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Abstract: The management of engineering assets such as facilities and equipments can be a
challenging task and optimising their usage is critical. To ensure effective utilization of an asset, one
has to make effective decisions regarding the asset lifecycle. Consequently, it becomes imperative to
gather useful information about the asset lifecycle. The objective of this paper is then to propose an
approach for decision makers to develop an effective asset information management (AIM) strategy.
We focus on the management of this set of information associated with the asset throughout its
lifecycle. For this purpose we propose first to identify asset information requirements for an
effective management. Second, we examine different technologies and systems for information
capture, storage, retrieval and use. The findings of this paper would help in selecting an AIM

Strategy aimed at providing timely, accurate, complete and consistent information about location

and condition of assets so as to result in better decision making. Furthermore, in order to assist asset
managersto select a strategy, we discuss the role of information quality to assess the performance of
an asset information strategy.

Keywords Engineering asset; asset information management (AIM); AIM strategy.

1. Introduction

In today’s world of glokalization, companies must maximize every conceivable
advantage to keep pace with their competition. Industries are therefore under increasing
pressure to reduce costs, meet tougher performance and production targets, comply with
regulatory requirements, and maximize return on assets. Those with vision are looking
for opportunities to reduce the cost of maintaining their assets, improve the performance
and extend the life of those assets, speed up information and decision making, and gain
competitive advantage throughout the asset life cycle. This has recently put a strong
emphasison to the area of Asset Management (AM).
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The management of assets such as facilities and equipment can be a challenging task
and optimizing their usage is critical. For instance, decisions such as the scheduling of
maintenance events have a critical impact on the utilization and overall equipment
effectiveness of assets. Hence, companies that merely regard efficient maintenance and
management of assets as an unavoidable cost are neglecting one of the most important
strategic opportunities available [1]. However, we should note that even though effective
scheduling of maintenance has an important role to play it is redly only one of the
decisions in managing an asset during its lifecycle. When managing assets, decision
makers such as engineers, operators, business managers etc. have to ensure that the assets
perform at peak levels and, at the same time, keep capital and maintenance costs down.
To ensure effective utilization of an asst, one has to make effective decisions regarding
the asset lifecycle phases. Consequently, it becomes imperative to gather useful
information about the assets throughout their lifecycle for efficient management and
control [2]. A set of information such & design specifications, reliability data, location,
usage rate, environmental conditions, is then required to make effective decisions that
aim to maximize its utilization throughout the asset’s life. In this paper we focus on the
management (information capture, storage, retrieval and use) of this set of information
associated with the asset throughout its lifecycle.

The emergence of automated identification and data capture (AIDC) technologies
such as RFID and sensors could greatly improve asset lifecycle management thanks to
their ability to capture and manage information regarding key events along an asset’s
lifecycle [3]. It has been shown that such technologies have the potential to allow
manufacturers to dramatically increase their capability and capacity to offer high-quality
after-sales service while, a the same time, being able to demonstrate responsibility as
producers of environmental friendly and sustainable products [4]. For instance, these
technol ogies enable greater quantities of real-time qoerational data to be made available
to organizations. This data can then be used to monitor and control assets, as well as
ongoing operations, to improve their performance. However, it is yet a great challenge
for current information systems to handle the increasing amount of information generated
during the asset lifecycle.

The objective of this paper is to propose an approach for asset managers to develop
an effective asset information management strategy. The key information for effective
asset management as will be shown in later sections, includes location as well as
condition of these assets. The findings of this paper would help in selecting an AIM
Strategy aimed at providing timely, accurate, complete and consistent information about
location and condition of assets so as to result in better decision-making.

The remainder of this paper is structured as follows. Section 2 provides background
and definitions of asset and asset management when considering the asset lifecycle.
Section 3 focuses on asset information requirements as well as on the available
technologies and systems to support AIM. Section 4 describes the proposed approach to
select an effective asset information management strategy, while section 5 concludes the
paper and proposes future prospects.
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2. Background

In this section, we provide the reader with a background in asset management by
reviewing existing literature. First, we shall define what we mean by an “asset”, and then
we shall discuss asset management in the context of this paper.

2.1. Asset

There are fundamental differences in interpretation and usage of the term “asset”
depending on the domain of use. For instance, an asset is defined by Swanson and Curry
[5] from a software development point of view as“... a qualified entity that, thr ough its
reuse, improves quality, provides a competitive edge, and reduces software devel opment
and support costs.”

From an infrastructure perspective, according to the Internationa Infrastructure
Management Manua [6], an asset is defined as “... a physica component of a
manufacturing, product or service facility which has value, enables services to be
provided, and has an economic life of more than twelve months”.

