
 
The Sankalpa: International Journal of Management Decisions 

ISSN: 2454-7425 
Volume 12, Issue 1 (January - June 2026) 

436 
 

Green Chemistry: Sustainable Approaches in Chemical Synthesis and 

Industrial Applications 

Dr. Alistair N. Veridian 

Chair, Department of Sustainable Molecular Engineering 

Global Center for Green Process Innovation (GCGPI) 

Helios Research City, Netherlands 

Submission date- 10.11.2025      Acceptance - 12.01.2026        Published - 18.02.2026 

 

 

Abstract: 

There has been a lot of interest in "green chemistry" recently, which refers to the development 

of chemical goods and processes that minimise or do away with the production and usage of 

harmful compounds. sustainable practices in chemical synthesis and their industrial 

applications, with an emphasis on ways to reduce waste while keeping costs down. In this 

article, we will go over the fundamentals of green chemistry as they pertain to chemical 

processes in industry, including the usage of renewable feedstocks, energy efficiency, waste 

reduction, and safer solvent applications. New catalysts that use less energy and produce more 

are only two examples of the recent developments in green catalytic processes. The 

pharmaceutical, polymer, and energy production industries are prime targets for green 

chemistry because of the enormous amounts of waste and resources wasted by conventional 

methods in these large-scale commercial applications. Sustainable chemical synthesis, process 

intensification, and waste reduction are highlighted through case studies of successful green 

chemistry implementations. Lastly, the difficulties and potential solutions surrounding the 

implementation of green chemistry in the business world. It stresses the importance of ongoing 

innovation, regulatory backing, and cooperation among academic institutions, government 

agencies, and private companies in order to create a chemical sector that is more 

environmentally friendly. 
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Introduction: 

There has been a lot of interest in "green chemistry" recently, which refers to the development 

of chemical goods and processes that minimise or do away with the production and usage of 

harmful compounds. sustainable practices in chemical synthesis and their industrial 

applications, with an emphasis on ways to reduce waste while keeping costs down. In this 

article, we will go over the fundamentals of green chemistry as they pertain to chemical 

processes in industry, including the usage of renewable feedstocks, energy efficiency, waste 

reduction, and safer solvent applications. New catalysts that use less energy and produce more 

are only two examples of the recent developments in green catalytic processes. The 

pharmaceutical, polymer, and energy production industries are prime targets for green 

chemistry because of the enormous amounts of waste and resources wasted by conventional 

methods in these large-scale commercial applications. Sustainable chemical synthesis, process 
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intensification, and waste reduction are highlighted through case studies of successful green 

chemistry implementations. Lastly, the article delves into the difficulties and potential 

solutions surrounding the implementation of green chemistry in the business world. It stresses 

the importance of ongoing innovation, regulatory backing, and cooperation among academic 

institutions, government agencies, and private companies in order to create a chemical sector 

that is more environmentally friendly. 

. 

Core Principles of Green Chemistry 

The fundamental principles of green chemistry aim to lessen the negative effects of chemical 

processes on human health and the environment. These principles promote energy efficiency, 

lessen waste, and highlight the utilisation of renewable resources as a means to create chemical 

technologies that are both more sustainable and more efficient. In 1998, Paul Anastas and John 

Warner presented the 12 principles of green chemistry. These principles serve as a guide for 

developing chemical products and processes in a way that is both practical and mindful of the 

environment. Here we will delve into these fundamental ideas and talk about how they 

influence green chemistry. 

1. Prevention of Waste 

One of the principled foundations of green chemistry is the notion of waste prevention. Massive 

quantities of waste from conventional chemical operations sometimes necessitate costly 

disposal or treatment options. The field of green chemistry promotes the idea of creating 

chemical processes with minimal waste in mind from the very beginning. Using more efficient 

catalysts, choosing less wasteful reagents, and optimising reaction routes to decrease 

byproducts are all part of this process. Both the chemical processes' sustainability and the 

environmental load of chemical production can be alleviated by green chemistry's emphasis on 

waste prevention. 

2. Atom Economy 

Atom economy is the process of making the most efficient use of the atoms in the raw materials. 

The byproducts or waste from conventional chemical reactions can account for a considerable 

amount of the reactants. In green chemistry, the goal is to get the most out of each atom in the 

reactants by designing reactions that use them to their fullest potential. For cutting down on 

waste and the requirement for more raw materials, this notion is fundamental. Because they 

use fewer resources and produce less waste, reactions with a high atom economy are more 

sustainable and financially feasible. 

3. Less Hazardous Chemical Synthesis 

The practice of "green chemistry" promotes the use of safer reagents and end products in 

chemical processes. Minimising risks to human health and the environment is achieved by 

substituting safer substitutes for poisonous or harmful chemicals. This idea also applies to 

reaction solvents and catalysts, since many of the more common ones are dangerous to humans 

and the environment. Green chemistry seeks to lessen the total toxicity of chemical synthesis 

by developing chemical methods that utilise ingredients that are non-toxic, biodegradable, or 

less hazardous. 

4. Designing Safer Chemicals 
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An essential tenet of environmentally friendly chemistry is the development of safer chemical 

compounds. Many conventional chemicals are harmful to ecosystems, animals, and humans 

because of their intrinsic toxicity. The field of "green chemistry" promotes the development of 

substances with few harmful side effects on humans and the planet. Chemicals should be 

designed to be biodegradable, non-toxic, and have a low likelihood of persisting in the 

environment. The chemical industry may play a role in pollution prevention and lessen the load 

on environmental cleanup efforts by developing safer chemicals. 

