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Abstract

Asset-intensive organizations must discharge the responsibility of managing their massive assets
efficiently and effectively alongside the extra demand of ensuring that their strategies satisfy their
business objectives. However, many of such organizations are believed not to have yielded significant
results from their asset management strategy over time. This is evident in the large number of accidents
resulting from deficient maintenance management of safety-critical assets in addition to other loss-
related events arising from the mismanagement of other assets that are critical to performance and
environment. Against this background, it is advisable that the risks associated with the value-adding
functions of the assets are identified and managed such that the total asset value is optimized in relation
to the total life cycle cost. To this end, a systems approach in the form of an integrated asset
management system specified in a global standard (ISO 5500x) is necessary to cover all the phases of the
asset’s lifecycle.

The main objective has been to improve maintenance management and thus contribute to asset
management improvement. The paper intends to identify how maintenance can add value to all the
phases of a physical asset’s life cycle and how maintenance management can be improved by applying
ISO 5500x asset management system to it in order to improve its value-adding potential to physical
assets. The paper builds on literature review covering the ISO 55000 standard itself and other
documents related to ISO 55000 and asset management in general.

Keywords
Asset management, maintenance management, lifecycle, value, accident, loss, risk
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1. Introduction

Industries with critical assets, whether tangible (i.e. physical, financial and human) or intangible, are
faced with the challenge of managing these assets effectively and efficiently in order to maximize the
benefits over their period of usefulness. An optimal asset management minimizes the total life cycle cost
of an asset and hence maximizes value for investment and stakeholders’ satisfaction. However, many
asset-intensive organizations are believed not to have yielded significant results from their asset
management strategy over time. This is evident in the large number of accidents resulting from deficient
maintenance management of safety-critical assets in addition to other loss-related events arising from
the mismanagement of other assets that are critical to performance and environment. Against this
background, it is advisable that the risks associated with the value-adding functions of the assets are
identified and managed such that the total asset value is optimized in relation to the total life cycle cost.
To this end, an asset management standard necessarily has to be applied to uncover the full potential of
an asset in relation to value generation. This is the basis for the development of specifications and
standards such as the British Standard Institute’s (BSI) Publicly Available Specification (PAS) 55 and
International Organization for Standardization (ISO) 55000 respectively. Currently, it is advisable for
asset-intensive organizations to be guided by ISO 55000 (asset management standard), an improvement
over PAS 55 which served as a basis for the development of 1ISO 55000. PAS 55 was originally intended
for physical asset management (BSI, 2008), whereas ISO 55000 is generic, being applicable to all kinds of
assets (ISO, 2014).

With the release of ISO 55000 standards in early 2014, there has been but little scholarly review on it.
Some of the existing reviews include those of Woodhouse (Woodhouse, 2014) and Moodley (Moodley,
2014). The main objective has been to improve maintenance management and thus contribute to asset
management improvement. The paper intends to identify how maintenance can add value to all the
phases of a physical asset’s life cycle and how maintenance management can be improved by applying
ISO 5500x asset management system to it in order to improve its value-adding potential to physical
assets. As implied in the aforementioned, the scope of this paper will cover all the phases of a physical
asset’s lifecycle. The paper builds on literature review covering the ISO 55000 standard itself and other
documents related to ISO 55000 and asset management in general.

The rest of this paper will be structured as follows: Section 2 will present an overview on ISO 55000
series of standards and the benefits of optimized asset management, section 3 will investigate the
relationship between maintenance and asset management, section 4 will investigate how to improve
maintenance function within asset management, and section 5 will conclude the paper.

2. ISO 55000 series of standards for asset management

This section will present an overview over the composition of ISO 55000 standards and their attendant
benefits to an asset-intensive organization if applied appropriately. It is necessary to give basic details
about the primary documents and concepts upon which this paper is based. This will further serve as a
basis to build upon and develop new knowledge.

Page 4



2.1 Whatis ISO 5500x?

The 1SO 55000 series of standards for asset management consists of the following three standards (ISO,
2014):

e ISO 55000: Asset management - Overview, principles and terminology. This provides an
overview of asset management, the principles, standard terms and definitions applicable, and
the benefits obtainable.

e ISO 55001: Asset management - Management systems — Requirements. This specifies what is
required to set up, execute, maintain and improve a “management system for asset
management.” In other words, it specifies the needs for the development of an integrated,
effective management system for assets. However, it does not specify the design of the system.

e ISO 55002: Asset management - Management systems - Guidelines for the application of ISO
55001. This offers guidance on the design of the asset management system as well as on the
implementation of the requirements in ISO 55001 (i.e. on the operation of an asset
management system).

