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European foreword 

This document (EN 17485:2021) has been prepared by Technical Committee CEN/TC 319 
“Maintenance”, the secretariat of which is held by UNI. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by December 2021, and conflicting national standards shall 
be withdrawn at the latest by December 2021. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, 
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North 
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United 
Kingdom. 
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Introduction 

EN 17485 introduces methods and procedures about maintenance within physical asset management for 
all the levels and functions of the organizations’ management, including corporate planning management, 
plant management, technical management, production management, financial management, asset 
management, maintenance management, and quality management. 
EN 16646 ‘Maintenance - Maintenance within physical asset management’ was published in December 
2014. Since it gives a general framework to allow and determine the role and tasks of maintenance within 
the larger frame of physical asset management, but does not introduce detail methods and procedures to 
implement or establish it. The aim of EN 17485 is to close this gap. 
This document addresses the principles of physical asset management, which are relevant from the 
maintenance point of view. This document offers a framework for a systematic management approach. 
The aims of this document are to: 
— create and systematize the link between business, physical asset management and maintenance 

activities of organizations; 

— indicate external and internal influencing factors and their effect on physical asset and maintenance 
management; 

— promote cross-functional cooperation; 

— address transparency in organizational decision making; 

— address simulation and visualization as effective tools to support decision making; 

— address uncertainty management to improve the quality of decision making; 

— improve information management as an activity to achieve the above-mentioned objectives; 

— address the sustainability of operations. 
These targets improve the chances of success in meeting the physical asset management challenges 
mentioned in EN 16646. It mentions several reasons why physical asset management is nowadays more 
important than ever before. The same reasons are valid when we evaluate the importance of methods 
and procedures. 
This document introduces methods and approaches to build a bridge between maintenance and the other 
functions. 
Many benefits can be achieved when applying the methodology presented in this document: 
— economically more efficient, effective and profitable use of capital: ‘turnover of and return on assets’; 

— more accurate long-term life cycle decisions; 

— integrated investment and maintenance planning; 

— integrated approach for the production function (assets, operation and maintenance); 

— direction given to maintenance strategies and activities; 

— improved position for maintenance among the other company functions; 

— improved assessment of performance and control; 

— enhanced capability to operate within extended enterprise ecosystems (including 
customers/suppliers); 

— enhanced reputation; 

— more sustainable use of capital. 
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Further and maybe even greater benefits are now being found through improved credibility in the eyes 
of customers, regulators and other stakeholders. Physical asset management also results in much greater 
engagement and motivation of the workforce, and in more sustainable, continual improvement business 
processes. Physical asset management builds up the required link between maintenance management 
and the organizational strategic plan and gives direction to maintenance activities. 

The standards EN 16646 and EN 17485 build the bridge between ISO 5500x (Asset management system 
standards) and the EN maintenance standards. ISO 55001 states that organizations should determine e.g. 
the organizational context, requirements for the assets, decision criteria, strategic asset management 
plan and asset management plan (including maintenance). However, it does not describe how to do it. 
Respectively, maintenance standards often introduce e.g. the concept of the required function or the 
concept of maintenance strategy, but do not explain how they have been determined. EN 17485 
introduces a methodological framework which advises organizations to implement the requirements 
presented in ISO 55001. By doing this it creates the bridge between the several maintenance standards 
and ISO 5500x in order to give an applicable starting point to the more detailed documents for the specific 
sub-functions of maintenance (See Figure 1). 

 

Figure 1 — Links between EN 17485 and other standards 

 

Figure 2 — The structure of the core clauses 

Full document details: BS EN 17485:2021

https://doi.org/10.3403/30284862U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-17485-2021
http://www.avadocuments.com/doc/bs-en-17485-2021


EN 17485:2021 (E) 

6 

In Figure 2, life cycle management covers 3 main life cycles stages (see in detail 5.2): 

1. Acquisition stages (6 sub-stages) where the impact of maintenance on asset solutions have been 
indicated and the first contributions on maintenance strategies and programmes have been created; 

2. Utilization stages (3 sub-stages) which are: 

— Utilization of physical assets; 

— Maintenance of physical assets; 

— Replacements including reconditioning, improvements, modifications, modernizations; 

3. Disposal stage. 
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1 Scope 

This document specifies methods and procedures when applying physical asset management as a 
framework to take maintenance into account as an influencing factor within an organizations’ strategic 
and tactical decisions on its physical assets, and when applying physical asset management as a 
framework to maintenance activities. It also specifies the relationship between organizational strategic 
plan and the maintenance management system at a methodological level and describes the interrelations 
between maintenance process and all the other physical asset management processes at a procedural 
level. 

This document is applicable to managing the physical assets of organizations of all sizes especially 
organizations producing goods and services with physical assets. It introduces methods and procedures 
for all the levels and functions of the organizations’ management such as corporate planning 
management, plant management, technical management, production management, financial 
management, asset management, maintenance management, quality management, etc. The focus of the 
document is at the asset portfolio and system levels and consists of guidance and recommendations. It 
does not apply to certification, regulatory, or contractual use. 

