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Abstract 
In business environments costs reductions are becoming increasingly important, this also includes 

the aftersales costs, while cost reductions may not necessarily decrease the provided service 

significantly. VDL Parts performs the aftersales activities for almost all buses and coaches built by 

companies within the buses and coaches division of VDL Groep. The aftersales activities differ from 

providing information of parts to providing the (spare) part itself. This thesis describes how the 

performance of VDL Parts can be increased, which is defined as providing better service at lower 

cost. Therefore, three areas are investigated within VDL Parts, namely: the assortment process, 

identification of important parts, and demand forecasting. First, we have investigated in what way 

the current assortment process can be improved. The process can be improved by using more 

information of the manufacturing companies and performing some tasks earlier within the process. 

Second, we identified important parts, by proposing which parts should be in the initial active 

assortment (initial stock) and classifying the parts that are not in the initial active assortment using 

the Analytic Hierarchy Process. In the end we were able to identify 52.35% of the parts that 

represent 94.27% of the orders. This identification of important parts supports the stock control, 

since better informed decisions can be made. Third, different forecasting methods are tested on the 

data set of VDL Parts, to investigate whether improvements could be achieved by another 

forecasting method. More research is needed in this area; therefore, we recommend VDL Parts to 

focus on the implementation of the proposed assortment process and the used approach to identify 

important parts.  
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Management Summary 
Nowadays, companies do not only compare products based on purchase cost, but also on the service 

that is provided after obtaining the product. VDL Parts is a service company that performs aftersales 

activities for almost all buses and coaches built by companies within the VDL Groep. The market 

share of the Buses and Coaches division of VDL is slowly growing, which implies that VDL Parts has to 

perform increasingly more aftersales activities. This increases the need to work more efficient and 

more structured.  

This thesis investigates how the performance of VDL Parts can be increased. Increased performance 

is seen as providing better service at lower cost. We focus on three main areas, namely: the 

assortment process, identification of important parts, and demand forecasting. Currently (2015), VDL 

Parts is facing difficulties with the process that supports the gathering information of parts, which is 

explained more in-depth in this thesis. Furthermore, the decisions concerning which parts are the 

most important, is unstructured and partly absent. Lastly, VDL Parts is using a simple forecasting 

method that is not suitable for spare parts (Eaves, 2002). The addressed research areas are examined 

in the same order as presented above. 

Area 1: The Assortment process 

In order to improve the assortment process, first, the as-is assortment process is mapped. Some 

activities are performed regularly and some activities are performed in case of a project. A project is 

defined as the production and delivery of a series of buses or coaches to a customer. Regularly, the 

parts that are engineered at the manufacturers are added to the system of VDL Parts, by Parts 

Documentation. In addition, it is assessed whether the information of the parts, retrieved from the 

manufacturer, is at the indenture levels that VDL Parts wants to present to their customers. When 

this is not the case, additional information is gathered. When a project is triggered, the customer 

specific Bill of Materials (BOM) is received. This BOM is enriched with the information concerning the 

lower indenture parts, which was gathered during the regularly activities. Parts Pricing checks the 

parts that are added to the system by Parts Documentation, regularly, and determines whether the 

part will be sold, at which price, and whether a Minimum Sales Amount is defined.  After Parts 

Documentation enriched the BOM, this is used by Logistics, which assesses the parts that are on the 

BOM. This assessment includes investigating whether the parts are purchasable, for which parts 

logistic information (price, minimum order quantity, lead time) needs to be gathered, and 

determining which parts need to be in the initial active assortment and the amount. In the end a 

corresponding process flow is created. 

Four problems are defined during the mapping of the current assortment process. First, limited time 

is available to perform the project activities from Logistics, which results in the bus becoming 

operational before parts of the initial active assortment are received. Second, for a large number of 

parts logistic information is not stored in the current situation, which results in longer response 

times. Third, no differentiation is made between assessed and unassessed parts by Logistics, which 

results in unnecessary double assessment of some parts. Fourth, no proper check is present to 

guarantee that parts that need to be in the initial active assortment are assessed, ordered, and are 

available at the Vehicle Information Portal (VIP). 

We propose to use a new-parts-check at Logistics, using this new-parts-checks enables VDL Parts to 

gather logistic information earlier in the process and to gather logistic information timely. To 
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facilitate this, a new-parts-check is created. We propose to gather logistic information for all parts 

that are added to the system, by using more information of the manufacturing companies. In 

addition, we propose to mark the parts that should be in the initial active assortment (initial stock). 

As a result, at the customer specific BOM the initial active assortment parts are already marked and 

can be ordered immediately. Solely the order amount has to be determined, based on the size of the 

ordered fleet. We propose to differentiate between assessed and unassessed parts by using more 

parts statuses in SAP. This is also convenient when for more parts logistic information is gathered, as 

proposed. We recommend using the coding’s’ of the VIP (componentgroups) and a predefined list of 

parts to check whether initial active assortment parts are marked and ordered. This list should 

contain the description of the parts that should be in the initial active assortment (which is also used 

to mark the parts). This combination enables checking whether every componentgroup contains the 

expected number of parts that should be in the initial active assortment. The proposed solutions lead 

to a proposition for a new assortment process. 

Area 2: Identification of important parts 

To identify the most important parts, parts classification is an appropriate method that is often used 

in practice (Stroeken, 2015). However, in the case of VDL Parts, the parts that need to be in the initial 

active assortment are excluded from the chosen classification method. Three groups of parts are 

excluded: Group 1: Exterior parts, Group 2: Parts used for predefined maintenance, and Group 3: 

Wear and tear parts incorporated in total cost of ownership calculations. Although, the groups were 

clear, the parts that specifically need to be in these groups were not. Therefore, we made a 

proposition which parts to include in every group. 

For the remaining parts (group 4), which are added to the active assortment (stock) after demand 

occurs, two classification methods are tested. These methods rank parts to class A, B, and C. 

Logically, Group A are the most important parts and Group C are the least important. The tested 

methods are the criterion of Teunter et al. (2010) and the Analytic Hierarchy Process (AHP). Both 

methods are quantitatively evaluated and qualitatively investigated on which parts ended up as most 

important parts, by the Logistics Manager. AHP was found to result in the most desired classification 

of parts. When the AHP was combined with the selected parts for group 1, 2, and 3, it resulted in that 

52.35% of the parts, of the aggregate bus, represented 94.27% of the orders received for the parts of 

the aggregate bus. To apply and implement this method in practice the created spreadsheet can be 

used. This enables VDL Parts to update the classification monthly or bi-monthly. Furthermore, we 

showed how different service levels can be allocated to the groups and classes and which cost saving 

can be achieved by this approach.  

Area 3: Forecasting 

In our search to find a more appropriate forecasting method, which is applicable at VDL Parts, several 

forecasting methods are tested. However, the parts are classified based on their demand pattern 

first, such that for every demand pattern the most suitable forecasting method can be found, along 

with the most appropriate parameter settings. All parts incorporated (19,634) were allocated to one 

of the four demand patterns namely: Erratic (1810 parts), Lumpy (10,907 parts), Intermittent (20 

Parts), and Smooth demand (6897 parts). Then the following forecasting methods were tested (by 

means of simulation): a Moving Average (MA) method considering 12 months (which is currently 

used), Single Exponential smoothing (SES), a modified version of SES, the Croston’s method, and 
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Syntetos and Boylan Approximation (SBA). The average Mean Square Error (MSE) is used as a 

performance measure, for the tested methods. MA was used as a benchmark, since this method is 

used at the moment.  

When the most appropriate forecasting method is applied for every demand pattern, the average 

MSE could be lowered from 2021.23 to 1992.17 (improvement of 1.44%). However, applying 

different forecasting methods for every demand pattern may be too complicated when solely using 

spreadsheet software, as is done at the moment. Therefore, we recommend using one method for all 

parts. Based on the simulation, the Croston’s method (1972) is the best performing, which results in 

an optimality gap of 0.35% compared to applying the most suitable method for every demand 

pattern. However, based on literature, and some additional tests during the research, we think that 

SBA will outperform the Croston’s method over longer period; therefore, we recommend to use SBA.  

Conclusion and Recommendations 

Minor changes within the current assortment process of VDL Parts can lead to significant 

improvements when taking the availability of information and parts into account. The marking of 

parts for the initial active assortment, classifying the remaining parts, and differentiating in service 

levels for the different groups can result in significant cost savings, while the influence on the 

provided service is limited. Furthermore, different forecasting methods seem more appropriate, both 

from point of view of the research and from findings in literature. However, more research is needed 

in this area, since VDL Parts is not using the most efficient tools to apply other methods, currently. 

Therefore, the cost savings of applying other forecasting methods may not outweigh the effort that is 

needed to use these methods.  

The contribution of applying another forecasting method may be limited at the moment. Therefore, 

we recommend focussing on Area 1: The assortment process and Area 2: identification of important 

parts. The first area contributes the most to the provided service, since it increases the available 

information and reduces the response times. The identification of important parts contributes partly 

to the service for the customer, since more important parts can better be managed. In addition, cost 

savings can be achieved, while the service is maintained. 
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1 Introduction 
This research is conducted at VDL Parts. VDL Parts performs the aftersales activities for almost all 

buses and coaches built by companies of the VDL Groep. This makes VDL Parts an important player in 

providing service to the customers and one of the core contacts after the bus is sold. The market 

share of the Buses and Coaches division is slowly growing. Therefore, VDL Parts has to perform more 

aftersales activities, which increases the need to work efficiently and structured. This research 

investigates how the performance of VDL Part can be increased. Increased performance is seen as 

providing the same or higher service at lower cost. We focus on three areas, namely: the assortment 

process, identification of the important parts, and demand forecasting.  

The core activity of VDL Parts is provision of spare parts. The variety in sold vehicles increases the 

number of parts that have to be handled, significantly. The tasks involved in the provisioning of spare 

parts are: adding parts to the assortment (e.g. storing technical information) or, in addition, keeping 

them in stock. This implies that stocking policies, forecasting methods and service levels have to be 

determined (Bachetti & Saccani, 2012; Driessen, Arts, Rustenburg, & Huisman, 2014). Currently 

(2015), VDL Parts is facing difficulties with the process that supports the gathering of information of 

parts, which is explained more in depth in this thesis. Furthermore, the decision making concerning 

which parts are the most important to keep in stock, is unstructured and partly non existing. 

Therefore, a tool is developed that classifies parts. Knowing which parts are more important can 

facilitate better decision making (Syntetos, Keyes, & Babai, 2009). When managing their active 

assortment (stock) demand is forecasted. VDL Parts currently uses a simple forecasting method that 

is not suitable for spare parts (Eaves, 2002). Therefore, the applicability of other demand forecasting 

methods is investigated.   

Before we continue with the research, some definitions and clarifications are needed. The 

assortment process is referred to as the process that supports the gathering and processing of 

technical, sales, and logistic information of parts, at VDL Parts. This process is managed by VDL Parts, 

since VDL Parts is separated from all manufacturing activities of the VDL Groep. Several departments 

participate in this process, which plays a key role in having information available and thus the service 

for the customer. Logistic information is information such as: the parts price, lead time, and 

minimum order quantity (MOQ).  Moreover, the term sales information is used; this includes 

information concerning the minimum sales amount (MSA) and price. Furthermore, the complete 

assortment is defined as all known parts at VDL Parts (approx. 152,000). The parts that are kept in 

stock (approx. 34,000 parts) are referred to as the active assortment. These definitions are in line 

with Driessen et al. (2014), who use the same distinction concerning the assortment. In order to 

maintain a constant terminology the initial stock is referred to as the initial active assortment. 

In the remainder of this chapter VDL Groep is introduced in Section 1.1, followed by introducing the 

Buses and Coaches division of VDL Groep in Section 1.2. Thereafter, VDL Parts is presented in Section 

1.3, which is the company where the research is conducted. This creates a top down view on the 

position of VDL Parts within the VDL Groep. Furthermore, the organizational structure is presented in 

Section 1.4. In Section 1.5 the operating environment of VDL Parts is addressed, since VDL Parts has a 

rather unique positioning for a company. Lastly, in Section 1.6, a brief overview of different 

components on a bus is given, by presenting different components of an aggregate bus 

(representative bus). This should increase the understanding of which parts are present at a bus. 
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1.1 VDL Groep 
VDL Groep is an international industrial company, which is devoted to the development, production 

and sales of semi-finished products, buses and coaches, and other finished products. Recently (2014), 

VDL became active in the area of car assembly. The VDL Groep consists of 85 operating companies, 

which are divided over 19 countries; in total, it has approximately 10,000 employees (Hopman, 

2015).  

All companies in the VDL Groep can be allocated to four main divisions namely: Subcontracting, Car 

assembly, Buses and Coaches, and Finished products. Within the subcontracting division VDL is 

specialized in metalworking, mechatronic systems and system supply, plastics processing and surface 

treatments. The car assembly division counts only one company currently, namely VDL Nedcar that 

assembles passenger cars for third parties. Within the division of buses and coaches VDL has several 

companies that have their own specialism, which differs from building coaches, chassis modules, 

public transport buses, adjusting mini and midi buses for the police, and refurbishing used buses. The 

last division is finished goods; this division is even more diverse than the Buses and Coaches division.  

Some examples of products made by this division are: suspension systems for the automotive 

industry, systems for the agricultural sector, components for bulk handling and dust extraction 

installations, and systems for explosion and fire protection. Figure 1.1 shows these divisions and their 

core activities. 

 

Figure 1.1: Divisions of VDL and their core activities (Hopman, 2015) 

1.2 Buses and Coaches division 
The activities of companies within the Buses and Coaches division, vary from producing police vans 

(by adjusting existing vehicles), or producing different modules for the buses, to assembling the 

complete bus and aftersales activities. In Figure 1.2, the structure of the Buses and Coaches division 

is presented. The structure of the figure represents the different phases of a bus lifecycle. The 

lifecycle of a bus starts with the research and development of a new model, which is followed by a 

sales order for a bus or coach. Within the ordering process the customer makes a decision upon the 

configuration (colours, features, etc.) of the bus. When the desired configuration is known, the bus 
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can be engineered, manufactured and delivered to the end-user. From this moment on, aftersales 

activities become important. Aftersales activities can vary from providing maintenance or providing 

information to supply spare parts. 

At the aftersales layer VDL Bus and Coach (VBC), VDL Roeselare, VDL Parts, and the National Sales 

Organizations (NSOs) are involved, providing service by sharing information and supplying spare 

parts. An NSO is the first support for the end user in case there are bus related questions or spare 

parts requests. VDL Roeselare provides spare parts for a very select range of vehicles (the Jonckheere 

JSD segment). VDL Parts sells spare parts for all VDL buses and coaches and provides information. 

The NSOs are the customers of VDL Parts; almost all end users contact the NSO. Exceptions are 

customers who own a fleet of vehicles (fleet customers) and have their own repair & maintenance 

shops. 

Several companies manufacture the buses, coaches or related sub-components. VDL Bus Heereveen 

produces buses for public transport and VDL Bus Valkenswaard produces the coach segment, specials 

and VIP buses (i.e. buses for special persons or (music) bands). VDL Roeselare produces buses for 

public transport as well as coaches, specials, and VIP Buses. VDL Chassis and VDL Bus Modules are 

the suppliers of the chassis and some prefabricated modules for the manufacturing companies and 

some external customers (in the case of VDL Chassis). Furthermore, VDL Bus Venlo is responsible for 

adapting existing vehicles (mini and midi) buses. Such as adding armor to mini/midi vans or adding 

wheelchair accessibility. 

At the sales layer, VBC performs the sales of new vehicles, and VDL Bus Center sells second hand 

buses. Furthermore, there are several NSOs, which are responsible for the sales of buses in foreign 

countries. In addition VBC is also the NSO for the Netherlands. Additionally, VBC is involved in service 

contracts and warranty issues at bus or fleet level. Lastly, VBC is involved in research and 

development, because it decides which product types should be brought to the market. 

Companies within the Buses and Coaches division of VDL
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Figure 1.2: Structure of the Buses and Coaches division VDL Groep (Mollen, 2015) 

The Buses and Coaches division provides a broad series of different type of buses, to address the 

entire bus and coach market. This series includes: buses for public transport, buses for longer 

distances (coaches) and small buses. At Figure 1.3, a selection of the VBC range is depicted. On the 
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left, an example of the public transport segment is depicted. In the middle an example of the coaches 

segment is presented. Lastly, on the right an example of the mini-midi city vans is shown. Note that 

this is not the complete range of vehicles, since different versions per type exist (varying in length 

and configuration). Furthermore, some special projects and the double-decker buses are not 

presented.  

