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Abstract

Project Portfolio Management (PPM) plays a critical role in the successful execution of engineering
projects, which are often characterized by high complexity, significant resource demands, and substantial
risks. This narrative review provides a comprehensive analysis of strategies for resource optimization and
risk balancing within the context of PPM in engineering. The review synthesizes findings from a broad
range of studies, highlighting the importance of advanced tools, methodologies, and technologies in
optimizing resource allocation and managing risks across engineering project portfolios. Key strategies
discussed include the use of decision-support systems, lean management principles, and digital
technologies for resource optimization, as well as risk assessment frameworks and mitigation techniques
for effective risk management. The review also emphasizes the importance of integrating resource
optimization and risk management strategies to enhance project outcomes and align portfolios with
organizational objectives. The findings offer valuable insights for both researchers and practitioners in the
field of engineering PPM, identifying best practices and suggesting directions for future research,
particularly in the context of emerging technologies.
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Introduction

Project Portfolio Management (PPM) has emerged as a critical discipline within the engineering
field, reflecting the growing complexity and interdependencies of modern engineering projects. PPM
refers to the centralized management of one or more portfolios, which enables organizations to achieve
strategic objectives by selecting, prioritizing, and managing projects effectively. In the context of
engineering, PPM is particularly important due to the multifaceted nature of engineering projects, which
often involve significant capital investment, complex technological processes, and a high degree of
uncertainty. The effective management of these projects is not just about delivering on time and within
budget; it also involves aligning projects with organizational strategy, optimizing the use of resources,
and managing risks effectively.

The relevance of PPM in engineering cannot be overstated. Engineering projects, whether in
construction, software development, or product design, often operate within environments characterized
by rapid technological changes, stringent regulatory requirements, and global competition. These factors
necessitate a structured approach to managing multiple projects, ensuring that resources are allocated
efficiently, and that risks are mitigated across the entire portfolio. Moreover, as engineering organizations
increasingly adopt innovative technologies and methodologies, such as agile and lean practices, the role
of PPM becomes even more crucial in ensuring that these innovations are implemented effectively across
projects.

The purpose of this review is to provide a comprehensive analysis of strategies for resource
optimization and risk balancing within the context of PPM in engineering. While much of the existing
literature on PPM focuses on general management principles, there is a need for a more focused
examination of how these principles apply specifically to engineering projects. Engineering projects
present unique challenges in terms of resource allocation, due to the specialized nature of the skills and
technologies involved, as well as the significant financial investments required. Similarly, the risks
associated with engineering projects—such as technological failures, cost overruns, and regulatory non-
compliance—are often more complex and multifaceted than those in other sectors. Therefore, this review
seeks to bridge the gap between general PPM theories and the specific needs of engineering projects by
exploring strategies that have been proven effective in optimizing resources and balancing risks in this
context.

The scope of this review is broad, encompassing a wide range of studies and literature on PPM,
resource optimization, and risk management within engineering projects. The review draws on both
theoretical and empirical studies published in peer-reviewed journals, as well as case studies and industry
reports that provide practical insights into how these strategies are applied in real-world engineering
projects. The literature reviewed spans various subfields of engineering, including civil engineering,
software engineering, and systems engineering, to provide a comprehensive overview of the state of
research and practice in this area. The rationale for conducting a narrative review lies in the need to
synthesize the diverse and often fragmented literature on this topic, providing a coherent framework that
can guide future research and practice in the field of engineering PPM.

This review is particularly timely given the increasing pressure on engineering organizations to
deliver projects more efficiently and effectively, amidst growing global competition and rapidly changing
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technological landscapes. By focusing on strategies for resource optimization and risk balancing, this
review aims to contribute to the ongoing discourse on how engineering organizations can better manage
their project portfolios to achieve strategic objectives and maintain a competitive edge. Moreover, this
review seeks to identify gaps in the current literature, offering recommendations for future research that
can further enhance the understanding and application of PPM in engineering.

