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Abstract - The Australian rail sector is a critical enabler of national
economic productivity, especially in mining and resource logistics.
Ensuring the availability, reliability, and performance of rolling stock
assets such as locomotives and wagons is fundamental to maintaining
competitiveness in global commodity markets. However, asset
management practices across the sector are marked by
fragmentation, data silos, and inconsistent adoption of digital
technologies, particularly those leveraging the Internet of Things
(IoT). This research first analyses the current state of IoT-enabled
asset management in the Australian rail sector, using a combined lens
of the ISO 55000 Asset Management Standard and IoT technologies
to identify strategic gaps and opportunities. The analysis reveals a
critical need for a unified, standards-aligned approach that
effectively integrates technological innovation with strategic asset
management practices. In response, the study proposes an integrated
conceptual framework to enhance strategic alignment through IoT
enabled asset management. Overall, this research contributes
valuable insights into the digital transformation of asset management
in the rail industry, addressing the systemic challenges of integration,
standardization, and long-term strategic planning.
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I. INTRODUCTION

The Australian rail sector plays a pivotal role in
enabling national economic productivity, particularly
through its support for mining and resource logistics. In
2019, the rail industry contributed approximately $29.8
billion to the Australian economy, comprising $15.1 billion
in direct value and $14.7 billion in indirect value, and
supported over 165,000 jobs—a 16% increase since 2016
[1]. Maintaining the performance and availability of rolling
stock—such as locomotives and wagons—is essential to
sustaining competitive advantage in global commodity
markets. However, achieving excellence in asset
management remains a significant challenge due to
systemic fragmentation and uneven technological
adoption.

There is a noticeable absence of central coordination
in current asset management practices. Instead of a unified
national strategy, major rail operators implement
customized asset management strategies [2]. While this
organizational autonomy enables optimization at a local
level, it contributes to fragmentation across the broader rail
network. The Australasian Railway Association (ARA) has
identified significant fragmentation and a lack of national

coordination in Australia's rail sector, noting that current
efforts are often isolated and misaligned with broader
standardized frameworks [3]. This limits opportunities for
consistent benchmarking, interoperability, and effective
asset performance management across operators. Another
challenge, frequently highlighted in scholarly research, is
the lack of integration of asset data across the various
stages of the asset lifecycle, particularly in the context of
predictive maintenance. While industry focuses on day-to-
day issues, researchers see this data gap as an important
challenge. Literature increasingly advocates for closed-
loop asset intelligence systems [4]. Nevertheless, many
organizations are constrained by entrenched data silos and
lack the infrastructure to link condition monitoring to
strategic decision-making. [5] proposed the integration of
a Cyber-Physical Systems of Systems (CPSoS) framework
into fleet management strategies to connect asset data
across all lifecycle stages—from planning and design to
operation and renewal. While this work represents a
significant step toward intelligent and integrated asset
management, Key challenges such as standardizing data
exchange across heterogeneous systems and managing the
scale and variability of data in real-world scenarios are not
fully resolved.

The inconsistent implementation of Internet of Things
(IoT) technologies further exacerbates the problem of dis-
integrated asset data. While some industry leaders have
invested heavily in autonomous systems, real-time
diagnostics, and onboard sensors, others continue to rely
on manual inspections or vendor-led maintenance regimes.
The lack of harmonized digital platforms restricts the
implementation of predictive maintenance across fleets,
resulting in underutilized [oT deployments [6]. This
underutilization is intensified by the fragmented, project-
specific adoption of advanced tools such as condition-
based maintenance and Digital Twin modelling, which are
seldom scaled or embedded enterprise-wide. Persistent
challenges around integration and standardization continue
to hinder the effectiveness of these technologies [7]. These
limitations underscore the need for coordinated digital
transformation beyond isolated solutions. The Australasian
Railway Association [2] has highlighted the urgency of
developing an integrated, digitally enabled rail capability.



In response, this research investigates how current asset
management strategies in Australia support integrated,
standards-aligned, and IoT-enabled practices, and proposes
a conceptual framework to improve interoperability and
foster continuous improvement.

To contextualize the study, Section II reviews the
relevant literature across two interrelated domains: ISO
55000 and IoT technologies. Section III assesses current
asset management practices in the Australian rail sector,
highlighting key strategic and operational gaps. Section IV
provides a critical discussion of these findings, and Section
V introduces the proposed integrated conceptual
framework, followed by conclusion with key insights and
implications for future research and practical application.