 

Figure 1.3: Selection of broad series of buses and coaches VDL (Mollen, 2015) 

1.3 VDL Parts 
VDL Parts belongs to the Buses and Coaches division; its core business is delivering spare parts, 

accessories and information related to buses and coaches. The complete assortment of VDL Parts 

consists out of approximately 152,000 unique parts. Each part satisfies the high quality standard of 

VDL, which stands for reliability, durability and functionality. VDL Parts’ warehouse is located in 

Veldhoven, where 34,000 different parts are kept in in the active assortment. For the remaining parts 

in the assortment no stock is kept, these parts are delivered upon costumer order. Due to good 

service and technical knowledge, VDL Parts is often a one stop shop (i.e. VDL Parts does not only 

provide the crucial information about the needed parts, but also provides the parts itself). This 

enables VDL Parts to create a long term relationship with their customers. Most information 

concerning parts is presented at the Vehicle Information Portal (VIP), which is an online database 

where customers can search through the assortment of parts.  

1.4 Organization of VDL Parts 
In this section the company structure of VDL Parts is briefly addressed. This is important, because in 

the remainder of the thesis there are references to the department names and activities that are 

explained in this section. VDL Parts has several departments namely: Information, Quality, Purchase, 

Logistics, Operations, and the Front office as shown in Figure 1.4.   

At Figure 1.4 the activities of the sub-departments that are important for the research are marked. 

Documentation (parts) (also referred to as Parts Documentation) is responsible for the parts 

documentation of all new produced vehicles, including technical specification and drawings. All parts 

that need to be available for the customer are added to the VIP database. Customers can search 

through VIP with help of the chassis number of their vehicle. When the requested part is not 

available in VIP, the Parts Info-desk is contacted. Logistics is concerned with determining the active 

assortment, determining the initial active assortment, forecasting, and stock control. When a new 

bus is produced and Parts Documentation has handled all information as described above, this 

information is transferred to Logistics. At Logistics there has to be decided which parts to keep in 

active assortment and how many. Furthermore, when future demand occurs, decisions have to be 

made concerning the control policies for the parts. Lastly, Parts Pricing is responsible for determining 
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which parts are sold, at which price, and whether an MSA is defined. The decision concerning which 

parts are sold is basically the decision to include or exclude a part from the assortment. 

 

 

Figure 1.4: Organizational chart VDL Parts (Munckhof, 2015) 

1.5 Unique position of VDL Parts 
VDL Parts is a service provider for a variety of companies within the Buses and Coaches division and 

serves a large range of unique customers. This creates a challenging operating environment.  Figure 

1.5 shows where VDL Parts belongs in the life cycle of the bus. Understanding this image contributes 

to the understanding of the problems VDL Parts is currently facing. These are described in Chapter 2. 

As can be seen in Figure 1.5, VDL Parts is involved in the aftersales activities. End user demand is 

mostly seen by means of orders from the NSO. Exceptions are the fleet customers. Besides the 

occurrence of demand due to requests from end users, demand could occur to replenish the stock of 

the NSO. An NSO is always supplied via VDL Parts; therefore, no lines are drawn from internal 

suppliers to the NSO. VDL Parts is supplied by internal suppliers and external suppliers. The internal 

suppliers are the manufacturing companies of the Buses and Coaches division, while external 

suppliers are external companies.  

After the bus is delivered to the end user, VDL Parts is responsible for the service and the supply of 

spare parts. Interesting in this context is that the engineering and production is located at the 

manufacturing companies, which separates these departments from the company that provides the 

service. This results in extra challenges within the communication and information distribution 

between the departments/companies. In traditional spare parts management, these departments 

often belong to one company. However, all companies belong to the Buses and Coaches division 

within the VDL Groep. 
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Figure 1.5: VDL Parts position in life cycle of a bus and link with suppliers 

VDL Parts is separated from production and engineering of the bus or coach. Therefore, VDL Parts 

has to familiarize with all engineered parts themselves, with limited help of the department that 

engineered the parts. The collaboration between these departments (of different companies) is 

limited due the lack of a common goal. The lack of a common goal is the reason why VDL Parts has to 

make important business decisions itself. These decisions include which parts to keep in the 

assortment, which indenture level should be presented to the customer, which parts should be in the 

active assortment and the amount. These decisions are becoming more complex due to the large 

variety in types of vehicles that are sold. This complexity is illustrated by the number of parts that are 

in the assortment.  

1.6 Aggregate Bus 
During the research an aggregate bus is used when addressing several elements of the research. This 

is done in order to come up with a general solution that is not based on a specific case. In order to 

improve the general understanding of which components are on a bus or coach, this is briefly 

explained in the remainders of this section. 

In Figure 1.6, the highest VIP indenture level of a bus is shown. An aggregate bus contains 

approximately 4,700 parts. The bus is decomposed in: exterior, interior, drive, axles, steering system, 

constructions, climate system, electrical equipment, pneumatics, engine, accessories, and others. 

These are called the componentgroups; every group has a componentgroup code. In the case of 

exterior parts this is AZZZ (at the highest indenture level). This code changes as one looks into a 
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lower indenture level. For example,  the group exterior consist of panelling (AAZZ), windows (ABZZ), 

door systems (ACZZ), mirrors (ADZZ), washing/wiping systems (AEZZ) and the side panelling of the 

bus (AFZZ). In every componentgroup several sub-assemblies of parts might exist. For example, 

within washing and wiping a screen wiper is present, which consists out of a wiper arm and a wiper 

blade. It is important to keep in mind that not every single part or sub-assembly has its own 

componentgroup number, since the coding only allows 4 indenture levels; further distinctions are 

made with help of part numbers. In Appendix A the second indenture level is added, for the 

componentgroups that are presented at Figure 1.6, such that a good general understanding can be 

gained, concerning which components are present at an aggregate bus.  

 

Figure 1.6: Aggregate bus 

The remainder of this thesis is organized as follows. In Chapter 2, the problem definition is presented 

along with the general research question, which is supported by several sub-questions. Furthermore, 

a framework for the research is presented and the scope of the research is addressed. In Chapter 3, 

first the current assortment process is explained, after which the main problems with the assortment 

process are addressed. Consequently, solutions are proposed for the problems which results in a 

proposition for a new assortment process.  Next, in Chapter 4 the identification of important parts is 

addressed along with the approach to use this information for daily stock control. Chapter 5, 

addresses forecasting of spare parts. In Chapter 6, we reflect upon the stated research questions and 

the conclusions are presented. Based on the findings during the research several recommendations 

are given, which are discussed in Chapter 7. Lastly the limitations of the research are discussed in 

Chapter 8.   
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2 Problem definition, assignment and scope 
In this chapter the problems of VDL Parts (hereafter referred to as VPA), relevant to the addressed 

areas, are defined in Section 2.1. These problems are then translated into a general research 

question, which is decomposed into sub-questions in Section 2.2. A framework for the research is 

presented in Section 2.3. Furthermore, the scope of the project is defined in Section 2.4, which 

defines the boundaries of the research.  

2.1 Problem definition 
In total there are three areas are investigated to increase the performance of VPA namely: the 

assortment process, identification of important parts, and forecasting. Improvements within these 

areas should increase the performance of VPA.  

The current assortment process is the first problem area. Within the current assortment process (I.E 

adding new parts and information to the system) VPA is facing difficulties in distributing all 

information throughout the company. Information is often not at the right place, which resulted in 

wrong decisions and inefficiency of the employees.  Furthermore, it is sometimes difficult to 

determine whether important parts are missing after the assortment process is finished; therefore, 

extra control points might be needed within the process, which links the first area of attention to the 

second area of attention; which parts are important. The described issues, concerning the process 

flow, result in non-availability of parts and consequently more effort is needed to satisfy the 

customer. The increased effort and decreased service results in a reduced competitive position. 

Therefore, the current assortment process should be improved, such that the process is more 

structured and more control is possible. In this case, structured implies a fixed basic approach for 

making the important decisions within the assortment process along with more structured working 

methods. 

The second problem area focusses on the identification of important parts, since in the current 

situation this is unclear to a large extent.  Which parts should be in the assortment, which parts 

should be in the initial active assortment, and which parts are added to the active assortment, after 

demand occurred.  At VPA, important parts are seen as parts that are needed in case of a collision, 

parts needed for prescribed maintenance, and parts that are demanded very often. Note, that there 

probably is some overlap between the definitions concerning the parts that they represent. A clear 

overview of the most important parts is crucial for two reasons. First, an approach to identify these 

parts enables VPA to spot and/or mark these parts early in the assortment process. This enables VPA 

to differentiate between important and less important parts, which results in more control 

possibilities within the assortment process. More control increases the availability of the important 

parts that should be in the initial active assortment. Second, the parts that are the most important 

are the parts that should be closely monitored, regarding the stocking levels, to ensure that the 

desired service level for these parts is reached. Therefore, knowing which parts to monitor closely 

has applications for future stock control. In addition, service levels can be allocated depending on the 

importance of the part.  

Parts classification can reveal which parts are most important for the company (Bachetti & Saccani, 

2012). Parts can be classified based on several criteria (Bachetti & Saccani, 2012), which results in 

one score for importance/criticality. Besides the criteria that are used within a classification method, 

other reasons might give parts higher priorities (Driessen et al., 2014). Therefore, such parts need to 
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be excluded from the classification method. However, through this exclusion, already some basic 

selection is made. 

VPA stated that several groups of parts need to be excluded, since these parts should be in the initial 

active assortment. For them it is clear what the groups are. However, which parts belong in each 

group is still needs to be investigated. First of all, parts that are VDL specific needed to be excluded 

from the classification method, since there are contractual obligations to replenish these parts 

(exterior parts, group 1). Examples of such exterior parts are bumpers, windows, and side panels. 

Furthermore, within repair and maintenance contracts, several parts are listed (maintenance and 

wear & tear parts) that are included in the price agreement, concerning the total cost of ownership 

of the bus or coach (group 2 & 3). Due to these agreements, these parts are obligatory to replenish. 

Therefore, these parts are excluded from the classification method. Group 2 and 3 include parts such 

as: filters, braking pads, braking callipers, bearings and axles. The parts that remain unclassified 

(approx. 4,465 parts) represent approximately 95% of the parts that are on an aggregate bus (4,700 

parts). Note that not all unclassified parts are sold. Still it is too costly to classify the unclassified parts 

manually; therefore we strive to use a classification method for these parts, which sorts them into 

three classes (A, B, C) in terms of importance. Figure 2.1, shows the described selection of parts 

graphically.  

Group 1, 2, and 3 are the most important parts to have in the initial active assortment. Group 4 can 

be added to the active assortment at a later stage, after demand occurs. Assortment problems are 

not studied much, to the best of our knowledge. Similarly the initial (active) assortment also receives 

little attention in literature. These findings are in line with the findings of Ziggers (2013), who studied 

the initial spare parts assortment at a company which has similar characteristics as VPA, concerning 

the familiarisation of parts. In this research the decisions concerning the initial active assortment and 

the later active assortment are handled. The initial active assortment is treated by defining an 

approach for the parts in groups 1, 2, and 3. The classification method for group 4 supports decisions 

concerning the active assortment, since it clarifies which parts are important, that are not in group 1, 

2, or 3. Note, that although parts that are in group 1, 2, 3 are important from customer perspective, 

these parts may not contribute the most to the achieved service level. 

 
Group 1:  

Exterior parts  

 
Group 2: Parts needed  for 
predefined maintenance 

Group 3: Wear and tear parts included within 
repair and maintenance contracts 

Group 4: Remaining parts classified to A, B, C 

Figure 2.1: Predefined groups for identification of important parts 
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Lastly, in the current situation demand forecasts are based on the use of the Moving Average (MA). 

The Moving Average method is not necessarily the best way of forecasting within spare parts 

management (Eaves, 2002; Syntetos & Boylan, 2005). Furthermore, adopting the same forecasting 

method for all parts at the same time may not be optimal (Boylan, Syntetos, & Karakostas, 2008), 

since parts might have different demand characteristics. However, it may be the most practical. In 

general, parts can be allocated to four different categories of demand type namely: smooth, 

intermittent, erratic and lumpy (Syntetos, Boylan, & Croston, 2005).  Based on the demand type, the 

appropriate forecasting method can be chosen. Nonetheless, for VPA the question is which 

improvements can be made concerning the forecasting method, while taking into account 

understandability and the limitations of VPA.  

2.2 Research questions 
From the described problems the general research question is derived: 

How can the performance of VPA be improved, such that availability of parts and information is 
increased?  
The general research question is scoped to three problem areas namely:  

Area 1: The assortment process 
Area 2: Identification of important parts 
Area 3: Demand forecasting 

The general research question is supported by several sub-questions, which are answered within 

several chapters and belong to the defined research areas. The sub-questions and in which chapter 

they are answered is shown in Table 2.1. 

Sub-
question  

 Answered  
in chapter 

Related to 
research area: 

1 What is the current assortment process? 3 1 

2 
What specific problems arise from the current 
assortment process? 

3 1 

3 
How can the current assortment process be reorganized, 
such that it is more structured and standardized for sold 
buses and coaches? 

3 1 

4 
What are the practical consequences of the proposed 
changes for the current assortment process? 

3 1 

5 
What method is suitable for controlling the assortment 
process? 

3 1 

6 
How can parts classification support the identification of 
the most important parts from bus and coach and under 
what conditions? 

4 2 

7 
How can the classification be incorporated within the 
current stock control? 

4 2 

8 
What forecasting method(s) is/are most appropriate to 
use at VPA while taking into account the limitations of 
the company? 

5 3 

Table 2.1: Sub-questions which support the general research question 
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2.3 Framework for the problem  
The assignment fits the framework of Driessen et al. (2014), which is shown in Figure 2.2. The 

extensive framework addresses different aspects of spare parts management. In total 8 blocks are 

present, each with its own proceedings, which are addressed briefly in Table 2.2. The blocks that are 

important for this research are marked in Figure 2.2.   

Step Activity  

1: Assortment management  Decide upon the spare parts assortment, and 
gather the needed technical information 
concerning these parts. 

2: Demand forecasting Classify parts concerning demand characteristics, 
and characterize the demand process to forecast 
future demand.  

3: Parts Returns forecasting  Forecast the amount of parts that are returned, 
since no demand occurred at the end-user. 

4: Supply management Ensure the availability of several suppliers, 
manage the availability and characteristics and 
control the supply parameters. 

5: Repair shop control Determine capacity for the repair shops and 
schedule the repair jobs. 

6: Inventory control Classify which parts need to be in stock, selects 
the replenishment policy and the parameters for 
the chosen policy 

7: Spare parts order handling Determine the preconditions for the order 
handling process (i.e. under what circumstances 
an order is accepted), manage the spare parts 
orders, emergency shipment or not.  

8: Deployment Asses if the predefined replenishment 
parameters are valid at the moment 
replenishment should take place. Manage the 
procurement and repair order, which implies that 
lead times are controlled and order quantities 
are checked. 

Table 2.2: Brief explanation of the framework from Driessen et al. (2014) 

Assortment management is marked, since the assortment process is concerned with gathering 

information of parts. The gathering of information is done via the assortment process at VPA. 

Furthermore, classification of parts is included in this research, since identification of important parts 

is one of the research areas. In order to identify important parts, classification is a useful approach, 

which is also used in this research. Note that, identification of the parts that need to be in the initial 

active assortment, is also an input for the assortment process. In addition, the identification of 

important parts is an important first step for stock control, since it enables VPA to set different target 

service levels for different levels of important parts. This will influence the composition of the active 

assortment, since the amount in the active assortment is dependent of the set target service level. 

Lastly, forecasting is addressed during the research, which includes grouping the parts based on their 

demand characteristics and applying forecasting methods. The goal is to demonstrate to VPA which 

forecasting methods are more appropriate within spare parts management and are implementable 

at VPA. 
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Figure 2.2: Framework Driessen et al. (2014) which describes different steps of spare parts planning 

2.4 Scope 
In the current situation it is unclear what the exact proceedings are within the current assortment 

process. Therefore, current process has to be mapped. The following departments are the key 

players in the current assortment process: Parts Documentation, Parts Pricing, and Logistics. Hence, 

only their activities are explained in Chapter 0.  

During the research an aggregate bus is used. However, the defined approach can be applied to all 

buses and coaches, when the used information is available.  The approach to assess older buses and 

coaches is out of scope of the research. Most results are solely based on the aggregate bus, when 

this is not the case this is explicitly stated.  

Lastly, demand forecasting is an area of attention during the research.  As input data, the demand of 

the last two years is used. Only parts that had orders in both years are incorporated. The implication 

of the forecasting methods is limited by applying the available resources of VPA, meaning that only 

spreadsheet software is used for the simulation.  

  

Area 1 

Area 2 

 

Area 3 
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3 Assortment planning 
In the paper of Driessen et al. (2014), assortment management is split in two steps. Namely, defining 

the spare parts assortment and gathering (technical) information of parts. However, no information 

is given of which process should support the gathering of information and how it can be structured at 

a company. We think that the reason for this is that the gathering of (technical) information of parts 

often differs, depending on the type of company. Therefore, it is hard to come up with one uniform 

approach, which is applicable to several companies. Furthermore, only when for a large number of 

parts (technical) information needs to be gathered, or when it influences the service, companies may 

be willing to study this process more in-depth. At VPA a large number of parts are handled and VPA is 

unsatisfied with the current approach for adding parts to the system and gathering (technical) 

information of parts. Therefore, the assortment process is an area of research within this research. 

