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Abstract: 

Spare parts management today is an integral component of the strategic service chain; three-quarters of 
supply and operations managers rated service parts management as very important or critical to their 
companies’ continued success (Aberdeen, 2008). This context suggests a gap between the availability of 
methods and tools for spare parts management in scientific and managerial literature and their actual 
application in practice, as pointed out also by Bacchetti and Saccani (2011). This paper shows the results of an 
intensive case study carried out in a large European white goods manufacturer with headquarter in Italy.  
Adopting a hierarchical multi-criteria spare parts classification method, spare parts are categorized in different 
classes, each of which is associated with a set of different management policies, concerning both demand 
forecasting and stock control. Authors implemented also the proposed integrated framework in an advanced 
IT tool.  
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1. Introduction  

Service parts for products like household appliances, 
automobiles and copy machines has grown into a business 
worth more than a $200 billion worldwide (Gallagher et 
al., 2005). Spare parts inventories need to be available at 
appropriate points within the supply chain, to provide 
after-sales services and to guarantee the desired service 
level (Botter and Fortuin, 2000). Many companies have 
shifted their focus from improving their product 
manufacturing and product delivery processes to 
improving after-sales service and customer support 
(Vigoroso 2005). Several factors rend demand and 
inventory management for spare parts a very complex 
matter; among them: 

1. the high number of parts managed (Cohen et al., 2006);  

2. the high responsiveness required due to downtime costs 
by customers (Lele, 1997);  

3. the presence of intermittent or lumpy demand patterns 
(Boylan and Syntetos, 2008).  

Indeed, despite the huge literature developed since the 
1970s on issues related to stock control for spare parts, 
very few papers provide empirical case studies (Syntetos et 
al., 2009). The fact that a gap might exist in the domains 
of demand forecasting and inventory management 
between research and practice has been suggested also by 
other researches (Van Donk, 2001; Wagner, 2002; Sanders 
and Manrodt, 2003 and Perona et al., 2009). Wagner 
(2002) pointed out that “despite half a century of impressive 

research on inventory modeling … companies have poor customer 
service despite excessive inventories, p. 217” and that “incremental 
mathematical inventory research is not likely to enhance practice, p. 
223”. Such a gap exemplifies the need for case study 
research. However, the majority of contributions continue 
to focus on the development of new methods or 
techniques for spare parts management with little or no 
attention towards implementation related issues and 
empirical implications.  As a matter of fact, the majority of 
contributions continue to focus on the development of 
new methods or techniques for spare parts management 
with little or no attention towards implementation related 
issues and empirical implications (Bacchetti et al., 2011).  

Starting from an initial scenario characterized by an 
undifferentiated and manual planning of spare parts, the 
authors propose the application of a new integrated 
framework based on a multi-criteria hierarchical 
classification scheme (Bacchetti et al., 2010), in order to 
differentiate the approach according to some key spare 
parts characteristics. Among them: part value, part 
criticality, demand frequency and sales life cycle phase. 
The benefits arising from the proposed differentiated 
approach are estimated through a simulation tool 
(developed in Ms Excel) that shows a potential cost 
reduction, always ensuring the target service level fixed by 
the company. In the second step of the work, Authors 
implemented the proposed integrated framework in an 
advanced IT tool for spare parts management that 
predicts service parts demand and helps in generating 
optimal inventory replenishment policies. This 



optimization is done across the distribution network for 
any given item in a multi-echelon mode. For each of the 
identified classes, author evaluated the performance of 
both demand forecasting and inventory management 
policies, obtaining a significant improvement concerning 
forecasting accuracy and a consequent reduction inventory 
costs without compromising service levels.. 

2. The Case Study 

2.1 Business environment description 

The case study presented in this paper refers to the spare 
parts business unit of one of the main European white 
goods manufacturers, whose headquarters are in Italy. The 
company sells and delivers white goods appliances and 
spare parts all over the world, and the business unit 
provides after-sales services, warranty management, spare 
parts distribution and repair services, through several 
external repair centres. 

