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Abstract: The increasing importance of after sale services and service parts provision generated increased 
attention by OEMs that need supporting their products. This paper considers and models a real-life problem, 
and proposes a simulation-based solution understandable and practically implementable by company 
managers. The case study concerns a company that manufactures printing systems and supplies repair 
services by 179 vans of field engineers. We aim to assess the opportunity to reduce logistics costs without 
affecting the service level. Therefore, different strategies are tested and combined: i.) modifying the set of 
parts to be allocated to the vans; ii.) increasing order-up-to levels of “fast movers” to reduce the number of 
shipments; iii.) reducing the delivery frequency and constraining the number of emergency orders. 
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1. Introduction 

The increasing importance of after sale services and 
service parts provision generated increased attention by 
OEMs that need supporting the products they 
manufacture. An efficient and effective service parts 
management is, indeed, a lever for improving customer 
satisfaction and profits. Inventory management plays a 
central role in achieving these goals. An Accenture study 
published in 2003 proves that after sales services and 
spare parts distribution represent about 7% of GNP of 
European countries and generate a business with high 
profitability levels, in particular for the automotive sector; 
in this sector after sale services affect about 25% of total 
revenue and 40-50% of all profits (Accenture, 2003). 
Gallagher et al. (2005) suggest that the trade of service 
parts for products like household appliances, automobiles 
and copy machines has grown into a business worth more 
than $200 billion worldwide. The increased market 
requirements and the recent economic recession 
contributed in raising service importance for durable 
goods supply chain actors in order to get the customer 
loyalty: services become one of the main elements of 
competition in these sectors. However, previous research 
suggested that the real-life application of optimization 
models and techniques developed by scientific literature is 
limited. 

Therefore, this paper considers and models a real-life 
problem, and proposes a simulation-based solution 
understandable and practically implementable by company 
managers. The case study concerns a company that 
manufactures printing systems and supplies repair services 
by 179 vans of field engineers located all over the country. 
The aim of the paper is to propose a service parts 
management method, inspired by a case-based research, 

that integrates different activities (SKUs classification, 
SKUs allocation to the warehouses, inventory 
management policy selection for the different classes of 
spare parts, performance assessment), thus adopting a 
process- and business-oriented perspective. We aim to 
assess by the means of a simulation model the opportunity 
to reduce logistics costs without affecting the service level. 
Therefore, different strategies are tested and combined: i.) 
modifying the set of parts to be allocated to the vans; ii.) 
increasing order-up-to levels of “fast movers” to reduce 
the number of shipments; iii.) reducing the delivery 
frequency and constraining the number of emergency 
orders. 

The paper is structured as follows. Section 2 presents the 
research background, Section 3 introduces the case study 
organization, Section 4 explains aims and methodology 
and finally Sections 5 and 6 deal with results and 
conclusions. 

2. Research background 

2.1 Spare parts inventory management: the gap between 
research and practice 

Among the peculiarities of spare and service parts 
management are the variety of stock-keepingunits (SKUs), 
the responsiveness required by customers and the low 
volume demand for many parts (Bacchetti and Saccani, 
2012), demand that is also variable, sporadic and nervous. 

Research on spare parts demand and inventory 
management has developed rapidly in the recent years 
with new results implemented into software solutions 
because of the importance in practice. However, practical 
applications lag behind the relevant theoretical 
propositions in this area; after-sales service and service 
parts management in the context of durable consumer 



products is an area that has been traditionally overlooked 
(Cohen et al., 1997; Cavalieri et al., 2008). Boylan and 
Syntetos (2008) emphasize the management techniques 
adopted are often not differentiated from the ones used 
for finished products or components used in production. 

Such a gap exemplifies the need for case study research. 
However, the majority of contributions 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., 2012). 

In particular, an important operational issue involved in 
the management of spare/service parts is that of 
categorising the relevant Stock Keeping Units (SKUs) in 
order to facilitate decision-making. This issue has been 
overlooked in the academic literature although it 
constitutes a significant opportunity for increasing spare 
parts availability and/or reducing inventory costs. Dekker 
and Bayindir (2004) noticed that despite the huge 
literature, developed since the 1970s dealing with this 
problem, very few studies are actually considering solution 
implementation and with few exceptions (Ashayeri et al., 
1996; Botter and Fortuin, 2000; Boylan et al., 2008; Porras 
and Dekker, 2008) case studies are lacking.  

Another area in which it is reasonable suppose the 
existence of a relevant gap between theory and practice is 
demand forecasting. Literature review, moving from 
Croston (1972), suggests many specific approach for 
lumpy demand forecasting. Some case studies carried out 
by the authors (Bacchetti and Saccani, 2012; Bacchetti et 
al., 2012) underlined the frequent absence of a formalized 
forecasting model in large multinational companies. 

