

According to Lumsden (2006) the costs connected to a certain transport could further be divided into 

four categories: 

Time- and distance dependent costs 

The most obvious factors that affects the transportation cost is the distance travelled 

and/or the time spent on transportation. These are, for all transport modes, the most 

common factors used for determining the price of a transport. 

 

Initial-, threshold- and marginal costs 

When initiating a transport system within a supply chain, the company has to build a 

network of transports. Terminals have to be built, vehicles have to be bought or 3PL 

firms needs to be evaluated and hired etc. This often ends up in large investments, 

and causes several future fixed costs such as depreciation and interest paid on 

invested means, so called initial costs. If a certain transportation route has a fixed 

capacity, for example one full lorry and your need of extra capacity increases, you may 

need to hire another lorry. This way the cost is not continuous but rather you face a 

threshold cost. This is closely related to the marginal cost which is a way of expressing 

the cost for transporting an extra unit of goods.  
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Construction- and vehicle costs 

Transportation costs could be divided into construction- and vehicle cost. The 

construction costs include all types of infrastructural costs such as roads, railways, 

terminals etc. These costs are in some cases included in some sort of taxes, but in 

some cases as a direct charge when using them, e.g. highway fees. Vehicle cost 

includes all costs that can be related to the specific vehicle type: ships, wagons etc. For 

instance transportation by rail has large costs for the usage of the transport route, 

while a sea shipment has nearly none.  

Terminal- and during-travel costs 

Transportation costs can further be divided into costs that originates from the node 

(i.e. terminal cost) and the cost that originates from the link (i.e. during-travel costs). 

The relationship between these two costs is of importance for the competiveness of 

each transport mode on different distances. 

5.3.3 Consolidation of transports 
An alternative to the more traditional direct distribution, e.g. where one truck goes from one point to 

another, is to consolidate the transports into larger volumes. This is an effective way to maximize the 

transport utilization. The use of direct distribution is only effective if the company distributes larger 

volumes. The alternative is to consolidate the transports. Jonsson et al. (2005) mentions five 

methods to consolidate transportation and thereby making it more effective, less expensive and 

environmental sustainable.  

Delivery to inventory 

When a delivery is made to a warehouse is it possible to maximize the batch sizes 

resulting in fewer deliveries and an increased inventory. With larger batch sizes you 

will get larger transportation volumes and a more cost efficient transportation is 

possible. However this is a trade off between delivery frequency, transportation cost 

and inventory holding cost.  

Fixed delivery days 

By removing smaller deliveries to the same destination, and consolidating them to the 

same delivery date, you can get larger transport volumes and a less expensive 

transport in exchange of reduced delivery frequency. 

Breakpoint distribution  

 In this case the transports are consolidated in certain nodes or hubs. This way it is 

possible to consolidate volumes going from similar origins to similar destinations. This 

creates larger transport corridors. The drawback is the handling costs created on the 

breakpoints terminals, while you could gain in delivery frequencies and volumes.  

Milk runs 

This alternative is common when using 3PL, and makes it possible to include different 

suppliers and customers on the same route. The basic principle for a milk run is that 

one vehicle is driving a certain route with several pick-up locations and/or delivery 

points. This method makes it possible to consolidate the transport volumes and allow a 

higher delivery/pick-up frequency.  
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Joint distribution 

A simpler method of consolidation is joint distribution where companies can 

cooperate, and with separately small volumes consolidate them into larger ones. The 

biggest challenge here is the cooperation between companies, sharing of information 

and the decision on cost allocation. 

 

Lumsden (2006) makes a similar classification of consolidation methods, with the subgroups direct 

distribution, hub distribution, breakpoint distribution, milk rounds. His descriptions of the different 

classification are considered as equivalent to Jonsson et al (2005).  Lumsden (2006) summarises the 

advantages and disadvantages with the different distribution techniques and this can be seen in 

Table 1. 

Table 1: Distribution types dis-/advantages (Lumsden, 2006) 

Distribution Type Advantages Disadvantages 

Direct distribution - Apparent flows 
- Short lead time 

(distributors) 

- Many transports 
- Poor transport 

economy 
- Low usage rate of 

vehicle 
 

Hub distribution - Consolidation early in 
the supply chain 

- High usage of recourses 
- Frequent transports 
- High flexibility 
- High usage of capacity 

- Increased number of 
managements 

- Large transport work 
- Demand on effective 

follow-up on goods 
-  

Milk runs - No transhipments 
- Same rout every time 
- Lower risk of accidents 

(no transhipments) 

- Demands route 
planning 

- Low utilization rate 

Breakpoint distribution - Consolidation 
advantages 

- High utilization of 
recourses and capacity 

- Increased delivery 
frequency 

- Fast material flow 

- Demand on effective 
follow-up on goods 

- Higher demand on 
central terminals 

- Only profitable when 
large flows. 

 

5.4 Spare Parts 

Many producing companies offers service to the customers after the actual purchase is made. This 

service could involve repairs, support and of course distribution of service- and spare parts. In some 

businesses the post market service has even became more profitable than the main product sales. 

The distribution and managing of spare parts differs from the supply chain activities of products, 

mostly due to varying demand and long product life cycle.  

This section will describe the theory behind distribution of spare parts. To give the reader a good 

insight in problems concerning spare parts we initially discuss the product life cycle and provide the 



 
5-30 

characteristics of spare parts. Further we discuss the managing of spare parts from a warehousing 

perspective. 

5.4.1 Product life cycle 
The product life cycle is the description of a product’s various stages in the market with respect to its 

turnover. The identification of the product’s different life stages could be affecting on how the 

product is handled efficiently.  

Anderson et al. (2003) describe the product life cycle as four stages in product evolution, as seen in 

Figure 15.  

 

Figure 15: Product Life Cycle, freely from Anderson et al. (2003) 

Initially we can observe an introduction phase where the product is new to the market and the phase 

is characterised by low sales and low customer awareness of the product.  This phase is followed by 

the growth phase, where the product is more noticed by the market and sales are rapidly growing (if 

the product is accepted by the market).  The growth phase is followed by the maturity phase where 

the product is settling on the market, with constant high sales.  The sales on every product will 

eventually drop, moving to the decline phase. In this phase the sales are fading due to lower market 

demands and new products being introduced.   

Olhager (2000) goes more into detail on the theory behind product life cycles. In the introduction 

phase the sales are low, unsecure and variable. If the product offers something new to the market 

the competitors are few. But the customers are also few and the product often undergoes 

engineering changes and customisation during this early phase. The business focus should be on the 

products qualities and news value during this time.  

While passing the introduction phase and entering the growth phase, the demands are increasing. In 

this phase it is common that the demand exceeds the supply possibilities, which leads to competitors 

entering the market. It is also possible that we can observe some kind of standardisation during this 

phase. The focus during this phase should be on short and secure lead times to ensure the market 

will accept and prefer you as a supplier. 
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In the maturity phase the sales are high and the competition is high. The market demand stabilises 

and sales growth declines. Due to several competitors that provide equivalent products, the products 

during this phase becomes more and more standardised. The competitive weapon is here the actual 

pricing of the product.  

During the declining phase the market demand is dropping. This makes some competitor leaving the 

market and new substituting products are being introduced. However, the products are still 

standardised during this face so the focus should be on pricing of the product. Ohlager (2000) 

finishes his reasoning with the statement that concerning spare parts for expiring products the focus 

should be on fast and secure deliveries.  

As in most cases is it easy to apply the concept of the product life cycle on end products, as in TMHEs 

case the actual forklifts. It is more difficult to apply the concept to spare parts. Although in the initial 

phases the spare parts follows the end product’s evolution, and they are treated as a part of the end 

product. Nikolausson Erbs (2010) states that the interesting problem arises in the decline phase 

when the end product eventually is fully off the market. During this phase the spare parts still have to 

exist because of service agreements. As time passes the demand for spare parts also reduces, but 

with a lower declination than for the end product. We get a situation that is illustrated in Figure 16. 

 

Figure 16: Product Life Cycle with Spare part declination 

For companies it is relatively easy to find suppliers providing parts during the life cycle of the end 

product. However, for companies which has important aftermarket sales it could be more difficult to 

choose suppliers, as longer agreements has to be established. This puts the company in a position 

where good supplier relations are important and the ability to write agreements over longer times 

are necessary.  
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5.4.2 Spare parts characteristics  
Fortuin et al. (1999) divides spare parts into three different sub categories: 

 Spare part to maintain the company’s own facilities and systems. 

 Spare parts to maintain systems at customer’s sites.  

 Service parts to repair consumer products.  

Botter et al. (2000) chooses two different sub categories to separate spare parts: 

 Repairables, which includes spare parts that are technically and economically repairable. 
These spare parts are swapped and replaced with new ones and sent to being repaired. 

 Consumables, which includes spare parts that are not technically and/or economical 
repairable. These spare parts are swapped with new ones and disposed. 

Another important feature of spare parts that needs to be considered is how vital a specific part 

could be to a customer. For example a production line could go down entirely because of a broken 

machine. This makes the real value of the spare part, in the specific case, much higher than the 

actual market sales value.  This implies that the service levels for spare parts are often higher than 

for parts to production (Storhagen, 2003). 

The main characteristics with spare parts are the lumpy demand behaviour, which is often hard to 

predict. This affects the way spare parts should be treated within the supply chain (Fortuin et al., 

1999). 

5.4.3 Managing spare parts 
The process of managing spare parts in the supply chain, e.g. supplying spare parts to customers and 

to internal nodes within the supply chain, are usually managed in terms of classical inventory control 

theory. The main difference between spare parts and finished products is that spare parts have 

higher demand variability. Not only is there a high overall variability for individual parts but there is 

also a large span between slow-moving and fast-moving parts. It has been noticed that the largest 

problem in management spare parts concerns slow moving parts with a low and irregular demand 

(Fortuin et al., 1999). These parts are often expensive, which sets limitations to the possibility of 

assuring high service levels by high inventory levels.  

The most common approach to gain a good management over spare parts is to standardise the spare 

parts and thereby minimize the total number of different spare parts used. Sometimes cooperative 

inventory holding between companies are being used to ensure a higher total customer service level. 

With these facts is it possible to state that control and management of spare parts are a lot more 

difficult than for regular products (Fortuin et al., 1999). 

It is fully possible to handle spare parts as innovative products with short product life cycle and 

therefore high demand uncertainty. Even though spare parts have a long life cycle it is the demand 

uncertainty we are concerned about. Lee (2002) states that companies dealing with innovative 

products should pursue strategies aiming towards a responsive supply chain rather than to focus on 

accurate forecasting and inventory planning. Even if you can manage to get accurate forecasts (which 

is unlikely) on the end user demand, the uncertainty is rapidly growing backwards in the chain, if 

there is no focus on responsiveness. This phenomenon is the bullwhip effect and it is prevented by 

efficient information handling and tight coordination.  
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One efficient way of reducing risks in demand uncertainty is the use of supplier hubs. Obviously this 

is only suitable for larger volumes and fast-moving products and there is a risk with introducing 

another point of inventory in the supply chain. But this type of solution has proven profitable for 

many businesses, popular among companies within the computer industry. The big advantage is the 

competiveness that comes from supplying with a much shorter lead time (Lee, 2002). 

One of the most critical factors in supply chain management is how to address variability. Variability 

in demands puts service levels and warehousing on test and could be costly if it is handled poorly. 

The concept of risk pooling is that aggregating demand across locations reduces the total amount of 

variability. This allows you to keep a lower overall safety stock. Often used measurements are 

standard deviation and coefficient of variation where standard deviation is the absolute value of 

variation and coefficient of variation measures variability relative to average demand. Risk pooling 

shows its greatest benefits for slow-moving articles as they may reduce safety stock the most. The 

benefits possible from risk pooling also depends on the correlation between markets. If there are no 

correlation between demands it is more likely that deviations from average demand across markets 

is offset by each other. If markets are more positively correlated the benefits from risk pooling 

decreases (Simchi-Levi, 2009). 

5.5 Modelling the Supply Chain 

A model over a company’s supply chain could be constructed in a million ways. What you have to ask 

yourself is what you aim to achieve with the model, what results you wish to have and also what 

results you could get due to limitations of in-data. One of the toughest challenges is to get efficient 

in-data. In a large cooperation, data could be measured and collected in many different ways at 

different places within the organization. The problem you may encounter is that you come to a point 

where you realize the data does not exist or the data may be faulty. In recent years this problem has 

become less severe for many companies as Enterprise Resource Planning (ERP) systems have become 

more common to use. With an ERP system you could achieve very efficient data-storing in terms of 

the data being global, visible to everyone (with permission), easy to export, use and aggregate. Many 

of today’s ERP systems come with modules for supply chain modelling and strategic network 

planning.  

Even though we will have a slightly different approach to our modelling we still feel obliged to write 

about strategic network planning as it is the corner stone when it comes to questions about strategy 

and centralization of supply chains. 

5.5.1 Strategic network planning 
Strategic network planning deals with three main questions.  

 Where should plants and warehouses be located, how many should they be and what size? 

 Which facilities should keep stock and to what degree? 

 Which products should be produced where?  

The problematic situation that arises in many companies is that, especially for production and 

distribution, the supply chain is being sub-optimized within a specific part of the company, such as 

for a sales company. This may lead to locally improved performance but neglects a lot of potential 

savings if you instead let all the processes within a supply chain interact.  
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All companies evolve over time. Demand patters may change, new products are introduced, costs for 

raw material, production and employment change. Mergers and acquisition may radically change the 

company’s situation. All these factors affect the optimal network solution. Of course you could not 

redesign your network every day as it brings an investment cost. However this investment cost 

should continuously be weighed against possible savings and its risks (Simchi-Levi, 2009).  

The objective of the strategic network planning is to minimize the overall cost for the network with 

subject to a variety of service level requirements and risks. For example a closing of a facility may 

cause the following consequences (Simchi-Levi, 2009): 

 There is a cost for closing the facility, firing employees, moving inventory and machines etc. 

 Lower overall cost for space, machines and employees. 

 Lower overall inventory cost due to lower safety stock and higher turnover rate in another 

warehouse. 

 Possibly lower service levels as distance to customers increase. 

 Increasing outbound transportation cost as distance to customers increase. 

 Decreasing inbound transportation cost as you need to replenish one less warehouse. 

As mentioned before, data collection is critical to building a good supply chain model. Simchi-Levi 

(2009) suggests the following information to be collected: 

 Locations of customers, retailers, existing warehouses and distribution centres, 

manufacturing facilities and suppliers. 

 All products, including volumes and special transport modes (e.g. refrigerated). 

 Annual demand for each product by customer location. 

