
CIRP Journal of Manufacturing Science and Technology 17 (2017) 42–49
Evaluation of the Lifetime Impact Identification Analysis: Two tests in
a changeable context

R.J. (Richard) Ruitenburg a,b,*, A.J.J. (Jan) Braaksma a

a University of Twente, attn. Richard Ruitenburg De Horst (building 20), room N204 PO Box 217, 7500 AE Enschede, The Netherlands
b Liander N.V., attn. Richard Ruitenburg, Postbus 50, 6920 AB Duiven, The Netherlands

A R T I C L E I N F O

Article history:

Available online 20 August 2016

Keywords:

Asset management

Asset Life Cycle Management

ISO 55000

Maintenance management

Lifetime impacts

Lifetime Impact Identification Analysis

Reliability Centred Maintenance

A B S T R A C T

Asset Life Cycle Management aims to maximize the value realized from physical assets over their

complete lifetime. Over the years, the operation and maintenance of the assets must continually be

adapted to changes in goals and context. In an earlier publication, we proposed the Lifetime Impact

Identification Analysis to identify such changes. This paper tests this method through an application at

two different companies. The method proved to result in a shared and integral overview of long-term

challenges and opportunities for the asset, based on experts discussing the asset’s future from a

technical, economic, compliance, commercial and organizational perspective.
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Introduction

Manufacturing is dependent on the safe and reliable function-
ing of countless physical assets: production lines, chemical plants,
trucks and aircraft for transportation, infrastructure for people,
freight and energy, etcetera. Physical assets typically have
lifetimes of several decades. Therefore, assets designed and built
decades ago still fulfil vital functions in manufacturing, as well as
in society at large. However, with the passing of the years, many
important changes happen that affect the assets. Regulations
change, customers acquire new tastes, technology progresses,
societal norms become increasingly tight and the skills in the
workforce evolve. Additionally, the organization itself may change,
for example by focusing on new markets or changing its
manufacturing strategy from cost leadership to differentiation.
Moreover, a company may have changed its perception of
maintenance, from a necessary evil to a profit centre [1]. In the
Asset Management literature, many authors recognize the impact
of change in Asset Management, which they describe as happening
at an ever-increasing pace (e.g. [2,3,4]).

These changes in the operating environment of the asset may
have far-reaching implications for the operation and maintenance
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of the assets. Assets may need to be adapted to fulfil new
requirements or demands, or may even become obsolete. As
physical assets often represent large sums of money and changing
them is time-consuming and costly [5] – if possible at all – these
changes should be considered in Asset Management. The scientific
literature on Asset Management argues that the complete life cycle
of an asset should be taken into account to maximize the value
realized from the exploitation of the asset (e.g. [6,7]), which is even
more emphasized in the concept of Asset Life Cycle Management
[8]. The need to adopt a ‘life cycle approach’ is also acknowledged
by the recent ISO standard on Asset Management [9].

However, existing methods for Asset (Life Cycle) Management
do not explicitly consider changes in the operating environment of
the assets, nor do they offer clear guidance or tools to effectively
manage assets over their complete life cycles. Therefore, we have
developed a method to identify the changes in the operating
environment of the asset relevant to Asset Life Cycle Management
(ALCM): the Lifetime Impact Identification Analysis (LIIA) [10]. The
objective of this paper is to test this newly developed method in
practice. The test will be carried out by an implementation of the
LIIA in two different settings: at a Dutch electricity network
operator (Liander) and a Danish operator of an offshore windfarm
(Vattenfall).

The next section will introduce the LIIA and its underlying
generative mechanisms. Then, the methodology used for the
development and test of the LIIA will be presented: the Design
Science methodology. The Design Science methodology prescribes
the test of a method in practice, to allow further refinement of the
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solution design. Therefore, we have implemented the LIIA in two
different companies, and evaluated the method critically. The
outcomes of the LIIA and its evaluation will be discussed
thoroughly. We will conclude with a conclusion, including topics
for further research and implications for practitioners.

The Lifetime Impact Identification Analysis (LIIA)

The Lifetime Impact Identification Analysis (LIIA) has been
developed based on a case study of ALCM in practice in a changing
context as well as on the literature. We have reported its
development in a previous publication in this issue [10]. Never-
theless, we will briefly introduce the LIIA in this paper as well, to
allow for a full understanding of the LIIA before we will report on
the tests we have carried out.

The starting point of the LIIA is the notion that assets are only
valuable to their owner as long as they contribute to the objective
of the owner. Therefore, in ALCM the focus should lie on the
preservation of the value creation potential of the asset. Value may
be operationalized in different ways, depending on the situation.
For example, in terms of profits, in terms of social value or in terms
of customer satisfaction.

During the life cycle of the asset, changes may happen that
affect the value creation potential of the asset. We have termed
these lifetime impacts: ‘‘probable (technical and non-technical)
events or trends that may have a positive or negative influence
on the value creation through the use of the asset in the
intermediate or long term’’ [10]. Positive impacts can be
innovations or cost savings, negative impacts can be the
obsolescence of certain components or a new regulation
requiring additional safety systems. These lifetime impacts
can be compared with failure modes in Reliability Centred
Maintenance (RCM) [11,12]. Just as the identification of failure
modes in RCM allows a designer to change the design or develop
a suitable maintenance instruction, the identification of lifetime
impacts in ALCM allows the Asset Manager to take timely
measures to prevent negative lifetime impacts and to reap the
full benefits of positive lifetime impacts.

