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Abstract: The mechanisms of transmission and management of knowledge are mostly created by
maintenance and exploitation activities of large buildings and industrial facilities, but they are
poorly studied due to the difficulty capturing themas they belong to tacit knowledge gained by the
experience of the maintenance staff. These professionals are highly qualified and are accostumed
to solving technical problems even under pressure. The loss of these professionals means losing
also an important asset of the company. This article will tackle the importance of the factors that
influence knowledge management (KM) in maintenance engineering and its barriers and facilitators.
The research is carried out by qualitative investigation on maintenance staff of an industrial company.

Keywords: knowledge management (KM); industrial maintenance; exploitation and conduction of
the facilities; tacit knowledge; industry 4.0

1. Introduction

The term industry 4.0 promotes knowledge management in all departments of an industry.
But within the maintenance departments of companies, this is difficult due to the way in which their
technicians are used to working based on their experience and not upon sharing and explaining their
knowledge of operating.

The reliability, availability, maintainability, security and operational costs are the base for
maintenance performance. It is noteworthy the human factor role in the operability [1,2] due to the
tacit knowledge generated by the maintenance activities and staff.

Industry 4.0 will generate new services and products, increasing productivity and new qualified
jobs in the industry. Faced with this transformation, people from all departments of an industry
must have new skills and competencies to work in Industry 4.0. This will require a qualification and
knowledge management for companies [3,4]. Maintenance departments within companies operate
with technicians with high knowledge based on their professional experiences, with a high component
of tacit knowledge and, traditionally, with null knowledge management policies [2].

Knowledge is the capacity to act, process and interpret the information for generate more
knowledge or solve specific problem [5]. Nowadays, knowledge and ideas are the components for
the growth and change of companies and sectors where the use of traditional resources is limited.
The strategic management of the companies is based on knowledge, where the intangible assests are
more valued compared to the active assets of the companies [3,6]. Therefore, knowledge is considered
an important intangible component in companies [7].

A deepening in measures of maintenance services will lead to energy efficiency and a production
improvement [8,9]. As is well known knowledge about facilities is important in maintenance services
as it the key to transform tacit knowledge into explicit knowledge.
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To create an intangible value in knowledge and solve new actions, a change in the knowledge-based
model and learning are required which will make the organization more efficient by focusing on
learning and innovating. The knowledge is a strategic factor and a useful solution tool [10,11].

To deepen the study in tactic actions of industrial trades creates an efficient improvement and a
reduction in a company’s costs as unwanted actions will not occur such as production interruption,
energy loss, efficiency loss or systems and facilities reliability.

Experienced staff is a key component in the company as the reliability of the systems are directly
related to them [12,13] and with their personal knowledge the improvement in knowledge organization
can be achieved [14,15].

To transfer knowledge into newly incorporated staff the subcontracting of industrial services is
efficient as this reduces external rotations, and this methodology is a medium-term activity due to the
lack of time to transfer information [16,17].

The operational impact of the maintenance actions affects the company and its tactical
actionsdirectly, so condition verifications are necessary in order to obtain knowledge [18]. Knowledge
managements implies the use of practices with difficulty in observation and manipulation or
are unknown to those who possess them. In Figure 1, it can be seen the different factors that
affect maintenance:
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Figure 1. Knowledge factors related to maintenance.

There are two types of knowledge: tacit and explicit knowledge, and both present a denpendency
on each other [19]. Tacit knowledge is the one gained with experience [20] in contrast with explicit
knowledge which can be transferred by formal and systematic sources, such as, computer software
or diagrams.

In maintenance engineering, there is a transformation of tacit knowledge (individual level) into
explicit knowledge (group and organizational level) [21]. Once the knowledge is explicit, it turns into
tacit knowledge by the action of internalisation by the members. This process generates four phases:
Socialization, outsourcing, combination and internalisation. Because of these phases, the knowledge
can be formed, created and transmitted [22] (Figure 2).
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THE KNOWLEDGE IN INDUSTRIAL MAINTENANCE ACCORDING TO THE NONAKA MODEL.
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Figure 2. Industrial knowledge according to the Nonaka model.