VPA has no clear overview of the current assortment process and currently (2015) no documents are 

available that state how the process is executed. Therefore, the current assortment process has to be 

mapped, first. Remember that the assortment process supports the adding of new parts to the 

system. The following departments are involved within the current assortment process: Parts 

Documentation, Logistics, and Parts pricing. The current assortment process is mapped based on 

interviews with the involved parties. Thereafter, several checks are performed with the involved 

parties to guarantee that the process is complete.  

This chapter is organized as follows. First, the current assortment process is presented Section 0. 

Next, the problems within the current assortment process are addressed in Section 3.2. In Section 

3.3, solutions for the problems are proposed. The proposed solutions result in a modified (new) 

assortment process, which is evaluated in Section 3.4. 

3.1 Current assortment process 
In Figure 3.1 the current assortment process is depicted. To support the understanding of the 

detailed explanations in the subsequent sub-sections: 3.1.1, 3.1.2, and 3.1.3, first more general 

information is given. In the current assortment process some activities are performed regularly (black 

arrows) and some activities that are performed in case of a project (blue lines). A project is defined as 

the production and delivery of a series of buses or coaches to a customer. This implies that a project 

at VPA is triggered by a customer order at VBC, since this trigger initiates the configuration, final 

engineering and manufacturing of a bus at the manufacturing company. Only when a project is 

triggered, VPA has a complete overview of all parts that are on the delivered customer specific bus 

(including the desired configuration for a customer). Therefore, some activities are not performed 

until the configured Bill of Materials (BOM) of the bus is created. Parts Documentation is responsible 

for the information that a customer can find at VIP. Parts Pricing decides whether a part is sold 

(commercial status), at which price, and whether a MSA is defined. Logistics investigates whether a 

part is purchasable by VPA and decides upon which parts and the amount that should be in the initial 

active assortment.  
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Figure 3.1: Current assortment proces 

In the remainders of this section all activities that contribute to the current assortment process are 

discussed in depth. First, the activities of Parts Documentation are discussed, since Parts 

Documentation is the internal trigger for VPA to start the assortment process activities. Next, a brief 

explanation concerning the activities (that contribute to the assortment process) of Parts Pricing is 

presented. Lastly, the activities of the Logistics are discussed. 

 Parts Documentation 3.1.1

VPA receives data about new components and parts, from the manufacturing company of VDL, which 

engineers a new series of buses and coaches, triggered by VBC. This basic data is obtained via the 

connected IT system. The data can be structured or unstructured. Structured data implies that the 

data is already in the desired SAP format, unstructured data is (mostly) in spreadsheet format. 

In the case of structured data, an automated check is executed, in SAP, to determine which parts are 

new for VPA. The parts that have a sales order at the manufacturing company are processed first. 

These parts are used in production, thus should also be present in an operational bus. In order to add 

new parts to the SAP database of VPA, the generic data is copied from the database of the 

manufacturing company.  This way the SAP file for the part is created. Thereafter, the part is known 

at VPA. When unstructured data is retrieved, the data is manually entered in SAP. However, in both 

cases the data remains incomplete, since merely generic information is transferred. Information 
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regarding the MOQ, lead time, and price (i.e. logistic information) is not present yet. The completion 

of this data is executed at a different department, namely at Logistics.  

When the new-part-data is uploaded to SAP, the level of decomposition is assessed. This means that 

the person who documents the part (documentalist) determines whether the part needs to be 

further decomposed to a lower indenture level. An example is depicted in Figure 3.2; in this figure a 

rear-axle is further decomposed, since VPA also has to supply the lower indenture parts. To gain the 

(technical) parts information of the lower indenture parts, a request is sent out the supplier. When 

additional information and drawings are received, the documentalist determines again whether the 

level of decomposition is satisfactory. When it is satisfactory, additional SAP numbers are created for 

the lower indenture components. In case the new data does not lead to satisfactory decomposition, 

again extra information is requested. Consequently, new parts are added to SAP. The goal is to have 

the lowest indenture level available (in SAP and VIP) that is purchasable by VPA and can be sold to 

customers. Exceptions are welded assemblies and glued assemblies; such assemblies are not 

decomposed to a lower indenture level.  When the decomposition step is finished (satisfactory 

decomposition), the loop is finished in Figure 3.1, which also implies that the data in SAP can be 

finalized and also can be stored in the customer database (VIP). In case the retrieved data of the 

manufacturing company is already at the desired indenture level, no additional information needs to 

be requested. Such parts are handled at the same indenture level at the manufacturing company as 

done by VPA.   

Decomposition

 

Figure 3.2: Decomposition to a lower indenture level of a rear-axle 

In case a project is triggered by a customer order at VBC, the BOM of the bus from the manufacturing 

company is received.  This BOM represents all parts of the bus that is ordered by the customer, 

which can vary between customers, due to different bus configurations. The BOM is at different 

indenture levels than VPA wishes to present for their customers. Therefore, this BOM is enriched 

with the lower indenture level parts, such that all parts are present at the desired indenture level. 

The information about the lower indenture levels was already gathered during the regular activities, 

since then the decomposition was determined for the parts. However, at that point in time it was 

unclear to which bus the assemblies/components belonged. In practice this BOM often contains 

parts that are already known at VPA, because these parts were present at a previous bus or coach.  

 Parts Pricing 3.1.2

Regularly, Parts Pricing assesses all new parts that are added to the SAP database of VPA (new parts 

for VPA). This assessment includes the decision whether the part is sold or not. The decision at Parts 

Pricing is basically the decision to include a part in the assortment. Generally, Parts Pricing marks 

approximately 95 % of all parts as sellable, because delivering a large variety of parts in order to 

serve the customers is their core business (being a one stop shop). Therefore, the assortment 
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decision on itself has less empathy at VPA. However, identifying which parts are the most important 

remains very important, to keep the active assortment within acceptable limits. Besides the decision 

whether a part is sellable, the selling price is determined and for some parts a MSA is defined.   

 Logistics  3.1.3

As can be seen in Figure 3.1, the activities of Logistics are triggered by the project activities of Parts 

Documentation. From the created BOM, the parts that need to be in the initial active assortment are 

selected. The selection is based on experience. For some systems an initial stock advice is requested 

from the supplier. In case a supplier cannot give an initial stock advice, the decision is made by 

Logistics. In case an initial stock advice is received, a decision is made to completely follow this advice 

or make changes in the number of parts and which parts are kept in the initial active assortment. 

Next, an order is placed for all parts that need to be in the initial active assortment, such that these 

parts become available in stock. Examples of such systems are: complete door systems, screen wiper 

systems, the elevator for disabled people, and the climate system.  

When the part is not kept in the initial active assortment (coding PD in SAP), no additional actions are 

performed. Logistic information is gathered after receiving an order. In case the part is kept in the 

active assortment (coding Z1 in SAP) at least one supplier has to be contacted for the price, lead 

time, and MOQ. Exceptions are parts that are supplied via the manufacturing company (internal 

supplier). Then the logistic information can be retrieved from the SAP database of the manufacturing 

company, which is a manual task currently. Typically, the manufacturing companies supply parts to 

VPA, which are handled at the same indenture level at VPA; for example bumpers, mirrors and 

windows.  

It could be the case that parts at BOM already are in the active assortment, because these parts were 

selected during a previous project. These Parts have a different logistic status. In order to deal with 

these parts properly, a note is added in SAP, which shows the increase of the number of buses the 

part is used in. This information is used for daily stock control activities. When a part is unexpectedly 

used in 150 buses instead of 50, it may be wise to adjust the stock manually for the parts that are 

used for prescribed maintenance activities. Elsewise, the customer of the 150 buses orders the parts 

for prescribed maintenance and VPA is not able to meet this demand. Several managers emphasize 

that meeting the demand for prescribed maintenance and VDL specific parts is very influential for the 

customer satisfaction.  

Lastly, a check is performed that should ensure that the important parts (which were selected) are 

documented in VIP. The check is performed, because information concerning these systems/parts 

always needs to be available for the customer when the bus is operational. In case information is 

incomplete, a request to complete the information is sent to Parts Documentation (not included in 

the process). When Logistics is informed that the information is completed, the check is performed 

again and depending on the outcome some of the above steps need to be repeated.   

3.2 Problems within the current process flow 
During the mapping of the current assortment process, we took notes of our findings. These notes 

are used to draw conclusions on what the problems are within the current assortment process. 

These findings are shared with the involved parties, who confirmed these problems. The four 

problems are: 
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Problem 1. The time to perform the project activities of Logistics is limited; as a result the bus 

may be operational before parts of the initial active assortment are received.  

Problem 2. For a large number of parts no logistic information is stored in the current situation, 

which results in longer response times. 

Problem 3. In the current situation no differentiation is made between assessed and unassessed, 

which decreases the overview of which parts still need to be assessed. 

Problem 4. No proper check is present to guarantee that parts that need to be in the initial 

active assortment are assessed, ordered, and are available in VIP. As result initial 

active assortment parts may be missed throughout the process. 

In Figure 3.1 the problems are marked. We see that it can be the case that the BOM is delivered to 

VPA at the same time the bus becomes operational. This mostly depends on which type of vehicle is 

build and by which manufacturing company. Sometimes the BOM at the manufacturing company is 

created during the manufacturing of the bus, or just before the bus is built. Due to this VPA has 

limited time left to perform all project activities, checking the completeness of VIP concerning the 

important parts, and receiving the parts that need to be in the initial active assortment.  Often this 

time is insufficient to supply the parts that need to be in the initial active assortment; as a result the 

parts that may be needed in the first week of the operational phase of a bus are not in the active 

assortment. This is an undesirable situation, since new parts that are (possibly) needed are not 

available for the customers. 

A second problem arises, since for a large number of parts no logistic information is gathered. During 

the project activities a choice is made whether to gather logistic information and whether to keep 

the part in the (initial) active assortment. During these activities, parts are allocated into three 

categories concerning their logistic status, namely: parts that have logistic information stored and are 

kept in the active assortment (SAP status: 40+Z1), parts that have logistic information stored but are 

not in the active assortment (SAP status 40+PD), and parts that are not in the active assortment and 

do not have any logistic information stored (SAP status: 10). The absence of logistic information 

results in longer response times. Response times should be as short as possible, since VPA is facing a 

competitive market. In this matter response time is referred to as the time between an order of the 

customer and sending out the order out by VPA, in case no logistic information is available. In the last 

two years 5495 new parts were ordered. For 3,649 parts logistic information was unavailable. On 

average it took VPA 6.32 days to gather the needed information and order the part (including 

weekends). The result is probably biased, since some parts are ordered, while the purchase price and 

lead time are unknown. 

Third, when no logistic information is gathered, the part status remains at the new parts status (10). 

Therefore, no distinction, between parts that are handled by Logistics and parts that are new, is 

made. As a result several parts are assessed more than once, or at least not filtered out to get a 

better overview of the unassessed parts that are present at the received customer specific BOM.  

Fourth, during the assessment of new parts by Logistics, the parts that are included in the BOM are 

assessed. It could be the case that not all parts that are on the bus are included within the BOM, 

since the BOM of the manufacturer is sometimes incomplete. Consequently, important parts are not 

selected and available for the customers, due to a lack of a proper control mechanism, which checks 

whether the expected important parts are present at the BOM. Within this area we focus on 
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incorporating the insight of the research concerning which parts are the most important for the 

initial active assortment. 

3.3 Improvements in the assortment process 
Based on the findings during interviews we came up with several ideas to improve the current 

assortment process. For every solution the feasibility is checked, to ensure that it is implementable at 

VPA.  

Proposition for problem 1 and 2 

We propose to use a new-parts-check at Logistics as is used by Parts Pricing. This way, new parts can 

be handled on a regular base. Furthermore, we propose that Logistics marks the parts that are in 

group 1, 2, and 3 when handling new parts, based on a reference lists. This reference list should 

contain the correct part descriptions for the parts within group 1, 2, and 3. When a sub-systems is 

added to the system; for example, a climate system or door systems. Logistics can ask an initial active 

assortment advice, early in the assortment process. Which choices need to be made in case an initial 

active assortment advice is received from a manufacturer, is out of scope of this assignment, since 

these are always exceptions. When using this new-parts-check, the goal is to gather logistic 

information for all new parts that are added to the system, which implies that at all times logistic 

information is available when parts are ordered. Note that sometimes the logistic information may 

be outdated at the time the part is ordered. However this could also be the case for parts that are 

ordered once every two years.  In order to ease the gathering of logistic information, we recommend 

using as much information as possible from the manufacturing company. Only for parts that are 

handled at the same indenture level at VPA, the information of the manufacturing company can be 

used. The needed logistic information can be transferred via the ERP system, currently this is done 

sometimes, but not as often as proposed. Possibly this transferring can be automated in the future. 

Time savings can be achieved by using more logistic information of the manufacturing company, 

since VPA does not have to gather this information themselves.  

We developed and created the proposed new-parts-check with help of the Logistics manager, it can 

be seen in Appendix B. The new-parts-check is connected to VPAs’ databases. This database contains 

the information concerning which parts are new for VPA. Currently this information is only used by 

Parts Pricing. In case parts are handled at the same indenture level at VPA as at the manufacturing 

company, logistic information can be transferred from the operating company (this task could be 

automated in the future).Therefore, this information is included in the new-part-check. Furthermore, 

there are columns which denote whether the manufacturing company has logistic information stored 

already. This is useful, because VPA solely has to react on parts that are created in the database and 

are used for manufacturing. Parts that lack supplier information and price information at the 

manufacturing company are not yet actively used. Therefore, these parts are of no concern for VPA. 

We marked the parts that should be in group 1, 2, and 3 in the new-parts-check.  

To check the feasibility of the proposed solution, we monitored the number of parts that are added 

to the system of VPA, for a 31 day period. In Figure 3.3 , the result is depicted. In case the part is 

handled at the same indenture level, only the parts containing logistic information at the 
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manufacturing company are included. 

 

Figure 3.3: Number of new parts added to the system daily 

In Figure 3.3, two values are presented that do not fit properly in the graph. The first peak is an 

excess of 665 new parts and the second peak an excess of 35,312 new parts. These are exceptions 

and caused by mass upload of data, by Parts Documentation. These peaks include parts that are 

handled at the same indenture level at VPA as at the manufacturing company. Therefore, the logistic 

information can be transferred from the manufacturing company with help of mass uploads. We see 

these peaks as outliers; therefore, these are excluded when calculating the averages.  

On average 21 new parts per period are added to the database, which are handled at a different 

indenture level. Furthermore, on average 13 new parts are added to the system, which are handled 

at the same indenture level. These results were presented to the Logistics manager. He estimated 

that sending requests out for logistic information, entering logistic information, and transferring 

logistic information will take 2 hours per day, assuming a worst case scenario. Furthermore, peaks in 

the number of parts, at different indenture levels, are often complete sub-systems that are 

decomposed. Therefore, only one supplier needs to be contacted to request and gather the logistic 

information of these parts, which decreases workload. In the current situation suppliers are 

contacted several times a year for parts from the same sub-system (i.e. climate system, door 

system). This unpractical approach is avoided by the proposed approach.  

VPA is currently not using the proposed approach; therefore, it is difficult to come up with exact 

numerical proof about the time the new method will take or save. However, some estimates can be 

given, which were decided upon with the involved people of Logistics. In the current situation one 

person uses 80% (6.4 hours) of his daily time, to answer questions concerning the price and lead 

time, and part specific characteristics. The time consumed for questions concerning price and lead 

time will decrease, since with the new approach all parts have their logistic information stored. Still, 

some of the information may be outdated at the time it is needed. Therefore, some of those 

questions remain present. 90% of the 6.4 hours is consumed by questions concerning price and lead 

time of a part. We expect that this is reduced by at least 75%, meaning that around 4.8 hours of work 

is saved on a daily basis. The new approach will take 2 hours per day. As a result 2.8 hours are saved 

per day. Further reduction is possible when logistic information is transferred automatically.  

Implementing the proposed new-parts-check as described above results in that: 

 The response time is decreased to 0, since the part can be ordered directly by VPA. Only 

when a part is no available at the supplier anymore, time is needed to gather information 

about alternative suppliers.  
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 More time is available to supply the parts, since parts that need to be in the initial active 

assortment are marked and logistic information is gathered, these can be immediately 

ordered, when the customer specific BOM is received. There only has to be decided upon the 

order size. 

 Less time is needed to answer questions daily, since fewer questions will be raised. 

Proposition for problem 3 

The third problem can be solved by creating more part statuses in SAP. We propose to use parts 

statuses that state whether logistic information is complete. This way a part can move from part is 

handled, marked, and information is requested to information requested but information incomplete 

to information is complete. This way more parts can be handle, while proper overview is maintained 

concerning which parts have incomplete information. Using more parts statuses results in that:  

 A proper, overview is maintained concerning which parts still need to be handled (within the 

proposed new-parts-check) 

The remaining question is what to do with all parts that are not assessed at the moment (status 10). 

