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I ABSTRACT 
In this study a differentiated approach to execute inventory management for expendable spare 
parts at KLM E&M is proposed and evaluated. First, expendable spare parts are categorized 
using four criteria: a part’s criticality, demand and supply predictability and costs. Next, for the 
categories different inventory policies are developed in order to find an optimal balance 
between material availability and associated costs. This study gives an insight into the typical 
environment of spare parts inventory management in the aircraft industry and contributes by 
applying several inventory policies; including a more advanced policy that incorporate a 
replenishment delay. Besides that, this study relates these policies directly to categories of 
inventory, thus incorporating these policies in an integrated approach to execute differentiated 
spare parts management. 
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II MANAGEMENT SUMMARY 
Safety has always been (one of) the most important value(s) in the aircraft industry and 
therefore maintenance checks are strictly regulated. This influences materials management 
strongly, since there is also a strong pressure in order to execute aircraft maintenance as fast as 
possible – as an aircraft on ground is expensive – while the material requirements of this 
process are largely unpredictable. 
 
KLM E&M, one of the world’s largest providers of maintenance, repair and overhaul (MRO) 
services, copes, just as the rest of the MRO industry, with the problems described above. For 
KLM E&M, this study focuses on relatively cheap expendable parts, which are disposed when a 
part has to be replaced, as KLM E&M feels that especially for these parts the performance can be 
improved.  
 
As implied above, a material availability that is as high as possible is the expectancy of the 
maintenance department, while in purchasing and planning departments also the costs of 
holding inventory and purchasing parts are relevant. This leads to a discrepancy in key 
performance indicators and misunderstanding between departments. 
 
The target group of expendable parts is far from homogeneous and therefore a differentiated 
approach of spare parts inventory management is considered crucial for its success. For that 
reason, first differences among parts have been analyzed by using a list of categorization criteria 
extracted from various scientific articles. After this analysis the following main conclusions are 
drawn: 

- Over 90% of the parts have an intermittent demand pattern and for roughly half of those 
parts the behaviour of the demand can be considered ‘sporadic’ (less than one demand 
occurrence per year). 

- The lead-time in the system is far from reliable since for two third of the parts an order 
arrives later than is expected or negotiated.  

- There is knowledge about the criticality of parts, but this information is currently not 
used for the management of inventory. This can be improved as the cost structure is 
significantly different among critical and non-critical parts.  

- Not only KLM E&M manages inventory for expendable parts; roughly one third of the 
parts is sourced via a consignment stock construction. However, the assignment of parts 
to this construction is not based on a set of rules that is directly related to the key 
performance indicators: costs and availability. This can be improved. 

- Inventory policies parameters are based on experience, historical data is not used. 
 
Next, from literature extracted inventory categorization criteria were assessed based on their 
relevance, discriminating power and ease of implementation, in order to develop an 
unambiguous logic for categorizing expendable parts. Simultaneously, inventory policies for 
possible categories have been developed. The categorization logic and corresponding inventory 
policy have been designed iteratively, since differentiating between groups of spare parts only 
makes sense when categories are actually treated differently as well.  
 
Traditional single-criterion categorization (ABC analysis) uses a criterion like value 
(demand*price) in order to decrease inventory related costs. However, for KLM E&M the 
availability of expendable parts is highly important as well, especially for critical parts. Besides 
that, traditional ABC analysis aspires to obtain simple decision rules for the relatively 
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unimportant parts and more complex and custom made solutions for the important parts. 
Hence, on a conceptual level ABC analysis is ‘effort’ and ‘importance’ driven.  
 
This reasoning has been used for the multi-criterion categorization at KLM E&M, by basing the 
categorization on these two drivers. For this reason, the group of critical parts, with a focus on 
availability, are placed in the A category and the non-critical parts, with a focus on costs, are 
placed in the B category (driven by importance). For the so-called C category effort can be 
minimized by sourcing them via a consignment stock construction, since that is far cheaper for 
these parts. However, there are preconditions for sourcing parts via a consignment stock 
construction, which have to be met beforehand (see Figure 1).  
 
Within the A and B categories the next division is based on effort, since within these groups 
there is a clear difference between the predictability of demand and supply. Solely a few parts 
have a smooth demand pattern, which means that they can be sourced with use of traditional 
inventory polices. Consequently, these parts can be managed with minimum effort and hence 
the categories, the second letter added is a ‘C’, which implies that these categories are named AC 
and BC. The other groups – with an intermittent demand pattern – can be further categorized 
based on lead-time predictability (AA and AB parts) and price of the part (BA and BB parts). The 
second categorization is different for the critical (AX) and non-critical (BX) categories, since 
their focus is different as well (availability and costs, respectively). The categorization is 
displayed in Figure 1.   

 
FIGURE 1: INVENTORY CATEGORIZATION 

As said before, for these categories different inventory policies have been developed. Obviously, 
these policies use explicitly the characteristics of a certain category. For instance, for parts with 
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an intermittent demand pattern the use of a replenishment delay (d) has been assessed, as 
intervals between two consecutive demand occurrences are usually longer than the lead-time 
and thus the same availability can be obtained while holding costs can be decreased. These 
inventory policies can be found in Table 1.  
 
Category  % of total parts Policy  Approach Use of 

historical 
demand 
data 

Use of 
emergency 
channels  

Lead-
time  

AA  1.5% (d, s, S)  Item Yes  Full use  Variable  
AB  6.4% (d, s, S)  Item Yes  Full use Constant  
AC  7.4% (s, Q)  Item Yearly 

update  
Full use  Variable 

BA  0.1% Custom made Yes Partial use Variable 
BB  29.2% (d, s, S)  System Yes  Partial use Variable 
BC  28.4% (s, Q)  System Yearly 

update  
No use Variable 

C 27.0% VMI/Consignment stock 
TABLE 1: INVENTORY POLICY PER CATEGORY 

These policies have been evaluated by categorizing parts based on data of 2009 and ‘replaying’ 
2010. The major problem with calculating inventory policy parameters (such as s, d and S) is 
the scarcity of data. Due to intermittent nature of the demand, there were not many historic 
demands in order to calculate the value of these parameters. The data generation technique 
bootstrapping is used in order to improve the reliability and power of these calculations. This 
analysis had as result that, if inventory management were to be executed in this differentiated 
way, in total costs for the AA, AB, BA and BB categories could be decreased with almost 20%, 
while the availability was maintained or increased. The largest part of this decrease originates 
from switching from an (s, Q)-policy to an (s, S)-policy, as the decrease of emergency shipment 
and order costs appeared to be larger than the increase of holding costs. The incorporation of a 
replenishment delay improved the performance with a few percents. It has been shown that the 
main reason for this limited improvement is data scarcity. Improvement options have been 
listed and analysis of these options has shown that the costs could decrease with an extra 10%, 
solely if more data were to be obtained (in this case 50% more data) and consequently 
inventory policy parameters were calculated better. 
 
The costs for parts that were proposed to be sourced via a consignment stock construction (C 
category) decrease as well (which is logical, as the reason for placing parts in C is a decrease in 
costs), approximately with 38%, if all vendors meet the preconditions as specified. KLM E&M 
deals mainly with large suppliers, where consignment stock construction can be beneficial for 
both parties involved. For the AC and BC categories a cost analysis has not been executed, since 
the current situation was assumed to be suitable. However, the use of historical data in order to 
improve parameter calculation can probably improve their performance as well. 
 
Figure 2 gives an overview of the results per subsequent improvement for the focus group (AA, 
AB, BA and BB category) and all parts. The improvements are lined up as follows: 

1. Switching to an (s, S)-policy for unpredictable parts; 
2. Using historical demand and lead-time data for updating inventory policy parameters; 
3. Introducing a replenishment delay (d) for intermittent demand and customizing 

inventory management for expensive parts; 
4. Changing the parts in consignment stock agreement.  
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FIGURE 2: MAIN RESULTS 

Concluding, the key recommendation for KLM E&M is to execute the proposed differentiated 
inventory management for expendable parts and to actively use historical data about demand 
and lead-times. For scientific literature this study contributes because it designs and assesses an 
integrated approach of spare part management, constructs a method for assessing possible 
categorization criteria and also applies and assesses a more advanced inventory policy that 
incorporates a replenishment delay.  
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CHAPTER 1: INTRODUCTION 
This introduction describes the current situation and challenges at KLM E&M; the organization 
where this research project has been executed (1.1). Subsequently, it provides the scientific 
motivation and background for this master thesis project (1.2). Finally, it gives the set-up of this 
report (1.3).  

1.1 CHALLENGES AT KLM E&M 

AFI-KLM is the second multi-product MRO-provider in the world (AFI-KLM, 2010) and as such 
KLM E&M, one of the two original maintenance departments, copes with problems regarding 
the inventory management of spare parts – just as the rest of the industry. On all levels of the 
maintenance department the availability of the aircraft is considered most important, which 
means that cost of inventory management is often overlooked or considered relatively 
irrelevant.  
 
However, KLM E&M feels that inventory management can be improved for spare parts. This 
holds especially for the expendable parts, as it has been noticed that a lot of expendable parts 
still have to be acquired via emergency channels and a lot of handling is required in order to 
meet material requirements of the maintenance process, while the material itself is relatively 
cheap. Therefore KLM E&M wants to see if the current way of inventory control can be 
improved, especially by incorporating insights from comparable companies, while customizing 
these insights for the typical environment of KLM E&M. Apart from that, KLM E&M feels that 
their mix of expendable parts is far from homogenous and so differentiating policies among 
groups is considered crucial for optimizing spare part inventory management.  
 
This section briefly introduces KLM E&M in general, followed by an overview of the current 
situation starting with an introduction to expendable parts (the focus of this project) and the 
problem owner. Finally, the current way of executing inventory management for expendable 
parts is explained by separately describing the sourcing channels for these parts. 

1.1.1 KLM Engineering & Maintenance 

KLM Royal Dutch Airlines was founded in 1919 and in 2004 it merged with Air France Industry, 
creating AFI-KLM. AFI-KLM focuses on three core businesses: passenger transportation, cargo 
transportation and services in aeronautics maintenance and overhaul. Activities in the latter 
core business are executed separately by the maintenance departments of AFI and KLM, the 
latter being the focus of this master thesis project. This maintenance department is called KLM 
Engineering & Maintenance (KLM E&M).  
 
KLM E&M itself is further divided into three departments: Aircraft Maintenance (AM), Engine 
Services (ES) and Component Services (CS). AM is responsible for maintaining the aircraft in 
order to ensure that airplanes are available to meet the flight schedule, therefore AM mainly 
deals with expendables. At two places maintenance is executed: base maintenance is executed 
at the hangars and line maintenance is executed at the platform. These maintenance 
departments plan and work separately, though they can exchange material. Furthermore, ES is 
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responsible for the availability of engines and CS is responsible for the availability of 
components. CS is divided into four departments: Logistics, Availability, Repair and Overhaul 
and Product and Market Management. Figure 3 shows how these departments interact as each 
other’s suppliers/customers. Apart from these departments there are three general functions 
working for all these departments: sales, purchasing and an AOG-desk (aircraft on ground). 
Sales and purchasing deal with external clients and after signing a contract they assign a job to a 
department. The AOG-desk is responsible for the critical parts that could keep an airplane on 
the ground and they can purchase parts outside existing contracts.  

 
FIGURE 3: ORGANIZATIONAL CHART KLM E&M AS A SUPPLIER (FROM QS RAPPORT, 2010) 

1.1.2 Introduction to expendables and problem owner 

KLM E&M divides its types of spare parts in four: expendables, consumables, repairables and 
rotables. Expendables are never repaired and therefore always disposed if they are broken or 
are at the end of their life cycle. Consumables, such as oil, are consumed. Repairables can be 
repaired though there are exceptions, while rotables are unlimited repairable (normally by ES, 
at times by CS). The latter two groups can be further subcategorized in engine parts and 
components, where engine parts are always returned to the same engine (return-to-engine 
policy). Hence, ES works mostly with engine parts, CS with components and AM with 
expendables. KLM E&M feels like the performance of expendable parts can be improved and for 
this reason are the expendable parts the subject of this master thesis project. 
 
This master thesis project is executed at KLM E&M AM for base maintenance (the hangars), but 
is (also) executed for CS Logistics, a part of component services (CS). As mentioned before, CS 
mainly deals with repairables instead of expendables. However, CS Logistics is one of the 
problem owners as they are owner of the transport process of spare parts at Schiphol Airport 
and therefore in charge of managing the warehouse and the internal transportation at Schiphol 
base and its hangars (international transport is arranged by KLM Cargo). Consequently, if 
material appears to be unavailable, CS Logistics receives complaints. Therefore CS Logistics is 
defined as one of the problem owners. 

1.1.3 Inventory management of expendables  

At KLM E&M expendable parts are sourced (to ‘production’) by means of four channels: two 
regular channels and two emergency channels. The majority of the demand from ‘production’ is 
immediately fulfilled from stock. This stock is managed by material support and supply central 
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(MSS-c). Another, predefined set of spare parts is delivered by BOEING via the project GAIN. 
GAIN sources about one third of the total demand for spare parts, also from stock (consignment 
stock). If the two regular channels do not have sufficient stock, two emergency channels can 
source a part, so that the maintenance process is not delayed. GAIN takes care of emergency 
shipments for GAIN parts themselves, but occasionally this is done by using KLM’s own 
emergency channels: Recovery (MSS-d; decentralized) or the AOG desk (aircraft on ground). 
Figure 4 demonstrates the material flow for October 2010. An interesting remark is that a 
significant volume is demanded from ‘production’, but not used in the end (and thus flows back 
to the stock point), leading in October 2010 to about 55% of the part movements being 
unnecessary. This could be due to errors, the choice for a different solution, ‘betting’ on multiple 
solutions or ordering too much to be on the safe side. Besides production, another way to ‘leave 
the system’ is if parts are scrapped or ‘surplussed’ (sold).  

 

FIGURE 4: BASIC MATERIAL FLOW (OCTOBER 2010) 

Since the focus of the project is on hangars, it is interesting to take a look at transport among 
hangars. Note that stock points are at hangars 10, 11, and 14 at Schiphol Airport. Solely for these 
hangars figures 5a-c show the amount of transport between one another. These figures are also 
based on data of October 2010.  

 
FIGURE 5A-C: HANDLING AMONG HANGARS 

In the upcoming sections all four sourcing channels are discussed separately.  

 

59.0%15.1%

6.5%
19.4%

Hangar 10

Hangar 10

Hangar 11

Hangar 14

Other

1.6%

79.9%

2.5%

16.0%
Hangar 11

Hangar 10

Hangar 11

Hangar 14

Other

6.0%

28.2%

24.8%

41.0%

Hangar 14

Hangar 10
Hangar 11
Hangar 14
Other



 

4 

 

Regular sourcing: MSS-c 

The logistic system that controls regular sourcing is SAP. Material planners and logistic analysts 
set reorder points (based on experience with lead-times, demand rates etc.) and minimum 
order quantities (based on experience with order costs, demand peaks). No historical data is 
used. This used to be the case, but this functionality was lost when SAP was launched. The 
planners and analysts have contact with different suppliers (the purchasing department is in 
charge of contracting). MSS-c is organized in four groups, based on segments of the airplane. An 
order is triggered by SAP. If the inventory of a part drops to or below the reorder point (s), then 
the minimum order quantity is ordered. In the case that demand was exceptionally high, the 
actual order quantity can be higher or the minimum order quantity can be adjusted. Since the 
planner checks these warnings from SAP daily, the inventory policy can be characterized as an 
(s, Q)-policy. 

Regular sourcing: GAIN 

For parts that are sourced via the GAIN-project, KLM pays a surcharge on the cost of the part, 
this surcharge represents order costs and some of the holding costs. Originally the GAIN-project 
was used for purposes like reducing capital employed, outsourcing problematic – though non-
critical – parts and to get rid of dead stock. The latter is irrelevant for the upcoming contract 
renewal (June 2011) as BOEING only wants to buy ‘healthy’ stock from KLM.  
 
From BOEING’s perspective one of the reasons for the agreement of having consignment stock 
at KLM was to obtain pooling effects. This has been accomplished marginally as there is a (more 
or less) central warehouse in London, but for instance lateral transhipments are practically not 
possible as the handling process is executed by KLM. In order to actually enable a lateral 
transhipment theoretically BOEING should pay KLM some kind of fee for handling. However, 
BOEING has not indicated that it want to make such an arrangement. BOEING takes care of 
emergency shipments for GAIN parts, after there has been made a shortage by KLM E&M. Note 
that the channels of the GAIN-project are fewer than for KLMs one emergency channels; e.g.: for 
legal reasons BOEING cannot buy from airlines (while e.g. MSS-d can). 
 
There are agreements about service levels for GAIN parts. First of all, there is an overall service 
level of 94.6%, but as backorders are not registered the performance for GAIN parts are sky-
high and therefore this measure cannot be used for assessing the GAIN-project. Another 
measure, how much shortage (as denoted by MSS-d) is delivered within one day, can be 
reviewed. The objective is that 54% of the shortage is delivered within one day; with 46% as 
minimum. The actual performance is often below this minimum, although never during a period 
long enough to get fined.  

Emergency supply I: MSS-d 

Whenever an aircraft is in the hangar and non-GAIN parts are demanded but not available from 
stock, MSS-d attempts to arrange for these parts that they get transported to the hangar before 
the maintenance check is finished. If MSS-d cannot arrange it in time, there are two possibilities. 
If the part is crucial and could inflict and Aircraft on Ground (AOG) situation, then the part is 
sourced via the AOG-desk. If this is not the case, then the demand for the part is deferred to a 
subsequent maintenance check (DD), which is generally considered undesirable.    
 

Emergency supply II: AOG 

The AOG-desk works 24 hours per day in order to make sure that an aircraft spends as less time 
on the ground as possible. The AOG-desk can buy spare parts (more or less) without restrictions 
(outside contracts) and works for KLM in general. 
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1.2 SCIENTIFIC MOTIVATION 

In the literature study executed by Van Duren (2010) it was discovered that a limited amount of 
research with regard to inventory management of spare parts in maintenance departments for 
aircrafts has been executed. However, all researchers have noticed the distinguished character 
of the aircraft industry, where a high availability of the aircraft is expected, the demand for 
spare parts is extremely difficult to forecast, the number of spare parts is high and the nature of 
the spare parts is far from homogeneous. In the past, research has focused on the forecasting of 
intermittent demand patterns and thus models have been developed in order to deal with this 
demand pattern. Besides that, research within the aircraft industry has generally focussed on 
cost-cutting policies such as pooling of inventory. Although these investigations have implied 
beneficial ways to execute inventory management, an integrated approach that explicitly 
addresses the heterogeneity of the materials in the aircraft industry has not yet been developed. 
In this thesis such an integrated approach is developed and assessed. Apart from that, on a 
lower level, inventory policies that cope with e.g. different demand patterns are designed, 
validated, extended and evaluated.  
 
This section discusses the scientific background of this report based on the literature study 
executed by Van Duren (2010). First, an overview of research executed with respect to 
inventory management at aircraft maintenance departments is given since distinct research 
lines for this industry have been developed. Secondly, ways of categorizing inventory are 
discussed – as this is the starting point for the design phase of this project (starting at Chapter 
3). Finally, literature with respect to replenishment delays is discussed, as this – relatively 
innovative – policy parameter is incorporated in inventory policies in Chapter 4 as it a way of 
decreasing holding costs when demand has an intermittent pattern.  