There are many studies on knowledge management in different industrial and service activities,
and the effect on their application, but usually such studies focus on global management (especially the
most explicit part of the work), influencing trade, internal or accounting administrative management,
R&D or development activities, information technology companies (IT), etc. [23-27], but sparsely on the
tactical actions of industrial trades such as maintenance engineering. The maintenance activity, as it is
organized and due to its own specificity, fundamentally generates tacit knowledge based on experience,
at levels much higher than are explicit, which is also recorded in a fragmented way. In general, there are
mature workers, with a lot of experience due to the great specialization required and, in addition,
a type of information is created that is not elaborate and weakly oriented to decision-making [2]. That is
why managing knowledge in these areas of work implies, in itself, not only an improvement in the
efficiency of the processes of the industrial internal trades, but also a reduction in expenses induced
by the company itself (production stops, loss of energy efficiency, loss of reliability of systems and
facilities and longer learning time for new technicians).

Large companies are ready to implement an increasingly sophisticated solution to improve
their productivity. The near future may be represented by the so-called chatbot, already present on
instant messaging platforms and destined to become increasingly popular [28]. But this is difficult to
implement in maintenance engineering due to the large component of tacit knowledge with which
it works.

2. Materials and Methods

The instruments used in the investigation are semi-structured interviews and analysis based
on the grounded theory, direct observation and documents of the company related to the activity.
Collecting information from different sources not only allows a better evaluation of the validation and
generalization of the results, but also reduces the risk of having limited conclusion based on limited
methods [29].
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This investigation has studied 61 cases of industrial maintenance staff involved in the agro-food
sector in Spain. The case study has been chosen because of its strategy to understand in depth the
individual scenarios and its dynamics in order to discover new relationships and concepts, rather than
verify previously established propositions [30-32].

For this study, different components were used, such as technicians and maintenance department
managers related to the agri-food sector. The sample for this activity was formed by 10 maintenance
managers and 51 maintenance technicians (Table 1). In the selected company, it has been assumed
that the internal maintenance and operation departments aim to have high impact, in order to
havenationwide implementation with industrial factories distributed in different territorial points.
In the selection, the minimum experience is 10 years, so that they know the performance of their
functions as well as the normal limitations in their job.

Table 1. Sample of qualitative study.

Research Sample

Total company staff 1137
Company sector Agri-Food Industry Sector
Maintenance area total staff. 230

Maintenance sections

Facilities  Production Mechanical Systems

Interviewed maintenance staff Managers 3 3 2 o
OPer.at.lve 19 u » .
technicians
Total interviewed cases 6l

The script for the interview:
It is intended to study the factors involved in knowledge management in maintenance engineering within
the industrial company. Based on your personal experience, answer the following questions:

1. Is there any knowledge management policy within the company? And within the maintenance activities?

2. Indaily activities related to your duty, how do you create the knowledge that is normally used in your duty?

3. How is the coding and storage of the generated knowledge produced? How do you contribute to it? and the
rest of coworkers?

4. How does the personal knowledge is transmitted? To what extent does the level of tacit knowledge affect the
resolution of failures or unscheduled stops in these technical structures?

How do you use stored knowledge and how does it impact the company?

6.  What barriers exist within the maintenance activities so the proper knowledge management can be achieved?
What would improve knowledge management in your work? What do you think you could do to improve it
or the company?

What is the involvment of your senior regarding knowledge management?

9. Have any audits taken place? Have knowledge maps been created or used to clarify knowledge flows within
the most important tactical activities?

The instruments used for this investigation are:
Grounded theory: this starts with a general sample of types of companies or people and it will be
adjusted as the research progresses.
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In order to obtain information that does not influence the answers of the interviewees,
a semi-structured protocol is followed with a flexible style. The interviewee is an informer who
provides relevant aspects and suggests additional sources [31].

Direct observation: this is a close examination of the different aspects of a phenomenon in order
to study its characteristics and behavior. This technique provides additional information on the subject
of the study. For the purpose of this research, the direct observation proposed by Yin (1995) [31] was
conducted without protocols and preventing the feeling bythe observed subjects that they are under
study. This observation was developed during the investigation stage, in which there was direct entry
by the company in all areas where it performs the maintenance function.