Methodology

The methodology for this narrative review focuses on a comprehensive descriptive analysis of
existing literature related to Project Portfolio Management (PPM) in engineering, with a particular
emphasis on strategies for resource optimization and risk balancing. The approach is designed to
synthesize and critically evaluate the body of knowledge available on these topics, providing a cohesive
understanding of the current state of research and practice.

To begin with, the narrative review method was chosen because it allows for an in-depth
examination of a broad range of studies, facilitating the identification of patterns, themes, and gaps in the
literature. Unlike systematic reviews that often employ strict inclusion criteria and quantitative synthesis
methods, a narrative review is more flexible, enabling a qualitative assessment that is particularly well-
suited for exploring complex and interrelated topics such as PPM, resource optimization, and risk
management.

The literature selection process involved a systematic search across several academic databases,
including but not limited to Scopus, Web of Science, IEEE Xplore, and Google Scholar. These databases
were chosen due to their extensive coverage of engineering, management, and interdisciplinary research.
The search strategy employed a combination of keywords and phrases relevant to the topic, such as
"Project Portfolio Management,” "Resource Optimization," "Risk Management," "Engineering Projects,"”
and "Strategic Planning." Boolean operators were used to refine the search and ensure that the most
pertinent studies were included.

To ensure the quality and relevance of the literature, the review included peer-reviewed journal
articles, conference papers, and seminal books published within the last two decades. The timeframe was
selected to capture both foundational works and the latest developments in the field. Studies were included
if they specifically addressed PPM in engineering contexts, with a focus on strategies for optimizing
resources or balancing risks. Exclusion criteria were applied to studies that did not directly relate to
engineering or that focused solely on single project management rather than portfolio management.

Once the relevant literature was identified, a descriptive analysis method was employed to extract
and synthesize key information. This involved a detailed reading and coding of the selected studies to
identify recurring themes, strategies, and challenges associated with resource optimization and risk
balancing in PPM. The analysis was conducted in a narrative format, allowing for a discussion that
connects theoretical concepts with practical applications.

The synthesis process was iterative, with findings from initial studies guiding the inclusion of
additional literature to ensure comprehensive coverage. Throughout the review, particular attention was
paid to identifying both the synergies and trade-offs between resource optimization and risk management
strategies, as well as the ways in which these strategies are integrated within engineering project portfolios.
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Finally, the findings from the literature were organized into thematic categories, which are
discussed in the subsequent sections of the review. This thematic organization not only aids in presenting
a clear and structured analysis but also highlights the complex interdependencies between resource
optimization and risk management in PPM. The methodology adopted in this review is thus designed to
provide a nuanced understanding of the strategies used in engineering project portfolios, offering valuable
insights for both researchers and practitioners in the field.

Theoretical Background and Concepts

Project Portfolio Management (PPM) is a strategic approach that organizations use to manage a
collection of projects to achieve specific business objectives. In the context of engineering, PPM involves
the systematic management of multiple engineering projects, which are often interrelated and
interdependent. The primary goal of PPM is to ensure that the projects within a portfolio are aligned with
the organization’s strategic goals, are executed efficiently, and deliver value to stakeholders. According
to the Project Management Institute (PMI), PPM encompasses processes for selecting, prioritizing,
managing, and controlling projects and programs within a portfolio, ensuring that they contribute to the
organization’s strategic objectives (PMI, 2017).

In engineering, PPM is particularly significant due to the complex and technical nature of
engineering projects, which require specialized knowledge, tools, and methodologies. The components of
PPM in engineering include project selection, resource allocation, risk management, and performance
monitoring. Project selection involves evaluating potential projects based on criteria such as strategic
alignment, expected benefits, and feasibility, ensuring that only the most valuable projects are pursued.
Resource allocation is another critical component, as engineering projects often require significant
financial, human, and technological resources. Effective resource allocation ensures that these resources
are utilized optimally across the portfolio, avoiding bottlenecks and ensuring the timely completion of
projects.