In order to start with a clean new-parts-check, we propose that VPA first tries to add as much logistic 

information to the parts that are still at status 10, based on the information of the manufacturing 

company. This way these parts can move to the information complete status. Parts that do not 

receive logistic information are set to a redundant status, such that is known which parts belonged to 

the old working methods. This way the new-parts-check is not polluted when it is put into use.  

Proposition for problem 4 

Lastly, a proper check that guarantees the availability of important parts is absent in the current 

situation. In Section 4.2 a proposition is made which parts need to be in the initial active assortment. 

However, this not ensures that these parts are present at the BOM of the aggregate bus and are 

available at VIP for the customer. Therefore, a check is needed. Group 1, 2, and 3 are the input for 

this check. We recommend the use of a blueprint for different types of buses, based on the 

componentgroups. By using the componentgroups the number of parts that need to be in a specific 

group can be stated. For example, group AAZZ contains two exterior parts, no maintenance parts, 

and one wear and tear part.  This check can be performed with spreadsheet software. Table 3.1 

shows an example of the comparison of the blueprint. Whenever the check is performed, and the 

real bus deviates from the blueprint, questions should be raised. Differences are caused by different 

configurations or when tasks are not performed correctly such as: wrong description of a part, the 

parts is allocated to the wrong componentgroup, or is marked wrong.  

Blueprint aggregate bus Real bus 

Componentgroup: Exterior: Maintenance: Wear and 
tear 
parts: 

Componentgroup: Exterior: Maintenance: Wear 
and tear 
parts: 

AZZZ 4 1 3 AZZZ 3 1 2 

AFGH 0 2 3 AFGH 0 2 3 

AAZZ 0 4 1 AAZZ 0 3 1 

Table 3.1: Blueprint based on componentgroups VS real bus 
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Using the componentgroups to perform a check result in that: 

 A proper check is available to ensure the availability of initial active assortment parts 

 Incorrect descriptions of initial active assortment parts will be noticed, since these parts are 

not marked, due to the incorrect description 

 It is visible when parts are allocated to the incorrect componentgroup  

3.4 Proposed assortment process 
Based on the proposed improvement, a new set up is given for the assortment process. Figure 3.4 

shows this new set up. Not all proposed improvements are visible within the new set up. The ones 

that are visible are marked namely: the new-parts-check, the marking of the parts for the initial 

active assortment, the gathering of the logistic data early within the process, and the check based on 

the componentgroups.   

There are several additional advantages when implementing the recommended changes. First of all, 

a better allocation of work, concerning the gathering of logistic information is achieved. Because 

logistic information is gathered for approximately 34 parts per day, instead for all new parts from a 

project at once. This supports a uniform approach for storage of logistic information per part. 

Furthermore, for all parts the logistic information is more timely gathered than in the current 

situation. This lowers the pressure on the operational tasks that are performed on a regular basis. 

Moreover, in the old situation the sales prices are determined before the procurement prices are 

known. In the new situation the procurement prices are known for all parts in an early stage. 

Therefore, the parts can be priced while taking into account the purchase prices. This should result in 

better margins for VPA, since the sales price is less dependent of the expertise of the person who 

determines the sales price. 

Furthermore, by the marking of parts that are in group 1, 2, and 3, for the whole company it is clear 

to which category a part belongs (at least for group 1, 2, and 3). Additionally, for every bus, the BOM 

contains the information of which parts are used for maintenance, which parts are identified as wear 

and tear parts, or are exterior parts. In addition, some activities of the proposed assortment process 

become measurable. For example, the time between the request for information from the supplier 

and the receiving of this information is measurable. Because this is the time that the part is at the 

status information requested but incomplete (assuming all received information can be handled 

daily). 

The proposed assortment process, along with its additional advantages, was discussed with three 

department managers and the managing director; all acknowledge the advantages of the proposed 

assortment process. Furthermore, all agreed that this is the most suitable approach that is 

implementable at the moment. These advantages are also the main motives why VPA is planning to 

adopt the modified assortment process. Consequently, for some time, the logistic department has to 

perform tasks from the old and the new method simultaneously, which might increase the workload 

temporarily. Thereafter, solely tasks of the new approach have to be executed.  

To sum up, this chapter we started with mapping the current assortment process. Then the problems 

with the current assortment process were presented. Based on the problems, we proposed several 

improvements. Some improvements are output of this research; for example, the new-parts-check 

can be put into use whenever VPA wants to start with the new assortment process. Furthermore, the 
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recommended parts statuses can be created within SAP, thereafter these can be actively used. Lastly, 

we created a blueprint for the aggregate bus, which is added in Appendix C. However, similar 

blueprints can be created in order to have check available for different types of buses and coaches. 

There could be argued that the ordering of the parts could also be done just after the new-parts-

check. However, at this moment VPA has no resources that could support this, since it is unclear 

what the fleet size is during the new-parts-check. Whether this information can be gained earlier in 

the assortment process could be explored in the future. This new process flow will not guarantee the 

availability of initial active assortment parts for 100%. However, based on the limitations of the 

company and in the collaboration between the companies this is the maximum achievable in short 

notice.  
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4 Identification of important parts 
In this chapter the identification of important parts is discussed. First relevant theory concerning 

parts classification is presented in Section 4.1, since this is the chosen approach to identify important 

parts of group 4. Identification of important parts includes the proposal for group 1, 2, and 3 parts 

and applying classification methods for group 4. The identification of group 1, 2, and 3 parts, 

contributes to the initial active assortment. Furthermore, it serves as an input for the assortment 

process. The classification method for group 4 should add value for the daily stock control, by having 

a clear overview of which parts are the most important and therefore should be focussed on. In 4.4 

the implication of this knowledge for daily stock control is addressed.  

4.1 Literature review: Parts classification 
Managers often have to address which parts to keep in the (active) assortment. In practice, 

companies often use classification methods to address which parts are most important and 

consequently need to be in the active assortment (Cavalieri, Garetti, Macchi, & Pinto, 2008; 

Stroeken, 2015). The end result of classifying parts is often a list with parts in descending order of 

importance. After the list is made, a division is made that allocates parts to different groups (usually 

3 to 6 groups), based on percentages (% revenue, % of order lines, % of all parts) or threshold values. 

In what way this division takes place, depends on the chosen classification method. Companies often 

decide to keep certain groups in the active assortment, since the other groups (of parts) are less 

important.  These parts either represent a very small percentage of the total number of orders, a 

small percentage of the revenue, or these parts are easily obtainable.  

Furthermore, required service levels can be allocated according to the importance of a group or 

class. Traditionally, all parts in a group or class receive the same service level (Teunter, Babai, & 

Syntetos, 2010). However, the system approach is sometimes used to allocate optimal services levels 

to a part within a certain group (Weijden, 2014). In the system approach the objective is reached, 

while looking at all parts in a group simultaneously (Kranenburg & van Houtum, 2014). The idea 

behind the approach is that a certain service level can be reached, by keeping high stocks of less 

expensive parts and keeping lower stocks of more expensive parts. This approach can result in 

savings up to 50% compared to the item approach (Arts, 2014), while reaching the overall required 

service-level for the concerned group. 

Nowadays, the spare part business is becoming more complex (Bachetti & Saccani, 2012), due to 

higher required service levels, increasing number of parts that need to be managed, more complex 

demand patterns, and higher requirements concerning the responsiveness. This is demanded 

because the customer is exposed to high downtime cost (Bachetti & Saccani, 2012). Huiskonen 

(2001), states that a spare part planning is more complex than material planning for several reasons. 

First, within material planning, there can be switched to producing other products. Second, individual 

prices of spare parts may be very high, due to the fact that parts are machine specific and not used in 

production anymore. Thirdly, demand may be more sporadic and difficult to forecast, due to more 

complex demand patterns of spare parts. These findings are supported by Bachetti & Saccani (2012), 

who also address the complexity of spare parts management. Syntetos et al. (2009) state that: “spare 

parts classification can improve decision-making and constitutes a significant opportunity for 

increasing spare parts availability and or reducing inventory cost”. 
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To identify the most important parts in group 4, classification methods are suitable tools to 

implement at VPA. Since, this will give them the ability to differentiate between different levels of 

importance concerning the managed parts. This differentiation enables them to make better 

informed management decisions. In general, parts classification methods can be divided in two main 

groups; qualitative approaches and quantitative approaches (Bachetti & Saccani, 2012; Stroeken, 

2015). Qualitative approaches aim to address the importance of keeping spare parts in stock. These 

approaches use information about usage and factors that influence the management of the spares 

(Bachetti & Saccani, 2012). In the group of qualitative approaches Analytic Hierarchic Process (AHP) is 

most used(Bachetti & Saccani, 2012; Molenaers, Baets, Pintelon, & Waeyenbergh, 2012) . 

Quantitative approaches aim to come up with an efficient approach, most often based on cost. The 

overall most used approach is the ABC-Classification (Bachetti & Saccani, 2012). In Appendix D an 

overview of investigated classification methods is listed. Not every listed classification method is 

tested and applied in practice. Sometimes the method is solely tested with help of simulations 

(Bachetti & Saccani, 2012; Gajpal, Ganesh, & Rajendran, 1994; Molenaers et al., 2012).  

We concluded that testing a quantitative and qualitative classification method would be the most 

appropriate, before selecting one. Based on research, the ABC-classification of Teunter et al. (2010) is 

chosen as quantitative classification method; it is the best performing ABC-Classification in terms of 

cost (Teunter et al., 2010). Hence, it will result in an objective view of which parts are the most 

important. Still it could be the case that the results are not satisfactory for VPA. Therefore, a 

qualitative classification method is also applied, since qualitative methods are more adaptable to the 

needs of the company. The chosen method is the AHP method, which is able to include different 

criteria and guide subjective judgements (Gajpal et al., 1994; Goossens & Basten, 2015; Saaty, 1990). 

However, before implementation a model has to be created. The choices and assumptions made for 

application of the methods is described in Section 4.3.1 and 4.3.2. 

Currently (2015), no noticeable distinction is made between parts in the active assortment. For every 

part the same target service level is set. Which parts should be closely monitored is determined by 

experience. However, these decisions are no quantifiable. Furthermore, the selection of parts that 

should be in the initial active assortment is based on experience. Therefore, this decision can differ 

from time to time. Decisions that are made for the initial active assortment cannot be properly 

checked afterwards. Therefore, it is difficult to assess whether wrong decisions are made. This is 

possible when parts in group 1, 2, and 3 are marked, as proposed in the previous chapter. However, 

which parts should be marked is explained in this chapter. In addition we propose an method to 

identify the most important parts in group 4. 

4.2 Determination of group 1, 2 and 3 
Before classifying parts of group 4, a first distinction is made by determining the parts in group 1, 2, 

and 3. Which parts belong in which group is not evident. Therefore, we propose which parts to 

include in each group. These lists can be adapted in the future when new insights are gained.  It is 

more important for VPA to have a starting point concerning structural identification of parts that 

should be in the initial active assortment. In addition VPA should be able to incorporate this within 

their assortment process.  

To determine parts in group 1, we examined the exterior parts of two historical lists of important 

parts. Based on the name of the parts and its function, the corresponding parts from the aggregate 
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bus are derived. Additionally, we examined the BOM of the aggregate bus, to check whether all 

exterior parts that are prone to damage are incorporated.  In total we selected 70 important exterior 

parts. We propose that these parts should be in group 1. Before this proposition is used within the 

process, it is advisable to perform a check whether all parts that need to be incorporated are 

included. This check should be performed by the 3 involved department managers and the managing 

director. This is advisable, since different views resulted in different decisions in the past; therefore, 

the support of all stakeholders for the selection of group 1 parts, should be ensured. 

In order to select the parts in group 2 and 3, information is used from the department that is 

involved with repair and maintenance contracts. More specifically, the total cost of ownership 

calculations and the maintenance manual is used. This resulted in extraction of 109 unique parts. 

From these 109 parts, 23 parts are used for predefined maintenance. These parts are allocated to 

group 2. Furthermore, the remaining 86 parts are wear and tear parts. Interesting is that within the 

total cost of ownership calculations the wear and tear parts are divided into wear and tear parts that 

have a predictable life time and parts that have less predictable life time. Predictable parts are for 

example: brake pads, and brake disc. Less predictable parts are radiators and windscreen wipers. 

Note that this does not influence the decision at this moment. However, these are characteristics 

that may be used in the future to improve the demand forecasting.  

Under the assumption that these parts should be in the initial assortment, we investigated how often 

these parts are not in the initial active assortment within the current assortment process. As an 

input, data of the last two years is used. First, we marked the parts that should be in the initial active 

assortment. Thereafter, we examined which percentage of important parts was not in the initial 

active assortment in year one, year two, and in total. The results are depicted in Table 4.1. As can be 

concluded, in the first year 40.10% of the parts that should be in the initial active assortment 

(according to the research) were not in the initial active assortment. This percentage decreased in 

the second year to 35.59%, this is probably caused by some personal initiatives, undertaken to 

improve the initial active assortment concerning the important parts. However, still more than 1/3 of 

the important parts are not in the initial active assortment. Therefore, we recommend incorporating 

the selected parts within the modified assortment process. This should result in that nearly 100% of 

the group 1, 2, and 3 important parts are in the initial active assortment. In case parts are missed 

during the marking and the check, at least logistic information is available, due to the proposed 

assortment process. These parts can therefore be ordered immediately. 

Although the method for selecting the parts that should be in group 1, 2, 3 is straightforward, there 

should be kept in mind that without changing the assortment process it is difficult to incorporate this 

knowledge within the daily routine. Furthermore, in the past the information that is used for group 2 

and 3 was not as reliable as is currently the case. Currently VPA is focussing more on the total cost of 

ownership, as a result the calculations are professionalized and the selection of parts that are 

included is improved.  

  # of parts: Percentage: 

Year 1    

 # of group 1, 2, 3 parts that were not in the initial active 
assortment  

158 40.10% 

 # of group 1, 2, 3 parts that were in the initial active 
assortment 

236 59.90% 
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 Total #  of group 1, 2, 3 parts that should have been in the 
initial active assortment 

394 100% 

Year 2    

 # of group 1, 2, 3 parts that were not in the initial active 
assortment  

121 35.59% 

 # of group 1, 2, 3 parts that were in the initial active 
assortment 

219 64.41% 

 Total #  of group 1, 2, 3 parts that should have been in the 
initial active assortment 

340 100% 

Total    

 # of group 1, 2, 3 parts that were not in the initial active 
assortment  

279 38.01% 

 # of group 1, 2, 3 parts that were in the initial active 
assortment 

455 61.99% 

 Total #  of group 1, 2, 3 parts that should have been in the 
initial active assortment 

734 100% 

Table 4.1: Performance on initial active assortment of important parts for a period of 2 years 

4.3 Applying parts classification for group 4 parts  
The remaining parts (group 4), are classified based on a quantitative and qualitative classification 

method. Both are performed in order to test which method performs best for VPA. In general the 

quantitative approach is easier to implement. Therefore, when this approach performs well, it would 

be recommended to use this approach. However, the performance depends on part characteristics 

and the judgment of the specialists. The part characteristics determine the ranking of the parts list. 

Nevertheless, the specialist assesses whether this represents his needs. Therefore, the specialist 

(Logistics manager) judges the performance of the classification method. This decision can be 

supported by quantifiable data. The qualitative method is more adaptable; therefore, this method 

seems more promising in fulfilling the needs of the company. As quantitative classification method, 

the criterion of Teunter et al. (2010) is chosen. For qualitative classification method, AHP is chosen. 

The application of both methods is described in the following two sections.  

 Method 1: Criterion Teunter et al. (2010) 4.3.1

The criterion from Teunter et al. (2010) is used as classification method. This quantitative 

classification method is easier to use than most qualitative classification methods. Furthermore, the 

criterion is derived from inventory theory, which should result in lower cost while reaching the 

desired service (Teunter et al., 2010). First, the criterion is calculated. Then the parts are ranked in 

descending order, based on the criterion. After the parts are ranked, each parts is allocated to a 

class, we use three classes (A, B, C). The criterion is calculated with the following formula: 

𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑇𝑒𝑢𝑛𝑡𝑒𝑟 𝑒𝑡 𝑎𝑙 (2010): 
𝑏𝑖𝐷𝑖

ℎ𝑖𝑄𝑖
 

Where: 

bi = the backorder cost for part i 

Di = yearly demand for part i  

hi = holding cost for part i 

Qi = order size for part i 
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At VPA we could not assign different backorder cost to different parts, at least not subjectively or 

based on any available data. This is mainly caused by a lack of usable and reliable information 

concerning which parts are penalized. Therefore, a test is performed, where all parts had the same 

backorder cost. However, this did not result in the desired outcome. Every group represented the 

same percentage of orders as the group size. For example, group A represented 20% of the parts and 

20% of the received orders. Therefore, no increase in the number of orders that are fulfilled is 

achieved with keeping these parts in stock. This is desired, since VPA wants to focus on fewer parts 

to fulfil as much orders as possible, while still making an informed distinction. 

