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Abstract: This paper provides an overview and a discussion of the main results of the first annual research of 
the Observatory on Technologies and Services for Maintenance of the School of Management of Politecnico 
di Milano. These results have been achieved through the creation of a collaborative network of Italian 
universities, sharing the objectives of the research. The research aimed at studying maintenance management 
in terms of strategy, business model and processes: these three layers helped organizing the analysis of the 
empirical evidences gathered from field, so envisioning commonalities and differences currently observed in a 
wide sample of Italian companies. As outcome, it is now possible to present the first insights on the state of 
the art of maintenance management of industrial plants in the manufacturing and process sector. 
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1. Introduction 

This paper presents the results of the on-going activities 
of the Observatory on Technologies and Services for 
Maintenance (TeSeM, 2011), a permanent unit born on 
December 2010 as part of the Observatories of the School 
of Management of Politecnico di Milano and further 
developed as a collaborative platform where a network of 
other four Italian universities operates to monitor the 
state of the art on maintenance choices in the field of 
industrial plants and infrastructures within small, medium 
and large companies located in different regions of Italy. 

The TeSeM Observatory is intended as an observation 
post for innovations in maintenance technologies and 
services, focusing on the analysis of the benefits for 
business and on the organisational changes brought by 
maintenance innovations such as diagnostic technologies, 
supporting information systems and ICTs, maintenance 
engineering techniques, global service and other novel, 
ICT based approaches for maintenance service provision. 
In order to achieve this mission, TeSeM operates as an 
independent reference between demand and offer of 
maintenance technologies and services, constituting an 
initiative beyond the parties to establish a permanent 
community of confrontation between demand-side and 

offer-side firms. In this concern, TeSeM works closely 
with experts as plant operators and asset owners – from 
the demand-side firms – and with suppliers of 
technologies and services – from the supply-side firms –. 
In particular, it carries out a multi-annual research 
although with an annual basis, i.e. each year would have 
specific research questions to be addressed in order to 
comprise a wider scope of research objectives along 
several years. Concretely, the first annual research aimed 
at studying the state of the art of organizational, 
technological and managerial practices required in order to 
evolve towards a better balance of maintenance policies, 
between corrective, time based and condition based 
preventive maintenance. A specific interest of the first 
annual research was to study the technological and 
organizational choices required for the implementation of 
Condition Based Maintenance (CBM) programs. 
Politecnico di Bari, Università degli Studi di Bergamo, 
Università degli Studi di Bologna and Università degli 
Studi di Firenze collaborated to the first annual research 
as early members of the TeSeM platform. 

The distinctive feature of the TeSeM research is firstly 
presented, comparing with similar field researches known 
from literature (section 2). A short insight on the research 
methodology and framework is provided in section 3, 
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focusing only on the main issues required for this paper. 
The empirical evidences are then presented and discussed 
(section 4). The concluding remarks eventually envision 
the major issues planned for the next terms in the TeSeM 
research agenda (section 5). 

2. Distinctive feature of the research 

The first need stimulating the investigation was to provide 
a snapshot of the current state of maintenance practices in 
Italian companies, considering this outcome as a starting 
point for the multi annual research. To have a benchmark 
and gain further ideas on such type of research, it was also 
essential to look at literature, so finding out a number of 
empirical researches developed in the last years. A short 
list is herein provided, considering the researches taken as 
source of inspiration: Jonsson (1997) made a research 
focusing on the maintenance strategy and involving 284 
companies in Sweden; the Plant Maintenance Resource 
Center carried out multi-annual researches (2000, 2004) 
concerning CMMS implementation in companies from 
USA, Canada, UK, Australia; Cattaneo (2000) presents a 
research of the Italian maintenance association on the 
state of maintenance practices in 174 SMEs; Higgs et al. 
(2004) deals with an analysis focused on CBM, carried out 
on a sample around 160 companies among 15 different 
countries, including Americas and Europe; O’Hanlon 
(2005) and Goti (2008) focus their research on the use of 
the CMMS, Alsyouf (2009) analyses 118 companies in 
Sweden considering a large scope of analysis on 
maintenance management; Chinese and Ghirardo (2010) 
collected information about maintenance management in 
100 companies located in Italian North-East regions. 