Consequently inventory performances are strongly 
affected by ill-structured parts classification and demand 
forecasting activities. Also a differentiated approach to 
spare parts inventory management consistent with spare 
part classification is not so frequently implemented in real-
world settings. 

2.2. Optimization of spare parts inventory with multiple 
location and on-site service 

In service parts distribution context it is interest to analyse 
literature contributions dealing with multiple location 
problem. Hollier et al. (2002) present a mathematical 
model that is developed for the synthesis of optimal 
replenishment policies (s, S) for items exhibiting lumpy 
demand patterns. Cohen et al. (1992) moving from a 
single-location problem built a multi-echelon inventory 
systems based on level-by-level decomposition, by 
assuming each part stocked at each location according to 
an (s, S) stocking policy with two classes of demand at 
each location: customer (or emergency) demand and 
normal replenishment demand from lower levels in the 
multi-echelon system. Their basic problem is to determine 
the appropriate policy (s, S) for each part. 

3. The case study organization 

The case study presented in this paper refers to a large 
multinational company, whose headquarters are in Japan. 

The company sells and delivers digital printers, for 
personal, office and professional use, and service parts all 
over the world, but it does not have a specific business 
unit for service parts distribution. 

The service parts distribution network of the company for 
the Italian area is arranged on three levels. The main 
European service parts warehouse is located in the 
Netherlands In order to satisfy quickly Italian customers’ 
requests, a satellite warehouse is located in northern Italy 
where only fast moving parts are stored. These 
warehouses supply service parts to the last level of the 
distribution network that consists in many small travelling 
warehouses represented by the vans of the service engineers 
that do the repair activities at customers’ sites; we will 
refer to the stocks of items in the vans with the term car 
stocks. Figure 1 represents the service parts distribution 
network of the company to supply Italian market. 
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Figure 1. The spare parts logistic network of the case 
company 

The Italian branch of the company supplies after sales 
services, such as repair services, through: i) a network of 
179 field engineers located all over the country, which are 
direct company employees; ii) a network of local sub-
branches, which are third party that perform both sales 
and service activities of the company equipment. 

The case study focuses on the lower part of the service 
parts supply chain, in particular on the replenishment of 
the car stocks of field engineers; we will propose as a 
further research activity an integrated approach that 
considers also the management policies at the European 
and Italian warehouse levels. 

The field engineers are company employees, so the stock 
of items in their vans are property of the company ; the 
replenishment of car stocks is carried out by logistic 
service provider that stocks up with parts the van, 
according to the requests made by the service engineer or 
automatically generated by the company system. 

The company assigned to each service engineer (and van) 
a geographical area and a range of finished products to 
serve. When a customer call occurs, the central call centre 
alert the technician to visit the customer. On average each 
service engineer uses about 500 parts per year. 

When field engineers need a part that is not present on 
their car stocks, they generate an order to the European 
headquarter. Both normal and priority orders are allowed; 
priority orders comport higher ordering costs because 
they are processed quickly and imply replenishment times 
1 day lower than the normal ones. In particular priority 
orders are generated when a component not present in the 



car stock is needed, so when there is a stockout (it 
corresponds to emergency replenishment); normal 
replenishment orders are generated for the article 
expected to be in car stock, when the order point occurs. 

All the parts could be delivered from the European or the 
Italian warehouses according to their availability; 
therefore, the replenishment lead time depends on the 
location of the item requested and the type of order 
(normal or priority), and range from 1 to 3 days.  

Table 1 resumes the LTs value in the 4 cases. 

LT [# workdays] 
Order precedence 

Normal Priority 

Replenishment 
WH 

Italian satellite 2 1 

Dutch central 3 2 

Table 1. LTs values 

The company evaluated that about 80% of orders from 
service engineers are supplied from the Italian warehouse. 

4. Aims and methodology 

4.1 Aims 

The aim of the paper is to propose a service parts 
management framework, inspired by a case-based 
research, that integrates different activities, thus adopting 
a process and business-oriented perspective. The 
company problem is to identify a model that could 
support: i) the selection of the parts to put on stock on 
the field engineers’ van respecting the space limitation; ii) 
the identification of the suitable replenishment policies 
and levers (model, re-ordering frequency, stock or safety 
stock quantity, delivery frequency to the car stock…) in 
order to minimize the overall distribution and shortage 
costs and to achieve a satisfactory service level. 

