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Abstract- The growing complexity of global sustainability challenges demands advanced analytical and
computational approaches. Issues such as climate change, energy transition, urban resilience, and the
circular economy require integrated scientific methods for effective solutions. Computational mathematics
encompassing mathematical modelling, numerical analysis, optimization theory, uncertainty
quantification, and scientific machine learning—plays a crucial role in advancing sustainable engineering
innovations. This paper presents a multidisciplinary overview of computational mathematics techniques
with machine learning models applied to environmental and climate modelling, circular manufacturing
systems, green infrastructure, smart grids, sustainable transportation, and renewable energy technologies.
The study critically evaluates several computational approaches, including graph-theoretic models, multi-
scale simulations, stochastic systems, partial differential equation (PDE) frameworks, and evolutionary
optimization methods in sustainability engineering. It also explores emerging concepts such as digital
twins, quantum-inspired optimization, and climate simulations supported by high-performance
computing (HPC). Furthermore, the research addresses challenges related to algorithm scalability, model
interpretability, uncertainty propagation, and ethical considerations in Al-driven sustainability systems. By
integrating mathematics, computer science, and engineering principles, this paper highlights how
computational mathematics enables carbon-neutral system design, predictive analytics, and efficient
resource management. It also identifies future research directions, including distributed computing
architectures, hybrid Al-physics models, and quantum-enhanced optimization to support global

Sustainable Development Goals.
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I. INTRODUCTION

Sustainable engineering has transitioned from a conceptual environmental philosophy to a
quantitatively driven, computation-intensive scientific discipline. The convergence of rapid
industrialization, population growth, and ecological degradation has intensified the demand for system-
level sustainability solutions. The challenges of environmental sustainability have been exacerbated by
rapid urbanization, resulting in resource depletion, ecological degradation, and excessive carbon
emissions as significant global concerns [1]. The need for cutting-edge technologies and innovative
approaches to addressing these complex issues has grown considerably as metropolitan areas expand
and demand more resources. The development of smart cities has become the world's most urgent
need in light of concerning pandemic patterns and the accelerating pace of global climate change. In
addition to integrating artificial intelligence and information communication technology, the concept
of "smart cities" takes into account other significant factors including infrastructure development, the
economy, society, and pandemic resilience.[2]

As the world's population grows, the demand for resources, energy, water, and transportation rises,
putting ongoing pressure on cities' infrastructure to innovate and adapt. These changes and
transformations have a direct impact on the environment and lead to negative trends including poor
air quality, sudden changes in the climate, and global climate change. [3]

Al systems are scalable and flexible, allowing for increased workloads without the need for costly
infrastructure upgrades. The flexibility to adjust to shifting business requirements and market dynamics
is offered by cloud-based Al systems and services. This scalability enables businesses to grow quickly
and effectively without having to pay high prices. Engineering systems now operate under constraints
involving carbon neutrality, energy equity, resource circularity, and climate resilience. [4]

Combining computational mathematics and artificial intelligence (Al) has become a unique way to solve
difficult problems in a range of fields in recent years. In this introduction, we look at how these two
fields are combining and how they can work together to make people's lives better. Computational
mathematics is based on mathematical modelling, optimization, and numerical analysis. From
simulating real-world occurrences to determining how to manage complex systems, it covers a wide
spectrum of problem-solving strategies. [5]

The ability of machine learning, a branch of artificial intelligence, to find patterns and insights in
incredibly large datasets has attracted a lot of attention. By using neural networks to automatically learn
how to methodically arrange data, deep learning has revolutionized several fields. Consequently,
remarkable progress has been achieved in domains such as photo identification, natural language
processing, and autonomous systems. Even though scientists have long employed conventional
computer methods to learn more and develop new technologies, they usually run into problems when
confronted with complex, unclear, or data-rich problems. This brings us to the quickly developing field
of artificial intelligence, which includes a range of methods and approaches meant to endow robots
with the mental capacity to carry out tasks that people normally complete.

Theoretical Foundations of Computational Mathematics with Machine Learning in Sustainability
1. Mathematical Modelling of Sustainable Systems

Mathematical Modelling for Sustainable Engineering (MMSE) aims to show how important
mathematical modelling is to promoting sustainability in all areas of engineering. MMSE places a lot of
emphasis on the real-world implementation of models to accomplish sustainable goals like resource
optimization, carbon reduction, system resilience, and environmental performance.

