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Infrastructure development often treats project management (planning, design, and
construction phases) and asset management (operation and maintenance phases) as
separate silos, resulting in significant integration gaps. This systematic literature
review explores how existing research connects these domains to promote lifecycle
integration. Findings reveal that cost and risk management are essential for
forecasting and decision-making, but their effectiveness is enhanced when combined
with digital tools and collaborative procurement strategies. Additionally, stakeholder
collaboration and effective information management are critical for overcoming
organisational silos and ensuring seamless integration. This research reveals that
integrated lifecycle management can reduce inefficiencies, enhance decision-making,
and improve the long-term sustainability of infrastructure projects. By synthesising
diverse insights, the study highlights the potential synergies between different
lifecycle phases, emphasising better integration between project and asset
management. These findings provide strategies for policymakers, practitioners, and
researchers, helping to ensure long-term infrastructure project success and
sustainability.
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INTRODUCTION

In infrastructure development, there is still a significant gap in the effective linkage
between project management (PM) and asset management (AM), despite progress in
both areas (Larsson and Larsson 2020; Lenferink ez al., 2013). Often, the operation
and maintenance (O&M) phases are not adequately integrated with the earlier phases
of planning, design, and construction, which is crucial for sustainable, efficient, and
comprehensive infrastructure lifecycle management. This disconnect typically arises
from the separation of projects and operations into distinct organisational silos,
leading to inefficiencies and limiting the potential for holistic asset lifecycle
management (Brunet et al., 2019; Zerjav et al., 2018).
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Historically, PM and AM have evolved in parallel, each with distinct methodologies
and focus areas. The increasing complexity and scale of infrastructure projects
highlight this separation as a bottleneck, obstructing the seamless transition of
knowledge and practices across different lifecycle phases (Lenferink et al., 2008;
Ochieng et al., 2017). PM traditionally focuses on the delivery phases—Definition,
Execution, Closeout—as outlined in the PMBOK Guide and expanded by Morris
(2013) to include the front-end as essential for the 'management of projects'. In
contrast, AM, as defined by Too (2010) and supported by ISO 55000 (Hastings 2015),
offers a broader lifecycle perspective that includes planning, creation, and
maintenance. Following Madhusanka et al., (2020), this review examines the
lifecycle of infrastructure projects through the PM phases of Planning, Design, and
Construction, and the AM phases of Operations, Maintenance.

This systematic literature review (SLR) explores diverse approaches to connect both
ends, addressing a research gap already recognised in the literature (Kumaraswamy
2011; Sebastian ef al., 2023; Wong et al., 2014). To structure the analysis, key
themes were identified from the literature, focused on different perspectives of
lifecycle integration. By synthesising insights across these themes, the SLR aimed to
deepen the understanding of interdependencies between infrastructure lifecycle phases
as well as highlight the research trends, gaps, and potential synergies for enabling
better lifecycle integration.

METHOD

This study employed a SLR to explore the integration of O&M phases with planning,
design, and construction stages in built infrastructure projects. An SLR offered a
reproducible, scientific, and transparent method to examine literature by following a
predefined protocol for searching, selecting, assessing, and synthesising evidence to
answer specific research questions (Boell and Cecez-Kecmanovic 2015; Kitchenham
2014). The research question guiding this study was: "How are the phases of O&M
effectively integrated with planning, design, and construction in built infrastructure
projects?"

Figure 1: PRISMA flow diagram for SLR
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The literature search was conducted using the Scopus database, selected for its
comprehensive coverage of peer-reviewed journals (Norris and Oppenheim 2007).
The search strategy included three keyword clusters focusing on management
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practices, infrastructure projects, and lifecycle phase integration. The search query
string used was “ TITLE-ABS-KEY ( "knowledge management" OR "project*
management" OR "infrastructure management" OR "asset* management" OR
"management of knowledge" OR "management of project*" OR "management of
infrastructure*" ) AND TITLE-ABS-KEY ( "infrastructure* planning" OR
"infrastructure development" OR "infrastructure project*" OR "built asset*" OR
"physical asset*" OR "infrastructure asset*" ) AND TITLE-ABS-KEY ( "life*cycle*"
OR "integrating infrastructure*" OR "integrated infrastructure*" OR "collaborative
integration®*" OR "whole*life" OR "collaborative practice*" OR "Feedback loop*"
OR "Holistic approach*")