II. LITERATURE REVIEW

In this section, we explore two interrelated domains
that form the foundation of this study: first, the principles
of ISO 55000 and the application of the Plan-Do—Check—
Act (PDCA) model in asset management; and second, the
integration of Internet of Things (IoT) technologies within
ISO 55000-aligned asset management frameworks.
Together, these perspectives provide the conceptual
grounding for evaluating strategic alignment in rail asset
management practices.

1) ISO 55000 and the PDCA Model in Asset
Management

The ISO 55000:2014 series [8] establishes a global
benchmark for asset management systems, defining asset
management as the "coordinated activity of an organization
to realize value from assets" and emphasizing lifecycle
management, risk-based decision-making, and alignment
between asset activities and organizational objectives. The
standard is particularly relevant for sectors with capital-
intensive and long-lived assets—such as rail transport—
where asset performance directly impacts operational
reliability and financial sustainability. At the heart of ISO
55000 implementation lies the Plan—Do—Check—Act
(PDCA) model, a cyclical framework that guides
continuous improvement in asset management practices:

* Plan involves establishing asset management
objectives, policy, and strategies aligned with the
organization’s business goals. It includes asset lifecycle
planning, risk management, and resource allocation.

* Do refers to the implementation of asset management
plans and operational activities, including asset acquisition,
operation, and maintenance.

*  Check focuses on monitoring, measurement, internal
audits, and management reviews to assess performance
against objectives and identify areas for improvement.

*  Act entails corrective actions, adjustments to the asset
management strategy, and changes to planning processes
based on review findings.

Although ISO 55000 is highly relevant in asset
management, its adoption within the Australian rail sector
remains inconsistent. [9] highlight challenges in translating
high-level asset management policies into operational
routines, particularly when organizations face data
fragmentation, legacy systems, or limited digital
capability.

2) Internet of Things (IoT) and ISO 55000

Recent studies have underscored the growing synergy
between ISO 55000 principles and the integration of IoT
technologies in asset management. IoT-enabled assets
support continuous condition monitoring, enabling a shift
from reactive to predictive maintenance [10], [11]. These
technologies allow organizations to embed real-time data
flow into PDCA loops, facilitating proactive planning,
review, and continuous improvement [12]. When
effectively integrated into enterprise-wide frameworks,
IoT systems reinforce ISO 55000°s focus on value
realization, lifecycle thinking, and risk-based decision-
making [8], [13].

Together, an integrated lens of ISO 55000, the Plan—
Do—Check—Act model, and IoT integration provides a
robust methodology for evaluating standardization,
interoperability and continuous improvement in rail asset
management. ISO 55000 establishes the standards-based
structure for lifecycle management and governance, while
PDCA embeds an iterative cycle of planning, execution,
monitoring, and adjustment to drive continuous
improvement. IoT technologies provide real-time,
interoperable data streams that operate these standards and
processes. This synergy enables a holistic assessment of
digital integration, consistency, and value realization
across asset management systems. Building on this
integrated methodology, the research undertakes a detailed
evaluation of selected asset management strategies.

TABLE1
COMPARATIVE EVALUATION OF AUSTRALIAN RAIL ASSET
MANAGEMENT STRATEGIES
Asset PDCA 10T Integration Support
Management Element and
Strategy ISO 55000
Alignment
Queensland Plan, Do, Partial- IoT used mainly for diagnostics;
Rail Check, Act limited integration with strategic decision-
(Emerging) making.
Mostly
aligned with
ISO55000
TINSW Plan, Do- None- No significant loT adoption; lacks
Partially digital infrastructure for data-driven asset
aligned with management.
ISO 55000
Pacific Do, Check, Full- Strong IoT use in operations and
National Act Partially monitoring; strategic alignment with ISO
aligned with 55000 still developing.
1ISO55000




III. METHODOLOGY: EVALUATION OF CURRENT
ASSET MANAGEMENT PRACTICES

For this study, three publicly available asset-management
strategies were selected, namely: Queensland Rail, Pacific
National and Transport for New South Wales (TfNSW).
The selected strategies were chosen based on their strategic
significance, operational diversity, and the availability of
publicly accessible data. Collectively, they represent a
cross-section of the Australian rail sector, encompassing
both passenger and freight operations, as well as public and
private entities.