1.2.1 Aircraft industry 

The maintenance of aircraft is a service process that is solely executed by a few operators in this 
world. It employs specific knowledge and has high quality restrictions, therefore making the 
material requirements largely uncertain since on beforehand it is difficult to understand what 
the problems of an aircraft will be. Research with regard to material planning in the aircraft 
industry has therefore focussed on a few key topics: understanding material requirements (the 
demand), modelling best practices in the aircraft industry and decreasing holding costs by use 
of inventory pooling. These topics are discussed briefly in the upcoming sections.   
 

Understanding material requirements  

During the course of this thesis project ‘the demand’ for 
spare parts is defined as the material requirements for 
the maintenance departments when they are executing 
a maintenance check. This demand for spare parts can 
be categorized according to Syntetos (2001), which is 
displayed in Figure 6. This categorization depends on 
the square of the coefficient of variation (standard 
deviation divided by mean) and the average demand 
interval (total number of periods divided by periods 
with demand occurrence). 
 

FIGURE 6: DEMAND CATEGORIES SYNTETOS (2001) 
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This demand categorization shows explicitly that demand of spare parts can be modelled in a 
compound way. In their study, they also show that lumpy and intermittent demand (with long 
intervals between two subsequent demand occurrences) occurs often. Actually, it happens so 
often that Regattieri et al (2005) even define five distinct classes of lumpiness – which relate 
strongly to the forecast error. In many cases the demand is lumpy (Ghobbar et al, 2002). This 
model has been applied several times and for some demand groups tailored forecasting 
methods have been designed.  
 

Best practices 

Ghobbar et al (2004) give an overview of best practices for material management at airline 
operators and maintenance organizations regarding their maintenance and inventory 
procedures. They claim that a group of operators that have implemented MRP in general was 
successful, although there were some obstacles. In their article Ghobbar et al (2004) focus on 
the assembly of components. They held a survey under 283 aviation companies, and 62% of 
them replied. Basically, they claim that companies who have been using a reorder point strategy 
but have switched to MRP are generally content with the results: lower stocks and fewer 
shortages. However, for parts that do not have to be assembled (e.g. most of the expendables), 
the use of reorder points might even be logical since possibly no clear relation with other parts 
might be existent or known.  
 
Another study that examines material management in relation to the cost structure at aircraft 
maintenance operators is the simulation study of Lee et al (2008). They define, when a demand 
for a spare part occurs, four scenarios, namely: 1) a spare part is available at the airport where 
failure occurs; 2) a spare part is not available at the airport where failure occurs, but available at 
the central repair depot (CRD); 3) a spare part is not available both at the airport where failure 
occurs and at the CRD, but available at a neighbouring airport; 4) a spare part is not available in 
the entire network. Costs, which are defined as inventory, transportation and penalty costs, are 
also incorporated in the simulation model (of course in scenario 4 the penalties are the highest). 
This study’s model and its cost structure could be used as inspiration for the evaluation of 
inventory policies at KLM E&M. 
 

Pooling of components 

Many researchers have investigated the benefit of pooling of components. Components are 
relatively expensive spare parts (in contrast to expendable parts) that are demanded 
infrequently. They argue that pooling could be used to remove variability and thus decrease 
stock levels. 
 
Kilpi et al (2004) discuss in their paper pooling of spare components between airlines. They 
show that stock levels are strongly related to the fleet size (see for more information Figure 7). 
There are even researchers, such as McDonald (2002), who claim that it could be that the 
potential for saving through tighter management of spares in the supply chain is greater than 
any existing revenue opportunities in the airline business. Kilpi continues by simulating four 
different airlines, which differ in terms of number of bases, fleet size, spare units, service levels 
(differentiated in response time) and spares down. Moreover, four sourcing policies are 
simulated given a sufficient inventory where the supplier is selected: randomly, with the 
shortest delay, with the highest available parts (not availability) and based on pre-set priorities. 
Although every policy has its problems (e.g. one with shortest delay favours remote bases), in 
all cases “the savings potential are proportional to the number of its participants”. In general 
Kilpi claims that small airlines seem to benefit more from pooling and that the more similar 
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airlines are, the higher the savings potential is. Consequently, it seems less interesting for an 
organization like KLM E&M, albeit the merge with Air France Industries could facilitate a 
process as described above.   
 

 
FIGURE 7: ECONOMIES OF SCALE IN AIRCRAFT COMPONENT SERVICE 

Performance measures at aircraft maintenance departments usually include costs, minimum 
service level and average service level. With respect to the costs, Carter et al (1978) claim that 
mainly three buckets can be defined as cost for availability service for a MRO (maintenance, 
repair and overhaul) company: inventory holding, ordering and back-order costs. Kilpi et al 
(2009) use these costs as to assess cooperative strategies in the aircraft industry and therefore 
further subcategorizes ordering costs into handling and transfer costs (for balancing stocks 
between sites) and back-order costs into loan-in (emergency shipments) and wait costs (costs 
for arrangements with customers). Additionally, Kilpi introduces so-called interface costs which 
are costs for one of the cooperative strategies he assesses. These strategies differ from solo (no 
degree of cooperation), ad hoc cooperation (only if there is a problem), cooperative pooling (set 
of rules of sharing inventory) and commercial pooling (market based; managed by third party).  

1.2.2 Inventory categorization 

This section starts with an introduction to the best-known method of categorizing inventory in 
order to differentiate among inventory management strategies: ABC analysis. Subsequently, 
other ways of classifying inventory, as have been found in literature, are enumerated.  
 

Traditional ABC Analysis 

Conceptually speaking, according to Silver et al (1998), the objective of ABC analysis is to 
identify groups of stock-keeping units (SKUs) and divide them in at least three groups where A 
parts deserve extra attention and for the C parts simple inventory policies are sufficient. Silver 
et al (1998) classify by value (product of price and demand), which shows that only a small 
group of stock-keeping units (SKUs) cause a large investment in inventory.  
 
Typically the important parts, the so-called A parts, deserve most attention. Since the group 
usually is relatively small, inventory levels for parts in group A can be ‘custom made’. Therefore, 
much attention for streamlining the process (demand and ordering) for these kinds of parts can 
and should be taken into account. For C parts, due to their relative insignificance, basic and 
simple to execute policies should be derived since extra attention probably does not pay-off. 
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Silver et al (1998) argue that for the group in between, the B parts, a similar approach can be 
designed as for the C parts, but that there should be a way to give certain sub groups or parts 
extra attention, if necessary. Therefore an exception clause could be designed which ensure that 
if there is a certain exceptional state extra attention can be given to these parts. Generally the 
difference between and A and C parts is based on their importance and consequently the effort 
put in their management. 
   

Criteria 

ABC formulation focuses traditionally on one criterion (which itself can be seen as a 
combination of two). However, it can be argued that categorizing inventory could be improved 
or customized by using multiple or other criteria. Both ways have eventually the same goal: to 
divide the complete stock in groups of stock keeping units (SKUs), similar to ABC: in a group of 
‘important’ ones (A), intermediates (B) and ‘unimportant’ ones (C). Obviously, it is possible to 
design more than three groups (either by subgroups or functional groups). This section focuses 
on listing possible criteria for categorizing inventory. Historically this categorization has been 
based on inventory value (or turnover; the product of demand and price), but also other criteria 
have been used. Examples are criticality of a part for subsequent processes, commodity, value, 
the behaviour of demand and the behaviour of delivery and order lead-times. 
 

 
FIGURE 8: RELATIONSHIPS CRITERIA AND IMPORTANCE PART (RED = NEGATIVE RELATION) 

Figure 8 displays a list of criteria and their relationship with a part’s importance as has been 
found in literature (Huiskonen, 2001; Duchessi, 1988; Flores et al, 1989; Petrovic et al, 1992; 
Ramanathan, 2006; Gajpal, 1994; Braglia, 2004). In Appendix 1 possible criteria are tabulated 
and an explanation for the relation with importance is provided. In a way, this table shows the 
complexity of adequately categorizing SKUs. In Chapter 3, the relation of a group of SKUs (and 
their performance) with these criteria is assessed at KLM E&M in order to enable differentiated 
inventory management.  
 
In this typical environment holds that if traditional ABC analyses were to be applied, there is a 
fair chance that the most important factors are not included in the categorization, which limits 
its value. Alternatively, categorizing with multiple criteria always implies a sophisticated 
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balance between precision and adequacy and comprehension and simplicity. If all criteria are 
taken into account, obviously the model gets enormous, not understandable and inapplicable. 
On the other hand, if some way of categorization is not taken into account this could lead to a 
suboptimal solution, as could be in the case of ABC categorization. To conclude, it is crucial for 
its success to find an optimal balance between the adequacy of the categorization and the ease 
of implementation. 

1.2.3 Replenishment delay 

Babiloni Griñon et al (2007) give an overview of inventory management models in order to deal 
with intermittent demand. They demonstrate that these models can be divided in models with 
continuous and non-continuous review, the use of a base-stock or a reorder point (and in one 
case a replenishment delay), the modelling of the demand (compound distribution, gamma and 
so on) and assumptions with respect to the lead-time (zero, constant, variable). They do not 
assess which policy is the best – they solely show the variety of policies.  
 
The replenishment delay is the most innovative policy feature and is therefore discussed in this 
section. According to Babiloni Griñon et al (2007) often a (R, S)-policy is used in order to 
artificially create a delay, by choosing a long review period R. However, only studies that model 
a delay explicitly are discussed here as it is known that policies without a review period 
perform better since they are more agile. Unfortunately, literature with respect to 
replenishment delays is scarce. Here the articles that examine a replenishment delay are 
discussed and differences with the situation at KLM E&M are indicated. Generally it can be 
stated that the cost structure of KLM E&M is different as emergency shipment costs are not 
related to time, the lead-time cannot be considered constant and the goal is to reach an 
objective order fill rate instead of minimization of costs.  
 
In 1989 Schultz proposed a method of calculating replenishment delays (d). In this study 
Schultz focused solely on the replenishment delay (and not the order-up-to level S; as he 
considers an (S-1, S)-policy with S=1), while assuming a constant lead-time. Apart from that, the 
cost structure was differed from KLM and the other researchers since in case of a shortage the 
order lead-time is shortened in order to solve the shortage.  For the costs with respect to d, 
Schultz shows that convexity cannot be guaranteed. 
 
Moinzadeh (2001) continued the work of Schultz, claiming that the biggest problem with 
previous research is the assumption that in case of a shortage orders can be fulfilled by an 
emergency channel with a premium costs and the fact that S=1. In the case of KLM E&M the first 
assumption is less problematic, since a demand can be deferred or a part can be bought outside 
of purchase contracts. Apart from that, Moinzadeh assumes a constant lead-time. In his model, 
backorder (analogous to an emergency shipment) and holding costs are both related to the time 
periods, which means that convexity for S (given d) can be proven (however not for the total 
costs). Conversely, at KLM E&M both cost buckets are not only related to time periods (for more 
on this, see Section 4.2.2).  
 
Katircioglu (1996) derives similar equations as Moinzadeh, also assuming a fixed lead-time, 
linear backorder and holding costs related to time and shows that the (d, S-1, S)-policy is 
optimal if fixed order costs are zero.  Moinzadeh and Zhou (2008) execute a similar analysis as 
Katircioglu, and notice that both studies assume unit-sized demands. At KLM E&M fixed order 
costs are not zero (€40,- per order) and demands are not unit-sized.  
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A working paper by Teunter, Zied Babai and Syntetos (2011) analyzes policies with a 
replenishment delay as well, dropping the assumption that demand is unit-sized, but 
maintaining the assumption that lead-time is constant. Furthermore, they derive formulae for 
constant delays and flexible delays. Unfortunately, for KLM E&M a multi-part analysis needs to 
be executed, while Teunter et al execute a single-part analysis. Their cost structure is similar to 
the ones described above and therefore deviates from KLM’s cost structure. 

1.3 SET-UP REPORT 

This first chapter has given a general introduction and description of the current situation with 
respect to inventory management of expendable parts at KLM E&M, as well as a scientific 
background. The research questions and methodology are discussed in the second chapter, 
where also the coherence of the subsequent chapters is explained. 
 
The first research question, as stated in Chapter 2, with regard to categorization of inventory is 
discussed in Chapter 3 and the second research question about the inventory policy per 
category are discussed in Chapter 4. In reality, these research questions have been solved 
iteratively since a categorization makes only sense if the implication would be a different 
inventory policy as well. Hence, Chapter 3 focuses on the categorization, by assessing 
categorization criteria obtained from literature (specifically in Section 1.2.2) and setting cut-off 
points in order to create the different categories. Subsequently, Chapter 4 zooms in on every 
category and explains the inventory policy per category and thus the differences between 
categories.  
 
Chapter 5 evaluates the inventory model as described in chapters 3 and 4 by ‘replaying’ 2010, 
while categorizing and calculating inventory policy parameters based on 2009. In addition to 
this, there have been made some subtle adaptations to the categorization and policies designed 
in chapters 3 and 4, since this evaluation showed some interesting other effects. Chapter 6 
finally deals with the most important conclusions and recommendations of this research 
project. Figure 9 shows the set-up of the report. 
 

 

FIGURE 9: SET-UP REPORT 
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CHAPTER 2: RESEARCH 
DESIGN AND METHODOLOGY 

This chapter focuses on the research design and methodology and is split in three sections. First 
the problem is scoped and stated (2.1), then the assignment is formulated (2.2) and finally the 
project design is discussed (2.3). The latter consists of a conceptual and an operational 
(methodological) aspect that also explains the coherence of the upcoming analysis and design 
chapters. 

2.1 PROBLEM STATEMENT 

The problem statement defines the main topic of the master project and is stated as a question 
that has to be answered in the research project. However, before stating this question the scope 
is defined.  
 
The scope can be defined from two different angles: product and process. First, as said before in 
Section 1.1, the materials that are the focus of the project are the expendable parts. Second, the 
process that is analyzed, and its boundaries, can be summarized as follows (see Figure 10). 
There is a stock point with all expendable parts and this stock point has a capacity constraint. 
Demand arrives from different technicians at the material units (the hangars) and consists of 
what should be delivered, as well as the delivery date and place. Control of demand patterns is 
explicitly not part of this thesis project and is therefore left out of scope. The majority of the 
demand for expendable parts is – and should be – fulfilled from stock. On the other side of the 
supply chain relatively powerful OEMs (and other suppliers) deliver the expendable parts. Since 
the OEMs have a strong position for a certain type of plane and/or parts, prices can be high and 
lead-times can be relative long or unpredictable. Stock is therefore used as insurance for these 
demand and supply uncertainties. On the other hand, with some of the other suppliers strict 
arrangements have been made. These arrangements are actually so strict that about one third of 
the parts is sourced from consignment stock.   

 
FIGURE 10: SIMPLIFIED SUPPLY CHAIN KLM E&M 
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In other words, the focus of this project is the inventory management of expendable parts, 
starting from placing an order at a supplier until the order fulfilment of a customer – which are 
defined as the material units that execute aircraft maintenance (so e.g. emergency shipment 
costs are part of the cost equation). A simplification of this supply chain is shown in Figure 11. 
Note that under ‘given’ in this figure a list is given of entities that are assumed to be outside 
control (input variables). Nonetheless, this still means that the value or characteristics of all 
these entities have to be determined. The entities that can be adjusted in order to give an 
appropriate answer on the research question are boldfaced in Figure 11.    
 
At the moment KLM E&M does not know how to deal with its relatively volatile, heterogeneous 
inventory that consists of ten thousands of different expendable parts. Inventory policies are 
based on experience and one-third of the stock is consignment stock, but also this consignment 
stock does not consist of (a) homogeneous group(s) of spare parts. This lack of detail in 
inventory management is due to an insufficient insight in relevant costs and their relation with 
an aircraft on ground caused by material unavailability. Insight in these relevant costs and their 
relation with availability in combination with the categorization of inventory should lead to a 
differentiated, tailor-made, management of inventory. This project investigates the relationship 
between availability and costs in order to optimize inventory management. 
 
As a result the research problem can be stated as follows: 
 

“How can inventory management for expendable parts at KLM E&M be optimized by 
differentiating between spare parts in order to find an optimal balance between total relevant 

costs and availability?” 

2.2 ASSIGNMENT 

The problem stated in the previous section actually consists of three parts which have to be 
answered before answering the complete research question (Chapter 6). This leads to three sub 
questions which all involve an analysis and redesign.  
 

1. How can inventory management for expendable parts at KLM E&M be optimized by 
differentiating between spare parts in order to find an optimal balance between total 
relevant costs and availability? (Chapter 3) 

a. According to scientific research, what are methods of differentiating between the 
significance of spare parts? 

b. At KLM E&M, what kinds of categorizations are possible, or already used? 
c. At KLM E&M, which criteria have discriminating power?  
d. Which criteria imply a different inventory policy? 

2. How can inventory management for expendable parts at KLM E&M be optimized by 
differentiating between spare parts in order to find an optimal balance between total 
relevant costs and availability? (Chapter 4) 

a. According to scientific research, what are methods in order to execute inventory 
management and on which factors depend different inventory policies? 

b. At KLM E&M, what is the current situation of ordering, holding and delivering 
spare parts and how can this be improved (partly described in Section 1.1.3)? 

3. How can inventory management for expendable parts at KLM E&M be optimized by 
differentiating between spare parts in order to find an optimal balance between total 
relevant costs and availability? (Chapter 5) 
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a. According to scientific research, what is a useful method of calculating the total 
relevant costs and availability at an organization such as KLM E&M and for a 
process as described earlier?  

b. At KLM E&M, which methods for calculating costs and availability are used for 
assessing the actual performance?  

 
The chapters that are indicated behind the sub questions relate to the chapter that provides an 
in-depth description of the topic. In Chapter 4 a differentiated inventory management model is 
designed, which is evaluated in Chapter 5. The operational project plan (upcoming section) 
demonstrates how these chapters relate to each other. In Chapter 5, the policy evaluation, 
questions such as the ones below are answered.  
 

- What are feasible solutions (adequacy vs. simplicity) and how can the performance of 
these alternatives be compared to each other? Which alternative is the optimal one? 

- How robust is the solution? 

2.3 PROJECT DESIGN 

The project design consists of the conceptual project design and the operational project plan. 
These two parts are discussed separately.  

2.3.1 Conceptual project design 

The conceptual project design demonstrates the confrontation between theoretical perspectives 
(left) and the – more practical – subject of analysis (right).  Besides that, it gives the deliverables 
of the project (below). The conceptual project design is shown in Figure 11 and is based on 
information provided previously. The theoretical background is mainly provided by the 
literature study, the application can be found largely in chapters 3-4. 

 

FIGURE 11: CONCEPTUAL PROJECT DESIGN 

2.3.2 Operational project plan 

This section describes the operational project plan, which is a more or less subsequent set of 
steps that have to be executed during the course of the master thesis project in order to answer 
the research question(s). Here, it is presented as a list of analyses that have to be executed per 
research step. The research steps are in the remainder of the document separated per chapter 
and therefore here as well. Figure 12 demonstrates the coherence of the project, showing the 
three building blocks of this project: scientific literature, analysis of the situation at KLM E&M 
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and the redesign. Besides that, the figure shows clearly the iterative design of the categorization 
of inventory categorization and corresponding policies.  
 