2.2 Benefits of optimized asset management
The benefits of optimized asset management are enumerated and described in the following (ISO, 2014;
Yates, 2014; Fogel, 2014; Asset Management Standards, 2014; Woodhouse, 2013):

1. Improvement of asset performance: Bringing an effective asset management system into being
will position an organization on the path of improving its return on asset (ROA).

2. Coverage of entire lifecycle: An asset management system provides the leverage for accounting
for each and every phase of an asset lifecycle such that optimal benefits are derived from the
asset. Asset-intensive organizations will use the robust framework to generate more value out
of their assets, which implies more value for the bottom line.

3. Informed decision-making: Putting an effective asset management system into place will
promote the flow of information. This will enable the organization to improve its decision-
making and effectively balance costs, risks, opportunities and performance and hence be aligned
with its business objectives.

4. Risk management: An asset management system simplifies risk management by providing an
integrated platform for managing risks, opportunities and liabilities simultaneously.

5. Benchmarking: The asset management standard, being global, will serve as a basis for
international consensus for measuring best practice in asset management.

6. Contribution to due diligence: The standard can serve as a yardstick within an organization for
measuring stewardship of assets and may have some legal implications against neglect or wilful
damage. The sufficiency of an organization’s asset management system may also be considered
by insurers when evaluating premiums.

7. Interconnectedness and coordination of disciplines: The standard will promote a harmonious
interrelationship and coordination across disciplines and promote competency development
within design, procurement, finance, operations, accounting, administration, management,
marketing and customer services for the common goal of achieving an optimal bottom line.

8. Transparency: The standard will promote transparency in reporting asset performance and this
will in turn simplify auditing.

9. Regulatory compliance: The standard will most likely become adopted by economic regulators
as part of the basis for protecting consumers and investors, and for prequalifying organizations
for tenders, loans, grants, contracts etc.
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10. Marketing and competitive advantage: The standard serves as a basis for certification of an
organization’s asset management system. The certification will provide assurance that the
business objectives are achievable consistently and sustainably over time. This presents a good
image of an organization and will improve both existing and potential stakeholder’s awareness
and confidence or provide some other commercial advantage e.g. improved customer
satisfaction.

3 The relationship between maintenance and asset management
This section will investigate the distinction between maintenance management and asset management
as well as their interdependencies. It is necessary to understand the link between the aforementioned
concepts in this section in order to have a better insight into how to develop section 4 - the use of
maintenance management to improve asset management.

3.1 Difference between asset management and maintenance management
Asset management as defined in ISO 55000 is “coordinated activity of an organization to realize value
from assets.” This encompasses coordinated and optimized planning, asset selection, asset
acquisition/development, asset utilization, asset care (or maintenance), asset life extension (if
applicable) and asset decommissioning/renewal (Asset Management Standards, 2014) as shown in
Figure 1.

Asset management
over the lifecycle

Life Extension
| (If applicable)

( Care (or
| Maintena nce)

\

| Utilization

Figure 1: Maintenance management as part of asset management

It is implied from above that maintenance management is only a part of the whole of which is asset
management. In other words, asset management covers both physical and non-physical asset
management, whereas maintenance management is a part of the physical asset management.
According to Rod Nelson (KPMG, 2013), “asset management isn’t about project management or
maintenance...every one working in a company that owns or operates assets should be involved —
procurement, finance, personnel, planning, design, operations, administration, management, marketing
and customer services.”
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3.2 Significance of maintenance within asset management

Maintenance is a key contributor to physical asset management which is a part of the entire asset
management concept as shown in Figure 2. Physical asset management, according to O’Hanlon (2014) is
“optimizing the lifecycle of (physical) asset to deliver the performance specified by the asset owner in a
safe, socially beneficial and environmentally responsible way” (O'Hanlon, 2014). On the authority of
European Federation of National Maintenance Societies (EFNMS), physical asset management may be
defined as “the optimal life cycle management of the physical assets to sustainably achieve the stated
business objectives.” Furthermore, the definition of physical asset management can be coined from the
ISO 55000 definition of asset management definition as “the coordinated activities of an organization to
realize value from physical assets.” Besides, one may sometimes come across a term such as “asset
maintenance management.” This refers to the maintenance function within physical asset management.
Physical asset itself can be defined as “equipment, inventory and properties owned by the organization”
(1SO, 2014). This includes mechanical systems, electrical and electronics systems, structures and their
various components etc.

