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Abstract: The implementation of artificial intelligence (Al) in sustainable energy and environmental engineering has been
increased as a result of the rapid development of energy demand and concerns about the environment. This case study sees
the use, advantages and disadvantages of artificial intelligence. There are some topics discussed how to work in renewable
energy systems better, how to manage smart grids, how to monitor environment, how to design green buildings, and how to
plan cities. In the real world, things such as Al-powered wind and solar forecast, automatic maintenance of smart water
networks and energy-skilled construction automation have been very helpful in terms of operational efficiency, cost savings
and stability. Integrating artificial intelligence with internet and large amounts of things enhances decision-making abilities,
facilitates adaptive reactions for real-time monitoring and fluctuations in environmental and energy conditions. There are
many problems that need to be solved by many people before using intelligent technology. Some of these problems are high
processing costs, problems with data quality, infrastructure deficiency and moral issues. Some suggestions are to encourage
the use of energy-skilled Al models, encourage cooperation between areas and to implement supporting laws. The findings
of this research explain the important role of artificial intelligence as an important environment in promoting
environmentally friendly and green energy practices, supporting the achievement of goals related to global protection and
climate change.
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INTRODUCTION

Artificial Intelligence (AI) has become an important part of solving global problems with long -lasting energy and
environmental engineering. As the need for clean energy and better environmental management increases, we need new
ideas that go beyond traditional engineering methods. For example, we can provide Al better and more advanced tools to
work more [1]. Ways of artificial intelligence, such as machine instructions and deep education, are used for extensive
maintenance, demand forecast and smart grid customized in the energy field. These methods make energy systems more
reliable and mobile. Al helps the environment by monitoring pollution, managing waste and providing technologies for
treatment of water, which helps balance all ecosystems in balance and improve people's health [3]. In addition to the industry
4.0 for Al, it has used large amounts of data, IOT and smart systems that add robots to make the environment more stable.
Case studies indicate that Al-operated solutions increase energy efficiency and provide creative strategy for carbon
deficiency, renewable resource management and creation of permanent infrastructure [5]. Despite these benefits, obstacles
persist, including adequate computing demands, issues of data privacy, and policy framework requirement to guarantee
moral and transparent Al implementation [1]. However, the ongoing investigation of Al in energy and environmental
engineering provides transformational results to suit the global permanent development objectives [2, 3, 5].

This case study wants to check for Al's use, benefits, problems and future projections in promoting sustainable energy and
environmental engineering practices, so enhances the understanding of its contribution to develop flexible and
environmentally permanent systems.

Background and Objectives of this case study

The increasing use of energy around the world and the growing damage to the environment have made it very hard to achieve
sustainable development. Common ways of making energy often release greenhouse gases, cause climate change, and use
up resources, which shows how badly we need new ways to make energy and protect the environment [6, 7]. Artificial
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Intelligence (AI) has emerged as a feasible solution to address these challenges through advanced data-driven
methodologies, automated modeling, and optimization strategies. Al improves smart grid management, predicts renewable
energy, and makes systems more efficient, which leads to more stable and adaptable energy infrastructures. Artificial
intelligence is used in environmental science for things like monitoring air quality, managing waste, and treating water.
These systems give quicker and better answers than traditional methods [8, 9]. The integration of Al with Industry 4.0
technologies, such as the Internet of Things (IoT) and big data, also improves its ability to make decisions in real time and
manage resources in a way that is good for the environment. Despite its potential, the implementation of Al faces obstacles,
including high computing costs, lack of standardization, and ethical issues concerning data usage [10]. Examining case
studies of Al application in these domains provides essential insights into its successes and failures, aiding the development
of efficient methods for sustainable energy and governance of the environment.

The objectives of this case study are as follows:

1. To examine the role of Artificial Intelligence in advancing sustainable practices within energy and environmental
engineering.

2. To analyse real-world applications, benefits, and challenges of Al-driven solutions in energy and environmental
systems.