The present inventory management policy adopted by the 
company is of the (s, S) form, in which s is usual 0 and S 
is usual 1. The selection of SKUs to put on stock is based 
on the experience of field engineers and their supervisors, 
based also on spares consumption data for each field 
engineer in the previous six months. 

We aim to assess by means of a simulation study the 
opportunity to reduce logistics costs without affecting the 
service level,. Different strategies are tested and 
combined, concerning :  

- the criteria for selecting the set of parts to be 
allocated to the vans;  

- the parameters of the inventory policy, set to the 
(s,S) form, where the effect of increasing order-
up-to levels of “fast movers” to reduce the 
number of shipments is tested; 

- the delivery frequency of technicians and the 
presence of emergency orders, to assess their 
effects on both the service level and logistic 
costs. 

4.2 Working framework 

Figure 2 represents the adopted working framework. First 
of all, we will illustrate the classification criteria in order to 

select the SKUs to keep on the car stock, according the 
space constrains.  Then we will describe the alternative 
inventory policy definition, the simulation model and 
performance measures adopted will be presented. Before 
that, some descriptive data about the case studied will be 
provided. Finally we will identify improvement actions for 
all the areas. 
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Figure 2. Working frameword 

4.3 Descriptive analysis on the data 

In this paragraph we will present the result of a 
preliminary analysis on as-is data about field engineers 
replenishment costs. These results, assessed on the  
directed our proposal. 

Analysing the data referred to the second half of 2011, we 
quantified the number of delivery per technicians per 
month, that is about 11 (on 20 workdays). Before the 
development of the project many technicians could 
receive deliveries every days; others could receive 
deliveries only in determined days (2 or 3 per week). 

On average during 2011 emergency orders constituted the 
33% of the total. In particular we calculated the variation 
range of number of requirements (all SKUs), ordered 
quantity (all SKUs) and number of SKUs per technicians, 
as resumed in Table 2. 

 # 
requirements 

Ordered 
quantity [units] 

# 
SKUs 

Average value 617 778 209 

Minimum value 22,0 22 21 

Maximum value 2.053 2.801 574 

Standard dev. 341 451 88 

Table 2. Preliminary analysis on data on 179 technicians 

4.4 SKU classification and allocation to the vans 

According to the previously descripted working 
framework, the first step is the classification of spare 
parts, that should lead to the identification of the set of 
parts to stock on the vans. Several criteria could be 
adopted, such as the ones reviewed in Bacchetti and 
Saccani (2012). The data available on the SKUS however 
were limited, i.e.: usage rate, part value, finished product 
model (corresponding to the component). 

Because of the range of products used by each field 
engineers is (partially) different from the others, the 
classification and SKU selection we propose are 
“personal” for each field engineer and independent from 
the overall usage rate of a part 



The main idea is to put on car stock all the parts that can 
help in satisfy demand but at the same time do not load 
too much on the overall car stock value constraint. 

We classify the parts according to the combination of two 
criteria: i.) the number of orders performed by each 
technician; ii) the part value. Since the first criteria is 
specific of each field engineer, as said above a different 
classification applies to each of the engineers. The 
thresholds are defined as follows: a) high volume SKUs 
are the ones with more than two orders in the previous 
year; medium-demand are the ones with one or two 
requests; low demand are the one with zero requests; b) 
high value SKU have a unit cost exceeding 350 €, medium 
value is between 100 and 350 €, and low value is below 
100 €. This way 9 service parts classes are defined (see 
Figure 3 below). 

The proposed SKUs selection model for each field 
engineer is a sort of knapsack problem, aimed to allocate 
the relevant SKUs to the each engineer’s van. In particular 
the selection is carried out as follow. 

1) At the beginning of the year i the number of requests 
per SKU per each technician is assessed, referred to the 
previous year and associated to the part value. 

2) For each field engineer a classification like the one of 
Figure 3 is generated. 

 
Value 

<100 € 100-350 € >350€ 

Volume (# 
requirements 
during 

previous year) 

>2 A B C 

1-2 D E F 

0 G H I 

Figure 3. Classification model 

3)For each class parts are ranked from the less valued one 
to the most valued one. 

4) SKUs are included in the car stock in the following 
order : class A (from the less valued to the most valued 
one), class B, D, E, G (the same) up to the car stock 
constraint. Since all the SKUs are relatively small, and 
specific data about sizes and physical volumes were not 
available, we transformed the space constraint into a car 
stock value constraint (as suggested by company 
managers, we supposed that high value items are also 
bulky ones). Until the overall value of SKUs placed on 
stock is lower than the threshold value (different for each 
field engineer) parts are allocated to the car stock. 