 Transportation rates by mode. 

 Warehousing costs, including labour, inventory carrying charges, and fixed operating costs 

 Shipment sizes and frequencies for customer delivery. 

 Order processing costs. 

 Customer service requirements and goals. 

 Production and sourcing costs and capacities. 

As seen above, the amount of data could easily become very large. A company may have tens of 

thousands of end customers and a product family of over hundred of thousand stock keeping units 

(SKU). This makes data aggregation an important concept. First of all, this amount of data could be in 

need of too much computational power. Secondly, even if we have enough computational power and 

an efficient enough model, visibility of the supply chain could be a lot clearer with aggregated data.  

Customers are at best aggregated when in a close proximity to each other. Commonly zip-codes are 

used to aggregate several customers into one. You could also think of situations where you want to 

take service levels or delivery frequencies into consideration. Then divide customers into classes and 

aggregate classes independently.  

SKUs are aggregated by distribution pattern and product type. First criteria are obviously that they 

are manufactured or held at the same place and distributed to the same customers. You may also 

want to aggregate products that behave similar when it comes to turnover rate and stock value.  
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A relevant question here is of course how we can assure that the data is still valid and effective when 

being aggregated. Simchi-Levi (2009) suggest in their example (which is fictional, but loosely based 

on previous real life projects), that aggregating 18 000 customers to 800 makes a total <0.05% cost 

difference and aggregating a total of 46 products to 4 makes a total 0.03% cost difference.  

5.5.2 The importance of the concept global optimization 
The supply chain within a company is often complex because of its wide geographical distribution. 

Different actors within the supply chain often have conflicting objectives. While suppliers typically 

wants to sell larger volumes with flexible delivery dates, the manufactures needs to be flexible 

towards their customers’ demands and wants to keep as low inventories as possible. The supply 

chain is also highly dynamic and evolves over time. Some customers grow stronger which puts 

pressure on certain activities. Demand also fluctuates over time because of trends, promotions, 

pricing etc. This makes it very difficult to determine an optimized supply chain as it is hard to 

minimize overall cost and at the same time keeping agreed service levels with customers. Therefore 

it is not only important to optimize performance across facilities in a supply chain but also optimize 

the processes that synchronise the supply chain (Simchi-Levi, 2009).  

5.5.3 Managing uncertainty and risk 
The most obvious uncertainty is matching supply and demand. There are several problems that could 

occur, which affects supply and demand in a negative way. These could be: 

 Raw material shortages or productivity inefficiencies at suppliers.  

 Higher inventory levels than anticipated at customer which results in a sudden shortfall in 

sales. 

 Sudden drops in demand for a certain product due to a new one being introduced results in 

to high inventories. 

 “There are so many different ways inventory can enter our system it is a constant challenge 

to keep it under control” *Johnnie Dobbs, Wal-Mart Supply Chain and Logistics Executive] 

Forecasts are always wrong is a common saying and not far from being true. It is impossible to make 

forecasted demand correct for specific items. Demand is not the only uncertainty in the forecast 

outcome; delivery lead times, manufacturing yields, transportation times, and component availability 

could also have severe impact on the supply chain. Recent trends towards lean manufacturing, 

outsourcing and off shoring put high pressure on the supply chain performance and involve high risk. 

Unforeseen events could quickly put production lines out of business and hurt the supply chain 

severely. Risk is as argued an important factor in the supply chain and should therefore be included 

when building a model (Simchi-Levi, 2009).     

5.5.4 Information flow 
The new era of information technology gives great opportunities to improve the supply chain in ways 

not possible without aggregated information regarding inventory levels, orders, production and 

delivery status. It is sometimes said that in modern supply chains, information replaces inventory. 

You could probably say that this is true to a certain extent. Simchi-Levi (2009) argues that the 

following benefits could be drawn from abundant information: 

 Helps reduce variability in the supply chain 

 Helps suppliers make better forecasts, accounting for promotions and market changes. 
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 Enables the coordination of manufacturing and distribution systems and strategies. 

 Enables retailers to better serve their customers by offering tools for location desired items. 

 Enables retailers to react and adapt to supply problems more rapidly. 

 Enables lead time reductions.   

One of the bigger impediments is to get supply chain partners to share information. In the internal 

supply chain this is effectively handled by ERP systems.   

5.6 Key Performance Indicators, KPIs 

Analysing transportations could sometimes be difficult when you want to quantify the flows. First of 

all, transportations need to be aggregated somehow to be possible to grasp, it is impossible to 

visually describe every individual transport performed. The problem that arises when choosing which 

parameters that should describe the flows is that all transports are not dependent of the same 

factors in the same magnitude. For example, ton-kilometre is commonly used to describe 

transported goods; it is good because prices are often dependent on weight and distance. However 

this neglects information on truck utilisation, which would perhaps make loading metres appealing to 

use (Lumsden, 2006).  

Lumsden (2006) presents a number of parameters to describe the transportation load within a 

transport network. The traditionally most used parameter is dependent on the distance travelled and 

the weight transported, for instance the ton-kilometre, one ton of goods travelled one kilometre. To 

include the utilisation of the carrier parameters like volume kilometre, and loading meters times the 

distance travelled.  Summarised we could describe the physical flow as:  

   

   

   

It could further be of interest to involve the actual value of the transported goods because the value 

of tied up capital is of interest. In this case the use of transported capital value and distance would 

be: 

  

This value might not be ideal to use as an indicator to the amount of tied up capital, as the tied up 

capital is depending on time instead of distance. We can use the tied up capital time defined as: 

  

5.6.1 The elements of delivery service 
Within supply chain management high delivery service is a desired goal. Service is an unspecific 

value, and Aronsson (2004) tries to divide the concept into measureable terms.  

Lead time 

The lead time could refer to many activities, and to separate different lead times it is common to 

specify what activities it involves, e.g. delivery lead time, production lead time etc. However it is 

important to, whenever using the term lead time, specifying what is included in the measured time. 

Aronsson et.al (2004) specify the delivery lead time as the time from a placed order to actual 
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delivery. Therefore it not only includes the actual movement, but also inventory management time 

etc.  

Delivery reliability 

The delivery reliability is often concerned as equally important to the actual lead time, and measures 

the precision of deliveries. The delivery reliability could be measured in many ways, where you put 

the actual delivery time in relation to the promised delivery time. The measure could for example 

include an agreed allowed arrival time interval. The measure can also be divided on single order lines 

or on a whole order (Lumsden, 2006). The indicator is often measured as the number of orders 

delivered on time in relation to total number of orders. 

Information 

It is important that the information exchange between different participants within a supply chain is 

efficient. For the distributor, information from the customer is important in the resource allocation 

process. For the customer is it important to be aware of what delivery service the distributor can 

offer etc. The evolution of computer based information exchange systems has made this a lot more 

efficient in recent years.   

Delivery dependability 

While delivery reliability concerns delivery time precision, the delivery dependability concerns in 

what proportion the right goods are delivered. Delivery dependability is often summarised as correct 

article, in correct quantity with correct quality (Aronsson et al., 2004). The indicator is often 

measured as the number of faultless orders in relation to total number of orders (Lumsden, 2006).  

Customer adaption and flexibility 

Customers sometimes need to get the product delivered in a different way than what it usually does. 

With a good customer adaption, the company is able to fulfil many of these irregular needs. This 

could include shorter lead times with express transports, different wrapping etc. (Aronsson et al., 

2004). 

With a higher variety of customer needs the flexibility in terms of different order sizes, different 

addresses, delivery frequencies, documentation etc. will be a competitive advantage (Lumsden, 

2006). 

Fill rate 

The term fill rate could refer to two different KPIs. It could be a measurement of truck utilisation, i.e. 

actual volume used in a trailer in relation to available volume. It could also be used as a 

measurement of the inventory availability, i.e. share of customer demand that could be fulfilled 

directly from stock (Lumsden, 2006).  

5.6.2 Inventory related KPIs 
The management of a warehouse is dependent on different indicators which affect the warehouse 

inventory efficiency and can also be used as a measurement on warehouse performance. We here 

present the most in important ones in the focus of this thesis.   

Safety stock  

The safety level of an inventory is often controlled by the so called safety stock. The safety stock is 

used to maintain wanted service level in the warehouse, and is calculated differently depending on 
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demand, structure etc. Safety stock calculations are in general based on desired service level or on a 

shortage cost model (Ohlhager, 2000). The first method is the most common and we can, according 

to Olhager (2000) define two common service level concepts; 

 SERV1: The probability of being able to deliver directly from inventory during one ordering 

cycle.  

 SERV2: Share of demand that can be delivered directly from inventory.  

In the first case the safety stock can be describe as a safety factor multiplied with the standard 

deviation of the forecasted demand during the lead time (Ohlhager, 2000). 

  (1)  

, where SS is the safety stock,  is the standard deviation on the forecast error on demand per 

period, the standard deviation on the forecast error on demand during the lead time, L is the lead 

time, k is a safety factor and  is an constant.  

The constant  is, according to Olhager (2000), dependent on the correlation between the forecasted 

errors in different periods. If no correlation exists the value of  is equal to 0.5 and with growing 

correlation,  grows towards the value of one.  

The security factor k is calculated from the shortage probability distribution and is normally received 

from a table of the distribution of the forecast error, where one value of k relates to on specific 

service level and vice versa.  

An alternative way of calculating the standard deviation is to use the Mean Absolute Deviation, MAD. 

MAD is calculated as the absolute value of the mean forecast value. Olhager (2000) states that if the 

forecast error is assumed to be normally distributed the standard deviation on forecast error can be 

expressed as 

  (2)  

and the safety stock can be expressed as 

  (3)  

 

SERV1 is a simple and commonly used method of calculating the safety stock. SERV2 on the other 

hand includes the impact from the actual order quantity. Olhager (2000) explains the method to first 

calculate the expected shortage size, E[shortage], during one cycle. From this value the service level 

can be retrieved as 

  (4)  

 

Average Inventory Level and Average Inventory Value 

When calculating expected inventory solutions the average inventory level often is of interest, most 

likely to be able to calculate the average inventory value and the inventory holding cost.  

The Average Inventory Level is plainly the mean number of articles stored in the inventory during a 

specified time period. The inventory level is of course directly dependent on the demand pattern and 
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inflow quantity (Aronsson et al., 2004). If we proceed from the simplest demand pattern, evenly 

distributed demand, and fixed order quantity we can illustrate the average inventory level according 

to Figure 17. 

  

 

As seen in the figure we have a static safety stock, a fixed order quantity,  Q, and an even demand. 

With these assumptions we can retrieve the Average Inventory Level as 

  (5)  

 

 While the Average Inventory Level describes the average quantity stored the Average Inventory 

Value is used to describe the holding cost of this inventory. To know the Inventory Value we need to 

know the actual value, p, of the specific article and could then describe the average inventory value 

as, according to Arronsson et al. (2004): 

  (6)  

 The Inventory Value can thereafter be used to calculate the expected Inventory holding cost through 

the use of the expected inventory rate.   

5.7 Localisation Analyses 

5.7.1 Centre of supplier density 
As a first analysis on warehouse localisation a density analysis commonly is performed.  A density 

analysis usually proceeds from the customer demand and localisation, and is used to give a first view 

on where to locate a central warehouse or facility.   

The main concept of the analysis is to find the location where the total transport work is minimised. 

Each customer is weighted with the corresponding demand, and with geographical locations of the 

customers a centre of the demanded density can be found (Lumsden, 2006). 

Q 

Inventory Level 

Lot-Size Inventory 

Safety Stock 

Average Inventory Level 

Figure 17: The Mean Inventory Level (Aronsson, Ekdahl, & Oskarsson, 2004) 
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Lumsden (2006) quantifies the theory by giving each customer a weight corresponding to the 

demanded quantity, VKi, and are geographical placed according to its x- and y-coordinates, Xi and Yi. 

Each customer has thereby a specific impact on the central localisation, depending on demand and 

geographical location.  The network can be simplified as seen in Figure 18, where we find five 

different customers.  

 

Figure 18: Density analysis, Lumsden (2006) 

The different variables of the analysis are 

XKi = the x-coordinate of customer (K) number i 

YKi = the y-coordinate of customer (K) number i 

VKi = the weight of customer i, i.e. the demand 

 

Then the centre of density can be calculated as 

 

  (7)  

 

As an extension to this rather simple analysis any cost can be included in the density analysis, e.g. 

transportation cost, suppliers, environmental impacts etc. Direct relationships between distance, 

weight and cost can although be hard to find, and therefore often only the distance and the demand 

are included in a first initial analysis.  

5.7.2 The p-median problem 
The p-median problem is a network optimization problem used to locate p facilities on different 

possible nodes in a network. The model demands J nodes that are possible as facility locations. The 
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d24 
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 W1 W2 

d12 

d13 

d14 

d23 

d34 

calculation further demands that you have I customers, each with a certain demand, w. The model 

also assumes that certain distances between each pair of nodes are specified.  

It is easiest to proceed from customer demand when understanding the p-median problem, as 

described in most literature. It is although possible to proceed from the opposite side of the supply 

chain, e.g. from the supplier delivered goods.  

As an example can we observe the network in Figure 19, where we find four nodes, each with a 

certain weight/demand wi..  

 

 

 

 

 

 

 

The distance between each node, dij, can be assumed to be equal to the distance in the opposite 

direction, dji, but this is not necessary for the model use.  If we further declare the variables xij, which 

indicates what customer that are supported from what facility, and the binary yj, which is equal to 

one if a facility is located in node j, then 

  

 

(8)  

  (8.a.)  

  (8.b.)  

  (8.c.)  

  (8.d.)  

  (8.e.)  

 

can describe the p-median problem. The overall goal is to minimise the total weighted distance as 

described in equation 8. The first constraint (8.a.) ensures that every customer is supported by one 

facility. The following (8.b.) ensures that a customer cannot be supported from a certain node if 

there is no facility located there.  Constraint (8.c.) summarises the facilities to a total of p locations, 

and the final two constraints ensures that all xij are greater or equal to zero, and that the variable yj is 

set as binary (Klose et al., 2005).  

Figure 19: p-Median example network 
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5.8 Forecasting methods 

The use of forecasting is essential in inventory control and planning theory. There are several 

methods described in the literature, and the methods used are often business and demand structure 

dependent.   

5.8.1 Moving average  
One of the simpler forecasting methods is the moving average. The idea of the moving average 

method is to look at specific number of historical demand values. Axsäter (2006) describes the 

method as follows. 

We assume a constant demand model as 

  (9)  

 

, where xt is the demand in period t, a is the average demand per period (and is assumed to vary 

slowly) and εt is the independent random deviation with mean zero. 