The distinctive feature of TeSeM research, compared to 
other researches, is its multi-annual character. Apart from 
the research of Plant Maintenance Resource Center, other 
works were mainly ad-hoc researches, carried out once 
based on a specific interest; also the Plant Maintenance 
Resource Center has experienced no show since 2004. 
Instead, TeSeM aims at keeping continuity of the research, 
with the purpose to: (i) make a comprehensive research, 
encompassing several issues of maintenance management 
through a progressive focus on different technological and 
organisational levers; (ii) become a living context in which 
to formulate strategic development lines for maintenance, 
as dictated for the Best in Class companies in the target 
sectors; (iii) establish a permanent community of 
confrontation between demand and offer of technologies 
and services for maintenance. 

3. Methodology and framework 

3.1. The survey based research 

The results shown in this paper come out from a survey 
based research. The survey questionnaire is made of 7 
sections to collect information on: (i) the company in 
general terms; (ii) the use of the maintenance information 
system; (iii) the maintenance strategies and policies; (iv) 
the CBM operation; (v) the maintenance organization, 
resources and engineering; (vi) the outsourcing; (vii) the 
performances of the maintenance department. 

3.2. The framework for data analysis and interpretation 

Three layers for the survey data analysis and interpretation 
are considered as research framework. At the top layer, 
named as the “maintenance strategy”, the analysis aims at 
providing (i) an empirical evidence on the distribution of 
resources (times, costs, people, ...) between the different 
maintenance policies and (ii) a first understanding of the 
value of maintenance policies as a competitive factor for 
the business. At the mid layer, named as the “maintenance 
business model”1, the analysis aims at discussing the most 
used or most promising technical and organizational 
solutions resulting from a combination of choices for the 
maintenance management system (e.g., the investment in a 
CMMS/ERP for the maintenance information system, the 
presence of a maintenance engineering department, the 
development of different types of outsourcing, …). A 
further focus is eventually provided at the bottom layer of 
the framework, named as “maintenance processes”: this 
aims at identifying the good or best practices adopted in 
the processes of the interviewed companies, subsequent 
to the choices done for the maintenance business model. 

4. Survey results 

4.1. Characteristics of the sample 

The sample of the survey consists of 97 companies. The 
majority is in the manufacturing sector (63 % of the total 
sample) with the prevalence of three industries: metal / 
mechanical products (25 % of the manufacturing sample), 
followed by food and beverages (21 %) and vehicles 
/automotive (18 %). The companies interviewed in the 
process sector (37 % of the total sample) come mainly 
from the chemical/pharmaceutical industry (47 % of the 
process sample), followed by companies in the rubber and 
plastics, steel making and other metal products. SMEs – 
declaring less than 50 million euro as annual revenue – are 
the minority both in manufacturing (36 %) and in process 
sample (39 %). 

4.2. Evidences for the maintenance strategy 

The maintenance strategy differs between manufacturing 
and process sector. This can be measured, first of all, in 
terms of operational expenditures, proving the general 
expectation – known in literature – that manufacturing 
companies usually dedicate lower financial resources to 
maintenance, compared to the financial resources totally 
available in the company. In particular, within the sample 
of companies interviewed through the survey, it resulted 
that the annual maintenance budget is a limited share of 
the annual revenue in the manufacturing sector, equal on 
average to 1.6 %; conversely, the share is higher in the 
process sector, close to double, being on average equal to 
3.0 %. It is worth observing that the annual budget –
indicated in the survey – considers the cost of materials 
and the cost of services acquired from third parties. 

The limited operational expenditures in the manufacturing 
companies are confirmed by measures of maintenance 
organisation, even if a so high spread is not observed. To 
                                                           
 1 The term “business model” has been taken from the general literature 
on business modeling. The theoretical background therein proposed (see 
e.g. Richardson, 2008) is herein used for a further development in the 
maintenance field. 



this concern, it is worth citing the number of employees in 
the maintenance department with respect to the number 
of employees in the company: the spread of this indicator 
between the two sectors is limited, between the 7.7 % of 
the manufacturing sector and the 9.9 % of the process 
sector. This evidence suggests, taking into account also 
the spread of the maintenance budget previously 
presented, that the difference of operational expenditures 
is higher mainly due to the other resources rather than the 
personnel: the maintenance materials are a reason for 
higher costs, well identified especially in heavy process 
industries; the third parties may be both an high valued 
resource, when outsourcing is developed through services 
that use high level of competences and resources, and 
operative personnel, regularly present within the plants for 
maintenance execution. While types and costs of materials 
are basically dependent on the technological features of 
the physical assets within the productive plant, 
outsourcing different services to third parties is a 
managerial choice: it is then worth of a further insight 
concerning the maintenance business model (see in next 
section 4.3). 