The LIIA consists of five steps (see Table 1), with at the centre
the expert session. The outcome of the LIIA is the Lifetime Impact
Report (LIR), which represents all the information collected in the
LIIA in a structured way. This report discusses the value created
from the use of the asset from a long-term perspective, focusing on
the (strategic) objectives the owner has with the asset, its current
performance and the lifetime impacts that may affect the value
created with the asset.

As ALCM is a multidisciplinary practice [7,8,10], impacts on the
asset may range from very different backgrounds. These are
captured by the acronym TECC: technical, economic, compliance
and commercial. To identify all relevant lifetime impacts, each of
these four perspectives is discussed separately in the expert
session.
Table 1
A short explanation of the five steps of the LIIA [10].

Step Description

1. Asset selection Selection of the asset(s) to consid

2. Collection of general asset data Collection of all available data an

achieve a good understanding of

3. Expert session(s) Discussion of experts from differ

identify the lifetime impacts they

combined to develop a shared un

considered: technical, economic, 

4. Writing the Lifetime Impact Report (LIR) Writing a report based on the info

asset owner, the asset’s performa

5. Evaluation Evaluation of the LIR with the re
The LIIA has been developed based on three generative
mechanism that underlie the method. These generative mecha-
nisms were based on the literature, as initial solutions to three
challenges identified in a case study on ALCM in practice [10]. The
three challenges and the initial solutions to these are presented in
Table 2, as well as the main references for each of the three
generative mechanisms. The initial solutions are presented
according to the CIMO-logic: in a certain context (C), a particular
intervention (I) sets a specific mechanism (M) into motion, which
leads to an outcome (O). These three generative mechanisms are
important when we test the model, as these are the foundational
building blocks of the model. If these mechanisms turn out to work
in practice, that does not only indicate that the model build on
these mechanisms works, but also that these mechanisms may be
used in different applications. As such, the test of generative
mechanisms is a contribution to scientific knowledge as well [13].

Methodology

The development of the Lifetime Impact Identification Analysis
(LIIA) was guided by the Design Science methodology [14]. Typi-
cally, the Design Science methodology consists four phases: (1) the
exploration of the problem; (2) the search for initial solutions for
the problem; (3) the development of a solution; and (4) the test of
the solution [15]. In our previous publication [10], we reported on
the first three phases. Therefore, this paper will focus on the test of
the solution design: the LIIA. Fig. 1 shows the four phases of the
research.

To test the LIIA, we implemented the method in practice. To
increase the generalizability of the test, we selected two different
case companies for the test. The first implementation of the LIIA
was carried out at Liander, the largest Dutch distribution network
operator, responsible for the safe and reliable distribution of
electricity and gas. As the LIIA was developed based on the
exploration of the problems faced by Liander, it may be expected
that the LIIA will suit their needs. Therefore, the second test was
carried out at a very different company as a contrasting case [10],
namely Vattenfall Wind Power. The specific case was one of the
offshore wind farms they operate in Denmark. This is a useful
contrasting case, because Vattenfall is a different company, based
in a different country, working in a different sector, and operating
very different assets. Compared with Liander, the number of assets
in the wind industry is much lower (dozens vs. hundreds or
thousands) while the (replacement) costs per asset are much
higher (tens to hundreds of thousands vs. millions). Wind turbine
generators (WTGs) are equipped with sensors and real-time data
streaming, whereas most Liander assets are not, especially not in
low and medium voltage. Additionally, the expected lifetimes of
WTGs are 20 years, rather than 40 years at Liander. Because of
these differences, this second case is a useful way to establish the
generalizability of the LIIA method to a different industry. If the
outcomes of the method are the same, this would indicate that
er in the LIIA, as well as the scope and depth of the analysis.

d information on the asset, to prepare for the expert session. The main goal is to

 the asset(s), their performance and the changes that may lie ahead.

ent backgrounds, based on the information from step 2 and their expertise, to

 consider relevant for the asset. In the discussion, explicit and tacit knowledge is

derstanding of the asset’s future. Four different perspectives on the asset are

compliance and commercial (TECC).

rmation collected in the previous steps. The report presents the objectives of the

nce and the lifetime impacts identified in a structured way.

levant experts, allowing to validate and refine the conclusions of the LIR.



Table 2
Overview of the three initial solutions to the three main challenges in ALCM, presented in CIMO-logic [10].

CIMO Context Intervention Mechanism Outcome Based on

Challenge 1: Due to a limitation of readily available data, Liander has difficulties in getting insight in the remaining lifetime of its assets.

1 In the context of maintenance Bringing together

experts from different

backgrounds in a

discussion

Will start a mechanism

of discussing ideas

from their diverse

experience in which

their tacit knowledge

is elicited

Which results in an ‘educated

guess’ of potential failure

modes based on the

information and expertise

that is available

Reliability Centred

Maintenance

(RCM) [11,12]

Challenge 2: Asset Management often necessitates the combination of information from various backgrounds. As this information is dispersed among various

disciplines and departments, it is difficult to combine the information into an integral overview on the assets in a timely manner.

2 In the multidisciplinary context

of Asset Management

Bringing together

people from the four

TECC perspectives

(Technical, Economic,

Compliance and

Commercial)

Will start a process of

knowledge exchange

and integration

That leads to a shared view on

the potential changes

relevant to the asset

Expert sessions in

RCM [11,12], the

four TECC

dimensions [23]

Challenge 3: Many urgent and pressing operational matters limit the (perceived) ability of the Asset Managers to focus on long-term and strategic challenges.

