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ABSTRACT 
Emerging technologies, e.g. web services and open source 
software, are rapidly adopted in IT solutions, which are based on 
new business logics such as SOA and SaaS. But is industry ready 
to utilise these solutions? The aim with this paper is to describe 
current IT practices within maintenance in Swedish industry, and 
to outline the future possible developments. The study is formed 
as a web-based questionnaire survey addressed to plants where 
the maintenance is performed in-house. 71 responses were 
received of 196 questionnaires sent.  

We find that the main part of the participants of this study 
represents organisations that traditionally would be characterised 
as mature regarding IT use. The IT practices are characterised by 
high use of business specific IT solutions, low use of company 
wide IT solutions and low IT intensity. The ownership of IT is to 
high extent tied to the maintenance function and the client-server 
architecture is dominating. The findings imply that the focus of IT 
is for vertical (functional) support rather than horizontal or 
network support, and a decentralised IT governance form.  
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1. INTRODUCTION 
Information technology (IT) systems for maintenance 
management, hereafter denoted as Maintenance Management IT 
(MMIT), have been used for several decades and during this 
period undergone many changes. The demands on MMIT has 
shifted from being a tool to automate preventive maintenance 
management, such as task scheduling, plant inventory and stock 
control or cost and budgeting, to becoming support for predictive 
and proactive-predictive maintenance by providing real time data 
processing, effective communication channels and business 
function integration, Pintelon et al. (1999). We also find emerging 
technologies, such as web services and open source software, 
rapidly adopted in MMIT solutions, which are based on new 
business logics such as Service Oriented Architecture (SOA) and 
Software as a Service (SaaS). But is industry ready to adopt these 
solutions? 

By describing the status of industrial IT utilisation, we can 
understand the problems faced and possibilities for enhancements 
that exist. The aim with the paper is to describe current IT 
practices within maintenance in Swedish industry. The purpose is 
to understand the utilisation of IT within maintenance today and 
to outline the future possible developments. 

The paper disposition is as follows: in section 2 IT practices are 
described in terms of IT systems types, investment impact, 
systems ownership and IT architectures. The section ends with a 
review of emerging concepts. Sections 3 to 5 describe a web 
based questionnaire survey and the results gained from the 
survey. The results are finally discussed in section 6 with respect 
to the concepts accounted for in section 2. 

 

2. IT practices – an area full of nuances 
IT systems are intended for supporting the activities and 
information flow of an organisation or corporation, thus 
supporting both the socio-technical and social system whilst the 
IT system itself is a technical system, Beynon-Davies (2009). 
Hence, we need to address both technical and organisational 
issues when describing the IT practices within maintenance. In 
this section we bring up important technical and organisational 
aspects of IT utilisation within maintenance. 

2.1 IT systems for maintenance management 
IT systems used for maintenance management are intended for the 
planning, execution and follow up of maintenance activities. 
These systems could be divided into three main groups: 
Computerised Maintenance Management Systems (CMMS), 
Enterprise Resource Planning (ERP) systems and special 
solutions, mainly in the form of expert systems or decision 
support systems. These solutions focus on providing additional 
support not found in the CMMS or ERP systems, for instance by 
providing diagnostic power or decision support in form of key 
performance indicators. E-maintenance solutions are another type 
of special solutions. In addition, production planning, control and 
supervision systems as well as systems for condition monitoring 
and failure diagnostics are commonly used for maintenance 
management, mainly for data retrieval.  

2.2 IT investments impact 
The benefits of using MMIT have been expressed in a lot of 
publications, see for example Pintelon et al. (1999), Rao et al. 
(2002) and Mjema and Mweta (2003). According to Jonsson 
(2000) IT investments in the maintenance area are of strategic 
importance. Moreover, Pintelon et al. (2006) conclude that 
companies with a high level of maintenance strategy effectiveness 
are characterised by high and effective integrated computerised 
maintenance management system use. 

Even if there is evidence of positive impacts of IT on the 
business, the opposite is also reported. Brynjolfsson (1993) coined 
the expression “productivity paradox”; i.e. that IT is not adding to 



the productivity of a company. His research has later on been both 
confirmed, see e.g. Theodorou and Florou (2008), and rejected 
such as in and Ross and Ernstberger (2006). There are several 
problems connected to research trying to show economic impact, 
in terms of e.g. profitability or return on investments, of IT 
investments, Byrd et al. (2006). One of them is to find suitable 
measures.  