Energy transfer in photovoltaic systems
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In photovoltaic (PV) systems, energy transfer refers to the process by which semiconductor materials
convert solar radiation into usable electricity. The photoelectric effect allows photons in a photovoltaic
cell to transmit their energy to electrons in the semiconductor, which is typically silicon. When this
energy excites electrons from the valence band to the conduction band, electron—hole pairs are created.
The intrinsic electric field of the p—n junction separates these charge carriers, allowing electrons to flow
across an external circuit and produce electricity.

The efficiency of energy transmission in photovoltaic systems depends on a number of factors, including
temperature, recombination losses, electrical resistance within the system, the semiconductor band gap,
and the spectrum characteristics of sunshine. Advanced photovoltaic technologies improve energy
transfer through the use of ideal materials, multi-junction cells, anti-reflective coatings, and power
electronics such as maximum power point tracking (MPPT) devices. Understanding photon absorption,
charge creation, and carrier transport mechanisms is essential to creating sustainable renewable energy
solutions and improving solar energy conversion efficiency.

Aerodynamic turbulence in wind farms

Aerodynamic turbulence in wind farms refers to the complex and unpredictable airflow patterns that
result from wind interacting with wind turbines and the surrounding topography. When wind passes
through a turbine's revolving blades, energy is extracted from the airflow, creating a wake region with
slower wind speeds and more severe turbulence. This turbulent wake increases structural stresses and
decreases the power generation of downstream turbines due to the fluctuating aerodynamic forces.
Understanding aerodynamic turbulence is essential for improving wind farm layout, lowering
mechanical strain in turbines, and boosting energy efficiency.

Coupled ocean-atmosphere climate interactions

The dynamic flow of energy, momentum, and moisture between the Earth's seas and atmosphere is
known as coupled ocean—atmosphere climate interactions. In order to control weather variability, long-
term climate change, and global climate patterns, these interactions are essential. The atmosphere
transfers heat through winds and circulation systems, while the ocean serves as a significant heat
reservoir by absorbing solar energy and transferring it through currents. Improving climate models,
forecasting extreme weather events, and evaluating the effects of global climate change on ecosystems
and human societies all depend on an understanding of coupled ocean-atmosphere interactions.

Urban traffic flow networks

The structured system used to model and examine how cars and people move across a city is called an
urban traffic flow network. In this kind of network, intersections are represented as nodes (vertices) and
roadways as linkages (edges). Researchers and planners can use this model to examine and optimize
traffic movement by applying ideas from Graph Theory, Transportation Engineering, and Operations
Research.

Urban traffic flow networks aid in understanding how traffic congestion develops, how vehicles
distribute along various routes, and how traffic signals affect overall mobility. Traffic patterns are
simulated using mathematical models such as dynamic traffic assignment, shortest path algorithms, and
flow conservation models. To forecast traffic conditions and support smart city transportation systems,
these models are frequently combined with contemporary technology like artificial intelligence and
machine learning.

Il. NUMERICAL METHODS AND SIMULATION FRAMEWORKS

Numerical analysis is a crucial area of mathematics and computer computations that employs numerical
methods to handle difficult problems that are outside the purview of traditional analytical methods. The
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theoretical foundation of numerical analysis is built on concepts such as linear algebra, differential
equation theory, numerical integration, and approximation methods [7]. These techniques are used in
computer simulations to describe and model complicated physical and biological phenomena. For
instance, one of the most popular techniques for resolving partial differential equations is the finite
element method (FEM), which is utilized in structural engineering, biomechanics, and the modelling of
fluid and heat flows. These methods not only give sophisticated simulation tools, but require continual
optimization to increase accuracy and reduce large-scale computing time.

Modelling chemical and biological interactions at the nano and microscales using molecular simulations
is another crucial technique. Based on the numerical solution of the equations of motion and energy,
molecular simulations employ sophisticated algorithms to characterize molecule interactions and
forecast their behavior in real time. These techniques are very helpful in solving issues pertaining to
materials and molecular biology, including structures like proteins and cell membranes [7].

Numerical simulations and the finite element method

Numerical simulations are required to describe complicated processes in engineering and biology. The
finite element method (FEM) is one of the most popular approaches for solving partial differential
equations that describe mechanical and physical phenomena. The FEM has been widely used to describe
fluid flows and material deformation, yielding extremely accurate numerical results. According to
research, this strategy is very successful in solving complicated problems like turbulent flows and heat
propagation in composite materials.