As shown in Figure 2, asset management influences maintenance management which, in turn,
influences asset management. This is supported by Komonen (2014), who indicated a two-way influence
associated with maintenance management in relation to asset management (Komonen, 2014): (1)
Maintenance management being influenced by the parent organization’s business climate, objectives,
policies, strategies and plans, (2) Maintenance management influencing the parent organization’s
strategies, plans and decisions. Furthermore, as shown in Figure 2, the stakeholders, whether as
individuals, groups or both, affect or are affected by the asset management of an organization. In
addition, the asset management could influence or be influenced by external factors such as market
dynamics, government policies, regulatory oversight, disputes, technological advancement, legislation

and so on.

// T //" - . /,/" - ~
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\ = ] | management | \ " § )
\ \ \ /
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Figure 2: Interrelationship between asset management and maintenance management
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3.3 Benefits of maintenance-based physical asset management
The benefits realizable from maintenance-based, physical asset management can be summed up into
the following (Life Cycle Engineering, 2013):

1. Sustained physical asset reliability: The ability of the physical assets to perform the functions
required of them under specified operating and environmental condition over their design
lifetime will be sustained.

2. Improved physical asset and production availability: There will be a reduction in planned and
unplanned downtime and this will in turn promote efficiency.

3. Reduced maintenance costs: Maintenance costs will be reduced, while a control is in place
against maintenance costs overshooting maintenance budgets. Besides, the potential of
outsourcing maintenance will be reduced. There will also be reduced usage of repair materials
and inventory of spare parts.

4. Improved product quality: The effective maintenance of the production-related physical assets
implies good quality rate in relation to the items being produced and this in turn avoids legal
actions, legislative sanctions and reputation loss in relation to consumer’s dissatisfaction.
Besides, the valuation of physical assets such as buildings in the real property market will
improve by virtue of continuous improvement of quality through maintenance.

5. Improved safety record: There will be a reduction of accidental events and injuries to personnel
since the risk to the people who run and maintain the assets (i.e. those who have direct physical
contact with the physical assets) will be accounted for in the asset management plan which will
encompass planning and scheduling of work.

6. Reduced environmental impact: The identification of environmental aspects (i.e. elements of an
organization's activities, products or services that can interact with the environment) will be
encouraged. Efforts (including through maintenance and modification) to limit the direct aspects
(i.e. activities over which a company can be expected to have an influence and control), e.g.
reducing emissions, managing waste and adapting to climate change are ways of demonstrating
social responsibility, ethical business practice and stewardship.

7. Improved regulatory compliance: The organization’s ability to comply with safety and
environmental regulations, legal and statutory requirements will be promoted.

8. Increased potential for life extension: The incentive to delay decommissioning and extend the
lifecycle of physical assets is the benefit of reducing cost through the avoidance of capital
projects. The chances of this can be enhanced by effective maintenance over the original
lifetime. Since these facilities already exist, the possibility for them to continue operation would
obviously defer the cost of decommissioning and optimize profits.

9. Improved lifecycle costs: The organization will tend to realize the optimal total life cycle costs or
competitive lifecycle profit to produce an item or render a service.

10. Optimized return on physical assets: A long-term return on physical assets will be achieved.

11. Sustainability: Effective physical asset management over time can improve the sustainability of
operations and the organization. In other words, physical asset management is expected to be
continuous in the lifecycle context and hence it sustainably contributes to the achievement of
the set business objectives of the organization.

4 Improving the maintenance function within asset management
This section will present various ways in which maintenance management can be used to improve asset
management within an organization. It includes how asset management concepts can be used to
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improve maintenance management which is intended to be used to improve asset management. This is
analogous to a tree that nourishes the leaf which assists in nourishing it.

4.1 How maintenance can help improve the various lifecycle phases
Maintenance can influence the various phases of physical asset lifecycle and contribute to the
realization of a robust physical asset management as described in Tablel. The intention is to use
maintenance to promote the integrity of assets across their lifecycles in order to uncover more values
from the assets, and this is expected to add to the improvement of the asset management (as a whole)
of an organization.