A. Queensland Rail

Queensland Rail exhibits a mature asset management
approach that closely aligns with ISO 55000's PDCA
model. The organization exhibits strategic planning, digital
execution, performance monitoring, and continuous
improvement, particularly through the adoption of IoT
technologies, mobile maintenance platforms, and lifecycle-
focused policies [14]. [15] highlights Queensland Rail's
progress in integrating IoT technologies, particularly
through a condition monitoring strategy review with
Network Rail Consulting that assessed the use of sensors
on rolling stock and track infrastructure for real-time asset
health monitoring. All in all, Queensland Rail appears to
be in the early to mid-stages of IoT adoption. While full
integration across all asset classes may still be evolving, the
core digital infrastructure is already in place.

B. Transport for NSW (TfNSW)

TINSW adopts a whole-of-lifecycle approach to asset
acquisition, operation, maintenance, and disposal,
supported by a framework that demonstrates moderate
alignment with ISO 55000 principles. The agency
establishes a clear strategic direction with defined
governance and planning structures, as outlined in its Asset
Management Framework [16]. However, the application of
PDCA mechanisms varies between divisions, especially in
operational and review phases. Delegation of asset
management responsibilities to asset-operating
organizations limits the consistency of standard
implementation. Regarding IoT integration, TEINSW has
made progress in infrastructure monitoring but falls behind
in the digital management of rolling stock assets. IoT data
is often siloed within projects or divisions. Moreover,
while the technical direction provides procedural clarity, it
lacks a comprehensive system-wide digital infrastructure
that enables seamless data sharing and feedback loops
across the asset lifecycle, which are fundamental to
realizing full ISO 55000 alignment [17],[18].

C. Pacific National

Pacific National, one of Australia’s leading private

heavy haul operators, demonstrates partial alignment with
ISO 55000 asset management principles. The company
maintains detailed rolling stock lifecycle records and
emphasizes safety and compliance [19]. Pacific National's
2025 Annual Rolling Stock Report details maintenance and
compliance activities aligned with ISO 55000's "Plan" and
"Do" phases [20]. However, public evidence of structured
processes for the “Check” and “Act” phases—such as
formal performance reviews, continuous improvement
cycles, or third-party maturity assessments—remains
limited.
As indicated in the same report, Pacific National shows
advancement in its IoT integration, focusing on immediate
operational responses such as noise management and
wheel squeal analysis; however, these technologies are
predominantly applied to immediate operational responses
rather than supporting an enterprise-wide predictive
maintenance strategy. A fully integrated digital asset
management platform has yet to be established. This
fragmented and reactive approach stands in contrast to the
principles outlined in the Rail Industry Safety and
Standards Board (RISSB) Code of Practice which
advocates for strategic, interoperable, and ISO 55000-
aligned asset management practices [21]. This case
illustrates a broader challenge in the sector: while private
operators like Pacific National are advancing
technologically, their asset management frameworks have
not yet evolved to embed digital capabilities within ISO-
aligned, system-wide processes.

IV. FINDINGS

The comparative evaluation of the three asset
management  strategies—Queensland  Rail, Pacific
National (heavy haul operator) and TfNSW-—revealed
varied levels of alignment with the ISO 55000 standard and
inconsistent adoption of IoT technologies.

Table 1 presents the analysis by categorizing each
framework according to key criteria. First, it identifies the
corresponding stage(s) within the Plan—-Do—Check—Act
(PDCA) cycle that the framework addresses while
evaluating the degree of alignment with ISO 55000
principles, categorizing frameworks as fully, partially, or
not aligned. Second, it assesses the level of [oT integration
support, ranging from no support, through partial mention
of ToT capabilities, to full integration involving condition
monitoring, data analytics, and decision-making functions.
The analysis reveals notable insights. Queensland Rail
demonstrates strong asset management maturity with broad
adherence to the PDCA cycle, although the 'Act' phase is
still  emerging, indicating limited system-wide
implementation and incomplete ISO 55000 alignment.
While the organization has made progress in IoT adoption,
particularly in diagnostics—its integration into decision-
support systems remains limited.
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Fig. 1. Proposed framework: iRAM (Integrated Rail Asset
Management)

Pacific National demonstrates excellence in digital
integration and operational control; however, its asset
management framework lacks comprehensive coverage of
the 'Plan' and 'Act' stages; suggesting that while tactical
execution is strong, strategic alignment with ISO 55000 is
still maturing. TEINSW, on the other hand, shows a strong
policy-driven approach to asset management, with
structured planning and strategic alignment to ISO 55000
principles. However, its IoT adoption remains in the early
stages, highlighting considerable potential for further
digital transformation and enhancement of process
maturity.