Numerical Integration in the Modelling of Chemical Interactions

Numerical integration in chemical interaction simulations is another key advancement that has
benefited in the resolution of difficult problems involving molecules at the micro- and nanoscale. This
method has been used to describe molecular interactions in processes including the formation of
chemical bonds and the real-time representation of chemical reactions. The accuracy of predictions
regarding chemical behavior in complex environments has improved because to these methods.

I1l. OPTIMIZATION THEORY IN SUSTAINABILITY ENGINEERING

Strong computational tools and advanced technical optimization techniques are needed to run,
optimize, or physically extend such systems. Among several approaches, mathematical optimization has
proven successful in managing intricate decision-making procedures through the use of mathematical
tools. In general, mathematical optimization models precisely identify the restrictions and decision
factors and incorporate explicit mathematical objectives [6]. To minimize or maximize the designated
objective function, a variety of decision factors will be optimized. It turns out that mathematical
optimization can successfully handle a wide range of issues from several engineering specialities,
including sustainable energy systems. To deliver answers, it chooses from a variety of factors, including
manufacturing scale and input costs.

The Linear Programming (LP) model is often defined in a standard form, where the controller gains are
optimized through the application of state space techniques. State space techniques are based on the
discretized approximate model. LP techniques optimize complex and large-scale problems in an
application. Probability theory has gained widespread recognition as a powerful instrument for
characterizing uncertainties that may be separately described in situations where decisions are made
under uncertainty, such as in (multi-objective) optimization problems. Since it trivializes the analysis, the
straightforward use of such deterministic models in practical applications usually results in dull or
incorrect findings.
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IV. SCIENTIFIC MACHINE LEARNING (SCIML)

The primary separation vessel (PSV) in oil sands processing is simulated using a scientific machine
learning (SciML) technique that mixes masked neural networks with basic physical laws. This framework
addresses the limitations of standard models by employing embedded neural networks to find a critical
underlying relation optimized hindered settlement function which are then transformed into intelligible
mathematical expressions via symbolic regression. The technology significantly enhances computing
performance by utilizing parallel processing and pseudo-transient solver approaches that do not
necessitate scenario-specific parameter adjustments [8].

Scientific machine learning is a logical extension of chemical engineering modelling methods rather
than a novel concept. This approach, called SciML, preserves interpretability while enabling accurate
extrapolation from sparse datasets by imbuing universal differential equations (UDEs) with scientific
information. Combining data-driven methods with first-principle models improves the accuracy of
complex non-linear functions while avoiding the limitations of conventional modelling approaches that
depend on expert knowledge and simplifying assumptions. Notable advances in this field include neural
ordinary differential equations (NODEs), which parameterize state derivatives to enable continuous-
depth models.

Artificial intelligence (Al) and machine learning (ML) have demonstrated exceptional success in
traditional tasks such as computer vision, natural language processing, speech recognition, and audio
synthesis, where the datasets are in the form of images, text, spoken words, and videos [9]. Meanwhile,
the primary focus of their applications in engineering disciplines is scientific data that takes a numerical
format and describes particular physics, giving rise to a new field called Scientific Machine Learning
(SciML). SciML blends the complementary perspectives of machine learning and computational science
to develop a new generation of machine learning methods for complex applications as shown in Fig 4.1.

Traditional Al & ML Applications Scientific Machine Learning (SciML)

Natural Langunge

Computer Vision Processing

Speech o Audio
{ Synthesis

Figure 4.1 Developing New Machine Learning Methods for Complex Engineering Applications

Climate forecasting

Rainfall forecasting is essential in many domains, including hydrology, agriculture, and disaster
management, where accurate forecasting greatly affects social well-being, economic stability, and
environmental sustainability [11]. However, the complex dynamics of atmospheric systems, as well as
the limited spatial and temporal precision, make standard forecasting approaches challenging to use.
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Consequently, recent advances in deep learning algorithms and intelligent data fusion techniques offer
new opportunities to increase prediction accuracy and reliability.

Deep learning is a type of machine learning that excels at digesting huge, complicated information and
discovering latent nonlinear patterns that typical statistical approaches frequently overlook. The
modelling of complicated linkages and temporal correlations in meteorological data is made possible
by Artificial Neural Networks (ANNSs) as shown in Fig 4.2, especially more modern architectures such as
Long Short-Term Memory (LSTM) networks [11] as shown in Fig 4.3.