Impact could be assessed as cost reduction as well as in non-
economic terms, such as faster response time, shorter lead times, 
higher production rate or fewer faults conducted during work. 
O'Donoghue and Prendergast (2004) for instance reported on the 
impact of CMMS implementation in form of reduced cost of 
spares, uptime improvements, and increased equipment 
availability, reducing lead times, increased morale, reduction in 
unscheduled maintenance and streamlining of work orders 
schedules which resulted in reduced maintenance cost and 
increased production output. In addition, impacts in safety and 
security could be seen, such as more reliable production or less 
injuries. In Candell et al. (2009) the positive impacts of 
eMaintenance on the dependability, safety and life-support costs 
of critical systems, such as airplanes, were highlighted.  

2.3 IT governance and systems ownership 
IT governance is defined by Weill as “the framework for decision 
rights and accountabilities to encourage desirable behavior in the 
use of IT”, Weill (2004) in Jacobson (2009 p. 2). The main role of 
IT governance is to provide IT value consistent with the business 
strategy and to handle IT related risks, Jianmu (2007). Centralised 
IT governance collects decisions to a central IT organisation body 
while in a decentralised IT governance form, the authority is 
found in the individual business units, Jacobson (2004). Both 
strategies have their benefits and setbacks. With a centralised 
ownership it is easier to assure the alignment of IT to corporate 
wide goals, while the fit of IT systems with the users and function 
specific requirements is easier with decentralised ownership. 
Southon et al. (1999) depicts the dilemma: decentralisation 
simplifies and facilitates IT projects at the local level and the 
probability of implementation success will be greater, while 
commonality (of technology) leads to greater service-wide 
flexibility and integration, and lower costs.   

2.4 IT architecture 
An IT system includes logic for storage, processing and 
presentation, and the distribution of the logic is connected to the 
architecture. One-tier solutions provides all logic at the same 
location, for instance as a stand-alone computer or a mainframe. 
Example of a one-tire application is a word processor or a desktop 
file utility program. Two-tier solutions normally distribute the 
logic using the client-server model either as fat clients 
(presentation and processing is made at the client) or thin client 
solutions (only presentation logic is implemented at the client). 
Many older client-server solutions are based on the two-tier 
architecture (i.e. the basic web model), but three-tier solutions are 
today more common, where storage, processing and presentation 
are separated in a database server, application server, and clients 
respectively, Hoffer et al. (2005). In Patterns : Service-Oriented 
Architecture and Web Services (2009) the authors points out that 
the evolution of business from function/vertical oriented through 
process/horizontal oriented to the network/eco systems oriented 
has been in parallel with the evolution of IT. Today, the n-tier 

solutions are emerging, making use of the web technology. This 
evolution has opened the door to many new concepts, such as 
SOA and SaaS, described in the following. 

2.5 Emerging concepts 
Service oriented architecture (SOA) denotes distributed IT 
systems organised as services that are communicating with each 
other. According to Sprott and Wilkes (2004), it concerns 
policies, frameworks and practices, as well as technology in order 
to provide the right services, thus they define SOA as: 

“The policies, practices, frameworks that enable application 
functionality to be provided and consumed as sets of services 
published at a granularity relevant to the service consumer. 
Services can be invoked, published and discovered, and are 
abstracted away from the implementation using a single, 
standards-based form of interface”.  

Businesses need core communications services to not only be 
reliable, but also to be available anywhere and anytime. SaaS 
(software as a service) is a concept where a software provider 
licenses an application to the customer, who can use the software 
when demanded. The software provider will host and manage the 
business communications, i.e. software and hardware will be 
bought and installed by the provider who will deal with tasks 
arising from having several various vendors (e.g. network 
security). SaaS can also take advantage of SOA for software 
applications to be able to communicate with each other. 
Schuchman (2006) states that by applying SaaS, there are benefits 
of technology evolvements without large investments in 
infrastructure or staff for managing and maintaining the 
technology in-house. Today, several commercial CMMS 
(eCMMS) are utilising the SaaS concept. 
The eCMMS is one type of several eMaintenance solutions. Muller 
et al. (2006) propose an eMaintenance definition as the 
“Maintenance support which includes the resources, services and 
management necessary to enable proactive decision process 
execution”. eMaintenance includes various e-technologies (e.g. 
ICT, Web-based, and wireless) as well as e-maintenance activities 
(e.g. e-monitoring, e-diagnosis, and e-prognosis), in order to 
support production and business. According to Candell et al. 
(2009) eMaintenance is to monitor, collect, record and distribute 
real-time data about system health.  