Performance monitoring and control are also vital components of PPM, enabling organizations to
track the progress of projects within the portfolio and make adjustments as necessary to stay on course.
This is particularly important in engineering projects, where delays, cost overruns, and technical
challenges are common. By continuously monitoring project performance, organizations can identify
issues early and take corrective actions to mitigate their impact on the overall portfolio.

Resource optimization within the context of PPM refers to the strategic allocation and utilization
of resources—such as personnel, finances, equipment, and technology—to maximize the efficiency and
effectiveness of project execution. In engineering, resource optimization is crucial due to the high costs
and technical complexities involved in engineering projects. Theoretical underpinnings of resource
optimization in PPM are grounded in operations research and decision science, which provide
methodologies for optimizing resource allocation under constraints (Kerzner, 2017).

One common methodology for resource optimization is linear programming, which involves
creating mathematical models to determine the best allocation of limited resources to achieve desired
outcomes. For example, linear programming can be used to optimize the allocation of labor and equipment
across multiple engineering projects, ensuring that these resources are deployed where they are most
needed. Another approach is the use of simulation models, which allow project managers to model
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different resource allocation scenarios and assess their impact on project outcomes (Martinsuo, 2019).
Simulation models are particularly useful in engineering projects, where uncertainties such as fluctuating
material costs or unforeseen technical challenges can significantly impact resource needs.

However, resource optimization in engineering PPM is not without challenges. One of the main
challenges is the dynamic nature of engineering projects, where resource requirements can change rapidly
due to project scope changes, technological advancements, or unexpected issues. This requires a flexible
approach to resource optimization, where project managers can reallocate resources quickly and
efficiently as project needs evolve. Another challenge is the limited availability of specialized resources,
such as highly skilled engineers or advanced technology, which can create bottlenecks and delay project
execution (Mdller, 2019).

Risk balancing is a critical aspect of PPM that involves managing the risks associated with
individual projects and balancing them across the entire portfolio to ensure that the portfolio's overall risk
profile is aligned with the organization’s risk tolerance. In engineering, risk balancing is particularly
important due to the high levels of uncertainty and the potential for significant financial and operational
impacts associated with engineering projects.

The concept of risk in project management is well-established, with risk being defined as the
possibility of an event or condition occurring that would have a negative impact on project objectives
(Aven, 2016). Risk management in PPM involves identifying, assessing, and mitigating risks at both the
project and portfolio levels. At the project level, risk assessment typically involves evaluating the
likelihood and impact of potential risks, such as technical failures, cost overruns, or regulatory non-
compliance. At the portfolio level, risk management involves aggregating the risks from individual
projects and assessing the overall risk profile of the portfolio. This allows project managers to ensure that
the portfolio’s risk exposure is consistent with the organization’s risk appetite and to make informed
decisions about project selection, prioritization, and resource allocation (Too & Weaver, 2014).

Risk balancing is achieved through a combination of risk mitigation strategies, such as diversifying
the project portfolio, implementing contingency plans, and continuously monitoring and reassessing risks
throughout the project lifecycle. Diversification is a key strategy for risk balancing, as it involves
spreading risk across a range of projects with different risk profiles, reducing the impact of any single
project failure on the overall portfolio. For example, an engineering firm might balance high-risk, high-
reward projects, such as developing new technologies, with lower-risk projects, such as routine
maintenance or upgrades, to achieve a balanced portfolio (Miller & Hobbs, 2009).

