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HIGHLIGHTS

® An optimization model for a project
scheduling problem is proposed.

e Multi-Mode resources are included.

e Environmental criteria suggested for
the project scheduling problem.
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Resource-Constrained

The resource-constrained project scheduling problem seeks to find an
appropriate sequence for performing the activities of a project such that
precedence constraints in the project network and various types of resource
limitations are satisfied simultaneously, while specific performance
criteria—such as project completion time, activity execution costs, the
number of delayed activities, and so on—are optimized. With the
development of this problem in recent years, an activity can be performed in
several possible modes (for example, each activity can be executed within a
specific duration and with a certain amount of renewable or non-renewable
resources). This new concept has led to the development of one of the most
general forms of scheduling problems, known as the multi-mode resource-
constrained project scheduling problem. On the other hand, as humanity
steps into the third millennium, it faces numerous environmental and
ecological issues every day. The effects of environmental pollution and the
destruction of natural resources threaten natural life more than ever.
Therefore, preventing the destructive impact of unbalanced economic and
industrial activities on the environment, as well as restoring and repairing
it, have become major concerns in modern life. Given the current
importance of green criteria, the aim of this paper is to mathematically
model and optimize the multi-mode resource-constrained project
scheduling problem while considering gas emissions. After modeling the
problem as a mixed-integer programming formulation, the results were
analyzed and evaluated.
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1. Introduction

Project scheduling with limited resources (RCPSP) is
one of the most fundamental and well-studied
problems in operations research and industrial
engineering. The main goal of RCPSP is to determine
the optimal sequence of activities so that precedence
relations and resource constraints are satisfied
simultaneously, while minimizing the total project
duration or delay. Because the RCPSP is classified as
an NP-hard problem, heuristic and metaheuristic
approaches are often preferred over exact methods
due to their higher computational efficiency in
complex, real-world projects (Fleszar et al., 2004).
With advances in the field, it became evident that a
single-mode assumption for each activity—where
every task can be executed in only one specific way—
is insufficient to represent real project conditions. In
practice, each activity can often be carried out in
multiple modes, each defined by different durations
and resource requirements. This concept led to the
development of the Multi-Mode Resource-
Constrained Project Scheduling Problem (MRCPSP),
a more flexible and realistic model capable of
representing practical scenarios (Peng et al., 2024).
The MRCPSP has been applied in various industrial
contexts where the choice of execution mode
influences not only project time and cost but also
resource efficiency and system productivity
(Diakoulakis et al., 2004).

Despite the extensive body of research on RCPSP and
MRCPSP, most studies have focused exclusively on
technical and economic efficiency, paying little
attention to environmental sustainability. However,
as humanity faces growing ecological challenges
such as air pollution, energy depletion, and
occupational hazards, integrating green criteria into
project management has become an urgent necessity
(Jaberi & Jaberi, 2011). Sustainable project planning
requires balancing productivity with environmental
preservation, ensuring that industrial growth does
not come at the expense of environmental
degradation (Artigues & Briand, 2009; Barrios et al.,
2011; Ramos et al., 2025; Yang et al, 2024;
Yousefzadeh Harati Motlagh, 2025; Zhu, 2006).

The present research addresses this gap by
developing a mathematical programming model for
the MRCPSP that incorporates environmental
(green) performance criteria into its decision-
making process. The model considers key
environmental indicators such as air pollution,
energy consumption, and workplace safety, all of
which directly affect human health and
environmental balance (Wang & Feng, 2011). By
embedding these green constraints into the
optimization structure, the model enables project
planners to select not only the most time- and cost-
efficient ~ schedules but also the most
environmentally responsible ones (Baradaran et al.,
2010; Bariios et al., 2011; Kim et al., 2005; Liu &

Wang, 2011; Szeredi & Schutt, 2016; Tormos & Lova,
2001; Heilmann, 2003).

In summary, this paper contributes to the growing
literature on sustainable project scheduling by
combining the concepts of multi-mode resource
allocation and environmental impact assessment.
The proposed model helps managers make better
decisions that reduce pollution, enhance safety, and
optimize resource utilization, ultimately promoting
sustainable productivity within engineering and
industrial systems.

2. Methodology

This study follows a structured methodological
approach designed to develop, test, and evaluate an
optimized project scheduling model that accounts
for both operational and environmental factors. The
methodology is organized into three main stages:
conceptual modeling, implementation, and
evaluation.

2.1. Conceptual Modeling

At the first stage, the research identified the
limitations of traditional project scheduling models,
which generally focus on minimizing time or cost
without considering environmental effects. To
address this gap, a new conceptual model was
developed that integrates environmental, or “green,”
criteria into the decision-making process.
In this model, each project activity can be performed
in several possible ways, known as “modes.” Each
mode represents a different combination of time,
cost, and resource consumption. The key idea is to
allow the scheduling system to select not only the
order of activities but also the most sustainable
mode for each one, balancing efficiency with
environmental performance.