However, if specific documents exist for a particular domain, it is important to also consider those 
documents. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies. 

EN 13306:2017, Maintenance — Maintenance terminology 

EN 16646:2014, Maintenance — Maintenance within physical asset management 

ISO 55000:2014, Asset management — Overview, principles and terminology 

3 Terms, definitions and abbreviations 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 13306, ISO 55000, EN 16646 
and the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

— ISO Online browsing platform: available at https://www.iso.org/obp 

— IEC Electropedia: available at https://www.electropedia.org/ 

3.1.1 
asset 
item, thing or entity that has potential or actual value to an organization 

Note 1 to entry: In this document the term ‘asset’ means physical asset (3.1.2). 

Note 2 to entry: A machine or device (e.g. a pump, a gear, a valve) can be called a single asset. 

[SOURCE: ISO 55000:2014, 3.2.1, modified – Note 2 to entry has been redrafted and renumbered as Note 
1 to entry; Notes 1 and 3 to entry have been deleted] 
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3.1.2 
physical asset 
item that has potential or actual value to an organization 

[SOURCE: EN 13306:2017, 3.2, modified] 

3.1.3 
asset portfolio 
assets that are within the scope of the asset management system 

Note 1 to entry: An asset portfolio consists of several asset systems. 

Note 2 to entry: See Annex A. 

[SOURCE: ISO 55000:2014, 3.2.4, modified – Notes 1 and 2 to entry have been deleted and new Notes 1 
and 2 to entry have been drafted] 

3.1.4 
asset replacement value 
ARV 
estimated amount of capital that would be required to replace the old plant or asset to the similar new 
asset 

Note 1 to entry: Replacement value is often equivalent to the fire insurance value. 

Note 2 to entry: In the literature also plant replacement value (PRV) is widely used. 

3.1.5 
asset solution 
asset that fulfils the requirements set in the concept definition 

Note 1 to entry: A non-asset solution fulfils the requirements without asset ownership. 

3.1.6 
asset system 
set of assets that interact or are interrelated 

Note 1 to entry: A production line, sewage water treatment plant, transport vehicle and power plant units are 
typical examples of asset systems. 

[SOURCE: ISO 55000:2014, 3.2.5, modified – Note 1 to entry has been added] 

3.1.7 
asset specificity 
aspect or feature of an asset (such as a specialized machine) that makes it useful for one or few specific 
purposes, and therefore no other owner can get the same value from it 

Note1 to entry: ‘Asset specific’ indicates high value of asset specificity. 

3.1.8 
business environment 
all the external factors within the market, technology and community influencing on the decision making 
of the organization 

[SOURCE: EN 16646:2014] 

Full document details: BS EN 17485:2021

https://doi.org/10.3403/30284862?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-17485-2021
http://www.avadocuments.com/doc/bs-en-17485-2021


EN 17485:2021 (E) 

9 

3.1.9 
commercially constrained 
property of the assets or asset systems, that limits profitable transaction because of asset specificity, 
competition reasons, obsolescence or price level 

3.1.10 
competence 
proven ability to use knowledge, skills (3.10), and personal, social and/or methodological abilities, in 
work or study situations and in professional and personal development 

Note 1 to entry: Competence is described in the terms of responsibility and autonomy. 

[SOURCE: EN 15628:2014, 3.1] 

3.1.11 
concept definition 
stage of the asset life cycle after feasibility study, where the basic technological solution is determined 

3.1.12 
creation of physical asset 
acquisition process, which can include concept definition, design, manufacturing, installation, 
commissioning 

[SOURCE: EN 16646:2014, 3.1.3] 

3.1.13 
improvement 
dependability improvement 
combination of all technical, administrative and managerial actions, intended to ameliorate the intrinsic 
reliability and/or maintainability and/or safety of an asset, without changing the original function 

Note 1 to entry: An improvement may also be introduced to prevent misuse in operation and to avoid failures. 

[SOURCE: EN 13306:2017, 7.6] 

3.1.14 
integrity 
asset integrity 
ability of a system to sustain its form, stability and robustness, and maintain its consistency of 
performance and use 

3.1.15 
item 
part, component, device, subsystem, functional unit, equipment or system that can be individually 
described and considered 

Note 1 to entry: A number of items e.g. a population of items, or a sample, may itself be considered as an item. 

Note 2 to entry: An item may consist of hardware, software or both. 

Note 3 to entry: Software consists of programs, procedures, rules, documentation and data of an information 
processing system. 