The spare parts distribution logistic network of the 
company is arranged on two levels. The main spare parts 
warehouse is located in northern Italy, next to the 
company’s headquarters. It supplies parts to all over the 
world, through a complex network of subsidiaries, 
importers, wholesalers, and repair centres located close to 
end customers in the different markets. The central 
warehouse supplies directly 3 different kind of customers: 
i) three subsidiaries located in Spain, France and UK; ii) 
importers and wholesalers all over the world (more than 
700 during the last 5 years); iii) repair centres all over the 
world (more than 3,500 during the last 5 years). Our study 
focuses on the main warehouse, since the long term 
objective of the company is the centralisation of the spare 
parts’ distribution. At that location the company manages 
about 90,000 different SKUs. However, during the last 5 
years only about 40,000 SKUs were sold. 

Prior to this project the company was not adopting a 
structured approach to spare parts management and most 
planning activities were executed in a non-formalised 
fashion.  

The planning mechanism before the implementation of 
this project was the following. Parts’ planning was carried 
out twice a month, through the support of a software 
solution that is not integrated with the Enterprise 
Resource Planning (ERP) system utilised by the company. 
All the parts were managed in the same fashion (i.e. no 
classification modelling was in place).  

Table 1 summarises the main aspects of the pre-project 
management process, in order to underline possible 
opportunities for improvement:  

Inventory issues Description 

Classification  

Undifferentiated approach 
to demand forecasting and 
inventory management. 
Planning through manual 
controls  

Target / performance Not formalised 

assessment  

Information sharing  Absent, both with 
subsidiaries and customers  

Information management  Manual control of data 

Automating procedures 
The current tool does not 
adequately support the 
planners; use of experience 

Table 1. Main inventory management characteristics 
before the development of the case study (Bacchetti et al., 

2010) 

2.2 Objectives and methodology 

The main objective of this study is to investigate the issue 
of spare parts logistics management by studying the main 
aspects that characterize it and focusing on the elements 
that set it apart from the logistics management of finished 
products. In particular Authors start from the criticalities 
identified in the pre-project spare parts management 
process map, evaluating the impact of the operational 
inefficiencies and propose a redesign of processes, which 
insists on a set of levers. These levers are then 
implemented in an advanced IT tool able to support the 
company in the planning processes. 

Therefore, the aim of the project was to evaluate a wide 
range of potential improvements in spare parts 
management through:  

- The development of a sound methodology 
specifically related to spare parts but that would be 
easy enough to be understood and implemented by 
management; 

- The measurement of the benefits achieved through 
the potential adoption of the new methodology. 

The solution proposed by Authors wants to redesign 
processes minimizing the total cost for spare parts 
management, while ensuring a target service customers 
level. The proposal for a specific approach for the 
management of spare parts is divided in this case study 
into a series of steps does not necessarily sequential, but 
closely integrated with each other. 

- Classification consists in devising a model that allows 
to group the codes into homogenous groups, taking 
into account all the factors that differentiate them 
from a logistic and impacting on the choice of 
management policies to be adopted. 

- Through static simulation are evaluated performance 
of alternative techniques for forecasting demand, 
which is essential for addressing the purchasing 
decisions and maintenance. Integrated assessment 
leading to the definition of appropriate management 
approaches of the materials in terms of procurement 
policies and choice of parameters maintained for each 
class: this is realized in the implementation of an 
array of connection between classes of parts and 
methods for forecasting demand and materials 
management, identifying which methodology/ 
approach seems advisable for each class. 



- Evaluation of benefits deriving from the use of the 
forecasting and inventory policies suggest by the 
hierarchical multi-criteria classification model 

- Implementation of the guide line of the classification 
model in an IT tools 

- Evaluation of final results 

Our approach is graphically depicted in Figure 1.  

 
Figure 1. Working Framework 

 

2.3 Main activities  

The proposed classification method originates on the 
premise that the underlying demand pattern is a major 
determinant of the logistics requirements of a spare part. 
Demand classification has been shown to link directly to 
forecasting and stock control decision making. Following 
discussions with the company the demand pattern analysis 
relied on a 2-year history and a monthly time bucket. With 
regards to the length of the series that became available to 
us, two years was judged to be long enough to appreciate 
variability related issues while taking into account the fast 
changing environment of the Industry under concern. 
However, for several parts the analysis of the 
corresponding demand patterns cannot be carried out 
since there is not sufficient history. This may be due to 
several  reasons such as the recent introduction of an item 
or its dismissal. Further discussions with the company’s 
managers revealed, as expected, that other factors (such as 
the target service levels or the safety stocks) may 
considerably influence logistics decisions. Consequently, 
the demand pattern analysis need be supplemented by 
other criteria. Such criteria, along with their cut-off values 
(where applicable) have been decided after consultation 
with the company’s management and they are outlined in 
Table 2. 

