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Abstract:  

Green chemistry or sustainable chemistry has emerged as important scientific practice for combating 

climate change. It focuses on chemical processes and products that pose minimal environmental impact 

by reducing hazardous wastes, greenhouse gas emission, and pollutants. This article highlights the 

essence of green chemistry and its role in addressing climate change through cleaner production 

technologies, renewable energy alternatives, advanced carbon capture methods, and biodegradable 

materials. The application of green chemistry in developing CO₂ absorbing solvents and eco-friendly 

polymers while increasing catalyst efficiency epitomizes its potential to help reduce greenhouse gases 

emissions from the chemical industry. The application of the twelve principles of green chemistry, 

which motivates new process design incorporating atom economy alongside full resource utilization 

while minimizing carbon footprints, enriches this innovation stream further. A collective effort towards 

a more sustainable future can be achieved through the collaboration of scientists and environmentalists 

by incorporating green chemistry into policies, education systems, and industrial practices. In this 

article, I revisit the most recent case studies and advancements along with their challenges in adopting 

green chemistry while reiterating its potential to transform our world’s crises, such as climate change.  

Keywords: Green Chemistry, Climate Change Mitigation, Sustainable Innovation, Carbon Capture, 

Renewable Energy. 

I. INTRODUCTION 

One of the most important worldwide issues of the twenty-first century is climate change. Rising 

temperatures, extreme weather, melting polar ice caps, and sea level rise are all results of the Earth's 

climate system being drastically changed by rapid industrialization, rising energy demands, and 

unchecked greenhouse gas (GHG) emissions. Although a number of industries, including transportation, 

agriculture, and deforestation, contribute to climate change, the chemical industry has a particularly 

complicated dual role: it contributes to environmental pollution and plays a significant role in facilitating 

solutions to address it. This paradox highlights the need for a creative and sustainable approach to 

chemistry, one that protects the environment while simultaneously advancing scientific understanding. 

This very solution is what green chemistry is all about. One of the most important worldwide issues of 

the twenty-first century is climate change. Rising temperatures, extreme weather, melting polar ice caps, 

and sea level rise are all results of the Earth's climate system being drastically changed by rapid 
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industrialization, rising energy demands, and unchecked greenhouse gas (GHG) emissions. Although a 

number of industries, including transportation, agriculture, and deforestation, contribute to climate 

change, the chemical industry has a particularly complicated dual role: it contributes to environmental 

pollution and plays a significant role in facilitating solutions to address it. This paradox highlights the 

need for a creative and sustainable approach to chemistry, one that protects the environment while 

simultaneously advancing scientific understanding. This very solution is what green chemistry is all 

about.  

Green chemistry has a significant and diverse role in mitigating climate change. The creation of 

cleaner industrial processes that use less energy and emit fewer emissions is among the most important 

contributions. For example, high-temperature reactions that use a lot of fossil fuels are frequently used in 

traditional chemical manufacturing. By encouraging catalytic processes that run at lower pressures and 

temperatures, green chemistry increases energy efficiency and lowers greenhouse gas emissions. 

Furthermore, the use of petroleum-based plastics, which not only increase emissions but also produce 

persistent environmental waste, is reduced thanks to developments in bio-based and biodegradable 

materials. 

Carbon capture and utilization (CCU) is another important area where green chemistry helps 

achieve climate goals. The goal of CCU technologies is to capture carbon dioxide (CO₂) from the 

atmosphere or from industrial emissions and transform it into products that can be used as chemicals, 

fuels, or building materials. Green chemistry makes it possible to create effective catalysts and solvents 

that can carry out these transformations in mild environments, which makes them both environmentally 

and economically feasible. These developments offer a circular approach to carbon management in 

addition to keeping CO₂ out of the atmosphere. 

II. RESEARCH QUESTION 

1. How can green chemistry principles help reduce greenhouse gas emissions in industries? 

2. What are the key green chemistry innovations aiding climate change mitigation? 

3. How effective are green chemistry technologies like carbon capture and bio-based materials in 

lowering the global carbon footprint? 

III. LITERATURE REVIEW 

The principles and applications of green chemistry are gaining scholarly attention as a potent response to 

climate change and environmental degradation. Twelve guiding principles that aimed to reduce or 

eliminate hazardous substances in the design, manufacture, and use of chemical products served as the 

foundation for the concept, which was formally introduced by Paul Anastas and John Warner in the 

1990s. These ideas serve as the cornerstone of contemporary sustainable chemistry and have impacted 

industrial reform and environmental regulations worldwide (Anastas & Warner, 1998).  The beneficial 

effects of green chemistry on mitigating climate change have been shown in numerous studies. By 

encouraging energy-efficient synthesis routes, employing renewable feedstocks, and improving catalytic 

efficiency, green chemistry can dramatically lower greenhouse gas (GHG) emissions, according to a 

2019 American Chemical Society (ACS) report. One such invention that reduces hazardous emissions 
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during chemical reactions is the creation of substitute solvents, such as ionic liquids and supercritical 

CO₂ (Jessop, 2011). 

