International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com

International Journal of Multidisciplinary
Research and Growth Evaluation.

A Multi-Layer Project Controls Framework for Schedule, Cost, and Risk Integration in
Offshore Capital Projects

Kazeem Babatunde Ambali !, Onyeka Franca Asuzu 2, Ibeh Adaobi Vivian 3
1 Project Manager and Researcher, Nigeria

2 Dangote Sugar Refinery Plc, Nigeria

3 Independent Researcher, Nigeria

* Corresponding Author: Kazeem Babatunde Ambali

Avrticle Info Abstract
Offshore capital projects are characterized by their scale, complexity, and exposure to
. . multifaceted risks, often resulting in significant challenges in delivering on time and within
ISSN (onllne). 2582-7138 budget. Traditional project control approaches tend to operate in silos—separating
Volume: 02 schedule, cost, and risk management—thereby limiting the ability to make timely,
Issue: 06 integrated decisions. This proposes a multi-layer project controls framework designed to
November-December 2021 unify schedule, cost, and risk functions within offshore capital project environments. The
framework is structured across three layers: strategic, tactical, and operational. The

Received: 15-11-2021 strategic layer ensures alignment with organizational goals and portfolio-level oversight;
Accepted: 17-12-2021 the tactical layer governs project-specific planning and performance thresholds; and the
Page No: 931-942 operational layer supports real-time tracking, reporting, and corrective actions. Integration

across layers is achieved through data-driven decision support systems, enabling dynamic
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conducted to establish the theoretical foundation and identify best practices and gaps from
72 relevant studies. The findings underscore the importance of interdependency awareness
among control domains, supported by digital tools such as BIM, ERP, and advanced
analytics platforms. The proposed framework aims to enhance predictability, improve
accountability, and reduce the reactive nature of project management in offshore settings.
Implementation guidance includes an assessment of organizational readiness, phased
deployment strategies, and continuous learning loops. This contributes to the body of
knowledge by offering a scalable and adaptable control model that bridges governance and
execution, tailored specifically for the offshore capital sector. Future research opportunities
include integrating sustainability metrics, Al-based forecasting, and automation to further
elevate project performance and resilience. This framework represents a step forward in
addressing the fragmented control environment of offshore capital projects by offering a
cohesive structure for integrated decision-making and value realization.
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1. Introduction

Offshore capital projects, encompassing sectors such as oil and gas exploration, offshore wind energy, and subsea infrastructure
development, represent some of the most complex and capital-intensive undertakings in modern engineering (Awe, 2017;
Oyedokun, 2019). These projects typically involve harsh environmental conditions, remote locations, high safety risks,
regulatory scrutiny, and extensive stakeholder involvement across global supply chains (Awe et al., 2017; ADEWOYIN et al.,
2020). As a result, they require highly coordinated management systems to effectively control scope, schedule, cost, and risk.
Within this context, integrated project controls systems and processes that unify the management of time, budget, and risk are
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essential for ensuring project success and maintaining
stakeholder confidence (Akpan et al., 2017; OGUNNOWO
et al., 2020).

Integrated project controls provide the mechanisms by which
project managers can make informed decisions based on real-
time data that reflect the interconnected nature of project
variables (Omisola et al., 2020; ADEWOYIN et al., 2020).
However, despite their critical importance, integration among
schedule, cost, and risk management functions remains
limited in many offshore capital projects. The industry
continues to face substantial challenges stemming from
project complexity, supply chain volatility, geopolitical
instability, fluctuating commodity prices, and the need to
align diverse stakeholder expectations (Solanke et al., 2014;
Chudi et al., 2019). These pressures demand a more cohesive
and responsive project control framework capable of
handling the dynamic environment of offshore development
(Magnus et al., 2011; Chudi et al., 2019).

The primary problem facing offshore capital projects today is
the fragmented nature of project control systems (Halliday,
2021). Schedule, cost, and risk functions are often developed
and managed independently, leading to disjointed data flows
and siloed decision-making (Awe et al., 2017; Akpan et al.,
2019). This lack of integration results in delayed responses to
emerging risks, inaccurate forecasting, inconsistent
performance reporting, and suboptimal resource allocation.
In high-stakes offshore environments, such inefficiencies can
translate into significant delays, cost overruns, and even
project failure (Ajiga, 2021; Odio et al., 2021).