If a would be absolutely constant the best estimate would be to take the average of all observations 

of xt. But a can be expected to vary slowly, and we should therefore focus on the most recent values 

of xt. The moving average method does exactly that when we look on the N most recent values.  

We introduce ât as the estimate of a after observing the demand in period t, and  as the forecast 

for period τ > t after observing the demand in period t. We can now obtain the forecast model as: 

  (10)  

 

Axsäter (2006) further states that the value of N should depend on how slowly we think that a is 

varying and on the size of the stochastic deviations. If a is varying more slowly and with a larger 

stochastic deviation, a larger value of N should be used to limit the influence of the variation. The 

opposite case with a rapid variation of a and a small deviation, should lead the use of a smaller N.  

5.8.2 Exponential smoothing and Exponential smoothing with trend 
The exponential smoothing method is another method of forecasting. Even if the forecast is updated 

differently in this method, similar results are common (Axsäter, 2006). To use the exponential 

smoothing method we have to introduce a smoothing constant alpha (α) between the values of zero 

and one. We can now express the exponential smoothing as: 

  (11)  

 

,where τ > t  and 0 < α < 1. 

When using the moving average, a larger value of N will put more emphasis on old value values of 

demand. When applying exponential smoothing, a small value of α will have essentially the same 

effect (Axsäter, 2006).  
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If the demand is behaving like a trend model like 

  (12)  

 

, where now a is the average demand in time period 0 (t=0) and the constant b indicating the linear 

trend, we now can use an extension of the exponential smoothing method simply called exponential 

smoothing with a trend.   

When using exponential smoothing with a trend we should introduce two parameters a and b. One 

way of estimating these two parameters are according to Axsäter (2006): 

  (13)  

  (14)  

 

, where α and β are smoothing constants between 0 and 1.  Then the forecast for a future period, t + 

k, could be expressed as 

  (15)  
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6 Present situation 

This section covers the present situation of TMHE’s supply chain in Europe. This section aims to 

answer the question formulations related to the present situation layout. 

6.1 General description and locations 

TMHE distributes forklifts and spare parts of three different brands. Before the time of TMHE these 

brands have been owned by their own companies. Therefore there are today three different facilities 

in Europe; Mjölby in Sweden producing BT forklifts, Ancenis in France for Toyota forklifts and in 

Bologna, Italy for Cesab forklifts. See Figure 20, for production locations. 

 

Figure 20: Factories and CW locations 

In the present supply chain structure TMHE have Central Warehouse activities in the same locations 

as the production, i.e. Mjölby, Ancenis and Bologna. We will further on focus on these three facilities 

separately.  

TMHE distributes spare parts through over 400 sales and service centers to nearly 5000 service 

technicians as end customers. These nodes are connected via three Central Warehouses (CW) and 

about 30 National Warehouses (NW), see Figure 21.   

C

C

C

Mjölby

Bologna

Ancenis
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Figure 21: National Warehouses 

6.2 General flow of spare parts 

For most suppliers, the flow of spare parts is consolidated with parts needed for production. Some 

spare parts are not needed in the production, but are still needed as a spare part service. Because all 

CWs are in close proximity to production the flows of spare parts uses direct routes from suppliers to 

CW. Some parts are also refined at the factory, and thereafter transferred from production to CW.  

The CW is responsible for maintaining inventory levels at the national warehouses. The main inflow 

in a NW is consequently delivered from a CW but some parts are delivered to the NW from local 

suppliers.  

Finally, each NW is responsible to supply each dealer or service technician in its specific country. The 

regular service technician keeps his own minor inventory in his service van as well. Some deliveries to 

service technicians directly from a CW could occur, e.g. in cases of express transports.  

A general description of goods flow can be seen in Figure 22, and the main flow of goods are 

highlighted in the figure.  
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A service technician can order parts from the NW every day, and the parts should be delivered the 

following day, generally before 7 a.m., somewhat depending on the location of the service 

technician. There is also a case where end customer is not a service technician but rather a local 

dealer, in this case overnight delivery is not important. The true end customer is often not the service 

technician himself but rather the company that uses the actual forklift. However, in this thesis the 

technician is considered to be the end customer.  

6.3 CW Mjölby 

In the supply chain structure Mjölby functions as a CW and a NW for Sweden, Denmark and Norway 

for BT brand spare parts. For Toyota brand spare parts, Mjölby only functions as a NW for Sweden 

and Denmark. Consequently, Norway distributes Toyota brand spare parts through an individual NW.  

Altogether, about 40 000 articles are stocked in Mjölby, but only around 20 000 are for the European 

market and considered in this thesis.  The other articles are for supporting BT spare parts throughout 

the world, outside of Europe, and as this thesis only concerns the European supply chain, these can 

be ignored.  

6.3.1 Inflow 
The procurement of spare parts is under TMHEs responsibility, but the transports are consolidated 

with the other companies BTP (Production) and BT Hand trucks (Division Hand Trucks). To solve the 

consolidation issue, the management of transports was placed under one of the companies, TMHE. 

As transportation are consolidated between the three companies this can be used to get more 

effective and cheaper transportations. In reality this means that the used forwarding agent does not 

know which goods belong to which company.  To deal with the allocation of cost, the three 

companies’ uses a distribution key that divides the transportation costs over the three companies 

depending on the material value each company historically has been supplied with. It is worth 

Figure 22: General flow of spare parts 
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mentioning that these figures should be used very carefully in quantified research as they are roughly 

estimated. In reality they are not that important because the companies are all sub divisions of 

TMHE. Today this distribution key is set to: 

 BT Europe(TMHE) – 14% 

 BTP – 79% 

 BT Hand Trucks – 7% 

All inflow to Mjölby from suppliers is transported by truck. Some transportation by train was earlier 

used but the railroad leading into the factory was closed in connection with a factory expansion. The 

use of railroad is not planned to be re-used in the nearest future.  

The inflow to the facility in Mjölby could be divided into materials from Swedish suppliers, European 

suppliers and other suppliers. For spare parts, about 70% of the suppliers are located in Sweden, 28% 

are located in Europe and the remaining 2% are located outside of Europe (based on number of 

suppliers). See Figure 23. 

 

Figure 23: Geographical distribution of suppliers Mjölby 

The distribution of suppliers concerning delivered volume is also of interest. If we look at Figure 24 

we can see that only estimated 28% of the suppliers distribute volumes worth over 1 000 000 SEK a 

year. We can also see that a major part of the suppliers are considered as minor, as estimated 61% of 

the suppliers distributed volumes worth under 500 000 SEK a year.  

 

Figure 24: Number (%) of suppliers per delivered volume 
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The major suppliers are in this master thesis more in focus than the others and the geographical 

location of them is therefore of interest. The geographical distribution of the major suppliers are very 

similar to the overall supplier distribution, as 68% of them are Swedish, 29% are European and the 

remaining 3% are from outside of Europe.  

Distribution from Swedish suppliers 

Most of the Swedish suppliers are consolidated on so called milk runs. The use of milk runs have 

been developed since the mid 90’s and there are today about 18 milk runs in use. The milk runs are 

continuously updated, with suppliers that are being included and excluded. If a supplier is decided to 

be included on a milk run or not depends on the ordered volume, if the supplier is in the 

neighbourhood of other suppliers and the actual distance to Mjölby. There is no common solution to 

which suppliers to include in a milk run, as it is an optimization problem of its own. 

A proposal on if a supplier should be included into a milk run or not is taken by the purchasing 

department and the choice is forwarded to the material management department. A material 

manager decides on how many times a week delivery is needed from the supplier, and leaves it up to 

the transportation planner to plan the actual transport solution. A common problem is that a 

material manager wants to have as many delivery days as possible, to simplify inventory 

replenishment. This is contradictory to what the transport planner wants as he wants to minimize 

transport costs, so a compromise is needed. The transport planner finally makes an agreement with 

the transporter on the modified route. One third solution could be to modify the milk runs while 

removing or adding milk runs. The collaboration with BT Products and BT Hand Trucks are of course 

affecting the selection of suppliers, where the solution has to be acceptable to all three companies. 

Although, it is easy to see that BT Products is considered as a key player, as their large volumes play 

in their favour. Even so the three companies have a separated supplier management.  

As mentioned earlier there is today about 18 milk runs in use.  These milk runs cover about 75% of 

the approximately 150 Swedish suppliers, visiting just over 50 cities. Out of the 18 milk runs, 14 of 

these are shown in Figure 25. The remaining four runs, are excluded from the figure due to visibility 

(several milk runs could cover the same location) and to the fact that some milk runs cover several 

suppliers within one city. The excluded milk runs are: 

 Stacke, covering the town of Skillingaryd. 

 Norrköping 

 Ljungby, covering suppliers in the towns Ljungby, Vislanda, Värnamo, Bredaryd and Växjö.  

 Väring 3, covering suppliers in Bredaryd and Värnamo.  
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Figure 25: Milk runs Sweden 

Distribution from European suppliers 

As mentioned earlier the number of European suppliers is estimated to about 29 % of the total 

number of suppliers.  As a total there are 75 European suppliers located around Europe and the 

transportation from them are managed with different solutions. The solution for each supplier is 

dependent on what solution that can be offered by the forwarding agents.  About ten different 

distributors are used with different transport solutions.  

As an example we look at the situation in Germany which is the biggest European supplying country. 

In Germany milk runs are used with the current forwarding agent.  Roughly 20 distributors are 

German and most of them are included in the milk run solution. The three milk runs are 

geographically divided into the east and the west part of the company and the final round origins in 

Hamburg and include the companies at this location.  We illustrate the milk runs in Germany in 

Figure 26. 
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Figure 26: German Milk runs 

To highlight a different solution we look at the suppliers from United Kingdom as an example. The 

United Kingdom is special from a transportation perspective, basically because it is an island. The 

British suppliers are scattered over the island but with a higher density of suppliers in England. The 

possibilities in receiving goods from Britain are either to ship the goods to a harbour, or to send the 

goods via the English Channel. The tradeoffs between these two alternatives are lead time and cost. 

The gain in lead time, if you transport via the English Channel, causes a higher cost than the shipping 

alternative.  TMHE have tried both alternatives but are today using shipping from eastern England to 

Gothenburg.  

The suppliers individually send the goods to eastern England town and harbour Imminghem, where 

the goods are consolidated and shipped to Sweden.  The English suppliers can be seen in Figure 27, 

where Imminghem is highlighted on the eastern coast. 
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Figure 27: British suppliers 

Toyota and Cesab flows 

As the CW in Mjölby also functions as a NW to Sweden and Denmark for Toyota branded spare parts, 

there is a significant inflow from the Toyota CW in Ancenis.  

The CW in Mjölby also functions as a CW for the Italian Cesab brand spare parts. This causes a major 

inflow from Bologna to Mjölby. The spare part distribution in Bologna distributes to only one 

shipment address, Mjölby. Then Mjölby distributes the Cesab parts to the NWs throughout Europe. 

This causes a rather large flow between Bologna and Mjölby, with normally two delivery days a week 

to Mjölby, named the Italian Express. The Italian suppliers to CW Mjölby are included in this flow, 

and are all geographically located in the northern Italy near Bologna. The flow is assumed to origin 

from Bologna.  

6.3.2 Outflow 
The outflow from Mjölby is divided into three different flows: 

 Daily Direct Distribution (DDD), i.e. the deliveries to the service technicians in Scandinavia. As 

mentioned earlier, Mjölby is functioning as a NW for Sweden and Denmark for Toyota brand 

spare parts and for Sweden, Denmark and Norway for BT brand spare parts. There are also 

express deliveries to Europe included in the DDD-flow. 

 Replenishment flow to NWs in Europe. As mentioned earlier Mjölby is functioning as a CW 

for BT brand spare parts and in some sense for Cesab brand spare parts. Depending on how 

large volumes the NWs demand these replenishment transports go under a fixed schedule. 

For several countries one truck per week but more often for the larger countries. 
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 Flow to the rest of the world. The BT brand is active on other markets than the European one 

and replenishment flow is therefore necessary to outside of Europe. This flow is excluded 

from this thesis.  

The outflow will be examined in detail in the present scenario analyses section.  

6.4 CW Ancenis 

6.4.1 Inflow 
The inflow to Ancenis can directly be divided into two groups, one large flow from Japan (where the 

original production of Toyota brand products are located), and one from what is called local 

suppliers. These local suppliers are spread over Europe but the main base of suppliers is situated in 

France.   

If we look on the flow distribution between the two groups of inflows, illustrated in Figure 28, we can 

see that nearly 58 % of the inflow weight origins from local (European) suppliers, and the rest from 

Japan. 

 

Figure 28: Weight inflow distribution, Ancenis 

Inflow from Japan is concerned as a single inflow, and we do not include any possible original 

suppliers. The European suppliers are of more detailed interest in this thesis.   

The local suppliers to Ancenis are mainly French, well over 70%. A few of the suppliers are from 

overseas, e.g. from the US, Malaysia etc, but these are of such small volume that they can be 

ignored. The remaining suppliers are geographically scattered throughout Western Europe.   

If we look at the total delivered gross weight into Ancenis, from only local suppliers, the French 

suppliers stands for an even larger part of the total volume, over 80%, see Figure 29. 

Japan
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Figure 29: Distribution of delivered volumes, Ancenis local suppliers 

For a full picture on the Ancenis local supplier locations see Figure 30.  

 

Figure 30: Local suppliers Ancenis 

6.4.2 Outflow 
The CW in Ancenis is mainly used to distribute Toyota Brand spare parts to the NWs throughout 

Europe. Unlike in Mjölby this outflow is separated from the outflow of products (forklifts).  

The outflow from Ancenis can roughly be separated into four different subsections. The main 

outflow, as we can see in Figure 31, is by road to the national warehouses throughout Europe, about 

64% of total outgoing weight.  Like in Mjölby, Ancenis functions as a NW to service technicians, 
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through a DDD. This outflow is about 13% of total outgoing weight.  A noteworthy fact is that as 

much as 19 % of the total outgoing weight is marked as express transport by air, a high cost 

alternative.  The remaining outflows are marked as other and consist of e.g. minor outflows to Japan 

etc.  

 

Figure 31: Weight outflow, Ancenis 

We discuss the outflow further in section 13.  

6.5 CW Bologna 

Cesab originally had an own distribution network in the south of Europe.  As Cesab were included in 

the BT corporate group in the late 1990’s, BT introduced their first counterbalanced forklift, 

produced in Bologna. The forklift were sold and distributed within the BT distribution network. The 

spare parts for the Cesab products produced in Bologna has since then been distributed through 

Mjölby. Even if Cesab today manage a minor distribution network, mostly within Italy, only the spare 

parts distributed within the former BT network are included in this thesis. The main reason for this 

limitation is mostly due to lack of data, but also the presumption that this will not heavily affect the 

thesis outcome. Therefore, the situation that is presented below is only describing the suppliers from 

Bologna within the former BT network, i.e. flow that eventually passes through Mjölby.  