Criterion Alternatives Cut-off 

Sales cycle phase Introduction; In-use; 
Dismissed 

6 months from the 
first order ; 18 
months from the 
last orders. 

Response lead 
time to 
customers 

> or < 
replenishment 
LT 

Variable 

Number of 
orders 

Sufficient; Not 
sufficient (demand 
frequency) 

3 orders received 
during the last 2 
years 

Demand 
frequency 

High frequency 
(fast); Low 
frequency 
(intermit.) 

Average Demand 
Interval (ADI = 
1.32) 

Part critically Aesthetic; 
Functional Company’s input 

Part value Low; High 5€ 

Table 2. Classification criteria and cut-off values (adapted 
from Bacchetti et al., 2010) 

No other criteria are explicitly considered at this stage for 
classification related purposes. Such a decision reflects the 
number (and nature) of criteria that management would 
feel comfortable with.  

Having selected the criteria that collectively (between the 
company’s management and the researchers) are judged to 
be the most appropriate for the purpose of classifying 
spare parts, those are then applied hierarchically in order 
to define homogeneous classes of items. The result is a 
hierarchical multi-criteria classification model; in particular 
the model presents the combination of the six relevant 
dimensions, allowing the identification of 12 spare parts 
management classes, as it is shown in Figure2: 

 
Figure 2. Multi-criteria classification model 

According to the criticality of each item and to the target 
service levels, through a simulation identifies the policy 
that get the SL target with the minimum overall costs (the 
lowest cost while achieving the target service levels). In 
evaluating costs we considered inventory holding costs 
and ordering costs. 

The simulation process consists of the following steps. 

1. Selection of the simulation sample. 

2. Analysis of historical series and generation of 
demand forecasts, according to replenishment lead 
times and forecasting required advances. 

3. On an overall time horizon of one year, comparison 
for each time bucket of forecasted demand, real 
demand and stock levels; when it is necessary, 
replenishment orders are issued and after LT the 
parts are received. 



4. For each simulated part the process outputs the 
average stock levels, the number of replenishment 
orders and first time fill rates (customers service 
level) and it allows the evaluation of the inventory 
holding costs and ordering costs. These elements 
represent the KPIs for the choice: the suitable policy 
is the one allows to achieve the target service level at 
the lowest overall cost. 

The last step consisted in comparing the performances of 
the proposed solution with the previous management 
practices, in order the quantify possible benefits coming 
from the new management approach. 

The comparison is made considering inventory level and 
service level performances, according to the simulation 
process described in the previous section. 

The simulation is carried out for a simple of items that is 
very representative of the total selected from different 
classes according to the available company data and the 
results are shown in the Table3: 

 Target SL 
Holding and 
Issuance 
costs 

Actual –           
High frequency OK -50% 

Actual –            
Low frequency OK -11% 

Dismissed OK -18% 

Table 3. Saving (i) 

Starting from these preliminary results, it was decided to 
carry out a second phase of work, in terms of 
implementation of the proposed classification model in a 
specific IT solution. 

In fact, the difficulty of implementing the framework in a 
dynamic environment, the limited range of forecasting 
and inventory techniques applied and the adoption of a 
non specific simulation tools, suggested that the 
performance can still improve. 

The use of an advanced IT tool allowed, by definition, to 
produce a dynamics classification, a specific forecasts, an 
inventory optimization (following the guide line of the 
classification model) and a generation of the optimal 
replenishment plans for each single items. 