The BSI PAS 55-1 standard specifications [7] provides a more focussed definition of
an asset as“ ... plant, machinery, property, buildings, vehicles and other items and related
systems that have adistinct and quantifiable business function or service.”

A general definition of an assetisgivenin [8] as“... anything of economic value that
isowned by an organization”.

References [9] and [10] distinguish between the broad range of assets an enterprise
has, and classify them as:

- Intangible assets: designs, knowledge, software, intellectual property, and processes.

- Tangible assets: liquid assets (cash or inventories) and fixed assets (building and
infrastructures, 1T equipment, machineries, hardware, and product and service
equipment.

According to the different definitions presented above, we define an asset as follows:

Definition 1 (Asset): An asset is defined as any physical core, acquired” elements of
significant value to the organisation, which provides and requests services for this
organisation’.

Furthermore, this paper focuses on complex engineering assets. Complexity is a
multi-dimensional, multi-disciplinary conception, and could arise, but not limited to,
from:

- Physica complexity of the asset: refers to high parts count and high connectivity
between parts or subassemblies.

- Information management complexity: refers to how is difficult to capture, storage,
retrieval and use/analysis of asset information.

- Manufacturing operations complexity: related to the different activities performed to
manufacture the asset, their costs and lead-time.

- Maintenance complexity: refers to the cost and time to maintain the asset, as well as

" By acquired we mean that the organization has either the possession or the custody of the asset.
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to the maintenance responsibility. In other words, who is the responsible for
providing asset maintenance services: the owner, manufacturer or provider?
- Decision making complexity: refersto the ‘ criticality’ of the decision to be made due
to managerial constraints, feasibility constraints, scheduling constraints, and so on.
Hence, we use the term “complex engineering asset” here for complex products such
as aircraft, heavy load vehicles, and machine tools. A complex engineering asset is thus
seen as a physical element that generates revenue, provides and requests services to/from
its user throughout its lifecycle, and requires considerable effort and cost in ensuring
effective utilization. In the next section, we examine the literature in order to define asset
management.

2.2. Asset Management

Similar to an asset, the definition of the term “ Asset management” is largely dependent
on the perspective from which we are analysing the assets and the purpose of the study.
Even a fairly swerficial survey of uses for this term reveals some fundamental
differencesin interpretation and usage.

Woodhouse[11] listed six distinct yet common current uses of the term:

i.  The financial services sector has long used the phrase to describe the
management of astock or investment portfolio.

ii.  Mainboard (usually financial) directors and some city analysts use the term
in relation to mergers and acquisitions.

iii.  Equipment maintainers have also adopted the term in order to gain greater
credibility and visibility for their activities. As ‘maintenance’ has for so long
been treated as a necessary evil, and low in the budgeting priority list,
whereas ‘ asset management’ sounds more professional and value adding.

iv.  ‘Asset management’ in information systems context is interpreted as ‘ asset
tracking’: simply the bar-code labelling of computers and peripherals, and
the tracking of their location and status.

v. Findly, a few critica infrastructure or plant owners and operators have
adopted the term ‘ asset management’ to describe their core rolein life, both
caring for, and making best sustained use of physical plant, infrastructure
and its associated facilities. This interpretation is adopted by the new British
Standard PAS 55-1.

According to the BSI PAS 55-1 [7], asset management is defined as “... systematic
and coordinated activities and practices through which an organisation optimally
manages its assets, and their associated performance, risks and expenditures over their
lifecycle for the purpose of achieving its organisati onal strategic plan.”

The focus of this paper is on engineering asset management. An engineering asset
refers to the tangible asset as defined in [9] and [10]. From this point of view,
Woodhouse [11] define asset management as “the set of disciplines, methods, procedures
and tools derived from business objectives aimed at optimising the whole life business
impact of costs, performance and risk exposures associated with the availability,
efficiency, quality, longevity and regulatory/safety/environmental compliance of an
organisation’s assets.”
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Furthermore, Koronios [10] argues that “asset management entails preserving the
value function of an asset during its lifecycle and maintaining it to as designed or near
original condition through maintenance, upgrade, and renewa until sustainable
retirement of the asset due to end of need or technology refresh.”

According to the different definitions presented above, we adopt in this paper the
definition proposed by the Cooperative Research Centre for Integrated Engineering Asset
Management [12], which reflects our point of view of asset management.

Definition 2 (Asset Management) “Asset management is the process of organising,
planning and controlling the acquisition, use, care, refurbishment, and/or disposal of
physical assets to optimise their service delivery potential and to minimise the related
risks and costs over their entire life through the use of intangible assets such as
knowledge based decision-making applications and business processes.”