3 In the context of being overwhelmed

with urgent and important issues

Creating an overview

of all long-term threats

and opportunities

May help to decide

where to invest one’s

limited time resources

Which may result in less

firefighting and a possibility

to spend more time on long-

term concerns

Priority-setting is

discussed by Covey

[24] as a solution to

firefighting
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these outcomes are caused by more general generative mecha-
nisms, rather than specific characteristics of the Liander case.

The implementation and test of the LIIA at Liander and
Vattenfall were executed as single case studies in 2013 and
2014 [16], allowing for a deep understanding of the context in
which the company operates and a thorough evaluation of the LIIA.
For each test, a short introduction will be given, the process and
outcome of the LIIA will be described and the outcome will be
evaluated and discussed.

Test at Liander: a LIIA on a population of switchgear

Introduction of Liander

Liander is one of the three main regional distribution network
operators in the Netherlands, responsible for the construction,
operation and maintenance of the electricity and gas grids. These
network operators are semi-public corporations, responsible for
the safe and reliable distribution of energy. Liander faces two
important challenges with respect to the context in which it
operates and maintains the grids. The first is the ageing of the
networks, a problem widely acknowledged with respect to
infrastructure assets in Western Europe and the USA [17,18].
Secondly, many changes happen in the production and use of
energy, making its production more sustainable and more
Fig. 1. Overview of the methodology, both from a process and an output perspective.

Adapted from [10].
distributed. These changes are often summarized under the term
‘energy transition’ (see for example [19]).

As a consequence of these changes, Liander has set out to
increase its understanding of the remaining life of its assets. Efforts
have been made to strengthen the long-term and strategic focus of
its Asset Management, turning it into proper Asset Life Cycle
Management (ALCM). This research is one of the main pillars of this
development of ALCM.

Implementation process

At Liander, the LIIA has been implemented for a specific
population of switchgear assets. This population consists of several
versions of medium voltage (10 and 20 kV) switchgear X, in total
2500 pieces of equipment. The population is young, but due to
several technical problems, questions regarding the remaining
lifetime of the assets have risen. Additionally, it is unknown what
impacts the energy transition may have on this switchgear and
what new failure modes may result from the energy transition.
Hence, Liander proposed to carry out the first test of the LIIA on this
asset.

To prepare the LIIA, time was spent on achieving a good
understanding of the fit of the four TECC dimensions to the
situation of Liander. For this, eight experts were interviewed
(interviews of around 1 h) and company documents were studied.



Table 3
Overview of the LIIA on the population of switchgear X.

Phase Description Main activities

1. Asset selection Selection of a particular type of switchgear (X) In close consultation with the researchers, the manager of Asset Management

selected this type of switchgear.

2. Collection of general

asset information

Collection of general information on switchgear X

and its population characteristics

Study of company documents (e.g. policy documents related to switchgear X)

Collection of information stored in databases (e.g. age, numbers, maintenance data,

cost data)

Field trip to the asset and visit to the fault analysis team

Interviews with experts on this type of switchgear (3 different experts, at least 1.5 h

per expert)

3. Expert sessions Identification of lifetime impacts on the four TECC

dimensions in two expert sessions

A first expert session lasting for 2 h (5 experts present, representing all

4 perspectives)

Additional study of company documents and information in databases (including

an analysis of failure and financial data), based on the results of session 1

A second expert session, lasting for 1.5 h (3 experts available, one different from the

experts attending the first session)

4. Writing the Lifetime

Impact Report (LIR)

Structuring and summarizing the information

into a Lifetime Impact Report

Wrap up of all the information collected, identify the lifetime impacts and report

these in a structured way.

Consultation with two experts on the asset.

5. Evaluation Evaluation of the Lifetime Impact Report with the

experts

Consultation with two experts on the asset.

One expert session lasting for 1 h (6 experts present)

Rewriting of the LIR to include the proposed revisions.

Table 4
Example of the lifetime impacts identified in the LIIA of switchgear X.

Perspective Lifetime impact Possible consequences

Technical New types of degradation due to energy

transition

Unexpected failure modes, increased wear (increase in the number of switching

actions)

Production stop (2014) Shortage of spare parts (from 2024), limited supplier support, failure may lead to

replacement

Economic Due to local conditions individual assets require

additional maintenance

Replacement is more profitable in these cases

Commercial Remote control of switchgear is being discussed

as an additional functional requirement

Current assets can be upgraded to remote control, but replacement would be

cheaper

Compliance None: asset complies with all current legislations None

However, additional safety requirements are

currently under discussion in the sector

Asset can be made compliant to these new requirements, but replacement would

be cheaper
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Table 3 gives an overview of the five steps of the LIIA. A number of
the lifetime impacts that were identified using the LIIA have been
listed in Table 4.

Evaluation

The LIIA was evaluated with the Asset Manager responsible
for switchgear X and some additional experts. Additionally, it
was discussed in the expert session to evaluate the LIR. Overall,
the experts were positive about the LIIA and the resulting LIR, and it
was clear that they liked the opportunity to exchange knowledge
and ideas with other experts on the asset. The Policy &
Standardization division appreciated the value and further poten-
tial of the LIIA and hence decided to continue working with the LIIA.
The remainder of the evaluation will be structured according to
the three CIMO-statements, to evaluate if the generative mecha-
nisms we expected to see worked in practice. If the results comply
with our expectations as formulated in the three generative
mechanisms, this indicates the applicability of these mechanisms
outside the scope of these two cases, as well as the generalizability
of the LIIA in other cases [20]. This section will be closed with a
few additional findings resulting from the evaluation.