Resource optimization and risk balancing are closely interconnected within the context of PPM,
particularly in engineering projects. Effective resource optimization can contribute to risk balancing by
ensuring that resources are allocated to projects in a way that mitigates potential risks. For example, by
prioritizing the allocation of highly skilled engineers to high-risk projects, organizations can reduce the
likelihood of technical failures and increase the chances of successful project completion. Conversely, a
well-balanced risk profile within a project portfolio can facilitate more efficient resource optimization, as
it provides a clearer understanding of the resource needs and priorities across the portfolio (Blichfeldt &
Eskerod, 2008).
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However, the relationship between resource optimization and risk balancing is not without trade-
offs. In some cases, optimizing resources for efficiency may increase risk, particularly if resources are
stretched too thin across multiple projects. For example, allocating a limited pool of engineers across too
many projects may lead to delays, quality issues, or burnout, ultimately increasing the risk of project
failure (Thiry, 2010). Therefore, achieving a balance between resource optimization and risk management
is essential for the successful implementation of PPM in engineering. This requires a holistic approach
that considers both the resource needs and the risk profiles of individual projects, as well as the overall
portfolio.

In conclusion, the theoretical foundations of PPM in engineering emphasize the importance of
integrating resource optimization and risk balancing strategies to achieve organizational objectives. These
strategies are not only essential for ensuring the efficient and effective execution of engineering projects
but also for managing the complexities and uncertainties inherent in these projects. By understanding the
interrelationship between resource optimization and risk balancing, engineering organizations can better
manage their project portfolios, ultimately leading to improved project outcomes and greater
organizational success.

Literature Review and Analysis

The optimization of resources in Project Portfolio Management (PPM) has been a focal point in
both theoretical and practical discourses, given the critical role resources play in determining the success
of engineering projects. Resource optimization refers to the efficient and effective allocation of
resources—be it human, financial, or technological—to maximize the value and success rate of projects
within a portfolio. In engineering contexts, this process is particularly challenging due to the specialized
nature of resources and the complexity of the projects involved.

Several strategies for resource optimization have been explored in the literature. One common
approach involves the use of decision-support tools that assist in the dynamic allocation of resources
across multiple projects. These tools often utilize algorithms based on operations research techniques such
as linear programming, integer programming, and heuristic methods (Kerzner, 2017). For instance,
decision-support systems can model various resource allocation scenarios, helping project managers to
determine the most efficient use of resources under different constraints. These models consider factors
such as project deadlines, resource availability, and project interdependencies, thereby enabling a more
informed decision-making process.

Another approach highlighted in the literature is the adoption of lean management principles,
which focus on minimizing waste and maximizing value in resource utilization. Lean management
involves continuous improvement practices that aim to streamline processes and reduce inefficiencies in
resource use (Martinsuo, 2019). This approach has been successfully applied in engineering projects
where the complexity and scale often lead to resource wastage. By implementing lean practices,
organizations can ensure that resources are used more efficiently, reducing costs and improving project
outcomes.

Case studies in the literature further illustrate the successful application of resource optimization
strategies in engineering projects. For example, a study by Thiry (2010) examined the implementation of
a resource management tool in a large-scale infrastructure project. The tool enabled the project team to
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track resource allocation in real-time, identify bottlenecks, and reallocate resources as needed. As a result,
the project not only stayed within budget but also met its deadlines, despite the complexities involved.
This case underscores the importance of using advanced tools and techniques in optimizing resources,
particularly in large and complex engineering projects.

Technological advancements have also played a significant role in enhancing resource
optimization in PPM. The integration of digital tools such as Building Information Modeling (BIM) and
cloud-based project management software has provided project managers with better visibility and control
over resource allocation (Muller, 2019). These technologies enable real-time tracking of resource usage,
facilitating quicker adjustments and more precise allocation. Additionally, the use of artificial intelligence
(Al) and machine learning algorithms has begun to emerge in resource optimization, with Al-driven tools
capable of predicting resource needs and optimizing allocations based on historical data and predictive
analytics.

Risk management is a cornerstone of effective PPM, especially in the engineering domain where
projects are often fraught with uncertainties. The literature on risk management in PPM emphasizes the
importance of systematic risk identification, assessment, and mitigation to ensure project success.
Engineering projects, by their nature, involve substantial risks ranging from technical failures and cost
overruns to regulatory compliance issues and market volatility.

