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Abstract

The increasing demand for sustainable industrial development has
intensified the need for innovative solutions in chemical and
environmental engineering. Artificial Intelligence (Al)-based
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1. INTRODUCTION
Chemical and environmental engineering industries are under increasing pressure to reduce
emissions, energy consumption, and waste generation while meeting growing production
demands. Conventional process design and control methods often lack the flexibility and
intelligence required to address sustainability challenges in complex and dynamic industrial
environments. Consequently, the integration of Al-based process optimization with green
technologies has become a key strategy for achieving sustainable development goals.

Al offers advanced data analytics, learning-based modeling, and autonomous decision-making
capabilities that enhance process efficiency and environmental performance. Green

Journal of Engineering for Thermal Energy and Power


http://jet-ep.com/index.php/jetep/article/view/37

— Journal of Engineering for — ISSN: 1001-2060

THERMAL ENERGY Vol. 24 No. 1, 2021
— AND POWER —

technologies, including renewable energy integration, eco-friendly materials, and waste
valorization, complement Al by minimizing ecological footprints. This review explores the
synergy between Al-driven optimization techniques and green engineering approaches in
sustainable chemical and environmental systems.

2. LITERATURE REVIEW
2.1 Sustainability in Chemical and Environmental Engineering
Early sustainability initiatives in chemical and environmental engineering focused on pollution
control and end-of-pipe solutions. Recent research emphasizes process intensification, life-
cycle assessment, and eco-design principles aimed at minimizing environmental impact at the
source.

2.2 Al-Based Process Optimization

The application of Al in chemical and environmental engineering has grown significantly, with
techniques such as artificial neural networks, genetic algorithms, fuzzy logic, and
reinforcement learning being widely adopted. Literature demonstrates their effectiveness in
modeling nonlinear processes, optimizing reaction conditions, reducing energy consumption,
and improving system robustness.

2.3 Green Technologies and Sustainable Processes

Green technologies include renewable feedstocks, green solvents, energy-efficient reactors,
and advanced waste treatment systems. Studies highlight the role of green chemistry principles
in reducing hazardous substances and promoting safer, cleaner production processes.

2.4 Integration of Al and Green Technologies

Recent research underscores the benefits of integrating Al with green technologies to enable
real-time sustainability optimization. Al-driven decision support systems have been applied to
emission reduction, water resource management, and circular economy implementation.
However, challenges related to data availability, scalability, and regulatory acceptance persist.

3. METHODOLOGY
This review adopts a systematic qualitative methodology to examine sustainable chemical
and environmental engineering solutions enabled by Al-based process optimization and green
technologies. Peer-reviewed journal articles, conference papers, and technical reports
published between 2015 and 2025 were analyzed.
The methodology includes:

o Classification of Al techniques used for process modeling and optimization

« Evaluation of green technologies applied in chemical and environmental systems

o Comparative analysis of sustainability indicators such as energy efficiency, emission

reduction, and resource utilization

« ldentification of research gaps and emerging trends
The reviewed studies were categorized based on application domains, technological maturity,
and sustainability outcomes.

4. RESULTS AND DISCUSSION
The reviewed literature indicates that Al-based process optimization significantly improves
operational efficiency and environmental performance. Al models enable accurate prediction
of process behavior, leading to reduced energy consumption, minimized waste generation, and
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enhanced resource recovery. Green technologies further contribute by replacing hazardous
materials and promoting renewable and circular processes.

Integrated Al-green solutions demonstrate superior sustainability outcomes compared to
traditional methods. However, challenges such as high implementation costs, lack of
standardized data frameworks, and concerns about model transparency remain significant
barriers. Addressing these challenges is essential for large-scale industrial adoption.

5. CONCLUSION

Al-based process optimization combined with green technologies represents a promising
pathway toward sustainable chemical and environmental engineering solutions. This review
highlights the transformative potential of intelligent systems in enhancing efficiency, reducing
environmental impact, and supporting regulatory compliance. Future research should focus on
explainable Al models, scalable green technologies, and holistic sustainability assessment
frameworks to accelerate the transition toward environmentally responsible engineering
practices.
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