Chapter 4: Inventory categorization 

- Calculate discriminating power of every categorization criterion derived from literature 
at KLM E&M. 

- Research relevance of every categorization criterion derived from literature  at KLM 
E&M. 

- Investigate ease of implementation of every categorization criterion derived from 
literature at KLM E&M. 

- Explore useful inventory policies. 
- Design a decision model for categorizing spare parts with basic inventory management 

variant. 
- Explicate cut-off points for the categories.  

 
Chapter 5: Inventory policy model 

- Make a list of different inventory policies. 
- Customize policies per category for KLM E&M. 
- Define cost and availability calculations.. 
- Design a tool for calculating decision parameters. 

 
Chapter 6: Policy evaluation 

- Validate the policy by making a calculation model. 
- Test the robustness and sensitivity of the inventory policy. 
- Assess several variants and find the variant that weighs out ease of implementation and 

adequacy. 
- Generate other useful general management information. 

 
Chapter 7: Conclusions and recommendations 

- Propose, besides drawing conclusions and making recommendations, an 
implementation plan. 

 

 
FIGURE 12: PROJECT COHERENCE 
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CHAPTER 3: 
CATEGORIZATION 

In this chapter first possible criteria – as enumerated in Section 1.2.2 – for categorizing 
inventory are discussed for KLM E&M (3.1). This information is used for choosing the most 
promising criteria for categorizing inventory and to design a decision model (3.2). Section 3.3 
describes and analyzes the chosen criteria in detail and sets cut-off points.  
 
The criteria that have been analyzed are the criteria derived from scientific literature as stated 
in Section 1.2.2. Criteria that already have been eliminated from this list are criteria such as 
obsolescence, scarcity, durability, reparability, repair time, part characteristics (such a weight 
and size of the part), order size requirement, capacity, fixed order costs and stock-out penalty 
cost.  The reason for this is that these criteria have not been named often in literature, were not 
considered relevant for this particular business case due to its scope (e.g.: reparability) that has 
been chosen or they were similar to criteria that were already in the list (e.g. scarcity). A 
summary of criteria and in which scientific articles they have been suggested and/or used for a 
policy can be found in Appendix 1. If all of these criteria would be taken into account and, 
similar to ABC, and e.g. every criterion would be given three states (high, intermediate, low), 
then theoretically 311 (=177,147) different policies should be developed. That is an absurd and 
unpractical number of policies (Huiskonen, 2001); even if there would be just two states per 
criterion (211 = 2,048 different policies). This problem can be solved in several ways: 

- Some criteria might not be significant (in comparison to other criteria) with regard to 
costs or availability; 

- Some criteria are stronger or just as strong when they are combined with another one; 
- Some criteria may create a different categorization, but do not lead to different policies. 

The decision model for choosing criteria is discussed in section 3.2. 

3.1 SITUATION AT KLM E&M 

This section discusses the criteria as summed up in Section 1.2.2 in the following sequence: 
criticality, commodity, price, demand distribution, turnover, the customer, the supplier and 
organization specifics, and provides the background for the decision model as designed in 
Section 3.2. Note that some criteria have been grouped in order to facilitate an orderly 
discussion. Most analyses below have been executed for a subset of data obtained for 2010 – 
which accounts for roughly 20% of all expendable parts. 

3.1.1 Criticality 

Criticality can be divided in process and control criticality (Huiskonen, 2001). At KLM process 
criticality is the most important factor since it directly relates to key performance indicator of 
KLM E&M as a whole: availability of an aircraft. For instance, parts that could inflict an aircraft 
on ground (AOG) are critical.  For KLM E&M this process criticality has already been defined in a 
previous master thesis project, executed by De Gier (2008): 

- Essentiality 1: No go parts, as specified in the Recommended Spare Part List (RSPL);  
- Essentiality 2: Go if parts, as specified in the RPSL; 
- AOG: all parts that have been ordered by the Aircraft On Ground (AOG)-desk; 
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- 100% list: the list of parts that always has to be available when executing a maintenance 
job. 

3.1.2 Commodity 

Expendable parts can be divided into standard parts (e.g. bolts and nuts) and buyer furnished 
equipment (BFE). The latter are parts that are KLM-specific, like the chair (which are ‘KLM-
blue’). Only a few parts can be used for all types of aircrafts, the rest is aircraft-specific (hence 
there is not a large group of fast-movers).  

3.1.3 Price 

Prices differ significantly among expendables; 
but in general it can be stated that expendable 
parts are a lot cheaper than the more complex 
and larger components and engine parts. Figure 
13 shows the differences in prices for the 
expendable parts. As can be seen, prices differ 
from less than a Euro until hundreds of Euros 
(just a few are over €1,000).  
  
FIGURE 13: PRICE DIFFERENCES 

3.1.4 Demand distribution 

Demand in the airline industry can be categorized according to Syntetos (see Section 1.2.1). This 

demand pattern categorization is based on the squared coefficient of variation – ( )2
2CV σ

µ=  – 

and the average demand interval (= total number of periods divided by the periods with a 
demand occurrence). A vast majority of the demand appears to be lumpy, which basically means 
that the moment of demand is uncertain, as well as the quantity that is demanded.  Note that 
here demand that is just demanded once is assumed to be lumpy (later on this demand pattern 
is called ‘sporadic demand’). Obviously, this demand pattern is the most difficult one to manage 
from a supply chain perspective. The figures below demonstrate these demand characteristics. 
Figure 14A shows that the parts are generally not demanded every month (solely about 3%). 
Figure 14B shows that generally demand sizes are low. This demand pattern (especially low 
rates) is typical for the aircraft industry. 
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These characteristics of the demand cause that about 90% of the demand is lumpy (if one 
demand occurence is assumed to be lumpy). This is demonstrated by Figure 15. Demand 
patterns are discussed indepth later this chapter (Section 3.3). 

 

FIGURE 15: CHARACTERIZATION OF DEMAND 

Demand originates from the maintenance process of an aircraft (note that this process itself is 
out-of-scope). This process starts when an aircraft fails or when a maintenance check is 
scheduled. This scheduled maintenance can be several different checks: 
- P-checks; the simplest ones that are executed on the platform (also out-of-scope); 
- A-checks; a small check that is executed at the hangar every 700 flying hours or sooner; 
- C-checks; a more extensive check, executed every 18 months at the hangar; 
- D-checks; extensive check where the plane is stripped down to its core, also at the hangar. 

This check is executed about every seven years and about four times per life cycle of a plane. 
 
Although these checks involve preventive maintenance, the link with material requirements is 
not made. In the future a programme that translates a check into material requirements in SAP, 
Maintenix, should solve a part of this problem and should make demand more predictable. 

3.1.5 Turnover 

This classic ABC categorization parameter is calculated and shown in the SAP system, but not 
used. Generally planners and analysts feel that this parameter is not useful when ordering spare 
parts because this ‘ABC’ does not relate to either the criticality of a part or something that could 
be considered ‘supply chain criticality’. For instance passenger safety cards, which are cheap 
and not critical, are in the A category due to their high demand volume. 

3.1.6 The customer: own service levels, behaviour of customer lead-time  

Customers are defined as the material units who demand expendable parts. In most cases the 
material units ask for an instant pick order, which means that the customer lead-time is ‘as soon 
as possible’. If the part is not on stock, they try to source the part via MSS-d. Service levels are 
not clearly specified, but high. If stated, it is something like: “As high as possible”, sometimes 
combined with “without employing too much capital”. Hence the customer lead-time and its 
variance do not seem relevant as categorization factor as it is zero for all parts (and its 
discriminating power is thus zero). The service level does differ for critical and non-critical 
parts, but it is one of the performance parameters; that is currently measured poorly.  

3.1.7 The supplier: behaviour of Order lead-time and SLAs with suppliers 

In the logistic system the order lead-time is denoted for all suppliers. The logistic system 
contains a fixed lead-time of the preferred supplier. Moreover, this data is usually not 
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completely up-to-date. The extent of this data inaccuracy is not known (see Section 3.3.2 for an 
analysis of this). A typical distinction among suppliers is between an OEM (average lead-time, 
low costs and low lead-time variance) and a broker (low lead-time, higher costs, and high lead-
time variance). The reason for these differences is the fact that brokers also buy at an OEM 
(making them more expensive) and can therefore deliver fast from stock, but if they have no 
stock left, they cannot deliver as they promise. With most suppliers there are no service level 
agreements (SLAs) determined with an associated penalty. The underlying problem is that most 
of these performance indicators are not measured. For GAIN these agreements have been made 
more explicit, but even for this major contract not all relevant performance indicators are 
adequately measured. 

3.1.8 Organization specifics 

For KLM a few categorizations based on the type of business can be defined, namely: type of 
aircraft, age of aircraft and the segment of the airplane (which has a relation with commodity). 

3.2 CRITERION CHOICE AND DECISION MODEL 

First a model is developed in order to select the most promising criteria for categorizing 
inventory. Then a – conceptual – decision model is designed, that combines these criteria. Later, 
in Section 3.3, a detailed decision model is developed.  
 
Before the most promising criteria are selected, it should be noted that previous research has 
been conducted at KLM E&M concerning categorizing inventory. The last conducted research is 
by De Gier (2008), who categorized inventory based on process and supply essentiality in order 
to obtain two groups: ‘the trivial many’ and ‘the critical few’. The former criticality was based on 
importance for the maintenance process (hence Go, Go-if parts, deferred demands etc.), the 
latter was based on lead-time limits. Unfortunately, this categorization has never been applied. 
Moreover it does not incorporate the decision who should manage the inventory and does not 
specify inventory management per category. Besides that, the model of Huiskonen (Figure 16) 
for categorizing inventory is worth mentioning, as it has been used extensively at KLM E&M.  

 
FIGURE 16: CATEGORIZATION AND INVENTORY POLICY (HUISKONEN, 2001) 
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3.2.1 Criterion choice 

The list of criteria as discussed in the previous section has been narrowed down using three 
aspects, two qualitative ones and a quantitative one: 

1. Relevance (as considered by professionals at KLM E&M); 
2. Discriminating power (based on initial data analysis); 
3. Ease of implementation (based on interviews). 

 
Table 2 shows how the different criteria score on the aspects above and if they are incorporated. 
When a criterion scored solely positive on one aspect or less, it was excluded. If it scored on all 
three, it was included. For the ones that scored positive on two aspects a pragmatic approach 
has been used. The criterion was included, or it was implicitly used by one of the other 
‘decisions’ in the upcoming decision frame. For instance, commodity was not incorporated, 
because it was already incorporated in the cost-decision whether to outsource or not (if the part 
is customer-specific, suppliers do not have pooling benefits). The upcoming section describes 
the decision frame and uses the four criteria as defined below: criticality, costs, demand 
predictability and lead-time predictability. The last two criteria are combined in the criterion 
‘predictability’. 
Criterion 1 2 3 Incorporated? 
Criticality X X  YES 
Commodity X X  NO, implicitly by Costs 
Price X X  NO, implicitly by Costs 
Demand X X X YES, combined with its variance 
Demand variance X X X YES, combined with demand 
Turnover /Pareto= demand*price  X X NO, solely on lower levels 
Own service levels X   NO 
Customer lead-time    NO 
Customer lead-time variance    NO 
Order lead-time X X  YES, combined with its variance 
Order lead-time variance X X  YES  combined with lead-time 
SLAs with suppliers X   NO 
Organization specifics X X  NO, implicitly by Costs and Criticality 
TABLE 2: CRITERION CHOICE 

3.2.2 Conceptual categorization 

First of all, the inventory management problem can be decoupled into two problems that have 
to be solved subsequently. 

1. Who should manage the inventory? 
2. How should the inventory be managed? 

 
Hence, first the decision has to be made which parts are managed and/or owned by the 
supplier. This is a relevant question for KLM E&M as the contract (of consignment stock) with 
BOEING will be renewed in the summer of 2011 and also the parts that should be sourced via 
this contract should be revised (now it sources about 33% of all parts). Literature about VMI or 
VOI focuses on whether you should outsource or not (e.g. Valentini et al, 2003), but does not 
focus on which parts should be sourced via VMI and VOI (usually it is assumed that this decision 
is made for all parts). Nevertheless, the reasons as described in literature for choosing for 
consignment stock can be used for making this decision for every part individually as well. In 
general the consensus is that critical/important parts should not be outsourced. Besides that, 
many researchers claim that when the capabilities of the company itself are so good that it 
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performs equally or better than the supplier, inventory management should not be outsourced, 
since it is a competitive advantage. In the end, also the costs of outsourcing the process should 
be lower than if the process would be executed internally.  
 
This section particularly discusses the first question; who should manage the inventory. The 
inventory management per category is elaborately discussed in Chapter 4. 
 
The following criteria have been chosen and they are now considered to be binary: 
C1 = Criticality {0 = low; 1 = high} 
C2 = Predictability: build up from demand and supply predictability {0 = low; 1 = high} 
C3 = Costs {0 = far lower costs at supplier; 1 = higher costs at supplier} 
 
This set-up leads to possibly 23 = 8 different categories. However, first these criteria are used in 
order to place a part into two groups: a group where KLM executes inventory management and 
a group of parts that are sourced via a consignment stock construction. Table 3 shows these 
categories and states who should manage the inventory. 
C1 C2 C3 Who? Focus 
0 0 0 Supplier  
1 0 0 Supplier  
0 1 0 Supplier  
0 0 1 KLM Costs 
1 1 0 KLM/ Supplier Availability/efficiency 
1 0 1 KLM Availability 
0 1 1 KLM Costs 
1 1 1 KLM Availability/efficiency 
TABLE 3: CHOICE FOR INVENTORY MANAGER 

These choices lead – after an extensive discussion with experts at KLM E&M – to the following 
decision frame, as displayed in Figure 17. 

 

FIGURE 17: GENERAL DECISION FRAME 

If this framework were to be applied, the choice who should manage inventory has been 
answered and is generally based on costs – if the preconditions are met. This outsourced group 
of parts are called the C parts in the remainder of the document as these parts are managed with 
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‘minimal effort’ (note the parallel with traditional ABC-analysis where C parts do not get much 
attention, while custom made solutions are formulated for A parts). For the rest of the parts we 
can proceed to the second question of how inventory should be managed. It is obvious that 
criticality – high or low – changes the focus of inventory management (a focus on availability 
and a focus on costs, respectively). Furthermore, as predictability is considered to be the most 
important originator of inventory management problems, the ‘predictability’-part is split up as 
different inventory policies for these groups make sense. All parts can therefore be categorized 
in basically seven groups: 

- Parts with a high criticality (A) 
o With low predictability(AA) 
o With average predictability (AB) 
o With high predictability (AC) 

- Parts with low criticality (B) 
o With low predictability (BA) 
o With average predictability (BB) 
o With high predictability (BC) 

- Outsourced parts (C) 
These groups are demonstrated graphically by Figure 18. The definition of low, average and 
high predictability is defined in the upcoming section, besides a description of criticality and the 
costs.  

 
FIGURE 18: INVENTORY CATEGORIZATION 

3.3 DETAILED CATEGORIZATION 

Now the categories have been defined conceptually, the next step is to further categorize A and 
B categories. As explained in the preceding section the focus of A parts should be on availability 
and for B parts on costs. The process towards the detailed design categories is by specifying the 
cut-off points for these categories. Note that categorizing only makes sense when the actual 
inventory policies are different from one another. Every criterion as specified in the previous 
section – criticality, predictability and costs – is described thoroughly, leading to cut-off points 
and the specification of the categories. Section 3.3.4 provides a schematic overview of this 
categorization. 

3.3.1 Criticality 

For criticality the definition of De Gier (2008), as mentioned in 3.1.1 can be used. According to 
de Gier, this ‘critical group’ accounts for about 20% of all parts. Based on information extracted 
in the period December 2009 – November 2010, this would account for 18.7% of all parts.  
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3.3.2 Predictability 

Predictability consists of two different ‘predictabilities’: demand and supply predictability. In 
order to create a decent parameter setting, first both processes have to be analyzed more 
thoroughly than before, with as objective the design of cut-off points. For information about the 
methodology of obtaining demand and supply information, see Appendix 2. 
 

Demand predictability 

The objective is to define groups of parts that are 
managed differently. The model displayed in Figure 19 
that has been discussed by Syntetos (2001) and 
Ghobbar (2002, 2004) has been used in order to 
categorize demand at KLM E&M.  Data for a one and a 
half year (1-6-2009 until 30-11-2010) from the 
accounting SAP has been used for all expendable parts at 
the hangars of the Aircraft Maintenance department 
(VO-H). Data is analyzed monthly, for more information 
on this choice, see Appendix 3. Also no strong season 
effect has been detected, and thus seasonal effects are 
eliminated from further analysis (for an elaborate 
analysis see Appendix 4). 

  
FIGURE 19: DEMAND CATEGORIES ACCORDING TO SYNTETOS (2001) 

Table 4 displays this analysis of the demand pattern for all expendable parts. If we compare this 
analysis with traditional ABC classification, which is based on the product of demand and price, 
then we get a valuable insight in the importance of the categories with respect to inventory 
holding costs. One might claim that e.g. the smooth category is not interesting to diversify, as the 
group only contains a small number of parts. However, Table 4 shows that 3% of the part 
numbers with a smooth demand pattern account for 28.2% of the value, making smooth 
demand the largest group. Also notice that a new demand pattern, sporadic demand, has been 
defined (this is demand with solely one occurrence in the observed period), which is in terms of 
value relatively unimportant as they all have just one occurrence. This analysis has been done 
by using a monthly period, since if e.g. a day is chosen as time period, then no part would have a 
smooth demand pattern (see Appendix 3).  
 Lumpy Intermittent Erratic Smooth Sporadic 

 
% of total part number 40.0% 12.1% 2.6% 3.0% 42.2% 
Value/spend (demand*price) 27.3% 26.2% 8.4% 28.6% 9.5% 
TABLE 4: CATEGORIES VS TURNOVER 

As research from e.g. Ghobbar (2002) suggests, the framework of Syntetos and its cut-off points 
are useful to diversify (for the robustness of the framework and an extensive description of the 
cut-off point see Appendix 5). Many researchers (e.g. Ghobbar, Syntetos, Lee et al) have 
suggested modelling this kind of demand in a compound way (consisting of demand size and a 
demand interval). A few researches (e.g. Schultz, Moinzadeh) have argued that the intermittence 
of demand can be used for applying a replenishment delay. So, if we were to differentiate 
inventory management based on the assumption if demand is intermittent we would obtain two 
groups: non-intermittent (erratic and smooth) and intermittent (intermittent and lumpy) 
demand.  For the first group traditional models can be used, while for the latter a policy that 
incorporates a replenishment delay (d) and an order-up-to-level (S) can be developed. This also 
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addresses the compound nature of the demand: the delay can be calculated using the demand 
interval, while the order-up-to level relates to the demand size. The only thing we are now left 
to do is categorizing the group of sporadic demand. 
 