 

3. STUDY PRESENTATION 
The survey was conducted during fall 2008 and spring 2009. The 
questionnaire design was made in a web-based questionnaire 
software tool in 2008. It was tested internally within the 
department as well as on 5 industrial parts (a total of 15 test 
questionnaires was sent, wherefrom 5 answered). After minor 
changes in the design, the questionnaire was sent to the study 
participants during September 2008 to February 2009. The 
respondents were selected using information from Swedish Centre 
for Maintenance Management containing contact information 
regarding production plants in Sweden. The population for our 
study consists of plants where the maintenance is performed in-
house. Furthermore, the study was delimited to plants belonging 
to following industries (based on the Swedish Standard Industrial 
Classification (SE-SIC) 2002): Petrochemical, Pulp and Paper, 



Wood and Timber, Steel and Metalwork, Automotive, 
Pharmaceutical, Chemical, Food, and Energy.  

The database from Swedish Centre for Maintenance Management 
contained 381 respondents meeting the set up criterions. To 
ensure that the information in the database where correct the 
respondents where personally contacted by telephone. Of these 
177 could not be reached by telephone and where removed from 
the study, and an additional eight respondents stated that they 
could not participate by various reasons. This resulted in 196 
respondents to which questionnaires where sent using a web 
based survey application. Of the 196 questionnaires sent 71 was 
answered and returned, representing a response rate of 36%. 

The questionnaire consisted of 29 questions in total: Company 
descriptive (Questions 1-6), Maintenance related descriptive 
(Questions 7-19), IT use related questions (Questions 20-24) and 
IT procurement related questions (Questions 25-29).  

 

4. STUDY PARTICIPANTS 
To get an apprehension of the study participants and their 
characteristics, we begin with some general descriptive and to 
depict the maintenance practices within the respondents. For this 
purpose, we utilised questions 2-3, 5-7, 11 and 18.  

4.1 Respondents general descriptive 
The respondents represent the following industries: Chemical 
industry, Pulp and Paper, Wood and Timber, Steel and 
Metalwork, Automotive industry, Food industry, Energy and 
Other, see Figure 1. 70 of 71 respondents answered this question. 
Steel and metal work is dominating followed by food industry. 
The automotive industry is not represented to high extent: only 
one respondent comes from this industry. 
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Figure 1. Industry type 

Over half of the study participants are from the process industry, 
see Figure 2. The batch processing industry is also well 
represented with 21 respondents. Low representation is seen in 
shop floor production and mass production. One respondent did 
not answer the question. 
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Figure 2. Production type 

The main part of the plants have been in operation for more than 
ten years, see Table 1. Only five plants were recently established, 
whereas the youngest establishments are from 2003. The oldest 
plant still in operation is from 1858. The median value is 1966. 
The plants are mainly medium to large sized. The smallest plant 
employs ten persons and the largest 2500. Median number of 
employees is 250. 
 

Table 1. Plant age and size 
Age of the current operation Number of employees
> 10 5 > 50 2
> 50 32 > 250 31
< 50 25 < 250 35

Total 62 Total 68  

4.2 Maintenance management 
Maintenance is most commonly organised as an own department, 
see Table 2. In 17 cases, the maintenance is organised as a part of 
the production. Three other organisational patterns were 
represented: maintenance as fully outsourced, maintenance and 
production in partnership, and maintenance as a part of 
production supported by a central maintenance department.  
 

Table 2. Maintenance organisation and time distribution 
Maintenance organisation Time distribution
Own department 50 Planning 20
Part of production 17 Execution 70
Other 4 Follow up 9
Total 71 Total 99  

The time distribution denotes the average time the respondents 
use for maintenance related activities. Main part of the time is 
spent on executing maintenance, while follow up is given around 
one tenth of the time. One fifth of the time is spent on planning. 

 

Table 3. Maintenance impact 

Completely true 35
True to some extent 26
Not true to some extent 9
Not true 0
Total 70

Maintenance contributes to company 
strategic goals

 



Table 3 accounts for an attitude question regarding the impact of 
maintenance. We find that most respondents apprehend 
maintenance as something that does contribute to company 
strategic goals. 

 

5. MAINTENANCE IT PRACTICES  
In this section the results with regard to IT practices in 
maintenance are accounted for. For this purpose, we utilise the 
questions 20-22.  