The initial search yielded 191 articles. The PRISMA diagram (Figure 1) shows the
selection process, refining the initial 191 articles to 37 studies included in the final
review. Inclusion criteria were articles and conference papers discussing the
management of physical infrastructure assets and addressing the integration of O&M
with planning, design, and construction. Exclusion criteria included books, book
chapters, studies on digital or non-built infrastructure, studies focusing on integration
between different types of infrastructure without addressing lifecycle analysis, and
articles focusing solely on lifecycle analysis without addressing phase integration.

Data extraction and analysis were systematically conducted using Microsoft Excel.
Based on a keyword analysis count that identified recurring themes and concepts in
the literature, articles were categorised into five perspectives on integration. The
Information perspective is strongly linked to digital tools. The Risk and Finance
perspective is mainly concerned with models for forecasting costs and risks over the
entire life cycle. The Operational perspective focuses on seamless integration with
existing systems. The Collaboration perspective emphasizes stakeholder interaction
and the impact of procurement on cooperation. The Resilience perspective addresses
the enhancement of long-term durability and sustainability of infrastructure.

FINDINGS AND DISCUSSION

By examining the different approaches to integrating the AM and PM phases of
infrastructure projects, the findings show that these approaches can be grouped into
five perspectives. These perspectives highlight different lenses for viewing and
managing lifecycle integration and emphasize the overlaps and interdependencies that
require multidisciplinary approaches. Due to space limitations, this section may not
cover all the nuances and related discussions from the full range of literature
reviewed.

Information Perspective

The focus of this perspective is on the strategies to make data accessible to all require
parties involved in the infrastructure lifecycle, enhancing information flow and
decision-making across different infrastructure project phases. This includes
exploring the digital tools required and the challenges that this interaction presents,
especially when information need to be shared across PM and AM domains. (See
Table 2)

Building Information Modelling (BIM) technologies have significantly improved the
planning, design, and construction phases of infrastructure projects, offering enhanced
performance, analysis, control, and scheduling (Chen and Jupp, 2018). However,
extending these benefits into the O&M phases remains limited, revealing a gap in the
information flow and interoperability required by AM (Abideen et al., 2022; Brunet et
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al., 2019). Achieving a unified data management system, or "Single Version of the
Truth," is essential but challenging due to varying data formats and software
applications across PM and AM domains (Booth, 2012; Jiang ef al., 2022).

Interoperability issues lead to significant time and financial losses during data transfer
and adaptation (Abideen ef al., 2022). To address these challenges, open standards
like IFC are crucial for improving data sharing and compatibility, but they require
further development to fully support infrastructure projects (Floros et al., 2019).
Emerging technologies such as digital twins and crowdsourcing systems can enhance
decision-making and asset management but introduce complexities related to IT
infrastructure and data security (Tchana et al., 2019; Ng et al., 2018). Additionally,
Haider (2011) highlights the disconnect between IT systems, which enable individual
processes but fail to integrate lifecycle management activities, emphasising the
importance of organisational behaviour in implementing IT solutions successfully.

Table 2: Information perspective key findings

Topic Key findings Source

Adoption of BIM Revolutionised the planning, design, and Chen and Jupp 2018;
construction but limited extension into O&M phases.  Abideen et al., 2022;
Loss of data in transfer and adaptation Brunet et al., 2019;

Single version of the Interoperability and unified data management are Booth 2012; Jiang et

truth crucial to mitigate time and financial losses. al., 2022;

Open Standards - Importance of Industry Foundation Classes (IFC), Sebastian et al., 2023;

Open software compatibility between BIM, GIS and Al and Floros et al., 2019
challenges with infrastructure elements

Digital Twins and New technologies for collaborative lifecycle data Tchana et al., 2019;

crowdsourcing management. Potential benefits and challenges, Ngetal., 2018

including IT complexity and data security

Therefore, while digital technologies like BIM have advanced PM, their integration
into AM through effective information management and interoperability remains a
critical frontier. Emphasising both technological innovation and organisational
adaptation is essential to ensure these tools enhance the entire lifecycle of
infrastructure projects, leading to improved efficiency and sustainability.