Sporadic demand is essentially intermittent demand; however there is a possibility that 
sporadic demand might never be demanded again. Hence it could be argued that only critical 
parts with such a pattern should be kept on stock. Apart from that, the amount demanded 
differs from 0 to a maximum of even 1728 parts (see Figure 20). It is straightforward to assume 
that products with a demand as high as 1728 might need individual attention and are therefore 
important. On the other hand the group with 0 or 1 part demanded should maybe not be 
ordered at all (note that this is the case for over 60% of all occurrences). For now sporadic 
demand is considered intermittent demand and is therefore ‘unpredictable’ (parts with this 
demand pattern is evaluated separately in Chapter 5). 

 

FIGURE 20: UNKNOWN DEMAND PARTS 

A cut-off point of 1.32 months for demand predictability is chosen, which is the cut-off point 
derived by Syntetos. As explained elaborately in Appendix 5 there is no reason to adapt this cut-
off point. Albeit this cut-off point is designed based on differentiating among forecasting 
techniques (Syntetos et al, 2005), in this case a differentiation is only interesting if this would 
lead to a replenishment delay. Since lead-times are generally about a month and vary a lot, 1.32 
months seems suitable as for the other groups only a delay of 0 would be calculated. Apart from 
that, maintaining this cut-off point improves the comparability of this study.  

{ }Demand is unpredictable if DI  > 1.32i  

Supply predictability 

There are three ‘lead-times’ that can be calculated and compared with each other: 
- System lead-time (LTs): based on the lead-time in master data; 
- Expected lead-time( LTe): based on the asked delivery date when making the order; 
- Realized lead-time (LTr): based on the actual reception of the order. 

 
The expected lead-time can be shorter than the system lead-time (and is typically used to force 
a supplier to deliver faster), but can also be longer when there is no rush or this is expected. 
This leads to the following deviations from realized lead-time (Figure 21). 
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FIGURE 21: LEAD-TIME DEVIATION 

What can be concluded from Figure 20 is that roughly two-third of the orders is received later 
than expected or as in the system. Generally the expected lead-time is a slightly better predictor 
for the actual lead-time, but this effect is marginal. Also, in a significant number of cases the 
lead-time in the system is zero (6.3%). The good news is that the peak of the real delivery date 
is relatively close to the system or expected delivery date (it is at +2 or +3 days), ensuring that 
about 75% of the orders are delivered within a week delay.  
 
As lead-time gets uncertain, costs increase. If it is faster than expected, the holding costs 
increase. On the other hand, if a part is delivered later than expected, it could inflict a recovery 
process (MSS-d + AOG). These costs are further analyzed in the section about costs, and are 
significantly higher than the holding costs. In the worst case it could inflict a delay of the 
maintenance process and keep an aircraft on the ground.  
 
This deviation between the realized lead-time and the other ‘lead-times’ can basically have two 
causes: lead-time uncertainty and data unreliability. An analysis of these causes can be found in 
Appendix 6. The basic conclusion is that they both causes are relevant.  
 
Note that at times the lead-time – as in the system – can be considered certain and constant and 
therefore the realized lead-time can be considered predictable. This simplifies inventory models 
by adding the assumption that lead-time is known and equal to the system lead-time.  There has 
been chosen to include the cases when the realized lead-time is shorter and longer than in the 
system, as both cases increase costs. There has been chosen for a week, as material planners 
have indicated that they feel that this deviation could originate from contact with suppliers (e.g. 
ask to deliver faster or slower) and is therefore not a consistent error.   
 

{ }r,i s,i
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Combination of predictabilities 

Remember that critical categories (AX) and non-critical categories (BX) are divided into three 
different groups. As proposed, the intermittence of demand can be used for dividing the parts 
into a group with a traditional inventory policy and a group using a replenishment delay. Solely 
for the latter the assumption of lead-time being constant simplifies its analysis; while for the 
former this can be used for determining the demand during lead-time (there are models for this 
calculation, which incorporates lead-time variance easily). So, the second letter is assigned as 
follows: 
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A: Intermittent demand and unpredictable lead-time 
B: Intermittent demand and constant lead-time 
C: Smooth/Erratic demand 

3.3.3 Costs 

Costs are mainly used for making the decision whether to execute inventory management 
yourself or not. The key equations for costs calculations are demonstrated below (see Appendix 
7 for more information about the cost structure). The general mathematical notation can be 
found in Appendix 8. The logic of this calculation is based on the fact that you should outsource 
material management if the vendor can do this far cheaper than you (if this category would 
consist of 0 or 100% of the parts this would imply no contract at all or a complete contract). 
Generally, if the surcharge of the vendor is more than your holding, order and emergency 
shipment costs, than you should do it yourself. Like explained by Figure 19, this should only be 
done when the preconditions are met.  

,

, , , ,

For all parts i:
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For the cost factors (ci,.) the following values can be derived:  
- Order costs (ci,order) can be €50 or €100, based on whether an order is simple or difficult 

order. Generally all orders (99.7%) for expendable parts are simple. Furthermore, it is 
assumed that an order only contains one part, which is not necessarily true. On average 
there are 1.23 different parts (order lines) per order (see Figure 22). To simplify analysis, 
the order costs can be divided by this number, making order costs about €40.  

 

FIGURE 22: NUMBER OF PARTS PER ORDER 
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- Emergency shipment costs (bi or ci,emergency) differ among groups and depend on which 
emergency channel is used. There are three emergency channels, the third implying that 
demand is deferred to a subsequent maintenance check: 

a. ei,1: via MSS-decentral 
b. ei,2: via Aircraft on ground desk (AOG-desk) 
c. ei,3: Deferred demand (DD) 

It holds that e2 > e1 > e3 > 0 and on average that ei,2 = 3 ei,1 = 6 ei,3 = 6 ci,part. Unfortunately, the 
deviation from the average is large, while not for all parts the emergency costs parameter is 
known. For unknown emergency shipment cost parameters therefore the average of the 
multiplier for functional group of a part is used. These emergency shipment costs include 
extra handling and order costs. 

- Holding costs (hi) are now analyzed – marginally – on a monthly basis. As Zied Babai et al 
suggest, an approximation of these costs is 0.01 ci,part per month for financial losses and 
handling. Using this approximation, the newsboy equation (b/b+h) is about 98% – 
assuming that an emergency shipment only occurs once per year for solely one part. 

- The part costs (ci,part) or price differs significantly among parts (see Figure 12). Among 
vendors prices for the same part do not differ that much. Besides that, vendor choice was 
not part of the scope of this project, hence there is calculated with one price for a part. 

3.3.4 The detailed categorization 

So, now the complete categorization logic or flow can be modelled (Figure 23), as explained in 
this chapter. Note the link with traditional ABC analysis on the right and the preconditions for 
VMI/CS. Inventory policies per group are defined in the upcoming chapter. 

FIGURE 23: COMPLETE CATEGORIZATION 
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CHAPTER 4: INVENTORY 
MANAGEMENT 

This chapter describes the model for the redesigned way of executing spare part inventory 
management at KLM E&M. First, the current situation and possible improvements are described 
and an overview of the model (the set of inventory policies) is provided, clearly showing the 
differences among categories and the current situation. Second, inventory policies are 
discussed, with special attention to the newly designed (d, S)-policy. Finally, inventory policy 
parameters have to be calculated based on limited historical data. Bootstrapping is a way to deal 
with this data scarcity and is discussed in Section 4.3. 

4.1 CURRENT SITUATION AND OVERVIEW MODEL 

Currently, KLM E&M uses a reorder point (s) and a minimal order quantity (Q). These 
parameters are maintained manually and not based on historical data. The reorder point is 
maintained thoroughly, as it is considered more important by planners since it directly forces 
an order. Contrastingly, the order quantity is not maintained less scrupulous. Only when there is 
a clear fixed order quantity (holds only for about 3% of the parts), or a clear cost benefit from 
batching (roughly in 5% of the cases), the minimal order quantity is explicitly denoted. This 
situation can be improved by applying the following concepts: 

- Switch from an (s, Q)-policy to an (s, S)-policy, since research has shown that this change 
generally lowers costs while improving the availability since it implicitly incorporates the 
variability in demand size in the order.  

- Use of historical demand and supply data for calculating inventory policy parameters. 
- Use of a replenishment delay (d) in order to decrease holding costs. 

 
Obviously, as the focus and characteristics differ among categories, not all concepts are 
applicable for every category. As said before, the categorization has been designed iteratively 
with the inventory policies. Here these concepts are linked to the categories and it is 
demonstrated that every category has its own inventory policy and the categorization as 
described before makes sense. 
 
The categorization process explained in Chapter 4 has left us with seven categories. This section 
connects these categories with inventory policies. Basically, first the group is split in parts that 
are managed by KLM E&M (XX) or via a consignment stock (C). After that the first group is split 
further in critical and non-critical parts (AX and BX). For critical parts (AA, AB, AC) the use of 
the expensive Aircraft On Ground (AOG) channel is enabled and the focus in on availability, for 
non-critical parts (BA, BB, BC) the AOG channel cannot be used and the focus is on costs. For 
easy-to-plan non-critical parts (BC) also the use of MSS-d (relatively cheap and local emergency 
channel) is not enabled and demand that cannot be fulfilled from stock is deferred to a 
subsequent maintenance check. The predictability of a part is used to further subcategorize 
these groups, in a similar fashion for both critical and non-critical parts. As mentioned before, 
predictability consists of two components: demand predictability and supply predictability. 
  
As explained in Section 3.3.2, demand predictability depends on the intermittence of demand.  
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- For parts with a predictable demand (AC and BC) the current practice – an (s, Q)-policy – is 
considered to be adequate, as their demand is smooth. In the redesign, s and Q are based on 
historical data and updates are executed yearly. The lead-time variance – if relevant – is 
incorporated in the variance of the demand during lead-time.  

- The others parts (AA, AB, BA, BB) all cope with intermittent demand. Therefore a policy is 
derived consisting of an order delay (d) and an order-up-to-level (S). These parts are further 
subcategorized based on the lead-time predictability.  

o For parts where the lead-time is unpredictable (AA, BA) the inventory policy uses 
historical lead-time data (lead-time is considered to be variable), while for parts 
where the lead-time is predictable (AB, BB), this lead-time is assumed to be constant 
and equal to the system lead-time. Consequently, for these parts no historical lead-
time data is used (to decrease computational efforts). 

 
Moreover for critical parts (AA, AB and AC) service levels are calculated per part as emergency 
shipment costs are high and the part is important, while for non-critical parts (BA, BB and BC) 
an aggregate service level for the category is considered to be appropriate (as the focus of these 
parts is costs and a low individual service level is not problematic). 
 
It is proposed that the categorization is updated yearly, since this seems an appropriate time 
period that balances adequacy of the categorization (e.g. parts might migrate from AB to AA due 
to change of supplier or from AC to AB due to phasing out aircrafts) and ease of implementation.  
Table 5 gives an overview of the policy per category. 
Category  Use of historical 

demand data 
Policy  Use of emergency 

channels  
Lead-time  

AA  Yes  (d, s, S)  Full use  Variable  
AB  Yes  (d, s, S)  Full use Constant  
AC  No, yearly update  (s, Q)  Full use  σLT incorporated by 

(s, Q)-policy  
BA  Yes  (d, s, S); Aggregate 

service level  
Solely MSS-d to cope 
with variation. 

Variable  

BB  Yes  (d, s, S); Aggregate 
service level  

Solely MSS-d to cope 
with variation. 

Constant  

BC  No, yearly update  (s, Q); Aggregate 
service level  

No  σLT incorporated by 
(s, Q)-policy  

C VMI/Consignment stock  Costs 
TABLE 5: POLICY PER CATEGORY 

4.2 INVENTORY POLICIES 

As explained in the previous section, two types of inventory policies are derived: a (d, s, S) and 
an (s, Q)-policy. These policies are derived in this section. First the notation of the model is 
explained and then both policies.  

4.2.1 Notation 

Every part i, that is placed in category G has after a demand interval (DI) with probability 
density function φDI a certain demand size (D) with density function φD. Every supplier where 
an order (O) is placed has a negotiated system lead-time (LTs), sometimes a different lead-time 
is expected (LTe), while the observed, realized lead-time is denoted by LTr. This realized lead-
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time can be considered stochastic, which is modelled with density function φLT. All cumulative 
distribution functions are denoted with Φ(.). 
 
A demand cycle (c) starts with a demand and ends just before the observation of a subsequent 
demand (hence the duration of a cycle is the demand interval). The starting stock (just after the 
demand) is denoted by X and a density function φX. An order is placed – with or without delay – 
based on the setting of the different policies (the delay can be zero).  
 
Key performance indicators are the total relevant costs per cycle and the service level. These 
performance indicators are directly linked to the performance indicators at KLM E&M. The 
service level is modelled as the probability that a demand cannot be fulfilled completely from 
stock (practice at KLM E&M) and relevant costs are assumed to be the expected holding, 
ordering and emergency shipment costs during a cycle. Note that ordering costs do not involve 
the cost of parts, as that is considered the same in all variants. Hence the emergency costs are 
modelled as extra costs (above the regular order costs). Note that the model assumes that all 
demand can be fulfilled by the three emergency channels (z), which is the current situation and 
probable since one of the ‘emergency channels’ is simply deferring demand to the next 
maintenance job for non-critical parts and or to the AOG-desk for critical parts. An extensive 
and part -specific mathematical notation is provided in Appendix 8.  

4.2.2 (d, s, S)-policy 

Scientific research that incorporates a replenishment delay is discussed in Section 1.2.3. The 
fundamental difference between these studies and the policy derived here is the cost structure, 
the objective (which is reaching a certain order fill rate instead of minimization of costs), the 
lead-time (which is not assumed to be constant) and the unit of analysis (here multi-item). 
 
As mentioned before, the cost structure at KLM E&M differs from models described in literature. 
Here, the objective is to obtain an availability objective and minimize the holding, order and 
emergency shipment costs. Also the measurement of availability at KLM deviates from previous 
research, since an order has to be completely satisfied from stock. If not, the complete order is 
considered unavailable and thus availability is only partially related to the demand size (e.g. -2 
or -10 does not make a difference with respect to availability). This makes the relation with 
emergency shipment complex, since these consist of a – relatively small – fixed cost and a cost 
per part that cannot be delivered from stock (-2 and -10 makes a huge difference).  
 
This cost structure and availability for one demand cycle, is demonstrated by Figure 24 and 
Figure 25. Note that holding costs evolve over time – they are based on the average stock during 
delay and lead-time and the order-up-to level during the rest of the cycle.  

 
FIGURE 24: HOLDING COST STRUCTURE 
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FIGURE 25: EMERGENCY SHIPMENT COSTS STRUCTURE AND AVAILABILITY    

A (d, S-1, S)-policy for KLM E&M 

For KLM E&M a (d, S-1, S)-policy has been designed for a couple of reasons. First of all, the 
mathematical analysis of such a policy is easier to model (e.g. renewal theory can be applied in a 
straightforward way) and to understand than when also the reorder point has to be optimized. 
Second, the reorder point (s) as currently in the system is maintained scrupulously and is 
therefore considered to perform well. Third, for the parts where such a policy is designed for, in 
the majority of the cases (96.3%) the inventory position after a demand occurrence is below the 
reorder point. Hence a (S-1, d, S)-policy is in most cases adequate, far simpler to model and 
therefore considered close-to-optimal, if not optimal.  
 
Generally, when calculating with the s from the system instead of (s = S-1), order costs decrease, 
but the availability decreases as well, since not every demand leads to ordering up to S. 
Dependent on the final setting of the parameters, holding costs can decrease or increase. For 
instance, if demand sizes are small an (S-1, S)-policy with S=1 could be optimal which is a result 
which might not have been obtained when using the (s, Q)-policy. For sporadic demand this is 
analyzed in Section 6.3.1. Obviously, if the calculated S<s, then s = S-1. 
 
As said above, the reorder point plays a crucial role with respect to the order costs, which have 
been neglected up-to-know (as the difference between s and S decreases; there is ordered more 
often and order costs increase). If the assumption is made that the current reorder point is well-
calculated (this assumption is tested in Section 5.2.4), then the stock at the beginning of a cycle 
depends on s and D. Apart from that, the effect on order costs might be limited, as order costs 
only are a small fraction of total costs (see Chapter 5). 
 
Equations are designed for one demand cycle, using renewal theory. A demand cycle has the 
following properties for every part i: 

- At the beginning of cycle c for a part i occurs a demand Di,c. 
- This demand must be fulfilled by the sum of all sourcing channels Di,z,c. First, the part is 

attempted to be fulfilled from stock (Di,0,c); if the stock is not sufficient, demand is 
fulfilled by (Di,1,c), (Di,2,c) and (Di,3,c), dependent on the criticality of a part. 

- For every part i the demand distributions (size and interval) and in some cases the lead-
time distribution are updated.  

- Using these updates, the order-up-to level and the delay is calculated. 
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- After delay the order is executed. If a demand occurs before delay time this order is not 
executed anymore (probably an order with a higher volume and lower/without delay is 
placed).  

This process can be summarized as shown in Figure 26.  

 
FIGURE 26: (D, S)-LOGIC 

Just before the arrival of a new demand the situation can be as follows. 
1) A new demand occurs before an order is placed in the previous cycle (still in delay time). 
2) A new demand occurs before an order is received, but the order is already placed (in 

lead-time). 
3) The stock just before the arrival of a new demand is equal to the order-up-to level 

calculated at the beginning of the cycle.  
What happens in these three situations is elaborately explained in Appendix 10. 
 
Not fulfilling a demand from stock can basically have two reasons: 

1) An order is not yet placed or not yet received – problem understanding the demand 
interval distribution. 

2) The order-up-to level is insufficient for delivering the demand from stock – problem 
with understanding the demand size distribution. 

 
For now, the most complex situation (the AA and BA category) is considered. For the other parts 
(AB and BB) simply the lead-time can be assumed to be constant. Note that in the formulae 
below for the AA and BA category the service level is defined as the probability that a complete 
order cannot be fulfilled from stock, while the costs are the sum of holding and ‘backorder’ 
(emergency shipment) costs. The formulae below shows clearly this fairly complex cost 
structure. As can be seen, the emergency shipments costs and service level are strongly related 
to the same factors – but are not the same. Emergency shipment costs (bi) are per part, while 
availabiltiy is calculated per order. For instance, a high emergency shipment cost factor b could 
imply a higher S, while the service level is already fulfilled. Of course a newsboy type of equation 
could be developed, but that does not necessarily obtaines KLMs objective: availability.  
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The first part of the A(d, S) – availability – is the chance that a demand arrive before the 
replenishment order is arrived (PR{DI<LT+d}) times the chance that the beginning stock X is 
sufficient to fulfil this demand D (PR{X>=D}). The second part is the chance that a demand 
occurs after the replenishment order has arrived (PR{DI>LT+d}) times the probability that the 
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order-up-to-level is larger than the demand size (PR{S>=D}). Note that if only a small part of the 
customer order cannot be delivered from stock, the whole order is considered unavailable. This 
reflects the situation at KLM E&M.  
 
For the total relevant costs the derivation and explanation of the costs function is described in 
Appendix 10. Obviously, during the period when the order has not been received yet (0, d+LT) 
the holding costs and emergency costs are related to X, while after this period they relate to S.  
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 The problem to solve for the different groups is now: 
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Costs are minimized by setting the following partial derivatives to zero. 
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For more information on these derivations see Appendix 10. 

