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Introduction

Physical assets fulfil indispensable roles in manufacturing.
Machinery, production lines, buildings and infrastructure need to
perform in safe, cost-effective and reliable ways to produce a
steady supply of high-quality products. These assets represent a
significant financial value for their owners and typically perform
vital functions in our modern society. Therefore, effective
maintenance and management of these assets is essential.

Physical assets typically have lifetimes of several decades.
Therefore, many assets designed and constructed decades ago still
fulfil crucial roles in production processes. Over the years, the
functions these assets are expected to fulfil may change dramati-
cally. Chemical plants are common examples, since they have to
comply with increasingly tight regulations and sustainability
objectives. This may necessitate drastic interventions, such as a
change of the maintenance programme, modernization or even the
premature decommissioning of the asset. According to the literature
as well as to the recent ISO 55000 standard, the goal of Asset
Management is to create maximum value from the exploitation of
assets over their complete lifetimes. Therefore, adapting the assets

and their operation to ever changing contexts and demands is a key
challenge in the management of assets.

In the literature, it is argued that Asset Managers currently
experience ever increasing changes in the context in which the
assets operate. Tsang [1] lists four areas of change: new operations
management strategies (e.g. Lean, agile, JIT), ever stricter societal
expectations (e.g. regarding safety and the environment), techno-
logical change and organizational change. Other authors have
mentioned external developments such as increasing global
competition, lean manufacturing, volatile markets and increasing
environmental awareness, which necessitate profound changes in
the field of maintenance [2,3]. Additionally, servitization [4] and
the advances in ICT and outsourcing [5] have added additional
challenges and opportunities to maintenance.

Changes are not limited to the context in which the assets need
to create value, also the corporate objectives with the asset may
change. The use of the assets only produces value for the company
if their operation is aligned with the corporate objectives
[3,6]. During the lifetime of the assets, the corporate objectives
are likely to change, even more so in the ever increasing market
turbulence currently experienced [1–3]. Therefore, the manage-
ment of the assets and the asset’s performance objectives must
continually be aligned to these variable circumstances.

The need to consider the complete life cycle of an asset is clearly
expressed in the literature on Asset Management, and even more so
in the sub discipline of Asset Life Cycle Management. For example,
Haffejee and Brent [7] define Asset Life Cycle Management as ‘‘the
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A B S T R A C T

Physical assets are essential in manufacturing, and typically have lifetimes of several decades. Over such

a period, many changes in goals and context may occur. Such changes should be dealt with to prevent a

premature end to the asset’s useful life. However, current maintenance methodologies focus mainly on

the short term and on operation in a stable context. Based on a case study of Asset Management practices

and the literature, we developed the Lifetime Impact Identification Analysis (LIIA) method. The method

uses Technical, Economic, Compliance and Commercial perspectives to identify long-term challenges

and opportunities for the asset.
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management of assets over their complete life cycle, from before
acquisition to disposal, taking into account economic, environmen-
tal, social and technical factors and performances’’ (p. 286).
Additionally, the recently published ISO 55000 standard on Asset
Management explicitly asks for a ‘life cycle approach’ to Asset
Management [8].

However, the literature does not discuss how to effectively
manage assets in the case of changing objectives or changing
contexts, nor does the ISO 55000 standard clarify how to adopt a ‘life
cycle approach’. Many existing approaches to maintenance and
Asset Management focus primarily on the short term, as is
concluded about RCM [9,10] or about traditional approaches to
maintenance management [6]. But more importantly, many of these
approaches implicitly assume a stable operating and production
context. For example RCM may be used to identify a failure mode
that may cause a failure after 20 years of operations, but it does not
consider a different operation mode or the impact of a change of
corporate objectives. Additionally, even though RCM is meant to be a
means to continuously improve maintenance, in practice it is often
carried out as a one-off exercise, not being updated in case of changes
in the operation or context of the asset [11].