The IT tool used is specifically designed to help company 
predict demand for spare parts and calculate optimal 
replenishment policies to reduce inventory costs without 
compromising service levels. This solution operates 
according to a sophisticated methodology and 
incorporates industry-leading analytics for the most 
accurate results. The methodology involves two main 
steps: 

1. Forecast generation: demand data comes in from 
various parts of the organization. Included in this process 
are both short and long term inputs for improved 
accuracy. For instance, data mining and clustering 
techniques can be used to determine demand for long-

term forecasting needs. This technique is far superior to 
time series forecasting. Once the demand data has been 
staged, the system automatically assesses which 
forecasting techniques are needed for best accuracy. Then 
a demand forecast is fed by batch process to the inventory 
optimization system. 

2. Automatic optimization of inventory policies: as the 
demand forecast is entered into the inventory 
optimization engine it is matched on an individual part or 
product basis to the relevant warehouse and procurement 
cost data. This information is then used to produce 
optimized polices and give the proper inventory inputs, 
such as reorder points, order-up-to points and order lot 
sizes. 

This is done for all inventory points and all the considered 
parts. Given that service parts tend to be driven by 
intermittent and/or lumpy demand, the review process for 
inventories is done on a continuous basis. 

First of all, it was necessary to define the boundaries 
concerning items, facilities, distribution network, demand 
and time horizon. 
Then was necessary to share with the company the data 
for populating the database model of the IT tool. In this 
phase it was necessary to analyse in detail the data model 
of the solution to understand what were the minimum 
necessary input required for the (basic) running of the 
tool. 

After this, were made streams of data that allowed to take 
only the necessary information in order to aggregate them, 
to build the data model and cleaning data when necessary. 
The creation of these flows has also made possible to 
automate the loading of data and, therefore, also the 
successive updating procedures. Finally these flow were 
adapted in order to implement the multi hierarchical 
classification model proposed in step 1. 

The classes in fact have been reproduced through the 
automatic construction of the IT tool classification 
program. The application of the criteria presented leads to 
the identification of twelve SKU classes. Subsequently, for 
each class and items, forecasting and stock control related 
issues are addressed following the step 1 guidelines. 

The latest phase was the customization of the solution in 
order to give to the company an user interface that reflect 
the business needs (i.e.: products hierarchy, key users, 
filters, etc.). 

Focusing on demand forecasting, the performance 
evaluation was carried out, on the same codes simulated in 
the previous phase, through the detailed comparison of 
two statistical errors: MAPE and MASE. The adoption of 
an advanced tool for demand forecasting provides a 
(significant) improvement in the accuracy of forecasts. 
This is particularly true looking at MASE and considering 
the low-frequency codes, in which the adopted models are 
tailored for intermittent demand. 

 



Class Items MASE 
reduction 

MAPE 
reduction 

High 
Frequency -28,07% -12,27% 

Low 
Frequency -34,75% -8,83% 

Figure 4. MASE and MAPE reduction 

Concerning inventory management, a direct comparison 
with the previous step of the work is not possible. In fact: 

- In the step 2 Authors have examined more in details 
the company situation, analysing more items, longer 
time series and relationship with the France 
warehouse; 

- in this phase are also considered transportation costs 
and penalties due to stock out; 

- in the step 2 are offered real plans of reorganization 
with weekly time buckets;  

- in this phase the algorithm of optimization provides 
for the optimization of multi-echelon network: 
internal transfer are then expected to balance the 
stocks of the stores. In the first phase of this work 
was not taken into account. 

Anyway it is possible to carry out some analysis and make 
some critical considerations respect to the current 
company scenario, looking for (eventual) similarities 
respect to step 1. 

First of all, step 2 confirmed the critical issues outlined in 
previous phase and showed that the simulated 
improvements are really possible: considering the as-is 
scenario the IT tool shows that for more than 30% of 
items, the company does not respect the target service 
level and also that the amount of overstock is 
approximately 60% the total stock. In table 4 are depicted 
the overstock cost reductions through the tool, in 
comparison with the current scenario. These results seem 
to be coherent with the ones proposed in step 1: 

Facility Quantity 
reduction 

Cost 
reduction 

Italy -13,19% -21,41% 

France -31,36% -43,17% 

Table 4. Saving (ii) 

The observed benefits were finally used to bring to the 
company a comprehensive picture of the situation, 
speaking in monetary terms. Adopting a prudential 
perspective and considering ad hoc ranges of variations for 
the key parameters of the model, Authors investigated 
more than 1.000 scenarios, that showed how the 
implementation of the proposed solution could lead to a 
reduction of about 40% of the total cost.  