From the above, we can see that there is a common thread that binds these different
definitions of engineering asset management. This is the view that an asset has to be
“managed” throughout its whole lifecycle. We shall now discuss this aspect in detail.

2.3. Asset Lifecycle Management

Management of assets throughout their lifecycle is process-oriented. When one considers
the complete “cradle-to-grave’ life of a typical asset, its lifecycle can be divided into
threeinterdependent processes (cf. Figure 1).

1. Beginning of Life (BOL): which involves the design and creation (manufacture)
of the asset;

2.  Middle-of-Life (MOL): when the asset moves into the usage stage, when it
provides its intended service to its user, and requests services from the user in the
form of maintenance, upgrade, etc.;

3. End-of-Life (EOL): when the asset is eventually retired from its operation.

Coordinating these processes and decisions made during these processes are vita to
effective asset management, and this can be achieved through monitoring and capturing
of information regarding key events throughout the asset’s lifecycle. In order to facilitate
the interoperability of information systems that support management of this information,
an industry/government initiative has resulted in an 1SO standard (1SO 10303-AP 239
Product Life Cycle Support (PLCS)) [13] for the support of complex engineering assets,
such as ships and aircraft, through life. PLCS provides mechanisms for maintaining the
information needed to support complex assets, and to capture feedback from their
operational use related to faults, failure modes and diagnostic data.

The BSI PAS 55-1 standard [7] defines an asset lifecycle as“... the time interval that
commences with the identification of the need for an asset and terminates with the
decommissioning of the asset or any liabilities thereafter.”
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The above definition corresponds with our definition of an asset, which takes a user-
perspective. Hence we define the asset lifecycle as the succession of five main phases (cf.
Figure 2):

- Acquire—all activitiesinvolved in technical and financial analysis, justification, and
planning for acquisition of new assets, as well as in managing the acquisition of
assets.

- Deploy- all activities associated with the installation, testing, and commissioning of
new and reapplied assets.

- Operate/Maintain - al activities involved in most effectively maintaining asset
availability (health), longevity, and capability (quality, performance).

- Retire - al activitiesinvolved in managing assets that are still owned, but no longer
being used, including decommissioning, protection, and disposd. These assets, or
some of their components, might be re-used, re-manufactured or re-cycled.

Being the longest and most complex lifecycle stage, operate/maintain often deserves
additional attention. However, we should note that even maintenance has an important
role to play, it's really only one of the variables in managing assets, others include, for
instance, choosing the right assets in the first place, using them appropriately, or trading
short-term performance against long-term sustainability, etc.

Accordingly, we believe that the monitoring phase is crucial during the asset
lifecycle. This phase not only monitors the condition of an asset use, but should also
provide further decision making information for:

- Improving asset reliability through efficient prediction of asset failures
- Planning and scheduling of repairs, replacement and redepl oyment
- Maximizing the asset performance and throughput

Such monitoring information could be captured through an array of sensors, filed
devices and/or manual inspection systems, which is then collated and analysed to see
how the asset behaves over a period of time.
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Figure 2. Asset Lifecycle (inspired from [14])

2.4. Summary

Based on the above discussion, we classify the different perspectives, from which an
asset could be analysed, as:

Financial perspective: the scope of analysing assets from afinancial point of view is
to reduce the costs, increase reliability, performance and return on investment (Rol)
in order to increase customer satisfaction. Financial-perspective asset management
deals with the dynamic impact of asset health, availability, reliability and
performance values on each other, and focuses on the financial value of an asset.
Engineering perspective which could be decomposed into two points of view:
information and decision making. The information point of view refers to gathering
and managing (real-time and dynamic) data and monitoring the asset along its
lifecycle. These data are related to traceability issues and could be determined by
answering basic questions such as: When, Who, Why, Where, What. The decision
making point of view relates to performing intelligent diagnosis and analysisin order
to support decision makers during asset maintenance, asset scheduling, asset
reliability, asset reuse, etc.

The following section will discuss asset information requirements as well as the

available technol ogies and systems to manage the required information.
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3. Asset Information Management

Asset information is used by a diverse set of people and systems, each with their own
concerns, requirements and specific needs. Bringing al of disparate information together
into widespread asset-centric information is yet akey challenge facing asset users today.
In order to acquire and manage the vast amount of information emerging during the asset
lifecycle, an integrated asset information management strategy is required. However,
lifecycle information occurring during the acquisition, deployment, usage, maintenance
and disposal stages are usually hard to capture and in most cases lost. For this purpose,
we propose in section 3.1. to identify the asset information management requirements for
an effective decision-making. We focus primarily on asset location and asset condition
monitoring. Technologies and systems to capture and manage asset information are
afterwards discussed in section 3.2. The aim of this section is to examine the capabilities
of different emerging technologies and systems that are important for through-life asset
information management.