Risk and Finance Perspective

This perspective focuses on investment decisions and long-term strategic planning,
where accurate financial forecasting and effective risk management are fundamental
to the performance of infrastructure projects (Morris, 2013). While all articles in the
SLR mention cost and risk, this section examines those that offer integration by
providing insights into dynamic feedback mechanisms and strategies to improve
decision-making related to cost and risk. The key findings are described in Table 3.

Lifecycle cost (LLC) financial models provide predictive capabilities, integrating
performance and cost models for financial sustainability (Elcheikh and Burrow, 2017,
Rama and Andrews, 2016). However, these models often lack feedback mechanisms
to incorporate insights from operational phases or past projects to refine future
planning and execution (Rehan et al., 2011, 2014). Dynamic and iterative approaches,
such as iterative learning and feedback loops, can help refine and adapt cost
estimations and risk assessments to changing conditions (Zandvoort ef al., 2019;
Rehan et al., 2011, 2014), yet their practical application seems hindered by data
availability and the cultural inertia of siloed operations (Leitch and Ellsworth 2016).

426



Integration of Infrastructure And Asset Management

Strategic risk management and investment that considers long-term O&M
implications allow for better prediction and mitigation of potential risks, contributing
to more robust financial planning. Nasution and Suriandari (2021) found that for
optimal financial outcomes, the highest priority for risk management is due during the
operational phase, as it requires the most resources, while Leitch and Ellsworth (2016)
aim to improve investment decisions by prioritising the maintenance of critical assets.

Table 3: Information perspective key findings

Topic Key findings Source

Lifecycle cost Frameworks for LLC analysis integrating Elcheikh and Burrow 2017;

analysis (LLC) performance and cost models, including Rama and Andrews 2016;
replacement and uncertainty considerations. Zandvoort et al., 2019;

Proactive maintenance strategies. Henjewele et al,, 2011;
Dynamic and Dynamic feedback loops mechanisms. Zandvoort et al., 2019;
iterative approaches Iterative and proactive risk management. Rehan et al,, 2011, 2014
Value for money models that are dynamic .
Henjewele et al., 2011

Risk and Strategic Strategic risk management and investment Nasution and Suriandari,
management frameworks. Long-term O&M considerations  2021; Leitch and Ellsworth
into planning and resource allocation. 2016

The literature shows that while many articles develop mathematical models to predict
lifecycle costs and risks, these static approaches often fall short of fostering true
integration if dynamic and adaptive strategies are not also considered. While the
importance of risk management and cost estimation is widely recognised, the
challenge is to move beyond traditional frameworks to develop practices that forecast
costs, assess risks, and adapt to the evolving landscape of infrastructure projects.
Developing these integrated strategies remains a ripe area for innovation, which is
essential to ensure the long-term success and resilience of infrastructure projects.

Operational Perspective

This perspective focuses on ensuring that planned and constructed infrastructure
projects integrate operationally with existing systems. It explores systems engineering
(SE) principles, dynamic feedback mechanisms, and interoperability in data
management to achieve operational readiness, all critical for successful project
delivery and asset management. See key finding in Table 4.

The SLR provides insights into the application of SE principles, emphasising
requirement management and systematic verification through approaches like the V-
model (Chen and Jupp 2018; Mabelo and Sunjka 2017). This shows that project
information is well organised and accurate, addressing the critical challenge of
interoperability in the information systems. Maintaining a single source of truth is
central to keeping data consistent and reliable from the planning stage through to
operations (Jiang et al., 2022; Knott et al., 2014). Furthermore, dynamic feedback
mechanisms and causal loops facilitate continuous improvement and adaptation by
connecting various project phases and enabling iterative learning (Rehan et al,, 2011,
2014; Zandvoort et al., 2019). These mechanisms ensure that projects can respond
effectively to changing conditions, thus supporting dynamic and resilient
infrastructure management strategies.