5. Safer Solvents and Reaction Conditions 

To help dissolve reactants and speed up the reaction process, solvents are frequently utilised in 

chemical reactions. The problem is that a lot of the solvents used in conventional chemistry are 

VOCs, which are bad for both the environment and people's health. Solvents derived from 

water, ionic liquids, and supercritical fluids are some of the safer and more environmentally 

friendly options promoted by green chemists. In addition to reducing energy consumption and 

the use of dangerous chemicals, green chemistry stresses the importance of conducting 

reactions at mild circumstances, such as ambient temperature and pressure. 

6. Energy Efficiency 

Energy is typically required in large quantities for chemical reactions, particularly those that 

entail high temperatures or pressures. The field of green chemistry promotes methods that 

reduce the amount of energy needed to carry out chemical reactions. Improvements in 

equipment efficiency, the use of catalysts to decrease activation energies, and reaction 

condition optimisation can all lead to this result. Green chemistry is a way of making chemicals 

that are better for the environment, your wallet, and the planet by making chemical processes 

more energy efficient. 

7. Use of Renewable Feedstocks 

Green chemistry is based on the idea of using renewable feedstocks. The use of fossil fuels and 

other non-renewable resources in many conventional chemical processes has long been 

associated with negative environmental impacts and the depletion of these resources. Chemical 

synthesis that makes use of renewable resources, such plant-based feedstocks, is advocated for 

by green chemists. In order to lessen our impact on the environment, this principle promotes 

the creation of bio-based fuels, chemicals, and materials that may be sourced sustainably. 

8. Reduce Derivatives 

Minimising the usage of needless chemical changes in a process is central to the notion of 

reducing derivatives. The creation of derivatives typically involves additional procedures that 

increase complexity, necessitate more reagents, and result in more waste. A proponent of 

"green chemistry" argues that these superfluous changes should be reduced or eliminated in 

order to simplify chemical production. Improvements in the chemical process, less waste, and 

better utilisation of resources are all possible outcomes of reaction streamlining. 

9. Catalysis 

Green chemistry relies heavily on catalysis, which speeds up chemical reactions. By facilitating 

reactions in a more controlled environment, catalysts lessen the need for energy and the amount 

of waste that is produced. The application of catalytic processes, especially those involving 

catalysts that are less harmful to the environment, is advocated for by green chemists. This idea 
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promotes the creation of safe, reusable catalytic systems that can enhance reaction selectivity 

and reduce byproduct production. 

10. Design for Degradation 

The focus of green chemistry is on creating compounds with long half-lives that can break 

down into harmless byproducts. Pollution and environmental damage are consequences of the 

persistence of many conventional chemicals. The field of green chemistry aims to reduce the 

likelihood of environmental pollution in the long run by developing substances with safe post-

use breakdown mechanisms. In order to lessen their negative effects on the environment, this 

approach encourages the creation of biodegradable chemicals. 

11. Real-Time Analysis for Pollution Prevention 

In order to identify and stop pollution before it starts, "real-time analysis" means keeping an 

eye on chemical processes all the time. For the purpose of determining product quality and 

pollution levels, post-reaction analysis is commonly used in conventional chemical processes. 

The practice of green chemistry promotes the use of monitoring systems that can identify 

problems in real-time, enabling prompt action to be taken to prevent contamination. By taking 

this preventative measure, we may lessen our impact on the environment and save resources. 

12. Inherently Safer Chemistry for Accident Prevention 

Designing chemical processes and products to minimise the risk for mishaps like explosions, 

fires, and hazardous discharges is the notion of fundamentally safer chemistry. In order to 

reduce the likelihood of accidents occurring in laboratories and factories, "green chemists" 

promote the use of safer tools, less dangerous materials, and more reliable reaction designs. 

Safe chemical process design is at the heart of green chemistry, which aims to lessen negative 

impacts on people, planet, and livelihoods. 

 

Conclusion 

Sustainable, efficient, and ecologically responsible chemical processes are the cornerstones of 

green chemistry, a revolutionary new paradigm. Waste reduction, renewable feedstock use, 

cleaner solvents, and energy efficiency are some of the fundamental green chemistry principles 

that can help the chemical industry lessen its impact on the environment without sacrificing 

profitability. Encouraging the development of new, sustainable materials and procedures that 

can be implemented across diverse industrial sectors, these principles not only promote safer 

and cleaner chemical processes, but they also encourage innovation. The field of green 

chemistry has made great strides, but there is still a long way to go before it can be considered 

economically viable, widely adopted, and scalable. More funding for R&D, stronger regulatory 

backing, and partnerships between universities, businesses, and governments are all necessary 

to overcome these obstacles. Increasing the efficiency of green chemistry, finding new ways to 

apply it in additional industries, and creating new technologies to lower the cost and increase 

accessibility of sustainable chemistry are all important goals for the field's future. Finally, green 

chemistry provides a way forward for the chemical industry to be more sustainable, reducing 

negative impacts on the environment, conserving resources, and improving public health while 

still meeting the increasing demand for products and materials around the world. A cleaner, 

more sustainable future for future generations can be shaped by green chemistry, which will 
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play a key role in promoting a circular economy as research progresses and new solutions 

emerge. 
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