V. PROPOSED FRAMEWORK

To address the observed fragmentation in asset
management practices within selected Australian rail
sector and to enhance alignment with ISO 55000 standards,
this study proposes an integrated conceptual framework.
Our proposed framework, referred to as iRAM (Integrated
Rail Asset Management), is grounded in the Plan—-Do—
Check—Act (PDCA) cycle, ISO 55000 principles, and [oT-
enabled decision support systems, as described in Section
II. An illustration of the interactions among these
methodologies is presented in Fig. 1.

This framework aims to establish a systematic approach
that facilitates continuous improvement, promotes cross-
operator interoperability, and fosters the alignment with
IoT technology adoption.

1) Plan Phase

In the Plan phase, aligned with ISO 55000’s principles of
strategic planning and risk management, the focus is on
establishing the foundational direction for asset
management. This involves formulating a unified strategic
asset management plan, defining an IoT architecture
roadmap for digital integration, and setting clear lifecycle
objectives for asset classes. Early-stage IoT integration is
addressed through planning sensor deployment to enable
effective data acquisition in subsequent phases

2) Do Phase

The Do phase focuses on executing operational activities
in line with ISO 55000. It involves deploying IoT systems
for real-time monitoring, implementing descriptive
analytics and Integrating IoT technologies, such as sensors
and smart meters, with legacy infrastructure, like SCADA
systems, PLCs, or traditional databases to avoid data silos.
This phase translates strategic plans into actionable asset
management practices.

3) Check Phase

The Check phase, in line with ISO 55000°s focus on
performance evaluation, involves monitoring asset health,
conducting audits, and analyzing KPIs to support informed
decision-making. It leverages IoT-generated data for
predictive and prescriptive analytics to detect trends,
anticipate potential issues, and recommend optimal
actions.

4) Act Phase

The Act phase emphasizes continuous improvement and
closed-loop operation, in line with ISO 55000’s
management review processes. Unlike the Do and Check
phases, where descriptive, predictive, and prescriptive
insights require expert intervention, the Act phase enables
adaptive IoT systems to respond automatically to changing
asset conditions. Using tools such as digital twins, these
systems adjust operations, maintenance schedules, or alerts
in real time.

VI. CONCLUSION

This study conducted a conceptual review of asset
management strategies based on publicly accessible
documents, industry reports, and secondary literature, with
a focus on their alignment with ISO 55000 principles and
IoT integration strategies. The analysis reveals systemic
gaps in asset management practices across Australia’s rail
industry, including fragmentation, limited standardization,
and uneven digital maturity.

To the best of our knowledge, no previous study has
undertaken an integrated analysis of asset management
strategies through the combined lens of ISO 55000
principles and IoT integration within the Australian rail
sector. Together, our findings underscore the urgent need
for a unified, standards-aligned approach that bridges
technological innovation and strategic fleet asset
management.

In response, the study proposes Integrated Rail Asset
Management (iRAM) framework in the ISO 55000-aligned
Plan—-Do—Check—Act (PDCA) cycle and supported by IoT-
enabled decision support systems. This framework offers a
pathway for enhancing strategic alignment, fostering
interoperability, and enabling continuous improvement.

While this paper presents a conceptual framework that
integrates IoT technologies with ISO 55000-based asset
management principles, future work will involve pilot
studies incorporating simulation-based evaluations in
realistic maintenance scenarios. These simulations will be
validated with real-world data and supported by cost-



benefit analyses to assess the framework’s economic
viability and quantify potential cost savings achievable
through its implementation.

Future research could build on this work by deepening the
analysis of ISO 55000-based asset management practices,
with particular attention to the development of
standardized tools for assessing maturity, especially within
the ‘Check’ and ‘Act’ phases of the PDCA cycle.
Researchers may also explore how digital technologies
such as IoT and predictive analytics can be more
effectively integrated into strategic asset management
systems.  Pilot  studies, alongside  cross-sector
collaborations, are encouraged to support the practical
application of standards-aligned frameworks across the rail
industry.
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