5) The selection of the parts is affected by the selection of 
the adopted replenishment policy, since if more than one 
unit of a SKU is kept on stock, this will influence the car 
stock size and value. In the following paragraph, we will 
present the policy options, which eventually determine the 
SKUs allocation. 

4.5 Inventory policies 

The proposed inventory policy is a (s, S). In particular we 
tested 5 setting parameters options, that are: (0, 1), (0, 2), 

(0, 3), (1, 2), (1, 3). The s and S values affect the selection 
of the items to put on stock because the differences in 
stocked quantity bring about different overall car stock 
value. We propose to adopt a differentiated approach; the 
differentiation do not consists only in parts selection, but 
also in policy assignment. For the parts fall within classes 
D, E, G indeed, the only policy tested is (0, 1): in these 
cases the low volume of requirements during previous 
year suggest that is not suitable top up the car stock with 
large quantity of these parts (in spite of their unit value). 
So when we talk about (0, 3) policy, for example, we refer 
to a policy in which s and S are: 

- s=0 and S=3 for A and B class items; 

- s=0 and S=1 for D, E and G class items; 

(0,1) policy is the only one proposed for low volume 
items. 

The (s, S) policy is widely treated by literature concerning 
spare parts and slow movers. The (s, S) form of the 
periodic review inventory control system has been claimed 
theoretically to be the best for the management of items 
of low and intermittent demand (Sani et al., 1997). Their 
research compares various periodic inventory policies as 
well as some forecasting methods and attempts to 
determine which are best for low and intermittent demand 
items. It evaluates the alternative methods on some long 
series of daily demands for low demand items for a typical 
spare parts depot. Many authors in literature adopted this 
policy, such as Teunter and Sani (2009), Babai et al. 
(2010), Cohen et al. (1992), Sani et al. (1997).  

4.6 Replenishment policies (delivery frequency) 

The levers that we suppose could strongly affect the 
overall logistic costs from the replenishment side are: 

i) delivery frequency. The company (Italian branch of the 
company) could set the delivery frequency to each field 
engineer. The replenishment activities are done during the 
night by a third part logistic provider with a fixed fee for 
each delivery (the fee does not depend on the delivered 
quantity but it only depends on the necessity to deliver). It 
is reasonable to suppose that reduction of delivery 
frequency could reduce overall costs without strongly 
reduce service levels. 

ii) relationship between delivery frequency and order 
priority. Because of both normal and priority orders are 
allowed, such as suggested by the company, we could 
accept delivery every day in case of emergency orders. In 
our model we simulated separately the alternatives: i) all-
day deliveries; ii) deliveries operable 2 days per week; iii) 
deliveries operable 2 days per week for normal order and 
all-day deliveries for priority orders.    

iii) external constrains. In the case study introduction we 
presented the car stock as a van with limited space 
allocated. In the simulation model, according to the 
company, we considered the space as an economic space, 
so we restricted the amount of the parts on the van to a 
threshold value. In spite of that in the model perspective 
this could be put into a constrain on number and kind of 



parts to put into the vans. We could analyse overall costs 
variation according to constrain value variation. 

4.7 Simulation 

After carried out the classification and allocation parts on 
car stock (according to parts value and demand pattern 
during 2010), the simulation is put in practice referring to 
year 2011. For each item it considers the daily demand 
quantity that is compared to the car stock inventory;  if 
the stored quantity is not enough to satisfy the demand a 
stockout is generated (the technician should come back 
later to the customer with the required part). According to 
the set policies parameters, when a reorder point occurs a 
normal order is generated: if the order refers to one of the 
SKUs that causes the first 80% of overall requirements 
the delivery WH is the Italian satellite (we allow shortage 
probability),  otherwise European one. Similarly the 
simulation model calculate priority orders. The delivery 
related to the order increases stocked quantity after LT. 

Finally the model quantifies the number of delivery days 
(not specific for item) according to the simulated policy. 

4.8 Performance assessment 

In order to evaluate the performance of the different 
policies and scenarios we compute some costs and 
benefits related to the policies tested. As a measure of the 
effectiveness we consider the customer service level 
(CSL): it is computed as the ratio between the number of 
units immediately provided from stock and the overall 
number of units used by field engineers towards their 
customers.  The costs evaluated are instead the following: 

1) Inventory holding cost (average inventory costs per 
period*average positive inventory on hand cost per 
unit*inventory holding charge) 

2) Ordering and preparation cost for normal orders (total 
# of normal orders*cost per normal order) 

3) Ordering and preparation cost for Priority orders (total 
# of priority orders*cost per priority order) 

4) Delivery cost (total # of deliveries*cost per delivery) 

5) Shortage costs: if the part required by the customer is 
not on the van of the field engineer, a return to the 
customer is required. Therefore the average travel and 
labour cost for an on-site visit are considered (total # of 
stockouts*cost per come back). 