[SOURCE: EN 13306:2017, 3.1] 
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3.1.16 
critical success factor 
attribute required for an organization to ensure the success of an organization 

[SOURCE: EN 16646:2014, 3.1.4, modified – ‘critical success factor’ instead of ‘key success factor’] 

3.1.17 
lagging indicator 
measure of an output 

[SOURCE: ISO 41014:2020, 3.8.1] 

3.1.18 
leading indicator 
measure of an input 

[SOURCE: ISO 41014:2020, 3.8.2] 

3.1.19 
life cycle of a physical asset 
series of stages through which a physical asset goes, from its conception to disposal 

[SOURCE: EN 13306:2017, 4.18, modified – ‘of a physical asset’ added, ‘an item’ replaced by ‘a physical 
asset’, example and Note 1 to entry have been deleted] 

3.1.20 
maintenance 
function which includes 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 

Note 1 to entry: Maintenance is not limited to a maintenance department. 

Note 2 to entry: The maintenance is contributed by all the functions of the organization. 

[SOURCE: EN 13306:2017, 2.1, modified – ‘combination of’ replaced by ‘function which includes’, Notes 
1, 2 and 3 to entry have been deleted and new Notes 1 and 2 to entry have been drafted] 

3.1.21 
minimum effective expansion investment 
smallest investment that is possible to increase capacity 

Note 1 to entry: Minimum effective expansion investment is closely associated with the level of step costs 

Note 2 to entry: For example, if a paper mill having one paper machine wants to increase its capacity it should 
invest in another paper machine having a very high step cost. If 5 % additional capacity is needed only, then other 
measures e.g. improved maintenance, could be more effective. Whereas a dressmaker’s shop having 100 sewing 
machines can easily increase its capacity with 5 machines at a low step cost. 

3.1.22 
modernization 
modification or improvement in the case of nonconformity of the asset, regarding technological advances, 
to meet new or changed requirements 

[SOURCE: EN 13306:2017, 7.8, modified] 
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3.1.23 
modification 
combination of all technical, administrative and managerial actions intended to change one or more 
functions of a physical asset 

Note 1 to entry: Modification is not a maintenance action but has to do with changing the required function of an 
item to a new required function. The changes may have an influence on the dependability characteristics. 

Note 2 to entry: Modification may involve the maintenance organization. 

Note 3 to entry: The change of an item where a different version is replacing the original item without changing 
the function or ameliorating the dependability of the item is called a replacement and is not a modification. 

[SOURCE: EN 13306:2017, 7.7, modified – ‘of an item’ replaced by ‘of a physical asset’] 

3.1.24 
operating conditions 
physical loads and environmental conditions as experienced by the asset during the entire life cycle 

Note 1 to entry: Operating conditions can vary during the asset’s life cycle. 

[SOURCE: EN 13306:2017, 4.22, modified – ‘experienced by the item during a given period’ replaced by 
‘as experienced by the asset during the entire life cycle’, ‘item’ replaced by ‘asset’ in Note 1 to entry] 

3.1.25 
operating constraints 
characteristics of the asset, which set limits for the use of the asset and may determine requirements for 
maintenance activities 

Note 1 to entry: These characteristics are the results of design and construction of the assets and are influenced 
by the operational mode and operation conditions. 

[SOURCE: EN 13306:2017, 4.21, ‘item’ replaced by ‘asset’ in definition and Note 1 to entry, Note 1 to entry 
has been redrafted] 

3.1.26 
operational mode 
operating profile 
configuration in which an item is operated and utilized during a given period characterized by units of 
use (hours, loads, number of starts/stops, number of transients, etc.) 

Note 1 to entry: Operational mode determines the frequency, load, continuity and performance rate of utilization. 

[SOURCE: EN 13306:2017, 4.20] 

3.1.27 
physical asset management 
coordinated activities of an organization to realize value from physical assets 

Note 1 to entry: Realization of value will normally involve a balancing of costs, risks, opportunities and benefits. 

Note 2 to entry: In the life cycle context, physical asset management is the optimal life cycle management of 
physical assets to sustainably achieve the stated business objectives. 

[SOURCE: ISO 55000:2014, 3.3.1, modified, added ‘physical’] 
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3.1.28 
technical depreciation 
difference between the asset replacement value and actual value 

Note 1 to entry: Technical depreciation should be based on the asset replacement value but not on asset book 
value. 

Note 2 to entry: Technical depreciation are calculated as a ratio of asset replacement value and expected life. 

Note 3 to entry: Technical depreciation measures and depicts technical aging of the assets in money terms. 

[SOURCE: EN 16646:2014, 3.1.14] 

3.1.29 
strategic asset management plan 
SAMP 
documented information that specifies how organizational objectives are to be converted into asset 
management objectives, the approach for developing asset management plans, and the role of the asset 
management system in supporting achievement of the asset management objectives 

Note 1 to entry: A strategic asset management plan is derived from the organizational plan. 

Note 2 to entry: A strategic asset management plan may be contained in, or may be a subsidiary plan of the 
organizational plan. 

[SOURCE: ISO 55000:2014, 3.3.2] 

3.1.30 
sustainability 
state of the global system, including environmental, social and economic aspects, in which the needs of 
the present are met without compromising the ability of future generations to meet their own needs 

Note 1 to entry: The environmental, social and economic aspects interact, are interdependent and are often 
referred to as the three dimensions of sustainability. 