Furthermore, even if changes are taken into account, only
changes from one background are taken into account, as most
current approaches to Asset Management lack a multidisciplinary
approach [7]. A technical approach, such as RCM and TPM [12],
may consider technical changes, ageing and issues like obsoles-
cence. Other approaches are mainly based on statistics (e.g.
[13,14]) or focus on the financial aspects of the asset, for example
related to life cycle costing (LCC) [15,16]. But none of these takes a
multidisciplinary perspective towards the asset, let alone a
multidisciplinary perspective towards the future changes that
may have an impact on the asset.

To summarize, Asset Management should be a multidisciplin-
ary practice that manages physical assets in such a way that their
exploitation contributes to the variable corporate objectives of a
company over their complete life cycle, in a changeable context. In
the remainder of this article, such a comprehensive approach
towards Asset Management will be called Asset Life Cycle
Management (ALCM). Currently, the literature does not offer a
framework or tool to support Asset Life Cycle Management in a
changing context. Therefore, our aim with this article is twofold:
(1) to investigate the main problems in applying Asset Life Cycle
Management in practice in a real life context full of change; and (2)
to design a method to identify the changes in the goals and context
of the asset relevant to Asset Life Cycle Management.

To do this, we will use three phases of the Design Science
methodology, which will be introduced in the next section. These
three phases will structure this paper. First, the main problems in
applying ALCM in practice will be explored by means of a case
study at Liander, the largest electricity and gas network operator in
the Netherlands. The changes in context of Liander range from the

ageing of their assets and the changes in the production and
consumption of energy: the energy transition. These developments
increase the need for a long-term focus in their Asset Management
on the one hand, but on the other hand they make it exceedingly
difficult to develop a good understanding of the whole life cycles of
their assets. From the case study, we will abstract three main
challenges for ALCM in a changing context, specifically at Liander:
(1) a limited availability of data; (2) information being dispersed
throughout the organization; and (3) a limited ability of Asset
Managers to focus on long-term questions.

Second, for each of these challenges identified, an initial
solution will be presented based on the literature. We will argue
that (1) expert knowledge can be used to complete limited data
availability, that (2) dispersed information can be brought together
by means of expert sessions including experts from Technical,
Economic, Compliance and Commercial backgrounds, and that (3)
an overview of the most important threats and opportunities may
help Asset Managers to set the right priorities and spend more time
on long-term problems.

In the third phase, these three initial solutions will be brought
together to create the final solution design, the Lifetime Impact
Identification Analysis (LIIA), which resembles the Failure Mode and
Effect Analysis (FMEA) in RCM. Both the development of the LIIA and
its contents will be described. This article will close with a discussion
of the results and a conclusion, including topics for further research
and implications for practitioners in the field of Asset Management.

Methodology

With this article, we aim to develop a practically relevant
method for Asset Life Cycle Management based on rigorous
scientific research [17]. Well-suited for such a purpose is the
Design Science methodology, which aims to solve a problem
relevant to both science and practice in a scientific and rigorous
way [18]. We will follow the Design Science methodology in this
article, using the approach of Meyer et al. [19] in a slightly adapted
form. Accordingly, this article will be structured around three
phases: (1) problem exploration; (2) initial solutions; and (3)
development of the solution. In the problem exploration we study
the practical problems of ALCM in practice by means of a case
study, which we will summarize in three main challenges. For each
of these challenges, initial solutions will be sought in the literature.
These initial solutions will be summarized by focusing on their
generative mechanisms, using the format of the CIMO-logic. In the
third phase, a solution will be developed that incorporates these
three generative mechanisms: the Lifetime Impact Identification
Analysis (LIIA). Fig. 1 graphically summarizes the process and
output of the methodology used in this paper.

Normally, the methodology includes a fourth phase testing the
solution. However, the test of the method is outside the scope of the
current paper, but we will report about the implementation and

Fig. 1. Overview of the methodology, both from a process and an output perspective.
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