3. To identify future opportunities and strategies for integrating Al to achieve long-term sustainability goals.

LITERATURE REVIEW

Artificial Intelligence (AI) has garnered considerable interest as a revolutionary instrument in promoting sustainable energy
and environmental solutions across various sectors. Recent studies underscore Al's contribution to renewable energy systems
by improving forecasting accuracy, demand prediction, and grid management optimization, hence ensuring efficiency and
resilience in power supply [9]. Al-driven models are progressively utilized in climate change mitigation by facilitating early
identification of environmental hazards, enhancing carbon emission monitoring, and aiding adaptive techniques for
sustainable resource management. In urban development, Al facilitates green building design and smart city planning by
amalgamating energy-efficient technologies with sustainable construction methodologies [11]. The European fossil fuel
industry indicates how A-provided smart infrastructure can facilitate the use of renewable energy and assist cities in
infections in the next generation of smart cities [12]. To be good for the environment for smart cities, Al needs to work with
IOT and large data functioning. This will help manage pollution, get rid of waste and save energy from smart ways [13].
The Al-managed evaluation structure for green buildings increases permanent engineering by monitoring energy
consumption and advocating environmentally friendly design method [14]. These studies together show how Al can help
with stability in many different ways, as well as problems that come with policies that are scalable, easy to sound and
integrate morally.

Case Description

People around the world are more concerned about climate change, lack of resources and damage to the environment. This
means that we need new methods to manage energy systems and environment. Artificial Intelligence (AI) has become a
rebel, which gives stability-centered companies to make good decisions, modeling the future as well as to track things in
real time. Al enables the use of biomass in energy systems, enhances the efficiency of production and consumption, and
optimize the functionality of the smart grid. Al is used for ecological engineering such as pollution monitoring, waste and
cleaning water. These systems provide better and more adaptable solutions than traditional techniques of engineering.
Artificial intelligence, machine learning (mL), deep learning (DL), neural networks, and optimization algorithms are
changing how people deal with permanent energy and permanent growth. The case study looks deeply on A-in-operated
apps, covering things such as smart cities, green buildings, energy forecasting, environmental monitoring and long-term
resource management. It also describes problems and opportunities that come with using Al.

Al Applications in Renewable Energy Systems

Al has proved that it can create a difference, especially it comes to using renewable energy sources. Pawan, solar and
hydroelectric power are all types of renewable energy that change on their own and it is difficult to predict. This change
makes it difficult to get a stable supply of electricity, especially when it is brought into the current grid system. Artificial
intelligence-subsequent models, especially those who learn quickly, make predictions more accurate for solar radiation, air
speed and hydro flow. This makes the grid more stable. Nerve network models can use the previous weather and power
generation data to find out how much energy will be available in the near and distant future. This helps the managers of the
power system to take into account supply and demand. Al has made it easier to get stuck with the future of green energy
sources such as wind turbines and solar panels, which detect difficulties, when they can break, and coordinate rapid
replacement to cut downtime. It saves money while doing better work how things work better. The Al-powered adaptable
structure can also be used to spread energy from renewable sources in places, which uses them more and reduces the
requirement of fossil fuels. These innovations are very important to reach the objectives of justified development and energy
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freedom worldwide.

Al makes it easy to guess how much solar, wind, or hydroelectric power there. Which makes it easier to add different types
of resources to the overall structure. It also makes it easy to guess that nature will require repairing good systems, which
saves both resources and time. Deep Mind, a Google -owned company, used Al to help us make the wind fields more energy.
This made the price about 20.

Al in Smart Grid Management and Energy Efficiency

Smart electricity systems change a lot about how energy can be utilized and delivered. Artificial intelligence is very
important for smart grids due to the controls how energy is shared, predicts how much power will be needed, and manages
distributed energy resources. Algorithms using machine learning see how people now use energy to guess how they will use
it in the future. This helps the utilities to come up with ways to respond to seeking low peak load pressure and has power
from going out. Energy meters and sensors that use Al are aware of how much fuel is being used in real time. It helps people
to choose prudent decisions related to the way energy use. Reinforcement learning techniques are being used to improve
grid operations by considering real -time data that is always doing them better. The Al grid can also help with cyber security
by finding unusual patterns or potential cyber threats to use in grid systems. Al-operated power networks work the power
network better, make longer longer, and make more reliable. This makes it easier to create smart and long -lasting energy
infrastructure which can use a lot of clean renewable resources.