Note 2 to entry: Sustainability is the goal of sustainable development (3.2). 

[SOURCE: ISO Guide 82:2019, 3.1 ‘Guidelines for addressing sustainability in standards’] 

3.1.31 
conversion cost 
transformation cost 
total cost required to convert materials into product or service, excluding cost of raw materials, packaging 
and auxiliary materials 

Note 1 to entry: Conversion costs are a manufacturer’s production costs other than the costs of raw materials. 
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3.1.32 
useful life 
time interval from first use until the instant when a limiting state is reached 

Note 1 to entry: The limiting state may be a function of failure rate, maintenance support requirement, physical 
condition, economics, age, obsolescence, changes in the user’s requirements or other relevant factors. 

Note 2 to entry: The limiting state may be redefined by changes in conditions of use. 

Note 3 to entry: In this context, ‘first use’ excludes testing activities prior to hand-over of the item to the end-user. 

[SOURCE: EN 13306:2017, 4.16] 

3.1.33 
key performance indicator 
KPI 
indicator considered significant 

[SOURCE: EN 15341:2019, 3.5] 

3.2 Abbreviations 

The list of abbreviations used in this document is given in Table 1. 

Table 1 — List of abbreviations 

Abbreviation Meaning 

AHP 
ARV 
FMEA 
FMECA 
FTA 
JIT 

Analytic hierarchy process 
Asset replacement value 
Failure mode and effects analysis 
Failure mode, effects, and criticality analysis 
Fault tree analysis 
Just in time 

KPI 
LCC 
LCP 
MTTM 
MTTF 
MTTR 

Key performance indicator 
Life-cycle cost 
Life cycle profit 
Mean time to failure 
Mean time to maintain 
Mean time to restoration 

OEE 
PAM 
POA 
PPA 
RA 
RBI 
RCM 
SAMP 
RBD 
QFD 

Overall equipment effectiveness 
Physical asset management 
Potential opportunity analysis 
Potential problem analysis 
Risk assessment 
Risk based inspection 
Reliability centred maintenance 
Strategic asset management plan 
Reliability Block Diagram 
Quality Function Deployment 
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4 Strategic planning for maintenance within physical asset management 

4.1 Strategic asset management plan (SAMP) 

4.1.1 Introduction 

The purpose of physical asset management is to manage an organization’s physical assets effectively in 
order to deliver the objectives of the organization’s strategic plan. Therefore, the organization should 
prepare a strategic asset management plan (SAMP) for the physical assets. 

Various combinations of organizational, market and technological influencing factors (see Annex C and 
Annex D) affect SAMP including required asset solutions (see 3.1.5), operative policies, maintenance 
strategies, and replacement / modernizations needs and finally asset disposals. The number of 
combinations of influencing factors is theoretically huge, but in practice there is a limited number of 
combinations of influencing factors which really matter and make a difference. These differences result 
in basic requirements on technical asset solutions establishing the production system of the organization. 
However, the real sustainable competitive advantage can be achieved with innovative modes of operation 
and technological advancement. 
4.1.2 Purpose 

Consistent with the definition in ISO 55000:2014 and the requirements in ISO 55001:2014, the SAMP 
should fulfil a number of purposes (modified from the complete text of ISO 55002:2018, C.2): 

— to detail in documented information the role of the assets, asset management and asset management 
system in supporting the achievement of the organizational objectives and to provide clarity and 
direction for everyone in the organization from top management to delivery teams; 

— to translate organizational objectives into strategic asset management objectives which can have an 
impact on the assets and asset management; 

— to guide an approach for developing the asset management plans and the asset management system, 
while applying the asset management policy to ensure alignment; 

— to document the decision-making criteria that enable the definition of value realization for the 
organization and its stakeholders and the coordinated approach for performance evaluation; 

— to present a consolidated plan at the asset portfolio level for achieving the strategic asset 
management objectives and linking these to the organization’s financial plans; 

— to present a plan for creating or improving the asset management system in order to ensure that the 
required capabilities and resources are available to achieve the asset management objectives. 

4.1.3 The content 

The organization should determine the areas to be addressed and the level of detail for the SAMP to meet 
its specific needs. A list of key areas that should be addressed in a SAMP to meet the purposes is given in 
ISO 55002:2018, C.4. 

The scope introduces a supporting methodological framework for maintenance within physical asset 
management. This document is also a useful guide for many of the issues mentioned in the contents for 
SAMP. 