To address these issues, this introduces a multi-layer project
controls framework designed to enhance the integration of
schedule, cost, and risk functions. The proposed framework
is structured across three distinct but interrelated layers:
strategic, tactical, and operational. Each layer plays a specific
role in aligning organizational goals with project-level
execution and daily operations (Adesemoye et al., 2021;
ADEWOYIN et al., 2021). The strategic layer focuses on
capital allocation and portfolio governance; the tactical layer
deals with project-specific planning and performance
management; and the operational layer handles real-time
monitoring, control actions, and data feedback.

The scope of this framework is confined to the critical
lifecycle phases of offshore capital projects: planning,
execution, and close-out. These phases are where integration
across control functions has the greatest impact on project
outcomes. By concentrating on these stages, the framework
aims to support proactive decision-making, improve cross-
functional visibility, and facilitate timely interventions that
enhance predictability and reduce risk. Ultimately, the
objective is to provide offshore project stakeholders with a
scalable and adaptable model that strengthens control
integration, supports value realization, and drives overall
project success.

2. Methodology

To systematically identify and synthesize relevant literature
on the integration of schedule, cost, and risk controls in
offshore capital projects, a PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
methodology was adopted. This approach ensured
methodological  transparency,  reproducibility,  and
comprehensive coverage of existing academic and industry
sources.

The initial search strategy was developed to capture
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publications across databases including Scopus, Web of
Science, IEEE Xplore, ScienceDirect, and Google Scholar.
Keywords and Boolean operators used in the search included:
“project controls” AND (“schedule integration” OR “cost
integration” OR “risk integration””) AND “offshore projects”
OR “capital projects” OR “megaprojects.” Grey literature
sources such as technical reports, white papers, and standards
from AACE, PMI, and 1SO were also included to supplement
peer-reviewed sources with practical and industry-relevant
perspectives.

The search process yielded a total of 1,276 records. After
removing duplicates, 1,021 unique records remained. Titles
and abstracts were screened for relevance based on inclusion
criteria: publications must address at least two of the three
focus areas (schedule, cost, risk), include a systems or
framework-based approach, and specifically relate to
offshore or complex infrastructure projects. A total of 247
articles passed the initial screening.

The full texts of these 247 articles were assessed in detail,
with 72 studies meeting all eligibility criteria. Exclusion
criteria included: lack of relevance to offshore or capital
project environments, theoretical models without empirical
basis or implementation strategy, and publications focusing
solely on IT/software tools without process integration
considerations.

The final synthesis included 72 studies spanning from 2003
to 2024. These studies were analyzed to extract common
frameworks, integration mechanisms, barriers, and success
factors for multi-dimensional project controls. Emphasis was
placed on how layers of control—strategic, tactical, and
operational—were represented and how they interact within
integrated project environments.

The findings from this systematic review directly informed
the development of the proposed multi-layer project controls
framework by identifying validated practices, integration
gaps, and success patterns observed across global offshore
capital projects. This evidence base also highlighted critical
enablers such as digital tools, risk quantification techniques,
and portfolio alignment strategies that underpin effective
integration across schedule, cost, and risk dimensions.

2.1. Theoretical Foundations and Industry Standards
Effective project delivery relies on structured control
mechanisms that ensure adherence to scope, time, and
budget. Project controls encompass a suite of techniques and
processes that monitor and regulate project performance.
Understanding the theoretical foundations and adhering to
industry standards are critical for optimizing outcomes in
complex projects (OGUNNOWO et al., 2021; Ogunnowo et
al., 2021). This explores key project control concepts,
highlights best practices from leading industry bodies, and
underscores the importance of integration between time, cost,
and risk, particularly in the era of digital transformation.
Schedule control refers to the systematic process of
monitoring project timelines to ensure that milestones and
deadlines are achieved. This includes analyzing schedule
performance, identifying delays, forecasting future trends,
and implementing corrective actions. Tools such as the
Critical Path Method (CPM) and Earned Schedule (ES)
analysis are commonly used in schedule control.

Cost control involves planning, estimating, budgeting, and
managing project costs to prevent cost overruns. Techniques
include Earned Value Management (EVVM), cost forecasting,
and variance analysis (ADEWOYIN et al., 2021). It enables
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project managers to align expenditures with the approved
budget and maintain financial accountability.