6.5.1 Inflow 
The suppliers in Italy are mainly located in northern Italy, all located in the surrounding area of 

Bologna, see Figure 32. All of these suppliers are included in the so called Italian Express, distributing 

to the CW in Mjölby. 
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Figure 32: Italian Suppliers 

6.5.2 Outflow 
As we limit the thesis only to include the outflow from Bologna through the former BT network, the 

only outflow from Bologna is through the so called Italian Express to Mjölby.  

6.6 Information Flow 

The information flow in the TMHE spare part supply chain is today separated by a customer order 

decoupling point at the national warehouse level.  The inventory levels at central warehouses and 

national warehouses are today based on forecast models. The outflows from national warehouses 

are regulated by direct orders.  

The service technician places an order, and hopefully the spare part is located in his national 

warehouse inventory, ready for delivery.  The national warehouse is replenished by the CW (and by 

local suppliers in minor scale), and the inventory levels at NWs are set centrally. The inflows to the 

CWs from suppliers are managed separately by each CW.   
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7 Present situation analyses 

In this section we will present the transportation data for the year of 2008 within the TMHE supply 

chain. We will initially provide an investigation of the inflow to each CW respectively. Thereafter we 

discuss and present the outflow from the CWs. The chosen time period to represent the present 

scenario is the fiscal year of 2008(April 2007-March 2008). Due to the financial turbulence and the 

major declination of sales in the late fiscal year 2009, the year 2008 is considered to be a more 

representative year than 2009.The fiscal year 2008 is hereafter mentioned as FY08.   

7.1 Inflow to CW 

The locations of the different suppliers are discussed in the previous section. Here we will present 

the deliveries from these suppliers.  

7.1.1 Ancenis 
As mentioned earlier the Ancenis’ European suppliers are mainly located in western Europe. In the 

scope of this thesis the location of a supplier is of interest in relation to the delivered volumes. The 

total weight of around 580 tons delivered to Ancenis, is mainly delivered from France. Within France 

there is a high concentration of large volume suppliers in the direct surrounding areas of Ancenis. 

The scattered rest, throughout Europe, are considered as minor, with delivered volumes of less than 

10 tons in FY08. Some suppliers could be ignored in this case, as they delivered less than a couple of 

hundred kilos. The distribution of supplier delivered weight to Ancenis can be seen in Figure 33.  
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Figure 33: Delivered weight to Ancenis, from European Suppliers 
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inflow from European Suppliers, Ancenis have a major inflow from Japan. The Japanese deliveries are 

transported by ship and arrive to northern France. In FY08 the flow from Japan to Ancenis amounted 

to around 420 tons, around 42% of total inflow weight.   

7.1.2 Mjölby 
The inflow of parts to Mjölby is consolidated with the inflow of goods to the production, and is 

divided into inflow from Swedish suppliers, European suppliers and others.  

Regarding the Swedish suppliers, the data is based on each milk run rather than each supplier. This is 

of less importance because it is very unlikely Swedish suppliers will change in the different supply 

chain scenarios we are investigating. The Swedish milk run inflow can be seen in Figure 34. 

 

Figure 34: Mjölby inflow, by Milk run 

The European suppliers to Mjölby are of more interest and are included individually, as they in some 

concern probably will be affected by a European supply chain modification. So even though milk runs 

are used in Europe, and e.g. British supplier’s inflows are consolidated, we will present each supplier 

respectively. The European suppliers to CW in Mjölby can be seen in Figure 35. 
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Figure 35: Mjölby inflow, European Suppliers 

7.1.3 Bologna 
The Bologna inflow concerned within this thesis is only the materials that are delivered to customers 

through the CW in Mjölby.  As mentioned earlier the Italian suppliers are located in the northern 

parts of the country, and can therefore be delivered consolidated to Mjölby via Bologna, with the so 

called Italian Express transport. The weights and locations can be seen in Figure 36.  

 

Figure 36: Delivered weight, Bologna 
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7.2 Outflow from CW 

7.2.1 Air freight 
Due to TMHEs policy regarding high service levels towards their service technicians, air solutions are 

used extensively throughout Europe. Air transportation is obviously a very time effective solution but 

has several drawbacks as well. The main drawback is the high price for transporting goods, but also 

the fact that the relationship between the geographical placement of company activities and air 

routes adds extra complexity to the supply chain and strategic decisions. The usage of air 

transportation in relation to road transportation is seen in Figure 37 

 

Figure 37: Ancenis and Mjölby air/ road usage 

There is also an environmental aspect to consider, air transportation releases far more CO2 and 

pollutant emissions than road transportation. It is very likely that emissions will become more 

expensive in the future due to governmental regulations and taxes. Using air transportation should 

be a trade off between the gains of shorter lead time against the factors mentioned above. Today a 

service technician can request air transportation whenever he feels he needs it. There are follow ups 

on the used amount of air transportation to avoid excessive use of the service. However there is a 

noticeable difference between countries in how they make use of air transportation. This could be 

seen in Table 2. The main objective regarding TMHEs service level is to keep a 95 % order service, 

deliverable within 24 hours. There are two ways to achieve this goal, either you keep more articles in 
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stock near the customer or you make more use of fast transportation solutions from the CWs. It is 

essential to find an optimal solution to this trade off.  

Table 2 tells us about the usage of air transportation. 

Table 2: Ancenis usage of air transportation, in percentage of total weight for outgoing spare parts. 

Destination SE BE FR NL NO CH ES GB DE AT 

Ancenis 29% 31% -- 14% 7% 12% 16% 21% 21% 34% 

Mjölby -- 3% 11% 1% -- 5% 13% 13% 8% 7% 

 

The delivered weight in kg from Ancenis and Mjölby can be seen in Figure 38. 

 

 

7.2.2 Road, Replenishment 
The replenishment of stock to national warehouses is handled differently by Mjölby, Ancenis and 

Bologna. In Mjölby the spare part flows are consolidated together with the product flows. This makes 

replenishment of parts very cost effective. As mentioned before BT Parts is charged with a 14 % of 

the transportation cost but this is a rough estimation. It is very difficult to estimate the true cost for 

the parts distribution from Mjölby.  What happens in reality is that parts distribution office gives a 

notice about how much parts they want to fit on the trailer and products loading leaves enough 

space for this. This of course, is tied to a cost as products may not be loaded in benefit for the spare 

parts but it is however wrong to assume that e.g. 10 % space correlates to 10 % of the cost. For 

example, spare parts loaded on the forks of the trucks would be for “free” or perhaps the trailer 

would not fill up anyways. The replenishment is based on a weekly schedule. For large volume 

Figure 38: Delivered weight by air, Ancenis and Mjölby 
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countries, deliveries are used several times per week and for low volume countries less times per 

week. However, the timeslots in the schedule could be chosen not to be used if no trucks are to be 

loaded.  One disadvantage of this setup is the variability in lead time that arises. Low volume 

countries may have to wait several extra days because of bad timing on order placing.  

In Ancenis the replenishment flow is separated between parts and products. This is mainly due to the 

characteristics of counterbalanced forklifts. Because the weight of the goods is the limitation rather 

than the measurements, it is difficult to co-load parts.  The road deliveries from Ancenis can be seen 

in Figure 39.  

Figure 39: Road replenishment, Ancenis 
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The road outflow from Mjölby is presented in Figure 40. 

 

 

Figure 40: Road replenishment outflow, Mjölby 

  

7.2.3 Express road  
Mjölby is also using a transportation method called Express Road. When a quantity of spare parts is 

going to be delivered and a consolidated products-parts transport is unavailable, the transport 

method used could be Express Road. The usage of Express Road transports in FY08 is presented in 

Figure 41.   
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7.2.4 Daily Direct Distribution 
Today the direct distribution is managed by the sales company in each country, with some 

exceptions. The warehouse in Mjölby is responsible for direct distribution to Sweden, Denmark and 

Norway for BT parts and Sweden, Denmark for Toyota Parts. All direct deliveries are performed by 

3PL companies. Parts are distributed to both service technicians and to other customers. The service 

used can often vary between these two as customers are more tolerable to delivery time. For service 

technicians it is common with a cut off time for orders in late afternoon and delivery before 7 p.m. 

the next day. Prices are most commonly based on weight, distance and lead time agreements.  

Mjölby delivered around 500 tons as a DDD flow, in 2008. This flow includes the BT brand flow to 

Swedish, Danish and Norwegian customers, and the Toyota brand flow to Swedish and Danish 

customers.  

Ancenis distributed a total weight of around 120 tons to service technicians and end customers. The 

French distribution is delivered with a shuttle to the existing distribution network managed by the 

company Manitou. 

The CW in Bologna only distributes to end customers within Italy, which is not included within the 

scope of this thesis. The rest of the Italian Cesab material are distributed through Mjölby. 

7.3 Summary on Present Situation 

We will here present a summary and over the total transportation concerned within the thesis.   

Figure 41: Road Express outflow, Mjölby 
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The total weight and ton-kilometres for inflows to CWs are presented in Table 3 below. The Ancenis 

suppliers are seen as direct deliveries to the CW in Ancenis, i.e. no milk runs or consolidation points 

are considered. 

 The Mjölby suppliers are treated differently depending on the transportation method. The British 

deliveries are consolidated to be delivered from one point, as mention earlier, in Imminghem on the 

eastern coastline of England. The Swedish suppliers that are included on a Swedish milk run are 

consolidated to each milk run. This is also the case with the German milk run suppliers. All other 

Mjölby suppliers are considered as direct transportation. With these consolidations made we cannot 

directly compare for example the total ton-kilometre value from the present analyses with e.g. the 

value found in the p-median analyses.  

Concerning the Italian Bologna suppliers we only consider the ones that deliver material through 

Mjölby to be included in this thesis. These supplier deliveries are consolidated in Bologna and 

delivered to directly to Mjölby. 

Table 3: Total inflow weight and tonkilometres 

 Total weight(tons) Total ton-kilometres.  

Ancenis 910 312 000 

Mjölby 3766 1 787 000 

Bologna(to Mjölby) 196 385 000 

 

In Table 4 the weight from all outflows are presented. The outflow is divided between transportation 

types. No Bologna outflow is considered.  

Table 4: Total outflow weight (tons) 

 Air freight Road replenishment Express road DDD 

Ancenis 151 474 -------------- 117 

Mjölby 325 2 503 167 508 

Bologna ----------- ------------ -------------- ------- 

 

Finally the total outflow measured in ton-kilometres are presented in Table 5. Ancenis is not using 

the transportation type Express Road, and the DDD flows are not considered.   

Table 5: Total outflow tonkilometres 

 Air freight Road replenishment Express road DDD 

Ancenis  190 608 714 666 -------------- -------- 

Mjölby 396 538 4 038 290 284 693 -------- 

Bologna -------------- -------------- -------------- -------- 
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8 Replenishment flow and inventory control model 

To be able to do an analysis on the replenishment flows in the different scenarios we developed a 

transportation flow- and inventory control model, mentioned earlier. This section explains this model 

in more detail.  

8.1 Background 

The decisions on inventory control, at TMHE, are based upon a proposed inventory service level in 

every node of the supply chain, especially in the nodes closest to the customers. The belief is that it is 

the inventory service level that matters to the customer and therefore the inventory should be 

dimensioned thereafter. We on the other hand believe this viewpoint is quite narrow as it is only 

suitable for certain type of supply chains. Especially this type of approach is suitable in supply chains 

where: 

 Demand needs to be fulfilled immediately. 

 There is a high overall inventory turnover. 

The reason we have chosen to take another approach is that we do not believe TMHEs supply chain 

is subject to these conditions. Because customers, mostly service technicians, do order spare parts 

rather than buying them over the counter there is a time frame for delivering the spare parts. Given 

the assumption that we could deliver within this time frame we might as well deliver from a central 

warehouse rather than a regional warehouse and still manage the same service level. Because there 

is such a large amount of active articles, it could be very expensive to achieve high service levels just 

by keeping inventory at every facility.  Our approach is to find an optimal level between the amount 

of stock keeping and the usage of air transportation. Our model is based upon the following 

assumptions and limitations: 

 The service level provided by the EDC is applicable for the whole supply chain because what 

cannot be supplied by the RDCs will be flown in from the EDC. 

 Using air transportation will always be sufficient in means of lead time to customer.  

 All parts can be transported using air freight. 

 Everything is flown from EDC to RDC, in reality using multiple air port destinations could be 

efficient. 

8.2 Modelling approach 

A model was developed in MS Excel to be able to simulate an inventory environment and to solve the 

optimization problem regarding inventory keeping contra express air deliveries. The inventory 

control in the model is as far as possible identical to how the Supply Chain Planner (SCP) tool sets up 

inventory. The building blocks used in the model are shown in Figure 42 and an overview of the 

model can be seen in Figure 43 and Figure 44.   

 

Figure 42: Building blocks. From the left: Process, Data, User Defined Input Data, Variable and Condition 
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Figure 43: Model overview part 1 
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8.3 Theory behind the building blocks 

8.3.1 All sales companies block 
The main input is the demand of every article in each sales company per month. If we want to split 

countries as we do in some FLC scenarios we look at the postal code for where the articles were 

delivered, to be able to determine the demand for a part of a country. The articles sold within a 

certain area are believed to be this areas demand. For each article we also have its lead time from 

supplier, its cash value and number of order lines within each area. 

8.3.2 EDC and RDC blocks 
It is up to the user to define which areas that should belong to which RDC. Once this is done the 

demand for these areas are merged together to create a demand for each RDC. The EDC will be 

having the total demand as it will be the supplier for all the RDCs. 

8.3.3 Calculate Total Demand and Average Demand blocks 
Because the demand is on monthly basis we need to calculate the total demand and the average 

demand for further calculations. 
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Figure 44: Model overview part 2¨ 
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8.3.4 Classify Demand block 
The demand pattern is classified into four classes; Neutral, Slow, Lumpy and Dying. The Neutral class 

is a collection of SCPs Erratic, Fast, Positive Trend and Negative Trend. Our Dying class includes SCPs 

obsolete class as well. This simplification is not believed to have any significant impact on the results 

as the merged classes all use the same forecast methods, forecast parameters and safety stock 

calculation methods respectively. The classes are defined as follows:  

 Slow: Average demand < 0. 5 and minimum 6 months of zero demand over a year. 

 Lumpy: Average demand > 0. 5 and minimum 6 months of zero demand over a year. 