Documents: are used for corroborating and increase the evidence of the sources. The documents
are also useful for inferring issues that are not previously evaluated [31]. The analysed documents were
documents used in daily practice (work parts, maintenance programs), planimetry and photographic
documents and processes available to the organization itself. The step prior to the data analysis was to
transcribe the interviews, notes taken during interview, observations and useful information of the
reviewed documents.

Having the information written of each case in a single document allowed us to analyze the
information in a clearer way within a cluster of data and compare them from different evidences [30].
The cases studied were analyzed individually and cross-based having as a base the strategies of the
categorization and contextualization described by Maxwell [29]. The data analysis was undertaken
with Atlas.ti 5.0 an app by Research Talk Inc.

3. Results

The list of categories was started during the data collection stage, based on theory, research
questions and interview summaries. This list was modified throughout the fieldwork and during the
case analysis. The categorization of the data in each case was an iterative process in which the data
was assigned to the following categories:

B Acquisition of external and internal knowledge: both internal and external activities support the
organizational process and provides new maintenance knowledge.

B Important elements of knowledge generation: individual and organizational actions support or
restrict the knowledge generation.

m  Transfer of knowledge through informal or formal mechanisms: the formal mechanisms codify
or store the knowledge through the data base, documents or computer tools which are easily
accessible to any member [33]. While informal mechanisms transfer knowledge by direct contact.

B Important elements of knowledge transfer: individual and organizational actions support or limit
the knowledge transfer.

m  Use of knowledge: apply the knowledge in daily maintenance activities of the company.

m  Use of tools for knowledge management: a clear improvement is reached by the proper use of
audits and knowledge maps.

Following analysis of the cases, both individually and crossed, it was possible to detect the main
factors involved in the management of knowledge in the maintenance activity, barriers and facilitators.
The interaction of organizations with their environment, along with the means, are used to create and
distribute the information and knowledge [34].

There are various factors that are directly related to the operational reliability and economic
impacts hence they influence on the efficiency of the company (Table 2).
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Table 2. Knowledge management (KM) factors observed by their dimensions.

Studied Phenomenon
Category

Maintenance Operational Technicians

Maintenance Managers

Knowledge Production
and Acquisition

External:

Material and equipment suppliers.
Catalogues and manufacturers guides.
External installation and assembly companies.

The internal customer itself (rest of the industry).

Internal:

Self-learning.

Training courses.

Formal meetings.

Informal meetings with other colleagues.

External:

Contact with sector of the company (production
and maintenance areas).

Material and equipment suppliers.

Catalogues and manufacturers guides.

External installation and assembly companies.
Meetings with profesional associations.

The internal customer itself (rest of the industry).
Online inquiries.

Attendance to congresses and sectorial fairs.
Internal:

Self-learning.

Training courses.

Meetings in the area.

Elements in Acquisition and
Production of Knowledge

Proactive attitude of the rest of maintenance team.

Staff motivation.

Learning opportunity.

Be a part ofdecision making.
Specific training.

Updated Access to external sources.

Proactive management attitude.

Company size.

Staff motivation.

Learning opportunity.

Be part of investment decision making.

Specific training.

Updated Access to external sources.

Proactive attitude of the rest of maintenance team.

Knowledge Transfer

Formal mechanisms:
Documents.

Intranet.

Maintenance drea meetings.
Informal meetings:

Face to face communication.
Hallway conversations.

Formal mechanisms:

Documents.

Intranet.

Maintenance drea meetings.

Analysis of quantitative data of indicators.
Informal mechanisms:

Face to face communication.

Hallway conversations.

Meetings with other companies’ colleagues.
Emails.

Intranet.

Elements in
Knowledge Transfer

Work environment.

Maintenance staff motivation.

Be a part in decision making.
Simple tools for knowledge capture.
Time availaibility.

Management style.

Maintenance staff motivation.