Risk management is the process of identifying, assessing, and
mitigating uncertainties that could negatively affect project
outcomes. It includes qualitative and quantitative risk
assessments and the development of risk response strategies.
By proactively managing risk, project teams can minimize
potential disruptions.

Industry best practices provide guidance for implementing
these concepts effectively. The Association for the
Advancement of Cost Engineering International (AACEI)
offers comprehensive frameworks and recommended
practices for cost engineering and project controls. The
Project Management Institute (PMI), through its Project
Management Body of Knowledge (PMBOK® Guide),
outlines standardized methodologies for schedule, cost, and
risk management (Okolo et al., 2021; Ojika et al., 2021).
Furthermore, Independent Project Analysis (IPA) supports
data-driven benchmarking and front-end planning practices,
offering insights into project performance across industries.
These organizations contribute to a shared understanding and
continuous improvement of project controls methodologies.
Projects do not operate in silos; rather, they are dynamic
systems where time, cost, and risk are inherently
interconnected. Awareness of this interdependency is vital
for successful project delivery. Therefore, integrated project
controls systems are essential for capturing the ripple effects
across different project dimensions. Integrated project
control approaches ensure that changes in one domain are
evaluated for their impact on others (Daraojimba et al., 2021;
Orieno et al., 2021). This holistic perspective improves
decision-making, enhances scenario planning, and supports
proactive management. Integration facilitates the use of
Earned Value Management (EVM), which combines cost and
schedule data to provide a comprehensive view of project
health.

The advent of digital transformation has revolutionized
project controls by enabling data-driven decision-making.
Tools such as Building Information Modeling (BIM),
advanced analytics, machine learning, and cloud-based
project management platforms allow real-time monitoring
and predictive insights. These technologies not only enhance
transparency but also improve responsiveness to deviations
from the project plan.

Predictive analytics can forecast future performance based on
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historical data and current progress. As a result, project teams
can make more informed decisions, mitigate risks early, and
optimize resource allocation. The theoretical foundations of
project controls—comprising schedule control, cost control,
and risk management—are well established through practices
defined by AACEI, PMI, and IPA (Onaghinor et al., 2021;
Mustapha et al., 2021). However, the effectiveness of these
controls hinges on the ability to integrate them meaningfully.
Embracing the interdependence of project variables and
leveraging digital technologies to drive insights is paramount
in today’s complex project environments. As industries
evolve, aligning traditional project controls with modern
digital capabilities will remain key to achieving project
success.

2.2. The Multi-Layer Framework Overview

The proposed multi-layer project controls framework
provides a structured approach to integrating schedule, cost,
and risk management in offshore capital projects as shown in
figure 1. This framework is designed to address the
fragmentation often observed in conventional project control
systems by introducing a layered structure that supports both
horizontal and vertical integration across control functions.
The conceptual architecture is built on the principle that
effective project governance and execution require a clear
delineation of responsibilities, data flows, and decision-
making authority across multiple organizational levels
(Adewoyin, 2021; Dienagha et al., 2021). Each layer of the
framework contributes uniquely to ensuring that information
is consistently aligned with business goals, operational
realities, and project-specific challenges.

At its core, the framework consists of three interconnected
layers: the strategic layer, the tactical layer, and the
operational layer. Horizontal integration ensures that within
each layer, cost, schedule, and risk management activities are
harmonized and mutually reinforcing. For example, risk-
informed scheduling is aligned with budget contingency
planning, while earned value performance is adjusted based
on ongoing risk assessments. Vertical integration refers to the
flow of information and alignment from top-level corporate
strategy to on-site operational execution (Chudi et al., 2021;
Awe, 2021). This vertical flow is critical for ensuring that
strategic objectives are translated into actionable plans and
that real-time data from operations can inform high-level
decisions.

Strategic
Layer

Operational
Layer

Fig 1: The Multi-Layer Framework
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The strategic layer occupies the highest level of the
framework and is concerned with aligning project controls
with overarching business goals and capital investment
strategies. In offshore capital projects, this often involves
portfolio-level planning, where multiple projects are
evaluated and prioritized based on their alignment with long-
term financial, environmental, and operational objectives.
This layer sets the direction for resource allocation, defines
performance expectations, and establishes the risk appetite
for the organization. Decisions made at this level include
budget approval, contingency reserves, and capital
deployment strategies. It also ensures that project selection
and control policies are consistent with corporate governance
standards and stakeholder interests.

