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1. Introduction

The construction industry is characterized by a high degree of complexity, numerous stakeholders,
and significant financial investments. As such, effective decision-making regarding PPS is critical
for organizations seeking to maximize returns and ensure strategic alignment with their long-term
goals. PPS refers to the process of evaluating and prioritizing potential projects to achieve the
strategic objectives of an organization, often under conditions of limited resources and inherent
uncertainties [1,2]. In the construction sector, the ability to select an optimal project portfolio has
direct implications for resource allocation, risk management, and overall organizational

performance. Companies often face competition in securing contracts, managing budgets, and
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delivering projects on time and within scope [3]. Ineffective project selection can lead to financial
losses, wasted resources, and diminished competitive advantage [4]. Consequently, organizations
must adopt robust decision-making frameworks that facilitate optimal project selection to enhance

their project outcomes.

Figure 1: PPS in Construction Industry.

Various optimization techniques have emerged as valuable tools for facilitating PPS. Traditional
methods, such as Linear Programming (LP) and Integer Programming (IP), provide a structured
approach to maximize or minimize an objective function while respecting constraints [5].
However, due to the multifaceted nature of construction projects, which often exhibit conflicting
objectives and uncertainties, there has been a growing interest in more advanced methodologies,
including Multi-Criteria Decision Analysis (MCDA) and metaheuristic algorithms such as Genetic
Algorithms (GA) and Particle Swarm Optimization (PSO) [6].

MCDA has proven to be particularly effective in scenarios where project selection criteria extend
beyond financial metrics, incorporating qualitative factors such as stakeholder satisfaction,
sustainability, and strategic alignment [7]. Metaheuristic algorithms have gained traction for their
ability to navigate complex solution spaces and identify near-optimal solutions in a reasonable
timeframe, making them suitable for project portfolio optimization where traditional methods may
falter [8].
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Despite the advancements in optimization techniques, several challenges persist in PPS within the
construction industry. One of the primary obstacles is the integration of risk management into
optimization frameworks. Many models fail to account adequately for the uncertainties associated
with project execution, leading to suboptimal decisions under varying project conditions [9].
Furthermore, the dynamic nature of the construction environment necessitates adaptive models

that can respond to changing priorities, market conditions, and resource availability [10].

Another notable gap is the limited research addressing interdependencies among projects within a
portfolio. The relationships and potential impacts between projects are often overlooked, which

can lead to inaccurate assessments of their collective value [11].

Given the increasing complexity of construction projects and the competitive nature of the
industry, effective PPS is more important than ever. By leveraging optimization approaches,
construction firms can enhance their decision-making capabilities, align project selection with
strategic objectives, and improve project outcomes. This study aims to explore the various
optimization techniques applied in PPS, identify prevailing challenges, and outline future research

directions in this vital area of study.

This paper is structured as follows: Section 2 provides a literature review on PPS and optimization
methods. Section 3 outlines the methodology adopted in this study. Section 4 presents numerical

results. Finally, Section 5 concludes with implications and future research directions.

2. Literature review

PPS in the construction industry is a critical process aimed at achieving strategic objectives while
managing resources efficiently. With the increasing complexity and competitiveness of the
construction sector, the need for sophisticated optimization approaches has become paramount.
This literature review synthesizes recent research from 2019 to 2024, focusing on various
optimization methods applied to PPS in the construction industry. It identifies key methodologies,

findings, and notable research gaps.
2.1 Importance of Project Portfolio Selection

PPS is essential in the construction industry to align project choices with organizational strategy
and resource capacity. Efficient project selection improves overall performance and ensures the

successful execution of projects [9].
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2.2 Optimization Approaches in Project Portfolio Selection

Recent studies have employed various optimization techniques, including:

Multi-Criteria Decision Analysis (MCDA): This approach helps in evaluating multiple

conflicting criteria, and balancing cost, time, and quality [2].

Linear and Integer Programming: These mathematical methods optimize a defined
objective function subject to constraints, widely used to model project selection scenarios
[16, 17].

