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Abstract: The lack of spare parts and inefficient maintenance leads to low equipment availability, thus 
damaging service level and potentially increasing production costs in the industrial sector. Spare parts 
demand is sporadic and erratic, which impairs its forecasting with available statistical tools. The use of 
Intelligent Maintenance Systems (IMS) has been studied to support the process of predicting equipment 
failures and thus contributing to the competitiveness of productive systems. In this context, this study 
proposes a method, which aims to integrate information provided by Intelligent Maintenance Systems 
into the operational planning of a spare parts supply chain. The obtained results indicate that the 
developed method is able to support spare parts supply chain cost reduction, while ensuring pre-
determined service levels. 
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1. INTRODUCTION 

The complex production and distribution of spare parts has 
been performed by supply chains. Generally speaking, supply 
chains are complex logistics systems, in which raw materials 
are converted into products and are then distributed to end 
users through several steps (Ghiani et al. 2004). In order to 
carry out all chain activities, the system shall consist of four 
main parts: manufacturing plants, distribution centers (DC), 
intermediate stocks and transport providers. In the specific 
case of spare parts supply chains, they are mainly formed by 
central and intermediate stocks at different levels (multi-
echelons), with the aim of directly meeting demands and 
offering high service levels for customers. 

In the literature, it is possible to identify three specific 
features of spare parts supply chains. The first one is the 
demand pattern, which is intermittent and/or erratic. The 
erratic characteristic increases the complexity for forecasting 
processes through classical statistical methods as well as for 
controlling inventory (Boylan & Syntetos 2009). The second 
feature concerns the high service levels required in this 
sector. Maintenance components need to be available as soon 
as, or even before a failure occurs, otherwise customer´s 
production systems may be interrupted, causing many losses 
to their business. Therefore, it becomes necessary, in many 
cases, to have a hierarchically organized multi-echelon 
distribution network in different locations in order to directly 

meet customer´s demands (Huiskonen 2001). The third 
important characteristic stems from the previous two – since 
the demand pattern presents an intermittent and/or erratic 
behaviour and the distribution requires a large number of 
inventories distributed in many chain echelons, the 
distribution costs are high. Even in periods of low demand, 
inventories are still required for peak periods, increasing 
distribution costs. 

Furthermore, a large number of decisions need to be 
coordinated daily in this branch, due to the complexity of the 
production and distribution systems. Considering this 
complex scheme, decision-making needs to be supported by a 
well-structured set of planning processes, which should be 
able to analyse alternatives for future activities and select the 
best solutions (Stadler & Kilger 2008). The planning can be 
carried out at the strategic, tactical and operational levels, 
however operational planning (days to months) is the most 
detailed of all the levels, and includes immediate 
implementation instructions and control. 

On these terms, to deal with an intermittent/erratic demand 
pattern and high distribution costs in such a complex system, 
the development of methods and technologies able to 
efficiently address breakdowns becomes mandatory. Such 
tools can help to avoid interruptions in production and also of 
logistics system, taking into account pre-defined deadlines. In 
this sense, the present work aims to develop and present an 
operational planning method, which has two potential 
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1. INTRODUCTION 

The complex production and distribution of spare parts has 
been performed by supply chains. Generally speaking, supply 
chains are complex logistics systems, in which raw materials 
are converted into products and are then distributed to end 
users through several steps (Ghiani et al. 2004). In order to 
carry out all chain activities, the system shall consist of four 
main parts: manufacturing plants, distribution centers (DC), 
intermediate stocks and transport providers. In the specific 
case of spare parts supply chains, they are mainly formed by 
central and intermediate stocks at different levels (multi-
echelons), with the aim of directly meeting demands and 
offering high service levels for customers. 

In the literature, it is possible to identify three specific 
features of spare parts supply chains. The first one is the 
demand pattern, which is intermittent and/or erratic. The 
erratic characteristic increases the complexity for forecasting 
processes through classical statistical methods as well as for 
controlling inventory (Boylan & Syntetos 2009). The second 
feature concerns the high service levels required in this 
sector. Maintenance components need to be available as soon 
as, or even before a failure occurs, otherwise customer´s 
production systems may be interrupted, causing many losses 
to their business. Therefore, it becomes necessary, in many 
cases, to have a hierarchically organized multi-echelon 
distribution network in different locations in order to directly 

meet customer´s demands (Huiskonen 2001). The third 
important characteristic stems from the previous two – since 
the demand pattern presents an intermittent and/or erratic 
behaviour and the distribution requires a large number of 
inventories distributed in many chain echelons, the 
distribution costs are high. Even in periods of low demand, 
inventories are still required for peak periods, increasing 
distribution costs. 

Furthermore, a large number of decisions need to be 
coordinated daily in this branch, due to the complexity of the 
production and distribution systems. Considering this 
complex scheme, decision-making needs to be supported by a 
well-structured set of planning processes, which should be 
able to analyse alternatives for future activities and select the 
best solutions (Stadler & Kilger 2008). The planning can be 
carried out at the strategic, tactical and operational levels, 
however operational planning (days to months) is the most 
detailed of all the levels, and includes immediate 
implementation instructions and control. 

