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Validation of a Lean Smart Maintenance Maturity Model

Hans Thomas Maier*, Oliver Schmiedbauer, Hubert Biedermann

Abstract: Rising complexity in industrial asset and maintenance management due to more volatile business environments and megatrends like Industry 4.0 has led to the need
for a new perspective on these management domains. The Lean Smart Maintenance (LSM) philosophy, which focuses on both the efficient (lean) and the learning (smart)
organization was introduced during the past few years, and a corresponding maturity model (MM) has been developed to guide organizations on their way to asset and maintenance
excellence. This paper discusses use cases, in which the usability and the generic aspect of the LSM MM are validated by using data from three different asset management
assessment projects in organizations with different types of production. Research results show that the LSM MM can be used as a basis for management system improvement,

independent of production types such as one-of-a-kind industry, mass production and continuous production.
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1 INTRODUCTION

The volatile market conditions are exerting more and
more pressure on companies and the management level,
which needs to increase productivity, save resources and
improve organizational processes to remain competitive.
With increasing automation and digitalization, the focus is
placed on asset and maintenance management as an even
more significant value-adding function. As a result of this
need for management tools to facilitate digitization and
digitalization, a variety of maturity models around the topic
of Industry 4.0 (I4.0) have been developed and published [1-
6]. However, maturity models (MM) that focus on asset and
maintenance management are still rare. Therefore, the
authors of this paper proposed in a previous publication [7] a
generic maturity model which takes a holistic approach on
asset management, maintenance processes and organization,
and finally 14.0 aspects. Further research questions arose
from this previous publication and this paper focuses on
answering one of these questions: Is the new LSM MM
generically applicable for different production types? In this
context, the applicability of the LSM MM is validated with
project data of previous reorganization projects with
differing production types. The paper is structured in a way
to create a comprehensive understanding of the authors’
approach to transforming the gathered information from
existing LSM projects into the LSM MM. In section 2, a
summary of the theory of asset and maintenance
management, as well as the associated 4.0 aspects, is given.
It is followed by an introduction into the LSM MM, which
was first published in 2020. Next, the methodological
approach is explained in section 3. In section 4, the project
data around the business cases which were used to prove the
generality of the LSM 14.0 model is presented. Section 5
takes a look at the maturities of the companies based on the
new LSM MM. Finally, a critical reflection of the results is
performed, and further steps of investigation and
development are presented.

2 THEORETICAL BACKGROUND

This section takes a look at the theoretical background
around the terms Industry 4.0, asset and maintenance
management and finally, the Lean Smart Maintenance
maturity model.

2.1 Industry 4.0

In 2011, the term ‘Industry 4.0’ (or Industrie 4.0) was
introduced by the German government, and thus laid the
cornerstones of the current industrial orientation, not only in
Europe, but also in the rest of the world. The concept of 14.0
is mainly known in Europe, but ‘Industrial Internet’ [8]
‘Smart Industry’ or ‘Smart Manufacturing’ [9-12] are only a
few examples of comparable industry concepts. Industries —
from steel to automobile manufacturing — are inspired by the
concepts of collaborating machines and factories, connected
suppliers and manufacturer, and 14.0 enablers, such as the
Internet of Things (IoT), cloud computing, Internet of
Everything (IoE), additive manufacturing, hyper-automation,
etc. [13, 14]. The deployment of IoE is the final step in
connecting not only machines and server with each other, but
also in creating an interconnection between processes, data,
things and people, resulting in generating more value out of
existing configurations [15]. This interconnection is only
possible by the increase of processor performance, data
storage availability and the increasing data transfer capacity.
With the growing number of sensors and connections, the
amount of data to be processed increases enormously. [16]
This available data enables optimization of processes,
reduces costs, increases efficiency, and enhances
interoperability between different organizational units [17].

2.2 Maintenance & Asset Management

According to DIN EN 13306, "maintenance is the
combination of all technical, administrative and managerial
actions during the life cycle of an item intended to retain it in
or restore it to, a state in which it can perform the required
function"[18]. Asset management (AM) takes a more holistic
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approach [19], as it "involves the balancing of costs,
opportunities and risks against the desired performance of
assets, to achieve the organisational objectives” [20]. Asset
management is based on a set of four fundamental principles:
assets provide value to an organization and its stakeholders;
asset management is aligned to the organizational objectives;
leadership and organizational culture are the basis for value
creation; and, the goal of AM is to assure that assets will fulfil
their required purpose [20]. In practice, the terms
maintenance management and AM are often used
interchangeably. However, the authors of this paper see
maintenance management as a function of AM and also use
AM, as defined above, as the basis for the model presented
in section 2.3.