Evaluation of CIMO 1: discussion between experts to identify lifetime

impacts

CIMO 1 stated that bringing together experts in a discussion (I)
may result in an ‘educated guess’ on future issues relevant to the
asset (O) through the exchange of (tacit) knowledge (M). Indeed,
the experts were able to identify a large number of future
opportunities and threats for the asset (O), based on their
experience and the exchange of ideas (M) in the discussion (I).
Even the most knowledgeable expert on switchgear X learned of a
new threat, which resulted from a combination of information
brought in by different experts. This indicates that CIMO 1 can be
accepted regarding this first implementation (the conclusions from
the evaluations are presented in Table 7).

The evaluation also showed that for some of the experts little
new information resulted from the discussion, as they were
already aware of most lifetime impacts. Interestingly, they
acknowledged that their knowledge of these lifetime impacts
had not been made explicit before. As a result, this information was
not available to influence decision-making (e.g. at management
level), unless the experts were explicitly involved in the decision-
making process. Additionally, it was found that the focus on long-
term opportunities and threats was difficult to establish, as the
experts were most familiar with and knowledgeable about current
problems. Keeping the discussion focused on long-term develop-
ments is an important task for the facilitator of the discussion.

Evaluation of CIMO 2: discussing the four TECC perspectives results in

a shared view

CIMO 2 argues that the discussion of the four TECC perspectives
(I) results in a shared view on the potential changes relevant to the
asset (O) through the knowledge exchanged in the expert session
(M). The experts concluded that the LIIA, including the expert
session (M), had resulted in an integral view on the long-term
viability of the population of switchgear X and the most important
lifetime impacts, which did not exist before. Additionally, they
appreciated how the LIR presented this information in a clear,
structured and accessible way. They anticipated that this written
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overview might support decision-making with thorough and
robust information and prevent suboptimal decisions being taken
(e.g. optimal for a subpopulation, but not for the population as a
whole, or optimal for one lifetime impact, but not for all).

CIMO 2 also states that the discussion of the four TECC
perspectives (I) is sufficient to create an integral view of the asset’s
future. However, this was challenged in the evaluation, as the Asset
Manager of switchgear X told that the reputation it had with the
technicians was an important problem for this type of switchgear.
In contrast to the facts, they perceived the asset to be unsafe. This
remark led to further discussions, which showed that the
perspective of the organization should be taken into account as
well. This organizational perspective covers topics like the
availability of well-trained and skilled technicians (in an ageing
labour force), an organizational desire for standardization or a
growing concern for sustainability. Hence it had been decided to
include a fifth perspective, turning TECC into TECCO, resulting in a
refinement of CIMO 2. The new Organizational lifetime impacts
take the perspective of the organization: is the organization still
willing and able to operate the assets?

Evaluation of CIMO 3: an overview of lifetime impacts allows to decide

where ALCM effort is needed

Finally, CIMO 3 anticipated that creating an overview of all
long-term threats and opportunities (I) may help decide on what
topics to spend one’s ALCM efforts (M) and, as a result, reduces the
need to fight fires later in time and allows to spend more time on
long term challenges and opportunities (O). One of the main
outcomes of the LIIA was a number of threats and opportunities
that needed additional attention from the Asset Manager.
However, due to the fact that the maintenance of switchgear
X had been updated recently, these were only minor issues that
needed monitoring rather than major efforts. Therefore, it can only
be concluded that a list of the main threats and opportunities may
result from the LIIA (I) and that this may confirm the current
priorities of the Asset Manager (M), but not that such an overview
will help to decide where to spend ALCM efforts (M), nor that it
allows more time to be spend on future matters (O).

The managers of the Policy & Standardization department
agreed that the LIIA and the LIR gave a nice overview of the main
issues and the future of switchgear X. However, they preferred the
LIR to also present an overview of the main decisions to be made
(e.g. replacement or modernization). In other words: an overview
of those issues that should have their priority. Again, if there would
have been larger issues with the asset, such a list may have resulted
from the LIIA, but in this test application it did not.

Apart from the matters related to the three CIMO statements,
two other findings resulted from the evaluation. The first was the
realization that the execution of a LIIA for all different types of
switchgear would be too time-consuming. Therefore, it was
decided to focus a future project on the total population of
medium voltage switchgear. Secondly, it was concluded that a
more objective evaluation method of the LIIA and the LIR might be
beneficial to the research, a method different from an evaluation by
means of a discussion in the expert session. As a result, a short
questionnaire was developed to evaluate the next application of
the LIIA, at Vattenfall.

Test at Vattenfall: a LIIA on a population of offshore wind
turbines

Introduction to Vattenfall

To test the changes resulting from the evaluation of the LIIA at
Liander as well as the LIIA’s suitability to a different setting, we
selected Vattenfall Wind Power for a second test of the LIIA.
Vattenfall Wind Power operates a large number of windfarms, both
onshore and offshore. One of their offshore windfarms is Horns Rev
1 (HR1) in Denmark. HR1 was erected in 2002, which makes it the
oldest large-scale offshore windfarm in the world. It consists of
80 identical 2 MW wind turbine generators (WTGs), each with an
expected lifetime of 20 years. The WTGs in HR1 are very modern
and high-tech systems, continuously streaming data about their
operation and condition.