Although, the list of contents for SAMP contains elements such as a summary of the organizational plan, 
influencing factors, critical success factors and requirements for the assets, they are presented in Figure 3 
in separate boxes, as separate issues, because they are important elements of the organizational strategic 
plan. Especially, a summary of the organizational plan, influencing factors and critical success factors are 
significant inputs for strategy formulation within physical asset management and therefore, they also 
should be presented in SAMP. The presentation of the elements will follow the order of Figure 3. 
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4.1.4 The significance of assets 

The significance of assets in delivery of the objectives can vary greatly depending on the products and 
services provided. Also, the organizations’ strategic decisions determine the importance of the physical 
assets and therefore that of the maintenance activities. As far as manufacturing is concerned, the asset 
portfolio and assets within it are crucial in achieving the organizational objectives. The same applies in 
many cases also for services. Physical assets contribute to the quality of the organizations’ services or 
products. Similarly, they have an influence on costs, performance and risks of the organization. There are 
several factors that can define the strategic importance of physical assets e.g.: 

Associated with profitability and productivity: 

— typical return on physical assets within the sector; 

— physical assets turnover, productivity of fixed capital: sales / physical assets (book value); 

— required operating rate (at which percentage rate production is profitable); 

Associated with-performance and efficiency: 

— technical turnover of physical assets: sales / physical assets replacement value; 

— productivity of physical assets as a competitive factor in the market; 

— significance of physical assets in meeting critical success factors of the organization; 

— availability of non-asset solutions; 

Associated with cost structure: 

— relationship between personnel costs and capital costs; 

— fixed capital as a barrier to entry (e.g. minimum effective investment in relation to sales); 

— costs of physical asset solutions (very high investment costs may set a barrier to entry and encourage 
an organization towards non-asset solutions or avoid an investment). 

The organization’s specific significance depends on the critical success factors of the organization and the 
production technology in use. The asset portfolio supports the organization in delivering identified 
critical success factors and requirements. Maintenance has a strong role in realization of the effects of the 
physical assets on the delivery of organizations objectives. Maintenance activities should improve the 
performance and cost efficiency of the organization. Effective maintenance activities can increase the 
potential for higher sales by increasing OEE (overall equipment effectiveness), and therefore the capacity 
to produce higher volumes. The same chain of influence decreases a need for new investments, and 
therefore results in lower depreciation. Finally, effective maintenance decreases a need for capital in 
terms of fixed assets and inventories and therefore results in a higher return on the asset portfolio. In 
addition to the above influences, maintenance can realize the capability of the asset portfolio to create 
improved reliability of the product deliveries and meet other success factors. 
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4.2 Developing AM policy, SAMP and AM plan 

4.2.1 Introduction 

Figure 3 shows how maintenance is embedded in asset management and strategy development and in 
the deployment process of the organization. Typically, this process is triggered annually. On the corporate 
or site level, critical success factors are identified and the corporate policy, organizational plan, 
organizational objectives are defined. The policy contains the perpetual principles of the organization 
and acts as the frame for the development or revision of the organizational plan. This plan considers the 
demand from the market and the surrounding community as well as the opportunities and challenges 
coming from: 

— the fulfilment of the objectives of the prior organizational plan; 

— the characteristics of the organization; 

— the existing implementation of the asset management policy, the strategic asset management plan 
and the achieved asset management objectives based on the available, implemented asset portfolio; 

— available technology on the market. 

This internal and external context of the organization is described thoroughly in Annex B and C. Beside 
the current situation, future developments should be taken into consideration. For example, the potential 
reaction of the market to providing new products and services should be estimated in this development 
activity. 
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Figure 3 — Strategic asset management process 

The critical success factors result from analysis of the context of the organization. Thus, they are the 
foundation of all further steps. The application of critical success factors is presented in 4.2.4 in detail. 
While the organizational plan provides high-level orientation to the organization, the organizational 
objectives are the necessary measures for trading progress in detail during deployment. On the one hand 
these corporate /site level strategic choices have influence on the further development of the 
organization and on the other hand on the asset management system. 

The assets can be structured hierarchically within the asset management system at asset portfolio level, 
asset system level and as single assets. More comment on linking these terms with existing hierarchical 
asset systems can be found in Annex A. 
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On the asset portfolio level, the asset management policy is developed within the framework of the 
corporate policy and describes the perpetual principles of asset management within the organization. 
This policy acts as the framework for the development or revision of SAMP. First, the SAMP considers the 
requirements on the corporate level. Therefore, 

— corporate policy; 

— organizational plan; 

— organizational objectives; and 

— critical success factors; 

have direct impact on all strategic considerations at the asset portfolio level. Consequently; 

— market; 

— community; 

— technology; 

— organization; 

influence the SAMP and the asset management objectives (see Annex B). 

Second, because of the iterative nature of the multi-level strategy development and deployment process, 
the opportunities and challenges provided by: 

— the current set of assets in the asset portfolio and their current lifecycle phase and condition; 

— the available technology on the market; and 

— the available external services on the market; 

are also considered in the development of the SAMP. Asset management objectives help to judge the 
success of that deployment. 

Maintenance should be involved in these activities at the asset portfolio level as described in EN 16646. 
At the asset system level, the requirements derived at the asset portfolio level (asset management policy, 
SAMP and asset management objectives) are translated into an asset management plan. The plan 
describes the asset-related activities appropriate to the current lifecycle stage. The requirements for 
maintenance shall be considered already in the design and implementation stage of asset systems. This 
is highlighted in 4.2.6. 