2.3 Lean Smart Maintenance Maturity Model

LSM is a holistic management concept used to meet the
highest reliability and availability requirements for critical
plant components as well as minimize losses [21]. The smart
perspective of the approach encompasses all those
management aspects which drive the effectiveness part of
LSM, with a focus on continuous improvement, a dynamic
strategy adaption and a learning maintenance management.
Output control replaces the cost-oriented input control. The
lean perspective looks at the aspects relevant for an efficient
asset and maintenance management system and focuses on
the reduction on the input side of the management system,
with resource conservation as a central pillar for a sustainable
orientation. [22, 23]
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Figure 1 LSM MM categories, modified after [9]

Based on this LSM concept and selected aspects of 14.0,
an LSM MM, was developed. MMs can be defined as
artefacts with elements that are arranged in an evolutionary
scale with measurable transitions from one level to another
and which are used for benchmarking, self-assessment and
continuous improvement [7, 22, 24, 25]. The main LSM MM
categories, spanning from normative to operative
management, are represented in Fig. 1 [7]. The category
‘Philosophy & Target System’ includes all those aspects that
provide employees with the basic direction for their
behaviour, like a vision, mission statement and the overall
maintenance and asset goals.

Table 1 MM categories and corresponding sub-categories

Category Sub Category

Philosophy & Corporate Philosophy
Target System Vision & Mission; Target System

Culture; Employee Motivation; Leadership; Change
Management; Communication and Coordination;
Digital Competence

Corporate
Culture

Business Model | Maintenance Services/Stakeholder;
& Service Context; Connection/Remote Services
Strategy Coordination

Maintenance Strategy; Life Cycle Management

Asset Strategy Outsourcing Strategy; Spare Parts Management
Budgeting Process
Controlling & Cost Allocation

Budget Controlling System
Performance Indicators

Structuring; Workshops; Decentralization
Autonomous Maintenance; Integration into the
Organization; Optimization of the Structure

Organizational
Structure

Process Management; Planning; Process Control;
Process Execution; Weak Pont Analysis; Process Efficiency;
Organization Asset Monitoring; Use of Technology in Process
Organization

Qualification Management

I\KAI;i‘e;VIZ:Lg:n ¢ Apprenticeship & Trainings
g Knowledge Coordination
General IT System; Data Storage/Transfer
Data Acquisition; Data Security/Access; Digital
Data & . L . ?
Representation; Visualization/Analysis; Assistance
Technology

Systems/I14.0 Components; Data Integrity; Data
Quality

‘Corporate Culture’ takes a look at aspects around
motivation, leadership, change management and
communication. The category ‘Business Model & Service
Strategy’ considers new developments and new business
models around asset and maintenance management. ‘Asset
Strategy’ encompasses all aspects around maintenance
strategy, maintenance prevention, outsourcing and spare
parts management. The budgeting and controlling processes
are concretized in ‘Controlling & Budget’. ‘Organizational
Structure’ focuses on the formal division of job tasks, how
they are grouped and coordinated, while ‘Process
Organization’  encompasses  planning, information,
continuous improvement and weak-point-analysis processes.
Planning incorporates internal coordination and scheduling
of maintenance tasks. Two categories, ‘Data & Technology’
and ‘Knowledge Management’ are treated as further
dimensions that affect all maturity categories. The different
categories have several sub-categories each, as represented in
Tab. 1. [7] Each of these sub-categories includes a few items,
or characteristics, which describe the sub-categories in
further detail. For each of these items there is one or more
interview questions designed to gather the information
necessary to describe the organization’s maturity. The MM
architecture is based on the structure of the capability
maturity model integration (CMMI), with its maturity levels
from Incomplete to Optimizing [7, 26, 27]. However, it can
be characterized as a hybrid MM, as it contains both
characteristics of progression- (scaling of characteristics) and
capability MMs. Furthermore, it can be described as a
prescriptive MM, as it is used as the basis for organizational
improvement [7, 24, 28]. Fig. 2 schematically depicts the
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logic behind the process of finding the maturity of the
organization under investigation.
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Figure 2 MM logic

As visualized, the questions and their corresponding
items lead to the determination of the maturities in the sub-
categories while the least mature sub-category defines the
maturity of the corresponding category.

