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Abstract. The prevailing economic downturn, looming global recession, vola-

tile energy and asset prices with emerging technology for prescriptive analytics 

and increasing budgetary cuts have compelled the companies to manage its en-

gineering assets competitively for survival and growth. As per international 

standard ISO 55001:2014, performance evaluation is fundamental to asset man-

agement system (AMS). Asset maintenance performance measurement and 

management (AMPM) is a recognized process and best practice for supporting 

sustainability and return on investment. 

It is hard for an organization to improve the present level of performance of 

the engineering assets without measurement. Therefore, all functions including 

units and processes of the organization need to be built and developed as per as-

set management principles, such as; ISO 55000 series standard. The challenges 

in AMPM are to prepare a strategic road map from top management level to the 

operational level through a link and effect model for identifying and developing 

key performance indicators (KPI). These KPIs are broken down to measures 

which are used for monitoring and controlling the unplanned downtime with in-

creased reliability, availability, maintainability and safety. Other challenges are 

to define and develop methods for right data collection through condition moni-

toring and big data analytics, beside management for knowledge management.  

eMaintenance is required for remote data collection, storage, analysis and deci-

sion making. The KPIs and indicators will be used for developing composite 

indicators (CI) for bench marking the performance with the best in the industry, 

besides verifying the return on investment. 

The author has discussed the various compulsions and challenges associated 

with asset performance evaluation (APE) for AMPM for the organization. Once 

the AMPM fundamentals and recipe is known, its success or failure will depend 

on finding solutions for the challenges while defining, structuring, developing, 

and implementing AMPM system. 
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1 Introduction 

Asset performance evaluation (APE) is an important aspect under the prevailing glob-

al economic and competitive business scenario.  The emerging technology for pre-

scriptive analytics and increasing budgetary cuts has compelled the companies to 

manage its engineering assets competitively for their survival and growth. Perfor-

mance evaluation is one of the fundamental to asset management system (ASM) as 

per international standard ISO 55001:2014 [1]. Asset maintenance performance 

measurement and management (AMPM) is a recognized best practice for supporting 

sustainability and return on investment. 

It is hard for an organization to improve the present level of performance of the 

engineering assets to achieve the objectives without their performance evaluation. As 

a pre-requisite, all functions including units and processes of the organization need to 

be developed and implemented as per asset management principles, such as; ISO 

55000 standard [2]. The challenges in AMPM are to prepare a strategic road map 

from top strategic management level to the operational level through a link and effect 

model [3] for identifying and developing key performance indicators (KPI) among 

others. These KPIs at the strategic level are broken down to performance indicators 

(PIs) and measures at managerial and operational levels for monitoring and control-

ling the unplanned downtime with increased reliability, availability, maintainability 

and safety. Some of the other challenges are to define and develop methods for right 

data collection through condition monitoring and big data management, beside man-

agement of knowledge.  More and more eMaintenance concept is applied today for 

remote and real time data collection, storage, analysis and decision making on real 

time. Depending on the organizational requirement, the KPIs and indicators will be 

used for developing composite indicators (CI) (Stenström, 2014) for bench marking 

the performance with the best in the industry, besides verifying the return on invest-

ment. 

In this paper, the authors have discussed the APE from organization’s business and 

international standard ISO 55000 perspective, which can be successful if used as per 

standard recipe. In this paper, after introduction at section 1, the concept and require-

ments of APE is discussed at section 2.  The recipe of success is discussed under sec-

tion 3 with examples from railway industry, followed by discussions and conclusions 

at section 4 and 5. 

2 Asset Performance Evaluation 

As per ISO 55000, asset is defined as an item, thing or entity that has potential or 

value to an organization. The value will vary between different organizations and 

their stakeholders, and can be tangible or intangible, financial or non-financial. Per-

formance is defined as ‘the accomplishment or carrying out of something commanded 

or undertaken; the doing of an action or operation and measurement is the action or an 

act of measuring or calculating a length, quantity, value, etc. and also the level to 

which a goal is attained’ (Oxford dictionary). Measurements are the yardsticks that 



tell us how we have done and motivate us to perform (Najmi and Kehoe, 2001). Asset 

management involves the balancing of costs, opportunities and risk against the de-

sired performance of assets, to achieve the organizational objectives (ISO 55000, 

2014). As per international standard ISO 55001:2014, performance evaluation is one 

of the fundamental to ASM. 

APE has been changing with time, technology and organizational requirements. 

The paradigm shift in APE is given at Figure 1. Until the early 1990s, most compa-

nies measured their performance only by financial results and criteria. The main focus 

was to show and reassure all shareholders that the company’s performance was suc-

cessful financially and the earning per share and the progress was in accordance with 

the business plan. Traditional accounting based PM frameworks have been character-

ized as being financially based, internally focused, backward looking and more con-

cerned with local departmental performance than with the overall health or perfor-

mance of the business (Johnson and Kaplan, (1987); Neely et al. (1995); Olve et al. 