Be a part ofdecision making.
Simple toolsto capture knowledge.
Time availaibility.

Use of Knowledge

Breakdown repairs.
Work environment understanding.
Actions opportunity.

Maintenance planning.
Establish priorities.

Optimize technical resources.
Economic optimization.
Response and reliability.
improvements.

4. Discussion

There are various factors that are directly related to the operational reliability and economic
impacts hence they influence on the efficiency of the company (Table 2). The analysed data shows
the existence of divergence between maintenance managers and technicians, as the first group is
professionaly formed with higher education and they have more software knowledge along with a
organizational component of their function.

Knowledge production and acquisition: the sources for external knowledge are the
subcontracting companies, installer companies, material and equipment manufacturers and connections
with other maintenance companies.
conversations between workers and the self-learning. These internal or external activities are the
support for organizational processes and provides new maintenance knowledge.

Internal knowledge is acquired by meetings, informals

Other important elements to generate knowledge are the proactive attitude of the management
team, motivation of involved staff and organizational culture in the maintenance department.

Employees being part of decision-making activities affects positively on production and acquisition
of external knowledge. Regarding the internal knowledge, it is acquired from the internal clients as
they give opportunity to the organization about different services and demands from them. Internal
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knowledge is also gained by self-learning techniques and maintenance staff meetings. Self-learning
techniques depend on individual tacit knowledge developed by the experience, learning through social
interaction and communication within the company which promotes a participatory management
style [35]. Meetings are mainly used for organizational knowledge creation and promote the learning
of the staff along with the creationof new ideas.

Knowledge transfer by formal and informal mechanisms: formal mechanisms codify and
archive the knowledge in form of software or documents which are easily reachable by any member of
the organization [33]. The informal mechanisms transfer the knowledge through direct contact such as
meetings of the members since theywork as a knowledge transfer means. It must be emphasized that
the documents have greater impact on the organization at the point of knowledge transfer, but the lack
of time hinders the documentation of important actions.

The knowledge management team and technicians have different techniques to transfer knowledge.
The first group transfer knowledge using emails or intranet, while the technicians have limited use of
computer tools which makes them use their own knowledge. This indicates that technological tools
used to transfer knowledge must be easy and simple, so it is reachable by any operational technician.

Use of knowledge and tools for its management: by applying the acquired knowledge on
maintenance activities creates a positive effect and improvement in the company. Proper knowledge
and information management affects positively on actions such as:

Breakdown repair.

Understanding on working environment.

New action opportunity.

Maintenance planning.

Priority in investment, reliability and energy efficiency.
Optimize technical resources.

Economic optimization.

SN N N NN

Improvement of reliability and response time.

It is remarkable the use of diagrams only in certain facilities or equipment which limit the use of
internal knowledge audits.

In Figure 3, the qualitative research on industrial maintenance is shown, where the learning
system must be based on actions of acquisition, retention and use of knowledge. This structures the
knowledge and how the learning is produced. The proposed system must be able to incorporate
concepts and techniques of how the knowledge is applied, thus the efficiency in maintenance services
is improved.

Barriers and facilitators of transfer and creation of knowledge in maintenance organizations:
a flexible proactive organizational culture, together with a participatory style of management,
are elements that allow activities to develop both in the generation and the transfer of knowledge
within the organization. At the individual level, personal motivation and the opportunity to learn
facilitates the generation of knowledge that when shared with other members of the company gives rise
to organizational knowledge. The empirical evidence of this study shows that an open organizational
culture motivates technicians to generate and share their knowledge in a more successful way and at
the same time, and supports communication between company members. In maintenance controls,
a grouped physical distribution of their jobs facilitates the transfer of knowledge

There is a need for a “knowledge manager” as this captures and tranfers the knowledge into
various members. This figure must have technical training and clear concept of knowledge management
with high experience so the knowledge can be easily shared into technicians and managers. This creates
quality in maintenance services and therefore an improvement in the organization itself, along with a
connection between the rest of the activities of the organization such as production, administration
areas, etc. This suggests that the knowledge to be transfer must be a priority and has to be planned as
rest of the strategic activities of the company.
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Figure 3. Knowledge understanding framework in the maintenance activity.