3.1. AIM requirements (Challenges)

Asset information is very important for organizations because it represents the collective
knowledge used to manage assets as well as to produce and deliver products and services
to customers. Lhderstanding what information is needed to support decision making
process and what data can be gathered as raw material for such information, is an
essential starting point to build up an information management strategy. In the following,
the benefits and the necessity of asset location and utilization tracking is described.

3.1.1. Monitoring of asset location

In today’s world, organizations have become increasingly collaborative, with business
partners and competitors sharing a wide variety of equipment and resources. In this
context, assets become increasingly mobile, distributed and shared across workgroups.
Moreover, on large-scale organizations, it is often difficult to manage the exact location
of spares, tools and people, which causes sub-optimum performance. Knowing the
location of those assets is critical to effectively managing them. Indeed, providing
relevant, timely and useful location information to the people and systems responsible for
managing asset-intensive business processes provides a number of significant benefits,
such as making quick and informed decisions based on real-time business information,
reducing costs associated with searching for misplaced or lost assets, and improving
overall productivity and throughput.

Furthermore, one of the major reasons to track assets is when the cost of not knowing
the location of an asset at a given time can be considerable. Sometimes the value of the
asset itself is not as important as the cost of the consequence of losing track of the asset
or information about its location. Hence, asset location tracking involves understanding
(i) where your assets are at present; (ii) where they were last; and (iii) how many of them
are in a given location. With this set of information, a company can collect, reposition,
and redeploy its assets in the most effective manner; especially when employees spend
significant amounts of time searching for misplaced assets and resulting in wasted labour
time. For example, routine maintenance of biomedical equipment is compromised by the
inability to find it, which in turn increases the risk that hospitals will fail to meet stringent
Joint Commission on Accreditation of Healthcare Organizations (JCAHO) regulations
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requiring timely equipment maintenance. Therefore, locationenabled AM in hospitals
can help biomed departments find the equipment and get it back into service as
efficiently as possible. This unlocks equipment-related cost reductions and allows biomed
managers to spend less time looking for equipment and more time on maintenance.

In order to manage assets, it must be possible to track them and get accurate, timely
data on their locations and status. There is more than one reason to track assets, and not
all are related to financial gains. The return on investment of location tracking systems
can also include non-monetary elements, such as higher quality of service to customers,
or correcting errors when they occur. According to a 2004 survey of 233 companiesin a
wide variety of industries, the Aberdeen Group' found that 50% have manua AM
processes. By automating the process, location tracking systems can remove the error
factor that isintroduced by direct human involvement in asset tracking.

We shall now discuss the motivations for monitoring and tracking the condition of
assets through their lifecycle.

3.1.2. Monitoring of asset condition

The benefits and necessity of tracking asset condition during its lifecycle are discussed
from both perspectives: an asset user perspective and an asset provider perspective. From
an asset provider point view, it has become more important to understand and track how
each asset is used and behaves. For example, tracking the asset utilisation conditions will
enable more intelligent maintenance regimes, e.g. predictive maintenance [15]. The
fundamental issues in ensuring asset reliability are capturing information during its
operational stage and use them to predict asset behaviour and failure conditions. The
information captured could be used to trigger appropriate and timely follow up actions.

From an asset user point of view, the reliability of manufacturing or production
processes is heavily dependent upon the flawless operation of the assets utilized in the
processes. An asset lifecycle starts at the time of designing the manufacturing or
production system, and typically illustrates, stages such as, asset acquisition, deployment,
operation, maintenance, decommissioning and replacement. Being the longest and
complex lifecycle stages, operation and maintenance often deserve additional attention.
The maintenance itself is an extremely complex process. Hence the challenge of overall
equipment effectiveness during an asset lifecycle is a continuous level of performance as
it had on day one or better. An essentia regquirement in this regard is the continuous
availability of the condition monitoring information and its analysis in order to predict
failures as soon as the asset starts deviating away from its standard operational behavior.

In order to achieve both objectives, i.e. profitable services (asset provider point view)
and lean manufacturing (asset user point view), there is a need of an AIM systemthat
enables to timely access complete and accurate asset information. In the next section, we
examine technologies used for capturing data regarding locati on and condition, as well as
approaches to manage this information.

" Aberdeen Group Report.  http://www.aberdeen.com/
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3.2. Technologies and systems for asset information management

This section examines emerging technologies and systems that are important for through-
life asset information management, i.e. from acquisition to disposal. The two key stages
of asset information management are (i) capture of the required information, and (ii)
effective management of the captured information. Technologies and systems to achieve
these are now discussed separately.