Therefore, we choose to assign different backorder cost to the parts, based on the number of orders 

that are received within the last 2 years. After two years a part is disposed from the active 

assortment; therefore, a period of 2 years is chosen.  We used three backorder cost categories. The 

used categories and backorder cost are shown in Table 4.2. We varied the backorder costs within the 

regions that are acceptable. The goal was to have a clear difference in importance of parts, such that 

VPA can fulfil more orders with fewer parts. Assigning different backorder cost seemed more 

appropriate, because it could enable focussing cheaper parts while satisfying more orders.  

# of orders: Backorder cost: 

More than 12 € 100,- 

More  than 2 and less than 12 € 50,- 

Less than 3 € 10,- 
Table 4.2: Backorder cost based on the # of orders 

For the yearly demand of part i, SAP data is used; namely the demand of the rolling year (365 days). 

The holding costs are assumed to be € 0.25 per euro inventory kept per year (Durlinger, 2010). As 

emphasized by Durlinger (2010) this value is often used as an average across industries. Furthermore, 

the holding costs are dependent of the parts price, which makes these cost just a scaling factor. For 

the sake of completeness these costs are still included. Lastly, for the order sizes the current order 

size parameters are extracted from SAP and used as input for this criterion. After the calculations are 

performed, parts have to be allocated to different classes. We choose to allocate 20% to class A, 30% 

to class B, and 50% to class C. This allocation is well known in literature (Teunter et al, 2010; 

Bacchetti & Saccani, 2012). Before the criterion is calculated, we extracted the parts for group 1, 2, 

and 3. 

 Method 2: Analytic Hierarchy Process 4.3.2

The AHP developed by Saaty in 1980 (Saaty, 1990) is a strong and flexible modelling technique, which 

can handle both quantitative and subjective data (Braglia, Grassi, & Montanari, 2004; Goossens & 

Basten, 2015). As a result AHP is a good tool to address complex problems. Furthermore, it is an 

effective methodology to deal with multiple criteria decision problems (Goossens & Basten, 2015).  

An AHP can have as many levels as required; however, the developer should be aware that at every 

node decisions are made. Since, every decision within an AHP is supported by a (small) rating model, 

the number of models that have to be created increases with the number of levels that are included 

(Braglia et al., 2004). An example of an AHP model is presented in Figure 4.1.  The AHP Model results 

in one weight for every part. Thereafter, there has to be decided which cut-of values (in weight) 

belong to a certain group. Often the VED terminology (Vital, Essential, Desired) is used within AHP 

(Cavalieri et al., 2008), to make a distinction between the different groups or classes. However, in our 

opinion the term A, B, or C for the different classes can also be used, since it grades the parts in 
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terms of importance. We defined and used a step by step approach. This approach is included in 

Appendix E. 

 

Figure 4.1: Example of an AHP Model for choosing a car 

Step 1: Defining the decision criteria and check for correlation  

First, we composed a list with criteria used in literature. Additionally, criteria that were not present in 

literature, but could be useful to include for VPA, were added to the list. From this list (included in 

appendix F), we choose three criteria in consultation with the Logistics manager. The three criteria 

are: the number of orders within the last two years, lead time, and price. A period of two year is 

used, because when a part is not sold for a period of two years, it no longer belongs to the active 

assortment. This criterion is important since VPA is a service oriented company; therefore, parts that 

are sold frequently should be classified differently than parts that are sold infrequently. Furthermore, 

lead time is important, since long lead times are a reason to closely monitor stocking decisions in 

order to maintain the required service level. Lastly, the price of a part is often used in literature and 

although it has not the main focus of VPA in terms of service, we see it as a valuable input for the 

AHP. Since, including the price of a part has implications for future stock control. We should point 

out that only quantifiable criteria are used, since the goal is to automatically classify parts. The 

complete model is depicted in Figure 4.2. At level 1 the total weight is represented, where at level 2 

the different criteria are depicted. Lastly at level 3 the different modes of the criteria are presented. 

These modes can be seen as categorizes; for example: long lead time (A1), medium long lead time 

(A2), short lead time (A3).  

 

Figure 4.2: AHP model used within this research 
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After the selection of the criteria, we performed a test to check whether the criteria are correlated. 

This is done with the Pearson correlation test. As input, 1,939 parts are used; these are all parts that 

include the required data, from the aggregate bus. The results of the test are presented in Table 4.3. 

Several criteria are correlating. However, the loadings are very low (<0.4) (Kim, Kim, & Youn, 2012) . 

Therefore, we concluded that no influential correlation is present. 

  # of Orders:  Lead time: Price: 

# of Orders:  1 0,261* 0,002 

Lead time: 0,261* 1 0,097* 

Price: 0,002 0,097* 1 

*Significant at the 0.01 level (2-tailed)    

Table 4.3: Correlation matrix of the used criteria 

Lastly, different modes (A1, A2, and A3) need to be determined, in literature (Bachetti & Saccani, 

2012; Gajpal et al., 1994)  these modes are often selected based experience. For example, the lead 

time modes were 1 to 3 months (A3), 3 to 6 months (A2), and 6 to 9 months (A1). We analysed the 

chosen criteria based on their distribution. The active assortment, the total assortment, and the 

aggregate bus were analysed, to examine the distribution of the number of orders, price, and lead 

time. We choose to adopt the boundaries of the analysed aggregate bus. Consequently every mode 

represents approximately 1/3 of the parts that are on the bus. The chosen boundaries for the 

different modes are presented in Table 4.4. In case this model is implemented in the future, small 

changes may be made by VPA concerning the boundaries. However, at this moment it is unclear 

whether changes are needed, since it is difficult to estimate the practical consequences for the 

complete active assortment without incorporating the parts that should be in group 1, 2, 3.  

Criterion: Mode’s: Boundaries: 

# of orders   
 A1 More than 12 
 A2 More  than 2 and less than 12 
 A3 Less than 3 
Lead time   
 A1 More than 21 days 
 A2 More than 12 days and less than 22 days 
 A3 Less than 13 days 
Price   
 A1 More than € 7,77 
 A2 More than € 0,69 and less than € 7,78 
 A3 Less than €0.70 

Table 4.4: Different modes of the chosen criteria 

Step 2 & 3: Rate the decision criteria & calculate the priority vectors 

The decision criteria and modes are rated by the Logistics manager, this step results in the pairwise 

comparisons matrix at level 2 and 3, which is included in Appendix G. Furthermore, the normalised 

priority vectors are calculated by an approximate method and the exact method. The approximate 

method is allowed when less than four criteria are used, with a maximum of three modes (Teknomo, 

2006). To implement the exact method, specific software is needed such as: MAXIMA, or 

WolframAlpha. To demonstrate that the approximate method gives similar results as the exact 
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method, the exact priority vectors are also included in Appendix G. In Table 4.5 the vectors at level 2 

(level 2 priorities) and 3 (modes priorities) calculated with the approximate method are depicted.  

Based on these vectors, the composite weights for the criterion-mode combinations can be 

calculated, by multiplying the level 2 priorities vector with the modes vector (columns A1, A2, A3). 

The results are presented in in Table 4.5. The total weight a part receives can be derived from this 

table. In case a part scores A1, A3, A2, on respectively criterion number of orders, lead time and 

price. The part receives a total weight of 0.59, which represents its importance. Similarly, all different 

combinations can be made, which results in different total weights. These weights contribute to the 

decision whether a parts is classified as Important (A), medium important (B) or least important (C). 

However, the boundaries for this decision are determined after we checked the consistency of the 

matrices. 

Criterion: Level 2 priorities: Level 3: Modes´ priorities: Composite weights: 

 
 

A1 A2 A3 A1 A2 A3 

# of Orders 0,724 0,777 0,155 0,069 0,562 0,112 0,050 
Lead time 0,193 0,669 0,267 0,064 0,129 0,052 0,012 
Price 0,083 0,724 0,193 0,083 0,060 0,016 0,007 

Table 4.5: Composite weights for the criterion-mode combinations (approximate method) 

Step 4: Calculate the consistency ratio’s 

When the composite weights are calculated the consistency ratio must be checked. The consistency 

ratio (CR) is a measure that symbolises how consistent the ratings are that the assessor gave to the 

different criteria and modes. The used formulas are included in Appendix H. 

When CR is smaller or equal to 10%, the inconsistency is acceptable (Saaty, 1990; Teknomo, 2006). 

However, some researchers’ state that the consistency index should be treated the same as a 

significance level used in statistics (Kim et al., 2012). Kim et al. (2012) adopt the following view a 

consistency ratio <10% is good, where a consistency ratio between 10% and 20% is recognized as 

acceptable.  

We calculated the CR for all matrices that are used in the model. The results are shown in Table 4.6. 

The results of the approximation and exact method are depicted along with the percentage of 

difference to show that it does result in practically the same conclusions. Based on Table 4.6 we 

conclude that most results are below the threshold of 10% with the approximate method. One 

exception is the level 3 assessments concerning the number of orders (13.39%). However, this 

considered acceptable, since it is below the boundary of 20%. Furthermore, in the exact method all 

judgements are below the threshold of 10%. This implies that all ratings are consistent; therefore, no 

changes to the assessment have to be made. 

Judgement/Consistency 
ratio: 

Consistency ratio approximate 
method: 

Consistency ratio 
exact  method: 

Difference: 

Level 2  9,61% 5,59% 4,02% 

Level 3: # of Orders 13,39% 6,92% 6,46% 

Level 3: Lead time 3,90% 2,51% 1,40% 

Level 3: Price 9,61% 5,59% 4,02% 

Table 4.6: Consistency ratio's judgement matrices 
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When the model is created, the cut-of values have to be determined, such that the parts are 

allocated to a certain group of importance. Logically, when a part scores A1, A1, A1 it ends up in class 

A. However, for the remaining decisions the boundaries need to be set. In consultation with the 

logistic manager we set the following boundaries. When a parts scores A1, A2, A3 (total composite 

weight: 0.621), this is seen as the lower bound for class A. Furthermore, A2, A2, A1 (total composite 

weight: 0.224) is seen as the lower bound for group B. By setting these boundaries all parts are 

allocated to one of the three groups. An overview of the set boundaries is shown in Table 4.7. 

Total of composite weight: Class: 

≥0.621 A 

≥0.224 and <0.621 B 

>0.224 C 
Table 4.7: Boundaries of AHP 

 Results parts classification  4.3.3

In the previous sections the application of the classification methods is discussed. Both methods are 

applied on the parts of the aggregate bus. In order to determine which method performs best, both 

methods are compared in this section. First, we gathered quantitative results. These results are 

discussed with the logistic manager. Thereafter, we and the Logistic manager examined which type 

of parts end up in which class. Based on this quantitative/qualitative evaluation, an opinion is formed 

concerning which approach gives the most desired result.  

Table 4.8, shows the quantitative results of the modified criteria of Teunter et al. (2010), while taking 

into account the predefined classes. Note, that fewer parts are included in the predefined classes 

than discussed in Chapter 4.2. The reason for this is that not all parts that we allocated to group 1, 2, 

and 3 had orders in the last 2 years. Therefore, these parts do not need to be included when 

quantitatively evaluated. As can be seen in Table 4.8, with the criteria of Teunter et al. (2010) 18.51% 

of the parts are allocated to Class A. This is not 20% of the relevant parts that are on the aggregate 

bus, because the 20/30/50 allocation is executed after the relevant group 1, 2, 3 parts were 

extracted. Class A parts account for 19.55% of the orders. The class B parts account for 36.64% of the 

orders and the C class only accounts for 13.99% of the orders, with 897 (46.26%) different parts.  

Group/ Class: # of 
Parts: 

Percentage: Cumulative: # of 
Orders: 

Percentage: Cumulative: 

Group 1: Exterior  44 2,27% 2,27% 4002 7,32% 7,32% 

Group 2: Maintenance  23 1,19% 3,46% 2977 5,45% 12,77% 

Group 3: WT Parts  77 3,97% 11,66% 9320 17,05% 29,82% 

A 359 18,51% 25,94% 10686 19,55% 49,37% 

B 539 27,80% 53,74% 20025 36,64% 86,01% 

C 897 46,26% 100,00% 7648 13,99% 100,00% 

        
Total: 1939 100%  54658 100%  

Table 4.8: Quantitative results modified criterion Teunter et al. (2010) 

Fewer parts need to be managed, while enabling to fulfil a significant amount of orders, when the 

criterion of Teunter et al. (2010) is combined with the proposed selection of group 1, 2, and 3 parts. 

With stocking 53.74% of the parts, 86.01% of the orders can be fulfilled. In practice, this does not 
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hold, since a service level of 100% is practically not possible. However, the same holds for the parts in 

class C, therefore the comparison is valid.  

Lastly, this approach is evaluated in a qualitative manner. This includes evaluating which parts are in 

class A, B, or C. Based on this evaluation, we conclude that in class A, a lot of bolts, screws, O-rings, 

spacers, hoses, and connectors are included. The reason for this is that these parts are often 

demanded in high volumes and are less expensive. The same practically holds for class B.  In class C 

more expensive parts are present such as cylinders, water pumps, and electronic units. Parts in class 

C are much more expensive than those in class A and B. This is not surprisingly since this is the goal of 

the criteria of Teunter et al. (2010).  

Table 4.9, shows the results of the AHP approach, while taking into account the predefined groups. 

As can be seen in Table 4.9, in class A 372 parts are present, which account for 19,19% of the all parts 

that had orders in the last two years. These parts cover 45.95% of the orders. In Class B 499 parts are 

present, which cover 18.5% of the orders. Class C includes 924 parts, which cover only 5.73% of the 

orders. With 52.35% of the parts, 94.27% of the orders are covered (neglecting errors in forecast and 

stocking levels, as explained above). 

This approach is similarly evaluated in a qualitative manner. In class A, several more expensive parts 

are incorporated, which have a significant amount of orders, such as a cylinder (15 orders), an oil 

tank (44 orders), an air process unit (118 orders). In class B several screws, bolts and nuts are 

included, while also some pneumatic parts are included and some construction parts of the bus. Last, 

in class C a lot of bolts, screws, O-rings, spacers, hoses, and connectors are included. The reason why 

this approach results in this allocation of parts is because this approach puts the emphasis on the 

number of orders that a part had in the last two year.  

Group/Class: # of 
Parts: 

Percentage: Cumulative: # of 
Orders: 

Percentage: Cumulative: 

Group 1: Exterior  44 2,27% 2,27% 4002 7,32% 7,32% 

Group 2: Maintenance  23 1,19% 3,46% 2977 5,45% 12,77% 

Group 3: WT Parts  77 3,97% 11,66% 9320 17,05% 29,82% 

A 372 19,19% 26,61% 25114 45,95% 75,77% 

B 499 25,73% 52,35% 10112 18,50% 94,27% 

C 924 47,65% 100,00% 3133 5,73% 100,00% 

        

Total: 1939 100%  54658 100%  

Table 4.9: Quantitative results AHP 

 Choosing a classification method 4.3.4

After evaluation of both classification methods, we reflected on the performance of both 

approaches. The criteria of Teunter et al. (2010), performed good in terms of selecting inexpensive 

parts that had high demands. Also, it performed well in terms of selecting a limited number of parts 

that accounts for a larger amount of orders. This is mostly due to the modification that was applied. 

In case this modification is not applied, the percentage of orders that is covered by the class is 

roughly the same as de percentage of parts that the class represents. The main comment on the 

criterion of Teunter et al. (2010) is that it advises the Logistics manager to focus on a lot of 

inexpensive parts that are demanded in high volumes. This seems counter intuitive for VPA, because 
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these parts are also ordered by VPA in large amount due to MOQ’s or the low price of the parts. For 

example, when for all class A parts the demand in the rolling year (365 days) is put into stock; it will 

cost around € 86,000. For class B it will result in a cost around € 530,000. Therefore, the focus of the 

Logistics manager would be class B instead of A. This is one reason why AHP is preferred by the 

Logistics manager.  

Second, it is preferred to fulfil orders instead of demand, because one of the key performance 

indicators (KPI) of the department is the reached service level. This service level is defined as the 

percentage of orders that are delivered on time. Stating this, there could be argued that testing the 

criterion of Teunter et al. (2010) was not a good idea in the first place. However, we analysed the 

orders and demand in an early phases of the research. We found that 75.68% of the orders were of 

order size 1, 2 or 3 (in 2014). Therefore, we concluded that the criterion of Teunter (2010) still could 

work well, although VPA prefers to fulfil orders instead of demand. Since, when large demands at 

VPA are caused by a number of small orders, the criterion would still be able to select the most 

important parts from service level perspective. 

Third, the parts that are included in class A, when applying AHP, represent the choice that would be 

made by Logistics based on experience, to a larger extent. These are the parts that are ordered often, 

with medium to high prices, and intermediate to long lead times. Therefore, it seems appropriate to 

monitor these parts closely in the active assortment.  