Table 1: Maintenance influence on physical asset management

Physical asset lifecycle phases Maintenance influence

Needs/feasibility assessment Maintenance personnel should always be involved
in the systematic process for evaluating and
addressing needs, or "gaps" between current
performance of physical assets and desired
performance or "wants" because they usually
have significant information about the capacity of
existing assets and the comparison of their
lifecycle costs with those of desired assets.

Design phase Maintenance  personnel are relevant in
collaborating with design engineers to promote
design for maintainability of physical assets.

Procurement/development Maintenance personnel can collaborate with
procurement department to ensure quality by
verifying and confirming the specifications of
spare parts being supplied. Maintenance
personnel could also promote construction and
installation for maintainability.

Operation/Utilization “Delivering the best value for money in
management of physical assets is complex and
involves careful consideration and tradeoffs
between performance, risk and costs over all of
the assets’ lifecycles. There are inherent
conflicting drivers to manage, such as short-term
versus long-term benefits, expenditures versus
performance levels, planned versus unplanned
availability...” (1SO, 2014). Maintenance personnel
could forge a good relation with operations
personnel to minimize downtime.

Maintenance Maintenance personnel possess the technical
know-how to retain items in or restore them to a
state in which they can perform their required
functions.
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Life extension (if applicable) Life extension is sometimes called service or
systems life extension, life cycle management or
life optimization... the incentives to cut cost and
delay the disposal of older systems are attractive...
risk and cost-benefit analysis must be considered,
or else short-term cost savings may be
overwhelmed by greater long-term costs, safety
problems, or decreased system performance.
Maintenance personnel have useful inputs to offer
in the decision-making process.

Decommissioning As technology advances, assets become obsolete
and non-competitive. A company that does not
keep abreast with change may become
outperformed by companies which may develop
new monopolies. Maintenance personnel can
offer decision support on whether to
decommission or not.

4.2 Maintenance management role in improving asset management with

maintenance and non-maintenance standards

As shown in Figure 3, assets may be classified broadly into tangible and intangible. Tangible assets are
those that have both matter and function, such as physical assets (equipment, inventories and
properties), humans and the ecosystem. Intangible assets are those with function without matter, such
as information, contractual rights, intellectual property rights and reputation. Physical assets are the
main objects of maintenance management, whereas the other assets are supportive to maintenance
management. The intention in this subsection is to identify and classify standards used to manage
different asset types which can influence maintenance management. The objective is that the general
asset management standards, by being applied to maintenance management, will augment the qualities
of ISO 55000 for an enhanced improvement of the results of the asset management of an organization.
ISO 55000, like PASS 55 upon which it is based, is intended to be used particularly in managing physical
assets (ISO, 2014). However, ISO 55000 can still assume a generic status, being applicable to other asset
types based on its current composition (1SO, 2014).

Assets

Main classification of assets Tangible Intangible
L L
I 1 I 1 I 1 1
Environ- Informa- Uther Reputa-
Sub classification of assets Physical Financial Human ] Contract legal ™
mental tion rights tion
- £
L L L
A s Equip-
Objects of maintenance management | % Inventory Property

Figure 3: Classification of assets and the maintenance management connection
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As mentioned earlier, physical assets depend on maintenance management’s influence for enhanced
benefits in the various life cycle phases. Maintenance management, on the other hand, depends on
certain non-physical assets to become more efficient and effective as shown in Figure 4.

Tangible assets Intangible assets

I
I
I
I
I
I
I
I
%[ Contract 1
I
I
I
I
I
I
I
I
I
I
I

Equipment

Inventory

(/1

Human [~ -
> Reputation
Environmental /

1

‘ Financial (tangible asset)

Figure 4: Interrelationship of assets relevant to maintenance management

With further reference to Figure 4, any maintenance management that continues to be ordinary, not
diligently balancing cost, risk and performance will hinder asset-intensive organization from realizing
sustainability (ISO, 2014). Hence, it is important that a maintenance organization within a parent asset-
intensive organization is in alignment with the business goals of the latter. The alignment process should
involve mapping out all the assets which influence the assets critical to the realization of the parent
organization’s objectives and managing all (ISO, 2014). The maintenance organization can manage these
within its context and the positive effects will rub off on the parent organization. Key issues that should
be understood by the maintenance organization include (ISO, 2014): (1) the nature and purpose of the
maintenance organization, (2) the scope and boundaries of its operation in relation to the parent
organization, (3) its financial constraints and regulatory requirements, (4) the needs and expectations of
the parent organization and stakeholders.