5.1 IT systems used 
In this study, the types of IT systems are classified into following 
categories: CMMS, ERP, Production systems (production 
planning, control and supervision systems), specially designed 
systems (in-house developed or non-standardised systems) and 
other systems, for example expert systems and systems for 
decision support, project planning or inventory management. 
A multi-choice question was utilised for capturing the types of IT 
systems used for maintenance management purposes. The 
respondents could therefore select none up to five different types 
of systems they use. Three respondents did not use any IT system 
at present. The rest, 68 respondents, use one up to five different 
types of IT systems for maintenance management. Most 
commonly used is the CMMS. 32 respondents use ERP systems, 
and almost a third use a production system. Specially designed 
solutions are found in a third of the companies. Other systems 
used for maintenance purposes are solutions for inventory control, 
calibration, planning, document handling, product development, 
cost control, failure alert and control, and for Reliability-centred 
Maintenance decision-making.  
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Figure 3. IT systems used 

Table 4 accounts for the combinations of IT systems used. The 
main part of the respondents uses only one IT system, and the 
CMMS is dominating in this group. In the groups utilising two or 
three systems a combination of ERP, CMMS and a special 
solution is most common. Ten cases utilise all of the specified 
systems (ERP, Production and CMMS) and special solutions or 
additional systems on top of it. Interestingly, the specially 
designed solutions are always combined with at least one more IT 
system, and no combinations with a specially designed system 
and production system alone occur, implying that the special 
solution is not fulfilling the total needs of maintenance 
management, such as a CMMS or the maintenance module of an 
ERP system. 

 

Table 4. Combinations of IT systems used 
One system Two systems
CMMS 19 ERP, CMMS 7
ERP 3 Production, CMMS 5
Other 3 CMMS, Special 3
Production 1 ERP, Other 1
Total 26 Total 16

Three systems Four or five systems
ERP, CMMS, Special 6 ERP, Production, CMMS, Special 6
ERP, Production, CMMS 4 ERP, Production, CMMS, Other 2
Production, CMMS, Special 3 All alternatives 2
CMMS, Special, Other 1 Total 10
ERP, CMMS, Other 1
Total 15  
We have also investigated the IT intensity within the different 
industries. Due to small group sizes we only account for results 
between the five largest industries (which are still small compared 
to the normal size used for statistical analysis). In Table 5 the 
number of respondents and the total number of IT systems used 
are accounted for. In the rightmost column an index for IT 
intensity is found based on number of respondents and total 
amount of IT systems within the group. If we compare the 
different industries with the total, we find that wood and industry, 
steel and metal work and food industry are utilising fewer IT 
systems compared to the average, while pulp and paper and 
chemical industry utilises more than the average. 
 

Table 5. IT systems intensity 
Group # of 

respondents
IT systems total 
within the group

IT intensity 
index

Chemical industry 9 24 2,7
Pulp and Paper 10 30 3,0
Wood and timber 9 11 1,2
Steel and metalwork 17 29 1,7
Food industry 13 21 1,6
Total respondents 70 146 2,1  

5.2 IT investments impact 
In this study, we focus on the apprehended impact more than the 
real impact of IT investments. We simply wanted to know 
whether the users are satisfied with their IT solutions or not. 
Table 6 accounts for two attitude questions regarding the impact 
of IT investments. We find that the main part of the respondents 
apprehends the IT investments as beneficial and aligned to real 
needs within maintenance. 

 

Table 6. IT investment impacts 
Purchased IT systems are connected to real 

needs
 beneficial for the 
maintenance

Completely true 31 29
True to some extent 18 21
Not true to some extent 11 11
Not true 4 4
Total 64 65  

5.3 Systems ownership 
All 71 respondents answered the question regarding systems 
ownership. The question specifies the systems owner for the 



computerised maintenance management support only, thus not all 
systems listed in the previous question. In 2/3 of the cases, the 
system is owned by maintenance, see Figure 4. In 17 cases IT is 
the systems owner. Only three respondents stated that the system 
was owned by production, and in two out of these three the 
maintenance was also organised as a part of production. In one 
case, the system was owned by different partners. The other 
answers were: (using only) Excel, does not have any IT system, 
and owned by technical department. 
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Figure 4. IT systems owner 

5.4 IT architecture 
Most respondents run their IT system using the client-server 
architecture, see Table 7. Stand alone and mainframe 
architectures are rarely used: only 7 out of 68 had such (5 main 
frames and 2 stand-alone). Web based solutions were found at 14 
plants. 
 