Fourth, the criterion of Teunter et al. (2010) is relatively easy to implement. However, it is quite 

static in its application, because solely the percentages of the groups and the number of groups can 

be adapted, while the AHP is can be adapted more. In the future VPA may want to adjust boundaries 

or ratings of the AHP, when new insights are gained. 

We applied the AHP model to the whole active assortment as well (for the parts that had data on all 

criteria) in order to give an indication how it will perform. As can be seen Table 4.10, when applying 

AHP to the active assortment it allocates almost half of the parts to Class A or B, which covers 92.02% 

of the orders. Note that within the current active assortment no parts are allocated to group 1, 2 and 

3. When the proposed assortment process is adopted this will be the case in the future.  

Class: # of Parts: Percentage: Cumulative:  # of Orders: Percentage: Cumulative:  

A 4124 18,40% 18,40% 255789 73,91% 73,91% 
B 7746 34,57% 52,97% 62644 18,10% 92,02% 
C 10537 47,03% 100,00% 27631 7,98% 100,00% 
       
Total: 22407 100%  346064 100%  

Table 4.10: Results AHP active assortment 

In the end we prefer to use AHP in the future to classify the parts that are in group 4. This 

classification should take place after all criteria that are incorporated in the approach, contain data. 

This implies that as long as a part in group 4 is not requested it has no classification. Furthermore, 

this suggests that (monthly or bi-weekly) the classification has to be updated, regularly. This enables 

parts to move from class C to class A when ordered more frequent. Similarly, it enables parts that are 

not ordered anymore, to move from class A to class C to unclassified, when no orders are received 

for a period of 2 years. Furthermore, parts may be allocated to other classes when the price or lead 
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time increases or decreases. However, the number of orders has the most significant influence, on 

which class a part is assigned to. In Appendix I an image of the used file for the application of AHP is 

incorporated. 

4.4 Classification for controlling active assortment parameters 
The classification method is selected and the parts that need to be excluded from this method are 

determined. The question remains how to incorporate the classification method in order to manage 

the active assortment (current stock control). Current stock control is performed with help of 

spreadsheet software. Therefore, we explain how the classification can be incorporated within the 

current spreadsheet calculations. Note, that we adopt the calculation methods as used at VPA 

currently. This implies that we assume that demand follows a Normal distribution and MA is used as 

forecasting method.  

VPA currently uses a policy that is close to a (s,Q) policy for all parts. The reorder point s is calculated 

with the formulas in Appendix J. Order size (Q) is currently determined by experience, which implies 

the order quantity is estimated, by looking at previous demands. In case this is less than the MOQ, 

the MOQ is ordered. On request of the Logistics manager, in the performed calculations Q is 

assumed to be either the Economic Order Quantity (EOQ) (calculated with the formula below) (Silver, 

Pyke, & Peterson, 1998), or the MOQ in case the MOQ > EOQ.  

𝐸𝑂𝑄 𝑓𝑜𝑟𝑚𝑢𝑙𝑎:                    𝑄∗ =  √
2 × 𝐷𝑖 × 𝐴

𝑟 × 𝑣𝑖
 

Where: 

Q∗ = the economic order quantity 

r = Inventory cost per euro inventory  

vi = Unit price for part i 

A = Fixed ordering cost 

Di = Year demand for part i 

The EOQ formula is seen as an good approach for Q within a (s,Q) system (Aelmans, 2012). The 

implementation of the EOQ formula is also the reason why the number of replenishments is included 

in Figure 4.3. This way we can compare the use of the EOQ formula with the current parameter that 

is set for Q. Within the calculation, the inventory cost per euro inventory (r) is assumed to be €0.25 

per euro per year (Durlinger, 2010). The fixed ordering cost (A) is assumed to be € 75,-, which we also 

derived from Durlinger (2010) and used for all parts. We made these assumptions, since VPA lacks 

information of what these numbers should be.  In case VPA wishes to change/improve these 

parameter levels, these can be adapted in the created spreadsheet dashboard. 

Furthermore, we calculate the total relevant costs. We compare the current situation (where every 

part is set to a 99% service level) with the desired service level (95%). The reason why no distinction 

in service level is made currently is because of a lack of overview concerning which parts are most 

important and a feasible manner to use this information for calculation. However, with the proposed 

identification of important parts this is possible in the future. The total relevant costs  are calculated 

with the following formula (Silver et al., 1998): 
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𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑐𝑜𝑠𝑡𝑠 (𝑇𝑅𝐶) =  ∑ (
𝑄𝑖

2
+ 𝑠𝑠) × 𝑟 ×  𝑣𝑖 + 𝐴 ×

𝐷𝑖

𝑄𝑖

𝑖=𝑁

𝑖=0

 

𝑊ℎ𝑒𝑟𝑒: 

Qi = Is the chosen order size for part i (EOQ or MOQ) 

ss = Safety Stock 

The total relevant costs are calculated under the assumption that the reorder point does not change. 

However, in practice the reorder point may be updated on a monthly base. Nonetheless, it can be 

used for comparison. The total costs in practice are different, since those are the sum of the monthly 

costs, based on the monthly or bi-monthly set reorder points.  

The calculations are performed for parts of the aggregate bus. We added the classification, and made 

the reorder point formula dependent on the given classification. The created dashboard is presented 

in Figure 4.3. In the second column the desired service level can be entered. Furthermore, input 

parameters are: the fixed ordering cost and the holding cost. The service level parameter influences 

the value for k, which influences the calculated reorder points. Furthermore, the percentages of 

orders that a group/class covers is calculated. This is used to calculate the contribution from a group 

or class to the overall service level, which is done by multiplying the percentage of orders with the 

chosen service level. The sum of the calculated column is the overall theoretical service level. To 

what extent VPA will reach this service level is dependent of the appropriateness of the chosen 

forecasting method and used reorder point calculations and to some external factors. 

 

Figure 4.3: Dashboard added to the current used spreadsheet software with the set service levels by Logistics manager 

The created dashboard gives VPA the ability to see the influence of the set service levels from a 

theoretical perspective. Additionally, it shows in which group, the used parameters differ the most 

from the calculated parameters. This is helpful to set priorities, for adapting parameters. 

Furthermore, it can be used to compare different scenarios. We compare 4 scenarios namely: 

Scenario 1. Currently set reorder points and order sizes.  

Scenario 2. Current calculated reorder points (99% target service level for all parts) and the use 

of the EOQ formula as described above.  

Scenario 3. Set service levels per group and class by the Logistics manager according to Figure 4.3  

and the use of the EOQ formula.  

Scenario 4. The optimal allocation of service levels, while taking into account an overall service 

level of 95% and use of the EOQ formula. In this scenario the group 1, 2, and 3 are 
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constrained with a service level of 99%, since this is a realistic scenario for what is 

done when the approach is implemented.  

The results of the different scenarios are depicted in Table 4.11. As can be seen allocating different 

service level to certain groups/classes of parts can result in significant cost savings; approximately up 

to € 340.000. Note, that these are the cost savings when incorporating 1,939 parts. VPA is currently 

setting high parameters, since the control on their stock is limited. Therefore, the high service levels 

are used as a safety measure.  Nonetheless, we advise to look at the causes of the lack of control, 

instead of just setting higher service levels. The identification of important parts is therefore valuable 

for VPA. In addition, the dashboard enables VPA to compare different scenarios when differentiating 

between different levels of important parts.    

Scenario: Stocking cost: Ordering cost: Total relevant cost: 

Scenario 1 € 818.739,36 € 236.025,00 € 1.054.764,36 

Scenario 2 € 637.743,00 € 142.950,00 € 780.693,00 

Scenario 3 € 583.240,50 € 142.950,00 € 726.190,50 

Scenario 4 € 571.980,41 € 142.950,00 € 714.930,41 
Table 4.11: Total relevant cost under different scenarios 

To summarize, the choices made during this chapter support the decisions for the initial active 

assortment as well as decisions concerning the active assortment. Figure 4.4, shows the proposed 

way of handling parts, from inventory control perspective. When a part is added to the database of 

VPA, it is assessed whether it is in group 1, 2, 3 or group 4. In case the part is in group 1, 2 or 3 it is 

marked. When it is in group 4, no marking is added yet. Then for every part (independent of the 

group) logistic information is gathered. Thereafter, the groups are handled separately, again. For the 

group 1, 2, and 3 parts the initial active assortment (initial stock) has to be determined. For the parts 

in group 4, no initial stock is kept, only after orders occur stock is kept. When orders have occurred, 

the parts can be ranked (A, B, C) with help of the created AHP model. Thereafter, desired service 

levels can be allocated to all groups (1, 2, and 3) and classes (A, B, and C), which are the inputs for 

daily stock control. The classes allocated by the AHP model have to be updated at a regular 

frequency. During the daily stock control, calculations concerning the reorder points are performed 

for every part, which results in an advice to keep the part in the active assortment or not.  This advice 

can be adopted by VPA or changed based on knowledge that could not be incorporated within the 

calculations. 

 

Figure 4.4: Handling initial active assortment and active assortment part for 
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5 Demand forecasting 
In this chapter the implementation of different forecasting methods is explained. First, relevant 

theory concerning forecasting of spare parts is presented in Section 5.1. Next, all applied methods 

are briefly explained in Section 5.2. In Section 5.3, we explain which input data is used for the 

simulation. Consequently, in 5.4 we address the classification of parts based on their demand 

pattern. Next, in 5.5 the simulation setup is discussed. In Section 5.6 the results are presented.  

In the framework of Driessen et al. (2014) forecasting is the second step in the process. In this thesis 

it is the third step. After addressing assortment management by means of the assortment process 

and identifying important parts, VPA is able to allocate different service levels to the groups and 

classes in a structured manner. However, VPA allocates high service levels to parts as well, to cope 

with the shortcomings of their forecasting calculations. Therefore, improving the forecast will 

contribute to the adoption of allocating different service levels to the different groups and classes. 

5.1  Literature review: Demand forecasting 
When spare parts demand is forecasted, the most suitable forecasting method has to be selected 

(and optimized for application). In order to select the most appropriate forecasting method, for 

different demand patterns, Syntetos et al., (2005) developed a categorisation scheme. The scheme 

categorizes the demand into four categories namely: Smooth, intermittent, Erratic and lumpy 

demand. Foundation for this categorisation is the Average Demand Interval (ADI) and squared 

coefficient of variation (CV2). Figure 5.1, shows this categorisation scheme. Parts that are ordered 

frequently with rather low variety in demand sizes are seen as parts with a smooth demand pattern. 

Parts that are ordered frequently with varying demand sizes are categorized as parts with an erratic 

demand pattern. Parts that are ordered unfrequently with large variation in demand size are parts 

with a lumpy demand pattern, whereas parts that are ordered unfrequently with low variation in 

demand sizes are characterised as parts with an intermittent demand pattern. Spare parts requests 

often have an erratic, lumpy, or intermittent demand pattern. 

 

Figure 5.1: Categorisation scheme based on demand pattern (Syntetos et al., 2005) 

The forecasting of spare parts is extensively researched in order to find the best forecasting 

methodology.  Most known approaches within spare parts management are Moving Average (MA), 

Single Exponential Smoothing (SES), Croston’s method, adjusted Croston’s method from Syntetos and 

Boylan (Syntetos & Boylan, 2005), also referred to as Syntetos and Boylan approximation (SBA). For a 

number of years (1972-2005) the Croston’s method developed by Croston in 1972 was the most 
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appealing method. However, this methodology was found to be biased by Syntetos and Boylan 

(2005), who also proposed a correction for this. Consequently, the correction was compared the 

original Croston’s method. SBA was found to result in better performance, for three of the four 

categories. Based on these findings the Croston’s method should be used for Smooth demands 

patterns, while SBA should be used for the other demand patterns.   

In literature, the above mentioned, forecasting methods have proven their use. However, Eaves 

(2002) states that the benefits in practice are limited, sometimes. Furthermore, in the context of VPA 

the chosen forecasting method has to be easy implementable within the current spreadsheet 

software. For these two reasons we investigate which approach performs the best in the case of VPA, 

while taking into account the limitations of the spreadsheet software. In case an easier method gives 

acceptable results, it would be easier to use this method at VPA. We choose to include: a MA method 

considering 12 months, which is currently used, SES, a modified version of SES, the Croston’s 

method, and SBA in our study. 

When comparing several forecasting methods a performance measure has to be chosen. Within 

literature several accuracy measures are used namely: MAD, MSE, RMSE, MAPE and MdAPE (Eaves, 

2002).  Every measure has its advantages and disadvantages. What the advantages and 

disadvantages are for every measure is presented in Appendix K. We use the average MSE, since our 

goal is to compare the performance of the different forecasting methods on the same series of data. 

Therefore, the average MSE is suitable to incorporate and draw conclusions on. 

5.2  Forecasting methods 

 Moving Average 5.2.1

MA is mostly used when demand follows a constant trend. The forecast for period t+1 is the average 

of the previous N periods. The choice of N influences the MA performance, since setting N too small 

results in losses of (important) information. However, setting N too large results in undervaluation of 

new information(Silver et al., 1998). N is set to 12 months in our case, since this is also currently used 

at VPA. Furthermore, MA is used as a benchmark to compare the other methods. Mathematically MA 

is modelled as follows: 

𝑁 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑠𝑒𝑑 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 

𝑥𝑡  =  observed demand in period t, where t ∈ ℕ0 = ℕ ∪ {0} 

�̂�𝑡 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 

𝑥𝑡,τ = 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑓𝑜𝑟 𝑝𝑒𝑟𝑖𝑜𝑑 𝜏 > 𝑡, 𝑎𝑓𝑡𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 

The forecast is calculated with: 

 

𝑥𝑡,τ = �̂�𝑡 =
1

𝑁
 × ∑ 𝑥𝑛

𝑡

𝑛=𝑡−𝑁+1

 

 

 Single Exponential Smoothing 5.2.2

Single exponential smoothing is widely used for short-term forecasting (Silver et al., 1998). This 

method assumes that the demand follows a constant trend, like the MA method. However, within 
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SES the forecast is based on a linear combination of previous observed demand and the previous 

forecast. In this model one smoothing constant is used namely: α. Alpha should be between 0 and 1 

from theoretical perspective. However, in practice this value is often limited to a max of 0.25 or 0.30 

(Eaves, 2002; Wingerden, Basten, Dekker, & Rustenburg, 2014). The forecast for period t+1 is 

calculated with: 

𝑥𝑡,τ = �̂�𝑡 = (1 − α) ×  �̂�𝑡−1 + (α × 𝑥𝑡)  

 Exponential Smoothing modified 5.2.3

SES is often unable to react on the characteristics of spare parts demand. Because when several 

periods without demand occur, the forecast slowly decreases towards 0. Although, when demand 

occurs it will not be 0. Therefore, we propose an alternative to SES which updates after the 

occurrence of demand, like the Croston’s method and maintains a percentage of its previous forecast 

when no demand occurs. The idea behind this method is that the forecasted demand goes more 

slowly to zero when no demand occurs, such that is performs better than SES in spare parts 

forecasting. In this method two parameters need to be set namely α, the smoothing constant and γ 

which is a factor between 0 and 1. γ represents the percentage of the previous forecast that is 

maintained in case no demand occurred. With the above description in mind, two scenarios are set.  

Scenario 1: no demand occurred,  𝑥𝑡 = 0 

𝑥𝑡,τ =  γ × �̂�𝑡−1 

Scenario 2: demand occurred, 𝑥𝑡 > 0 

𝑥𝑡,τ = �̂�𝑡 = (1 − α) ×  �̂�𝑡−1 + (α × 𝑥𝑡)  

 Croston’s method 5.2.4

Croston’s method applies exponential smoothing twice; once for the interval between the demands 

and once for the size the demand. This should make this method more appropriate for forecasting 

spare parts demand (Eaves, 2002). The original method uses the same smoothing parameter for the 

demand size as the interval between demands. However, more recent findings suggest that using 

two smoothing parameters could increase the performance (Eaves, 2002; Syntetos et al., 2005). We 

also use two smoothing parameters. Let: 

𝑥𝑡 = 𝑑𝑒𝑚𝑎𝑛𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡  

𝑃𝑡 = 𝐶𝑟𝑜𝑠𝑡𝑜𝑛′𝑠 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑏𝑒𝑡𝑤𝑒𝑒𝑒𝑛 𝑑𝑒𝑚𝑎𝑛𝑑   

𝑧𝑡 = 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝑚𝑒𝑎𝑛 𝑑𝑒𝑚𝑎𝑛𝑑 𝑠𝑖𝑧𝑒 

𝑞 = 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑠𝑖𝑛𝑐𝑒 𝑙𝑎𝑠𝑡 𝑑𝑒𝑚𝑎𝑑  

When the Croston’s method is used, also two scenarios can be set. 