A typical maintenance organization within an asset-intensive parent organization may experience the
kinds of influence shown in Figure 4. Firstly, information asset provides technical details about
equipment and properties to be maintained, technical capacities to the humans who will do the
maintenance, spare part inventory and environmental impact. These elements can also generate
information to be stored in the information database for further analysis. Secondly, the contractual
asset can influence outsourced maintenance, supply of spare parts and consumables, workshop building
renovation, workers condition of service, waste management etc. Thirdly, other legal rights such as
intellectual property rights and licensing can influence maintenance organizations that offer services
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such as web-based computerized maintenance management system (CMMS), web-based permit to
work (PTW) system and maintenance-related cyber-physical systems. Fourthly, the qualification of the
humans that do the maintenance, the quality of the service they render and the environmental impact
of the maintenance activities can influence the reputation of the entire organization. Finally, financial
asset, a tangible asset, is necessary to enable or promote the intangible and other tangible assets, and
these are expected to increase the financial asset over time.

Furthermore, according to the International Organization for Standardization, the 1ISO 5500X standards
does not offer technical, financial or accounting guidance for managing a particular asset type, but can
be applied in combination with relevant sector-specific, asset-specific or activity-specific standards and
specifications related to asset management (ISO, 2014). Some standards applicable to maintenance
within physical asset management are listed in Table 1, and these are matched with the corresponding
asset categories. The intention is to improve maintenance management with both core maintenance
standards and relevant non-maintenance standards with the objective of contributing more to the
improvement of the asset management (as a whole) of an organization.

Table 1: Examples of standards relevant to physical asset and maintenance management

Asset type Applicable Title Origin/Language
standard
Equipment IEC/EN 60300 | Dependability management International/English

ISO/EN 20815 | Petroleum, petrochemical and natural gas International/English
industries — Production assurance and
reliability management

IEC 60706 Maintainability of equipment International/English
IEC 62308 Equipment reliability — Reliability International/English
assessment methods.
IEC 62061 Safety of machinery - Functional safety of International/English
safety-related electrical, electronic and
programmable electronic control systems
IEC 61508 Functional safety of International/English
electrical/electronic/programmable
electronic safety-related systems
ISO/EN 13849 | Safety of machinery — Safety-related parts | International/English
of control systems

ISO/EN 14121 | Safety of machinery — Risk assessment International/English
NORSOK Z-016 | Regularity management and reliability Norwegian/English
technology
NORSOK Z-008 | Criticality analysis for maintenance Norwegian/English
purposes
VDI 2888 Maintenance condition monitoring German
VDI 2889 Methods and systems for condition and German
process monitoring in maintenance
VDI 2896 Controlling of maintenance within plant German
management
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VDI 3423 Technical availability of machines and German
production lines
VDI 3822 Failure analysis German
SAE JA1012 A guide to the Reliability Centred American/English
Maintenance (RCM) standard
UNI 10224 Maintenance — Process, sub processes and Italian
main activities — Fundamental principles
UNI 10652 Maintenance — Appraisal and evaluation of Italian
the goods condition
UNI 11126 Telemaintenance — Criteria for the Italian
suitability of items and for the definition of
the related service
PSK 7501 Key Performance Indicators of Finnish
maintenance for use in process industries
PSK 5709 Condition monitoring: Performance and Finnish
efficiency of follow-up
PSK 6202 Industrial process mapping exercise Finnish
Inventory NORSOK Z-006 | Preservation Norwegian/English
VDI 2884 Purchasing, operating and maintenance of German
production equipment using Life Cycle
Costing
VDI 2891 Maintenance relevant criteria for purchase German
of machines
VDI 2892 Management of maintenance spare parts German
UNI 10749 Maintenance — Guidelines for management Italian
of maintenance materials
PSK 7502 Key Performance Indicators of Logistics: Finnish
Material function
IEC 61508 Functional safety of International/English
electrical/electronic/programmable
electronic safety-related systems
Property IEC 61508 Functional safety of International/English
electrical/electronic/programmable
electronic safety-related systems
UNI 10604 Maintenance — Criteria for design, Italian
management and control of the
maintenance services of building
UNI 11257 Maintenance of buildings — Criteria for the Italian
drafting of plan and program of
maintenance of buildings - Guidelines
NORSOK Z-013 | Risk and emergency preparedness analysis Norwegian/English
Financial UNI 10992 Maintenance budget for manufacturers Italian

and suppliers of products and services —
Guidelines for the definition, approval,
management and check
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Human