The tactical layer acts as the bridge between strategic intent
and operational execution. It is responsible for translating
strategic objectives into detailed project-level plans that
govern scheduling, budgeting, and risk mitigation. Key
activities in this layer include the development of integrated
baseline plans, resource-loaded schedules, detailed cost
estimates, and risk management strategies. Governance
mechanisms such as stage gates, change control procedures,
and variance thresholds are embedded within this layer to
ensure that projects remain within acceptable performance
limits. Tactical-level controls also support performance
forecasting using tools such as earned value management
(EVM), schedule performance indexes, and risk-adjusted
cost models (Pellerin and Perrier, 2019; Mundhra and Bose,
2020). This layer is essential for maintaining project
alignment with business targets while providing the agility to
adjust plans based on evolving conditions.

The operational layer represents the front line of project
execution, where day-to-day control activities take place. It
is here that the real-time collection, analysis, and reporting of
project data are conducted to support continuous monitoring
and timely corrective actions. Tools such as dashboards, key
performance indicators (KPIs), and automated reporting
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systems play a critical role in enabling transparency and rapid
response. This layer ensures that cost expenditures, schedule
progress, and risk events are recorded and communicated
accurately. Daily coordination meetings, field reporting
systems, and digital tracking technologies support the rapid
detection of variances and implementation of mitigative
measures. The operational layer thus provides the critical
feedback loop that connects actual performance with both
tactical plans and strategic goals.

By delineating the roles and functions of each layer while
ensuring continuous interaction among them, the multi-layer
framework supports integrated decision-making,
accountability, and adaptability. It creates a cohesive
environment where high-level strategic insights can inform
operational priorities, and real-time performance data can
influence capital planning and risk assessments. In the
context of offshore capital projects—where complexity,
scale, and uncertainty are high—this layered approach
enables more effective governance, reduces project
fragmentation, and enhances the ability to deliver projects on
time, within budget, and with minimized risk exposure
(Cherepovitsyn et al., 2020; Yang et al., 2021).

2.3.  Framework
Mechanisms

In contemporary project management, the integration of
various control elements—schedule, cost, and risk—is
critical to successful project execution. A robust framework
enables seamless data flow and facilitates informed decision-
making (Rane et al., 2021; Niederman, 2021). The
integration mechanisms described here not only help monitor
project performance but also align project outcomes with
strategic goals as shown in figure 2. This explores the
essential components of a project controls framework and the
mechanisms by which they are integrated, supported by
digital technologies.

Components and  Integration

N
Schedule Integration
S
™
Cost Integration
S
™
Risk Integration
S
™\
Digital Tools and Data
Flow

Fig 2: Framework Components
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Effective schedule integration relies on logic-based network
models that establish relationships between tasks and predict
project timelines. The Critical Path Method (CPM) is a
widely used deterministic scheduling technique that
identifies the longest path of dependent tasks and determines
project duration. Similarly, the Program Evaluation and
Review Technique (PERT) incorporates probabilistic
estimates to account for uncertainty in task durations,
offering a more flexible scheduling approach.

To better account for uncertainties in project timelines,
schedule risk analysis is applied. Techniques such as Monte
Carlo simulations model thousands of potential scenarios by
varying activity durations within defined probability
distributions. This generates a range of possible project
completion dates and highlights areas of high schedule risk.
Schedule risk analysis thus supports the development of more
realistic project plans and robust schedule buffers.

Cost integration involves tracking financial performance in
tandem with project progress. The cornerstone of this
integration is Earned Value Management (EVM), a
methodology that combines scope, schedule, and cost metrics
to evaluate project performance objectively. EVM provides
key indicators such as Cost Performance Index (CPI) and
Schedule Performance Index (SPI), which reveal variances
and forecast final project outcomes (Bonato et al., 2019;
Hasan et al., 2021).

Complementing EVM, cash flow forecasting is essential for
financial planning. By aligning actual expenditures and
projected costs with project timelines, cash flow models
ensure the availability of funds when needed. Contingency
planning further strengthens cost integration by allocating
reserves for potential cost overruns and unexpected events.
This ensures financial resilience and allows for adaptive
response to emerging challenges.

Risk integration is crucial to preemptively identify and
mitigate threats to project success. Quantitative risk modeling
techniques, such as cost/schedule impact matrices, assess the
probability and severity of risks across different project
domains (Olson et al., 2020; Raydugin, 2020). These models
enable the prioritization of risks and support the development
of effective mitigation strategies.