 Dying: If last 6 months or more have zero demand. 

 Neutral: Others 

8.3.5 Calculate Forecast block 
For articles with Neutral class, we use exponential smoothing with trend. Both the parameter for 

smoothing and trend is 0.2. For Lumpy and Slow classes we use simple moving average over 12 

month or the number of months available. For Dying articles the forecast is zero. 

8.3.6 Calculate MAD and Standard Deviation blocks 
MAD is the Mean Absolute Deviation. The Standard Deviation is expected to be 1.25 times the MAD. 

8.3.7 Calculate VAU and VAU class blocks 
The Value of Annual Usage (VAU) is calculated and the VAU boundaries are user specified. In SCP the 

boundaries are determined within a coverage analysis. We do not do a coverage analysis but just like 

it, we use the Pareto rule where class A is 80 % of turnover, class B is 15 % of the turnover and class C 

is 5 % of the turnover. The important thing is to get a well balanced VAU matrix which could be 

validated by the number of articles in each VAU class.  

8.3.8 Calculate Picks class block 
Picks are based on order lines over the last 12 months. The boundaries for each class are user 

specified and we use boundaries from the current SCP configuration.  

8.3.9 Calculate FOQ block 
The Fixed Order Quantity is based upon a user specified number of orders per year and is calculated 

for each month. These numbers of orders per year are taken from the current SCP configuration. The 

FOQ calculation will be: 

  (16)  

 

8.3.10 Calculate Safety Stock block 
The type of safety stock calculation is dependent on which class the article is. The following methods 

are used: 

 Slow: No safety stock is calculated but is included in the order level. 

 Lumpy:  

  (17)  

where, 
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o LBM1 is user specified and set by VAU class and Picks class. We use the same values 

as the current SCP configuration which varies between 1 and 2.5. 

o LBM2 is user specified and global for all classes. In our case it is always 1. 

 Normal: SCP uses SERV2 as safety stock calculation method. Because all our service constants 

are variable in the model and SERV2 is more complex than SERV1, we instead use SERV1 to 

save computational time. 

 Dying: No safety stock. 

All safety stock calculations are dependent on the safety factor variable. 

8.3.11 Calculate Average Inventory Level block 
For Neutral and Lumpy articles average inventory level is calculated as: 

 Avg. Inventory = FOQ / 2 + SS. 

  (18)  

 

 

For Slow articles average inventory level is calculated as: 

  (19)  

where, 

o OL is the order level which can be derived from an inverse Poisson distribution with 

demand over lead time as the expected number of occurrences. 

o D is the demand over lead time. 

o A replenishment order is placed at (OL-1). 

All average inventory levels are dependent on the RDC Stocking variable, which simply tells if an 

article group is stocking or non-stocking. 

8.3.12 Calculate Inventory Carrying Cost and Multiplying factor block 
The inventory carrying cost is calculated by multiplying a carrying cost rate with the average 

inventory level. An important concept is that we also have to multiply the average inventory level 

with a factor describing the true inventory value against the theoretical inventory value. The target 

inventory value calculated by SCP is not applicable in reality because of the following reasons: 

 Articles changes VAU and Picks class 

 Articles changes from being stocking to being non-stocking 

 Manual orders 

 Critical articles, which sometimes agreed with customers to be kept in stock 

 Multiples; which makes order quantities non optimal 

 Return of orders 

Today the target values and the true values for the biggest sales companies look like as in Table 6: 
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Table 6: Inventory Value on biggest sales companies 

 Mjölby France Germany Spain United Kingdom 

Inventory Value 73.0 MSEK 10.2 MSEK 13.5 MSEK 8.5 MSEK 11.4 MSEK 

Target Inventory Value 22.0 MSEK 4.1 MSEK 3.6 MSEK 2.6 MSEK 3.4 MSEK 

Ratio 3.3 2.5 3.8 3.3 3.4 

 

We will be using the multiplier 3.3 from Mjölby which is very close to both the average and the 

weighted average. 

8.3.13 EDC Stocking and Safety Factors block 
Before running the RDC optimisation we need to have run an optimistion on the EDC. This is because 

if an article could not be picked in the RDC we need to have the probability of it being available to 

pick from the EDC. We have used a fill rate of 98 % in the EDC for all our RDC optimization runs. So if 

a demanded article is not available in the RDC we would like to fly it from the EDC. We then look for 

which VAU/Picks class the article belongs to in the EDC and look for its corresponding fill rate to be 

able to tell in which extent we could fly this article. 

8.3.14 Calculate Air Freight cost block 
The amount of air freight is everything that is non-stocking in RDC and can instead be picked in the 

EDC. The prices are collected from real TMHE flight tariffs with origin Mjölby. Because flight prices 

are based on kilograms and distance we need to translate our data. Because our data contains the 

amount of order lines for each article we would like to know the average weight of one order line. 

The DDD-flow in Sweden has an average weight of 2.8 kilograms per DDD-order-line. We will use this 

figure for all our calculations. The figure is validated by being 2.9 kilograms for the Norwegian DDD-

flow and confirmed as reliable from Sandgren (2010). Flight tariffs distances are divided into zones by 

country. Since the distances from EDC to RDCs are similar to each other we use the same zone for all 

origins-destinations. We use zone 2 which is e.g. Mjölby – Germany and Mjölby – Belgium. Even 

though some of the EDC – RDC distances are longer we could argue that this extra cost is cancelled 

by the fact that flying from Europe is cheaper than from Mjölby because of larger volumes handled 

by the freight companies. This assumption is approved with Karlsson (2010).  The air freight cost can 

now be calculated as: 

  (20)  

where, 

o f is a table look up function 

o x is the share of demand which is non-stocking in RDC 

o y is the share of demand which is stocking in EDC 

o ol is the total number of order lines 

o 2.8 is the weight per order line and 250 is the number of working days a year. 

8.3.15 Calculating Road Replenishment Cost block 
Road freight is in relation to how much is stocking, e.g. 95 % stocking equals that 95 % of the parts 

sold is replenished by road. The transportation cost function used is a possible source of error. Since 

these types of transports do not exist within TMHE today, or at least not every route intended in the 

FLC scenarios we needed to come up with a good approximation. Since Mjölbys replenishment flow 
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is consolidated with products, these costs will not be of good use if we consider only transporting 

parts. Instead we choose to look at the transportation costs for Ancenis replenishment flows. What 

we wanted to achieve was a cost function to put in our model, considering the economics of scale in 

both distance and volume. We assume there is no correlation between distance and volume. 

The volume is the easier part since we have a lot more data on how the cost relates to volumes than 

on how cost relates to distance. Fliers occur in the data because weight also affects the cost. These 

fliers have been deleted since we are only interested in the volume. Figure 45 illustrates how 

transported volume relates to cost in the four largest destinations. We notice how the functions 

exponentials are close to 0.5 which means the cost is growing with the square root of the volume.  

 

Figure 45: Replenishment flows from Ancenis (2008) 

To estimate how distance relates to cost we looked at the cost for transporting the same volume to 

various countries, see Figure 46. This way we can see how the distance growth correlates to cost 

growth. Similar to volume the functions exponentials are close to 0.5 so the cost is growing with the 

square root of the distance. 
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Figure 46: Replenishment flows from Ancenis to various countries 

These observations make it possible for us to express the cost function as: 

  (21)  

 

And the constant K could be found by: 

  (22)  

 

Figure 47 illustrates K for all deliveries made from Ancenis 2008 for various destinations. We can see 

that K will be 3.5 with a reasonable amount of variation. Figure 48 shows the outcome when using 

the cost function.   
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Figure 47: Estimation of K 

 

Figure 48: Comparison between actual and estimated cost 

Part from the actual cost function; the frequency of deliveries is the deciding factor for the total cost 

of road freight. The frequency of deliveries is variable in the model so if we deliver less frequent the 

lead time will be higher and therefore the safety stock will be higher. Opposite if we deliver more 

frequent the cost for transportation will rise but the lead times will be kept lower. The model will 

find the optimal solution for replenishment frequency. 

What the actual lead time is for different frequencies could be very hard to estimate. The definition 

of lead time is the time elapsed between an order is placed and when it is available to pick. However 

when the delivery date is fixed, orders could be placed over the interval of several days and therefore 

be subject to different lead times. What we refer to as the lead time hereafter is the overall lead time 
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needed for the safety stock to provide the correct fill rate. We have identified the following factors 

which all affects the overall lead time.  

Because neither the lead time in the safety stock calculation nor the normal distribution of the safety 

factor is linear, long lead times will need relatively more safety stock than shorter lead times. 

Observe the following example; assume we have the same number of orders each day, weekly 

delivery and a transport lead time of one day. The average lead time would be three days. However 

we can see that we receive a too small fill rate (0.9861) if we use the average lead time to calculate 

the safety stock, see Table 7. 

Table 7: Calculating fill rate using average lead time 

Standard deviation in demand: 100; safety factor k = 2,33; N(k) = 0,9901 

Lead time 1 2 3 4 5 

Safety stock   404   

k (safety factor) 4.04 2.85 2.33 2.02 1.80 

N(k), (fill rate) 1 0.9978 0.9901 0.9782 0.9644 

Weighted N(k), (fill rate) 0.9861 

 

Even if we solve the above problem for a lead time that corresponds to the correct fill rate we are 

likely to be wasting our time. There is no certainty that orders are released equally over the weekly 

interval. Assume you receive deliveries at Mondays. Since parts with VAU class A1 is in average 

ordered 50 times per year, they are likely to be on every delivery. This implies that it is more likely to 

hit the order point towards the end of the week. We would then need to calculate the possibilities of 

hitting the order point for every weekday for each VAU class. 

We should also consider possible variability in lead time. When buying LTL transports lead time could 

be a lot more variable and longer than for dedicated transports. There is also a lead time to be 

considered in order handling when receiving the delivery which could be up to half a day.  

Within TMHE today the safety stocks are calculated with lead times based on a worst case scenario. 

This is motivated by rather being on the safe side. This might not be as bad as it seems because 

TMHE could use lead time as a parameter to achieve higher overall fill rate. However in our research 

it is of greater importance to be using a correct lead time because we put it in relation to other 

variables which affects the output of our model. 

 In the results presented for each scenario we have been using the average lead times with a 

transport lead time of two days for all EDC to RDC transportations. The variable to decide the lead 

time could be any integer, with the condition that total volume is less than 80 m3, and is interpreted 

as delivering each x day. For a transport lead time of two days this would equal lead times as Table 8 

shows: 

Table 8: Lead times 

Delivery each x days 1 2 3 4 5 6 7 8 9 

Corresponding lead time 2 2.5 3 3.5 4 4.5 5 5.5 6 
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We should be aware of that these lead times could be quite optimistic. It is an extensive work to 

measure what the true lead times are for all the replenishment flows but could very well be worth 

the effort to improve inventory control. Chapter 12 in this report contains a sensitivity analysis of the 

lead times.    

8.3.16 Total Cost block 
The total cost is the sum of air freight cost, replenishment transport cost and warehouse cost and is 

minimised by using the problem solver in MS Excel 2007.  
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9 Localisation analyses 

In this section we analyse possible supplier impact on different facility location alternatives. In these 

analyses we initially determine the centre of density based on the suppliers geographical locations 

and delivered weight. We further on extend this analysis with p-median analysis to be able to use 

real road distances and to include several facilities in a solution.  

9.1 Centre of Density analysis 

As mentioned in the frame of references section, Lumsden (2006) presents a simple and effective 

method to determine the centre of density. Lumsden is mainly considering the market demand as 

analysis input as he lets the demand of each geographical point affect the output, but it is fully 

possible to look on supplier deliveries on a centre of density analysis.  

If we see on the European supplier situation, with delivered weights in 2008, presented in Figure 49, 

the actual geographical location of the supplier as well as the delivered weight affects the centre of 

density analysis.  

 

Figure 49: Delivered weight, all suppliers 

As seen most of the European (outside of Sweden) suppliers are rather minor in terms of delivered 

weight compared to the major Swedish milk run suppliers (consolidated in the figure). 

If we determine the centre of supplier density according to the delivered weight in fiscal year of 2008 

we get a result as in Figure 50.  
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Centre of Density

 

Figure 50: Centre of supplier density 

As we can see the centre of supplier density lies in the northern parts of Germany/southern 

Denmark. Even if the suppliers are scattered over nearly the entire western Europe, the large 

delivered weight from the Swedish suppliers force the centre of density northwards (again, note that 

the Swedish suppliers in the figure is not actual single suppliers, but consolidated suppliers of each 

milk run).  If we assume that the supplier situation in Sweden is going to be unchanged, which is 

likely due to the production facility, the centre of supplier density will remain in the northern parts of 

central Europe.  

In case of expected supplier market change the centre of supplier density will of course change 

thereafter.  If we expect that a supply chain modification, would allow a declination on Swedish 

supplier, or an increase of central European suppliers, the centre of density will thereby follow. We 

exemplify this in Figure 51, where we have let the Swedish supplier deliveries decrease by 90 %. The 

centre of supplier density moves down to Midwestern Germany.  This also shows, in some sense, 

how large the Swedish milk run suppliers are in comparison to the other European ones.  
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Figure 51: 90 % decrease on use of Swedish suppliers 

By some changes in the delivered weight from different suppliers, it is easy to see that the results will 

remain in the centre of Western Europe. With the current suppliers in use, the centre of density will 

always remain in the same area (if we exclude extreme changes on delivered weight). If the company 

do not expect an increase of use on suppliers from Eastern Europe, the central parts of Western 

Europe will remain the best location of a central position, on pure weighted geographical aspects.  

9.2 P-median Supplier analysis 

To extend the centre of supplier density analysis we decided to perform a p-median analysis on all 

suppliers. By this we include actual road distances between possible warehouse locations, and the 

possibility to analyse warehouse distribution with several warehouses included in the network. When 

using the p-median model while analysing suppliers, you have to assume that every supplier delivers 

the material to one of p number of facilities in the network. As in the centre of density analysis case, 

the reference survey suggested to use the p-median model on end customers (or market segments), 

but we assumed it is fully functional on suppliers as well.  

The p-median model requires a discreet set of possible nodes to locate facilities at. As a start we 

decided to investigate the different possible locations suggested in the different cases within the FLC-

project.  The possible locations in these cases are: Mjölby, Ancenis, Bologna, Frankfurt, Leicester, 

Prague, Antwerp, Bratislava and Zaragoza, as seen in Figure 52. 