4.2.3 (s, Q)-policy 

This part discusses the (s, Q)-policy for the AC and BC parts. This policy is similar to the current 
policy. 
 
Albeit the demand pattern for AC and BC parts is relatively smooth, AC and BC parts can still 
have a high standard deviation and also the lead-time can be uncertain. These uncertainties are 
incorporated in setting the inventory management parameters, which is supposed to be done 
yearly. If the demand is assumed to be smooth, this implies that an order is placed when the 
stock drops to s and always there is ordered up to (s+Q). This does not happen in reality, but 
with respect to availability this is considered to have a small influence, since a demand 
occurrence decreases the chance of a demand occurrence in the nearby future. With respect to 
holding costs there is a similar effect. In general the stock is lower at the moment of ordering, 
but remains the same, while the model assumes a higher stock at the moment of ordering 
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(namely s), but a lower stock when the order is received (s – demand during lead-time), leading 
to the same total holding costs. Furthermore, it is essential to make the assumption that the 
average stock is distributed uniform between (s+Q) and (s - demand during lead-time, with 
density function φD,l).  Now, the functions below can be derived, Appendix 11 gives an elaborate 
explanation of these formulae. Note that the availability only depends on the reorder point.  
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4.3 BOOTSTRAPPING 

As shown in the previous section, the model contains four stochastic variables. In the best case 
scenario for all these variables a distribution is fitted in order to derive exact solutions. 
However, the main problem for calculating policy parameters is data scarcity. For almost all 
parts – except the parts in categories AC and BC – solely one, two or three demands are known. 
Hence for the distributions for demand size and interval it is difficult to fit an adequate 
distribution. As the starting stock distribution is recorded when a demand arrives – this holds 
for all distributions. Hence, we need to design a method in order to calculate these parameters. 
Here bootstrapping has been used, since Adèr et al. (2008) recommend the bootstrap procedure 
for the following situations: 

- When the theoretical distribution of a statistic of interest is complicated or unknown.  
- When the sample size is insufficient for straightforward statistical inference.  
- When power calculations have to be performed, and a small pilot sample is available.  

These situations all hold for KLM E&M, which makes it an interesting procedure to follow. 
 
The procedure is as follows: 

1) For a part i N observations are available of the order lead-time, the demand interval, the 
demand size or the beginning stock distribution. 

2) There is bootstrapped NiNi times. If Ni > 3, then this is done 100 times in order to 
minimize computational effort. 

3) The bootstrapping procedure involves resampling with data replacement. So a 
distribution for i with 3 observations gives us 27 bootstrap samples consisting of 3 
observations as well. 

4) For all observations the means are used as a new discrete distribution and confidence 
intervals can be calculated. So the Pr(X=x) is known. Simpler formulae for the service 
levels and expected costs can be derived for both policies. These formulae and its 
calculation – including ways to simplify this calculation – are stated in Appendix 12. 
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CHAPTER 5: POLICY 
EVALUATION 

This chapter discusses the objectives, procedure and results of the policy evaluation that has 
been done by implementing the policy for 2010 based on data from 2009. First, the calculation 
model for evaluating the redesign is described and this model is verified and validated (5.1). 
Subsequently, results for the current situation and the base case are provided and sensitivity 
analyses are executed (5.2). Then, results for the complete redesign are presented (5.3). Finally 
methods to further improve the results are analyzed (5.4). Exact costs have been eliminated 
from the figures and text in this chapter, for confidentiality reasons. 

5.1 DESCRIPTION AND VALIDATION CALCULATION MODEL 

This section describes the calculation model for evaluating the redesign. First, the model and its 
performance indicators are described. Subsequently, a verification and validation of the 
calculation model is provided. This evaluation has the following objectives: 

1. Demonstrate the difference in performance (costs + availability) between current 
situation and (variations of) the redesigned situation for all categories. 

2. Understand the biggest drivers for the performance indicators. 
3. Find the preferred variant of the redesigned situation which balances simplicity and 

adequacy and – obviously – improves performance.  

5.1.1. Description of model and performance measures 

Two different types of calculation models have been designed: 
1. (d, s, Q)-model. With a delay d = 0 this can be seen as the current situation, since at the 

moment the material planner use a reorder point (s) and an order quantity (Q). 
2. (d, s, S)-model. This model works similar to the (d, s, Q)-model, but instead of a fixed 

quantity (S-s) is, there is ordered up to S (S-X), with X<=s. The S where S = (s+Q) is 
considered the base case. In the base case this s and Q are extracted from the master 
data. 

 
For an overview of assumptions made in the model and the methods used for calculating 
inventory policy parameters (in addition to the bootstrap procedure as described in Section 
4.3), see Appendix 13. The performance measures of the calculation model are costs and 
availability. 
 
Costs 
There are three cost buckets analyzed in this chapter, namely: 
- Holding costs; this is 12% * average stock on hand * price  
- Order costs; €40 * number of orders. 
- Emergency shipment costs = number of emergency shipments * average size of emergency 

shipment * average cost of emergency shipment. 
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o The average cost of emergency shipment is based on historical data; if this was not 
available the average of the group of the part has been used (as multiplier on the 
costs per part). It includes fixed order costs and extra handling costs. 

o Note that emergency costs are extra costs, hence in all cases the cost for the parts 
are the same and therefore omitted.  

 
Availability 
Availability is the number of stock-outs divided by the number of demand occurrences, also 
known as the ‘order fill rate’. An important assumption is that if an order leads to a stock-out, 
this problem is solved by one of the emergency channels; hence the stock cannot be lower than 
zero.  

5.1.2 Validation and verification 

Before evaluating the current and redesigned situation, first some checks are executed for 
verifying the internal logic of the model. Subsequently the model is validated by using real 
output from 2010. 
 

Verification 

The following checks were executed in order to check whether the logic of the model is correct. 
All checks resulted in a positive outcome: 
- A delay of 360 days leads to no order reception in 2010; 
- A unrealistic high order-up-to level or reorder point for all parts leads to an availability of 

100%, if the starting inventory is unrealistically high as well; 
- The stock does not drop below zero (no backordering); 
- No negative orders are made. 
 

Validation 

There are some ways to check if the model is a good presentation of the reality. Here the 
outcomes of the model are compared with the size of direct procurement, the number of orders 
and the average stock as observed in 2010.  
 
Size of emergency shipments 
One of the problems during the modelling phase was the cost calculation of emergency 
shipments (direct procurement). The reason for this is that not all emergency shipment costs 
are known – only if they have occurred in the past. If these costs are unknown, the average 
multiplier of the functional group is used (multiplier * price). The costs for direct procurement 
are 5% higher in the model.  
 
This deviation is not that extraordinary, since at times problems can be solved by using another 
part or another solution; which is normally cheaper than using an emergency shipment. 
Generally speaking, this cost difference can originate from price differences or the parts that are 
via emergency channels are different. After a ‘recovery’-analysis it was revealed that 86% of the 
part numbers that needed an emergency shipment in the model needed an emergency shipment 
in reality as well. Unfortunately, prices per part differed greatly, but the average was similar. 
Hence emergency shipment costs – especially when there is zoomed in on small groups of parts 
- are biased. Nevertheless it is believed that their performance change is represented correctly, 
albeit the actual size of this change might be different.  
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Number of orders 
The number of orders in the model is slightly lower (3%), which could be due to differences in 
starting stock/ outstanding orders (see assumptions in Appendix 13).   
 
Average stock  
The average stock is in the model 10% higher (this has been analyzed for October), which could 
partly depend on the month analyzed. Besides that, this could also be due to differences in 
starting stock/ outstanding orders (see assumptions in Appendix 13). 
 
Conclusion 
Albeit not all output parameters were exactly the same, they were similar and the model is 
considered valid in order to compare the performance of different inventory policies.  

5.2 CURRENT SITUATION, BASE CASE AND SENSITIVITY ANALYSES 

Currently, KLM E&M is using an (s, Q)-policy (or a (d, s, Q)-policy with d = 0 for all parts). First 
the result for the current situation is provided. After that, the result for the base case is 
presented. The base case is a (d, s, S)-policy with S=s+Q, with s and Q from the system. The base 
case already outperforms the current situation and thus for its policy parameters (d, s and S) 
sensitivity analyses are executed.  

5.2.1 Results current situation 

From the costs in the current situation (Figure 27) the most remarkable fact is the high costs for 
BB parts. The BB category contains a few expensive parts; which is further analyzed in Section 
5.3.1. Note as well the difference with the BC group, which is a group with non-critical parts 
with non-intermittent demand. The group’s size is similar, but the price of these parts is low. 

 

FIGURE 27: COSTS CURRENT SITUATION 

For the availability (Figure 28) it is clear that this is higher for the AX categories than for the BX 
categories as their availabilities are about 97.6% and 94.5%, respectively. This leads to an 
overall availability of 95%. Note the high availability for AC parts, which are predictable and 
gives support for the claim that a simple (s, Q)-policy is sufficient for these parts. 

AA (2.1%) AB (8.8%) AC (10.1%) BA (5.7%) BB (34.3%) BC (38.9%)

Order costs

Emergency costs

Holding costs

Category (% of parts) 
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FIGURE 28: AVAILABILITY CURRENT SITUATION 

In the remainder of this document the objective availability for calculating inventory policy 
parameters is 97.5% and 95% for the AX and BX categories, respectively.  
 
Figure 29 presents the current situation, including the C category. Remember that the C 
category consists of parts that are now managed by KLM but could be (financially) improved by 
sourcing them via a consignment stock construction.  

 
FIGURE 29: COSTS FOR ALL PARTS 

5.2.2 Results base case 

From now on the focus shifts to groups AA, AB, BA and BB. Remember that we claimed that for 
these groups policies should be more custom made (by introducing e.g. a replenishment delay), 
while for the others the current policy could be continued. These policies are base stock policies 
and hence an order-up-to-level (S) should be calculated. For the base case S = s+Q, where s and 
Q are the ones defined in the master data. This base case shows therefore the benefits of 
switching from an (s, Q)-policy to an (s, S)-policy. As tabulated (Table 6) below, for categories 
AA, AB, BA and BB this base case already performed better the current situation.  
 AA AB BA BB 
Difference in 
costs (%) 

-9.3% -1.9% -18.7% -3.9% 

Availability (s, Q) 94.9% 96.9% 93.5% 95.4% 
Availability (s, S) 95.2% 97.0% 94.2% 95.9% 
Difference in 
availability (pp) 

+0.3% +0.1% +0.7% +0.5% 

TABLE 6: PERFORMANCE DIFFERENCE BETWEEN BASE CASE AND CURRENT SITUATION 

Note that the influence of introducing an order-up-to level has a stronger effect on the XA 
categories. The difference between the XA and XB category is whether the lead-time is 
predictable and perhaps the availability was already quite high in the current situation. By 
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changing from a (d, s, Q) to (d, s, S)-policy particularly the emergency and order costs decrease, 
where perhaps more room for improvement existed in case of the XA categories. 

5.2.3 Sensitivity analyses 

For d, s and S the sensitivity is analyzed and this is compared to the base case (where d=0, s is 
extracted from the master data and S = s+Q, with Q extracted from the master data). Besides 
that, the influence of the starting stock is analyzed, as in the validation it was argued that the 
starting stock is an influence on the results.  
 

Order-up-to level S 

The analysis below (Figure 30) shows the sensitivity of the costs and availability for the order-
up-to level S. This analysis is executed for the BA category, but the other categories show a 
similar behaviour. If there were to be chosen a constant S for all parts (in this case 10, 20 and 
50), holding costs increase drastically, while the performance of emergency shipments costs 
and availability only increases marginally. This also shows the lumpiness of demand and the 
difficulties and costs associated with reaching an availability of e.g. 99% (which is reached in 
this case when you put for all parts 200 parts on stock, though costs are four times as high). It 
also shows the requirement of a part-specific order-up-to level.   

 

FIGURE 30: SENSITIVITY ANALYSIS ORDER-UP-TO LEVEL S (BA CATEGORY) 

Replenishment delay d 

Figure 31 shows how the performance indicators react on replenishment delay (d in days). The 
analysis below has been executed for non-critical parts (BA) since their emergency shipment 
costs are relatively low and therefore a delay makes more sense. As can be seen, emergency 
costs increase strongly and the availability decreases. However the decrease in holding costs is 
so large that total costs decrease as well. For other categories a similar pattern can be observed, 
however for critical parts the emergency costs are relatively higher, which causes the total costs 
to increase as the delay increases. Hence, for these parts a replenishment delay is only useful if a 
delay is part-specific. This statement holds for non-critical parts as well, as the objective 
availability is not reached. 
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FIGURE 31: SENSITIVITY ANALYSIS DELAY D; COSTS IN PERCENTAGE OF BASE CASE (BA CATEGORY) 

Reorder point s 

Figure 32 shows the sensitivity of the reorder point (s). Generally, when s increases, availability 
increases, holding costs increase and emergency costs decrease. In this case the analysis for the 
AA group (critical parts) is displayed and as can be seen, the influence on the availability and the 
emergency costs has a limit. Hence, after increasing s to a certain level, costs only increase, 
because the holding costs increase. Note that this also shows the influence of demand 
lumpiness. The other categories show a similar behaviour. However, the BB category, which 
contains a few very expensive parts and a large group of parts with a sporadic demand pattern, 
behaves slightly different: if the reorder point s = 0, then the total costs are lower than in the 
base case. This is further analyzed in Section 5.3.1.  

 

FIGURE 32: SENSITIVITY ANALYSIS REORDER POINT S; COSTS IN PERCENTAGE OF BASE CASE (AA 
PARTS) 

Starting stock X(0) 

The model analyzes the performance of one year and during this year for a significant amount of 
parts no demand or solely a small demand occurs. Therefore, holding costs are strongly related 
to the starting stock on hand (e.g. if no demand occurs at all, holding costs are not influenced by 
any policy whatsoever). Consequently, in order to understand the potential of policies, it is 
important to calculate a so-called ‘room of improvement’. This is especially important when 
analyzing the performance of the introduction of a replenishment delay d; since it holds that a 
delay can only decrease the holding costs and increase emergency shipment costs. The 
definition of this ‘room of improvement’ for holding costs is the total holding costs in the case 
that the stock on hand on t = 0 is 0. It should be remarked that this also shows the indirect effect 
of an order-up-to level S on the holding costs (which can be positive or negative with respect to 
the base case). Table 7 gives the (maximum) room of improvement per category, also in 
percentage of holding costs in the base case. Obviously, there is a lot to improve in case of the 
BB category, which makes sense given the few expensive parts. 
 AA AB BA BB 
Room of improvement in % base case 45.2% 81.3% 73.9% 98.9% 
TABLE 7: ROOM OF IMPROVEMENT OF HOLDING COSTS 
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5.3 RESULTS RE-DESIGN 

In this section first the results for the four categories (AA, AB, BA and BB) individually are 
discussed briefly. Then, in Section 6.3.2, the robustness/ stability of the categorization is 
discussed. Finally, in Section 6.3.3 some general conclusions are made (also with respect to 
consignment stock) and the categorization and the differentiated policy as proposed are 
evaluated briefly. In this section, in the figures on the x-axis the policy/objective will be shown, 
with underneath the obtained availability. 

5.3.1 Results per category  

In this section the most important results for the categories AA, AB, BA and BB are discussed 
consecutively. All results can be found in Appendix 14. The difference amongst the categories 
can be summarized as tabulated below in Table 8, while for all parts holds that data scarcity is a 
problem and demand is unpredictable. 
Category Criticality Objective 

availability 
Lead-time Focus 

AA Critical 97.5% Unpredictable Availability 
AB Critical 97.5% Predictable Availability 
BA Non-critical 95% Unpredictable Costs 
BB Non-critical 95% Predictable Costs 
TABLE 8: CATEGORY SUMMARY 

AA category 

Parts in AA category are critical parts, with high pressure on availability, high emergency costs 
and relatively low holding costs. In the base case the availability was about 95.2%. By 
introducing a delay and re-calculating the order-up-to level, the total costs can decrease with an 
extra 2 or 3% percent (in total this is 11% with respect to the current situation) while 
maintaining the availability (see Appendix 14). Figure 33 shows that it is difficult to improve the 
availability even more (note that availabilities can be found under the graph). First of all, it is 
difficult to obtain a certain service level given the calculation methods as used, which probably 
originates from data scarcity, since the objective availabilities are not obtained. Only a small 
increase in availability is achieved and this comes with a price. Hence the calculation method 
cannot really be used in order to further improve the service level due to data scarcity and high 
service levels can only be obtained by putting a (ridiculous) lot on stock. 

 
FIGURE 33: IMPROVING AVAILABILITY OF AA PARTS 

0%
20%
40%
60%
80%

100%
120%
140%
160%

Base case Initial d and S Objective 98% Objective 98.5% Objective: 99%

95.2% 95.2% 95.5% 95.7% 96.0%

Order costs

Emergency 
costs

Holding 
costs



 

41 

 

AB category 

Parts in the AB category are just like AA critical parts, but their lead-time is predictable. As their 
demand is intermittent, this would imply that a replenishment delay would make sense for 
these parts. Contrastingly, for AB parts recalculating S and d does not significantly improve 
performance (see Figure 34). Therefore only the change to a (s, S)-policy would make really 
sense. Since the focus for these parts is availability, it has been tried to increase using the best 
performing calculation method for AB parts. Similar to AA parts, this comes with a price. 
However, by improving input data for calculating d and S cost reduction can also be obtained for 
this category (see Section 6.4). 

 

FIGURE 34: IMPROVING AVAILABILITY FOR AB PARTS 

BA category 

BA parts are not critical, but their lead-time and demand is unpredictable. Recalculating S 
generally performs worse than in the base case (due to data scarcity), while a replenishment 
delay does not significantly improve performance. The use of a differentiated approach for 
sporadic demand (Appendix 15) does improve performance a bit. Before, by changing to an (s, 
S)-policy already a performance improvement of almost 20% has been accomplished. As the 
focus is on costs, it might be preferable to reconsider the categorization for BX parts; especially 
when considering the analysis made for BB parts. This is further explained in Section 6.3.3. 
 

BB category 

For BB parts a similar analysis as for BA parts can be made as (see Appendix 14 for more 
information) with respect to (re)calculating S and d (no real improvement can be seen). 
However, as has been clear from the start the group contains two ‘sub-groups’: expensive parts 
and parts with a sporadic demand pattern.   
 
Figure 35 shows the influence of sporadic demand. A part has a sporadic demand pattern when 
it is demanded at most once per year and has a demand size of at most N. For this N the analysis 
varies in Figure 35. If a part was considered sporadic, it was only ordered when there was no 
stock left (reorder point s = 0). In this group about 75% is considered sporadic (if N = 10). Note 
that holding costs can be decreased while the availability stays similar. For an extensive review 
of sporadic demand, see Appendix 15. For the other categories using the ‘sporadic demand’ logic 
improved performance as well – although marginally. Therefore it was considered ‘not worth 
the risk’, especially for AX parts (see Appendix 15 for an elaborate explanation). 
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FIGURE 35: SPORADIC DEMAND FOR BB PARTS 

Figure 36 shows custom made sourcing for expensive parts. If parts were very expensive (price 
> €15,000), then they were sourced via an (s, S)-policy (as described on the horizontal axis). 
Obviously, extra emergency costs can arise, but this increase is far lower than the decrease in 
holding costs. Note that this only holds for non-critical parts, as their emergency shipment costs 
are relatively low. Since this rule only applies for a few parts (about 30), custom made solutions 
make sense and emergency costs can be avoided as well. For an extensive discussion concerning 
the influence of the price of parts, see Appendix 16.  