A key strategy for risk management in PPM is the use of risk assessment frameworks, which help
in identifying potential risks at both the project and portfolio levels. These frameworks typically involve
qualitative and quantitative risk analysis techniques, such as risk matrices and Monte Carlo simulations,
to evaluate the likelihood and impact of identified risks (Aven, 2016). For example, the Monte Carlo
simulation is widely used to model the probability distribution of different project outcomes, allowing
project managers to assess the potential impact of various risk scenarios on the overall portfolio.

Risk mitigation strategies are also extensively discussed in the literature. These strategies often
involve diversifying the project portfolio to spread risks across different projects with varying risk profiles
(Miller & Hobbs, 2009). By balancing high-risk, high-reward projects with more stable, lower-risk
projects, organizations can reduce the overall risk exposure of their portfolios. Additionally, contingency
planning is a critical component of risk mitigation, ensuring that there are predefined responses to potential
risks. For instance, in the case of a potential supply chain disruption, having alternative suppliers identified
and ready can mitigate the impact on project timelines and costs.

Several case studies provide concrete examples of effective risk management in engineering
projects. A study by Too and Weaver (2014) examined a portfolio of construction projects where a
comprehensive risk management framework was implemented. The framework included regular risk
assessments, the use of risk mitigation plans, and continuous monitoring of risk factors. This proactive
approach enabled the organization to navigate significant risks, such as unexpected regulatory changes
and environmental challenges, without derailing the projects. The study highlights the importance of
continuous risk management throughout the project lifecycle and the need for flexibility in adjusting risk
strategies as conditions change.

In recent years, there has been a growing interest in integrating advanced technologies into risk
management practices. For example, the use of big data analytics and Al in risk management is gaining
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traction, offering project managers new tools for predicting and managing risks more effectively
(Martinsuo, 2019). These technologies enable the analysis of large datasets to identify risk patterns and
trends, providing early warnings of potential risks and allowing for more proactive risk management.

The integration of resource optimization and risk management strategies within PPM is essential
for maximizing the success of engineering projects. The literature emphasizes that while these two aspects
are often treated separately, their integration can lead to more holistic and effective project management
practices. Resource optimization and risk management are inherently interconnected; the way resources
are allocated can influence the risk profile of a project, and conversely, the identified risks can impact
resource allocation decisions.

One integrative strategy discussed in the literature is the use of multi-objective optimization
models that consider both resource allocation and risk factors simultaneously (Kerzner, 2017). These
models allow project managers to optimize resource use while also minimizing the portfolio’s overall risk.
For instance, a multi-objective model might allocate more experienced personnel to high-risk projects,
thereby reducing the likelihood of project failure while ensuring that resources are used efficiently across
the portfolio.

The concept of adaptive project management is also relevant in this context. Adaptive project
management involves continuously adjusting both resource allocation and risk management strategies in
response to changing project conditions (Mller, 2019). This approach is particularly useful in engineering
projects where conditions can change rapidly due to technological advancements, regulatory shifts, or
market dynamics. By adopting an adaptive approach, organizations can ensure that they are always
optimizing resources and managing risks in the most effective way possible.

However, the literature also highlights several trade-offs involved in integrating resource
optimization and risk management. For example, while it might be optimal to allocate more resources to
high-risk projects, doing so can leave other projects under-resourced, potentially leading to delays or
quality issues in those projects (Thiry, 2010). Balancing these trade-offs requires a deep understanding of
both the individual projects and the overall portfolio, as well as the ability to make informed decisions
about where to allocate resources and how to manage risks.

In conclusion, the literature on resource optimization and risk management in PPM provides
valuable insights into the strategies and tools available for managing engineering projects. While each of
these aspects is critical on its own, their integration offers a more comprehensive approach to project
management. By optimizing resources and managing risks in an integrated manner, engineering
organizations can enhance their project outcomes and achieve their strategic objectives more effectively.