Operational readiness is another critical aspect highlighted in the literature. While
Knott et al., (2014) focus on achieving operational readiness through the integration of
information of various systems, Zerjav et al., (2018) examine how project capabilities
enable firms to deliver operational outcomes in infrastructure projects. They
emphasize the importance of establishing an operational readiness team well before
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project completion to ensure a seamless transition to operational phases, integrating
key operational insights early in the project lifecycle.

Table 4: Operational perspective key findings

Topic Key findings Source

System Engineering Emphasising requirement management, system Chen and Jupp 2018;

(SE) dynamics, use of V-model for verification and Mabelo and Sunjka
validation. 2017; Knott et al.,

2014

Interoperability Use of digital tools to overcome silos among Jiang et al., 2022
information systems, aiming for a single source of Knott et al,, 2014
truth

Feedback loops in Lifecycle management with a 'double loop' Rehan et al,, 2011,

lifecycle management  learning process, facilitating continuous 2014; Zandvoort et al.,
improvement. 2019

Operational Readiness  Project capabilities for OR, operational Zerjav et al., 2018

(OR) consideration embedded into the design process.

Knott et al., 2014
Integrating various information system for OR.

The synergy between the operational and information perspectives aims to establish a
single source of truth throughout the project lifecycle. Using a systems approach
promotes a seamless flow of accurate information across all project phases and
supports dynamic management frameworks. This is critical for integrating AM and
PM focusing on the whole of the system rather than isolated parts. By fostering
strategic decision-making and using real-time data and user feedback, this approach
enhances project delivery, operational readiness, and long-term sustainability.

Collaboration Perspective

This section underscores the need for cooperation in infrastructure projects addressing
both the people-oriented aspect of stakeholder engagement and the legal frameworks
of collaborative contracts and procurement strategies. Articles in this perspective
discuss how these collaborative approaches enhance project outcomes and facilitate
effective integration of PM and AM (Table 5).

The literature highlights the importance of prioritising stakeholder interests and
project adaptability through transparency, and shared objectives by early incorporation
of AM considerations. Collaborative contracts, characterised by ongoing
communication and collective decision-making, facilitate mutual understanding
among all parties (Henjewele et al., 2011; Ng et al., 2018). Wu and Xue (2013) show
how CoP enhance stakeholder collaboration across teams, aligning project goals with
stakeholder expectations and fostering a cohesive management strategy.

Flexible procurement strategies, such as DBFM contracts (Lenferink et al., 2013,
2014) balance contractual flexibility with structured stakeholder engagement,
addressing political risks and ensuring the effective involvement of all relevant parties
However, effective collaboration depends not only on the contracts but also on their
synergy with collaborative technologies. Brunet et al., (2019) and Ibrahim (2013)
highlight the impact of procurement arrangements on integrating AM teams from the
project's inception, stressing the need for a holistic approach that combines
technological capabilities with contractual provisions for data access.

The synergy between contracts and digital technologies underscores the necessity for
integrated management frameworks that adapt to the complexities of modern
infrastructure projects. Digital technologies must facilitate collaboration and data
sharing, while contracts must ensure data accessibility for all relevant parties. This
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integration supports strategic decision-making and enhances the overall efficiency and
effectiveness of project delivery and asset management.

Table 5: Collaboration perspective key findings
Topic Key findings Source

Collaborative Emphasize transparency, shared goals, and early =~ Henjewele et al., 2011;
Contract Approaches ~ AM integration. Use of collaborative platforms. Ng et al,, 2018

Stakeholder Early stakeholder involvement. Collective Larsson and Larsson
Engagement decision-making. Communities of practices 2020; Zerjav et al., 2018;
(CoP) for collaboration across teams Wu and Xue 2013
Flexible Procurement DBFM contracts to enhance integration. Lenferink et al., 2013,
Strategies Stakeholder collaboration embedded in contracts.  2014; Bisbey et al., 2020

Resilience Perspective

This perspective focuses on enhancing the long-term durability and sustainability of
infrastructure projects addressing strategies for making infrastructure resilient to
environmental changes, disasters, and other unforeseen events in the whole lifecycle.
Articles in this section discuss various angles, including sustainability integration, risk
management, and adaptive frameworks.