Input Layer Input Layer 1 Hidden Layer 2  Hidden Layer n Output Layer

il

W( »
v (-
-
%
; .
L ':: yud :
Features Forget Gate Predicted
Output
] 15 R L B . e B e G :
: utputs
e MR R N G
| B Xiy )+ 0,) BN Xiy )4+ by) T @(MehyXip).) +6,) L 8(Wehe Xi).4 + 6, € > ,
o . g l 5 <3 Fi . .”'/
7 . @ lv -8 ® ! -
X X)) X, ~ 8:) ~ ¥ ‘ Memory (C;)

......................................... Time r=sresresrrrnssrasnrrascsssasnsenad LR L
Figure 4.2 Working of Artificial Neural Networks (ANNs)

Artificial Neural Networks (ANNs) process data through interconnected neurons organized into input,
hidden, and output layers. The input layer receives raw data or features such as images, text, or
numerical values. The hidden layers perform mathematical computations using weighted connections
and activation functions to learn complex patterns. During training, the network adjusts synaptic weights
to reduce prediction error and improve model accuracy. Finally, the output layer generates the predicted
result, such as classification, recognition, or numerical prediction.

Long Short-Term Memory (LSTM) networks are a special type of recurrent neural network designed to
process sequential or time-series data. They contain memory cells that store information over long
periods, enabling the model to learn long-term dependencies. The forget gate decides which
information from the previous cell state should be removed. The input gate determines which new
information from the current input will be stored in the memory cell. A candidate memory state is
created from the new input and combined with the previous state. The cell state is then updated by
integrating the retained past information and the new candidate information. The output gate controls
which part of the cell state will be passed to the next hidden state. This hidden state is forwarded to the
next time step, allowing information to flow across the sequence. During training, the network adjusts
weights through backpropagation to minimize prediction errors. LSTM networks are widely used in
time-series forecasting, speech recognition, and sequence modelling tasks.
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Figure 4.3 Working of a Long Short-Term Memory (LSTM) Network

Intelligent data fusion methods simultaneously combine several inputs, including radar, satellite
imaging, ground-based sensors, and numerical weather forecast outputs as shown in Figure 4.4. These
integrated systems improve prediction reliability and accuracy by leveraging the complimentary
characteristics of each data source.
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Pollutant transport modelling

Pollutant transfer in water bodies has historically been simulated using two main methods. The first is
the water environment numerical model. This method uses numerical equations to quantitatively
characterize the transport mechanisms of contaminants, accurately recreating their migratory
characteristics and spatiotemporal distribution. The second approach is the machine learning model.
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Machine learning models provide statistical mappings between predictors and responses as a data-
driven strategy for predicting target values [12].In order to examine the impact of a single environmental
factor (such as river flow and tides) on target variables (such as pollutant transfer), classic numerical
models typically use the method of altering variables by generating many scenarios. However, when
quantifying the complex interactions between multiple drivers, this method requires the production of
many combined instances. This procedure is quite difficult and time-consuming. On the other hand,
conventional machine learning models are effectively "black boxes" while having strong prediction
ability. The identification of dominating drivers is hampered by their inability to uncover underlying
physical causal linkages between inputs and outputs, despite their capacity to construct statistical
mapping associations.

Renewable output prediction

The proposed renewable energy forecasting paradigm can be applied in many real-world scenarios
where accurate energy prediction is crucial. Forecasting reduces energy waste and non-renewable
backup system dependency by assisting utility firms in managing the smart grid by balancing supply
and demand. According to this perspective, accurate forecasting aids governments and energy
companies in capacity building, long-term planning, and the development of effective renewable energy
policy [13]. The integration of weather APIs and loT sensors might broaden the platform to real-time
applications, allowing wind and solar farms to optimize output and update forecasts continuously.

In the agricultural sector, renewable energy forecast is helpful for solar-powered greenhouses and
irrigation systems, enabling farmers to efficiently budget for energy use. Furthermore, the use of these
forecasting models is essential for smart city projects, where dependable energy supplies are necessary
for sustainable development in microgrids, transit, and infrastructure powered by renewable energy
sources. These models are useful to commercial and industrial organizations as well since they enable
them to match production schedules and consumption patterns with the availability of renewable
energy, which reduces operating costs and advances global sustainability objectives.