Intelligent algorithm can help to predict the demand for electric grid, help find problems, and ensure that energy flow is
possible at all times in the best way. Reinforced methods for learning improve load distribution and system capacity. U.K.
The National Grid uses Al-based software, which is for the forecast to find out that the amount of power will be used and
when the green sources will be ready. It helps to run a system smoothly.

Al for Climate Change and Environmental Monitoring

Al is now a powerful tool for climate change fighting and solving other immediate environmental problems, as well as
energy systems. We use sophisticated algorithms based on machine learning to make flexible plans for climate flexibility,
monitor greenhouse gas emissions, and find out what climate risk are. Along with satellite photographs, using artificial
intelligence techniques such as conventive neural networks (CNNs) makes it easy to keep track of land fall, deforestation
and change of glacial melting, which are all important signs of climate change. Al-operated monitoring equipment for air
quality in cities use connected tools and algorithms that learn from data to give real-time data about pollutants, thus providing
easy for quick tasks to fix problems and follow rules. Al has been used to predict demand, find sources of pollution and
manage water resources by improving the performance of treatment facilities for sewage. People are using Al-operated
automatic machines to manage waste to make it more accurately, recover and throw garbage. These apps show how Al can
help humans and planets function in this way that is easy to discover data-managed answers for hard ecological issues.
Satellite imaging powered by artificial intelligence and sensors based on the Internet of Things keep an eye on air quality,
woodland loss, and contaminants in water. Statistical methods predict environmental risks and help policymakers make
decisions. IBM's Green Horizon project in China uses Al to predict patterns of air pollution and give government agencies
suggestions for policies that can be put into action.

Al in Green Building Design and Sustainable Urban Planning

The construction industry is a major source of carbon emissions around the world, so it's important to use environmentally
friendly building strategies. Intelligent computing has been very important in making environmentally friendly building
design and city planning better by adding energy-efficient technologies and building methods that are good for the
environment. In environmental engineering, Al-powered models look at how energy is used over time and suggest changes
to the design that will make people more comfortable while also cutting down on wasted electricity. Al algorithms can make
cooling, heating, and ventilation (HVAC) systems better by looking at how people use them and the weather outside. This
cuts down on energy use. Al also helps with sustainability assessments by looking at how much energy materials use over
their entire life cycle. This gives architects and engineers the information they need to make smart choices. Al-based
simulations can help city planners understand how traffic moves, how land is used, and how the environment is affected.
This helps policymakers build smart and long-lasting infrastructure. Global case studies show that using Al in urban planning
has led to the creation smart cities, where power plants, garbage disposal systems, and modes of transportation are all
connected to make them more efficient and long-lasting.

Artificial intelligence solutions make HVAC systems work better, use less energy, and evaluate building materials that are
good for the environment. Al simulations help city planners figure out how much energy is used and how traffic flows. In
Toronto's innovative smart city initiative, Sidewalk Labs (part of Alphabet) used neural networks to build energy-efficient
buildings that use automatic climate control and waste reduction systems.

Integration of Al, IoT, and Big Data in Environmental Engineering

Combining Al with revolutionary innovations like the Internet of Things (IoT) and big data has made environmental
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engineering systems much better. [oT devices used in pollution monitoring networks, water systems, and electricity grids
send a lot of real-time data. Al systems look at this data to find patterns, predict unusual events, and make it easier for robots
to make decisions on their own. IoT sensors send constant information on the state of water to wastewater treatment plants,
and Al models use that data to change the amounts of chemicals used in real time. This makes sure that operations run
smoothly and that resources are not wasted. In energy management, smart meters with IoT and Al analytics can help you
understand how people use energy so you can use demand-side management strategies. Big data platforms make these apps
better by making it easier to store and process large amounts of data, which is necessary for training complex artificial
intelligence models. By combining Al, the Internet of Things (IoT), and big data, we create an ecosystem of smart systems
that can accurately and on a large scale solve complex environmental problems.