Integrating sustainability into all phases of infrastructure projects ensures they
contribute to economic, social, and environmental sustainability, maintaining
functionality and resilience in the face of uncertainties (Bisbey et al., 2020; Larsson
and Larsson, 2020). Risk management strategies are essential for anticipating and
mitigating disruptions, enhancing infrastructure robustness by identifying threats and
developing proactive plans (Fritz and Bradford, 2019; Ng et al., 2018). Adaptive
frameworks allow infrastructure to respond to and recover from changes and
disruptions, supporting iterative learning and continuous improvement (Lenferink et
al., 2013; Yang et al., 2019).

The synergy between sustainability, risk management, and adaptive frameworks is
crucial for building resilient infrastructure. By integrating these elements, projects
can achieve long-term durability and sustainability, ensuring they remain functional
and effective despite future challenges. While integrating sustainability and resilience
with asset and project management is conceptually sound, the literature often lacks in-
depth strategies for practical implementation and outcome evaluation (Fritz and
Bradford, 2019). This gap highlights the need for future research to explore effective
incorporation of these principles into AM and PM practices, ultimately leading to
infrastructure that is robust, sustainable, and flexible enough to meet future
challenges.

CONCLUSIONS

The SLR shows the need for a multidisciplinary approach to effectively integrate PM
and AM in infrastructure projects. Each perspective- Information, Risk and Finance,
Operational, Collaboration and Resilience - provides unique insights and strategies for
lifecycle integration, highlighting that no single discipline can achieve full integration
without combined efforts and an integrated management approach.

The findings show synergies between the perspectives. While most of the articles
reviewed under the information perspective emphasize the role of digital tools and
data accessibility, many also recognise that technology alone is not sufficient without
the collaboration of all project stakeholders, supported by legal frameworks and
collaborative contracts that encourage collaborative efforts from the outset. Digital
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tools require that people have the right to access data from different stages, and
effective collaboration is critical to overcoming organisational silos and ensuring that
AM considerations are integrated early in the project lifecycle.

The operational perspective ensures that projects are designed for operational
readiness from the planning stage. This approach promotes seamless integration with
existing systems and continuous improvement through feedback loops. Similarly, the
risk and finance perspective recognise the need to incorporate dynamic feedback
mechanisms into decision making to achieve effective long-term financial planning.
These strategies need to be supported by robust information systems and stakeholder
engagement to proactively manage risks and adapt to changing conditions. This will
ensure that sustainability is built into all project phases and that the infrastructure is
adaptable to future challenges.

Recognising the broader timeline of the infrastructure project lifecycle is critical.
Each phase of infrastructure development is interconnected and requires that each
perspective contributes to a unified system. This interconnectedness supports full
lifecycle integration and promotes long-term sustainability and operational readiness.
The SLR identifies a gap in empirical research on the practical implementation of
these integrated strategies, particularly in bridging the qualitative focus of PM with
the quantitative nature of AM, which emphasizes continuous monitoring and
improvement. Future research should explore how these multidisciplinary approaches
can be effectively incorporated into real-world projects, considering evolving
infrastructure needs and the dynamic context of digital innovation and climate change.

In conclusion, addressing the identified gaps and exploiting the synergies between
different perspectives provides a roadmap for evolving infrastructure project
management towards systems that are not only efficient and effective, but also
resilient and sustainable for future challenges. Projects that consider the long-term
view, including the needs of the asset management phases, can plan for them from the
outset of the project. Further empirical exploration to validate these intersections and
enrich the field with data-driven insights to ensure that infrastructure projects meet the
complex demands of the future.
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