There are challenges that make difficult a proper functioning of the knowledge transfer such as
the lack of availability to address the important actions and cultural barriers explained in Table 3. It is
remarkable the massive use of informal mechanisms used to transfer the knowledge which creates
“closed” knowledge making it difficult to share into members of the organization. According to the
participants in this research, the efficient way to improve self-learning is through the possibility to apply
their knowledge on different activities of the organization. This creates motivation in the staff along
with knowledge on new tools and acquisition, use and transfer of internal and external knowledge.

Table 3. Tools, barriers and facilitators in KM in maintenance activity.

Studied Phenomenon
Category

Maintenance Operation Technicians

Maintenance Managers

Knowledge
Management Tools

Information and knowledge maps.
Agile and simple systems to capture experiences.
Mobile computing tools to capture images, videos and experiences.

Maintenance audits.

Energy audits.

Knowledge audits.

Knowledge and information mapsCriticality diagram.

Knowledge
Management Barriers

Shortage of time to properly address important actions.
Cultural barriers.

Culture base on “own knowledge” not shared.

Staff involvement.

Greater use of informal knowledge mechanisms.

Shortage of time to properly address important actions.
Cultural barriers.

Maintenance staff involvement.

Involvement of managerial team of the company.
Greater use of informal knowledge mechanisms.

Open and flexible proactive organizational culture.
Participatory management style.
Personal motivation of the employee.

Open and flexible proactive organizational culture.
Participatory management style.

Personal motivation of the employee.

Learning opportunity.

1\14(;1::;1:;‘15:‘ ¢ LearniAng (?pportunity ) Organizational culture of maintenance area.
Facilitator. Organizational culture of maintenance area. Management style.
acilitators .
Management style. Physical space.
media. Management style.
Use of knowledge manager related to maintenance activities. Media.
Use of knowledge manager related to maintenance activities.
Handwritten personal notes which are not shared with the rest of It, 18 1r2portanttto }t‘;:v? knowledge to n flginerall :inanagement
Observations the team, which hamper the transmission and use of knowledge since 1t promotes the Improvement in knowiedge

between organization.

management and maintenance optimization, with a
medium- and long-term vision.

Results of Proper
Management in
Maintenance Activity

- Capture of strategic tacit knowledge of maintenance technicians.
- Resolutions of critical breakdowns in shortest time (especially the non-cyclical ones).

- Reduction of operating maneuver time.
- Facilitate sector change or staff substitutions.
- time reduction in new staff coupling.

- Capture and transmission of information of subcontractor companies.
- Share knowledge of employees that can be used by others to detect new improvement opportunities.

- Improved knowledge of equipment and facilities reliability.

- Improved knowledge for the detection and improvement of the efficiency actions.

- time optimization

- Self-learning improvement for solving problems in the factory itself.
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Table 3 shows the main categories that identify the different tools, facilitators and barriers in
process of knowledge management.

5. Conclusions

This study is focused on components of a Kantian process where the ways in which the companies
transfer, generate and use their knowledge are analyzed, along with the damages that can occur in
the organization.

Proper knowledge management affects positively on different actions of a company, such as those
mentioned in the Table 3 in results, where various activities can be done with a proper functioning
of knowledge management. To create strategic value, it is important to combine internal and
external knowledge.

A proactive and participatory style in knowledge management promotes new ideas and enhances
the knowledge management itself along with self-learning, which is a key factor in activities where the
demand for swift actions is higher.

It is also remarkable the existence of challengessuch as informal meetings for the generation and
transfer of knowledge between technicians. Other challenges are the lack of use of the different audits
and to spread the “know-how” system into the maintenance staff it must be simple and easy so it can
be shared between them.

To conclude, there is a clear need for a knowledge manager as a key factor in transfer and use of
knowledge. A knowledge manager is a person with high experience in operational maintenance areas
and high technical training and, therefore, this figure can create efficiency in knowledge management
so, the transfer of knowledge must be a priority in the maintenance industry, and it must be included
in the strategic planning of the company.
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