(1999). Traditional financial measures of accounting-based PM frameworks are found 

to be inappropriate for manufacturing business (Kaplan, 1983, 1984, 1986). In the late 

1980s and afterwards, there was a great interest in the development of more balanced 

PM frameworks considering both financial and non-financial performances, which are 

included in multi-dimensional PM frameworks (Parida, 2006). There are three desira-

ble components of performance monitoring systems in the public sector: data compo-

nents, an analysis component and an action component (Rouse and Putterill, 2003). 

The balanced scorecard (BSC) developed by Kaplan and Norton (1992), is the most 

popular and balanced PM framework, used by the most of the industries. This frame-

work identifies and integrates four perspectives of both financial and non-financial 

types, like; financial, customer, internal business, and innovation and learning. 
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Fig. 1. Paradigm shift in asset performance and standards (APM: Asset Performance Man-

agement, BSC: Balanced Score Card, PAS: Publicly available Specification, MPM: Mainte-

nance Performance Management) 

 

Simultaneously, ISO 9000, a quality management standard was developed in 1987 

that presents guidelines intended to increase business efficiency and customer satis-

faction. The goal of ISO 9000 is to embed a quality management system within an 

organization, increasing productivity, reducing unnecessary costs, and ensuring quali-

ty of processes and products. Though, most of the medium and heavy industry went 

for implantation and certification of ISO 9000, there was a gap to take care of the 

internal process and performance to assess the performance and manage the assets 



throughout its life cycle. To bridge these gap and short comings in cost, risk and per-

formance, PAS 55 [2004] was developed in 2004 which provides objectivity across 

28 aspects of good asset management, from lifecycle strategy to everyday mainte-

nance (cost/risk/performance). It enables the integration of all aspects of the asset 

lifecycle: from the first recognition of a need to design, acquisition, construction, 

commissioning, utilization or operation, maintenance, renewal, modification and/or 

ultimate disposal. 

These efforts led to ISO 55000 which consists of three standards. ISO 55000 pro-

vides critical overview, concepts and terminology needed to develop a long-term plan 

that incorporates an organization’s mission, values, objectives, business policies and 

stakeholder requirements. ISO 55001 specifies the requirements for the establishment, 

implementation, maintenance and improvement of an asset management system. It 

can be used by any organization to determine which of its assets this International 

Standard applies. ISO 55002 offers interpretation and guidance for such a system to 

be implemented in accordance with the requirements of ISO 55001. The adoption of 

ISO 55000 series is to enable an organization to achieve its objectives through the 

effective and efficient management of its assets. Implementation of this asset man-

agement system provides assurance that organizational objectives can be achieved 

consistently and sustainably over time. Besides, ISO 50001 for energy management 

was launched in 2011; ISO 27001 on information security was released in 2013. Pres-

ently work is going on to finalize ISO 45001 on occupational health and safety during 

2016. 

A number of researchers started investigating and undertaking research in the area 

of APMM since late 1990s. Among others, Stavanger University, Norway looked into 

APMM from oil and gas industry. Lulea University of technology, Sweden identified 

KPIs for mining, hydropower and transportation industry, besides developing mainte-

nance performance measurement framework with asset management perspectives to 

minimize cost and risk in industry from a life cycle perspectives.  Information and 

Communication Technology (ICT) application for assets and its performance for big 

data and analytics started since 2000. A number of research work in this area resulted 

in concept and framework of asset and maintenance performance management meth-

ods and frameworks.  

3 APE implementation 

Performance evaluation systems have shown to increase the performance and com-

petiveness of organizations through their use of more balanced metrics (e.g. see 

(Kaplan, Norton 1992), but there are some implementation issues. In a literature re-

view, Bourne et al. (2002) list the issues noted by researchers in the implementation 

of performance measurement initiatives, including the following: 

 Time and expense  

 Lack of leadership and resistance to change 

 Vision and mission may not be actionable if there are difficulties evaluating the 

relative importance of measures and problems identifying true “drivers” 



 Goals may be negotiated rather than based on stakeholder requirements 

 Striving for perfection can undermine success 

 Strategy may not be linked to department, team and individual goals 

 A large number of measures dilutes the overall impact 

 Metrics can be poorly defined 

 A highly developed information system is required and data may be hard to access 

 Consequences of measurement 

3.1 APE relationship with AMS as per ISO 55000 

As per ISO 55000, asset management is the coordinated activity of an organization to 

realize value from its assets. An AMS provides a structured approach for the devel-

opment, coordination and control of activities undertaken on assets by the organiza-

tion over different life cycle stages, and for aligning these activities with its organiza-

tional objectives. Thus, AMS consists of a set of interrelated or interacting elements 

to establish AMS policy, AM objectives and processes to achieve the objectives of the 

organization. AMS impacts the whole organization, including its stakeholders and 

external service providers and can link or integrate activities and functions of organi-

zation. AMS is described in ISO 55001 are grouped in consistent with fundamentals 

of asset management.  