3.2.1. Datacapturetechnologies

Information about the identity, current location and condition status of assetsis assuming
a pivotal role in AM. Emerging technologies in product identification, sensors and
wireless telecommunication, enable improved information visibility through whole
product lifecycle. For an exhaustive review on identification technologies, the reader is
referred to [16, 17].

An improvement on the traditional manual system (e.g. manua paper inventory) is to
affix abarcode to each asset and use a barcode reader to retrieve information contained in
the barcode. While faster and less error prone than a manual process, it is till a human
intensive task that takes time. Furthermore, barcodes have additional disadvantages, such
asrequiring line-of-sight to read them and can store limited amount of information.

Radio Frequency IDentification (RFIDs) aims to address these concerns, and in time
replace barcodes atogether. A RFID system consists of a “tag” which has a small
integrated circuit, memory and an antenna onboard, and a reader which can interrogate
the tag through the antenna to retrieve information contained in the tag memory. The key
differences between barcodes and RFIDs are the amount of information that can be stored
on them, and the ways in which they can be read (no line-of-sight requirement for RFID).
An RFID tag can store alot more information as compared to a barcode, such as delivery
date, or even the last maintenance action and date.

Although passive RFID tags can be used as an information carrier, their use to
determine precise location is limited. However, for the purposes of asset management,
RFID tags can be used to determine the logical or business location within a factory or a
supply chain by strategic positioning of readers. Real-Time Location Systems (RTLS)
have emerged as an alternative and cost effective method for tracking the location and
status of assets within local areas. RTLS systems differ from other types of automatic
identification technologies in that tagged assets are not required to be scanned or pass
within close proximity of areader in order to be detected. In contrast, RTL S tags transmit
their ID’s and status information at frequent intervals via a low power radio signal to a
central processor. For locaing assets in transit, technologies such as GPS can also be
considered.

In addition to these technologies, sensors can be used to provide information about
the condition of an asset. This can be defined as a set of variable quantities, which can
completely describe the system at a given point in time [18]. Sensors can be used to
measure many different parameters, including temperature, humidity, acceleration, shock,
pressure, or velocity. There is a plethora of sensor devices with many different
characteristics. For instance, sensors can be wired or wireless, analogue or digital with a
varying degree of intelligence and data storage capacity. According to [17], it needs to be
pointed out that sensors are limited in what they can perceive. Their limitations arise
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from the following: (i) their spatial coverage (range) and measurement accuracy
(resolution) is subject to physical limitations, (ii) they can measure a restricted number of
state variables, and (iii) sensors might fail and are subject to noise.

To satisfy the requirements of AM, the use of a single sensor are not always enough
and an integration of various sensor technologies is required (e.g. a type of sensor
integration systems are wireless sensor networks (WSN)). Furthermore, in order to
achieve the key requirements of AM (cf. Section 3.1), a combination of technologies,
including RFID, Sensors and Wireless communication is necessary. Recent
implementations of such a combination are expected to show great benefits for AM. For
example, thanks to their new real-time visibility system, the Dutch KLM is expecting to
save over £1m through a reduction in fleet without lowering service levels[19].

In the next section, we discuss different approaches to manage asset information
captured using technologies d escribed here.

3.2.2. Datamanagement methods

I dentification technologies are only part of the solution for AIM. Consequently, there
isaneed for an overall framework to specify, design, and operate these technologies for
asset lifecycle management. For instance, The EU-funded PROMISE project has
developed an architecture for RFID enabled product lifecycle management [3]. The
PROMI SE initiative pointed out a key component for product information tracking which
is the “Product Embedded Information Device — PEID”. Where product embedded:
implies that product lifecycle data can be tracked and traced in a real time way over the
whole product lifecycle by embedding an information device to a product itself. The
PEID should possess a unique identity which requires a product identification function in
the PEID. Information device: indicates that the PEID can gather, process, and store data
into itself. This strategy for managing asset information management is called peer-to-
peer based information management. The information can be stored where it was created
and fetched when needed or moved/copied whereit isthe most appropriate.