3 METHODOLOGY

This paper is set up as validation of the LSM MM with
three different use cases. To ensure a scientifically founded
methodology, the qualitative case study design after YIN was
used. YIN proposed a 5-step model to perform such a study.
The phases are as follows: Design, Prepare, Collect, Analyse,
and Share the results [29]. Figure 3 shows the individual
phases and their interactions with each other.

Figure 3 lterative case study research process, modified after [29]

Case studies are answering research questions in the
form of ‘how’ and ‘why’ and focus on modern problems or
events. This is only possible if a few crucial components of
this research design are considered. The underlying case
study’s question, which was stated in section 1
‘Introduction’, is the essential part with which we begin. The
defined research question may not consider all necessary

aspects of the case in sufficient detail; therefore, it may be
necessary to provide a more precise research question, which
can be achieved by introducing propositions. Propositions
support the conducting of a case study, by consciously
looking at different aspects of the case, in order to avoid
misinterpretations through first results.

[ Defining Case Study Question ]
[i Define Case Study Proposition i}
[ Define the “case” itself ]
[ Connect the Case Data to Proposition ]
v [ Define Criteria for Interpretation ]

Figure 4 Essential case study design elements; modified after [29]

Nevertheless, it is also possible that a case study is not
designed with the definition of propositions. Instead, it can
be designed to serve a specific purpose, for example, validate
a concept or method with several different cases, and also has
to clarify the parameters or criteria of success, by which the
success or failure of scientific work should be evaluated. The
third phase is to define the ‘case’, which can vary in scope,
e.g. small groups, programmes, and entire organisations. By
specifying the target of observation, boundaries have to be
set. These boundaries can be temporal, spatial or even more
detailed, for example, a specific industry sector or size of
companies, or even only projects during a certain time.
‘Linking data to the proposition’ is the fourth element which
is concerned with analytic techniques as ‘explanation
building’, ‘logic models’ or ‘pattern matching’. The final step
of the case study design phase is to define criteria of how to
interpret the different findings. [29] Fig, 4 illustrates the
detailed sequence of the design phase (Fig. 3), which was
used as a guideline for this paper.

In the following chapter, the project data are defined,
limitations are highlighted, and the structure of the analyses
is represented.

4 PROJECT DATA

Based on the case study design research process, the
performed assessments of three different projects have been
analysed. The assessed company sites are located in Austria
and represent production facilities from international
companies. These assessments were chosen due to different
production types, degree of a concatenation of production,
size and structure of the organisations themselves. Due to
compliance, the names of the companies were changed to
Company A, B and C. For a better understanding of the
companies, the different characteristics of each company will
be highlighted. Company A is the largest company with
about 1400 employees at the production site, followed by
Company C and B with 600 and 480 employees respectively.
The production types are classified into three different groups
after Woodward [30]. The complexity of the production
facilities starts from low technical complexity in group 1 up
to high technical complexity in group 3. Company A
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corresponds to group 1 (small batch & unit production),
company B can be classified as group 3 member (continuous
process production), and company C is part of group 2 (large
batch & mass production). As it is seen, due to the different
types and complexity of production systems, the companies
represent a broad spectrum of the producing industries, and
therefore these projects were chosen to prove the generic
applicability of the new LSM MM.

Each project intended an increase in efficiency and or
effectivity of the maintenance department. Semi-structured
interviews were performed with 125 employees, distributed
among A, B and C, to generate a comprehensive view of the
departments. Employees from all hierarchical levels were
questioned. In order not to go beyond the scope of this
publication, the following breakdown of the different levels
only represents the complete distribution from all interviews.
As it is seen in Fig. 5, the main focus of the interviews was
on the operative level, to get a deep insight into the working
behaviour and methods of each company, followed by
interviews with the lower and middle management level
which represent 43% of the employees interviewed. The
focus of the project with company A was a Total Productive
Maintenance (TPM) implementation and first steps towards
a digitized maintenance organization. The project with
company B had a special focus on communication within the
company, especially communication between the functional
units of production and maintenance. The third project
additionally included basic assessment of production,
planning & control and quality assurance. Items around the
new category ‘Business Model & Service Strategy’ were not
part of these assessments; therefore, a further discussion of
this category is out of scope. Out of the interviews, it was
possible to identify the status quo of each maintenance
department with the already existing maintenance maturity
model modified after Schroeder [5]. In general, the
maturities of companies A and B can be described as very
similar, while company C has a usually higher maturity in the
different categories.