All costs and CSLs are computed for each single car stock  
of field engineer. We adopt the point of view of Italian 
branch, therefore we do not consider the 
inventory/logistics costs connected to the upper 
distribution levels, i.e. the Italian and the European 
warehouses (they are both managed at central level by the 
European headquarters). 

5. Results 

5.1 Sample 

Out of the 179 car stocks (technicians + vans) managed 
by the company, 13 were pointed out as being more 

representative in terms of overall volumes and variety of 
installed base serviced. The empirical study was carried 
out on these 13 field engineers. The preliminary results 
presented in the following concern one of the 13 
engineers. 

5.2 Classification and SKU allocation 

Table 3 and Table 4 resume the placing of the simulated 
SKUs among the classes for the simulated technician; the 
large part of components have value lower than 100 €: 
this element make the selection very complex because 
many components are candidate to be put on car stock. 

Cl. A, 147 SKUs Cl. B, 18 SKUs Cl. C, 2 SKUs 

Cl. D, 153 SKUs Cl. E, 29 SKUs Cl. F, 9 SKUs 

Cl. G, 146 SKUs Cl. H, 20 SKUs Cl. I, 9 SKUs 

Table 3. The SKUs classes: an overview 

Policy (0, 1) (0, 2) (0, 3) (1, 2) (1, 3) 

# SKUs 
placed in 
car stock 

163 
(A+B) 

145 
(A) 

131 
(A) 

145 
(A) 

131 
(A) 

Table 4. The car stock allocation 

Table 4 shows the # and Cl. of the item selected to be 
place on car stock with the value constrain of 5.000 € 
(company suggested) for this technician; it is interest to 
underline that with this constrain value and the previously 
described threshold value about classes generation, the 
model places on car stock only high volume items. That 
can’t allow appreciated possible benefits from 
differentiated approach adoption (as described in 
paragraph 4.5). 

5.3 Simulation results and performance assessment 

The simulated alternatives could be resumed in 15 
scenarios as reported in Table 5. 

Sc 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

s 0 0 0 1 1 0 0 0 1 1 0 0 0 1 1 

S 1 2 3 2 3 1 2 3 2 3 1 2 3 2 3 
Deli
very 

Every days Only on Tuesday and 
Thursday 

Only on Tuesday and 
Thursday for normal order, 
every days for priority ones 

Table 5. The simulated scenarios: parameters description 

Figure 4 and Figure 5 summarize overall simulated costs.  

 

Figure 4. Overall costs [€] associated to the 15 scenarios 



6. Discussion and conclusions 

 

Figure 5. Comparison between costs [€] on vertical axis 
and CLSs [%] on horizontal axis 

Looking at the results of preliminary simulation we can 
make some deductions. 

Overall CSLs seem to be not very good: it is not necessary 
true because the reported value is the average one, 
calculated as an average between CSLs of items not put 
on car stock (CLS=0) and value for items on car stock 
(CLS=50÷80%). Shortage cost strongly affects overall 
costs (on average 83%); for this reason the model awards 
the scenario with the highest CSL. According to high 
shortage cost impact, the suitable policy from the delivery 
frequency point of view is the all-days delivery one, 
because of the highest related CLSs. Focusing on the s 
and S setting parameters, the results suggest to increase 
the stocked quantity for few high frequency SKUs: for 
these service parts, indeed, the model suggests to keep 
always one unit on the car stock. 

Low inventory holding cost impact suggests the 
opportunity to set new values for car stock value 
constrain: increasing the car stock value constrain for the 
simulated technician (actually set to 5.000 €) could 
emphasize the benefits coming from the adoption of 
differentiated approach for low demand item (classes D, 
E, G): for these classes even in presence of policy named 
(0,3), for example, the assigned parameters are set to s=0, 
S=1. 

The proposed case study presents advantages and 
limitations. Advantages deal with the possibility to suggest 
to management an easy-to-implement classification model 
that suggests the service parts to put on car stock.  
Limitation are connected to the low number of demand 
pattern simulated (one technician only) and to the absence 
of robustness analysis of results, that where calculated for 
one engineer only. For further development about this 
case we are planning to: i)simulate all technician demand 
series; ii) evaluate overall costs variation according to car 
stock value variation (as described in previous 
paragraphs); iii) adopt an overall supply chain perspective, 
that encompasses also the second SC level (costs incurred 
by European branch company). 
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