10% Swedish
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Figure 52: Original possible locations of facilities 

If we use the delivered weight for each supplier in FY2008 and model scenarios with one to six 

facilities, we then get a result as in Table 9 where 1 indicates that a facility should be located on the 

specific location.  We can, as an example, see that the solution for three facilities locates at Ancenis, 

Frankfurt and Mjölby. 

Table 9: Results, original possible locations 

Number of facilities: 1 2 3 4 5 6 

Ancenis 0 0 1 1 1 1 

Antwerp 0 1 0 0 0 0 

Bologna 0 0 0 0 1 1 

Bratislava 0 0 0 0 0 0 

Frankfurt 0 0 1 1 1 1 

Leicester 0 0 0 1 1 1 

Mjölby 1 1 1 1 1 1 

Prague 0 0 0 0 0 1 

Zaragosa 0 0 0 0 0 0 

Objective Value 
(tonkilometres) 

3 580 245 1 691 697 1 373 034 1 217 471 1 090 217 1 033 426 

Reduction/facility  53% 19% 11% 10% 5% 
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From these solutions a couple of interesting results have been noted: 

- As we can see the best alternative for a single location is, not unexpected, in Mjölby.  

- Ancenis and Mjölby is most frequently a part of the solution, probably due to the high 

density of suppliers in the surrounding areas.  

- The Antwerp location is only a part of the solution when locating two facilities.  

- Frankfurt is a part of every solution with number of facilities greater than or equal to three.  

- Leicester is a part of every solution with number of facilities greater than or equal to four. 

- Zaragoza and Bratislava is not a part of any solution, probably due to the lack of suppliers in 

Eastern Europe. Prague is although a part of the solution in the case of six facilities in use.  

That fact that Mjölby is a part of every solution, and Ancenis in most of them, is not unexpected due 

to the high density of suppliers in these regions in the current supplier setup. It is interesting that 

Frankfurt is a part of most solutions, which could strengthen reasoning behind an EDC location in 

Frankfurt.  

We further know that Leicester probably is needed as a location, to be able to cover the English 

market demand within needed lead time, but it is interesting to see that these results from the p-

median model also support the location from a supplier point of view.  

To extend the analysis to include more possible locations we decided on 19 different possible 

warehouse locations. All of these locations have in some stage been included throughout the process 

of this thesis project. These locations are presented in Figure 53.  Noteworthy is that we have 

included three more German possible locations, one more in the central parts of France (Decize) and 

the Danish Vester Egesborg, close to the centre of supplier density. 
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Figure 53: Extended p-median, possible locations 

The suppliers and the delivered weight is the unchanged from the previous analysis, and with several 

possible locations we got results, with one to six numbers of facilities, as seen in Table 10.  
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Table 10: Results, extended possible locations 

Number of facilities: 1 2 3 4 5 6 

Ancenis 0 0 1 1 1 1 

Antwerp 0 1 0 0 0 0 

Barcelona 0 0 0 0 0 0 

Bologna 0 0 0 0 1 1 

Bratislava 0 0 0 0 0 0 

Budapest 0 0 0 0 0 0 

Decize 0 0 0 0 0 0 

Frankfurt am Main 0 0 1 1 0 0 

Gams 0 0 0 0 0 0 

Kassel 0 0 0 0 1 1 

Krakow 0 0 0 0 0 0 

Leicester 0 0 0 1 1 1 

Leipzig 0 0 0 0 0 0 

Madrid 0 0 0 0 0 0 

Mjölby 1 1 1 1 1 1 

Prague 0 0 0 0 0 0 

Saint-Marcel 0 0 0 0 0 0 

Vester Egesborg 0 0 0 0 0 1 

Zaragoza 0 0 0 0 0 0 

Objective Value 
(tonkilometres): 

3 580 245 1 691 697 1 372 889 1 217 330 1 072 092 1 011 742 

Reduction/facility  53% 19% 11% 12% 6% 

 

From these results we can highlight several interesting results: 

- The Mjölby and Ancenis locations behave as in the original p-median analysis.  

- Antwerp is only a part of the solution, as previous, when two facilities are used.  

- None of the Easter European locations are a part of any solution. Still due to the low supplier 

density in Eastern Europe.  

- Frankfurt is still presented in the case of three and four facilities, but is substituted by the 

more northern located Kassel in the larger solutions.  

- Leicester is still behaving as in the previous original p-median analysis.   

The overall results do not tend to differ between the two p-median analyses (the original and the 

extended). One of the most interesting differences is highlighted if we focus on the scenario with five 

facilities located. The solutions from the two analyses only differ in that Frankfurt holds a facility in 

the first original analysis, but is substituted by Kassel in the latter. This substitution causes an effect 

on the objective value by a reduction of around 2%.   
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9.3 Summery on Localisation analyses 

The centre of density method is an effective and easy way to get an overall view of the supplier 

situation in the present situation.  The result was not surprising as the suppliers located in Sweden 

contribute with a large part of total supply chain inflow.  It is although necessary to note that this 

result is only current in the present supplier situation.  A modification of the supply chain will bring 

other possibilities regarding suppliers used.  As the suppliers used are changing, the result of a centre 

of density analysis only reliable for a limited time.   

So, the centre of supplier density is in the southern parts of Denmark/Northern parts of Germany, 

and what conclusions can we derive from this? We can of course not state the centre of supplier 

density is the best location for a central warehouse in the supply chain. We can although use the 

result as an indication on how the inflows will be affected by the location of the central warehouse 

and as a starting point in a localisation decision.  The centre of supplier density analysis results 

supports that: 

 The central point of the supply chain should be located in the geographical central parts of 

Europe. 

 The major Swedish suppliers affect the results to locate the central point in the Northern part 

of central Europe. 

The p-median analysis minimises the total ton-kilometres inflow in the system, with a set number of 

facilities in the chain. The analysis doesn’t include that goods should be delivered within the chain, 

just only the actual inflow to the best facility for each supplier. If we should consider the objective 

value results from the analysis as valid we have to assume that each supplier deliver directly to one 

facility, i.e. consolidation is not considered in the p-median analysis (except for Swedish milk run 

suppliers that are consolidated on each milk run). This assumption do not necessarily have to be 

rough, as it is possible that each supplier will deliver to one location and the articles will from there 

be forwarded to the central warehouse.  

The fact that Mjölby was included in every p-median solution was not unexpected, neither that 

Ancenis behaved similar.  With the present supplier situation is it supportable to locate warehouses 

in Ancenis and Mjölby, to minimise the supply chain inflow. However, in a centralised supply chain 

most goods will be delivered to and kept in the central warehouse, and these inner network flows 

will probably affect the total outcome on the localisation.   

The p-median analysis supported the solution with a facility in Leicester, England. Even if the support 

for this location is more easily found from a distribution to customers’ perspective, the analysis also 

gave support from the supplier point of view.  We have to state that one alternative to keeping a 

warehouse in England, from a supplying view, is probably to consolidate the British suppliers and 

deliver to another warehouse, e.g. the central warehouse. This solution could therefore be 

concerned as equivalent to have an actual warehouse as a consolidation point.  

When it comes to possible central warehouse locations is it clear that central Germany is of interest 

as ton-kilometre inflow minimising. It is clear that the Frankfurt alternative is common in the p-

median solutions, but the mentioned trade between Frankfurt and the more northern Kassel in the 

two p-median analyses performed could be an indication on the supplier impact. As we now know 
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that the central point of supplier density is located nearly in Denmark, could it be of interest to locate 

the central facility in the more northern parts of Germany.  

From a supplier inflow problem is it clear that a localisation in Eastern Europe is not of any interest 

with the current supplier situation. We although know that an Eastern warehouse is necessary to be 

able to cover the eastern markets within wanted lead time. It is possible that the supplier base 

moves more to the east in the future, making an Eastern localisation supportable even from the 

supplying side.  
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10 Scenario analysis based on supplier inflow 

The centre of density analysis and the p-median analysis gave us an indication on how the supplying 

inflow would be affected of different localisation alternatives. These analyses although do not 

provide any indication on how the different scenarios, that we are to investigate, are affected by the 

supplier situation. This section is therefore included to present an analysis on the supplier impact on 

the different scenarios.  

10.1 Direct inflow analysis 

To be able to investigate the possibilities of the supplier inflow in the different scenarios, we had to 

make some assumptions. These assumptions are not proper to make in every specific supplier case, 

but the overall effect on the results are assumed to be negligible.  

If we assume that every supplier, that provides parts to the network, delivers to the closest facility by 

road transportation we can also assume that each facility, except the central warehouse, functions as 

a consolidation point to further inflow to the central warehouse.  Each supplier delivers to the closest 

point in the network, and the goods are thereafter forwarded to the central facility. If we make this 

assumption we have to ignore that for example many suppliers today also distributes to the 

production facilities. It is likely that these suppliers will continue to deliver spare parts  consolidated 

with parts to the production, but the larger share of these supplier are located in Sweden and 

therefore have Mjölby as the closest facility in each scenario.  

It is also noteworthy that different inflow methods are at present, and will probably still be, used. 

Milk runs for an example. Regarding the Swedish milk runs this is not an issue as we consolidated the 

specific suppliers earlier in the present scenario analyses. Although, is it unlikely that direct 

transportation will be used for all suppliers, but as we are consistent for all possible scenarios the 

results are believed to be comparable.  

If we, for example, look at one scenario, e.g. Scenario 3 with an EDC in Frankfurt, we can see how the 

supplier destinations are affected by the delivery to the closest facility. In Figure 54 we can see the 

original setting on supplier deliveries and where each supplier delivers in the present scenario. 
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If we instead let each supplier deliver to the closest facility in the network, we can see the new 

supplier deliveries, as seen in the future Scenario 3 in Figure 55. 

 

 

 

 

 

 

 

Figure 54: Original supplier delivery destinations 
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As we can see from the figure above we retrieve some odd results when assuming deliveries to the 

closest point in the network. For instance, the warehouse in Zaragoza, Spain functions as a 

consolidation point to only one supplier. Further are two Belgian suppliers supposed to deliver to the 

Leicester warehouse, while the other Belgian suppliers (one only a couple of kilometres away) will 

deliver to the EDC in Frankfurt.  This is a consequence of the assumptions on delivery to closest 

facility, and is unavoidable when trying to keep consistency in the analysis.  

We choose not to present which supplier that are being connected to which warehouse in the other 

scenarios, as they tend to resemble each other.  

If we proceed from the assumption that every supplier will deliver the same volume as in the present 

situation we can easily obtain a total flow analysis on supplier to closest warehouse. The total inflow 

from supplier can be seen in Figure 56.  

Figure 55: Supplier delivery point, Scenario 3 
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Figure 56: Total direct inflow from supplier to closest warehouse 

From the results we can see that Scenario 3 with the related Scenarios 3a and 3b (with central 

warehouse in Frankfurt or Leipzig), are the best alternatives to minimise the total transportation load 

on inflow to network from suppliers. This is mainly because these alternatives have the best strategic 

locations in the network. There are rather large suppliers in the centre of Germany which give the 

three best scenarios an advantage. If we look at scenarios 1 and 2 neither of them have a facility in 

the central part of Europe, and Scenario 2 do not even have a facility in France which has a lot of 

suppliers.  

We can further see that scenarios 2 and 4, with an EDC in Antwerp and Prague respectively, cause 

the highest transportation load. These two alternatives use the exact same locations and therefore 

they are subject to the same results in this specific analysis.  As mentioned earlier there is a low 

density of suppliers in the eastern parts of Europe, which benefits the alternatives with the Eastern 

facility in Prague rather than Bratislava or Krakow.  

If we proceed from the assumptions on deliveries to the closest facility in the network, we can 

assume that all goods eventually should be delivered and stored at the central warehouse. This 

assumption is of course rough. The total transportation load, from each regional warehouse to the 

central warehouse, for each scenario, can be seen in Figure 57.  
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Figure 57: Total transportation load from each warehouse to central warehouse  

The first noticeable result found in the transportation load analysis from the regional warehouses to 

the central warehouse, is the significantly low result on Scenario 1.  This is not surprising as Scenario 

1 is significantly different than the others. As we do not include or specify what each supplier actually 

delivers, Scenario 1 becomes incorrect and is not comparable to the other scenarios. We although 

assume that Scenario 1 with a setup of three central warehouses, probably will continue to have the 

same inflow structure as in the present situation, see previous sections. With this assumption we can 

state that Scenario 1 will have the same total inflow load as in the present situation analysis, and the 

result in Figure 57 become invalid. 

The result shows us that Scenario 4, with an EDC in Eastern Europe, is the scenario which leads to the 

highest transportation load even if we look at deliveries from the regional warehouses to the EDC. 

This is still because of the high density of suppliers in Western Europe. These results verify the earlier 

assumption that Scenario 4 is the worst scenario from an inflow point of view.  

The similar scenarios 3, 3a and 3b give resembling results, with a small advantage for Scenario 3b 

with an EDC in Leipzig and a French regional warehouse in Paris.  

The best alternative in this analysis is Scenario 2, with an EDC in Antwerp. The use of a Belgian EDC 

makes it possible for many of the larger French suppliers (as well as the Japan Inflow) to deliver 

directly to the EDC, as the closest facility. Several of the larger German suppliers are also connected 

directly to the EDC. This leads to, as seen in Figure 56, that the total transportation load from 

suppliers into the network is rather large. The gain comes from the fact that many suppliers delivers 

directly to the EDC instead of to a consolidating regional warehouse.  

10.2 Summary on scenario inflow analysis 

We made the assumption of direct inflow from the suppliers to the closest facility in the network.  

This assumption is in general thought to be valid, as regional warehouses also likely will function as 

consolidation points for transportations to the central warehouse. One large drawback in the analysis 

is that Scenario 1 is not valid and has to be analysed with other means. It is likely that the inflow in 
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the case of Scenario 1 will continue to be like in the present situation, and we can therefore expect 

flow magnitudes as in the present situation analyses.  

If we summarise the two results found, the inflow from supplier to closest facility, and the inner 

network transportation from regional warehouses into the central warehouse we get a full picture of 

the total transportation load for each scenario, as seen in Figure 58. The result for Scenario 1 is 

presented as the present situation inflow to CWs. 

 

Figure 58: Total transportation load 

As mentioned earlier Scenario 4 is the worst case, as the Eastern located central warehouse causes 

large inflow load. In total is there no large difference between scenarios 2, 3, 3a and 3b.  The exact 

numbers on these scenarios are: 

Scenario 2 – 6 048 000 ton-kilometres 

Scenario 3 – 6 223 000 ton-kilometres 

Scenario 3a – 6 155 000 ton-kilometres 

Scenario 3b – 6 063 000 ton-kilometres 

 

We can see that Scenario 2 is the alternative with the lowest total transport load, but closely 

followed by Scenario 3b. 