Scenario 1: not demand occurred,  𝑥𝑡 = 0 

𝑃𝑡 = 𝑃𝑡−1 

𝑧𝑡 = 𝑧𝑡−1 

𝑞 = 𝑞 + 1 

Scenario 2: demand occurred, 𝑥𝑡 > 0 
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𝑧𝑡 = �̂�𝑡 = (1 − α) ×  �̂�𝑡−1 + (α × 𝑥𝑡) 

𝑧𝑡 = �̂�𝑡 = (1 − β) × 𝑃𝑡−1 + (β × q) 

The forecasted average demand is calculated with:  

𝑥𝑡,τ = �̂�𝑡 =
𝑍𝑡

𝑃𝑡
 

 Syntetos and Boylan Approximation 5.2.5

Croston’s methodology was found to be biased by Syntetos and Boylan (2005), who state that the 

estimate for the demand and estimate for the mean interval of demand are not combined properly.  

Syntetos and Boylan (2005) propose that these estimates should be combined in the following 

manner: 

𝑥𝑡,τ = �̂�𝑡 = (1 −
β

2
) ×

𝑍𝑡

𝑃𝑡
 

This method improves when P increases (Syntetos & Boylan, 2005). Furthermore, it outperforms the 

Croston’s method on the generated data in the research of Syntetos and Boylan (2005). These results 

are in line with the findings of Eaves (2002 and Wingerden et al. (2014). 

5.3 Data handling 
To simulate the performance of the forecasting methods in terms of MSE, we use 24 months of 

demand data from VPA. The original data set contained 25,866 parts. However, we excluded parts 

that received orders merely in the first year from the set. Furthermore, parts that recorded negative 

demand (returns of parts) in the second year are excluded from the data set. 19,634 parts remained 

in the data set. We do incorporate parts that only had demand recorded in the second year are. We 

assume that these parts entered the system in the same way as parts enter the system in the current 

situation. This results in less reliable forecasts in the first periods, for those parts.  

5.4 Classification based on demand pattern 
Before we perform the simulation, we classify the 19,634 parts according to their demand pattern. 

Note, that parts are classified again; however, the goal is different. We want to classify the parts 

according to their demand pattern, since it enables us to select the appropriate forecasting method 

for every demand type. In addition, it improves the applicability at VPA, because not for every part a 

different forecasting method has to be applied, only for the different groups. 

The parts are classified according to the scheme of Syntetos and Boylan (2005), which makes a 

distinction between parts with erratic demand, lumpy demand, intermittent demand, and smooth 

demand. The results of this classification are depicted in Table 5.1. As can be seen, most parts in the 

active assortment of VPA are exposed to a lumpy demand pattern, followed by parts with a smooth 

demand pattern. Furthermore, only a few parts are exposed to an intermittent demand pattern. 

Therefore, the sample size for this group is too small to draw conclusions on. Nonetheless, this group 

is incorporated in the simulation. The goal of the classification, based on the demand pattern, is that 

for every group the best performing method and parameters can be found.   
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Demand type: Number of parts: 

Erratic 1810 

Lumpy  10,907 

Intermittent  20 

Smooth  6897 

Total: 19,634 

Table 5.1: Classification based on demand patterns 

5.5 Simulation 
Simulations are performed for a period of 12 months (the second year). We used the data from the 

first year to set starting parameters. The average demand in the first year is used as the initial 

forecast. Furthermore, for the Croston’s method and SBA, p1 and q1 are set to the number of periods 

that no demand was recorded in year 1. For the initial order size in these methods the average 

demand in year 1 is used. Croston (1972) stated that the choice for the initial parameters do not 

influence the final results much, since the effect of the first set parameters diminishes over time. 

During tests this was confirmed, setting a different parameter as first estimate for p1 and q1 did not 

result in large differences in the outcome. For example, when in the Croston’s method the initial 

average demand interval and q is set to 1, the total MSE differed +0.08% compared to deriving these 

parameters from the first year of demand. The same is tested for SBA; this resulted in a decrease of 

the total MSE with 0.48%. Therefore, we conclude that the choice for setting the first parameters 

influences SBA more than Croston’s method.  

We searched for the best performing parameters α, β, and γ with the solving function of the 

spreadsheet software. Thereafter, α and β are set to the best value from the subset of {0.05, 0.10, 

0.15, 0.20, 0.25} (Wingerden et al., 2014). We acknowledge that this is not the best manner to 

approach this type of problem. However, the goal is to find the best solution which is implementable 

at the company.  Therefore, we choose to use the available resources of the company.  

5.6 Results forecasting 
The results are presented in Table 5.2, which shows the performance of every forecasting method 

per demand pattern along with the best performing parameters. When parts have a smooth demand 

pattern, it can be seen that exponential smoothing modified lowers the average MSE the most. 

When parts have an erratic demand pattern, the methods specialized for such type (Croston’s 

method and SBA) of demand perform the best. Based on our findings and with our assumptions, we 

have no proof that SBA performs better for erratic demand than the Croston’s method. Furthermore, 

when comparing MA and SES it becomes clear why literature (Eaves, 2002) states that when MA is 

used within spare parts management, long periods are used to calculate the MA.  When longer 

periods are used, MA is able to perform better than SES (Eaves, 2002). Lumpy demand patterns are 

best predicted by the Croston’s method in our case. However, SBA also performs very well compared 

to MA. Furthermore, it is interesting that the exponential smoothing methods perform better at the 

lumpy category than MA. This is probably caused by the longer inter-demand intervals, which affects 

MA more than the exponential smoothing methods. Additionally, for the lumpy demand types the 

modified exponential smoothing method works quite well. However, it is outperformed by the 

Croston’s method and SBA. The results for the intermittent category are not discussed, since the 

sample is too small to draw conclusions on. 
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Demand pattern: Method: Smoothing 
parameter: 

Average 
MSE: 

% increase or decrease 
in average MSE: 

Smooth (6,897 Parts) MA 12 months N/A 1872,94  

  SES α = 0,10 1870,68 -0,12% 

  ES modified α = 0,10 γ=0,94 1870,29 -0,14% 

  Croston's 
(1972) 

α = 0,25 β=0,25 1890,06 0,91% 

  SBA (2005) α = 0,25 β=0,25 1892,73 1,06% 

      

Erratic  (1,810 Parts) MA 12 months N/A 3569,67  

  SES α = 0,25 4193,49 17,48% 

  ES modified α = 0,25 γ=1,00 4148,57 16,22% 

  Croston's 
(1972) 

α = 0,10 β=0,25 3535,06 -0,97% 

  SBA (2005) α = 0,10 β=0,05 3557,40 -0,34% 

      

Lumpy  (10,907 Parts) MA 12 months N/A 1861,74  

  SES α = 0,15 1847,19 -0,78% 

  ES modified α = 0,20 γ=0,51 1831,24 -1,64% 

  Croston's 
(1972) 

α = 0,25 β=0,25 1816,86 -2,41% 

  SBA (2005) α = 0,25 β=0,25 1824,04 -2,03% 

      

Intermittent (20 Parts) MA 12 months N/A 1,05  

  SES α = 0,20 2,83 168,37% 

  ES modified α = 0,25 γ=0,00 2,03 93,18% 

  Croston's 
(1972) 

α = 0,05 β=0,05 1,49 41,33% 

  SBA (2005) α = 0,05 β=0,05 1,50 42,08% 

Table 5.2: Results simulation 

Table 5.3 shows the performance of the different forecasting methods, when one method is applied 

for all parts. As can be seen in Table 5.3, for our data set and with our assumptions, the Croston’s 

method performs the best, when using one forecasting method. This is in contradiction with findings 

in literature. We expect that the reason why SBA did not outperform the Croston’s method is 

because of the assumption for the initial Pt and Q. In case we had chosen other starting parameters, 

SBA had outperformed the Croston’s method, based on our data set. However, in practice it seems 

reasonable to derive the first parameters of historical data; therefore, this comparison is valid in our 

opinion. We think that the length of simulation period is in favour of the Croston’s method. 

Therefore, we think the simulation period may be too short, since this should not influence the 

results.  Although, similar approaches are used, in our case the results are still influenced by the 

setting of the initial parameters for the Croston’s method and SBA. Therefore, we recommend using 

a longer simulation period, when an additional study is done concerning forecasting at VPA, which 

we recommend in Chapter 7. In conclusion, we confirm that the Croston’s method and SBA are more 

appropriate to use within a spare parts environment.  
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Method: Average MSE: % increase or decrease in average MSE: 

SMA 12 months  2021,23  

SES 2069,86 2,41% 

ES modified 2056,72 1,76% 

Croston's (1972) 1999,12 -1,09% 

SBA (2005) 2006,11 -0,75% 

Table 5.3: Overall results forecasting methods 

Concluding, ideally every demand type would be forecasted with the best performing forecasting 

method for that type of demand, according to Table 5.4. This results in an average MSE of 1992.17, 

which is an improvement of 1.44%. When one method is applied (Croston’s method), the average 

MSE is 1999.12. Therefore we conclude that when using one method, this results in an optimality gap 

of approximatively 0.35%. However, based on the expectation that SBA outperforms the Croston’s 

method, we recommended using SBA as forecasting method at VPA.  

Demand Pattern: Number of Parts: Best forecasting method: Decrease in average MSE: 

Smooth 6897 ES modified 0.14% 
Erratic 1810 Croston’s (1972) 0.97% 
Lumpy 10,907 Croston’s (1972) 2.41% 
Intermittent  20 MA 0% 

Table 5.4: Best performing forecasting method per demand type 
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6 Research questions and conclusion  
In this chapter, first the answers to the research questions are presented in Section 6.1. Thereafter, 

the main conclusions based on this research are given in 6.2. 

6.1 Research questions 
In this thesis three different areas of assortment management are identified. These are: the 

assortment process, identification of important parts, and demand forecasting. This structure is 

maintained when presenting the answers to every sub-question. Lastly the main research question is 

answered. 

Question 1) What is the current assortment process? 

VPA is triggered by the manufacturing companies to start activities within the assortment process. 

These activities differ for the different departments at VPA. Parts Documentation is responsible for 

the technical information that is available for a part and the adding of new parts to the system. This 

is done at a daily base. Furthermore, Parts pricing is responsible for determining whether a part is 

included in the assortment (is the parts purchasable for the customer), determining the sales price, 

and determining whether a MSA is defined. These activities are performed daily, based on the new 

parts that are added to the system by Parts Documentation. 

When a customer specific bus is manufactured, the specific BOM of the bus is transferred to VPA. 

Then, Parts Documentation has to ensure that this BOM is linked to the specific bus at the Vehicle 

Information Portal (VIP), this enables the customer to search for parts that are on the bus and order 

them. Additionally, the BOM is used as input for activities that are performed by Logistics. Logistics 

has to determine which parts need to be in the initial active assortment and the amount that needs 

to be in the initial active assortment. Consequently, orders have to be sent out. The last task is to 

check whether all important parts are documented in VIP, since elsewise the customer is unable to 

order important parts via VIP. This is the last step of the current assortment process.  

Question 2) What specific problems arise from the current assortment process? 

Based on information gained by mapping the current assortment process, we state four main 

problems. These problems are confirmed by the involved parties. The first problem arises from the 

fact that the customer specific BOM of a bus is occasionally delivered to VPA at the same moment as 

that the bus becomes operational or just before the bus is operational. As result VPA has limited time 

left to perform the project activities and supply the parts for the initial active assortment. 

Consequently, parts that need to be in the initial active assortment are not in the initial active 

assortment, when the bus is put into use. Second, only for a select number of parts logistic 

information is gathered. When a part is ordered that has no logistic information stored, this 

information needs to be gathered, which results in longer response times than desirable. The third 

problem is caused by a lack of differentiation between parts that are assessed and unassessed. When 

a part is assessed at Logistics, one person decides whether information needs to be collected or not. 

In case no information is collected (according to the person and Logistics) the status of the parts does 

not change. As a result a large number of parts remain on the same status as new parts, which 

results in inefficiency of the employee, since several parts may be assessed more than once. The 

fourth problem is caused by the lack of a proper control mechanism, which ensures that parts, that 
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need to be in the initial active assortment, are not missed during the assessment of the customer 

specific BOM and are available in VIP. 

Question 3) How can the current assortment process be reorganized, such that it is more 

structured and standardized for sold buses and coaches? 

The assortment process can be reorganized by performing some activities of Logistics daily, instead 

of during a project, and performing them for all new parts. This results in time savings when project 

activities have to be performed. Consequently, parts that need to be in the initial active assortment 

are ordered more timely, since solely the order amount has to be determined based on the ordered 

fleet size. Additionally, more parts will have logistic information stored, which decreases the 

response times. Furthermore, the assortment process can be more structured by using more parts 

statuses, which enhances the overview of new parts. Additionally, a functional base list can be used 

for every bus type which can help to identify the parts that need to be in the initial active 

assortment. These parts are marked during the assortment process, which enables VPA to track 

these parts throughout the process. Furthermore, for every part logistic information is gathered 

daily. Both, the initial assortment list and the gathering of logistic information for all parts, contribute 

to a standardized approach for all sold buses and coaches, since fewer choices are based on 

subjective judgement.  

Question 4) What are the practical consequences of the proposed changes for the current 

assortment process? 

Logistics has to assess new parts on a daily base. In order to do this, a similar new-parts-check, as 

used at Parts Pricing, is created. This new-parts-check can be used to assess new parts daily, at 

Logistics. Furthermore, during the assessment of parts, initial active assortment parts need to be 

marked, the corresponding markings needs to be created in SAP. As an input for the marking of initial 

active assortment parts, a predefined list is used. This list has to be maintained monthly or 

bimonthly, which means that parts may be added in the future or are disposed from the initial active 

assortment list. 

Question 5) What method is suitable for controlling the assortment process? 

We recommended using the componentgroups, to check whether initial active assortment parts are 

marked and ordered. For every bus series a blueprint can be created based on the initial active 

assortment list for that series. This blueprint can then be used as a check to ensure that a customer 

specific BOM contains the correct number of marked parts, which need to be in the initial active 

assortment. 

Question 6) How can parts classification support the identification of the most important parts 

from bus and coach and under what conditions? 

Important parts can be identified by identifying parts that need to be in the initial active assortment 

(group 1, 2, and 3) and classifying the remaining parts (group 4). Since, parts classification can 

contribute to the identification of the most important parts. This research suggests that AHP is the 

most appropriate classification method to use at VPA. The method needs three inputs namely: 

number of orders received within the last 2 years, lead time, and price. Therefore, these parts 

characteristics need to contain data. Furthermore, the spreadsheet created during this research 
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represents the created model and can be used to apply AHP. In addition it can be used to (monthly) 

update the classification of the parts, regularly.  

Question 7) How can the classification be incorporated within the current stock control? 

The classification can be incorporated in the current stock control by making the target service level 

dependent on the group or class a part belongs to. This way for every group and class a target service 

level can be set. Then the corresponding reorder points can be calculated based on this input. In 

addition the created dashboard enables VPA to compare different scenarios. 

Question 8) Which forecasting method(s) is/are the most appropriate to use at VPA while taking 

into account the limitations of the company? 

The limitation of the company is that only spreadsheet software can be used. This increases the 

difficulty to use different methods for every demand type. Based on findings of this research, and 

support of literature, the most appropriate forecasting method to be used at VPA is the Syntetos and 

Boylan approximation.   

General research question: 

How can the performance of VPA be improved, such that availability of parts and information is 

increased? 

The general research question is scoped to three problem areas namely: the assortment process, 

identification of important parts, and demand forecasting. The performance of VPA can be improved 

by restructuring the assortment process, such that more time is available to supply parts for the 

initial active assortment. In addition, for more parts logistic information can be gathered, by using 

more information of the manufacturing company. This makes gathering more information less time 

consuming. Furthermore, the marking of initial active assortment parts and the classification of the 

remaining parts both enable VPA to focus on the most important parts. This can increases the 

performance of VPA, since these parts can then be closely monitored during stock control activities. 

In addition, different target service levels can be set, which lower the costs when compared to the 

current situation (same service level for all parts). Furthermore, different forecasting methods proof 

their use within the spare parts management.  

6.2 Conclusion  
Minor changes within the current assortment process of VPA can lead to significant improvements, 

when taking into account the availability of information and parts. More information can be 

gathered, without increase of effort. Furthermore, parts availability can be increased when more 

information is available in combination with marking of parts for the initial active assortment and 

classifying the remaining parts. This approach might also be applicable for other companies that have 

to familiarize themselves with the parts that are used, e.g., Nedtrain. The marking and classification 

of parts has implications for daily stock control as well. Based on the marking and classification 

different service levels can be set for different groups and classes of parts. This enables VPA, and 

other companies, to lower the inventory cost, without influencing the service level, significantly. 

Lastly, using other methods to forecast spare parts demand can be useful in improving forecast 

accuracy. However, this may require more advanced software tools, which has a better user 

interface and can find the optimal parameters more accurately than the solving functions of excel. 