The operation and maintenance of HR1 is facing a changeable
context. First, the end-of-life of HR1 is slowly approaching,
resulting in questions about the remaining life of the WTGs, the
potential for modernization and whether or not costly and large
scale maintenance actions would still be profitable. Second,
technical progress in the wind industry is fast, resulting in ever
larger and more efficient WTGs [21]. Third, the subsidies for HR1
are decreasing and a new subsidy scheme is under discussion,
which may have implications for the profitability of the farm.
Because of these changes, the LIIA may fit the circumstances of
Vattenfall well. On the other hand, Vattenfall provides an excellent
case to test the LIIA in a very different setting: high value assets
with a high maintenance intensity, a large amount of data available
and a private production company in the offshore wind industry
instead of a semi-public utility company as Liander is.

Implementation process

In preparation of the LIIA, a collaboration was started with an
industrial Ph.D. fellow at Vattenfall Wind Power. Efforts were
made to get acquainted with the (offshore) wind industry and
the situation of HR1 in particular. For this purpose, company
documents were read, as well as some scientific papers on
maintenance in the wind industry. A short summary of the
activities carried out in the five steps of the LIIA is given in
Table 5. For confidentiality reasons not all lifetime impacts can be
shown, but some examples of technical and organizational lifetime
impacts identified for HR1 are given in Table 6.

Evaluation

The six experts present in the expert session have evaluated the
session by means of a short questionnaire consisting of a number of
Likert scaled questions – ranging from 1 (not at all) to 7 (very
much) – and open-ended questions. The evaluation showed that
the experts appreciated the workshop (average score 5.8). The
resulting LIR was evaluated by means of both an evaluation survey
and an in-depth interview with the two main Asset Managers for
HR1. They assessed the LIR with an average score of 6.0. To get a
deeper understanding of these scores and the application of the
LIIA at Vattenfall, we will again discuss the three CIMO
expressions. Again, the results can be found in Table 7.

Evaluation of CIMO 1: discussion between experts to identify lifetime

impacts

CIMO 1 asserted that the exchange of knowledge (M) in a
discussion between experts (I) results in an overview of future
lifetime impacts for the asset. In the evaluation interview, one of
the Asset Managers said the LIR ‘‘gives a good overview of the issues
we have been seeing at HR1 together with impacts that we expect to
see’’, which shows that the outcome of the LIIA fulfilled our
expectations (O). This overview was established by bringing experts
together in a discussion (I), where they exchanged their ideas and
experience (M). One of the experts stated he liked the session,
because it is ‘‘good to hear other’s opinion’’, which shows that this
mechanism does not just work, but is also appreciated. Also, it was
stated that ‘‘it is good to have it [the overview of lifetime impacts]
on paper’’, just as the experts at Liander acknowledged.



Table 5
Summary of the LIIA as carried out for the 80 turbines in HR1.

Phase Description Main activities

1. Asset selection Selection of the WTGs in HR1 - In close cooperation with the site manager of HR1, it has been decided to focus on

the complete turbines, rather than on the main components.

2. Collection of general

asset information

Collection of general information on the WTGs in

HR1, including population characteristics

- Study of company documents (e.g. policy documents, performance reports, the

initial investment plan)

Collection of information stored in databases (e.g. age, numbers, maintenance data,

cost data), analysis of failure data.

A visit of a turbine similar to those in HR1.

Several interviews with experts

3. Expert sessions Identification of lifetime impacts on the five

TECCO dimensions in an expert session and a

follow-up session with the site manager of HR1

- A first expert session lasting for 4 h (6 experts present, representing all

5 perspectives)

- A questionnaire has been handed out to evaluate the expert session.

- A follow-up session with the site manager of HR1 to discuss and validate the

conclusions of the first session (1.5 h)

4. Writing the Lifetime

Impact Report (LIR)

Structuring and summarizing the information

into a Lifetime Impact Report

- Wrap up of all the information collected, identify the lifetime impacts and report

these in a structured way.

- Consultation with several experts for minor matters and details.

5. Evaluation Evaluation of the Lifetime Impact Report with the

experts

- Evaluation of the LIR with two experts (1–1.5 h interviews).

- A questionnaire has been handed out to evaluate the LIR.

- Rewriting of the LIR to include the proposed revisions.

Table 6
Illustration of technical lifetime impacts for HR1 as presented in the LIR (+ indicates a positive lifetime impact, � a negative one) and their potential consequences.

Perspective Lifetime impact Possible consequences

Technical - Failure of one of the main components due to age Long downtime as spare parts have long lead times

- Grid connection failure No energy production for 8 up to all WTGs (depending on where the

cable fails) for a long time

+ Growing spare part market due to decommissioning of

existing WTGs (older farms)

Spare parts will become cheaper in the future

Organizational - The approach of the end-of-life (EOL) may cause skilled

technicians to look for new jobs, as they may be afraid to

lose their jobs after the EOL

Loss of knowledge and expertise, lower capacity for making repairs

+ Additional training may increase quality of inspections A higher quality of inspections may prevent more failures. Additionally,

training may increase worker safety

+ Advanced data analysis may be valuable Smart preventive maintenance may reduce failures

Table 7
Overview of the test results of the three generative mechanisms (presented in CIMO-logic), the highlighted cell indicates the change made based on the two tests.