 

FIGURE 36: INFLUENCE OF PRICE-SPECIFIC SOURCING FOR BB PARTS 

5.3.2 Categorization stability 

In this section two topics are discussed. First the stability of categorization itself is discussed, in 
other words “how many parts migrate over the years from one category to another” (internal 
migration). This is done for the critical (AX) and non-critical (BX) categories. Second, the C 
category is included as well. At the moment, a consignment stock construction like proposed for 
C parts has been used in order source about one third of the parts. The question is: would it be 
beneficial to decide to execute inventory management for these parts yourself? 
 

Internal migration of parts 

Figure 37 expresses the internal migration of parts if the categorization of parts would be 
recalculated at the end of 2010, based on data of 2010. Note that percentages given are the 
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percentages of parts in the certain category. Hence 2.8% of all AX parts migrate to another AX 
category and 6.7% of the BX parts migrate within the BX category. This behaviour is relatively 
stable and besides that, no apparent ‘migration movement’ (e.g. ACABAA) can be distilled 
from the data.  

 

FIGURE 37: INTERNAL MIGRATION OF PARTS 

External migration of parts 

There is also a migration process on a higher level, between C and the AX and BX categories. 
First, note in Figure 38 that there is no migration between A and B. Hence criticality is a 
sustainable part characteristic. Nevertheless, there is a relevant migration between A and C and 
B and C. In total, 12.2% of parts migrate. With internal migration, this means that in total more 
than 20% of the parts migrate over the year. This is quite a lot. Nonetheless, a choice to source C 
parts differently is not made every year, which means that the majority of the migration does 
not need to be reassessed every year. In general no clear ‘migration movement’ can be distilled 
here as well. 
 

The question that remains is how many parts from the 
current C category would migrate back to either A or B. 
After analyzing demand data for this group an 
approximation of the total relevant costs has been 
made and the number of parts (now roughly one third 
of total parts) that would ‘migrate back’ is about 15% 
of the parts that are now sourced via GAIN 
(consignment stock construction with BOEING). 
Hence, if this categorization were to be applied, the 
total C group would grow to about 45% of total parts, 
if previously stated pre-conditions could be met. 

 
FIGURE 38: EXTERNAL MIGRATION OF PARTS 

5.3.3 Overall results 

As described in the precedent sections, performance of the categories improves via a few steps: 
- Switching to a (d, s, S)-policy; 
- Calculating d and S using historical data; 
- Using sporadic demand and price differentiation for the BA and BB categories. 
 
The last step needs some explanation. As has been demonstrated, this step does improve 
performance significantly and therefore the categorization could be reconsidered. Instead of 
categorizing BA and BB parts based on supply predictability, the focus could be on price. This 
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makes sense, as the focus for non-critical parts is on minimizing costs. As a cut-off point a price 
of €5,000 can be taken, as reasoned in Appendix 16. The distinction between BA and BB on the 
one hand and BC on the other should be maintained, since for the ‘new BB’ – cheap non-critical 
parts – the sporadic characteristic can be used in order to decrease costs, while maintaining the 
same availability. For the A categories the original categorization keeps making sense, as for AA 
parts the results (in assuming a variable lead-time) are clearly better than if this assumption 
were to be dropped (see for more on this Section 6.4.3). 
 
Table 9 gives an overview of the improvement of both availability and costs with respect to the 
current situation and with the old way of ‘categorization’. Overall, objective availabilities are 
reached or improved and the total costs for these groups decreased with 18.6%. Apart from 
that, by placing some parts in the C category, approximately 38% of costs are reduced if these 
parts could be sourced from consignment stock with the same conditions as GAIN. In the 
subsequent section options to improve the performance even further are explained. The ‘new 
categorization’, as has been proposed in this section, can be found in Appendix 17. 
Category Current situation Base case (d, s, S)-

policy 
With new S and d With sporadic 

demand + price 
differentiation 

Availability Costs Availability Costs Availability Costs Availability Costs 

AA 94.9% 100.0% 95.2% 90.7% 95.2% 87.5% N/A N/A 
AB 96.9% 100.0% 97.0% 98.1% 97.0% 98.0% N/A N/A 
BA 93.5% 100.0% 94.2% 81.3% 94.2% 81.3% 91.7% 79.6% 
BB 95.4% 100.0% 95.9% 96.1% 95.8% 96.1% 94.9% 78.2% 
TABLE 9: IMPROVEMENT OF COSTS AND AVAILABILITY 

5.4 IMPROVEMENT OPTIONS 

The improvement obtained by calculating order-up-to level S and delay d using historical data 
were a bit disappointing. Fortunately, there are ways to improve the method of calculating 
inventory policies. Two of them have been analyzed: use of more data and the use of an expert. 
Moreover, the role of using the realized lead-time instead of the system lead-time on the 
calculation of inventory policy parameters is discussed shortly in Section 5.4.3.  

5.4.1 Use of more data 

Throughout this chapter the problem of data scarcity has been mentioned as the major reason 
for the small influence or even poor performance of calculating S and d using historical data. 
The analysis underneath (Figure 39) shows that use of more demand data improves the 
performance of this calculation. The AB category has been used here, since the influence of 
calculating S and d based on historic data was for this category disappointing. In the first 
situation data – that already had been extracted – for half a year of 2008 is also used for 
calculating S and d, and it shows that for AB parts costs already drop with more than 10%. If 
also data from 2010 were to be used (which is in principle cheating), then the performance 
would improve even more. This analysis shows that forecasts can be made, data analysis makes 
sense and that there is still a lot left to improve the upcoming years.  
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FIGURE 39: USE OF MORE DATA FOR AB CATEGORY 

5.4.2 Use of an expert 

Another way to obtain more data about the demand process is by using an expert’s opinion 
about the future demand of a product. For instance, for the few really expensive parts in the BX 
group a way of ordering could be to order as late as possible. Obviously, this cannot be done for 
a large group of parts, as it would be soon far too time consuming. However, for e.g. AA parts, a 
similar expert analysis could be extrapolated from one part to groups of parts, in order to make 
e.g. a clear difference between sporadic and ‘normal’ intermittent demand. In addition to this, if 
demand appears to be sporadic, extra information about the demand size could be obtained 
through the use of an expert. For a few parts this analysis has been executed and as can be seen 
for these parts the performance given the newly obtained S and d improved. This analysis can 
be found in Appendix 18. 

5.4.3 Using perfect/ imperfect input data 

In this chapter policies have been calculated using limited demand and lead-time data. Ways to 
improve the performance of the demand data have already been discussed in the previous 
sections. Obviously, if a check could be translated directly into material requirements, 
theoretically stock would only be necessary in order to deal with lead-time uncertainty. 
Generally, if demands could be known in advance, this advance demand information could be 
used in order to improve the performance. Perhaps in the future Maintenix, as has been briefly 
discussed in Section 3.1.4, could be used for this purpose.  
 
An assumption that has been made is that the system lead-time performs worse than the actual 
lead-time. In order to check this assumption, the performance of AA parts (where a significant 
decrease of costs has been accomplished by recalculating d and S) has been checked if instead of 
an approximated lead-time, the system lead-time would be assumed. When using the system 
lead-time, performance was still better than in the base case, but from the improvement 
obtained by using the ‘realized lead-time’ only 40% remained when using the system lead-time. 
This supports the claim that instead of the system lead-time, the so-called ‘realized lead-time’ 
ought to be used. In addition to this, it must be mentioned that the build-up of this realized lead-
time is also worth investigating, because it is not proved that the difference between order and 
reception is caused (solely) by the supplier. 
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CHAPTER 6: CONCLUSIONS 
AND RECOMMENDATIONS 

This chapter discusses the key conclusions and recommendations of this master thesis project. 
The conclusions section answers the research questions as stated in second chapter. 
Recommendations are split up in recommendations for the company (KLM) and for academic 
literature.  

6.1 CONCLUSIONS 

This section summarizes the main conclusions of this master thesis project, by giving answers 
to the research questions formulated in the third chapter. Finally, a few limitations of this 
research are given. The research question as stated in Chapter 3 was:  
 

“How can inventory management for expendable parts at KLM E&M be optimized by 
differentiating between spare parts in order to find an optimal balance between total relevant 

costs and availability?” 

This research question has been split in three parts (categorization, inventory management and 
relation with costs and availability). The conclusions are structured accordingly. 

6.1.1 Differentiating between spare parts 

There are many ways to differentiate between parts. In this project the most used criteria have 
been enumerated. Subsequently, it was demonstrated that most options were applicable for 
KLM E&M and criteria have been selected based on relevance, discriminating power and ease of 
implementation. For KLM E&M the criticality of an expendable part for the maintenance process 
of an aircraft turned out to be a clear – and robust – criterion. Due to the intermittent nature of 
demand and a low reliability of the system lead-time, the (un)predictability of the supply chain 
also appeared to be important. Especially the inventory for expendable parts with an 
intermittent demand pattern – including a large group of ‘sporadic demand’ (demand with at 
most one demand occurrence per year) – can be managed differently in comparison to the 
current situation.  
 
In Chapter 5 it has been demonstrated that besides these criteria, for parts that are non-critical 
and non-predictable (where the focus is on costs) also price was a useful criterion in order to 
improve performance. Apart from all this, also the decision who should manage the inventory 
was incorporated in this study, which was based on costs of managing parts yourself or via a 
consignment stock construction. Hence the relevant criteria for KLM E&M are criticality, supply 
and demand predictability, costs and the price of a part. The complete categorization, after the 
extension made in Chapter 5, is displayed in Figure 40. 
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FIGURE 40: CATEGORIZATION FOR KLM E&M 

6.1.2 Inventory management for expendable parts 

The categorization of spare parts has been analyzed and developed iteratively with the design of 
inventory policies, since it makes no sense to put a part in a certain category but then treat 
different categories in the same way. Currently KLM E&M uses an (s, Q)-system where both 
parameters (reorder point s and order quantity Q) are based upon experience.  
 
First, an (s, S)-system has been proposed, especially to cope with the lumpiness of the demand 
size by introducing an order-up-to level (S). Second, due to the intermittent (and often sporadic) 
nature of demand the use of replenishment delay (d) has been proposed, because if the lead-
time is significantly shorter than the demand interval an order can be postponed and holding 
costs can be decreased. Hence, for these parts an (s, d, S)-policy can be used. Furthermore, for 
non-critical expensive parts the complete sourcing strategy should be custom made and for 
sporadic demand an order can be postponed until the part is actually out-of-stock. A summary 
of the inventory management per category can be found in Table 10. Note that this is an 
adaptation of Table 8 that originated from the policy evaluation. In the end, it turned out that 
results for particularly AA and AB parts are similar and differentiating between them might not 
make that much sense, albeit computational effort for AB parts is far lower since the lead-time is 
assumed to be the system lead-time and results originally obtained for AA parts were better. 
Hence, also these categories can be maintained. 
Category  % of total parts Policy  Approach Use of 

historical 
demand 
data 

Use of 
emergency 
channels  

Lead-
time  

AA  1.5% (d, s, S)  Item Yes  Full use  Variable  
AB  6.4% (d, s, S)  Item Yes  Full use Constant  
AC  7.4% (s, Q)  Item Yearly Full use  Variable 
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update  
BA  0.1% Custom made Yes Partial use Variable 
BB  29.2% (d, s, S)  System Yes  Partial use Variable 
BC  28.4% (s, Q)  System Yearly 

update  
No use Variable 

C 27.0% VMI/Consignment stock 
TABLE 10: POLICY PER CATEGORY 

6.1.3 Balance between total relevant costs and availability 

For critical parts (AX) the focus has been on maximizing the availability given a budget, while 
for non-critical (BX) parts this logic has been turned around: minimizing costs while obtaining 
an objective availability. For AX parts an availability, defined as number of orders that can be 
fulfilled completely and directly from stock, of 97.5% has been obtained, while this was about 
95% for BX parts. It has been demonstrated that reaching an availability as high as e.g. 99% is 
very expensive for parts with an unpredictable demand. For instance, for AA items total relevant 
costs would be four times as high. Relevant costs that have been analyzed are order costs, 
emergency shipment costs and holding costs. By switching for unpredictable (AA/AB/BA/BB) 
parts to an (s, S)-policy, holding costs increased, but the availability increased as well. This also 
decreased the order and emergency shipment costs, and led to lower total costs overall. 
Furthermore, when implementing a replenishment delay holding costs could be decreased even 
more, while maintaining a similar availability. A replenishment delay was typically useful for 
non-critical parts with intermittent demand and low emergency costs.  
 
If this differentiated approach for the four categories mentioned above were to be implemented, 
18.7% of total relevant costs can be saved, while obtaining a similar or higher availability. 
Moreover, it has been demonstrated that 27% of the parts that are now managed by KLM E&M 
should be sourced via a consignment stock construction (like GAIN), since costs for these parts 
could decrease approximately with 38%. Contrastingly, 15% of the parts that are now sourced 
via GAIN should be sourced by KLM E&M instead. For some categories the decrease in costs by 
calculating a d and S were somewhat disappointing, but in Section 6.4 it has been shown that if 
more data would be obtained, results could improve significantly (a decrease of about 10% of 
total relevant costs when incorporating 50% more data). Figure 41 gives an overview of the 
results per subsequent improvement for the focus group (AA, AB, BA and BB category) and all 
parts. The improvements are lined up as follows: 

1. Switching to an (s, S)-policy for unpredictable parts; 
2. Using historical demand and lead-time data for updating inventory policy parameters; 
3. Introducing a replenishment delay (d) for intermittent demand and customizing 

inventory management for expensive parts; 
4. Changing the parts in consignment stock agreement.  

 
FIGURE 41: MAIN RESULTS 
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6.1.4 Limitations of research 

The limitations of this research and its results arise mainly from modelling simplifications and 
assumptions, as well as data unavailability. 

- The model assumes one – the preferred – supplier, which decreases the flexibility of 
sourcing.  

- Demand data was scarce and therefore the calculation of policy parameters was difficult.  
- The cost structure might be very typical for KLM E&M. 
- The reorder point has not been actively incorporated in the calculation of S and d. 

6.2 RECOMMENDATIONS 

This section is split into three different sections, namely: recommendations for further research 
and recommendations for KLM. 

6.2.1 Recommendations for further research 

The following recommendations can be made for further research and are based on gaps in 
literature that have been experienced throughout the course of this project. 
 
- Investigate replenishment delays, especially without the constant lead-time assumption. 

Replenishment delays have been researched marginally and while a majority models the 
demand in a compound way, they all assume a constant lead-time, which is an assumption 
with a strong influence when calculating a replenishment delay which is based on demand 
interval minus lead-time. Apart from that, its influence on costs should be investigated for 
more complex cost structures as well (e.g. with incorporation of order costs/ reorder point). 

 
- Extend aircraft industry related research. As has been shown in Section 2.1 aircraft related 

research focuses generally on forecasting and pooling solutions. However, not much 
attention has been given to the link between material management at MRO departments and 
actual availability of the aircraft. This is a rather complex relation and results might imply a 
completely different way of material management (e.g. in this research already the 
criticality of a part has been defined explicitly).  
 

- Relate inventory categorization to inventory policy. In literature a vast amount of research 
is dedicated to which kinds of criteria for categorizing inventory make sense. This leads to a 
list that, theoretically, has to be assessed one for one. It would be very useful if there were a 
list per e.g. industry that shows which categorizations make sense and which do not. More 
importantly, the link with inventory management is often overlooked (e.g. for which 
category makes an (s, Q)-policy sense?). Work should be dedicated to this rather complex 
entanglement of inventory categorization and corresponding policies, as has been done in 
this study. Huiskonen (2001) is an example of such an integrated framework. 

6.2.2 Recommendations for KLM E&M 

The following recommendations can be made for KLM E&M: 
 
- Implement differentiated inventory management as described in this project (see the 

implementation plan in Appendix 19) and reconsider the parts that are sourced via a 
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consignment stock construction. By doing this, lower costs with a higher or similar 
availability can be obtained. Basically, by yearly updating the categorization and inventory 
policy parameters, the overall inventory policy stays adequate (enough) without employing 
too much personal – and computational – effort. 
 

- Improve data management. SAP contains a lot of information, which is not used to its fullest. 
This information about e.g. demand, lead-time can be used to optimize and refine inventory 
management. Apart from that, information that is essential for communication between 
organizational units at KLM E&M (e.g. criticality of a part), should be stored and used in a 
similar fashion by both units, so their frame of reference is the same as well. 

 
- Improve performance measurement. Measure performance extensively and similarly 

throughout KLM E&M. During the course of this study there have been many ambiguities 
about what the performance is – and should be – of KLM E&M, both in terms of costs and 
availability. Performance measurement has two objectives: to improve communication 
between all the parties involved and to obtain a method to see how the performance evolves 
over time. The former improvement and changes can be used for acquiring support 
throughout the organization, and with the latter the impact of these changes can be assessed 
and problems can be identified.   

 
- Analyze the lead-time. As has been clear from this study, the lead-time is highly variable and 

difficult to manage. An increase of lead-time predictability makes inventory management a 
lot simpler (and e.g. the optimization of the delay d as well). In this study the lead-time is 
assumed to be the time between order release and reception in the warehouse.  Multiple 
parties are involved in this process and multiple parties influence the lead-time and its 
uncertainty.  An analysis of the underlying factors of the lead-time and its uncertainty (apart 
from data management) could therefore be useful in order to derive a promising solution 
that could solve most lead-time problems. 

 
- Acquire (imperfect) advance demand information. This investigation has assumed that the 

material requirements of a maintenance check of an aircraft cannot be determined 
beforehand. This represents the current situation at KLM E&M, but is – of course – not 
completely true. Obviously, many errors cannot be known on beforehand, but at least 
classes can be defined. One can think of ‘errors that are likely to occur’, but also ‘parts that 
should always be replaced’. If this demand information were to be obtained, the uncertainty 
in the inventory model would decrease and therefore inventory parameters can be set 
stricter, lowering total relevant costs.   

 
- Manage suppliers strict. Using this research and e.g. the lead-time analysis as described 

above, some suppliers can be picked out and stricter contracts can be made that incorporate 
e.g. penalties. A precondition for this is performance measurement as described previously 
in these recommendations.  

 
- Analyze the true effect of material unavailability on maintenance delay. Currently, there is 

no clear relation (and its size) identified between both, which troubles the communication 
concerning the expected performance between organizational units.   
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APPENDIX 1: CATEGORIZATION CRITERIA 
Criterion Explanation of relation with importance 
Criticality As the part is critical for either business processes or control over these business 

processes, the part is more important. Note that criticality sometimes (e.g. Duchessi 
et al) is defined as a function of two or more other criteria or is used as a synonym 
for importance or essentiality. At KLM E&M criticality directly relates to the 
probability that an aircraft has to stay on ground due to material unavailability. 