For the operation and maintenance stage a specific mix of asset-related maintenance strategies should 
be defined based on the requirements from the asset portfolio and asset system levels and the current 
asset performance and condition. Consequently, these selected strategies lead into a maintenance plan, 
which consists of scheduled and planned maintenance activities. The development of the maintenance 
strategy is described in 4.2.7. 
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All the above-mentioned elements are determined within an uncertain decision-making environment. 
Therefore, one of the most important methodological issues in the field of physical asset management is 
consideration of uncertainty. For example, an organization does not only meet critical success factors in 
a proactive way and try to adapt its mode of operation to market requirements, but it can directly try to 
influence market behaviour and future critical success factors in order to decrease uncertainty. However, 
many uncertainties exist in both cases, especially regarding turbulent time horizons, and uncertainties 
linked to the critical success factors largely determine the effectiveness of the asset and maintenance 
strategies and supporting modes of operation. Therefore, 4.3 is dedicated to uncertainty consideration. 

The steps of the periodic strategy development process are explained in Figure 4. Details on each step 
can be found in the subsequent clauses. The next clause provides examples on the translation of the 
elements of the organizational plan into requirements at the asset management level and further at the 
maintenance level. 

 

Figure 4 — Maintenance strategy development and deployment 
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4.2.2 Contribution of maintenance to SAMP 

EN 16646:2014 gave maintenance a clear mandate, procedure and obligation to contribute strategic 
planning even at its early stages that further improves the quality of asset solutions during the strategic 
planning and acquisition stage. It also suggests that organizations should ensure that interrelationships 
between the maintenance and other life-cycle processes, such as all acquisition, operation, 
modernization, disposal, management and support processes are organized in the way that it guarantees 
contributions between the processes according to 6.3 in EN 16646:2014. This procedure ensures that the 
relevant expert judgement, experience, benchmarks and event history can be taken into account starting 
from the concept definition, chosen asset solution and detailed planning phases regarding e.g. availability, 
reliability, maintenance costs, maintainability, competences, availability of required resources, safety and 
environmental issues. A methodological framework for the contribution will be presented in Clause 5. 
4.2.3 Elements of strategic planning process and their effects on maintenance 

The essential elements of an organization’s strategic plans and their role in connection to physical asset 
management and maintenance are presented in Annex E. These overviews summarize the analysis of 
organizational context. Organizational context is not a static state of affairs, but dynamic and 
continuously changing. Moreover, different life-cycle stages of products and production assets should be 
considered. 
4.2.4 Critical success factors and requirements 

Organizations should determine the critical success factors for their business activities. The identified set 
of critical success factors defines the requirements for the management of the assets (Additionally, this 
topic is discussed in ISO 55002:2018 Annex D). At the asset portfolio level, organizations can have 
general critical success factors such as image, brand, environmental principles, and some general 
strategic principles, although the products and markets of different production plants differ. The specific 
critical success factors depend the technological and business environment of the organization and they 
can be, for example, scale economics, technology leadership, high operating rate, reliability of deliveries, 
quality of the products, low price, high market share, product leadership, etc. Cost-cutting and 
operational efficiency are even more important, in the cases, when the products are approaching the end 
of their life cycle or their mature stage. As a general principle, a well-designed, implemented and 
established physical asset management and maintenance management system can be a critical success 
factor for creating competitive power in the market (see ISO 55001:2014 and Clause 5). 

At the portfolio level, the requirements for physical assets are not always ease to identify. Where the asset 
portfolio consists of similar production units or similar asset systems, it can be easier to manage. Where 
various asset systems serve the same goal as the production line for the end product such as an 
intermediate equipment in a large industrial site, this task can be easily managed. However, where the 
asset systems in question differ a lot in terms of products, technology and market (e.g. different 
production lines for different products), the task to define common requirements is difficult. Therefore, 
it is recommended to follow the procedure listed below: 

— divide the business activities of the organization into differing business segments; 

— identify the critical success factors for each segment; 

— determine the requirements for the assets and asset management for each segment. 

In order to define critical success factors and requirements for the asset systems or for homogenous asset 
portfolios from the business and technology environment point of view, a support tool, the matrix of 
examples is presented in Table 2. 
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In order to have a full picture of the situation the organization is facing it should also try to identify the 
availability of the physical asset management solutions. For a new investment, an acquisition, the utilized 
technology sets constraints on the implementation of the critical success factors or of the identified 
requirements. At the same time, it may offer a wide degree of freedom for planners and designers. In the 
case of an old asset portfolio the old choices and earlier executed solutions can limit the utilization of the 
best practices. 

In order to promote cross-functional cooperation, organizations should fill the matrix of the critical 
success factors and requirements using expert judgement. The members of an expert team should be 
nominated from the different functions of the organization such as (but not limited to) top management, 
financial management, marketing and product management, technical management, production 
management, maintenance management (see Annex F). 