Grid stability prediction

Modern power grids are dynamic and complex; thus, energy systems should use advanced machine
learning approaches to improve grid stability prediction. Due to their inability to detect changes in these
dynamic systems over time, these traditional methods are less effective. Several recent studies propose
new machine learning techniques that increase the accuracy and reliability of the prediction model [14].

V. RENEWABLE ENERGY SYSTEMS

Renewable energy sources and technology have the potential to address the long-standing energy
challenges that developing countries face. India's energy shortage may be alleviated by renewable
energy sources such as wind, solar, geothermal, ocean, biomass, and fuel cell technology. Solar thermal
technology, particularly solar water heating systems, solar cookers, and solar generation systems, is the
most attractive choice for new power plants and the industrial sector [10]. Additional environmental
problems include trash disposal, particularly nuclear waste, and water contamination. In rural
communities, excessive usage of environmentally sensitive regions is a problem. Many people in rural
areas use biomass fuels for heating, cooking, and lighting.

Solar Energy Modelling

Solar energy is the most abundant permanent energy source on Earth. It can be utilized directly (solar
radiation) or indirectly (wind, biomass, hydro, ocean, etc.). The photovoltaic route converts solar energy's
light into electricity, which can then be used for a variety of purposes, such as lighting, pumping,
communications, and power supply in areas without electricity; the thermal route uses the heat for water
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heating, cooking, drying, water purification, power generation, and other applications. Solar energy is
perceived as heat and light.

Wind Energy Optimization

Wind is produced by a variety of complex factors, including the earth's rotation, solar heat energy,
cooling effects of the oceans and polar ice caps, temperature gradients between the sea and the land,
and the physical effects of physical obstacles like mountains. Wind is one energy source that is widely
accessible. The world's wind capacity reached over 72,000 MW at the end of 2006.Wind energy is being
developed by the industrialized world for environmental reasons, and the developing world is drawn to
it because it can be quickly installed in areas that are in dire need of electricity.

In many cases, if fossil fuel sources are not easily accessible, it might be a more affordable choice.
Furthermore, wind energy can be used to feed individual farms, residences, and other facilities or to
augment diesel power, which is typically costly, in distant parts of the world. Geographically, wind is not
always available. In most places where the wind power density is at least 400 W/m2 at 30 meters above
the ground, it is possible to utilize wind resources.

Smart Grid Systems

A smart grid system for renewable energy integrates modern digital technology with traditional
electrical infrastructures to efficiently manage the generation, distribution, and consumption of power
from renewable sources like solar and wind energy. In contrast to traditional grids, a smart grid balances
supply and demand by monitoring energy flow in real time using sophisticated communication
networks, sensors, and automated control systems.

Smart grids enable the integration of distributed renewable energy supplies, energy storage devices,
and sophisticated demand-response mechanisms. Utilities and consumers may optimize electricity
usage, lower transmission losses, and increase grid dependability with the use of technologies like smart
meters, Internet of Things devices, and predictive analytics. Smart grids can efficiently handle the
intermittent nature of renewable energy sources like solar and wind power by utilizing forecasting
models and optimization algorithms.

VI. ENVIRONMENTAL AND CLIMATE MODELLING

In order to sustain economic growth and raise living standards, energy shortages could be resolved by
increasing supplies. But two other important variables are environmental sustainability and social
growth. The major environmental damage caused by the current economic growth pattern, which has
hastened climate change, weakened biological systems, poisoned the air, and produced enormous
amounts of waste, is primarily the fault of the energy sector. But it's equally important to consider the
impact on social development. Lack of energy services exacerbates a number of socioeconomic
problems, including poverty, disease, unemployment, and inequality.

Climate change has been drastically changing ecosystems and causing an extra 150,000 deaths annually

due to global warming caused by greenhouse gases, mostly carbon dioxide (CO2) from burning fossil
fuels. This expansion is mostly caused by changes in land usage and the unsustainable use of fossil fuels.

VII. SUSTAINABLE TRANSPORTATION SYSTEMS

The primary challenges to establishing sustainable transportation are seen to be public support,
acceptable technologies, and a lack of funding. However, institutional obstacles and a lack of knowledge
about the numerous advantages of sustainable transportation, especially among politicians, also have
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a direct impact on the implementation process [15]. A better understanding of these possible
advantages of sustainable mobility may make it easier for various organizations and stakeholders to
work together during the policy-making process. Governance issues as well as organizational, financial,
social, and technological difficulties are the main obstacles to implementing sustainable transportation.