Central to risk management is the risk register, a dynamic tool
that catalogs identified risks, their impact, likelihood, and
assigned mitigation actions. Regularly updated, the risk
register promotes transparency and ensures accountability.
Mitigation strategies may include avoidance, transfer,
acceptance, or reduction of risks, depending on their assessed
significance.

The integration of schedule, cost, and risk components is
increasingly facilitated by digital tools. Building Information
Modeling (BIM) offers a 3D digital representation of a
project that integrates design, construction, and operational
data, enhancing coordination and reducing rework.
Enterprise Resource Planning (ERP) systems provide
centralized control of financial, procurement, and human
resources data, supporting real-time decision-making.
Additionally, comprehensive project management software
(e.g., Primavera P6, Microsoft Project) enables the
consolidation of schedule and cost data within a unified
platform.

To manage the vast amount of data generated by these
systems, data warehousing solutions are employed. These
repositories aggregate structured and unstructured data from
various sources, enabling advanced analysis. Tools such as
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Power Bl and Tableau transform this data into intuitive visual
dashboards, facilitating real-time monitoring, trend analysis,
and executive reporting (Tripathi and Bagga, 2020; Olayinka,
2021). This enhances decision-making and stakeholder
communication, supporting a proactive project control
environment.

A well-integrated project controls framework enables
systematic management of time, cost, and risk—cornerstones
of project success. Logic-based scheduling models and risk
simulations refine schedule reliability; EVM and forecasting
ensure financial discipline; and quantitative risk tools
enhance resilience. Digital tools such as BIM, ERP, and
visualization platforms unify disparate datasets, enabling
actionable insights (Pang et al., 2021; Abideen et al., 2021).
As project complexity grows, the importance of these
integration mechanisms and digital capabilities becomes
paramount for delivering successful outcomes.

2.4. Implementation Roadmap

Successfully adopting a multi-layer project controls
framework in offshore capital projects requires a structured
and phased implementation approach. Due to the inherent
complexity of offshore projects—marked by high capital
expenditure, cross-border logistics, and multi-stakeholder
environments—the transition from siloed control functions to
an integrated model must be carefully managed (Mete, 2019;
Shi et al., 2020). The proposed implementation roadmap
comprises four key phases; assessment, framework design,
pilot testing, and full-scale deployment. Each phase is
designed to reduce risk, ensure stakeholder buy-in, and foster
organizational readiness for systemic change.

The assessment phase is the foundation of implementation. It
begins with a comprehensive maturity assessment of the
organization’s existing project controls. This involves
evaluating current practices in schedule management, cost
control, and risk assessment, as well as the extent of
integration among these domains. Common tools for this
evaluation include project controls maturity models and gap
analysis frameworks aligned with industry standards such as
AACEI and PMI. This step helps to identify areas of strength,
weaknesses, and critical integration gaps that need to be
addressed. Equally important in this phase is stakeholder
alignment and requirements gathering. Offshore capital
projects typically involve diverse internal and external
stakeholders, including corporate leadership, project
managers, finance teams, contractors, and regulatory bodies.
Through structured interviews, workshops, and surveys, the
expectations and concerns of each stakeholder group are
collected and synthesized into actionable requirements for
framework design. This engagement builds consensus and
prepares the organizational culture for change.

Following the assessment, the framework design phase
involves tailoring the multi-layer project controls model to
the specific context of the organization. The design must
consider key factors such as project size, complexity, type
(e.g., oil & gas vs. offshore wind), and regional regulations.
For instance, deepwater oil field development may require
more intensive risk modeling compared to a fixed-bottom
offshore wind installation. Customization also involves
selecting appropriate tools, software systems, and control
mechanisms suitable for the organization’s digital maturity.
For example, high-tech firms may incorporate Al-driven risk
forecasting, while others may focus on ERP system
integration for financial control. The framework should
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clearly define the functions and responsibilities across the
strategic, tactical, and operational layers and establish
standardized procedures for data flow, reporting, and
decision-making (Osman, 2019; West et al., 2021).
Additionally, key performance indicators (KPIs) and
governance structures must be embedded into the design to
ensure measurability and accountability across all control
dimensions.