Commodity As the part is demanded by many different customers, this part is more important 
for the business success. Usually demand is higher as well. 

Price The high price of the part contributes significantly to holding costs and turnover, 
which makes the part more important.  

Demand A high demand of a part makes it more important, since it is probably used for many 
processes, or leads to a high turnover. Note that the assumption is that demand is 
closely related to reliability levels. 

Demand 
variance 

A higher variation in demand means more uncertainty about the demand, and 
therefore a higher investment in inventory as to maintain the availability. This 
makes the part more important. 

Turnover = 
demand*price 

Turnover is the product of value and demand and both criteria are positively related 
to importance. Hence, turnover as well. 

Own service 
levels 

High service levels for a part imply a higher performance for that part, making the 
part more important. Note that the assumption is (due to the problem statement of 
the master thesis project) that this is directly related to availability/downtime costs. 

Customer lead-
time 

More time to deliver the part to the customer means less uncertainty about the 
demand and therefore a low importance of the part. 

Customer lead-
time variance 

More variation in lead-time to the customer (= changing lead-times) means more 
uncertainty and therefore a higher importance of the part. 

Order lead-time If it takes longer for an order to arrive, more parts should be held on inventory to 
maintain the service level, which makes the part more important.  

Order lead-time 
variance 

More variation in order lead-time leads to more uncertainty, making the part more 
important.  

SLAs with 
suppliers 

When there are strict arrangements with suppliers, the supplier is more reliable, 
making supply predictable and the part less important from a supply chain 
perspective. 

Organization 
specifics 

This relation depends on the organization characteristics themselves. These are 
characteristics such as the physical place of a spare part.  

TABLE 11: POSSIBLE CRITERIA FOR ABC FORMULATION 
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 Huis-
konen 

Du-
chessi 

Ramanathan Gajpal Flores1 Braglia  Petrovic 

Criterion N U N U N U N U N U N U N U 
Criticality X X X X X X X X   X X X X 
Commodity X X   X  X X       
Price X X X X X X   X  X X X X 
Demand X  X X X X   X  X X   
Demand variance X    X          
Turnover /Pareto= 
demand*price 

X        X  X    

Own service levels X    X  X X     X X 
Customer lead-time   X X     X  X X   
Customer lead-time 
variance 

        X      

Order lead-time X  X X X  X X   X X X X 
Order lead-time 
variance 

      X X X  X  X X 

SLAs with suppliers X          X    
Organization specifics       X X  X X  X X 
TABLE 12: CRITERIA PER ARTICLE 

N = explicitly named in the article 
U = explicitly used for classification 

                                                             
1 Flores (1987) does not specify which criteria he used, they were non-cost and defined by managers  
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APPENDIX 2: OBTAINING DEMAND AND SUPPLY INFORMATION 
The method of obtaining information for determining supply and demand information from the 
SAP system is explained briefly in this appendix. 
 
Demand information 
From MB51 for all materials (A* - Z* and 0* - 9*) the demand data (positive and negative; 
movements 201, 202, 261 and 262) for a certain period is extracted for plant 3000 (Aircraft 
Maintenance). 
 
Supply information 
From ME80FN for material group 002, plant 3000, document category and type F NB and 
purchase groups 300-399 during a certain period data is extracted from the system.  For all 
views the layout has been changed and all data has been included.  Here the order date is the 
real order date, the posting data is the data of arrival in the warehouse, and the delivery data is 
the expected delivery data. The master data has been used in order to calculate the system lead-
time, albeit this could also be done using the statistical relevant delivery date, as mentioned in 
the above analyses.  
 
Purchase groups 301, 325-328 and 911 are the ‘emergency channels’, 911 being AOG, the other 
MSS-d.  In order to obtain data about orders, the document category filter has been eliminated 
(relates to ‘normal orders’). 
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APPENDIX 3: CHOOSING A TIME PERIOD 
Unfortunately, due to the nature of the demand data the demand pattern categorization scheme 
of Syntetos is not easy to apply. This is due to the problem that CV2 needs at least two time 
periods with a demand occurrence and ADI needs at least one demand occurrence. This makes 
the choice of a time period relevant. There is a significant amount with no or just 1 occurrence, 
which is due to the nature of the process itself and has been solved as follows: 

- No occurrence. Since data extracted is the sum of demanding and returning spare parts, 
the sum can be zero. In this case no real demand has occurred, although the product has 
a demand. This demand can be seen as an accident, an insurance for if another way to 
solve a problem would have failed or as an error of judgment. In the first and last case the 
accompanying handling costs can be seen as useless. For the second one this cannot be 
said, as it is difficult to relate this ‘error’ to cases where it was useful. In order to 
categorize the demand data, these ‘demand occurrences’ have been eliminated from the 
process. For information about its size, see Table 13 and ‘ADI unknown’.  

- One occurrence. Many parts are just demanded once a year. This is due to the nature of 
the maintenance process of aircrafts. This holds for almost a majority of the parts. If time 
periods are shortened (from month to day), this percentage of CV2 of course decreases a 
bit, but not significantly. The actual time period is discussed subsequently. Table 13 sums 
these percentages up. 

Time period CV2 unknown (%) ADI unknown (%) 
Month 47.16% 11.37% 
Week 43.51% 11.12% 
Day 41.11% 10.98% 
TABLE 13: PERCENTAGES UNKNOWN 

When the time period of analysis is shortened, the percentages unknown as shown in Table 13 
decrease (a bit, solely due to the fact that a part can be demand today and be send back 
tomorrow), but also the size of demand being lumpy, intermittent, erratic and smooth change. 
The following observations are made: 

- As the time period gets shorter, the chance that ADI < 1.32 decreases from about 5% to 
almost 0%. This makes sense, since generally the chance that every month is at least one 
demand occurrence is bigger than that in 273 (=360/1.32) of all 360 days there is a 
demand occurrence.  

- As the time period gets shorter, the chance that CV2 < 0.49 increases, because more 
observations smoothen the standard deviation. Note again that the standard deviation is 
only calculated if demand occurs.  

 
So, as time period gets shorter, the uncertainty decreases a bit, but also erratic and smooth 
demand become intermittent and lumpy at times. This is a shame, because for instance smooth 
demand implies a relative simple demand pattern on monthly basis. When the cases where ADI 
is unknown are eliminated, this can be summed up by the values in Table 14. Since the unknown 
group does not decrease significantly when changing the time period, there has been chosen to 
analyze demand on a monthly basis, especially because the smooth category usually has large 
volumes. This unknown group is called from now on ‘sporadic demand’, as it happens only 
sporadically. 
Time period Lumpy Intermittent Erratic Smooth Sporadic 
Month 40% 12.1% 2.6% 3% 42.2% 
Week 45.6% 13.4% 0% 0% 41% 
Day 415% 14.5% 0% 0% 40.5% 
TABLE 14: CATEGORIZATION PER TIME PERIOD 
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Traditional ABC classification is based on the product of demand and price. Albeit this is in this 
case not the best way to classify, it still provides valuable inside in the importance of the 
categories with respect to inventory holding costs. One might claim that the smooth category is 
not interesting to diversify, however Table 15 shows that is the 3% part numbers account for 
28.2% of the turnover and is therefore the largest group. Also notice that sporadic demand in 
terms of turnover is relatively unimportant as they all have just one occurrence. This analysis 
gives further support to categorize on a monthly basis, since ‘smooth’ demand can be identified, 
where the focus can shift to costs.  
 Lumpy Intermittent Erratic Smooth Sporadic 
% of total part number 40.0% 12.1% 2.6% 3.0% 42.2% 
Value/spend (demand*price) 27.3% 26.2% 8.4% 28.6% 9.5% 
TABLE 15: DEMAND PATTERNS 
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APPENDIX 4: SEASONALITY 
This appendix assesses the seasonality of the demand process. Demand is triggered by 
maintenance checks, which are not seasonal but spread out during the year. This reflects on the 
demand for material, as it is difficult to derive if there is a seasonal effect. Perhaps on part level 
there is, but it is considered not be useful to further investigate this, as there are no logical and 
analytical reasons for this. To illustrate this effect, Figures 41a-d show time series for a group of 
parts (same group as analyzed in Section 2.1), on daily level (high fluctuation), weekly and 
monthly level. The only clear ‘seasonal effect’ is the Christmas holiday period. From now on, 
seasonality is not included in further analysis.   
 

 
 

  
FIGURES 42A-D: SEASONALITY 
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APPENDIX 5: ROBUSTNESS OF GROUPS & CUT-OFF POINT 
At the moment five demand patters have been defined and they all have different 
characteristics. Now it is interesting to see how robust these groups are. Albeit the cut-off points 
of Syntetos and Ghobbar are not arbitrary, it might be useful to see if e.g. the group with smooth 
demand can be extended or e.g. erratic demand could be treated as intermittent demand as well. 
The main problem is that these groups are based on differentiation in forecasting and not 
necessarily a differentiation in inventory control. Table 16 shows cut-off points (chosen 
relatively arbitrary) and the new distribution of parts. Only higher cut-off points have been 
analyzed as the objective is to see if we can create larger ‘easy groups’: a larger smooth 
category.  
Scenario CV2 ADI Lumpy Intermittent Erratic Smooth CV2  Unknown 

Intermittent/lumpy 
Base 0.49 1.32 40% 12.1% 2.6% 3% 42.3% 
1 0.75 1.75 33.3% 11.9% 6.5% 6% 42.3% 
2 1 1.75 32.1% 13.1% 5.0% 7.5% 42.3% 
3 0.75 2 30.4% 11.1% 9.4% 6.8% 42.3% 
4 1 2 29.3% 12.1% 7.8% 8.5% 42.3% 
TABLE 16: ROBUSTNESS OF DISTRIBUTION 

For smooth demand in the most extreme case (CV2 = 1, ADI = 2) parts have a standard deviation 
which is ‘better’ than the exponential distribution and demand occurs every other month. In this 
case part numbers that are considered ‘smooth’ are 8.5% of the total, accounting for 54% of the 
turnover (lumpy demand still accounts for 20.9% of the turnover).   
 
When we look for both parameters at their boundaries, for ADI it can be said that on its 
boundary (ADI =1; every month there is something demanded) practically nothing is erratic and 
smooth demand accounts for 1.7% of demand (with CV2 = 0.49). For CV2 a boundary is 0 (all 
demand occurrences are the same), then all smooth demand shifts to erratic demand and 50% 
of the intermittent demand shifts to lumpy demand. Figures 42A and B provide more inside in 
these cut-off points. 

 
 

However, the objective is to differentiate between groups of spare parts in order to differentiate 
inventory management. A higher coefficient of variation does not necessarily lead to a different 
way of inventory management. The demand interval can be used in order to calculate a 
replenishment delay, which can be used for decreasing holding costs while maintaining the 
same availability. Apart from that there is no objective reason to change Syntetos’ cut-off point, 
it can also be reasoned that 1.32 is for this case a proper cut-off point, since a replenishment 
delay only makes sense when the demand interval is larger than the lead-time. First of all, when 
a year is considered, 1.32 (months) reflects less than 10 demand observations during a year, 
which is still a lot. The average lead-time in the system is 26.1 days; the average deviation for 
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the realized lead-time (which is not known for all parts) is 15.4%. Hence the average realized 
lead-time is about a month. So, only for parts where the average demand interval is larger than a 
month, a delay might be interesting. Besides that, this lead-time is not – just like the demand 
interval – constant. Consequently, only for parts with a higher demand interval a delay could be 
useful. This analysis in combination with no reason to change the cut-off point of Syntetos is the 
main reason to choose 1.32 as cut-off point. An improvement could be to define a cut-off point 
based on lead-time minus demand interval. However, here the comparability of research is 
considered more important.  
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APPENDIX 6: CAUSES OF LEAD-TIME UNPREDICTABILITY 
It is important to try to separate these two causes for lead-time unpredictability: 

- Lead-time uncertainty; 
- Parameter unreliability. 

 
Logically, the latter should be solved first, if it is a consistent error, and the former should be 
incorporated in differentiated inventory management. 

 
r

r r s

1. with X = σ(LT ) and Y = SLTD
Y = αX + β + ε; .

2. with X = σ(LT ) and Y = LT - LT
 
 
 

 
 

First of all, it should be noted that the system lead-time is updated at times, based on experience 
of the planning department. Unfortunately it is difficult to deduct which factors cause parameter 
unreliability, therefore the focus is on lead-time uncertainty. The question asked is: how strong 
is the relation between lead-time uncertainty and the system lead-time deviation (SLTD) and 
what is the difference between LTr and LTs? This analysis can only be executed for a limited set 
of parts (note that analysis has shift to parts instead of orders), since only parts that have been 
demanded more than once a year can be included (as a standard deviation can be calculated). 
This holds for about 38% of the parts. This has been done by use of simple linear regression 
using the least squares technique. Two models are analyzed; the results are displayed visually in 
Table 17. 

 TABLE 17: SIMPLE LINEAR REGRESSION MODELS 

Albeit there is a clear relation between the standard deviation of the realized lead-time and the 
lead-time error, this does not explain everything, making the statement that data inaccuracy is a 
problem stronger. How does this observation relate to the categorization of inventory? Several 
solutions with respect to the current situation can be considered: 

- Data management can be incorporated by e.g.: 
• The use of weighted moving average (WMA) of the realized lead-time for updating 

the lead-time in the system. 
• The use of WMA of the realized lead-time and the use of its standard deviation for 

updating the lead-time in the system. 
• Same as one of the options above, but then with review period R. 

 Model 1 Model 2 
α 5.1 0.37 
β 0.04 0.19 
P-value 0.0019 0.000 
Correlation coefficient 0.05 0.12 

  

Plot of Fitted Model
SLTD = 5,10179 + 0,0410201*Standard dev. LT(r)

0 40 80 120 160 200 240
Standard dev. LT(r)

-10

10

30

50

70

90

SL
TD

Plot of Fitted Model
LTr-LTs = 0,374465 + 0,19056*Standard deviation LT(r)

0 40 80 120 160 200 240
Standard deviation LT(r)

-680

-480

-280

-80

120

320

LT
r-

LT
s



 

64 

 

 In this case the parts that should be in the low lead-time predictability group are the 
parts with high σ(LTr,i) or, if not available with a high LTr,i (assumption: long lead-times 
making a product difficult to source).  

- Data management is not incorporated. 
  In this case the parts that should be in the low lead-time predictability group are the 

parts with high |LTr,i-LTs,i|. The reason for making this absolute is for minimizing costs 
that origin from early delivery, the reason for using this statistic and not SLTDi is 
because an extension could be some multiplication with criticality.  

 
The latter is chosen for the policy evaluation as the former is not that easy to implement. 
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APPENDIX 7: COST STRUCTURE OF INVENTORY MANAGEMENT 
The objective of measuring LCC is to decompose the system into sub collections that, eventually, 
can be analyzed individually. The way of showing this cost breakdown structure (CBS) is by 
using a tree. The strength of CBS is that it clarifies the relevant cost buckets. The tree is shown 
in Figure 43. 

 

FIGURE 44: COST BREAKDOWN STRUCTURE 

Note that, in comparison to traditional LCCM, there have been made some distinctions. First of 
all, it is obvious that not all phases of a life cycle have been taken into account; this is due to the 
problem definition. Second of all, the cost buckets are inspired by LCCM, but do not directly 
relate to subsequent life cycle phases (e.g. handling costs occur in some sense before and after 
holding costs). In that sense it is closer to activity based costing (ABC), but since the goal is not 
to look at the system solely at one moment or one period of time (but to analyze the costs on 
long term basis), it is closer to LCC. Obviously, ordering spare parts, keeping them in inventory 
and transporting them within the company are costs that are a sub set of traditional 
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maintenance costs, while downtime costs is failing to accomplish 100% availability of an 
airplane due to material unavailability. All these costs, displayed in the tree above, are explained 
in the upcoming section. This explanation has been differentiated for all three levels, going top-
down, just as Öner et al (2007) have done.  

LEVEL 0 

Total Relevant Costs:  The sum of all relevant costs in the system as has been defined. 

LEVEL 1 

Order costs: All costs that are made by paying the suppliers, initiated by 
orders. 

Holding costs:   All costs associated with holding expendables on stock.  
Handling costs: All costs associated with handling of expendables on 

Schiphol/hangar. 
Downtime costs: All costs that are made by paying a penalty to a customer, 

originating from not delivering on time. 

LEVEL 2 

ORDER COSTS 

Set-up costs: All costs originated from placing a regular order, independent 
from the size of the order. 

Part costs: All costs originated from buying parts, these costs are part 
specific. 

Emergency costs: All costs originated from an emergency shipment. This occurs 
when a part cannot be delivered from stock and will not arrive 
before the ask date.  

These costs could be further subcategorized in set-up and 
part costs, but it makes more sense to split them up in 
emergency costs at MSS-d and AOG (cheap and expensive, 
respectively). 

 
Overhead costs due to ordering, for instance time invested in maintaining relationships with 
suppliers, acquiring information about new suppliers with possibly better characteristics (tasks 
of the purchasing department) are not taken into account.  
 

HOLDING COSTS 

Scrap costs:  All costs originated from scrapped stock. 
Surplus costs: All costs originated from surplus stock (can be negative though, if 

the sales price is higher than the holding costs). 
Capacity costs: All costs associated with capacity that has to be bought/ rented 

in order to hold expendables on stock. 
Financial costs: Financial losses due to the devaluation of stock/ capital 

employed. 
 

HANDLING COSTS 

Check costs: All costs related to checking if the quality of the expendables is 
sufficient. 
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In/outtake costs: All costs related to the intake and outtake moment of spare parts 
(e.g. checking whether the supplier delivers what has been 
demanded and putting it subsequently on stock). 

Internal shipping costs: All costs related to unnecessary internal shipping (as about 50% 
of the internal shipping is unnecessary). 

 
DOWNTIME COSTS 

For downtime costs no further subdivision has been made, because they do not exist explicitly 
(e.g.: the material units do not penalize the logistics centre). In fact, downtime costs are a way to 
model operational losses in other systems than the one analyzed in this project. Obviously, 
these costs and their relation with the other costs defined above are crucial for a thorough 
interpretation.  
 
Actual cost parameters (e.g. for holding costs) are not known and given that KLM does not use 
activity based costing (ABC), these costs and its parameters can be difficult to determine. 
Nevertheless, via analyses of extremes and showing relations between cost buckets, useful 
information could be made visible.  



 

68 

 

APPENDIX 8: MATHEMATICAL NOTATION FOR CATEGORIZATION 
AND INVENTORY POLICIES 
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0

i = part number subscript; i G; i = 1,...,I
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APPENDIX 9: CATEGORIZATION 
This part gives the description of the categorization factors: criticality, predictability (demand 
and lead-time) and costs using the notation from Appendix 8.  
 

Criticality 

A part can be critical or not, this is an attribute of a part. 
 

i iCR = criticality item i; CR  = 0, 1; 0 = non-critical; 1 = critical
i∀

 

Predictability 

Predictability consists of demand predictability and lead-time predictability. These two 
predictabilities are discussed separately in detail.  
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LEAD-TIME PREDICTABILITY 

If the standard deviation of the realized lead-time can be calculated, it is considered to be 
unpredictable if it is larger than 1. If this cannot be calculated the part’s lead-time deviation is 
compared to the whole group. If the standard deviation is not calculated at all, the actual 
deviation from system lead-time must be one week or more. 
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Eventually there has been modelled without data management. 