56 
 

7 Recommendations for VPA and for further research 
The conclusions of this research lead to several recommendations towards VPA and areas for further 

research. During the research three areas that can be improved at VPA are discussed. However, not 

all proposed changes and approaches should get the same priority. From customer perspective, we 

recommend to change the assortment process first, since this increases the availability of 

information and the number of parts that need to be in the initial active assortment. The new-parts-

check that is developed, is ready to be used. Only the additional markings and part statuses have to 

be created in SAP to work accordingly. In addition, VPA can investigate whether the fleet size can be 

known earlier, such that the ordering of parts for the initial active assortment can be planned better 

and/or earlier.  

Furthermore, the marking of parts for the initial active assortment enables VPA to link the initial 

active assortment amount to the fleet size. This gives VPA the opportunity to derive better estimates 

for the initial active assortment amount. In order to exploit this opportunity VPA has to monitor the 

amount that is put into the initial active assortment and the fleet size. Then the made decisions can 

be analysed in depth, which can result in better decision making concerning the initial active 

assortment amount.  

However, when solely taking into account the costs (VPA perspective), we recommend starting with 

the marking of parts for the initial active assortment and applying a classification method for the 

other parts. The tools to apply the classification method are created during the research and 

therefore are ready to be used. This enables VPA to set different service levels for different groups 

and classes, which can result in significant cost savings (€ 340.000). The created dashboard can be 

used to set up different scenarios. Furthermore, based on findings of incorporating the EOQ formula, 

we recommend using this formula as an advice during the ordering of parts. Adjustment will always 

be needed in practice, since a person may know facts that are not incorporated within a calculation. 

For example, the reason of the high demands and knowing it is just temporarily. However, for parts 

that are regularly ordered the EOQ formula can give good estimates concerning the most economical 

efficient order size.    

Forecasting should be further investigated. At this point we are not sure whether the effort that has 

to be put in when using the spreadsheet software and other forecasting methods outweighs the 

benefits. Since, it more time consuming to differentiate between different demand patterns and 

applying the best performing forecasting method when this software is used compared to specialized 

software. In addition, this software already had some difficulties with calculating the optimal 

parameters, since its computational engine is not that strong.  For these reasons, we recommend 

VPA to focus first on the other two areas of attention, and subsequently investigate the possibilities 

of applying another forecasting method. When investigating these possibilities, the performance of 

the forecasting method could be assessed by linking the holding cost to the achieved service level, 

since a growing body of research states it adds more value in practice (Wingerden et al., 2014).  
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8 Limitations 
The research has several limitations. During the design of the new assortment process, almost no 

quantifiable data could be used to support the new assortment process. Although the involved 

parties acknowledged the benefits of this new approach, and agreed upon this process, this is a 

weakness from scientific perspective. Since no numerical proof can be delivered. However, in the 

current situation there were no other possibilities, since the proposed process was not yet used.  

When applying the criterion of Teunter et al. (2010) we saw that the criterion performed not as good 

as expected. This is probably caused by the input data. Within the criterion the order size is included; 

however, not all order sizes were correctly in the ERP system. Therefore, it could be argued that 

these order sizes should be replaced by the EOQ. However, this is not done in the research, since we 

strived to use the data that was available as much as possible. Therefore, our conclusion concerning 

the performance of the criterion of Teunter et al. (2010) is only valid under these assumptions and is 

open for discussion.    

During the development of the AHP model, the ratings were given by one person. In literature, often, 

more people gave ratings. Consequently, the average rating is use within the model. However, we 

did not want to incorporate more ratings, since these ratings would decrease the reliability. In total 

four people work at Logistics. One of them is the Logistics manager, who develops working routines 

for the other three people and analyses the performance. Consequently, the logistic manager has the 

best overview. Nevertheless, this is a weakness within the development of the AHP model.  

Furthermore, when investigating the influence of the marking of the parts for the initial active 

assortment (group 1, 2, and 3), and classifying the parts (group 4), this is only performed for the 

aggregate bus. Although, the classification method is also applied on the complete active assortment 

and gave similar results, these results may change when all parts for the initial active assortment are 

excluded from the classification method as is done for the aggregate bus.  

When analysing which parts were not in the initial active assortment, but should be. We were unable 

to investigate how often parts were in the initial active assortment, while these parts should not be 

in the initial active assortment. This was caused due to a lack of required information. Since, no data 

is available which states whether parts are added to the active assortment to serve as initial stock, or 

are added after demand occurred.  

Lastly, comparing demand forecasting methods solely based on the average MSE might not be the 

most appropriate, although this is often done. A growing body of literature states that it would be 

more appropriate to investigate what the corresponding holding cost are to reach a certain service 

level (Wingerden et al., 2014), in order to compare different forecasting methods. When using 

merely the MSE, no distinction is made between forecasting methods that forecast the mean more 

correct with low variance and forecasting methods that measure the mean correct with a larger 

variance. This can be solved when using the corresponding holding cost and the reached service level 

as performance measure.  
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Appendix A: Second indenture level of componentgroups 
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Appendix B: New-parts-check 

Note: Some of the information is classified. Furthermore, when a price is known at the manufacturing company is known, logistic information needs to be 

gather, in case the part is handles at the same indenture level. In case the indenture level is different logistic information has to be gathered by VPA. The 

goal is to have the logistic and sales information available. 
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Appendix C: Blueprint of the aggregate bus  

Componentgroup Exterior Maintenance Wear and tear Total

aaaz 6 6

aaba 8 8

aabb 5 5

aacz 5 5

abaz 8 8

abbz 5 5

abcz 6 6

abdz 1 1

abez 1 1

acaz 3 3

acbz 4 4

adaz 3 1 4

adbz 3 1 4

aeaz 5 5

afdz 2 2

afez 1 1

babz 2 2

bbez 1 1

bgbz 1 1 2

ccaz 1 1 2

cezz 1 1

czzz 1 1

daaa 3 3

daac 1 1

dabz 12 12

dbaa 1 1

dbac 1 1

dbbz 1 6 7

eaez 1 1

ebaz 1 1

ebbz 1 1

fibz 5 5

fizz 1 1

fjbz 1 1 2

gazz 4 4 8

gbzz 2 1 3

gezz 1 1

ggzz 2 2

ghzz 2 2

hdaz 5 5

hdbz 2 2

hdcz 2 2 4

hfzz 1 1

hzzz 1 1 2

iabc 1 1 2

iczz 1 1

jaba 1 1

jabj 1 1

jafz 4 4

jazz 4 4

jcbz 1 1

jebz 2 2

jfaz 4 4

jfdz 3 3

jhbz 1 1

jicz 7 7

jzzz 2 2 4

zzzz 1 1

Total 70 23 86 179
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Appendix D: Investigated classification methods 
Quantitative and qualitative classification methods seen in literature. 

Quantitative methods:  

 ABC-classification with different methods to apply it: 

o Weighted linear optimization(Bachetti & Saccani, 2012)  

o Artificial Neural Network (Bachetti & Saccani, 2012) 

o Weighted Euclidean distances (Bachetti & Saccani, 2012) 

o Fuzzy logic (Chu, Liang, & Liao, 2008)  

o Data Envelopment Analysis (DEA)(Sinuany-Stern, Mehrez, & 

Hadad, 2000; Yu, 2011)  

 Support vector machines (SVM) (Kaymak, 2014; Yu, 2011) 

 Backpropagation networks (BPNS) (Yu, 2011) 

 K-nearest neighbour (K-NN) algorithm (Yu, 2011) 

 Demand-based classification (Bachetti & Saccani, 2012) 

 Partitioning of demand variance during the lead time (Bachetti & 

Saccani, 2012) 

 Using quantity curves and service part demand curves (Bachetti & 

Saccani, 2012) 

 Hierarchical two- or three-dimensional quali-quantitative 

classification (Bachetti & Saccani, 2012) 

 Operation Related Groups methodology which is based in clustering  

(Bachetti & Saccani, 2012) 

Qualitative methods:  

 VED approach (Bachetti & Saccani, 2012; Botter & Fortuin, 2000; 

Gajpal et al., 1994; Gupta, Gupta, Jain, & Garg, 2007)   

 Analytical Hierarchical Process (i.e. AHP) (Bachetti & Saccani, 2012; 

Gajpal et al., 1994; Molenaers et al., 2012; Saaty, 1990)  

 Framework of Huiskonen (2001) 
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Appendix E: Creating an AHP model 
The step by step approach for creating an AHP model is based on Braglia et al. (2004) and Goossens 

& Basten (2015)together with some additions from other approaches (Gajpal et al., 1994; Teknomo, 

2006). The step by step approach is presented below. 

1. Define the decision criteria; this has to be in a hierarchy of the objective. Criteria may 

therefore have several sub-criteria, which represent the different levels of an AHP. 

Furthermore, there should be tested if criteria are correlating, since this influences the 

reliability of the created AHP model (Liu, Yeh, & Huang, 2014) 

2. Weight all criteria, sub-criteria, and modes. This is done via Pairwise comparisons, which 

has the advantage that experts only have to focus on two factors at a time. In the paper of 

Braglia et al. (2004) a 9 point scale is proposed for the judgment process. The use of such 

a scale is also supported by Saaty (1990) and Teknomo (2006). The end result of the 

pairwise comparisons is a Judgment matrix. 

3. During this step the priority vector is created for every criterion and mode (the judgment 

matrices are the input for this). This vector is the eigenvector of the matrix, for every 

criterion or mode. Furthermore, the end composite weights are calculated, based on the 

created vectors.  

4. To test the evaluation of the expert, a consistency ratio has to be determined. If this ratio 

is too high a new judgment session has to take place, since then the created judgment 

matrix is inconsistent. 
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Appendix F: Possible criteria AHP 

 

 

  

AHP

Gajpal et al Data Available at VDL Parts Notes

Type of spare parts required (standard, costum) x Partly unknown the quality of this measure

Lead time for spare parts procurement x Supplier rating system gives a guess or SAP

Molenaers

Equipment criticality (consequence of failure) P Unknown for most part

Replenishment time x Supplier rating system gives a guess or SAP

Number of potential suppliers x

Availability of technical specifications x Statusses in SAP

Maintenance type, type of maintenance perforemed on the equipement

Braglia

Lead time x Supplier rating system gives a guess/SAP

Number of potential suppliers x SAP

Price x SAP

ABC
Syntetos

Number of orders x SAP

Demand quantity x SAP

Teunter 

Ratio:

penalty cost x demand per unit time / inventory holding cost x average order quantity x SAP

Duchessi 

Bi-matrix (inventory cost and criticality):

Criticality consisting out of:  

downtime cost

lead time x SAP

number of failures per unit time P Only for repair and maintenance contract items and is 

dependent  of how much the bus is driven

holding cost x SAP

Flores

Bi-matrix (2x)

Dollar usage x SAP

Criticality --> for manufacturing firm or service organization p Can only be judged by experts

Zhang

Ratio

Demand / leadtime x unit cost^2 x SAP

DEA
Celebi

Criticality consisting of:

Penalty Not available 

Substitutability Not available 

commonality Not available 

Value-Usage x SAP

Unit cost x SAP

Lead Times x SAP /  supplier rating system

VED
Gupta

Bi-matrix

Total annual consumption (ABC) x SAP

VED judged by specialist P Can only be judged by experts

Botter

Response time agreed upon in service contracts P

Demand x SAP

Purchase lead time x SAP

Price x SAP

VDL Parts additional 

Number of buses the part is used in x Custom tool from VPA --> not very reliable 

x SAP

Legenda:

P Possible but probably too labor intensive

x "standard" data

Not available Criterion not specifically availeble but included in techinque
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Appendix G: AHP rating at level 2 and 3 
 

AHP ratings matrix at level 2: 

 # of 
Orders 

Lead 
time 

Price Normalised vector 
(approx) 

Normalised vector 
(exact)  

# of Orders 1 5 7 0,724 0,731 
Lead time 1/5 1 3 0,193 0,188 
Price 1/7 1/3 1 0,083 0,081 

 

AHP ratings matrix at level 3: 

Comparison of 
modes 

Mode: 
A1 A2 

 
A3 

Normalised vector 
(approx) 

Normalised vector 
(exact)  

# of Orders      

A1 1 7 9 0,777 0,785 
A2 1/7 1 3 0,155 0,149 
A3 1/9 1/3 1 0,069 0,066 

Lead time      
A1 1 3 9 0,669 0,672 
A2 1/3 1 5 0,267 0,265 

A3 1/9 1/5 1 0,064 0,063 
Price      
A1 1 5 7 0,724 0,731 
A2 1/5 1 3 0,193 0,188 
A3 1/7 1/3 1 0,083 0,081 
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Appendix H: Used formulas for calculating the consistency ratio 
 

The consistency ratio is calculated with (Teknomo, 2006): 

Consistency Ratio (CR) =
CI

RI
 

The Consistency index is calculated with (Teknomo, 2006): 

Consistency Index (CI) =
λmax − n

n − 1
 

n is the number of criteria or modes 

Lambda max can be calculated with (Teknomo, 2006): 

λmax 𝑚𝑎𝑡𝑟𝑖𝑥 =  ∑ 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑒𝑖𝑔𝑒𝑛 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑎 𝑟𝑜𝑤 × 𝑡ℎ𝑒 𝑢𝑛

𝑅𝑜𝑤 𝑖

𝑅𝑜𝑤 1

− 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑙𝑢𝑚𝑛 

The random consistency index can be found in the table below (Teknomo, 2006): 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 
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Appendix i: Example created file for AHP 
 

 

 

Description Part number # of orders Price Lead time Total weight Classification

173 259,2 14 0,6738 A

765 54 112 0,7514 A

167 254,23 28 0,7514 A

269 71,06 14 0,6738 A

365 49,29 42 0,7514 A

118 148,5 14 0,6738 A

256 48,06 14 0,6738 A

169 145,23 14 0,6738 A

382 96,63 28 0,7514 A

109 291,06 14 0,6738 A

153 6,58 21 0,6296 A

268 16,1 42 0,7514 A

291 25,46 28 0,7514 A

37 352 28 0,7514 A

444 15,5 14 0,6738 A

248 8,5 14 0,6738 A

369 7,5 21 0,6296 A

2 35 28 0,2391 B

101 37,1 14 0,6738 A

502 20,38 14 0,6738 A

519 7,1 56 0,7072 A

27 259,61 14 0,6738 A

26 405 28 0,7514 A

178 3,54 3 0,5903 B

23 93,38 14 0,6738 A

49 104 21 0,6738 A

2 0,26 14 0,1082 C

1 0,13 7 0,0688 C

2 1,02 14 0,1173 C

1 0,17 21 0,1082 C

18 0,06 1 0,5811 B

Classified
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Appendix J: Used formulas to calculate the reorder point 
In the current approach it is assumed that the demand follows a Normal distribution. Consequently 

the reorder point (s) is calculated with the following formula: 

𝑠 = 𝑥𝑙 + 𝑠𝑠 

Where: 

𝑥𝑙 = demand during the lead time 

ss = safety stock 

The safety stock is calculated with: 

𝑠𝑠 = 𝑘 × 𝜎𝑙 

Where: 

k = Safety factor assuming demand with a Normal distribution 

σl = The standard deviation during the lead time  

𝜎𝑙 Can be calculated with: 

𝜎𝑙 =  √𝐿 × 𝜎1 

Where: 

L = Lead time 

σ1 = Standard deviation of the demand 

 

𝑘 can be determined with the Normal distribution 

𝑘 =  𝜃−1(𝑃1) 

Where: 

𝑃1 = 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑛𝑜 𝑠𝑡𝑜𝑐𝑘 𝑜𝑢𝑡 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑐𝑦𝑐𝑙𝑒 

Demand during the lead time (𝑥𝑙) is calculated with: 

 

𝑥𝑙 = 𝑥𝑡,𝑡+𝑘 ×
𝐿 

30
 

Where:  

𝑥𝑡,𝑡+1 = 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑𝑓𝑜𝑟 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 + 1 

Calculated with: 

𝑥𝑡,𝑡+1 =  
𝐷𝑒𝑚𝑎𝑛𝑑 𝑙𝑎𝑠𝑡 12 𝑚𝑜𝑛𝑡ℎ𝑠

12
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Appendix K: Advantages and disadvantages of performance measures 
Eaves (2002): 

Measurement 
of Accuracy 

Advantage  Disadvantages  

MAD Less effected by outliers   

MSE Places more weight on larger errors, 
desirable when large errors are more 
costly 

Poor protection against outliers, single 
observation may dominate the analysis  

RMSE Places more weight on larger errors, 
desirable when large errors are more 
costly 

Poor protection against outliers single 
observation may dominate the analysis  

MAPA Performs better when comparing 
different demand series with each 
other.  It is unit free and less effected 
by squared measures  

Is only relevant for ratio-scale data 
whereby the data has un-absolute zero -
undefined due to zero observations in 
the series sensitive to errors in such case 
- Poor protection against outliers single 
observation may dominate the analysis  

MdAPE Reduces the bias in favours of low 
forecasts and therefore offers an 
additional advantage over MAPE 

 

 

 

 