VDI 2895

Organization of maintenance —
Maintenance as a task of management

German

CEN/TR 15628

Qualification of maintenance personnel

International/English

ASQ Q10015 | Quality management — Guidelines for American/English
training
ISO 18436 Condition monitoring and diagnostics of International/English

machines — Requirements for training and
certification of personnel

NORSOK Z-013

Risk and emergency preparedness analysis

Norwegian/English

Environmental

NORSOK Z-013

Risk and emergency preparedness analysis

Norwegian/English

ISO 14001 Environmental management International/English
Information UNI 10831 Maintenance of buildings — Documentation Italian

and basic information for maintenance
services of projects approved and executed

UNI 10874 Maintenance of buildings — Criteria in Italian
order to write maintenance and use
manual

UNI 10951 Systems of information for the Italian
maintenance management of buildings -
Guidelines

UNI 10584 Maintenance — Computerized Maintenance Italian
Management System

IEC 61355 Classification and designation of International/English
documents for plants, systems and
equipment

IEC 62023 Structuring of technical information and International/English
documentation

IEC 62027 Preparation of parts lists International/English

VDI 2890 Planned maintenance; guide for the German
drawing up of maintenance lists

ISO 13374 Condition monitoring and diagnostics of International/English
machines — Data processing,
communication and presentation

ISO 14224 Petroleum, petrochemical and natural gas | International/English
industries — Collection and exchange of
reliability and maintenance data for
equipment

ISO 15489 Information and documentation — Records | International/English
management

IEC 82045 Document management 1

EN 13460 Maintenance — Documents for International/English
maintenance

EN 15341 Maintenance — Maintenance key International/English

performance indicators

IEC/EN 61703

Mathematical expressions for reliability,
availability, maintainability and
maintenance support terms

International/English
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NF X60-200 Maintenance — Technical documentations French
associated with an item throughout its
lifecycle

NF X60-250 Maintenance — Function “User technical French

documentation” — Recommendations for
its introduction or organization within
manufacturers of equipment

NORSOK S-005

Machinery — Working environment analysis
and documentation

Norwegian/English

VDI 2885

Standardized data for maintenance
planning and determination of
maintenance costs — Data and data
determination

German

F2446-04

Standard classification for hierarchy of
equipment identifiers and boundaries for
reliability, availability and maintainability
(RAM) performance data exchange

American/English

UNI 10449

Maintenance — Criteria to prepare and to
manage the permit to work

Italian

Contract

IEC 62198

Project risk management — Application
guidelines

International/English

EN 13269

Maintenance- Guideline on preparation of
maintenance contracts

International/English

NF X60-090

Maintenance — Criteria of choice of the
maintenance contract — Means contract —
Results contracts

French

VDI 2899

Maintenance service — Procedure for
deciding whether in-house or external

supply

German

UNI 10144

Classification of maintenance services

Italian

UNI 10145

Definition of evaluation factors of services
maintenance forms

Italian

UNI 10146

Criteria to prepare a contract for supplying
maintenance finalized services

Italian

UNI 10148

Maintenance — Management of a
maintenance contract

Italian

UNI 10685

Maintenance — Criteria to prepare a
maintenance global service

Italian

UNI 11136

Global service for maintenance of buildings
- Guidelines

Italian

EN 15221-2

Facility Management — Part 2: Guidance on
how to prepare facility management
agreements

International

PSK 7901

Maintenance in industry: Service
agreement

Finnish
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Other legal rights | Currentgap | Current Need: Standards about guidelines Non-existent
on intellectual property rights and licensing
for maintenance organizations who offer
or intend to offer services such as web-
based computerized maintenance
management system (CMMS), web-based
permit to work (PTW) system and
maintenance-related cyber-physical

systems.
Reputation ISO 14001 Environmental management International/English
ISO 55000 Asset management International/English
VDI 2886 Benchmarking applied to maintenance German
VDI 2887 Quality management of maintenance German

In Table 1, a collection of standards are suggested for physical asset management. These standards
cover both maintenance and non-maintenance standards. In the “other legal rights” category, it is
observed that a maintenance-related standard does not exist as yet for it and needs to be developed. To
this end, it is suggested that standards be developed about guidelines on intellectual property rights and
licensing for maintenance organizations who offer or intend to offer services such as web-based
computerized maintenance management system (CMMS), web-based permit to work (PTW) system and
maintenance-related cyber-physical systems.