Top
Management
3%

Lower
Management
17%

Figure 5 organisational breakdown by organisational hierarchy

The MM structure used in the different projects was
slightly different in each case, which emphasises the need for

the new, holistic and standardised LSM MM, which was
proposed by Schmiedbauer et al. [7].

5 RESULTS

The different organisational setup leads to varying
maturity levels for each one of the companies. In order to
gain a better understanding of the structure and operation of
these enterprises, the following three sections will explain
each asset organisation in detail.

5.1 Company A

Company A represents the small-batch & unit
production type. As it is seen in Figure 6, Company A, as
well as company B and C, had the same level of ‘Philosophy
& Target System’ (Level 2), which, in the case of company
A, was attributable to the lack of understanding of the added-
value generated by the maintenance department in terms of
holistic asset management. A consistent target system was
partially implemented, which resulted in varying control
options for the different maintenance processes. The missing
vision for the maintenance department, which in general
should be derived from the company’s vision, was the
potential to enhance focus and understanding of maintenance
as a value provider. On the other side, the higher maturity in
‘Organisational Structure’ was achieved due to the object-
orientation of the maintenance organisation. The object-
oriented contact persons of this level correlate directly with
level three in ‘Knowledge Management’, where object-
oriented professional development courses are a prerequisite.
A closer look at the ‘Corporate Culture’ showed high
potential in creating a structured communication format
between shop-floor and management level. The affiliation of
the employees with the company was identified as an enabler
for the new communication channels.

Philosophy &
Target System
5
Data & a Corporate
Technology 3 Culture

Knowledge
Management Asset Strategy
Process Controlling &
Organisation Budget

Organisational
Structure

mm e = A sssassss B C
Figure 6 Company maturities in the new LSM MM

The ‘Asset Strategy’ category was rated with maturity
level 2 of 5. This was based mainly on the predominating
preventive maintenance strategy, a spare parts warehouse
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that was complete regarding the inventory, but spread over
the whole production site, as well as a not completely defined
outsourcing process. Lastly, the category ‘Data &
Technology’ is explained. Company A had the lowest
maturity of the three companies regarding data and
technology application and standards. The company had no
defined strategy regarding data management, which contains
defined processes about data storage, handling, pre-
processing, and so forth. There were several intersections
between the different data systems (SCADA; ERP);
therefore, the maturity in the category ‘Data & Technology’
was 1. With ongoing automation and digitalization, the
authors anticipate a high potential for improvement in this
category.

5.2 Company B

The case of company B indicates that a high degree of
automation in production processes does not have to correlate
with high maturity of asset management. Throughout all
categories, only a level 2 maturity was reached. Starting from
‘Philosophy & Target System’, the total asset and
maintenance management was only seen as a necessary cost
factor, not as a strategic function. The interviews and their
unsystematic employee surveys showed that a high number
of the workers were unsatisfied, which resulted in a rising
fluctuation in this company when compared to the past.
Besides, there was no systematic change management.
However, a basic but non-transparent bonus scheme had been
already implemented. As part of the category ‘Asset
Strategy’, spare parts management software was already
implemented, processes for spare parts were well-defined.
Nonetheless, there were still unofficial storage sites in some
areas. For maintenance prevention, basic processes were
defined; however, maintenance was not optimally integrated
into the procurement processes. As expected in the highly
automated environment of company B, there was a strong
focus on preventive maintenance. In some cases, condition
monitoring was possible, but usually not used due to a
lacking qualification of employees. Maintenance strategies
were mainly chosen based on the experience of the
management and not by using a systematic approach. In
outsourcing, long-term relationships with other companies
were established and seen as a strategic factor, but there was
a complete lack of a formal outsourcing process. In
‘Controlling & Budget’ there was a strong focus on cost-
oriented performance indicators. Aside from cost-oriented
Key Performance Indicators (KPIs), the overall equipment
effectiveness (OEE) was used, and there were a number of
environmental KPIs, mainly due to compliance reasons. The
budgeting process was well-defined, maintenance costs
budgeted at the object level and budget deviations analyzed.
The ‘Organisational Structure’ was strictly function oriented,
first steps towards autonomous maintenance were taken. The
‘Process Organisation’ was characterized by non-digital
ways of communication and basic capacity planning. There
was no knowledge management system implemented;
technical training was however available for the employees.
Data security protocols were well established, some standard

software used, yet many interfaces were problematic, which
resulted in, for example, the necessity to export data from
SAP and other systems and calculate KPIs in Excel.