In the left column of Table 2, critical success factors are classified into several groups which are specified 
according to the organizational context. In the next column the critical success factors are weighted 
according to their significance to the business. Connections between critical success factors and 
requirements are seen at the intersections of the respective rows and columns and are represented by 
Ci,j. On the first bottom line, the multiplication of the weights for the critical success factors and the 
significance of the requirements to fulfil them are presented. These multiplications assess the total impact 
of the requirements on the business of the organization. On the second bottom line, the normalized 
contributions are introduced. These contributions present the products in the scale which is suitable for 
the organization (e.g. 1-5) and follow the contributions of the line above. Within the matrix, with the scale 
of 1-5, Σ(wicj) is multiplied with the highest weight of the scale (5) and divided then with the highest 
possible Σ(wicj) using the defined weights for the critical success factors. Actually, the same result can be 
got by dividing Σ(wicj) with the sum of weights. 

Table 2 is targeted for one business segment. When comparing the normalized final weightings of several 
different business segments and the number and content of the critical success factors of these business 
segments differ, the normalized final weightings of the requirements may not be directly compared with 
each other. 

Alternative, methods to jointly take into account multiple criteria without pre-weighting are also 
possible. 
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Table 2 — Critical success factors, requirements for physical assets and for maintenance 
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4.2.5 Modelling the production process 

Modelling of the production process in question is needed for determination of the requirements and for 
criticality management. It helps to understand how the defined requirements affect the asset systems and 
what the contributions of different asset systems on the requirements are. It indicates where the 
bottlenecks, quality challenges and safety and environmental risks are located, and helps to determine 
the likelihoods and consequences of the challenges. It also helps to specify the compensating actions 
when needed. 

In order to manage physical asset management activities effectively (including maintenance) and 
determine the criticality of each sub-system of the whole production system, organizations should use 
more sophisticated methods and model their production systems. There is evidence of a transparency 
problem in organizations between technical personnel, financial management and top management. This 
transparency challenge can be avoided with visual models, probabilistic models and simulation 
techniques. Important factors and determinants in such modelling procedures are: 
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— demand characteristics in terms of continuity, volatility and other fluctuations; 

— the unit cost of the lost production in terms of defined time unit (e.g. euros per hour); 

— the integration level and structure of the production system; 

— the indenture hierarchy of the system; 

— flow modelling within the hierarchy and structure; 

— stores for intermediate and end product; 

— dependability characteristics of the system e.g. in terms of OEE, availability, mean time to failure 
(MTTF), failure-rate, mean time to restoration (MTTR) and mean time to maintain (MTTM), shut 
down times; 

— minimum down time causing production losses at each phase of the production process; 

— simulation opportunities. 

Modelling can be carried out to the level of the lowest asset system or to the level of single assets. 
Modelling includes the following phases: 

— structural modelling (e.g. with FTA, RBD or alternative structural tool); 

— determination of the basic values such as unit cost of lost production; 

— determination of minimum time causing production losses; 

— stock turnover for intermediate and end product; 

— calculation of OEE, availability, MTTF, failure rate, mean time to maintain (MTTM), mean time to 
restoration (MTTR), etc.; 

— determination of uncertainties; 

— value-based modelling; 

— constructing a visual model; 

— simulation (e.g. Monte Carlo simulation). 

The characteristics of the market and technology have a strong impact on the physical asset management 
and maintenance activities. It is difficult to determine the details of the impacts without supporting tools 
and models. The purpose of this clause is not to specify and build models for various circumstances, but 
to determine the general principles to model production and service processes for physical asset 
management purposes and especially for maintenance within physical asset management. 

The overall model of the selected entity can be constructed based on the above presented elements. 
Organizational context defines the specific characteristics of the model. For example, Monte-Carlo 
simulation gives a good understanding of the criticality structure of the production system with 
uncertainties from production losses and other requirements point of view. Monte-Carlo simulation 
based on the above developments considers uncertainties linked with each factor in the model. Agent-
Based simulation treats physical assets as active entities and can be an effective tool to simulate single 
asset and system behaviour in a bottom – up way. Discrete event, continuous, or hybrid simulation can 
be used to simulate system behaviour evolution in time. The model of the production process provides 
an efficient tool to improve the maintenance activities considering criticalities, as well as interaction and 
interfaces with other intra and inter – organization operations to identify directions and objectives that 
the maintenance activities should aim at. 
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4.2.6 Requirements for maintenance 

Technological characteristics of the production process have a great impact on the physical asset 
solutions, asset management and maintenance management. All the functions, life cycle processes and all 
the levels of the organizations should, ex ante and ex post, identify the specific features of the utilized 
technology and understand the consequences these specific features have on the physical asset 
management including maintenance activities. Requirements for maintenance are not the only objectives 
to be met, but also the applied technology significantly determines the maintenance activities and 
methods. The chosen asset solution that has been determined by the organizational context in question, 
specifies the maintenance environment. There are at least eight fundamental factors that describe the 
environment in which maintenance shall operate including (but not limited to): 

— critical success factors of the organization; 

— technological characteristics; 

— operating conditions; 

— operating constraints; 

— operational modes; 

— cost; 

— available external services (infrastructure); 

— people. 