VIil. GREEN INFRASTRUCTURE AND SMART CITIES

Green infrastructure is critical to the development of smart cities because it integrates natural systems
with technological technologies to produce urban settings that are sustainable, resilient, and
environmentally friendly. In order to improve urban livability while lessening environmental effects,
ecological solutions including green roofs, urban forests, rain gardens, permeable pavements, and
sustainable water management systems are used. Digital technologies like sensors, data analytics, and
intelligent management systems that track environmental conditions, maximize resource utilization, and
boost energy efficiency are frequently used in smart cities to support green infrastructure.

Green infrastructure integration with smart city frameworks contributes to addressing important urban
concerns such as climate change, air pollution, water scarcity, and urban heat islands. Cities can increase
biodiversity, lower carbon emissions, and encourage healthier living conditions for residents by fusing
sustainable design with real-time data and creative planning. In the end, green infrastructure plays a
crucial role in smart city development, allowing communities to strike a balance between long-term
urban resilience, ecological sustainability, and technological advancement.

IX. SUSTAINABLE MANUFACTURING AND CIRCULAR ECONOMY

Sustainable manufacturing focuses on creating items using procedures that have a low environmental
impact, preserve energy and natural resources, and assure economic and social sustainability. It places
a strong emphasis on the effective use of resources, the cutting of emissions and waste, and the
incorporation of eco-friendly technologies at every stage of production. The circular economy, which
encourages a regenerative system where materials and products are continuously reused, mended,
remanufactured, and recycled rather than being thrown away after use, is a crucial idea supporting
sustainable production.
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The circular economy model substitutes a closed-loop system that prolongs product lifecycles and
lessens reliance on raw materials for the conventional linear "take-make-dispose" strategy. This strategy
promotes eco-design, resource recovery, waste-to-resource tactics, and the use of cleaner production
techniques in sustainable manufacturing. Industries can enhance resource efficiency, lessen
environmental degradation, and provide long-term economic value by incorporating circular economy
principles.

Circular economy and sustainable manufacturing methods assist global sustainability goals by
promoting innovation in industrial systems, reducing carbon emissions, and promoting responsible
production. These concepts are becoming more and more supported by cutting-edge technology like
lifecycle assessment tools, digital manufacturing, and artificial intelligence, which enable businesses to
optimize production processes while maintaining environmental responsibility.

Challenges and Prospects

Computational mathematics combined with Machine Learning is important to the growth of sustainable
engineering because it allows for thorough modelling, simulation, and optimization of engineering and
environmental systems. The use of mathematical algorithms with Artificial Intelligence allows engineers
to examine water resource management, climate models, renewable energy systems, and sustainable
infrastructure more correctly and effectively. However, integrating computational mathematics across
multiple domains presents a number of challenges.

One of the primary challenges is integrating data from other fields, such as computer science,
engineering, environmental science, and applied mathematics. Disparities in vocabulary, techniques,
and data standards could affect effective cooperation. Furthermore, sustainable engineering difficulties
often involve large-scale, nonlinear, and unpredictable data, which calls for the employment of
advanced numerical techniques and powerful computers. Lack of computational resources and skilled
workers can also impede progress, particularly in developing countries.

Despite these challenges, the future appears to be bright. Advances in machine learning, high-
performance computing, and data analytics are increasing the capabilities of computational models.
These technologies let engineers design energy-efficient systems, make the most use of materials, and
forecast the environmental impact before implementation. Interdisciplinary education and collaborative
research are also promoting more integration of mathematics and engineering disciplines.

Overall, computational mathematics with machine learning and neural networks provides powerful tools
for addressing global sustainability challenges. Sustained technological innovation and interdisciplinary
cooperation could significantly improve the design, effectiveness, and environmental performance of
future engineering solutions.

X. CONCLUSION

In conclusion, the transdisciplinary application of computational mathematics with artificial intelligence
in sustainable engineering, notably through intelligent systems, optimization, and sophisticated
modelling, is critical for enhancing global resilience. Engineers and academics can use these techniques
to evaluate complicated environmental systems, increase resource efficiency, and develop sustainable
solutions. Innovative approaches to energy management, climate adaption, and infrastructure
sustainability can be created by combining data-driven approaches with mathematical tools. The
capacity of sustainable engineering to meet global environmental and socioeconomic concerns will be
strengthened by ongoing developments in algorithms, artificial intelligence, and cooperative research,
despite persistent obstacles including data complexity and processing needs.
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