 

Scenario 1 is, as seen above, remarkably lower than in the other scenarios, due to the assumption 

that all goods should be delivered into the EDC in Scenario 2-4. This comes natural as Scenario 1 

holds three central warehouses in contrast to the single central warehouse in the other alternatives.  

It is naive to believe that every existing supplier is able to change its delivery destination, especially if 

we consider that many suppliers still deliver to the production facilities in Mjölby, Ancenis and 

Bologna. The results in this analysis are although concerned as reliable as an indication of possible 

future outcome. The large Scandinavian suppliers will most likely still deliver to the facility in Mjölby, 

and in this analysis they still do, as the Mjölby facility is the closest. The British suppliers today 
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supplying CW and Production in Mjölby are at present consolidated in Imminghem on the British East 

coast, before shipping to Mjölby. The idea of consolidation in a regional warehouse is not particularly 

different.   

Even though the assumption on delivery to the closest facility from every supplier could be 

questioned, the results from the analysis can be seen as an indication or a potential of the different 

future scenarios. We cannot know specifically which suppliers that could deliver spare part to a 

different location.   
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11 Scenario Analysis based on Inventory control, replenishment flows 

and express flows  

In this section we present the model results on replenishment flows, express flows and inventory 

keeping in each scenario. 

11.1 EDC Analysis 

The location of the EDC is a decision of great importance in the FLC project. Not only is it likely to be 

the largest investment but it also supplies a large number of customers with DDD and supplies RDCs 

with replenishment flows, which both are subject to the location of the EDC. The decision is also to a 

high degree dependent on political and infrastructure aspects. We will not consider political and 

infrastructure factors in our analyses but only look at the inventory and transportation cost. 

Inventory cost is not dependent on the location of the EDC and will therefore be presented next. 

Transportation costs for DDD and replenishment flows are dependent on the location of the EDC and 

will therefore be presented in each scenario analysis. 

11.1.1 EDC inventory control  
As we have earlier mentioned the service level for every customer throughout Europe will be 

controlled by the fill rate in the EDC. This reasoning relies on the possibility to effectively supply 

customers with express air deliveries. This kind of setup leaves the decision of which service level to 

offer customers in direct relation to what we are willing to pay for it in terms of stock keeping in the 

EDC. The VAU/Picks-matrix can be viewed in Appendix A.  

For 95 % fill rate the yearly stock value in EDC will be: 75 887 660 SEK 

For 98 % fill rate the yearly stock value in EDC will be: 112 664 290 SEK 

For 99 % fill rate the yearly stock value in EDC will be: 133 801 660 SEK 

11.2 Scenario analysis 

There are a couple of limitations in the research which needs to be taken into consideration before 

continuing reading about our results. First of all we only have sales data for countries which today 

have a sales company present. Small countries as Portugal, Ireland, Slovakia etc. all have sales but are 

not included. Sales data for Italy does not exist and therefore there is no investigation made for the 

EDC/RDC located in Bologna. However this should not have a big impact on the results since the cost 

for Italy activity will be the same in all Scenarios except for Scenario 1 and Scenario 2 where 

Switzerland is included in the Italy region. Greece and Finland are both special because it is doubtful 

if they can be supplied by overnight deliveries and therefore may be subject to larger amounts of air 

express solutions. This has not been taking into consideration in the research, but once again the 

situation remains the same for all scenarios so it will not have any impact on the results.   

A more comprehensive presentation of the results can be viewed in Appendix B, including costs, fill 

rate and delivery frequency for each warehouse. All monetary values are in SEK. 
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11.2.1 Scenario 1 

 

Figure 59: Overview of Scenario 1 

 

Table 11: Model Results, Scenario 1 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 13 515 347 1 826 653 3 489 196 18 831 197 3 893 763 
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11.2.2 Scenario 2 

 

Figure 60: Overview of Scenario 2 

 

Table 12: Model Results, Scenario 2 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 11 614 946 1 365 040 2 568 933 15 548 919 2 500 970 
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11.2.3 Scenario 3 

 

Figure 61: Overview of Scenario 3 

 

Table 13: Model Results, Scenario 3 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 12 136 304 1 611 750 3 010 452 16 758 505 3 045 775 
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11.2.4 Scenario 3a 

 

Figure 62: Overview of Scenario 3a 

 

Table 14: Model Results, Scenario 3a 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 11 513 743 1 432 060 2 676 581 15 622 383 2 738 141 
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11.2.5 Scenario 3b 

 

Figure 63: Overview of Scenario 3b 

 

Table 15: Model Results, Scenario 3b 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 11 844 721 1 568 155 2 764 577 16 177 453 3 123 294 
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11.2.6 Scenario 4 

 

Figure 64: Overview of Scenario 4 

 

Table 16: Model Results, Scenario 4 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 12 468 875 1 694 243 3 131 033 17 294 150 3 918 204 

 

11.3 Comments on the model results 

11.3.1 Scenario 1 
Scenario 1 gives the worst outcome among the scenarios we have evaluated. There are a couple of 

reasons behind this. The dominating factor is that because we have three different EDCs all brands 

needs to be kept at a 98 % fill rate. In a situation where we have only one EDC we have a larger 

choice of which articles to keep in stock to achieve the 98 % fill rate. If we for example look at the 

average price of the 100 most turned over articles of each brand, we can see that BT articles has an 

average price of 37 SEK while Toyota has an average price of 85 SEK and Cesab has an average price 

of 181 SEK. In a case with only one EDC it makes it possible to keep more BT stock and less Toyota 

stock.  
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The transportation costs are also higher than in other scenarios. Replenishment cost is very high per 

ton-km because we do not have the possibility to co-transport different brands. Air transportation 

cost is high for the same reason that we need to fly from three different locations instead of one and 

therefore loses the benefits from economies of scale in flight prices.  

11.3.2 Scenario 2 
Scenario 2 seems to be the best among the scenarios. The simple explanation behind this is the wide 

coverage by the EDC which takes costs off the RDCs and that we only need a total of five RDCs. We 

might then have reason to believe that this cost benefit will be eaten up by the fact that EDC will 

have a larger DDD cost. However this is not necessarily the case. If we look in Chapter 13 we can see 

that Scenario 2 also manages very well in amount of DDD ton-km thanks to its close proximity to high 

density customer areas such as Netherlands, Belgium and western Germany 

11.3.3 Scenario 3 
Scenario 3 might look attractive by the eye because an EDC in Frankfurt is centrally situated. 

However, this seems to be a false perception as Scenario 3 is among the worst scenarios. The main 

reason behind this is that the EDC covers a relatively small area and we use six RDC locations instead 

of five. We can also observe that we have a high replenishment cost because of this. 

11.3.4 Scenario 3a 
In Scenario 3a we expand the area covered by the EDC in Frankfurt and move the RDC in Bratislava to 

Krakow. This will take costs of the RDCs in Krakow and Ancenis which will have a positive effect on 

the total cost. If the area covered by the EDC is applicable in reality this is an appealing alternative. 

11.3.5 Scenario 3b 
Scenario 3b seems like a weak alternative. We receive a worse total cost than in Scenario 3a, mostly 

due to the more demanding replenishment. It is also bad to move away from the important customer 

areas Belgium and Netherlands from a DDD perspective. 

11.3.6 Scenario 4 
Scenario 4 is the worst scenario after Scenario 1. This is because replenishment flows are very high 

and we have quite a small demand covered by the EDC. 

  



 
12-100 

12 Sensitivity Analysis 

To be able to validate the model used, sensitivity analyses on delivery frequency, carrying cost rate 

and fill rate was realised. This section covers these sensitivity analyses. All monetary values are in 

SEK. 

12.1 Sensitivity analysis on delivery frequency 

As mentioned earlier the lead time used for RDCs is hard to estimate. This is why we will carry out a 

sensitivity analysis to see the impact of different lead times, i.e. different delivery frequencies. Our 

results point towards that delivery should happen about once a week for larger RDCs. Closeness to 

EDC and large volumes makes deliveries happen more often. Let us look at Mjölby RDC in Scenario 2 

where deliveries happen every sixth day. Table 17 shows what happens to the cost if deliveries are 

more frequent. 

Table 17: Sensitivity analysis on delivery frequency; short lead times 

Deliveries 
each x days 

Corresponding 
lead time 

WH cost Repl. cost Air. cost Total. cost 

6 4.5 1 367 930 451 000 883 357 2 702 286 

5 4 1 339 386 494 250 870 078 2 703 714 

4 3.5 1 308 424 552 837 855 581 2 716 843 

3 3 1 273 234 638 654 840 842 2 752 730 

2 2.5 1 269 878 783 516 786 202 2 839 597 

1 2 1 250 858 1 109 713 738 038 3 098 609 

 

We would also like to address the problem that our technique of estimating lead time may be 

optimistic in favour of short lead times. If we instead of using the average lead time use the worst 

case lead time as TMHE do today we get the results shown in Table 18.  

Table 18: Sensitivity analysis on delivery frequency; long lead times 

Deliveries 
each x days 

Corresponding 
lead time 

WH cost Repl. cost Air. cost Total. cost 

6 7 1 463 715 449 940 958 755 2 872 411 

5 6 1 431 624 493 349 928 626 2 853 599 

4 5 1 390 166 552 075 899 920 2 842 160 

3 4 1 338 451 638 055 871 024 2 847 530 

2 3 1 272 320 782 166 841 764 2 896 251 

1 2 1 250 858 1 109 713 738 038 3 098 609 

 

We can observe that the optimal delivery frequency now is every 4th day. The impact of choosing a 

delivery frequency close to the optimal one is not severe in any of the two cases which is good 

because it gives more room for errors in the data. However, the most important observation is that 

deliveries every day gives a deviation from the optimal value of 396 323 SEK in the first case and 

256 449 SEK in the second case. This corresponds to 14.7 % and 9.0 % of the total yearly cost. 



 
12-101 

12.1 Sensitivity analysis on carrying cost rate 

In this chapter we carry out a sensitivity analysis on how the carrying cost rate affects the fill rates 

and the different cost items in a RDC. The example is once again taken from the Mjölby RDC in 

Scenario 2. This sensitivity analysis is particularly important because the rough estimation of the 

carrying cost rate. What is interesting to observe is how the optimal fill rate changes. We observe 

that the total cost is more sensitive at low carrying cost rates. We also observe that from 10 % to 15 

% the increased cost is mostly absorbed by a higher warehouse cost while from 15 % to 20 % the cost 

is in larger extent absorbed by air cost. 

Table 19: Sensitivity analysis on carrying cost rate 

Carrying 
cost rate 

Fill rate Delivery  
frequency 

WH cost Repl. cost Air. cost Total. cost 

5 % 97.3 % 6 898 159 455 983 527 547 1 881 688 

10 % 95.2 % 6 1 367 930 451 000 883 357 2 702 286 

15 % 93.9 % 5 1 735 469 490 575 1 108 543 3 334 587 

20 % 91.3 % 4 1 782 986 541 031 1 538 268 3 862 286 
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13 Scenario analysis based on DDD flows 

Even though DDD flows have not been on our main agenda we find it well suited to present a small 

overview of what the situation looks like. This way the reader of this thesis should get an integrated 

view from supplier to customer. The sales data which we use as input to our model also contains 

postal codes for where each article was sold. This made it possible for us to calculate the distance to 

each postal code. Unfortunately the distance is calculated by a great-circle distance formula, i.e. 

Euclidian distance considering spherical geometry, because of the lack of efficient road network data 

sets. This should still give a good comparison between the scenarios evaluated. For each postal code 

we count the number of order lines sold, where one DDD order lines corresponds to 2.8 kilograms. 

Figure 65 shows the density of order lines per defined area. Be aware that the size of the area is not 

considered which means that larger areas more easily turn to a strong colour. Figure 66 shows the 

amount of ton-kilometres used for DDD distribution. 

 

Figure 65: Density of customers; number of order lines sold per area 
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Figure 66: Amount of ton-kilometres to customers 

Scenarios with facilities close to areas with high customer density are in favour. Areas with high 

customer densities are Belgium, Netherlands and Western Germany. 
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14 Conclusions  

Regarding the suppliers, the centre of density analysis showed us a density point in northern 

Germany. Suppliers are located with high densities around the central warehouses in Mjölby and 

Ancenis. It is hard to move the centre of density further south because of the high density of Swedish 

suppliers. 

The P-median analysis gave notice about the importance of warehouses in Mjölby and Ancenis. It 

also shows the strength of having warehouses in Leicester and central Europe.  

The conclusion from the supplier analyses is that Eastern Europe is weak from a supplier perspective. 

The present solution is good because of the high densities around Mjölby and Ancenis. Especially 

scenarios 3, 3a and 3b are attractive from a supply point of view. 

The results from the model are suggesting Scenario 2 or Scenario 3a as the best solution. The results 

are affected positively from a large covered area by the EDC as it takes costs off the RDCs. Placing the 

EDC where the possibility of supplying the most customers is a good starting-point.  

Delivery frequencies are an important decision and our results points towards a delivery frequency of 

one per week for the replenishment from RDC to EDC. Having deliveries every day could cause the 

total RDC cost to increase up to 15 %. 

Optimal amount of express transports tends towards being about 5 % of the total demand. We can 

from this tell that express deliveries today likely are too commonly used.  

The DDD analysis tells us that there are high customer densities in Netherlands, Belgium and North 

western Germany. This results in scenarios with EDC or RDC in Antwerp is favourable from a DDD 

point of view.  

If we look at the total amount ton-kilometres used in Figure 67 we can see that Scenario 2 is best 

apart from Scenario 1. However observe this figure with great cautiousness as the different types of 

flows are subject to different cost functions. For example the inflow in Scenario 1 is likely more 

expensive than a consolidated replenishment flow from RDC to EDC.  

 

Figure 67: Total transportation load 
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15 Suggested future work 

We end this thesis by suggesting future research and possible extensions to the analyses performed.  

Regarding the suppliers inflow we suggest that a possible future analysis should include a more 

exhaustive investigation of the origin of the parts. The analyses made in this thesis are made on the 

official selling location of each supplier. It is possible that major suppliers actually have production in 

other locations or even buys parts from other sellers. 

The analyses should also include a more thorough investigation on the Japan inflow of Toyota brand 

articles. Our supplier analyses is based on the inflow going to Le Havre in France but this would likely 

be possible to change in the future if a more suitable destination is found.   

An extended version of the model should include better pricing of replenishment transports. Instead 

of using an approximation as we do, actual transport tariffs with correct lead times should be used. 

This is especially important for the delivery frequency results to be trusted.  

A more extensive research on the actual lead times for safety stock dimensioning should be 

performed. Using average lead time or worst case lead times as we do now is not the reality. 