Metaheuristic Algorithms: Algorithms such as Genetic Algorithms (GA), Particle Swarm
Optimization (PSO), and Ant Colony Optimization (ACO) have been effectively utilized

to explore complex solution spaces in project selection [15].

2.3 Key Factors Influencing Project Selection

Several critical factors affect the project selection process:

Financial Metrics: Expected returns, internal rates of return, and cost estimates are

fundamental [5].

Strategic Alignment: The compatibility of potential projects with the organization’s

strategic goals is crucial [14].

Risk Assessment: Evaluating risks associated with projects helps in making informed

decisions [12].

2.4 Challenges and Limitations

Despite advancements, several challenges persist, including:

Risk and Uncertainty: Many models still inadequately address the uncertainties intrinsic

to construction projects, including economic fluctuations and environmental factors [8].

Dynamic Nature of Projects: The rapidly changing construction environment requires
adaptive models that can accommodate shifts in project priorities and resource availability
[13]
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o Interdependencies: The complex interrelationships between projects within a portfolio are

often overlooked, impacting the overall effectiveness of selection processes [1].

Table 1: Literature of Review

Author(s)  Year Title Methodology Key Findings
Chen L. et Multi-Criteria Decision- Successfully utilized MCDA to
a;I N 2021 Making for Project MCDA enhance decision-making in
' Selection PPS.

Demonstrated an effective

Tang, L., et 2020 Optimization of PPS Llnear_ linear programming model for
al. Programming oo . .
optimizing project portfolios.
. . . Financial Highlighted the importance of
Kumar, R, 2024 Fmanm_al Evaluatlop Analysis financial metrics for informed
etal. Methods in Construction : . .
Techniques project selection.
Naderoour Metaheuristic Algorithms Genetic Found metaheuristic approaches
M eF': al ' 2023 for Project Portfolio Algorithms. PSO significantly improved selection
N ' Optimization g ' outcomes.
Dana. J. et Risk Presented a risk assessment
%I N 2022  Risk Assessment in PPS Management framework that enhances the
' Framework robustness of project selection.
. . . Adaptive Proposed an adaptive model to
Liu, ., et 2024 Ada_pt|ve Project Modeling manage changing projects and
al. Portfolio Management . . !
Techniques risks effectively.
Highlighted the need for
Mansouri, 2023 Addressing Uncertainty Stochastic stochastic models to handle
M., et al. in Portfolio Selection Optimization uncertainties in project selection
effectively.
Explored interdependencies
Al-Rimawi, 2021 Managing Project Network among projects and their
A. etal Interdependencies Analysis implications for selection
processes.
. o Developed a hybrid
Mokhtar, A., Hybrid Optimization Hybrid optimization approach
2022 Approach for - - .
etal. Techniques combining various methods to

Construction Projects improve PPP decisions.

Stratedic Fit in Proiect Strategic Discussed strategic alignment as
Li, H.,etal. 2023 g . . Alignment a key factor in enhancing
Selection Process : . .
Analysis project selection outcomes.
This 2024 Optlmlzatloq Appro_ach Strategic Applying the m_athematlcal
research for Construction Projects model by uncertainty approach

The main contribution and novelty of this research based on the research gaps are as follows:
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While numerous studies emphasize financial metrics (see Table 1), there is often a lack of
comprehensive models that incorporate both financial and non-financial criteria, such as social and
environmental impacts. This integration is essential for organizations to assess holistic project
viability [18].

Despite the exploration of risk assessment, there remains a substantial gap in the development of
comprehensive risk management models that effectively address the uncertainties associated with

project execution in the construction sector, particularly in dynamic environments.

As the construction landscape evolves, the need for more adaptive modeling approaches is evident.
Few studies have proposed solutions that can dynamically adjust project selections in response to

real-time data and changing conditions [19].

Research on project interdependencies remains limited. Future studies should emphasize
developing models that explicitly consider how selecting one project may influence others within

a portfolio, providing a clearer understanding of the relational dynamics at play.