CIMO Context Inter vention  Mechani sm Outc ome  Liander  Vat tenfall 

1 in the context of 

maintenance  

bringing  toge ther 

expert s from 

different 

backgrounds in a 

discussion 

will  start  a mechan ism  

of  exchang ing ide as 

from the ir diverse 

expe rien ce in which 

their  tacit kno wledge  is 

eli cited 

which r esults in an  

‘ed ucated guess’ of 

potential failure mode s 

based on the  information 

and expert ise availab le 

accep ted accep ted 

2 in the 

multidisciplina ry 

con text of Asset 

Manage men t 

bringing  toge ther 

people from the  

five TECCO 

perspectives 

will  start  a process of 

kno wledg e exchange  

and integration 

that lea ds to a sha red view 

on the poten tial chang es 

relevan t to the ass et 

refined accep ted 

3 in the context of 

being 

overwhe lmed  with 

urgen t an d 

impo rtant issues 

crea ting an  

overview of all  

long-term threats 

and oppo rtun ities 

may help to de cide 

whe re to invest one’s 

limited time r esou rces 

which may result in less 

firefigh ting  and  a possibility 

to spend  more time on 

long-term concerns 

partly 

accep ted 

accep ted 
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Evaluation of CIMO 2: discussing the five TECCO perspectives results in

a shared view

CIMO 2 states that the discussion of the five TECCO perspectives
in an expert session (I) facilitates the exchange of knowledge from
different disciplines (M) and results in a shared and integral view
on the future of the asset (O). In the discussion on CIMO 1, it was
already shown that the LIIA has resulted in ‘‘a good overview of the
issues we have been seeing at HR1 together with impacts that we
expect to see’’. Upon the explicit question if they could think of any
additional lifetime impact from another perspective than the five
TECCO perspectives, they answered negatively, showing that
the discussion of these five perspectives (I) and the resulting
exchange of knowledge (M) results in a shared and complete view
on the asset’s future (O).

In the results of the evaluation survey, both the experts indicated
that the session was not very useful for their daily work (4.5), but
that they thought it was quite useful for the company at large (5.5).
The same was found with the Asset Managers (5.0 vs. 6.0). This may
indicate that the integration of (multidisciplinary) knowledge does
not so much benefit individual specialized employees, but does
benefit the entire company, as decisions will have to be made on an
integral overview of the main threats and opportunities relevant for
HR1. This corresponds with the statement of one of the Asset
Managers, who said that the LIR ‘‘gives us a better overview’’ than
they had before, which ‘‘gives a better basis for making decisions’’
through the integral and structured presentation of the main
concerns relevant for the future of HR1. This shows the potential
value of the combination of existing knowledge, held at different
departments within the company, which is also indicated by the
expectation of the Asset Managers that the LIR will help them to
increase value from HR1 (5.5).

Evaluation of CIMO 3: an overview of lifetime impacts allows to decide

where ALCM effort is needed

According to CIMO 3, we expect that having an overview of all
lifetime impacts (I) allows the Asset Manager to decide where to
spend time and effort (M), which may result in more time available
for long term matters and a reduction of fire-fighting in the future
(O). In the interviews, the Asset Managers acknowledged this
generative mechanism. One of them stated that the LIR ‘‘helps us to
set focus on quite a lot of areas where we need to have focus, and
especially in the last period of the lifetime’’. As a result, this would
allow them to ‘‘to prepare, instead of waiting 10 years and then
standing in the middle of the challenges without being prepared,
which would end up in fire-fighting as we have done’’. In retrospect,
the Asset Managers acknowledge how an overview of lifetime
impacts would have helped them to set priorities and to prevent
firefighting. However, they also acknowledged that the report itself
does not prevent firefighting: ‘‘it is good to know this, but there
should be someone to take care of it [the lifetime impacts]’’.

The evaluation at Vattenfall also revealed a topic for further
research. After reading the LIR, one of the experts (not the Asset
Manager) stated that the listing of the lifetime impacts is a
promising start, but needs to be taken a step further. Because ‘‘as a
reader [of the LIR] you have no idea of the magnitudes’’ of the
lifetime impacts, which makes it difficult to decide what the most
important lifetime impacts are. After prioritizing the lifetime
impacts, suitable measures can be prepared to prevent the
consequences of negative impacts and to enjoy the full benefits
of positive impacts. These issues may be addressed in future
research on the LIIA.

Conclusion

To create maximum value from the use of physical assets, it is
essential to consider their complete lifetimes. During the lifetime
of an asset – which may span several decades – many changes may
happen, both in the context of the asset as in the objectives the
owner has with the assets. These changes should be taken into
account in Asset Life Cycle Management (ALCM). However,
existing methods do not explicitly consider such changes.
Therefore, we developed the Lifetime Impact Identification
Analysis (LIIA), which we presented in a previous article
[10]. The LIIA aims to identify lifetime impacts: probable (technical
and non-technical) events or trends that may have a positive or
negative influence on the value creation through the use of the
asset in the intermediate or long term. Knowing these lifetime
impacts is the first step to prepare timely measures to prevent the
consequences of negative impacts, while reaping the full potential
of the positive impacts.