Article classification could be developed further. Today we assume that all articles are equally 

important to supply within 24 hours. This however may not be the case in reality. There are reasons 

to believe some articles are more critical than others.  

Inventory carrying cost rate being 10 % is a vague assumption by us. In most business analyses the 

carrying cost could be estimated quite freely if the purpose is to give an indication of the inventory 

cost. In our approach where the use of express solutions are put in direct relation to inventory cost it 

is of greater importance that the carrying cost rate is correct.    

The model could be developed further to include supplier inflow and customer outflow. This would 

give the ability to model the entire supply chain and minimising the risk for sub optimising.  
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Appendix A  VAU/Picks Matrix 
 

This is an example of how an optimal VAU/Picks-matrix and fill rate table can look like. We have 

chosen not to present these tables for every RDC run. 

 
A1 A2 A3 A4 B1 B2 B3 C1 C2 

0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 1 

3 0 0 0 0 0 0 0 1 1 

4 0 0 0 0 0 0 1 1 1 

5 0 0 0 0 1 1 1 1 1 

6 0 1 0 1 1 1 1 1 1 

7 1 1 1 1 1 1 1 1 1 

8 1 1 1 1 1 1 1 1 1 
 

 
A1 A2 A3 A4 B1 B2 B3 C1 C2 Slow 

0 0 0 0 0 0 0 0 0 0 1 

1 0 0 0 0 0 0 0 0 0 1 

2 0 0 0 0 0 0 0 0 0,9989 1 

3 0 0 0 0 0 0 0 0,9809 0,9979 1 

4 0 0 0 0 0 0 0,9788 0,9923 0,9989 1 

5 0 0 0 0 0,9244 0,9552 0,9831 0,9929 0,9991 0,9500 

6 0 0,5041 0 0,9386 0,9756 0,9853 0,9936 0,9974 0,9996 0,9501 

7 0,5 0,8931 0,9677 0,9909 0,9955 0,9978 0,9990 0,9995 0,9999 0,9503 

8 0,9947 0,9948 0,9985 0,9994 0,9998 0,9998 0,9999 1,0000 1,0000 0,9503 
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Appendix B Replenishment model results 
 

Scenario 1 

 

 

Type: 
EDC 

Location: 
Mjölby 

Brand: 
BT 

Fill 
rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 3 995 681     

 

Type: 
EDC 

Location: 
Ancenis 

Brand: 
Toyota 

Fill 
rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 4 197 872     

 

Type: 
EDC 

Location: 
Bologna 

Brand: 
Cesab 

Fill rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 1 163 917     
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Type: 
RDC 

Location: 
Mjölby 

Brand: 
Toyota 

Fill 
rate: 
91.6 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
90 901 

WH cost 561 641     

Repl. cost 222 783 Repl. freq. 9 Repl. ton-km 463 473 

Air. cost 463 735     

Total. cost 1 248 160     

 

Type: 
RDC 

Location: 
Mjölby 

Brand: 
Cesab 

Fill 
rate: 
85.9 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
24 167 

WH cost 171 749     

Repl. cost 58 208 Repl. freq. 11 Repl. ton-km 114 378 

Air. cost 247 131     

Total. cost 477 086     

 

Type: 
RDC 

Location: 
Ancenis 

Brand: 
BT 

Fill 
rate: 
96.7 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
139 448 

WH cost 629 031     

Repl. cost 275 697 Repl. freq. 12 Repl. ton-km 750 744 

Air. cost 310 127     

Total. cost 1 214 856     

 

 

 

Type: 
RDC 

Location: 
Ancenis 

Brand: 
Cesab 

Fill 
rate: 
81.9 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
10 348 

WH cost 72 278     

Repl. cost 37 547 Repl. freq. 25 Repl. ton-km 14 964 

Air. cost 170 255     

Total. cost 280 081     

 

Type: 
RDC 

Location: 
Leicester 

Brand: 
BT 

Fill 
rate: 
97.1 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
162 815 

WH cost 529 809     

Repl. cost 272 723 Repl. freq. 12 Repl. ton-km 818 112 

Air. cost 313 193     

Total. cost 1 115 725     
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Type: 
RDC 

Location: 
Leicester 

Brand: 
TO 

Fill 
rate: 
93.4 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
74 540 

WH cost 512 731     

Repl. cost 199 741 Repl. freq. 5 Repl. ton-km 177 710 

Air. cost 325 381     

Total. cost 1 037 852     

 

Type: 
RDC 

Location: 
Leicester 

Brand: 
Cesab 

Fill 
rate: 
84.8 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
24 167 

WH cost 177 567     

Repl. cost 74 702 Repl. freq. 19 Repl. ton-km 95 228 

Air. cost 261 179     

Total. cost 513 449     

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
BT 

Fill 
rate: 
96.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
109 899 

WH cost 453 716     

Repl. cost 222 918 Repl. freq. 17 Repl. ton-km 804 559 

Air. cost 296 351     

Total. cost 972 986     

 

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
Toyota 

Fill 
rate: 
87,3 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
109 899 

WH cost 274 398     

Repl. cost 103 876 Repl. freq. 6 Repl. ton-km 60 390 

Air. cost 254 073     

Total. cost 632 346     

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
Cesab 

Fill 
rate: 
80,2 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
8 001 

WH cost 64 977     

Repl. cost 31 634 Repl. freq. 27 Repl. ton-km 25 650 

Air. cost 155 296     

Total. cost 251 907     

 

Type: 
RDC 

Location: 
Bratislava 

Brand: 
BT 

Fill 
rate: 
96,2 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
101 814 
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WH cost 448 080     

Repl. cost 194 432 Repl. freq. 13 Repl. ton-km 418 938 

Air. cost 268 951     

Total. cost 911 463     

 

Type: 
RDC 

Location: 
Bratislava 

Brand: 
Toyota 

Fill 
rate: 
89,1 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
30 013 

WH cost 160 599     

Repl. cost 88 582 Repl. freq. 17 Repl. ton-km 124 576 

Air. cost 240 803     

Total. cost 489 984     

 

Type: 
RDC 

Location: 
Bratislava 

Brand: 
Cesab 

Fill 
rate: 
83,9 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
13 181 

WH cost 101 301     

Repl. cost 43 810 Repl. freq. 17 Repl. ton-km 25 041 

Air. cost 182 721     

Total. cost 327 832     

 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 13 515 347 1 826 653 3 489 196 18 831 197 3 893 763 
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Scenario 2 

 

 

Type: 
EDC 

Location: 
Antwerpen 

Brand: 
All 

Fill rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 7 512 560     

 

Type: 
RDC 

Location: 
Mjölby 

Brand: 
All 

Fill 
rate: 
95.2 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
330 754 

WH cost 1 367 930     

Repl. cost 451 000 Repl. 
freq. 

6 Repl. ton-km 1 145 070 

Air. cost 883 357     

Total. cost 2 702 286     
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Type: 
RDC 

Location: 
Leicester 

Brand: 
All 

Fill 
rate: 
95.8 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
261 522 

WH cost 1 182 197     

Repl. cost 328 546 Repl. 
freq. 

4 Repl. ton-km 386 604 

Air. cost 628 966     

Total. cost 2 139 709     

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
All 

Fill 
rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
166 163 

WH cost 927 145     

Repl. cost 362 593 Repl. 
freq. 

6 Repl. ton-km 627 768 

Air. cost 493 829     

Total. cost 1 783 567     

 

Type: 
RDC 

Location: 
Prague 

Brand: 
All 

Fill 
rate: 
93.4 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
145 008 

WH cost 625 114     

Repl. cost 222 901 Repl. 
freq. 

8 Repl. ton-km 341 528 

Air. cost 562 781     

Total. cost 1 410 796     

 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 11 614 946 1 365 040 2 568 933 15 548 919 2 500 970 
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Scenario 3 

 

 

Type: 
EDC 

Location: 
Frankfurt 

Brand: 
All 

Fill rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 7 512 560     

 

Type: 
RDC 

Location: 
Mjölby 

Brand: 
All 

Fill 
rate: 
95.2 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
330 754 

WH cost 1 368 045     

Repl. cost 440 107 Repl. 
freq. 

6 Repl. ton-km 1 090 422 

Air. cost 883 239     

Total. cost 2 691 391     
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Type: 
RDC 

Location: 
Leicester 

Brand: 
All 

Fill 
rate: 
95.5 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
261 522 

WH cost 1 176 368     

Repl. cost 384 375 Repl. 
freq. 

5 Repl. ton-km 661 445 

Air. cost 673 227     

Total. cost 2 233 969     

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
All 

Fill 
rate: 
93.8 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
145 754 

WH cost 781 780     

Repl. cost 305 545 Repl. 
freq. 

7 Repl. ton-km 620 277 

Air. cost 535 417     

Total. cost 1 622 742     

 

Type: 
RDC 

Location: 
Ancenis 

Brand: 
All 

Fill 
rate: 
96.3 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
150 136 

WH cost 684 574     

Repl. cost 256 993 Repl. 
freq. 

9 Repl. ton-km 369 873 

Air. cost 358 936     

Total. cost 1 300 503     

 

Type: 
RDC 

Location: 
Bratislava 

Brand: 
All 

Fill 
rate: 
93.4 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
145 008 

WH cost 612 977     

Repl. cost 224 730 Repl. 
freq. 

7 Repl. ton-km 303 758 

Air. cost 559 633     

Total. cost 1 397 340     

 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 12 136 304 1 611 750 3 010 452 16 758 505 3 045 775 

 

  



 
B-10 

Scenario 3a 

 

 

Type: 
EDC 

Location: 
Frankfurt 

Brand: 
All 

Fill rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 7 512 560     

 

Type: 
RDC 

Location: 
Mjölby 

Brand: 
All 

Fill 
rate: 
95.2 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
330 754 

WH cost 1 368 045     

Repl. cost 440 107 Repl. 
freq. 

6 Repl. ton-km 1 090 422 

Air. cost 883 239     

Total. cost 2 691 391     
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Type: 
RDC 

Location: 
Leicester 

Brand: 
All 

Fill 
rate: 
95.5 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
261 522 

WH cost 1 176 368     

Repl. cost 384 375 Repl. 
freq. 

5 Repl. ton-km 661 445 

Air. cost 673 227     

Total. cost 2 233 969     

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
All 

Fill 
rate: 
93.8 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
145 754 

WH cost 781 780     

Repl. cost 305 545 Repl. 
freq. 

7 Repl. ton-km 620 277 

Air. cost 535 417     

Total. cost 1 622 742     

 

Type: 
RDC 

Location: 
Ancenis 

Brand: 
All 

Fill 
rate: 
94,9 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
66 979 

WH cost 322 059     

Repl. cost 153 126 Repl. 
freq. 

13 Repl. ton-km 162 747 

Air. cost 246 541     

Total. cost 721 726     

 

Type: 
RDC 

Location: 
Krakow 

Brand: 
All 

Fill 
rate: 
93.4 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
78 302 

WH cost 352 931     

Repl. cost 148907 Repl. 
freq. 

10 Repl. ton-km 203 250 

Air. cost 338 157     

Total. cost 839 995     

 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 11 513 743 1 432 060 2 676 581 15 622 383 2 738 141 
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Scenario 3b 

 

 

Type: 
EDC 

Location: 
Leipzig 

Brand: 
All 

Fill rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 7 512 560     

 

Type: 
RDC 

Location: 
Mjölby 

Brand: 
All 

Fill 
rate: 
95.3 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
330 754 

WH cost 1 339 412     

Repl. cost 434 952 Repl. 
freq. 

5 Repl. ton-km 887 525 

Air. cost 870 052     

Total. cost 2 644 416     
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Type: 
RDC 

Location: 
Leicester 

Brand: 
All 

Fill 
rate: 
95.4 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
261 522 

WH cost 1 196 033     

Repl. cost 395 791 Repl. 
freq. 

6 Repl. ton-km 841 584 

Air. cost 687 652     

Total. cost 2 279 475     

 

Type: 
RDC 

Location: 
Paris 

Brand: 
All 

Fill 
rate: 
96.2 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
150 136 

WH cost 680 607     

Repl. cost 306 291 Repl. 
freq. 

9 Repl. ton-km 525 384 

Air. cost 362 934     

Total. cost 1 349 832     

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
All 

Fill 
rate: 
93.6% 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
145 754 

WH cost 795 482     

Repl. cost 317 044 Repl. 
freq. 

8 Repl. ton-km 763 248 

Air. cost 543 644     

Total. cost 1 656 170     

 

Type: 
RDC 

Location: 
Bratislava 

Brand: 
All 

Fill 
rate: 
93.5% 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
68 564 

WH cost 320 627     

Repl. cost 114 077 Repl. 
freq. 

7 Repl. ton-km 105 553 

Air. cost 300 295     

Total. cost 734 999     

 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 11 844 721 1 568 155 2 764 577 16 177 453 3 123 294 
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Scenario 4 

 

 

Type: 
EDC 

Location: 
Prague 

Brand: 
All 

Fill rate: 
95.0 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 

WH cost 7 512 560     

 

Type: 
RDC 

Location: 
Mjölby 

Brand: 
All 

Fill 
rate: 
95.3 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
330 754 

WH cost 1 338 975     

Repl. cost 474 640 Repl. 
freq. 

5 Repl. ton-km 1 056 880 

Air. cost 870 504     

Total. cost 2 684 119     
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Type: 
RDC 

Location: 
Leicester 

Brand: 
All 

Fill 
rate: 
95.3 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
261 522 
 

WH cost 1 216 848     

Repl. cost 401 513 Repl. 
freq. 

7 Repl. ton-km 1 010 443 

Air. cost 698 340     

Total. cost 2 316 701     

 

Type: 
RDC 

Location: 
Antwerpen 

Brand: 
All 

Fill 
rate: 
95.2 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
402 568 

WH cost 1 456 284     

Repl. cost 445 407 Repl. 
freq. 

5 Repl. ton-km 966 625 

Air. cost 1 061 050     

Total. cost 2 962 740     

 

Type: 
RDC 

Location: 
Zaragoza 

Brand: 
All 

Fill 
rate: 
94,9 % 

Carrying cost rate: 
10 % 

Distributed DDD 
order lines: 
166 163 

WH cost 944 208     

Repl. cost 372 683 Repl. 
freq. 

8 Repl. ton-km 884 256 

Air. cost 501 139     

Total. cost 1 818 030     

 

Type: 
Total 

WH cost Repl. cost Air. cost Total. cost Repl. ton-km 

 12 468 875 1 694 243 3 131 033 17 294 150 3 918 204 
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Appendix C Model print screen 
 

 