In addition to the peer-to-peer strategy, examples of different strategies for asset
information management are given in Figure 3aand 3b. First, asset data can be stored on
the PEID and then processed when requested. The data are stored where it is created and
carried when needed or copied where it is the most appropriate. Second, asset data is
stored on a networked database and linked to the product through a unique identity stored
in the PEID. In this case, two possible architectures exist. First, al asset data can be
managed in centralized database architecture. The asset related data, i.e. usage and
location tracking, are collected into one single database for asset lifecycle management
(cf. Figure 3a). For this purpose, most efficient systems integration method is obtained if
all partners (asset users) use compatible communication interfaces. Second, asset data can
be managed in distributed databases (cf. Figure 3b). Data about the same asset can be
distributed over different system users.
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Figure 3a. Centralized architecturefor asset infor mation management

In several situations, asset information would have to be stored partly within the
PEID, and partly on a network. Thisis typical of complex asset such as heavy vehicles,
where critical information is stored within the asset so as to ensure its availability for on

site maintenance.
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Figure 3b. Distributed ar chitecture for asset information management

Figure 4 summarises the discussion in this section. We examined different data
capture technologies and data management methods to monitor the asset location and
condition throughout its lifecycle. Severa data capture technologies are available such as
barcodes, RFID or sensors and all of them present different characteristics. Depending on
the end-objective of using these technologies, the choice may differ. For example, it is
sufficient to use barcode or passive RFID tag to track the location of an asset. However,
to monitor the condition use of an asset, a combination of RFID tag and sensors might be
needed.
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Figure4. Asset information management appr oaches

When it becomes to manage the captured data, the different af orementioned methods
proposes different characteristics and advantages. From one hand, the centralised
alternative is a suitable solution because it allows: (1) keeping a ‘ one version of the truth’
and thus high consistency of data, (2) up-to-date information, since there is no need of
synchronization between databases. However, some of the disadvantages of a centralized
solution are (1) the amount of gathered data which could become overwhelming, and (2)
the need for network configuration and systens integration. Alternatively, the distributed
solution is suitable because (1) there is no explicit need of system integration, and (2) the
amount of stored datais relatively less overwhelming. However, since databases need to
be synchronized, a distributed solution could suffer from data inconsistency and
unavailability of up-to-date information.

In summary, we have illustrated that effective asset management requires efficient
tracking and capturing of events throughout the asset lifecycle, and that there are variety
of technologies and approaches that the asset manager can choose from in order to do so.
Once a list of asset information management strategies is established based on the
available technologies and data management systems, the next logical question is how do
we choose the best aternative? In the following section we propose an approach to select
an asset information management strategy based on the requirements described in section
3.1. This approach aims to take into account the capabilities of the available technologies
and data management systems as described in section 3.2.

4. Approachtoselect AIM strategy

Forward-thinking managers are striving for better ways to increase the productivity of
their assets, proactively maintain them, and maximize their usefulness over the asset
lifecycle. An asset lifecycle typically illustrates activities such as, asset acquisition,
operation, maintenance, decommissioning and replacement. Asset management is an
information intensive process that consists of many sub processes to manage the asset
lifecycle.

A strategy for asset information management is composed of two key stages. (1)
identifying what information are required, and (2) deciding the best way to effectively
manage these information. By effective information management we mean capture of the
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required asset information, storage of the captured information and retrieval of the stored
information. Moreover, in order to make an effective use of these information, different
stages such asfiltering and transformation are incorporated.

Different technologies (e.g. RFID technology for data capture) and systems (Data
Management systems) are available to address the requirements of asset information
management. However, these technologies and systems come with different capabilities
and limitations. A strategy would then to identify, depending on the data requirements,
what technology and system are suitable for an effective asset management.

This section presents an approach to support decision makers to select a strategy to
manage information associate with their assets. Figure 5 presents this approach to
identify and select the suitable strategy to manage the asset information. The approach
consists of three stages: (i) design possible strategies for asset information management;
(ii) evaluate these strategies; and (iii) select the best strategy on the basis of evaluation.
We shall now examine each of these stagesin turn.

4.1. Design strategies

In order to identify possible strategies, asset managers need to examine two perspectives:
(i) top-down perspective to understand the requirements posed by organizational-level
business objectives; and (ii) bottom-up perspective where requirements are posed by the
asset itself. These perspectives are described in following sectionsin detail .

 Design Strategies | Analyse Strategies | Select Strateqy |

Business objectives

Key performance

B4

@ .8 indicators

-r% lw) Data requirements
% g (Optimization objectives)
@ =

Information system

requirements

f Information Quality
Strategies for asset Value of Recommended
information management Information p Strategy for AIM
4 Return on

Information system

requirements

Data requirements

(Optimization objectives)
Physical asset
classification
Asset characteristics &
Information flow

Investment

Bottom-Up
perspective

Figure5 Architecture for designing and analysing strategies for asset information management
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Top-down per spective

The bottom-up perspective consists on designing strategies according to the asset
characteristics. It is the asset nature which dictates the requirements for asset
management. In other words, the requirements to manage a robot are different from the
requirements to manage a conveyor, while both of them are assets for their owner. This
leads us then to address the problematic of asset classification and understanding what
are the key attributes that makes an asset different from another. Once the classification is
established one can identify the different requirements for asset management. In order to
illustrate this rationale, we now present a non-exhaustive classification of assets to help
understanding the key requirements for asset management (cf. Table 1).