Table 5 shows the cost advantages decomposed in each of 
the basic components: despite rising of issuance costs, 
there is a considerable decrease in holding (and stock-out) 

costs, that guarantee an overall high reduction. 

Costs Mean Max Min  

Holding -61% -76% -47% 

Issuance +70% +78% +63% 

Stock-out -9% -12% -5% 

Tot. -40% -42% -39% 

Table 5. Saving (iii) 

3. Discussion and conclusions 

The case study described in this paper, has allowed to 
investigate the peculiar aspects that characterize spare 
parts management in durables goods industry, with a 
particular focus on household appliance market. Although 
from physical and commercial points of view, spare parts 
are equal to the components used to assembly finished 
products, they require a dedicated logistic management 
that fits to their specific characteristics in terms of variety 
of the range, response time and typical trend of requests. 

Starting from this general assumption, all the specific 
elements that characterize spare parts in the considered 
industrial scenario have been identified and a new spare 
parts management classification model was build. 

The main objective of the case study was to prevent the 
restructuring of the spare parts management in the 
company, currently affected by several inefficiencies, in 
order to offer to the firm a viable business solution by 
implementing the innovative model for spare parts 
classification in an advanced IT tool.  

In particular the proposed classification model divides the 
spare parts in different classes, each of which could be 
associate to different management choices, both in terms 
of policies and parameters. For each of these classes have 
been evaluated the performance of the techniques of 
demand forecasting and inventory management: this 
analysis showed that, by implementing the proposed 
solution, the company would be able to reap great benefits 
in terms of reduction of inventory costs (about 40%), 
while ensuring the target service levels. As a matter of fact 
the company is currently evaluating the implementation of 
the proposed approach, in terms of the  required 
investments for the IT support and the required  
organisational changes to adopt it.  

Through this case study we have demonstrated that a 
rather simple, yet well-informed solution, has led to 
substantial organisational benefits. Similar results have 
been reported in other recent case study papers (e.g. 
Syntetos et al., 2009, 2010) and this outcome is not 
particularly surprising since real-world practices follow 
considerably behind the relevant theoretical propositions 
in the area of inventory management. 

Finally, there are a number of important benefits and 
lessons learned to be reported, first of all for practitioners: 



- Our analysis led to the identification of a number of 
important criteria to be used for classification 
purposes.  

- The proposed hierarchical classification scheme is 
easy enough to operate and implement in an IT tool 
and explain to a company’s management.  

- The linkage between SKU classification, forecasting 
and stock control may not be particularly obvious in 
an industrial context. The development of the 
classification scheme enabled the company to 
appreciate how this linkage actually works and led to 
the development of formalised, though very simple, 
policies, processes and procedures for spare parts 
management. 

- Although no claims can be made in our study about 
the generalization of its results, we do feel that it 
should provide very useful insights to a wide range of 
other organizations and in particular to most durable 
goods companies.  

Concerning the implications of this work for the 
Operations Management theory, there are a number of 
important points to be made.  

- From a methodological point of view, multi-criteria 
classification models are “richer” than a simple ABC 
approach. Given the importance of SKU 
classification solutions for inventory management 
further research into the trade-offs between various 
possible approaches would appear to be merited. 

- The linkage between SKU classification rules, 
forecast accuracy and stock control performance is a 
rather complex issue. In this work, a qualitative 
approach was employed for the very specification of 
the SKU classes but also for the determination of the 
most appropriate policies per category.  

- The results of our analysis indicate that in many cases 
human judgment may be irreplaceable as qualitative 
information that would be lost otherwise, when 
applying a quantitative methodology, is taken into 
account.  

- The sales cycle phase of a spare part constitutes an 
important classification criterion in industrial 
contexts characterized by a growing number of new 
items and items rapidly evolving into dismissed ones 
(following the terminology used in this case study). 
Although this aspect may allow dealing more 
effectively with the complexity related to a wide range 
of spare parts, it has in fact been overlooked in the 
literature.  
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