Costs 

Note that initially the costs – especially emergency and holding costs – are based on the current 
situation. Later on the specific costs equations are developed for each policy (note that it is 
before categorizing not sure in which category an part will be). 
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APPENDIX 10: DERIVATION OF (S-1, D, S)-POLICY 
In this appendix first the three scenarios as mentioned in Chapter 4 are discussed by Figure 44, 
then equations are derived for the (S-1, d, S)-policy 

 
FIGURE 45: 3 SCENARIOS 
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We want to minimize the backorder and holding costs while obtaining a certain availability. This 
availability objective is necessary for internal communication etc. Given this, the costs have to 
be minimized. Note that therefore no newsboy type of equation can be derived. 
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APPENDIX 11: (S, Q)-POLICY 
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APPENDIX 12: CALCULATING PARAMETERS 
There are several ways for obtaining the best values for inventory policy parameters. The most 
extensive and adequate one is by enumerating all possibilities that are given by the formulae 
below.  
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Enumerating all options takes a lot of computational effort. Here, three options to decrease this 
effort are stated.  
 
Option 1 
If we assume for the (d, S)-policy that after a demand X=0 or at least S >>X or Pr(X>D) ≈ 0, then 
the first part of the service level disappears or is close to zero. Hence, the service level service 
level is as follows: Pr( )* Pr( ) ;  with e.g. =0.95DI LT d S D α α> + > = . If we continue with the 
assumption that after a demand occurrence X=0 or at least S >>X, then the holding costs directly 
relate to the order-up-level. The length that this occurs directly relates (negatively though) to 
the delay time. Hence, with the assumption that emergency costs are minimized by setting the 
service level, a simple way to model the total relevant costs is: ( )TRC DI d LT S= − − . Hence, 
after bootstrapping for both d and S a subset is made that per probability in the service level 
function satisfies that its between α and 1; then the subset is made where the product is 
between α and 1 and the combination is chosen that minimizes holding costs. Note that 
emergency costs are eliminated for this analysis, this needs the assumption that if α is chosen 
correctly, a different built-up of emergency sourcing requirement does not lead to using 
different emergency channels. However, this method does not really decrease computational 
effort. 
 
To solve this problem a type of greedy procedure can be designed. Note that a similar procedure 
can also be used for setting the part service levels for the BX categories. 
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Greedy procedure 
Set d and S so that    are equal to d Sandα α α  
Compute A(d, S) = *d Sα α and C(d, S)=(ADI-LT-d)S 
 

Compute ( ) ( )1 1* ( , ) * ( , )
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Start over and stop when A(d, S) = α 
 
Option 2 
We start with the formula Pr( )* Pr( )DI LT d S D α> + > = . If we look at extremes then we can 
think of another method. If the lead-time is considered constant and the average demand 
interval as well, then the probability Pr( )S D α> = is equal to the service level. This holds as well 
vice versa. If we can obtain a value for both chances, we can introduce a new variable that sets 
the ‘service level’ for each probability. When we assume that – after reaching the service level 
for both measures – extra costs arise from a high coefficient of variance of either the lead-time, 
demand interval or demand size, and we assume that these are independently distributed, then 
we can obtain a value k that sets ‘service levels’ per parameter. 
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Option 3 
The third option is by executing an even simpler method of decoupling by saying that both 
probabilities have to be satisfied equally. Hence: Pr( ) Pr( )ADI LT d S S α> + = > =  
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APPENDIX 13: ASSUMPTIONS AND METHODS CALCULATION MODEL 
This appendix states the assumptions of the calculation model and the methods used in order to 
calculate the optimal inventory policy parameters. 
 

Assumptions 

- Lead-time is at least one day; 
- If the stock was not known on the first day of model calculation, (s+Q)/2 was assumed. 

The ‘starting stock’ was maintained for all policies (in order to compare the results to the 
base case).  

- If there was no order quantity Q in the master data a rule of thumb of the material 
planners has been used. Q = 3 if the price is high (>€5) and Q = 5 if the price is low (<€5). 

- In the beginning, there are no outstanding orders. 
- A year consists of 360 days. 
- There is one supplier where can be ordered (lead-times used are observed lead-times 

though). 
 

Methods 

The following methods have been used for calculating the inventory policy parameters. The 
bootstrap procedure has been explained in Section 4.3. 
 
For delay d 

- Standard bootstrap (data regeneration and analytical distribution). 
- Normal bootstrap (bootstrap used for generating average and standard deviation for 

normal distribution).  
o With part’s standard deviation (which is zero in the case that there has been one 

demand occurrence in the precedent period). 
o With group’s standard deviation (coefficient of variance of group extrapolated to 

all members). 
Generally, it can be stated that the group’s standard deviations are high and therefore the 
calculated delays calculated are often short delays or there is no delay at all.  
 
For order-up-to level S 

- Normal bootstrap with group standard deviation.  
- “Combination 1”: If there is a Q in the system, then S = s+Q, else the S given by normal 

bootstrapping with group standard deviation. Assuming that if Q is specified, this is 
based on additional knowledge.  

- “Combination 2”: Minimum of ‘S=s+Q’ and ‘normal bootstrap with group standard 
deviation’.  

- “Combination 3”: Maximum of ‘S=s+Q’ and ‘normal bootstrap with group standard 
deviation’.  

Methods to improve the calculation of S are explained in Section 5.4. The other bootstrap 
methods as designed for d all performed poorly and are therefore not included.  
 
For reorder point s 

- If a part has a sporadic demand pattern, then s =0.  
o Sporadic behaviour is defined as at most one demand occurrence in 2009 with a 

maximum size of N. This N is varied (analysis can be found in Section 5.3.1).  
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APPENDIX 14: DELAY (D) AND ORDER-UP-TO LEVEL (S) PER 
CATEGORY 

This appendix describes the performance of the calculated delay (d) and order-up-to level (S) 
using the methods as described in Chapter 4 and the previous appendix per category. 

AA parts   

Figure 45 and Figure 46 show the performance of calculating the order-up-to level (S) and the 
delay (d). Clearly, combination 1 and the delay calculated via standard bootstrap perform the 
best. However, their improvement is limited. The improvement here is about 11% of the base 
case, which is 25% of the room of improvement. 

 
FIGURE 46: ORDER-UP-TO LEVEL (S) FOR AA PARTS 

 
FIGURE 47: DELAY (D) FOR AA PARTS 

AB parts 

For AB parts also combination 1 as predictor for the S works the best, while the performance for 
d is very similar. The improvement here is limited to just a few percents.  
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FIGURE 48: ORDER-UP-TO LEVEL (S) FOR AB PARTS 

 

FIGURE 49: DELAY (D) FOR AB PARTS IN % OF BASE CASE 

BA parts 

For BA parts for S also combination 1 performs best, and for d they all perform similarly.  

 

FIGURE 50: ORDER-UP-TO LEVEL (S) FOR BA PARTS 
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FIGURE 51: DELAY (D) FOR BA PARTS 

BB parts 

Also for BB parts the performance is similar, although combination1 also performs here best. 

 

FIGURE 52: ORDER-UP-TO LEVEL (S) FOR BB PARTS IN % OF BASE CASE 

The delay has no significant effect on the costs – as calculated by the procedures as have been 
shown before. However, sporadic demand and high-value parts are present in this group. Figure 
52 shows the influence of sporadic demand. Note that holding costs can be decreased while the 
performance stays similar. In Figure 53 it is shown what happens for specific sourcing for 
expensive parts. If parts were expensive (in this case price > €15,000), then they were sourced 
via an (s, S)-policy (as described on the horizontal axis). Obviously, extra emergency costs can 
arise, but this increase is far lower than the decrease in holding costs. Since this rule only 
applies for a few parts (about 30), custom made solutions make sense and these emergency 
costs can be avoided as well. 
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FIGURE 53: INFLUENCE OF SPORADIC DEMAND (BASED ON N) FOR BB PARTS IN % OF BASE CASE 

 

FIGURE 54: INFLUENCE OF PRICE-SPECIFIC SOURCING 
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APPENDIX 15: SPORADIC DEMAND 
The analysis for sporadic demand has been executed originally only for BB parts, but has also 
been duplicated for the other three categories. First the analysis for BB parts is repeated, and 
then the other categories are analyzed. Sporadic demand is defined as demand that occurs at 
most once per year – and has a maximum demand size of N. This N has been varied (1, 2, 3, 4, 5, 
7, 10, 20, infinite), but as not all variations of N led to difference in output, these variations have 
been eliminated from analysis. 
 
In general, using the sporadic demand strategy only makes sense for BB parts, since these parts 
are non-critical and relatively predictable. For AX parts there are some savings, but the extra 
risk might inflict higher emergency costs, that this adaptation is not worth the effort. For BX the 
holding costs saving are larger in comparison to e.g. AB parts, but probably through the 
unpredictability of lead-time, emergency costs increased as well. For BB parts – if the sporadic 
demand is used – N = ∞ seems appropriate, as availability does not seem to decrease drastically 
while increase N.  

BB parts 

Although the price of a few expensive expendables has a strong influence on the holding costs, 
this analysis shows that the availability stays more or less the same for almost 75% of the parts 
(if N = 10; number of parts which is ‘sporadic’ is 74.6% of total parts in BB group) if they are 
managed in an easy way (only order when there is no stock anymore).   

 

FIGURE 55: SPORADIC DEMAND FOR BB PARTS 

AA parts 

As can be seen in Figure 55, by treating sporadic demand differently costs do not decrease that 
much, while the availability decreases a bit. This gives support for the statement that sporadic 
demand in one year, will be sporadic in the next year. However, since AX parts are critical, it 
might not make sense to take the risk of treading them ‘very strict’; especially since the benefits 
are limited. 
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FIGURE 56: SPORADIC DEMAND FOR AA PARTS 

AB parts 

For AB parts the same can be said as for AA parts. There is a slight decrease in availability and 
holding costs and sporadic demand seems to stay sporadic demand year by year. Nevertheless, 
the benefits of treating sporadic demand as sporadic demand are so small, that it might not be 
worth to do this for AB parts. Especially since if there is an emergency shipment necessary, this 
directly outweighs the benefits for the complete group. 

 

FIGURE 57: SPORADIC DEMAND FOR AB PARTS 

BA parts 

For BA parts there are some substantial holding costs savings to be obtained. However, this 
leads as well to higher emergency costs, which practically leads to dissolution of these benefits. 
The reason for this is probably the unpredictability of demand and lead-time for these parts, 
what means that a stricter policy might involve too many risks. 
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FIGURE 58: SPORADIC FOR BA PARTS 
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APPENDIX 16: PRICE DIFFERENCES 
The group of BB parts contained a few materials that were so expensive that it made sense to 
not put them on stock at all and only order them when needed (the decrease in holding costs 
was large than the increase in emergency costs). This analysis has been duplicated for the other 
categories. First the BB parts are discussed (as well as an appropriate price as cut-off point) and 
then for this price the analysis is duplicated for the BA category. For the AX category this policy 
makes no sense – and performs terribly, as emergency costs are far higher than the BX category. 
 

BB parts 

The BB category contains a lot of very expensive parts, if the cut-off point were to be €15,000 
and (s, S)-policies with d=0 as described below were to be applied, then total costs would 
decrease drastically. The (0, 0)-policy is the one with the lowest costs. Nevertheless, it can be 
argued that (0, 1) is a better option, especially with respect to the size of the emergency costs. 
There are similar for the other options, while the holding costs increase. Thus, (0, 1) seems to be 
the best option, both with respect to availability and costs.  

 

FIGURE 59: INFLUENCE OF PRICE FOR BB CATEGORY 

If we would differ the price cut-off point for the (0, 1) policy for the BB category, then it is clear 
that as the price cut-off point decreases, the holding costs increase as well, while the emergency 
costs do not increase that fast (see Figure 59). €5,000 is used as a cut-off point, since the 
number of parts in the group explodes afterwards and designing tailored policies is considered 
too time-consuming for this number of parts (based on interviews).   

 
FIGURE 60: PRICE CUT-OFF POINTS FOR BB PARTS 
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APPENDIX 17: ALTERNATIVE CATEGORIZATION 

 

FIGURE 61: ALTERNATIVE CATEGORIZATION 
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APPENDIX 18: USE OF AN EXPERT 
This appendix describes the use of an expert’s opinion for obtaining more data about demand 
patterns. Not about all parts an expert has ‘an opinion’. This opinion is mainly based on things 
like “there is upcoming C-check, we might need those parts”, “I’ve seen that part before, it had to 
be ordered via the AOG-desk, and its demand can be out-of-blue sky-high”.  
 
An expert’s opinion, in order to be unbiased, should not be asked about inventory policy 
parameters, but about the demand process. This can be done by letting them (visually) select a 
demand pattern and subsequently a demand size and/or demand interval. Here this has been 
done by selecting a few parts. In this case ten expensive and critical parts (from the AA and AB 
category) with only one observation have been assessed. In Table 18 two examples are 
provided, where is shown that more information about the demand can defenitively decrease 
costs. Generally, asking for an expert’s opinion is time-consuming and should therefore only be 
applied for parts that can inflict a lot of costs (expensive non-critical parts, relatively expensive 
critical parts – with high emergency costs, or parts with a higher order-up-to level that might be 
based on an outlier). See Figure 61 and Figure 62 for how an expert’s opinion can be asked. 

 
FIGURE 62: ‘CHOOSE DEMAND PATTERN’ SLIDE 
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FIGURE 63: ‘FILL IN FIELDS’ SLIDE 

 Part 1 

10-133-XXX 

Part 2 

1378X23:XXX 

Demand observation 3 50 (outlier) 

Calculated S 3 50 

Costs 31,009 11,250 

Expert’s demand size 10 2 

Calculated S 10 2 

Costs 11,075 450 

TABLE 18: EXAMPLES OF USE OF EXPERT'S OPINION 
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APPENDIX 19: IMPLEMENTATION PLAN 

This implementation plan describes two things: the degree of implementation a plan to execute 
the degree of implementation that is considered most probable to implement. 

 

Degree of implementation 

Every degree incorporates the characteristics of its precedents. 
1. Switch to an (s, S)-policy for AA/AB/BA/BB parts, mostly to improve availability. 
2. Yearly calculate inventory policy parameters via a tool using historical data and rewrite 

these parameters in SAP. 
3. Introduce for a sub set op parts a replenishment delay and make custom made 

arrangements for a sub set of B parts. 
4. Rethink the parts sourced via consignment stock. 
5. Let SAP calculate the inventory policy parameters. 
6. Let SAP immediately update inventory policy parameters. 
7. Let SAP incorporate information with respect to maintenance checks and let it translate 

this information in a forecast. 

Generally, it is assumed that more data is obtained for more years and expert opinions are used 
for obtaining more data. 
 

Implementation plan 

The implementation up-to the fourth level is considered the best balance between ‘ease of 
implementation’ and ‘adequacy’. Here the implementation up-to the third level is described, as 
the fourth level is a strategic decision. 
 
The implementation up-to the third level consists of four steps. 

1. Extract data for demand and lead-time from SAP (as described in Appendix 2) 
2. Categorize based up-on demand and lead-time data. 
3. Calculate per category inventory policy parameters. 
4. Rewrite for all parts the inventory policy parameters. 

 
Steps 2 and 3 have basically been the subject of this master thesis and hence a tool for 
calculating these steps can be designed. This tool has exactly the same logic as the one used 
throughout this project, only these files should be adapted to the IT infrastructure at KLM E&M 
(e.g. no Excel 2007, so limited computational power).  
 
In order to adapt the tool to the infrastructure of KLM E&M step 2 and 3 have to be split up as 
well. For Step 3 the most logical way to do this is by category, as the policy parameters differ as 
well. There is no obvious way to do this for all parts; hence this could be split up based on 
alphabet. The following things have to be considered when executing steps 1-4. For KLM E&M 
an elaborate roadmap has been made (with e.g. “open this”, “click on that”) in order to use the 
excel files.    
 
Step 1: Data extraction 

- The data has to be slightly manipulated, note that the analysis period is a month. 
- For all parts prices should be updated as well. 
- For new parts the criticality should be determined. 
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Step 2: Categorization 
- Parts that would be in ‘C’ can be re-categorized if a consignment stock construction 

would not be possible for these parts. 
- For intermittent demand also for the categorization itself more data should be used, 

especially if e.g. lead-time data is not available that year. 
 
Step 3: Parameter calculation 

- Use for the categories with intermittent demand (AA, AB, BA, BB) as much data as 
possible. Of course there is a limit, but every new data point gives more information, so 
should be used. 

- Use for the BA-group and the A-groups – in case there is lack of data – an ‘expert’ 
opinion.  

 
Step 4: Parameter insertion 

- Check if all data has been refreshed. There might be parts that are not used still in the 
system. If they are also on stock, then these parts could be – though do not have to be – 
scrapped or surplussed.  

- Obsolete parts should be removed from the system in order to maintain clarity. 
 
Step 5: Long-term 

- Improve forecasting. E.g.: which data should be used, what should be their weights, etc. 
- Analyze part movements over categories. Can a pattern be derived and can this pattern 

be used for e.g. forecasting. 
- Incorporate more data, e.g. by analyzing demand data per maintenance check. 
- Rethink cut-off points. Especially the price cut-off point is based on ease of 

implementation. Perhaps, when experience with these parts builds up, a bigger group 
can be managed this way. 
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APPENDIX 20: TYPICAL PARTS FOR CATEGORIES AND THEIR POLICY 
For the four central categories (AA, AB, BA, BB) a typical part is demonstrated, and the calculate 
policy is shown. Norm 1 and 2 refer to normal bootstrapping, using and the part’s and the 
group’s standard deviation, respectively.  “Stand” refers to the standard bootstrapping 
procedure (see Appendix 13). 
 

AA 

Number Name s Q Planned LT Price Recovery price 

1378M17G01:XXX LINK ASSY 1 1 5 337.39 8434.75 
Demand size      
1 1      
Demand interval      
50       
Lead-time      
11 18      
S (s+Q) S(norm 2)     
2 8      
d (stand) d(norm 1) d (norm 2)    
32 28 0     

 
AB 

Number Name s Q Planned LT Price Recovery price 

114A1801- XXX SEAL 1 2 15 371.03 1276.8 
Demand size      
1 1      
Demand interval      
52       
Lead-time      
14 13      
S (s+Q) S(norm g)     
3 7      
d (stand) d norm 1 d norm 2     
34 28 0     

 

BA 

Number Name s Q Planned LT Price Recovery price 

10-60754- XXX SEAL 1 1 7 265.15 628.75 
Demand size      

1 1      
Demand interval      
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84       
Lead-time      

9 40      
S (s+Q) S(norm 2)     

2 7      
d (stand) d(norm 1) d (norm 2)    

44 56 0     

 

BB 

Number Name s Q Planned LT Price Recovery price 

2100002-01-129 XXX RESTRAIN 3 3 29 377.08 942.70 
Demand size      

1 1 1 1 5   
Demand interval      

109 5 48 141    
Lead-time      

24 27      
S (s+Q) S(norm g)     
6 4      
d (stand) d norm 1 d norm 2     

5 0 8     
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