This classification is based on the mobility and the complexity of the asset to be
managed. Management of moveable assetsis still not appropriately supported by existing
IT systems effectively. Information about location, status and usage is either lacking or
inaccurate. This can cause delays in industrial operations, inefficient use or excess
inventory of costly assets.

Table 1. Asset classification

Simple Complex
Typel Typell
§ e.g. Gas bottle tool
T
Regs.: Asset condition Regs.: Asset condition
monitoring (simple) monitoring (regular/real-
time)
Typelll TypelV
e.g. engine,
) trucks
= e.g. container
o
]
=
Regs.: Asset location Regs.: Asset location &
monitoring / Asset condition conditionmonitoring
monitoring (smple)

Asillustrated in Table 1, the key information requirements depend on the type of the
asset to be managed. For example, for a Type Il (i.e. fixed and complex) asset, it is
sufficient to track its condition since the location is fixed. However, for a mobile and
complex asset (Type V), tracking location and condition is necessary for effective asset
management. In the case when the asset is smple (Types | and Il1), the requirements
depend on its mobility. If the asset is fixed, asset management is typically not an issue.
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Simple corrective maintenance would be more appropriate in such cases. However, if the
asset is mobile tracking its location through the lifecycle would be required.

Based on this classification and the review of technologies and approachesin section
3.2, we provide some preliminary recommendations for asset information management.
For instance, a simple barcode-based solution with networked information architecture to
manage the captured data would suit Type | assets. For Type |l assets, a solution could be
sensor-based to capture asset data and hybrid information architecture to manage this
data. Since the asset is fixed, a centralized data repository would be ideal for information
management. An RFID-based solution with networked (distributed) information would
satisfy the AM requirements for Type |1l assets. When assets become complex and
moveable (Type 1V), an RFID-based sensor integration system for data capture and a
hybrid information architecture to process these data are required.

Bottom-Up per spective

The top-down approach consists on designing strategies to optimize business processesin
order improve asset performance. It can be achieved by increasing reliability, availability,
and operations and maintenance productivity. This leads us to identify the different
business objectives and Key Performance Indicators (KPIs) to improve.

For asset-based industry, the most important elements in achieving success are the
assets. Businesses need to adopt a holistic view of asset lifecycles to plan optimal
operational and maintenance strategies that achieve commercial aims, favourable
regulatory treatment and customer satisfaction. For instance, in the utilities industry, this
has been most notably described in the British Asset Management Standard PAS-55 [7],
where the underlying driver is that existing assets should be continually managed as their
age and their condition degrades to satisfy ongoing demands for optimum financial and
technical performance.

In amore general way, we can assimilate the business objectivesto the strategic goals
of an organisation, and they correspond to the well -known trihedral Cost-Benefit-Risk.
These business objectives could then be formulated as: increasing benefit, reducing cost
and reducing risk. In order to reach these objectives, operational business objectives or
KPIs have to be designed, and should be quantifiable. For instance, key performance
indicators include the system reliability, safety and operating requirements. Business
objectives relates to the corporate values like utilisation, profit and return on investment.

To achieve these business objectives, successful AIM strategy must be based on
fundamental elements— What data to collect, how to collect it, how to measure it, how to
analyze it together with other data, and how to interpret and respond to the results to
develop in-depth asset expertise and best practice management.

Health Indices, to provide a basis for assessing the overall health of an asset, can be
developed from relevant condition information and, together with asset age and past
performance, be used to derive the asset residual life. Moreover, by evaluating the
probability of failure and the consequence cost for assets, risk costs can be assessed,
allowing asset owner/operator to focus attention on their highest risk assets. A solution
can then be established based on economical optimization of a maintenance intervention,
life cycle and risk cost streams.
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In summary, the objective of the design strategies phase with the top-down and the
bottom-up perspectives is to support the asset manager in identifying aset of strategies to
manage through-life asset information. These strategies are identified based on the
information requirements to manage the asset. Once alist of feasible AIM strategies is
established, the next phase is to analyse these strategies in order to select the most
suitable one. The following section discusses our approach to analyse different strategies.
Two main concepts are considered in order to evauate different strategies: vaue of
information and return on investment.