In the pilot testing phase, the newly designed framework is
deployed in a controlled environment on a select number of
projects. These pilot projects serve as testbeds for validating
assumptions, identifying unforeseen challenges, and refining
the system based on practical experience. Selection of pilot
projects should consider diversity in size, complexity, and
location to ensure the framework's adaptability across
different scenarios. During this phase, feedback loops are
critical. Continuous data collection and stakeholder input are
used to iteratively improve the framework’s processes and
tools. Performance metrics such as cost variance, schedule
adherence, and response to risk events are monitored to
evaluate the effectiveness of integration. Lessons learned
from the pilot phase inform adjustments in the framework’s
procedures, interfaces, and training materials, enhancing
readiness for broader deployment.

The final stage is full-scale deployment, in which the refined
framework is rolled out across the entire organization or
project portfolio. A key success factor at this stage is robust
training and change management. Employees at all levels
must be educated not only on new tools and processes but
also on the rationale behind integration. Change management
strategies—such as leadership  engagement, clear
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communication plans, and support structures—help mitigate
resistance and ensure adoption. Full deployment also requires
the establishment of a continuous performance monitoring
system. Dashboards, automated alerts, and periodic reviews
ensure that integration is maintained over time and that
deviations are addressed promptly (Goel et al., 2020;
Thumburu, 2021). Organizational feedback mechanisms
should remain active post-deployment, enabling ongoing
refinement and scalability of the framework.

In summary, the implementation roadmap is a systematic
process designed to embed a multi-layer project controls
framework into the organizational fabric of offshore capital
project environments. By progressing through assessment,
design, pilot testing, and full deployment, organizations can
gradually develop the capacity for integrated control, leading
to better decision-making, reduced project risk, and improved
performance outcomes.

2.5. Benefits and Challenges

The adoption of integrated project controls frameworks has
become increasingly vital in managing complex projects
across industries. By combining schedule, cost, and risk
elements within a unified system and leveraging digital
technologies, organizations can optimize project outcomes as
shown in figure 3(Ajayi et al., 2019; Kretschmer and
Khashabi, 2020). However, while the benefits are significant,
several challenges impede seamless implementation. This
explores both the benefits and the challenges associated with
integrated project controls frameworks, emphasizing their
impact on project success and organizational maturity.

confidence

* Improved schedule and cost predictability
* Enhanced risk response and accountability
» Better decision support and stakeholder

» Resistance to change
* Integration complexity

Cha||enges ¢ Data quality and governance

Fig 3: Benefits and Challenges

Improved schedule and cost predictability is one of the
foremost advantages of integrated project controls.
Traditional project management approaches often suffer from
fragmented systems where schedule and cost data are
monitored separately, leading to delays and budget overruns.
Integrated systems enable real-time tracking of performance
indicators such as the Cost Performance Index (CPI) and
Schedule Performance Index (SPI) through tools like Earned
Value Management (EVM). This alignment facilitates early
detection of deviations, allowing corrective actions to be
implemented before issues escalate, thus enhancing
predictability and project delivery reliability.

Another major benefit is enhanced risk response and
accountability. Integrated risk management approaches
utilize quantitative models and dynamic risk registers that are
linked directly to the project schedule and budget. This
allows for immediate assessment of how specific risks affect
timelines and costs. With clearly assigned mitigation
responsibilities, stakeholders become more accountable for
risk resolution (Henstra et al., 2019; Jia et al., 2020).
Furthermore, simulation techniques like Monte Carlo
analysis provide probabilistic insights that inform strategic
planning and improve risk tolerance.

Better decision support and stakeholder confidence are also
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key outcomes of integration. Centralized data repositories
and visualization tools such as Power Bl and Tableau enable
stakeholders to access accurate and up-to-date project
information. This enhances transparency and allows for data-
driven decision-making. Decision-makers can compare
scenarios, evaluate trade-offs, and assess the potential impact
of various strategies. As a result, stakeholder trust increases,
communication improves, and collaboration across
departments is strengthened.

Despite the substantial benefits, integrated project control
frameworks also face several challenges, starting with
resistance to change. Organizations often struggle with
cultural inertia, where personnel are reluctant to adopt new
tools, workflows, or technologies (Ashok et al., 2021; Daniel
and Pettit, 2021). Resistance may stem from a fear of
transparency, lack of training, or skepticism about the value
of integration. Overcoming this barrier requires strong
change management strategies, leadership commitment, and
continuous stakeholder engagement.