5.3 Company C

Of the three cases described, company C has the overall
highest maturity in the new LSM MM, with category
maturities ranging from 2-3. It had a defined mission and
vision for the whole production team, including maintenance,
even though maintenance is not explicitly mentioned,
meaning that the normative base for the target system is
defined. The importance of the maintenance organization
was recognized by the management and other employees,
and maintenance organization optimization projects had
already been carried out in the past. The corporate culture
could be summarised by the statement brought forward by
almost every employee during the interviews, namely, ‘that
they cannot really complain about their work.” This indicated
a high loyalty towards the company as a whole, which was
explained by the fact that the production at this site was
almost independent of macroeconomic cycles, leading to
secure jobs and for the region relatively high salaries. This,
however, led to a low change readiness of the workers.
Employee motivation was high and regularly surveyed, and
a basic bonus scheme was implemented. The main reason for
the low scoring in the category ‘Asset Strategy’ was the spare
parts management. About 20% of the spare parts were
mapped in SAP, and the spare parts management processes
could be best described as semi-formalized. Spare parts are
ordered based on the experience of the maintenance
managers. Maintenance prevention was formalized; there
was, however, improvement potential concerning life-cycle
orientation. In this project, the maintenance strategies were
dominated by reactive maintenance. Furthermore, a basic
criticality assessment of different assets had already been
carried out once, and maintenance strategies were defined for
each asset. The company had an implemented controlling
system, including a three-level Balanced Scorecard (BSC).
Mostly at the shop-floor level, the performance indicator
system was intermittent, some KPIs were available for
production, but none for the maintenance workers. The whole
KPI system was still very new, and deviations of KPIs not
always analyzed and measures rarely derived. There was a
well-implemented, static budgeting process and costs were
allocated at the asset level and all necessary cost categories
defined. The organizational structure could be described as
very conservative; a strong functional job categorization and
practically no autonomous maintenance was present.
‘Process Organisation’ was characterized by first attempts
towards a digital maintenance ordering system. Usually,
maintenance times were first recorded on paper and only
entered into the system at the end of the week, and there was
no structured weak point analysis. There was no structured
knowledge management; however, a detailed qualification
matrix and a comprehensive training program were available.
Most processes around data were well defined; there were
regular data quality checks and a responsible data manager.
Parallel software solutions were in use, for example
production planning in SAP and in Excel, which
compromised the quality of the data and the basis for KPIs.
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6 DISCUSSION AND OUTLOOK

Ever-increasing complexity and volatility and the
developments around 14.0 urge companies to use holistic
thinking with respect to asset management. Maintenance
departments have the potential to increase their effectiveness
and efficiency. To reach higher efficiency and effectivity, the
LSM philosophy and the LSM MM were developed. At the
beginning of this paper, an introduction on the terms of 14.0,
asset and maintenance management as well as in overview of
the LSM philosophy and the LSM MM was given. It was
followed by the methodological approach used as a basis for
this scientific work. To answer the research question: ‘Is the
new LSM MM generic applicable?’, three different
reorganization projects were considered and analysed. These
companies showed characteristics of different production
type classifications (small batch-, continuous and mass
production), different organizational structures, and varying
employee number in the maintenance and production
departments. Resulting from the transfer of the company-
specific data into the new LSM MM, it can be stated that
company A and B have a similar, and company C a higher
overall maturity. The authors have proven the generic
applicability of the LSM MM. Next steps for further research
are the application of the LSM MM in upcoming
reorganization project and a more intensive investigation of
the category ‘Business & Service Strategy’. Limitations of
this work are that only the data from Austrian companies was
analyzed and the category ‘Business & Service Strategy’ has
not been applied.

Notice

The paper will be presented at MOTSP 2020 -
International Conference Management of Technology — Step
to Sustainable Production, which will take place from 30®
September — 2" October 2020 in Bol, island Bra¢ (Croatia).
The paper will not be published anywhere else.
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