4.2. Analyse strategies

Two essential elementsto consider when appraising the success and robustness of agiven
asset information strategy are the value of information generated by the adopted
information technology (i.e. in terms of operating and management), and the return on
investment gained from acquisition, deployment and disposal. These proxies are
important to decision-makers not only because they underline gains from a specific
strategy but also can guide decision-makers about the decision steps to be undertaken
when dealing with complex assets and fragmented information in alifecycle context.

Methods and tools to be used when addressing these problems should take into
account risk, uncertainty, behaviour and complexity within an extended planning horizon.
These techniques should be dynamic in nature and must vary according to the type of
assets under study and where we are in the asset lifecycle. Hence, decisions to maximise
the value of information and return of investment can be addressed and formulated as
portfolio optimisation [20], dynamic programming [21], or utility maximisation problems
[22].

According to Banker and Kauffman, information value arises as the difference
between a decision maker’s payoff in the absence of information relative to what can be
obtained in its presence [23]. Existing work on the topic of “Vaue of Information”
mostly focuses on specific quality dimensions from specific background, such as:

- Supply chain management: For example, [24] established cost models against the yield
information and lead time to measure the value of information. Authors in [25] used
mathematical models that consist of the costs of labour, labour-hours (regular, increase,
decrease, additional), transportation, raw materials, carrying goods inventory (at
manufacturing facilities, in transit, at the distribution centers) and over time.

- Risk analysis: Value of Information analysis makes explicit any potential losses from
errors in decision making due to the uncertainty and it also identifies the “best”
information collection strategy, which leads to the greatest net benefit to the decision
maker [26]. Bayesian decision theory plus some more constraints that are relevant to
information is mostly used to diagnose the overall system risk. Mussi [27] developed a
methodology for building a theory-based Vaue of Information sequential decision
support system, and a design engine to build step-by-step knowledge-base and the related
inference.

Although these works presented models or/and approaches to support decision
makers, none of them addressed the whole asset lifecycle. Each research work focused on
a specific area and a specific stage of the asset lifecycle. However, they all recognise the
need and the importance to improve information quality. Better information quality relies
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on better information management. Indeed, a poorly designed information management
system may produce high amount of information that no one uses, while decision makers
lack the information they do need. Furthermore, according to [28], without quality of
information architecture that stores the enterprise’s knowledge resources, information
quality will be much more difficult to achieve. Consequently, concerted research has to
be done to develop models and tools to comprehensively evaluate the value of
information and information systemsin asset management.

4.3. Select strategy

Once the different identified strategies are analysed, the asset manager is equipped with
the outputs of the evaluations of each of these strategies. This evaluation revolves around
the quality of information produced by the system, the value of information generated by
this system and the overall returns induced from this strategy in terms of benefits and
costs. This set of information enables the decision maker to choose the best strategy to be
deployed.

After implementing the AIM strategy, i.e. data capture technology(ies) and data
management system(s), asset manager have to monitor the overall system and evaluate its
effectiveness compared to the expected performance. Consequently, the quality of
information generated by the implemented system has to be re-assessed and further
adjustment might be needed to achieve an effective and efficient asset information
management system.

5. Conclusion and Future prospects

Asset management has been regarded as an essential business process in many
organizations, and is moving to the forefront of contributing to an organization’s
financial objectives. When managing assets, decision makers have to ensure that the
assets perform at peak levels and, at the same time, keep capital and maintenance cost
down. For this purpose, a set of information is required to ensure an effective utilization
of an asset.

Asset information is used by a diverse set of people and systems, each with their own
concerns, requirements and specific needs. Bringing all of disparate information together
into widespread asset-centric information is yet akey challenge facing asset users today.

In order to acquire and manage the vast amount of information emerging during the
asset lifecycle, an integrated asset information management strategy is then required.
However, lifecycle information occurring during the acquisition, deployment, usage,
maintenance and disposal stages are usually hard to capture and in most cases | ost.

In this paper we proposed an approach to support asset managers developing an
effective asset information management strategy. Key asset information management
were identified and classified into asset location and asset condition monitoring
according to the asset characteristics; i.e. the bottom-up perspective. However, further
information could be identified according to the business objectives of the organization.
The top-down perspective will support asset managers identifying asset information
requirements based on the key performance indicators to be optimized.
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Based on the indentified technologies and systems to manage asset information, the
objective is to propose a guideline for asset managers identifying the best strategy. For
this purpose, we investigated the available techniques to quantify the value of
information for each strategy. The next step is then to define the information quality
dimensions to be studied in order to deliver metrics to support the decision making
process. Based on these metrics, a set of tools for strategy evaluation could be delivered
to decision makers to support the strategy selection phase. Furthermore, the overall
approach proposed in this paper needs to be tested through use cases in an industrial
environment.
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