4.3 Applying ISO 5500x asset management system to the maintenance

management process

The I1SO 55000x asset management system may be applied to the maintenance management process
and hence increase the potential of the latter to give back more to the physical asset management of
the organization. Recall the definition that an asset is an “item, thing or entity that has potential or
actual value to an organization” (ISO, 2014). For the actual or potential value to be realized optimally
with respect to physical assets, maintenance is needed to retain such assets in or restore them to a state
in which they can provide the desired value. Based on this, it is reasonable to apply the asset
management standard (ISO 5500x) to the management of maintenance alongside other relevant entities
within the organization.

The asset management system in the ISO 5500x standards consists of the following seven elements: (1)
Context of the organization, (2) leadership, (3) planning, (4) support, (5) operation, (6) performance
evaluation, and (7) improvement. This is an improvement over the earlier management systems
governed by ISO 72 standard (i.e. Guidelines for the Justification and Development of Management
System Standards) which specified six elements, namely: (1) Policy, (2) planning, (3) implementation and
operation, (4) performance assessment, (5) improvement, (6) management review. The ISO 72 standard
incorporates the PDCA (Plan-Do-Check-Act) philosophy in the traditional management systems, and this
has been built upon by ISO 5500x with the introduction of additional elements such as the
organizational structure, leadership and support (Life Cycle Engineering, 2013). These additional
elements are expected to add more value to what existed before, implying the exploitation of the value-
adding potential of an organization to the fullest.
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In Table 2, some tools that are relevant to the implementation of ISO 5500x asset management system

are described (ISO, 2014; BSI, 2008).

Table 2: Asset management system and maintenance-related tools

ISO 5500x asset management
system elements

Content

Suggested maintenance-related
tools

Context of the organization 1. Understanding the 1. Aligning the maintenance
organization and its strategies with the
context business objectives of the

2. Understanding the organization
needs and 2. Identifying the physical
expectations of asset that contribute to
stakeholders the realization of the
3. Determining the business objectives
scope of the asset 3. Prioritizing the physical
management system assets in terms of criticality
— safety, environmental
and performance
4. System definition of the
physical asset and the
scope of maintenance
activities
5. Establishing the threshold
of acceptable performance

Leadership 1. Top management 1. Maintenance management
commitment meeting

2. Policy 2. Policy statements displays

3. Organizational roles, Mission and vision
responsibilities, statements displays
relationships and 4. Organogram displays
authorities 5. Job specifications

4. Integrating asset 6. Funding
management with 7. Manpower deployment
business processes 8. CRM (Crew Resource

5. Alignment with Management)
organizational 9. Information technology
strategic plan

6. Resource allocation

7. Conflict resolution

8. Communication

Planning 1. Establish asset Risk analysis
management plan LCA (Life Cycle Analysis)

such that asset
management
strategic objectives
are aligned with
organizational

CBA (Cost Benefit Analysis)
Project management

LCC (Life Cycle Costing)
SAP ERP (Enterprise
Resource Planning)

ok wnNE
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objectives

2. Actions to address
risks and
opportunities for the
asset management
system
3. Planning to achieve
asset management
objectives
Support 1. Resources 1. SAP CRM (Customer
2. Competence Relationship Management)
3. Awareness 2. SAP SRM (Supplier
4. Communication Relationship Management)
5. Information 3. SAP SCM (Supply Chain
requirements Management)
6. Documented 4. SAP PLM (Product Lifecycle
information Management)
Operation 1. Process control 1. SOP (Standard Operating
2. Management of Procedure)
change 2. SIMOPS (Simultaneous
3. Outsourcing of asset operations) procedure
management 3. MOC (Management of
activities change) procedures
4. BPO (Business Process
Outsourcing)
Performance evaluation 1. Monitoring and 1. KPI(Key Performance
measurement Indicators)
2. Analysis and 2. Pareto charts
evaluation 3. Check sheet
3. Internal audit 4. Gap analysis
4. Management review 5. Dashboard
Improvement 1. Nonconformity and 1. Fishbone diagram
corrective action 2. Root cause analysis
2. Preventive actions 3. BPR (Business Process
3. Continual Reengineering) in general
improvement 4. Benchmarking
5. Best practice