Combining Al with IoT sensors makes it possible to watch energy and water infrastructures in continuous motion. Big data
makes it possible to train many models for adaptive and predictive tasks. The Smart Water Grid in Singapore uses [oT and
Al to find leaks, improve the distribution of water, and cut down on the amount of energy used in wastewater treatment
facilities.

ANALYSIS AND DISCUSSIONS

The case study evidence indicates that Al is transitioning from pilot programs to operational influence within energy and
environmental engineering, exhibiting unique value patterns by domain. In the integration of renewable energy, supervised
and reinforcement learning models enhance the forecasting of solar irradiance and wind speed, facilitating greater renewable
penetration with reduced curtailments and improved reserve scheduling; European implementations further illustrate Al-
driven coordination of distributed generation, storage, and flexible loads as foundational elements of next-generation smart
cities [12, 15]. At the grid edge, anomaly detection and predictive maintenance models mitigate outage risks, while demand
response optimizers analyze consumption patterns to alleviate peaks and balance variability—essential capabilities for smart
energy infrastructures at an urban scale, where Al coordinates multi-agent decisions among utilities, buildings, and mobility
systems. [12] [13, 15]. Urban planning and green building engineering constitute a well-established domain: computer vision
and surrogate modeling facilitate passive design, facade optimization, and daylighting, while model-predictive control
enhances HVAC energy efficiency through occupancy-aware scheduling; multi-criteria decision systems subsequently
assess overall building sustainability and energy consumption to inform certification and retrofitting efforts [11, 14].
Incorporating these skills into planning workflows enables planners to evaluate densification, transportation, and
microclimate interventions prior to construction, ensuring that zoning aligns with decarbonization strategies and resilience
objectives [11].

Rural and multi-energy systems underscore Al's significance beyond urban areas: integrated optimization of electricity, heat,
and biomass facilitates siting, sizing, and dispatch that reduce lifecycle costs and emissions for villages and agro-industrial
clusters, thereby expediting equitable and inclusive energy transitions in data-scarce environments through transfer learning
and hybrid physics—machine learning models [16, 15]. Classical environmental engineering increasingly utilizes Al
predictions: hybrid neural and evolutionary models anticipate pollutant loads, adsorption efficacy, and treatment plant
kinetics, thereby reducing pilot duration and enhancing set-point control amidst uncertainty—an approach rooted in early
environmental Al prediction that persists in contemporary toolchains [17]. Solid waste systems provide comprehensive
decision support: data-driven projections of municipal solid waste volumes guide collection routing, sorting capacity, and
landfill cell planning, while contamination detection and yield prediction enhance recycling economics for rapidly
urbanizing areas [18, 13]. At the geotechnical interface, characterized by safety margins and heterogeneity, Al surrogates
estimate constitutive behavior, bearing capacity, and settlement responses from limited site investigations, accelerating
design iterations and facilitating risk-informed construction sequencing and ground improvement decisions [21].
"Integrations involving multiple disciplines and use Al IoT, and a lot of data are called "city-as-system." We can keep an
eye on our surroundings in real time, guess where hotspots will be, and judge policies thanks to broad sensor networks that
send data about air, water, noise, and traffic in artificial brain pipelines. Then, platform systems bring together utilities,
buildings, and transportation to generate things better for everyone, like less greenhouse gas emissions and better public
health [13, 12].