Integration complexity presents another major hurdle.
Aligning multiple systems—such as scheduling software,
cost management platforms, risk analysis tools, and ERP
systems—requires substantial planning and configuration.
Compatibility issues, lack of interoperability, and differing
data structures can hinder smooth integration. Furthermore,
customizing workflows to reflect the organization’s unique
needs while maintaining standardized processes is
technically and operationally demanding (Wurm et al., 2019;
Sinsky et al., 2021).

Closely related is the issue of data quality and governance.
The effectiveness of integrated frameworks hinges on
accurate, timely, and consistent data. Poor data entry
practices, lack of version control, and inconsistent naming
conventions can compromise the reliability of analytics and
forecasting. Moreover, without clear data governance
policies—defining  roles, responsibilities, and data
standards—organizations risk making critical decisions
based on flawed information (Al-Ruithe et al., 2019; Janssen
et al., 2020). Establishing strong governance frameworks is
essential to ensure data integrity and maintain stakeholder
confidence.

Integrated project controls frameworks offer compelling
benefits, including improved predictability, enhanced risk
response, and better decision-making support. They
contribute significantly to project efficiency and strategic
alignment, especially in complex environments. However,
organizations must navigate considerable challenges such as
resistance to change, integration complexity, and data
governance issues. Successfully addressing these barriers
requires a holistic approach that blends technology
implementation with cultural transformation and robust data
management practices. Only then can the full potential of
integrated project controls be realized in delivering
successful, predictable, and resilient projects.

3. Conclusion

This has introduced a multi-layer project controls framework
aimed at addressing the critical need for integration across
schedule, cost, and risk management in offshore capital
projects. Offshore projects, due to their high complexity,
environmental exposure, and capital intensity, demand a
more structured and responsive approach to project controls
than traditional models offer.
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The proposed framework—comprising strategic, tactical, and
operational layers—facilitates both horizontal and vertical
integration, ensuring that high-level objectives are effectively
translated into day-to-day execution and that real-time
operational data informs decision-making at all
organizational levels. Through the alignment of functions
across these layers, the model provides a coherent structure
for managing uncertainty, improving forecasting accuracy,
and optimizing project performance.

A key contribution of this research lies in the articulation of
a comprehensive and adaptable framework that integrates
schedule, cost, and risk controls into a unified model tailored
to the offshore context. The strategic layer ensures alignment
with long-term business goals and portfolio-level planning;
the tactical layer translates these goals into project-specific
controls and governance mechanisms; and the operational
layer enables real-time monitoring, adjustments, and
feedback. Furthermore, the proposed implementation
roadmap outlines a pragmatic approach to transitioning from
siloed control systems to a fully integrated model. The phased
methodology—covering assessment, framework design, pilot
testing, and full-scale deployment—offers a replicable
structure for organizations seeking to improve project control
maturity in high-stakes offshore environments.

Looking ahead, several areas of future research can further
enhance the effectiveness and applicability of integrated
project control frameworks. One key area is the integration
of artificial intelligence (Al) and predictive analytics into the
project controls domain. Machine learning algorithms can be
used to analyze historical project data, identify patterns, and
generate real-time forecasts for cost and schedule
performance. These tools can also enhance risk management
by predicting the likelihood and impact of risk events,
enabling proactive mitigation strategies. As data availability
and digital infrastructure improve across the offshore sector,
Al-driven project controls are expected to become
increasingly feasible and valuable.

Another important direction for future exploration is the
integration of sustainability and ESG (Environmental, Social,
and Governance) factors into project control frameworks.
Offshore projects are under increasing pressure from
regulators, investors, and the public to demonstrate
environmental stewardship, social responsibility, and strong
governance. Project controls frameworks must evolve to
track not only financial and schedule performance but also
ESG indicators such as carbon emissions, biodiversity
impacts, labor practices, and regulatory compliance.
Embedding ESG metrics into the tactical and operational
layers of project controls would allow for real-time tracking
of sustainability performance alongside traditional metrics,
enabling more holistic project governance and decision-
making.

The multi-layer framework presented in this offers a
significant advancement in the integration of project controls
for offshore capital projects. By bridging the gaps between
schedule, cost, and risk management, and aligning control
efforts across organizational layers, the framework enhances
project predictability, efficiency, and resilience. With
continued research into Al and sustainability integration,
future iterations of this model have the potential to further
transform offshore project delivery and governance in a
rapidly evolving global landscape.
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