The LIIA was developed based upon a case study in practice, as
well as on three generative mechanisms abstracted from the
literature. In this paper we have put the LIIA to the test by means of
two applications in two different companies: Liander and Vatten-
fall, both operating in changeable contexts. The test applications
showed the usefulness of the LIIA for the companies and its
potential to assets Asset Management in a changeable context. All
three generative mechanisms abstracted from the literature were
corroborated by these tests in practice (see Table 7), showing their
applicability outside the scope of these two cases, as well as the
generalizability of the LIIA. Hence, we may first conclude that the
limited availability of data can be (partly) offset by the tacit
knowledge of experts, who together may be able to identify
lifetime impacts through an expert session. Second, in such an
expert session, the discussion of five different perspectives –
Technical, Economic, Compliance, Commercial and Organizational
– leads to an integral view of the lifetime impacts relevant for the
asset. Finally, the overview of all these lifetime impacts can help
Asset Managers to decide where to spend their time and efforts,
which may reduce the need for fire-fighting in the future. The test
and refinement of these three generative mechanisms contributes
to scientific knowledge and addresses the gap in the literature
concerning how to implement multidisciplinary, long-term and
strategic ALCM.

Further research may investigate the long-term effects of the
application of the LIIA, as this research has only been able to assess
the LIIA using interviews and an evaluation questionnaire, rather
than by an objective measurement of Asset Management perfor-
mance. Additionally, further research may extend the LIIA with a
method to prioritize lifetime impacts and a tool to support
decision-making on the most important lifetime impacts. This may
be done in a similar way as in RCM, which does not only identify
failure modes, but also prioritizes these and proposes suitable
maintenance actions through the RCM decision diagram [11].

From a practical perspective, it was shown that the LIIA
addresses the three main challenges in ALCM as identified at
Liander. A successful application at Vattenfall Wind Power showed
that the LIIA is likely to be applicable more widely than just in the
specific setting of Liander. It also showed the practical relevance of
the method and its contribution to Asset Management practice. For
practitioners, this research has three important implications.

Firstly, this research has shown that lifetime impacts can be
identified even if not all desirable information and data are
available. The expertise of experienced people may partly
overcome these information problems (for a similar finding in
the context of RUL estimation, see [22]). Therefore, it is important
to acknowledge the value of expertise and (tacit) knowledge of
engineers, technicians, operators and other employees working
with the assets. It may even be advisable to seek the expertise of
the supplier in the (preparation for the) LIIA. The same applies to
service providers or other parties involved with the assets outside
the company (e.g. in case of outsourcing).
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A second implication is that ALCM should be multidisciplinary,
practically meaning that all five TECCO perspectives should be
taken into account. Thus, a singular focus on a technical or
financial perspective is too limited. Rather, one should be aware
of potential Technical, Economic, Compliance, Commercial and
Organizational lifetime impacts.

Finally, one must realize that a long-term focus in ALCM will
probably not come about spontaneously. Urgent problems will
always be there and will need to be solved. However, without a
long-term focus, opportunities may pass by unnoticed and one
may only identify negative lifetime impacts when it is too late to
prevent their occurrence. Hence, a method like the LIIA may be
used to bring a long-term focus into ALCM.
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[4] Komonen, K., Kortelainen, H., Räikkönen, M., 2012, Corporate Asset Manage-
ment for Industrial Companies: An Integrated Business-Driven Approach, in
Van der Lei T, Herder P, Wijnia Y, (Eds.) Asset Management: The State of the Art
in Europe from a Life Cycle Perspective. Springer Netherlands, Dordrecht, pp.
pp.47–63.

[5] van Dongen, L.A.M., 2011, Maintenance Engineering: Maintaining Links,
Faculty of Engineering Technology, University of Twente, Enschede, the
Netherlands.
[6] Schuman, C.A., Brent, A.C., 2005, Asset Life Cycle Management: Towards
Improving Physical Asset Performance in the Process Industry, International
Journal of Operations & Production Management, 25/5/6: 566–579. http://
dx.doi.org/10.1108/01443570510599728.

[7] Pudney, S., 2010, Asset Renewal Desicion Modelling with Application to the
Water Utility Industry, (Ph.D. thesis) Faculty of Built Environment and Engi-
neering. Queensland University of Technology, Queensland, Australia.

[8] Haffejee, M., Brent, A.C., 2008, Evaluation of an Integrated Asset Life-Cycle
Management (ALCM) Model and Assessment of Practices in the Water Utility
Sector, Water SA, 34/2: 285–290.

[9] ISO. 2014, ISO 55000 – Asset Management. Geneva, Switzerland, .
[10] Ruitenburg, R.J., & Braaksma, A.J. J. (n.d.). Development of the Lifetime Impact

Identification Analysis: a method to support Asset Life Cycle Management in a
changeable context. CIRP Journal of Manufacturing Science and Technology.

[11] Moubray, J., 1997, Reliability Centered Maintenance, 2nd ed. Butterworth-
Heinemann, Oxford, the United Kingdom.

[12] Smith, A.M., Hinchcliffe, G.R., 2003, RCM—Gateway to World Class Mainte-
nance, 1st ed. Butterworth-Heinemann, Burlington, USA.

[13] Denyer, D., Tranfield, D., van Aken, J.E., 2008, Developing Design Propositions
through Research Synthesis, Organization Studies, 29/3: 393–413. http://
dx.doi.org/10.1177/0170840607088020.

[14] Hevner, A.R., March, S.T., Park, J., Ram, S., 2004, Design Science in Information
Systems Research, MIS Quarterly, 28/1: 75–105. Retrieved from http://www.
jstor.org/stable/25148625.