Characteristics of the business ecosystem includes critical success factors arising from the market, such 
as market behaviour, legislation, product delivery system. The structure of the production process 
determines the structural criticality of the system. Other technological characteristics determine 
technical maintainability and maintenance options available. Operating conditions include the physical 
loads and environmental conditions as experienced by the asset during the entire life cycle. Operating 
conditions can vary during the asset’s useful life. Operating constraints are the characteristics of the asset, 
which set limits for the use of the asset and may determine the requirements for maintenance activities. 

These characteristics are the results of design and construction of the assets and are influenced by the 
operational mode and operation conditions. Operational mode depicts the way the physical asset in 
question is operated and utilized during the entire life cycle and is determined by the numbers of units 
of use (hours, starts/stops, transients). Operational mode determines the frequency, load, continuity and 
performance rate of utilization. The cost factor contains technology-based maintenance costs. Available 
services indicate supply for technology-specific expertise. The list of sources to determine the factors is 
presented below but are not limited to: 

Critical success factors e.g.: 

— from the market and community requirements; 

— from competition in the market; 

— from the characteristics of demand; 

— from legislation; 

— from the product delivery system; 

— from available technology. 
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Technological characteristics: 

— integration level (technical); 

— capital intensity (technical and economic); 

— redundancy; 

— criticality structure; 

— scale (technical); 

— load structure (technical); 

— buffers (techno-economic); 

— condition monitoring options; 

— designed preventive maintenance needs; 

— possibility to maintain operating equipment; 

— complexity. 

Operating conditions: 

— environmental factors such as humidity, heat, particles in the air; 

— severity of the process and raw material; 

— cleanliness of the process; 

— operating rate; 

— misuse protection; 

— environment. 

Operating constraints: 

— design load; 

— durability; 

— reliability; 

— maintainability; 

— dynamics of technology (e.g. rotating machines); 

— adjustability. 
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Operational mode: 

— workshop structure; 

— disconnected line; 

— continuous assembly line; 

— continuous flow process; 

— operating rate; 

— standby machine; 

— number of starts. 

Costs: 

— risk in terms of money; 

— cost of production loss and maintenance cost ratio; 

— replacement cost and maintenance cost ratio; 

— cost of spares. 

External services (infrastructure): 

— availability of service providers; 

— availability of resources in numbers; 

— availability of competent resources; 

— availability of spares. 

People: 

— competence; 

— number; 

— availability; 

— culture. 

Maintenance strategy process should specify the production system and with the help of the above 
fundamental factors draw conclusions of their impact on the objectives and the requirements for 
maintenance. It should deliver these conclusions to the acquisition process and if possible, make 
suggestions about modification to the proposed or existing physical asset solution. 
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4.2.7 Developing the maintenance strategy 

The maintenance strategy of the organization depends on the requirements and is an essential part of the 
asset management strategy. The associated factors are highlighted in 4.2.4 and 4.2.6. The objectives for 
maintenance management indicate direction to be taken for formulation of the strategy. Organizations 
should understand and determine the achievable potentials of the objectives. Objectives have to consider 
the asset capabilities. Achievable objectives depend on the maintenance environment described in 4.2.6 
and the priorities specified within the criticality structure of the physical assets (covered in Annex F). A 
tool to better understand the criticalities of the physical assets is the model of the production process 
presented in 4.2.5. 

There are several methods and approaches that can support organizations in their strategy formulation 
process such as (but not limited to): 

— Management of critical success factors and requirements for physical assets; 

— QFD (Quality function deployment); 

— PPA (Potential problem analysis) / POA (Potential opportunity analysis); 

— RA (Risk analysis); 

— FMEA, (Failure mode and effects analysis); 

— FMECA (Failure mode, effects and criticality analysis; 

— FTA (Fault tree analysis); 

— RBI (Risk-based inspection); 

— RCM (Reliability centred maintenance); 

— Reliability block diagram (RBD); 

— Manufacturer recommended tasks; 

— Experience with similar assets, benchmarks; 

— Regulatory requirements. 

The maintenance strategy can largely be manifested with a matrix presentation of indicators as in Table 3. 
The maintenance strategy presents: 

— critical success factors of the organization; 

— technological characteristics (influencing factors); 

— requirements for assets and asset management; 

— maintenance objectives (requirements); 

— intermediate objectives (cannot be achieved by the decision, but which lead to the objectives); 

— means; 

— descriptive indicators of the characteristics of the maintenance; 

— available potential. 
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The process of the manifestation is to: 

1. determine critical success factors; 

2. identify requirements for the asset management according Table 3; 

3. identify maintenance context using the influencing factors in 4.2.6; 

4. finally manifest the maintenance strategy using methods listed above. 
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