The operational expenditures can be justified by the major 
importance perceived for the maintenance function in the 
process sector: the 88 % of respondents in the process 
industries has answered that management is well aware of 
the importance of achieving an adequate distribution of 
resources between maintenance policies, as to support the 
competitiveness of their company; instead, a limited 
number of companies (roughly the 3 %) declares that 
management is not aware of the importance, while the 
remaining 9 % stands in a neutral position. The 
manufacturing sector shows a different perception, with 
the evident growth for either the limited awareness or the 
neutral position: indeed, only the 64 % of the interviewed 
companies affirms that management is aware that the 
maintenance policies are (or can be) a competitive factor. 

The different perception correspondingly results in the 
distribution of resources between maintenance policies: 
fig. 1 shows how the companies, interviewed in the 
survey, share their maintenance time, in particular the 
percentage of time they dedicate to the preventive 
maintenance (PM) with respect to the total time dedicated 
to maintenance (preventive plus corrective maintenance, 
shortly speaking PM + CM). 
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Figure 1. Percentage of time dedicated to Preventive 

Maintenance – manufacturing vs. process 

Notwithstanding the attitude toward more prevention for 
the process sector, it is worth observing that CM is the 
prevalent choice, being on average the 60 % of the total 
time dedicated to maintenance in the manufacturing 
sector against the 51 % of the process sector. 

4.3. Evidences for the maintenance business model 

The empirical evidences for the maintenance strategy of 
the interviewed companies are now further analysed by 
focusing on the maintenance business model: a particular 
attention is paid to the key resources and key suppliers as 
relevant business aspects. 

Maintenance planners and coordinators, on the one hand, 
and maintenance engineers, on the other hand, are 
considered by literature (Arata, 2009), (Furlanetto, et al, 
2011) two key resources in order to provide a suited 
capability for governing other resources at operative level 
– i.e., the operative personnel in the organisation and 
from third parties, as well as the maintenance materials –, 
in particular for deciding and controlling their distribution 
between the different maintenance policies. For what 
concerns maintenance planners and coordinators, fig. 2 
and 3 show a scatter plot where the companies in the 
sample are evaluated basing on two measures: number of 
employees responsible for planning and coordination and 
number of employees responsible for the execution of 
maintenance interventions. Starting from the scatter plots, 
some categories of companies with similar organizational 
choices are identified. Indeed, a clustering analysis and a 
further assessment based on a visual understanding of the 
resulting clusters served to this end. As outcome, 4 
quadrants are identified both for process and 
manufacturing sector. 
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Figure 2. Number of employees for planning and 

coordination vs. for execution – process 
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Figure 3. Number of employees for planning and 
coordination vs. for execution – manufacturing 



A coarse comparison is now proposed considering a set of 
companies with similar sizes for the number of employees 
within the maintenance department. The cut off values 
decided to this end has been defined basing on the actual 
sample of the research: a maximum number of 50 persons 
for what concerns the employees responsible for the 
execution of maintenance interventions and a maximum 
of 10 persons as employees responsible for planning and 
coordination. This leads to select almost the whole sample 
of companies in the manufacturing sector (leaving out one 
company as exception), while the companies pertaining to 
the left bottom quadrant (labelled as cluster 1) of fig. 2 are 
considered for the process industries, which corresponds 
to the 70 % of the respondents within this sector. Within 
the two sets chosen for the comparison, the ratio between 
the personnel employed for planning and coordination 
and the personnel employed for execution is on average 
equal to about 1 to 8 for the manufacturing sector and 1 
to 4.5 for the process sector. It is clear that the process 
sector invests more on a tight control within the 
organisation, limiting the number of operative personnel 
to be controlled by a planner or coordinator, thus aiding 
the reduction of organisational complexity and of 
overheads subsequent to the management of the operative 
activities. 

Looking now closely at the presence of maintenance 
engineering in a company, it is worth observing that either 
an organisational unit – appointed as company’s staff or 
provided by a service contract with a third party – or one 
or more organisational positions – carrying the function 
of maintenance engineering – are more diffused in the 
process sector – in the 64 % of the sample companies –, 
close to double with respect to what happens in the 
manufacturing sector – being the 35 % therein –. 