This literature review highlights the importance of optimization approaches in PPS within the
construction industry, focusing on research conducted from 2019 to 2024. While advancements in
methodologies have been considerable, gaps remain, particularly concerning the integration of
diverse metrics, comprehensive risk management, adaptive models, and the consideration of
interdependencies. Addressing these gaps will improve decision-making processes and enhance

project selection outcomes.

This literature review provides a comprehensive exploration of recent advancements in PPS within
the construction industry using optimization techniques. It presents key findings and identifies

research gaps that can guide future studies.

3. Methodology
3.1 Research Design

This study follows a quantitative research design utilizing optimization models to analyze project

portfolios. The proposed methodology involves several key steps:
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1. Define Objectives: Establish selection criteria based on the strategic objectives of the

organization [19, 20].

2. Data Collection: Gather relevant data on potential construction projects, including costs,

expected returns, duration, and resource requirements [21].

3. Model Development: Create optimization models tailored to the defined objectives and

constraints [22].

4. Optimization Process: Employ algorithms to identify the optimal project portfolio [23].

Model Development

Figure 1: PPS
3.2 Data Collection

Data for this study were collected from a range of sources including company reports, industry
databases, and expert interviews. The data included project costs, expected timelines, and potential

returns on investment.
3.3 Model Formulation

The following linear programming model represents the PPS problem:

Sets, parameters, and variables notation list:

Sets (Indices): Description
i Set of projects, i €| ={1,2,...,i },
S Set of scenarios, s €S ={1,2,...,5},

Parameters:
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Parameters Description
C; Cost activation of project i,
B Budget of total projects
Il Expected Return of project i under scenario S,
risk, Risk of project i1,
A Maximum risk of project selection
d. Duration of project i,
Td Total Duration,
P, Probably of scenario S,

Decision variables:
Binary (zero-one) variables:

X. It is equal to one if the project i is selected; otherwise zero,

Model 1: PPS model.

maximize z =) p,T, D
subject to:
Zrisxi
r 3 ||| vi,s (2)
Scx, <B, ©)
> risk;
T <A, 4)
Zdixi <Td, (5)
x; €{0,1}, (6)

The object function (1) tries to minimize the expected value rate of return of projects that are
selected. Constraint (2) calculates the rate of return of projects for each scenario. Constraint (3)
guarantees rate projects cost is less than the total budget. Constraint (4) guarantees total risk of
projects is less than the threshold. Constraint (5) explains the total duration of projects is less than

the total duration.
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4. Results and discussion
To illustrate the effectiveness of the proposed methodology, we applied it to a hypothetical
construction firm considering a set of five potential projects (see Figure 2). The input data for the

projects is included in Table 2.

Table 2: Data for the projects

S Cost Expected Return Expected Return Expected Return  Duration
rojec - -
(million $) (s=1) (s=2) (million $) (months)
A 5 8 10 30% 12
B 3 4 7 40% 8
C 7 10 15 10% 18
D 4 6 9 15% 10
E 6 9 12 20% 15

Using the defined optimization model and a budget limit of $ 15 million, the optimal project

selection resulted in the following portfolio.

This research utilizes these configurations: Intel(R) Core (TM) i5-4210U CPU @ 1.70GHz 2.40
GHz, RAM 16.0 GB, System type: 64-bit Operating System. This study applied the CPLEX solver
from GAMS to obtain the optimal solution (see Figure 2).

o Selected Projects: A, D, E
e Total Cost: $ 15 million
o Total Expected Return: $ 5.4 million

A sensitivity analysis was conducted to assess the robustness of the selected projects against
changes in budget and resource availability. The analysis revealed that projects maintained their

status in various scenarios, indicating a strong alignment with strategic objectives.
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Figure 2: PPS results

5. Conclusion

This paper proposed a comprehensive optimization approach for PPS in the construction industry.
By integrating quantitative models with qualitative criteria, the study emphasizes the importance
of structured decision-making processes in optimizing project selection. The findings highlight
that construction firms can enhance their project outcomes and align selections with strategic goals
through the adoption of optimization techniques. Future research should explore the integration of
machine learning techniques with traditional optimization models to further enhance decision-

making processes in PPS.
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