[15] Meyer, G.G., Buijs, P., Szirbik, N.B., Wortmann, J. (Hans) C., 2014, Intelligent
Products for Enhancing the Utilization of Tracking Technology in Transporta-
tion, International Journal of Operations & Production Management, 34/4:
422–446. http://dx.doi.org/10.1108/IJOPM-11-2012-0530.

[16] Yin, R.K., 2014, Case Study Research. Design and Methods, 5th ed. SAGE
Publications.

[17] Brown, R.E., Humphrey, B.G., 2005, Asset Management for Transmission and
Distribution, Power and Energy Magazine IEEE, 3/3: 39–45. http://dx.doi.org/
10.1109/mpae.2005.1436499.

[18] Jongepier, A.G., 2007, Ageing Assets – Consume, Prolong or Replace. Leonardo
Energy, KEMA Consulting, Arnhem, the Netherlands.

[19] Verbong, G., Geels, F., 2007, The Ongoing Energy Transition: Lessons from a
Socio-Technical, Multi-Level Analysis of the Dutch Electricity System (1960–
2004), Energy Policy, 35/2: 1025–1037. http://dx.doi.org/10.1016/
j.enpol.2006.02.010.

[20] van Aken, J.E., 2004, Management Research Based on the Paradigm of the
Design Sciences: the Quest for Field-Tested and Grounded Technological
Rules, Journal of Management Studies, 41/2: 219–246.

[21] Petersen, K.R., Ruitenburg, R.J., Madsen, E.S., Braaksma, A.J.J., Bilberg, A., 2015,
Lifetime Impact Identification for Continuous Improvement of Wind Farm
Performance, in: Proceedings of the 16th International CINet Conference
(Stockholm, Sweden), 10.

[22] Schuh, P., Stern, H., Tracht, K., 2014, Integration of Expert Judgment into
Remaining Useful Lifetime Prediction of Components, Procedia CIRP – 3rd
International Conference on Through-Life Engineering Services, 22:109–114.
http://dx.doi.org/10.1016/j.procir.2014.07.014.

[23] van Dongen, R., 2011, Referentiemodel Voor Levensduurverlenging Van Tech-
nische Assets, VITALE Mainnovation, .

[24] Covey, S.R., 1989, The Seven Habits of Highly Effective People, 25th anniv.
Simon & Schuster, London, the United Kingdom.

http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0005
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0005
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0005
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0005
http://dx.doi.org/10.1108/13552510210420577
http://dx.doi.org/10.1108/13552510210420577
http://dx.doi.org/10.1108/13552510210420577
http://dx.doi.org/10.1108/13552511111134583
http://dx.doi.org/10.1108/13552511111134583
http://dx.doi.org/10.1108/13552511111134583
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0020
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0020
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0020
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0020
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0020
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0020
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0020
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0025
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0025
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0025
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0025
http://dx.doi.org/10.1108/01443570510599728
http://dx.doi.org/10.1108/01443570510599728
http://dx.doi.org/10.1108/01443570510599728
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0035
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0035
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0035
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0035
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0040
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0040
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0040
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0045
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0055
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0055
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0055
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0060
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0060
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0060
http://dx.doi.org/10.1177/0170840607088020
http://dx.doi.org/10.1177/0170840607088020
http://dx.doi.org/10.1177/0170840607088020
http://www.jstor.org/stable/25148625
http://www.jstor.org/stable/25148625
http://dx.doi.org/10.1108/IJOPM-11-2012-0530
http://dx.doi.org/10.1108/IJOPM-11-2012-0530
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0080
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0080
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0080
http://dx.doi.org/10.1109/mpae.2005.1436499
http://dx.doi.org/10.1109/mpae.2005.1436499
http://dx.doi.org/10.1109/mpae.2005.1436499
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0090
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0090
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0090
http://dx.doi.org/10.1016/j.enpol.2006.02.010
http://dx.doi.org/10.1016/j.enpol.2006.02.010
http://dx.doi.org/10.1016/j.enpol.2006.02.010
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0100
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0100
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0100
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0105
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0105
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0105
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0105
http://dx.doi.org/10.1016/j.procir.2014.07.014
http://dx.doi.org/10.1016/j.procir.2014.07.014
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0115
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0115
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0120
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0120
http://refhub.elsevier.com/S1755-5817(16)30030-X/sbref0120

	Evaluation of the Lifetime Impact Identification Analysis: Two tests in a changeable context
	Introduction
	The Lifetime Impact Identification Analysis (LIIA)
	Methodology

	Test at Liander: a LIIA on a population of switchgear
	Introduction of Liander
	Implementation process
	Evaluation
	Evaluation of CIMO 1: discussion between experts to identify lifetime impacts
	Evaluation of CIMO 2: discussing the four TECC perspectives results in a shared view
	Evaluation of CIMO 3: an overview of lifetime impacts allows to decide where ALCM effort is needed


	Test at Vattenfall: a LIIA on a population of offshore wind turbines
	Introduction to Vattenfall
	Implementation process
	Evaluation
	Evaluation of CIMO 1: discussion between experts to identify lifetime impacts
	Evaluation of CIMO 2: discussing the five TECCO perspectives results in a shared view
	Evaluation of CIMO 3: an overview of lifetime impacts allows to decide where ALCM effort is needed


	Conclusion
	Acknowledgements
	References