If the key resource of maintenance engineering is analysed 
with other key resources, namely technologies supporting 
maintenance activities, the state of the art shows a number 
of remarks that is worthwhile to mention, because some 
distance emerges between what is claimed by theory and 
expert opinions and what is resulting from the empirical 
evidences in the real industries. From theory and expert 
opinions, the Computerised Maintenance Management 
System (CMMS) or the software modules of an Enterprise 
Resource Planning (ERP) system are considered as a 
fundamental resource in order to support maintenance 
management and engineering duties. Therefore, it could 
be assumed that if a company invests in maintenance 
engineering, finding a CMMS / ERP may be logic and a 
subsequent expectation. But this is partially true from the 
evidences in the companies of the survey, especially for 
the manufacturing sector: see the statistics collected in fig. 
4, comparing the number of companies that declare the 
presence (or the absence) of maintenance engineering as 
an organisational unit or position, on one hand, and of a 
CMMS / ERP, on the other hand. 
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Figure 4. Presence of maintenance engineering and 

CMMS / ERP in the company (“ME yes” or “ME no” 
means presence or absence of a maintenance engineering 

unit; similar meaning for “CMMS/ERP yes” or 
“CMMS/ERP no”2) – manufacturing vs. process 

It is worth pointing out that the survey reported also that: 
(i) a good number of companies prefers to customize 
generic tools, such as spread-sheets or databases, for the 
analysis related to the maintenance engineering duties; (ii) 
this preference is observed even when a CMMS / ERP is 
implemented, while it is the actual, only real choice when 
the CMMS / ERP is absent. 

Looking finally at the services acquired from third parties, 
a quick overview revealed differences and commonalities 
in managerial choices between companies in the process 
and manufacturing sector. A difference, that is worth to 
point herein out, is the greater attitude of the process 
sector to buy from key suppliers the services for technical 
data analysis – i.e. for making the analysis of data collected 
during a CBM program, from inspections or condition 
monitoring activities –: the 48 % of companies in the 
sample of the process sector asserts to buy such services, 
while the 23 % of companies does the same in the 
manufacturing sector. Instead, as a commonality, it is 
interesting to note that outsourcing of operative activities 
is rarely managed in the frame of performance-based 
contracts, using a global/full service formula: such 
contracts are in fact adopted only in less than 1 company 
out of 5, both in the manufacturing and process sector. 
Lacking the adoption of performance-based contracts is, 
according to theory and expert opinions, a missed 
opportunity to develop long term partnerships with key 
suppliers. 

4.4. Evidences for the maintenance processes 

The maintenance business models of the interviewed 
companies can now be further understood by focusing on 
the maintenance processes. In particular, a number of key 
processes is analysed in relationship to two choices done 
for the business model, previously studied in section 4.3: 
the presence/ absence of a maintenance engineering unit 
and the decision to outsource the technical data analysis. 
A variety of practices emerged during the survey to this 
concern, which may be used as evidence in order to assert 
the general hypothesis that “the different practices within the 
maintenance processes can be considered as an effect of the choices 
done for the maintenance business model”. This paper does not 
aim at drawing such a conclusion because many issues are 
still open. Nonetheless, the evidences herein reported can 
be thought as exploratory results to prove the concept of 
the relationships existent between the practices adopted in 
                                                           
2 Next figures later in the paper adopts a similar notation. 



the processes and the choices for the business model. The 
evidences are partial also because the base of respondents 
herein used is a subset of the base of respondents used for 
the previous sections: a number of missing answers was 
discovered for the layer of processes. This partial evidence 
may be considered as an open issue to be solved in future 
investigations, by verifying the true motivations for not 
answering – because of an organisational or technological 
issue enabling the practices in a process but missing in the 
company (hence, a real gap in processes)? or because of a 
cultural gap preventing from a clear understanding of the 
maintenance process view (hence, a gap in the cultural 
background of the respondent)? What is presented in the 
following evidences should then be taken in order to open 
a debate, rather than to issue a conclusion. 