Discussion

The literature review and analysis have revealed several key findings regarding resource
optimization and risk management in Project Portfolio Management (PPM) within the engineering sector.
First, resource optimization is a multifaceted process that requires the use of advanced tools and techniques
to allocate resources effectively across complex engineering projects. Strategies such as decision-support
systems, lean management, and the adoption of digital technologies have proven effective in optimizing
resource use, thereby enhancing project efficiency and outcomes.
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Second, risk management is equally critical in PPM, particularly in engineering projects where
uncertainties are inherent. The literature underscores the importance of systematic risk identification,
assessment, and mitigation strategies. Tools like risk assessment frameworks, Monte Carlo simulations,
and big data analytics have been highlighted as effective in managing risks at both the project and portfolio
levels. The case studies reviewed demonstrate that proactive and continuous risk management is essential
for navigating the complexities of engineering projects.

The integration of resource optimization and risk management strategies has emerged as a crucial
factor in successful PPM. The literature suggests that while these strategies are often treated as separate
entities, their integration can lead to more effective project management practices. Multi-objective
optimization models and adaptive project management approaches provide frameworks for integrating
these strategies, enabling organizations to balance resource use and risk management more effectively.

The practical implications of these findings for engineering project managers are significant. To
optimize resources and balance risks, project managers need to adopt a more integrated approach to PPM.
This involves not only using advanced tools and techniques for resource optimization and risk
management but also continuously adjusting strategies in response to changing project conditions.
Moreover, the adoption of digital technologies such as Al, BIM, and big data analytics can provide project
managers with the insights needed to make more informed decisions about resource allocation and risk
mitigation.

Despite the advances in resource optimization and risk management strategies, several challenges
and gaps remain. One of the primary challenges is the dynamic nature of engineering projects, where
resource needs and risk factors can change rapidly. This requires a level of flexibility and adaptability that
is not always easy to achieve, particularly in large and complex portfolios. Additionally, there is a need
for more research on the integration of resource optimization and risk management, particularly in the
context of emerging technologies and methodologies. While the literature provides some insights into this
integration, more empirical studies are needed to validate these strategies and explore their applicability
in different engineering contexts.

A comparative analysis of the different strategies and approaches discussed in the review reveals
that while each has its strengths, their effectiveness often depends on the specific context of the project
portfolio. For example, decision-support systems and linear programming models are highly effective in
resource optimization but may require significant upfront investment in terms of time and technology.
Similarly, risk assessment frameworks are essential for managing risks but may not be sufficient in highly
dynamic environments where risks evolve rapidly. Therefore, the choice of strategy should be informed
by the specific needs and characteristics of the project portfolio, as well as the organization’s overall
strategic objectives.

In summary, the literature review and analysis highlight the importance of adopting an integrated
approach to resource optimization and risk management in PPM. By leveraging advanced tools and
technologies, and by continuously adjusting strategies in response to changing project conditions,
engineering organizations can enhance their project outcomes and achieve their strategic objectives more
effectively.
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Conclusion

This article has contributed to the field of Project Portfolio Management (PPM) in engineering by
providing a comprehensive review and analysis of strategies for resource optimization and risk
management. The review has demonstrated that both aspects are critical to the success of engineering
projects, and their integration offers a more holistic approach to PPM. By optimizing resources and
managing risks in a coordinated manner, organizations can enhance their project outcomes and align their
portfolios with strategic objectives.

Looking ahead, future research should focus on further exploring the integration of resource
optimization and risk management strategies, particularly in the context of emerging technologies such as
Al and big data analytics. Additionally, more empirical studies are needed to validate the effectiveness of
these strategies in different engineering contexts and to identify best practices for their implementation.

In conclusion, the integration of resource optimization and risk management is essential for the
successful management of engineering project portfolios. By adopting a more integrated and adaptive
approach to PPM, engineering organizations can better navigate the complexities and uncertainties of their
projects, ultimately leading to improved project outcomes and greater organizational success.
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