Life-cycle and farm and social analytics make the system to develop systems better. Al-assisted Life Cycle Assessment
models use agricultural, farming process, and value chain factors to predict the effects on ecosystems (water, energy,
atmospheric greenhouse gases, and eutrophication). This makes it easier to come up with ideas for low-input growing,
precision planting, and residue esteem that close the nutrient cycles and lower Scope 3 emissions [20, 16]. Recent gatherings
of research papers in industrial and ecologic engineering reveal a shift into accurate pipelines that include data governance,
engineering of features, understandable models, and monitoring integration—that encourage the progress of preliminary
designs into auditable, operable operations [19]. In conclusion, the trend is clear: Al improves predictions and command to
recognized physics with noisy or massive data; Al speeds up optimization for multiple objectives in generative design
spaces; and Al makes large-scale coordination easier in technological and social systems. Ongoing challenges—data quality,
transferability across locations, model transparency for permitting, and the energy expenditure of training—are being tackled
through hybrid physics-informed learners, federated and privacy-preserving training, uncertainty quantification, and "green
AI" methodologies that reduce computational footprints while maintaining accuracy [12, 13, 14, 15]. These solutions, along
with standards for monitoring, reporting, and verification, are establishing Al as essential infrastructure for attaining
dependability, cost, and profound sustainability in energy and environmental engineering [12, 13, 19].
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Findings

This case study demonstrates the essential impact of artificial intelligence in promoting sustainable energy and
environmental engineering. Artificial intelligence applications, including smart grids, sustainable building design, waste
management, and renewable energy forecasts, exhibit substantial enhancements in efficiency, cost-effectiveness, and
sustainability. Empirical research demonstrates that Al enhances energy systems and facilitates scalable solutions for urban
planning, rural energy transitions, and pollution mitigation. Machine learning-powered model predictions also help with
decision-making and allocating funds by linking long-term goals with actual execution. The results show that Al is an
important part of global environmental change projects.

Callenges, Limitations and Recommendations:

Even though Al has a lot of capacity, it is difficult to use in clean energy and green engineering because it costs a lot to
install, there are concerns of privacy with data, and it can be difficult to get good information. Technical issues, such as
model accuracy, training processes that use too much energy, and system interpreting, make it difficult for many people. In
addition, countries that are not developed much have problems with their infrastructure that make it difficult for our planet
to use Al in good activities. Policy makers and engineers need to give a top priority to cost-effective Al solutions, encourage
open data sharing, and use energy-influential Al models to get around these problems. Increasing cooperation between
different fields and creating auxiliary regulatory structure will help Al a big difference in flexibility for health and
environmental hazards.

Future Scope

Finally, Artificial Intelligence is having great impact on permanent energy and environmental engineering. It is using new
uses for smart grids, green buildings, waste management and city plans. Al uses future stating analysis, adaptation and
automation to cut energy use, leaves a small environmental footprint, and helps the world reach its stability targets. However,
to improve it, there is a need to fix problems such as cost, data availability and infrastructure readiness. Al cleaner can help
speed up the energy system and environmentally friendly activities that are being used through collaborative research, and
with supporting laws. This will help create a strong and long -lasting future.

REFERENCES

1. Talaie, A., Kamyab, H., & Razmfarsa, A. (2024). Advancing Environmental Engineering: The Role of Artificial
Intelligence in Sustainable Solutions-A Short Review. Journal of Environmental Treatment Techniques, 12(3).

2. Lytras, M. D., & Chui, K. T. (2019). The recent development of artificial intelligence for smart and sustainable
energy systems and applications. Energies, 12(16), 3108.

3. Fan, Z., Yan, Z., & Wen, S. (2023). Deep learning and artificial intelligence in sustainability: a review of SDGs,
renewable energy, and environmental health. Sustainability, 15(18), 13493.

4. Ong, H. L., Doong, R. A., Naguib, R., Lim, C. P., & Nagar, A. K. (Eds.). (2022). Artificial intelligence and
environmental sustainability: Challenges and solutions in the era of industry 4.0. Springer Nature.

5. Krzywanski, J. (2022). Advanced Al applications in energy and environmental engineering
systems. Energies, 15(15), 5621.