AMS is described in ISO 55001 are grouped in consistent with fundamentals of as-

set management: 

 Context of the organization (ISO 55001:2014 clause 4) 

 Leadership (ISO 55001:2014 clause 5) 

 Planning (ISO 55001:2014 clause 6) 

 Support (ISO 55001:2014 clause 7) 

 Operation (ISO 55001:2014 clause 8) 

 Performance evaluation (ISO 55001:2014 clause 9) 

 Improvement (ISO 55001:2014 clause 10) 

Thus, asset performance evaluation is one of the fundamental as mentioned at ISO 

55001:2014. The concept and relationship between asset management system and 

performance evaluation as per ISO 55000 from stakeholders and organization context 

is required for implementation, which can be seen at Fig 2.      
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Fig. 2. Relationship between APE and AMS (ISO 55000). 

3.2 Link and effect model 

Linking the business objectives through the hierarchical levels through a link and 

effect model to involve the management for their commitment and link the strategy 

for resource allocation. 
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Fig. 3. Illustration of integrating strategic planning with performance measurement in a link 

and effect model example from the railway business (Stenström et al., 2013) 



The link and effect model follows a four step PDSA concept (Stenström, 2014). In the 

first step of the link and effect model, the break-down of objectives, concentrates on 

gathering stakeholders’ objectives and assembling them into a common framework 

are undertaken, i.e. from strategic to operational planning. The performance meas-

urement system of organizations is under constant pressure from strategic planning, 

organizational changes, new technologies and changes in physical asset structure. 

Therefore, Step 2 in the link and effect model concerns updating the measurement 

system according to new stakeholder demands and objectives. Step 3 identifies the 

important data for developing indicators and for identifying performance drivers and 

killers. The link and effect model utilizes continuous improvement with the ultimate 

goal of facilitating decision-making by providing an up-to-date performance meas-

urement system. Step 4 includes simulation, reengineering physical assets and pro-

cesses, implementing prognostic techniques and further defining indicators and data-

bases. 

It is not possible to measure everything with only quantitative or only qualitative 

methods. Rather a combination of both methods must be used to create an APE sys-

tem that is as complete as possible. Qualitative measurement methods are good for 

measuring soft values like employee satisfaction and for checking conformity with 

quantitative indicators. 

4 APE as a recipe for success 

While considering the APMM from a holistic and balanced perspective, it is essen-

tial that the organization should be in a state of readiness to adopt the asset perfor-

mance management. The state of readiness of the organization will envelope and con-

sider the issues related to asset performance management to take care of the challeng-

es. Considering the criticality aspect of asset’s KPIs for the complex system, an inte-

grated and dynamic asset management (IDAM) framework was suggested by Parida 

and Kumar (2009) complementing with ISO 55000, which looks into the goals and 

levels with PM hierarchy through a link and effect relationship, with an eMaintenance 

solution for “real time remote operation” through CBM and big data analytics. This 

asset management framework shall consider: 

 Analyzing organization’s business goals as per stakeholders needs 

 Issues and challenges of AMS related to business goals 

 Associated regulatory compliance, safety and environmental issues 

 Reviewing of operation and maintenance strategy with AM strategy  

 Return on asset investment and return on capital employed (ROA and ROCE) 

 Reliability centered design, Dynamic Reliability, Availability and Maintainability 

(RAMS) and risk analysis 

 Spare parts and inventory management and optimization 

 Multi-criteria and hierarchical APE and integrating condition monitoring tools and 

big data analytics 

 Identifying KPIs and benchmarking for each unit/department 



 Integrating IT with operation and logistics, like; CMMS/EAM and e-maintenance 

 Life Cycle Costing (LCC) for dynamic business scenarios and decision making 

 Specifying the end results, i.e. developing the AM framework with software, 

hardware and demonstrator for implementation and verification of the framework.  

The success and failure of the APMM of the organization will depend on the AM and 

AMS concept complemented with IDAM and link and effect model considering the 

relevant issues and challenges. Those organizations, who consider, integrate and im-

plement APMM concept, taking care of issues and challenges are going to succeed 

and survive under the competitive business scenario. The gap between the success and 

failure needs to be assessed by the organization and all measures to achieve business 

goals are required to be accepted strategically for implementation. 
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