
         
            International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Conference - Volume 10 ISTCESD -2026                            SJIF Rating: 8.659                                ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM.ISTCESD056                                  |        Page 1 
 

Artificial Intelligence-Assisted Sustainable Reaction and Process 

Optimization 

Dr. Shaila S. Wagh, Dr. Avinash V. Pawde 

Adarsh Education Society’s Arts, Commerce and Science College, Hingoli-431513 

 

Abstract: 

Artificial intelligence (AI) is driving a major shift in green chemistry, specially in designing and scaling sustainable 

chemical reactions.  Conventional reaction optimization generally requires extensive experimental screening of catalysts, 

solvents, temperatures, concentrations, reaction times, and other parameters, resulting in considerable consumption of 

chemicals, energy, time, and laboratory resources. AI can change this by optimizing workflows, predicting outcomes 

and cutting down environmental footprints. A stong emphasis is placed in this   research paper on utilising of AI driven 

sustainable frameworks to embed eco-friendly values within the  chemistry researcher community. 
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Introduction- 

Green chemistry has emerged as an important scientific framework for redesigning chemical products and processes to 

reduce waste, hazardous substances, energy consumption, and depletion of natural resources. Unlike conventional 

environmental approaches that often focus on treating pollution after it has been generated, green chemistry emphasizes 

prevention through the molecular and process-level design of safer and more efficient chemical systems. The twelve 

principles of green chemistry provide a systematic foundation for improving atom economy, reducing hazardous 

substances, developing safer solvents, increasing energy efficiency, utilizing renewable feedstocks, employing catalysis, 

and designing chemicals for degradation and recycling. 

Chemical reaction development traditionally involves systematic experimentation in which researchers vary one or more 

parameters and evaluate the resulting product yield, selectivity, conversion, or other performance indicators. Although 

effective, this approach can require large numbers of experiments and significant quantities of chemicals while using 

green chemistry techniques like green solvents, green catalysis in organic synthesis, dry media synthesis, catalyst-free 

organic synthesis, and energy-efficient synthesis based on these green chemistry principles, chemists must find and 

create new synthetic pathways. 

Green chemistry provides innovative solutions to cope with environmental pollution and hazardous chemical waste 

while AI is used by the researchers to tackle with the massive data generated during complex chemical reactions and 

also to navigate with strict environmental regulations by designing eco-friendly chemical reactions. 

Application of AI in green chemistry 

1. Waste prevention  :- AI  serves as a powerful mechanism for waste prevention by integrating machine learning 

and predictive algorithms into early stage molecular design which allows researchers to stimulate chemical pathways 

virtually, elimiting traditional trial and error methods which generate haarzous by-products. Ultimately it leads to shift 

research paradigm from reactive waste management to waste elimination. 

2. Solvent Selection:- Solvents are often a major contributor to the material and environmental footprint of 

chemical processes.AI can evaluate relationships between solvent properties like polarity, boiling point, toxicity, 

solubility, flammability and environmental persistence . A model can therefore recommend solvents that simultaneously 

provide adequate reaction performance and improved sustainability. This approach is particularly useful when replacing 

solvents such as chlorinated solvents or other substances of environmental or occupational concern. 

3. Catalyst Discovery :- Catalyst development is another major application.AI can correlate catalyst structure with 

activity, selectivity, stability, catalyst loading, and reaction conditions. This approach can reduce the number of catalysts 

requiring experimental testing. An important sustainability consideration is that AI optimization should not focus 

exclusively on catalytic activity but it also consider metal availability and abundance,  toxicity of catalyst, life of the 
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catalyst, catalyst recovery,  and recycling potential and of couse its costs. A catalyst based on an abundant element may 

therefore be preferable to a more active catalyst based on a scarce or problematic metal. 

 

Conclusion 

AI-assisted sustainable reaction and process optimization represents an important emerging interface between chemistry, 

data science, automation and green chemistry. Machine learning can help predict reaction outcomes, select catalysts and 

solvents, optimize reaction conditions, reduce experimental requirements, and support continuous-flow and automated 

chemical synthesis. Its greatest potential lies in multi-objective optimization, where chemical performance is evaluated 

simultaneously with waste generation, energy consumption, toxicity, cost and life-cycle environmental impact. 

Nevertheless, AI should not be considered a substitute for chemical understanding or sustainability assessment. The 

quality of training data, model interpretability, computational energy requirements, experimental reproducibility and 

appropriate definition of system boundaries remain important challenges. Ultimately, the combination of AI-driven 

prediction, automated experimentation, green chemistry principles and life-cycle assessment could enable a new 

generation of chemical processes that are not only more efficient but also safer, less wasteful and more compatible with 

environmental sustainability. 
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