6. Adewoyin, M. A., Adediwin, O., & Audu, A. J. (2025). Artificial intelligence and sustainable energy development:
A review of applications, challenges, and future directions. International Journal of Multidisciplinary Research and
Growth Evaluation, 6(2), 196-203.

7.  Odunaiya, O. G., Soyombo, O. T., & Ogunsola, O. Y. (2022). Sustainable energy solutions through Al and software
engineering: Optimizing resource management in renewable energy systems. Journal of Advanced Education and
Sciences, 2(1), 26-37.

8. Ukoba, K., Olatunji, K. O., Adeoye, E., Jen, T. C., & Madyira, D. M. (2024). Optimizing renewable energy systems
through artificial intelligence: Review and future prospects. Energy & Environment, 35(7), 3833-3879.

9. Ejiyi, C. J, Cai, D., Thomas, D., Obiora, S., Osei-Mensah, E., Acen, C., ... & Bamisile, O. O. (2025).
Comprehensive review of artificial intelligence applications in renewable energy systems: current implementations
and emerging trends. Journal of Big Data, 12(1), 169.

10. Chen, L., Chen, Z., Zhang, Y., Liu, Y., Osman, A. L., Farghali, M., ... & Yap, P. S. (2023). Artificial intelligence-
based solutions for climate change: a review. Environmental Chemistry Letters, 21(5), 2525-2557.

11. Ge, M., Feng, Z., & Meng, Q. (2024). Urban planning and green building technologies based on artificial
intelligence: Principles, applications, and global case study analysis. Applied Science and Engineering Journal for
Advanced Research, 3(5), 18-27.

12. Serban, A. C., & Lytras, M. D. (2020). Artificial intelligence for smart renewable energy sector in europe—smart
energy infrastructures for next generation smart cities. IEEE access, 8, 77364-77377.

17



18

13.

14.

15.

16.

17.

18.

19.

20.

21.

© Int. J. Technoinformatics Eng. 2(1); Jan-Jun; 2025

Bibri, S. E., Alexandre, A., Sharifi, A., & Krogstie, J. (2023). Environmentally sustainable smart cities and their
converging Al, IoT, and big data technologies and solutions: an integrated approach to an extensive literature
review. Energy informatics, 6(1), 9.

Xiang, Y., Chen, Y., Xu, J., & Chen, Z. (2022). Research on sustainability evaluation of green building engineering
based on artificial intelligence and energy consumption. Energy Reports, 8, 11378-11391.

Hassan, Q., Sameen, A. Z., Salman, H. M., Al-Jiboory, A. K., & Jaszczur, M. (2023). The role of renewable energy
and artificial intelligence towards environmental sustainability and net zero.

Peng, X., Guan, X., Zeng, Y., & Zhang, J. (2024). Artificial intelligence-driven multi-energy optimization:
promoting green transition of rural energy planning and sustainable energy economy. Sustainability, 16(10), 4111.
1Yetilmezsoy, K., Ozkaya, B., & Cakmakci, M. (2011). Artificial intelligence-based prediction models for
environmental engineering. Neural Network World, 21(3).

Soni, U., Roy, A., Verma, A., & Jain, V. (2019). Forecasting municipal solid waste generation using artificial
intelligence models—a case study in India. SN Applied Sciences, 1(2), 162.

Baarimah, A. O., Bazel, M. A., Alaloul, W. S, Alazaiza, M. Y., Al-Zghoul, T. M., Almuhaya, B., ... & Mushtaha,
A. W. (2024). Case Studies in Chemical and Environmental Engineering.

Mohammadi Kashka, F., Tahmasebi Sarvestani, Z., Pirdashti, H., Motevali, A., Nadi, M., & Valipour, M. (2023).
Sustainable systems engineering using life cycle assessment: application of artificial intelligence for predicting
agro-environmental footprint. Sustainability, 15(7), 6326.

Yin, Z. Y., Jin, Y. F., & Liu, Z. Q. (2020). Practice of artificial intelligence in geotechnical engineering. Journal of
Zhejiang University-Science A, 21(6), 407-411.