The changes of the maintenance plans and procedures, for 
example, are decided thanks to a continuous improvement 
process in the majority of the respondents in the process 
sector (fig. 5) while the situation is more heterogeneous 
for the companies in the manufacturing sector (fig. 6). 
The growth in practice towards continuous improvement 
is affected by the presence of the maintenance engineering 
unit: see the statistics, indicated in the same fig. 5 and 6, 
for the share of companies declaring the maintenance 
engineering unit in correspondence to each level of 
practice – from the lowest level (identified as level 0) to 
the highest level (in this case this is level 3, referred to the 
regular improvements of plans and procedures). For what 
concerns especially the process sector (fig. 5), one may 
guess from the evidence that the maintenance engineering 
units are not developed at the same level in the different 
companies, which may affect the level of practices reached 
in the maintenance processes. 
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Figure 5. Frequency of changes of maintenance plans and 

procedures – process 
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Figure 6. Frequency of changes of maintenance plans and 

procedures – manufacturing 

Having a closer look to CBM, fig. 7 and 8 makes evident 
that making inspections is the prevalent practice according 
to the respondents in the manufacturing sector. Together 
with inspections, a balance of inspections and condition 
monitoring activities in the maintenance plans has also 
been claimed by the highest number of companies in the 
process sector. Then, when analysing the presence of a 
maintenance engineering unit, this can be understood as 
an influent lever in order to reach the balanced mix of 
inspections and condition monitoring as best practice, 
especially for the process sector (see fig.7). In particular, in 
correspondence with the highest number of companies 
declaring this level of practice (level 3 in the figure), it also 
comes out the highest share of companies in the process 
sector indicating the maintenance engineering unit. A 
similar evidence seems to emerge from the manufacturing 
sector, even if with a lower number of respondents in the 
sample at that level of practice (see at level 3 in fig. 8). 
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Figure 7. Planned mix of activities to carry out a CBM 

program – process 
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Figure 8. Planned mix of activities to carry out a CBM 

program – manufacturing 

Looking finally at the services acquired from third parties, 
and considering only the process sector for its greater 
attitude towards buying from key suppliers the services for 
technical data analysis, the following fig. 9 leads to keep 
outsourcing as the most frequent lever in correspondence 
of two levels of practices for CBM: the use of specialized 
software resources in order to make the analysis (level 1 in 
the figure) or the integration of the technical data analysis 
within the CMMS for an on-line scheduling (level 3 in the 
figure). Insourcing is instead prevalent in the other levels, 
visibly for the worst practice (level 0, according to which 
decisions are primarily based on the last inspection or the 
most recent monitoring activity). This exploratory result is 
interesting for two main reasons: it helps confirming the 
expectation that outsourcing may be used for acquiring 
specialized tools (i.e. software resources) not available in a 
company; it is also an useful evidence not to exclude 



outsourcing as a relevant lever for integrating the technical 
activities of CBM in the whole maintenance planning and 
control cycle. Indeed, this last evidence can be used also 
to confirm the theoretical vision born in the 80ies under 
the name of tele-maintenance, today transformed to the e-
Maintenance paradigm and its concept for interoperability 
of maintenance services. 
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Figure 9. Technical data analysis for CBM – process 

5. Conclusions 

The results discussed in this paper should be considered 
as a starting point of the multi-annual research of the 
TeSeM Observatory. The second annual research started 
on July 2012, with the objective to complete the results 
herein shown, focusing on a number of target industries. 
Another important concern will be to study the effects of 
the company size, evaluating the different choices for the 
maintenance management system in large enterprises and 
SMEs within different industries. Last but not least, it will 
be worth enlarging the spectrum, to make a cross analysis 
through the production sectors – with their own different 
manufacturing and process industries – and the sector of 
the network utilities/infrastructures – including many, 
heterogeneous contexts such as the electric energy 
networks, the water supply networks, the rail or roadways, 
the telecommunication networks, etc.. This is an 
ambitious and complex target, because of the different 
requirements from the different industries as well as the 
even wider range of companies that should be contacted; 
nonetheless, it is an interesting long term issue to address, 
in order to facilitate a cross fertilization of the 
maintenance culture between different industries. 

From the methodological point of view, the analysis has 
to proceed to exploit the method for maturity assessment 
proposed by TeSeM – herein not discussed – in order to 
make a systematic evaluation, using a scoring method, of 
the levels of practices reached within the maintenance 
processes. This may help measuring the development of 
practices in a company and their distance with respect to 
the good and best practices. Initial results on this issue are 
shown in the final report of the first annual research of 
TeSeM (TeSeM, 2012) as well as in (Macchi et al., 2011). 
Another important matter is to exploit the three layered 
framework herein proposed to further investigate on the 
relationships that may exist between maintenance strategy, 
business model and processes, finally ending, if this will be 
demonstrated from the empirical proofs, to identify some 
archetypes of business behaviour, depending on sectors / 
industries target of the empirical analysis. 
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