Table 7. IT architecture 
Web based 14
Client-server 47
Mainframe 5
Stand alone 2
Total 68  

 

6. RESULTS DISCUSSION 
We find that the main part of the participants of this study 
represents organisations that traditionally would be characterised 
as mature regarding IT use. They are established plants mainly 
from process industry in the range from medium to large sized 
businesses. We can also conclude that the main part represents a 
traditional maintenance organisation, where the focus is put on 
the execution of maintenance activities. Moreover, they 
apprehend their business unit as contributing to the overall 
corporate goals. 
When we look at the IT practices, we find: 

• High use of business specific IT solutions, in this case 
CMMS  

• Lower use of company wide IT solutions, e.g. ERP systems, 
and when used it is often in combination with a CMMS 

• Low IT intensity, in average two systems are used for 
maintenance management purposes 

• The ownership of IT is to high extent tied to the maintenance 
function 

• The client-server model, i.e. the tree-tier architecture is 
dominating, followed by other n-tier solutions 

These findings implies that the focus of IT is for vertical support 
rather than horizontal or network support. This might be due to 
the high extent of function specific IT ownership. If you own the 
IT and the IT project, you tend to focus on a solution that is 
directed on improving your working area, rather than a corporate 
overall ultimate solution. Other findings regarding who is making 
the IT procurement solution supports this: the IT procurement 
decision is to high extent made by maintenance, Kans (2010). 
Thus, the MMIT governance seems to be highly decentralised, 
with the benefits and drawbacks inherited with this form of 
governance.  
We found that the type and number of IT systems used for 
maintenance management varied, and that a CMMS or ERP 
system always is utilised as the backbone for maintenance 
management activities. The reason for the variance in type and 
number of systems used could for instance depend on: 
maintenance strategy applied, size and type of production, level 
of integration between maintenance and production or the 
maintenance organisation. It is suggested that a study of the 
possible reasons behind the variance is conducted in the future. 
The IT intensity was rather low: in average two systems were 
used for maintenance management. The IT intensity differed over 
the industry types. The pulp and paper industry was utilising in 
average three systems while wood and timber had an IT intensity 
of 1,2 systems in average. This might be explained with IT 
maturity, i.e. that pulp and paper are better in utilising IT than 
wood and timber, but an alternative explanation could of course 
be that the IT systems supporting wood and timber are more 
specialised for their processes, thus requiring few extra IT 
systems, and vice versa for pulp and paper. The first explanation 
seems to be more probable according to previous research, but a 
closer examination of differences in IT practices depending on 
industry type would be of interest.  
The study participants were satisfied with their IT investments 
and apprehended the IT system aligned to real needs. A previous 
study covering the same participants showed that the alignment 
between required functionality and functionality supplied by the 
MMIT was apprehended as high, Kans and Ingwald (2009).  
Moreover, we find the client-server architecture dominating, even 
if there are some web based solutions in use. When we further 
studied the group of plants using web based architecture, we 
found a higher degree of ERP users than within the total group. 
One explanation to the higher degree of ERP systems run on the 
web architecture might be the possibilities and resources within 
ERP developers to adapt to new technologies, compared to 
CMMS vendors. Another possible explanation would be that there 
are few eCMMS with Swedish language support at the market, 
compared to web-based ERP systems with Swedish language 
support.  
In conclusion, the question whether industry is ready to adopt new 
IT concepts or not could be answered saying yes – and no. 
Maintenance is a business unit with high level of decentralisation 
and function orientation with regard to IT practices. Therefore, 
the implementation of new technology would have high chances 



of success if it was deemed as beneficial and meeting 
maintenance requirements. The flexibility and corporate/ 
intercorporate information integration demands would still be met 
using open systems and web services, overcoming one of the 
major problems with decentralised ownership. The largest 
obstacle would be to convince the top management of the benefits 
in such IT investments, implying the need of further studies which 
describe the benefits of adopting eMaintenance in technical, 
economic and organisational terms. Organisations tuning all over 
profits will be striving for better, cheaper, and more reliable IT 
systems, and hence, look for improving ways of dealing with the 
subjects. Maintenance IT is a part of it, and for future research it 
is suggested to firstly focus on maintenance IT, but since a 
holistic view (going from maintenance towards asset 
management) is important, secondly (when industry is more 
mature) the holistic IT solutions should be considered. The 
practical implications are mainly that the study results could be 
used to highlight state-of-the-art of MMIT, and thereby set the 
topic on the corporate agenda. The results could for also be used 
for benchmarking purposes, comparing your corporate 
maintenance IT practices against others. 
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