In addition, a suggestion of tools relevant to the implementation of the maintenance management

process is presented in Table 3.
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Table 3: Maintenance management process and applicable tools

Maintenance management
phases

Content

Suggested maintenance-related

tools

Work identification 1. Fault detection 1. Diagnostic tools
2. Fault localization 2. Failure analysis tools
3. Identification of causes
Work planning 1. Specifying activities, 1. Task analysis
procedures, resources 2. Work execution procedure
and time scale 3. Labour requirement
required to execute 4. Resource requirement
work 5. HSE plan
2. Specifying tasks
sequence
Work scheduling 1. Tasks allocation to 1. Primavera
workforce 2. MS Project
2. Setting start and finish
dates of each task
3. Job control
Work execution 1. Hands-on retention or 1. Work order
restoration actions 2. PTW (Permit to work)
2. Supervision 3. Certification of personnel
4. Equipment subjected to
pre-mobilization inspection
5. Correct replacement parts
Recording and retrieval 1. Recording to relevant 1. CMMS (Computerized
data Maintenance Management
2. Reporting of work System)
done
Analysis 1. Comparing actual 1. KPI (Key Performance
output with planned Indicators)
output 2. Pareto charts
2. Comparing actual time 3. Checklists
and cost inputs with 4. Dashboard
estimated time and
cost inputs
3. Performance
evaluation
Improvement 1. Reengineering the 1. BPR (Business process
maintenance reengineering) focusing on
management process technology and
2. Maintenance rework maintenance management
process
2. Several rework techniques
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Furthermore, the ISO 5500x asset management system can be applied to the maintenance management
process as shown in Figure 5.

Planning

Work . Work
identification "] scheduling
Leadership
» Improvement
F 3
Context of Recording Work Support
tl.1e. Analysis |« and N execution [¢
organization retrieval
A
A 4
Performance Operation
evaluation |

Figure 5: Integrated system for physical asset maintenance management

Figure 5 is a maintenance management process integrated with the ISO 5500x asset management
system. The black boxes represent the maintenance management phases, the blue boxes represent the
asset management system phases and the red boxes represent common phases with combined
maintenance management and asset management system contents.

The maintenance management process is reminiscent of the PDCA (Plan-Do-Check-Act) control loop,
where plans are initiated, actions are executed, results are compared with the original plan and
appropriate actions are taken (Dunn, 1997). The value-adding mechanism of an organization can be
enhanced with additional values from the asset management system which has also been transformed
into a cyclic process surrounding the maintenance management process. It can be seen in Figure 5, the
idea of developing a specific work plan in relation to the organization’s strategic planning. This passes
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through to the work execution phase of the maintenance management process and the support phase
of the asset management system. At this stage, support is provided for the work execution as well as the
operation phases of the maintenance management and asset management systems respectively. The
operation phase of the asset management system then offers control to the work execution phase of
the maintenance management process from which it received input earlier. Furthermore, the
maintenance management process may continue through a maintenance information system and an
analysis phase to improvement or may follow the path of a sustained maintenance loop via a
maintenance information system to replanning. Meanwhile, the operation phase of the asset
management system feeds into its performance evaluation phase which also gets input from the
analysis phase of the maintenance management process. Hence, the resulting output is compared with
the preset threshold of acceptable performance within the context-of-the-organization phase. This
stimulates the leadership to press on improvement while it continues to facilitate the planning phase.

5. Conclusion

This paper reviewed asset management in general and in relation to ISO 5500x series of standard and
investigated its application to maintenance management and vice-versa. The main objective has been to
improve maintenance management and thus contribute to asset management improvement. The
intentions have been to: (1) investigate how maintenance can add value to all the phases of a physical
asset’s life cycle, (2) investigate the significance of general asset management standards to maintenance
management and (3) investigate how maintenance management can be improved by applying ISO
5500x asset management system to it in order to improve the value-adding potential of maintenance
management to physical assets and hence contribute to improving the bottomline of an organization.

In this paper, the relationship between maintenance and asset management has been investigated and
potential contributions of maintenance to all the phases of a physical asset’s lifecycle have been
uncovered. In addition, the maintenance management’s role in applying both maintenance and non-
maintenance standards to improve the organization’s asset management has been investigated.
Furthermore, a new model has been developed which integrates the asset management system with
the maintenance management process.
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