The model ensures that all project activities respect
their logical sequence, resource limitations, and
environmental  thresholds such as energy
consumption or emission levels. In this way, it
provides a more realistic and sustainable
representation of project planning compared to
traditional approaches.

2.2. Implementation

The second stage involved implementing the
proposed model using the GAMS (General Algebraic
Modeling System) software. GAMS is a powerful
optimization platform capable of handling complex
scheduling problems that involve multiple
constraints and decision variables.
A small-scale project network was designed for
testing purposes. The project included several
activities, each of which could be executed in more
than one mode. The study compared two main
scenarios:
1. A traditional scheduling model, in which
only time and resource constraints were
considered.

Y oyl £ 090 \FD Julé)gemgwsww



yva

Hamidzadeh & Mokhtari

2. A green scheduling model, in which
environmental constraints were also
included.

The environmental constraint used in this research
focused on the emission of carbon monoxide (CO), a
common air pollutant in industrial operations. A
maximum allowable emission threshold was defined
based on international air quality standards,
ensuring that the project’s total pollution level
would remain within acceptable limits.

2.3. Evaluation and Analysis

After implementing both models, the results were
analyzed and compared. The goal was to understand
how the inclusion of environmental criteria would
influence project duration, resource allocation, and
overall efficiency. The outputs generated by GAMS
provided the optimal combination of activity
sequences and execution modes that satisfied all
constraints.

The evaluation revealed that considering green
criteria not only reduced environmental impact but
also, in some cases, improved scheduling efficiency.
This finding suggests that sustainable decision-
making does not necessarily conflict with
productivity goals. On the contrary, it can help
organizations achieve better long-term performance
by reducing waste, optimizing resource use, and
promoting safer and cleaner working conditions.

In summary, the methodological framework of this
study integrates sustainability into project
scheduling through a structured modeling and
optimization process. The approach can easily be
adapted for other types of environmental indicators,
such as noise pollution, energy efficiency, or
workplace safety, depending on the project’s context
and objectives.

3. Results and Discussion

The GAMS computational results demonstrated the
difference  between  the  traditional and
environmentally constrained MRCPSP formulations.
In the standard MRCPSP, the optimal solution
achieved a total project duration of 14-time units,
with specific activity-mode combinations
determined by the solver to meet precedence and
resource constraints optimally.

In contrast, the Green MRCPSP—which included CO
emission constraints—yielded a slightly different
scheduling pattern and a shorter optimal duration of
13-time units. The reason for this counterintuitive
result lies in mode selection: certain activity modes
with lower environmental impact also exhibited
more efficient resource usage, indirectly reducing
project duration. For instance, Activity 1 was
switched from Mode 1 to Mode 2, decreasing its CO
emissions and improving schedule feasibility under
environmental limits.

These results emphasize the potential synergy
between  environmental responsibility = and
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operational efficiency. While it might be assumed
that adding environmental restrictions would extend
project duration or cost, in some cases, the inclusion
of green criteria can actually improve performance
by promoting balanced resource utilization and safer
working conditions.

Moreover, the model’s flexibility allows adaptation
to other environmental indicators such as COz2, SOz,
or NOx emissions, energy consumption, or safety
indices, making it applicable to various industrial
project types—{rom construction and
manufacturing to infrastructure planning. The
findings suggest that integrating sustainability into
project scheduling models can yield tangible benefits
without significant sacrifices in productivity.

4. Conclusions

This study presented a new mathematical
programming approach for the Multi-Mode
Resource-Constrained Project Scheduling Problem
(MRCPSP) by incorporating environmental (green)
performance criteria. The proposed model extends
classical RCPSP formulations to account for both
renewable and non-renewable resource limits, as
well as  environmental thresholds. Using
computational experiments in GAMS, it was shown
that the green-constrained version of the model can
produce feasible and sometimes superior scheduling
outcomes compared to the traditional approach.

The main contributions of this research include:

e Formulating the first MRCPSP model with
explicit environmental constraints;

e Demonstrating the viability of mixed-
integer programming for sustainable
scheduling;

e  Showing through numerical examples that
green criteria can coexist with operational
efficiency.

For future research, it is recommended to:

e Extend the model to consider multiple
environmental criteria simultaneously (e.g.,
air and noise pollution).

e Integrate stochastic or fuzzy elements to
handle uncertainty in resource availability
or environmental thresholds.

e Apply the model to real-world industrial
data to validate scalability and practical
impact.

In conclusion, incorporating green metrics in project
scheduling supports both efficient resource use and
environmental stewardship—two cornerstones of
sustainable engineering management.
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Figure 2. The structure of example.
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Figure 3. The network of example solution.
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