On these terms, to deal with an intermittent/erratic demand 
pattern and high distribution costs in such a complex system, 
the development of methods and technologies able to 
efficiently address breakdowns becomes mandatory. Such 
tools can help to avoid interruptions in production and also of 
logistics system, taking into account pre-defined deadlines. In 
this sense, the present work aims to develop and present an 
operational planning method, which has two potential 
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instrumental uses: i) avoid the lack of spare parts and 
positively influence efficiency and; ii) enable more effective 
production and distribution processes, by supporting 
stakeholders in the daily task of decision-making. 

This article is structured as follows. First, a literature review, 
concerning spare parts’ supply chain planning is presented. In 
the second section, a procedure to integrate technical 
condition information into the operational planning of spare 
parts supply chains is proposed. Third, a test case will be 
detailed and employed to verify the viability of proposed 
procedure. Forth, the test case results will be analyzed. 

2. LITERATURE REVIEW 

The pattern of spare parts’ demand as well as their required 
high service levels make the daily processes of production 
and logistics management quite challenging. Given this 
complexity, this research field encompasses different areas, 
which, in turn, employ various resources, methods and 
techniques to cope with different kind of problems. In this 
sense, the reviewed studies approach three main areas - 
maintenance policy, inventory management and stock control 
and integrated planning. 

In the literature, it is possible to detect three kinds of 
maintenance policies: corrective, preventive and predictive 
(Endrenyi et al. 2001). Each of them is more suitable for 
certain circumstances when compared to the others. 
Suitability mainly depends on factors such as service level 
and financial constraint.  

The corrective maintenance policy consists of repairing 
devices after machine failures have already occurred. It is 
recommended in situations in which the repair time is not a 
priority, and also for equipment that are not essential to the 
productive process (Fedele 2011). 

The preventive maintenance is mostly based on machine 
breakdown predictions through classical statistical methods 
such as moving averages, regression, and exponential 
smoothing. Forecasts can enable decision-makers to know in 
advance the approximate number of future machinery 
breakdowns, allowing for the intended components to already 
be available at the time the orders should be sent to the 
suppliers. The use of preventive maintenance is normally 
recommended for equipment with uniform degradation. The 
work of Willemain et al. has become a reference in predictive 
maintenance. The authors developed an algorithm based on 
Markov and bootstrap with the aim of predicting the 
intermittent demand distribution with a lead time previously 
set (Willemain et al. 2004). Data of nine different companies 
were tested and, according to the studies’ results, the 
algorithm achieved better results than other techniques like 
exponential smoothing and Croston. Gardner and Koehler 
criticized the study of Willemain et al. In accordance with the 
authors, there were methodological mistakes in the 
application of exponential smoothing and Croston (Gardner 
& Koehler 2005). Despite the problems with this model, 
Porras and Dekker based their work on the methodological 
contribution of Willemain et al. and consequently applied 
some improvements regarding the data set (Porras & Dekker 

2008). In the same sphere, Boylan and Syntetos conducted a 
review of popularly used forecasting methods for spare parts, 
pointing out developments and gaps to be filled in this area 
(Boylan & Syntetos 2009). 

Another way to approach maintenance policy has emerged in 
the literature in the last decade. Authors such as Jardine et al., 
Elwany and Gebraeel, Liao and Rausch suggested a new 
analysis method for spare parts demand forecast - Based 
Maintenance Conditions (CBM), also known as predictive 
maintenance. Predictive maintenance has been developed to 
provide more accurate information regarding component 
replacement (Hellingrath & Cordes 2013). The CBM consists 
of constantly monitoring variables (e.g. mechanical vibration, 
noise, temperature, etc.), which indicate the performance of 
certain equipment or system. The information obtained 
through sensors, software and techniques, indicates future 
machine breakdowns in regards to where, when and which 
component will fail.  

For the implementation of a prediction system, it is necessary 
to study the critical factors of the system (or machine), in 
which the method shall be implemented. Capable tools are 
also required in order to analyse the input data, transform 
them into analytical indicators and estimate the system´s 
future behaviour. In order to develop a generic tool that 
covers the elements mentioned above, Djurdjanovic et al. 
(2003) and Lee et al. (20016) suggest the application of 
intelligent maintenance system (IMS) to diagnose and predict 
specific failures of a particular system. According to the 
authors, IMS brings a number of machine failures close to 
zero in production systems and solves the spare parts demand 
pattern problem. Nevertheless, IMS application might be 
constrained by the fact of it being expensive to set up and 
maintain.  

Spare parts supply chains consist generally of a large number 
of stock facilities at different levels, in the interest of 
ensuring high service levels to customers. To cope with this 
challenge, one of the most studied problems is how to 
manage and control the multi-echelon and multi-product 

inventory system, considering the demand from different 
regions. 

In order to deal with a multi-echelon distributive system, 
Sherbrook (1986) developed the METRIC model (Multi-
Echelon Technique for Recovered Item Control). This 
mathematical model calculates the optimal stock amount of 
each product in different operational bases. Many extensions 
of the METRIC have already been suggested in the literature, 
with one of them being the VARI-METRIC (Improved 
Approximations for Multiple-Indenture, Multi-Echelon 
Availability Models). The VARI-METRIC goes beyond the 
calculation of optimal stock levels; it also addresses the issue 
of multi-indenture (Sherbrooke 1986).  

Recent studies show that the integration of a supply chain`s 
key processes (e.g. production, distribution, maintenance, 
etc.) through optimized and common planning can increase 
the reliability and quality levels in product/information flows, 
as well as improve the overall chain performance. This area is 
called integrated supply chain planning, which is a practice 
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