Green chemistry has a well-established role in carbon capture and storage (CCS). To more effectively 

trap CO₂, new materials like metal-organic frameworks (MOFs) and functionalized amines are being 

developed (Sumida et al., 2012). Even at low concentrations, these materials can selectively capture 

CO₂, providing scalable industrial  

Green chemistry is helping to create cleaner and more sustainable alternatives in the field of 

renewable energy. Studies on biofuels made from lignocellulosic biomass and algae show promise as 

low-emission substitutes for fossil fuels (Demirbas, 2007). By increasing the efficiency of converting 

raw biomass into energy, green catalysts and enzyme-based systems have decreased dependency on non-

renewable resources. Research also highlights the advancement of biobased and biodegradable 

materials. Plastics made from polylactic acid (PLA), starch blends, and polyhydroxyalkanoates (PHAs) 

are providing good alternatives to traditional plastics while lowering carbon emissions and 

environmental pollution (Niaounakis, 2013). These materials are useful in the packaging and biomedical 

industries because they decompose naturally and have a significantly lower carbon footprint. 

With these developments, the literature points out implementation obstacles like exorbitant 

upfront costs, ignorance, and opposition from established industries. According to a 2009 study by Clark 

et al., incorporating green chemistry into conventional manufacturing calls for academic involvement, 

industry cooperation, and policy support. To develop a new generation of chemists who care about the 

environment, they advise implementing green chemistry education at all levels. 

IV. REDUCING GREENHOUSE GAS EMISSIONS IN INDUSTRY 

One of the most significant contributions of green chemistry lies in its ability to transform 

traditional industrial processes into more environmentally friendly alternatives. Conventional chemical 

production frequently uses a lot of energy and releases dangerous greenhouse gases like nitrous oxide, 

carbon dioxide, and methane. Lower emission rates are directly impacted by green chemistry's 

promotion of atom economy, energy efficiency, and the use of non-toxic reagents. Catalysis, for 

instance, is essential to green chemistry. By enabling chemical reactions to occur at lower pressures and 

temperatures, catalysts lower energy requirements and the corresponding CO2 emissions. Heterogeneous 

and biocatalysts have greatly increased process efficiency and reduced environmental impact in the 

refinement of petroleum and the manufacturing of fine chemicals. 

V. CARBON CAPTURE AND UTILIZATION 

Chemistry plays a central role in the development of carbon capture, utilization, and storage 

(CCUS) technologies. Green chemistry focuses on making these technologies more efficient, cost-

effective, and scalable. One promising innovation is the design of metal-organic frameworks (MOFs) 

and functionalized amine solutions, which have high selectivity and capacity for absorbing CO₂. 
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This research  capturing carbon, green chemistry also emphasizes utilization—turning waste 

carbon into useful products such as fuels, building materials, or synthetic chemicals. Through 

electrochemical and photochemical processes, CO₂ can be converted into methanol, urea, and even 

biodegradable plastics. These approaches not only prevent emissions but also support a circular carbon 

economy, where waste is continuously reused rather than released. 

VI. BIO-BASED AND RENEWABLE MATERIALS 

The creation of bio-based materials that can take the place of traditional petroleum-based 

products is another major goal of green chemistry. Long-term pollution and carbon emissions have been 

exacerbated by the extensive use of plastics made from fossil fuels. Green chemistry has responded by 

creating biodegradable and lower life-cycle emissions alternatives like polylactic acid (PLA), 

polyhydroxyalkanoates (PHAs), and starch-based polymers. Furthermore, the advancement of biofuel 

production depends on green chemistry. Sustainable alternatives to fossil fuels include bioethanol, 

biodiesel, and advanced fuels made from algae or agricultural waste. These fuels can be made from 

renewable biomass and burn cleaner, which lowers net greenhouse gas emissions. Green catalysts enable 

enzymatic hydrolysis and fermentation, which improves the efficiency and environmental friendliness of 

biofuel production. 

VII. CLEANER ENERGY AND STORAGE 

The global transition toward renewable energy is another area where green chemistry has made 

substantial contributions. In solar energy, organic photovoltaic materials (OPVs) and perovskite solar 

cells—designed with environmentally safe compounds—are gaining traction due to their low 

manufacturing costs and reduced environmental footprint. Unlike traditional silicon-based cells, these 

materials use abundant and non-toxic elements, aligning with green chemistry principles. Similarly, the 

development of green batteries and energy storage systems is critical for supporting solar and wind 

power integration. Research into environmentally friendly lithium-ion batteries, solid-state batteries, and 

redox flow batteries uses safer electrolytes and recyclable materials. These innovations contribute to the 

broader goal of reducing carbon intensity across energy systems. 

VIII. CHALLENGES AND FUTURE DIRECTIONS 

Despite the obvious advantages of green chemistry, there are still obstacles related to cost, 

scalability, and technological preparedness. Many green alternatives, like advanced catalysts or bio-

based polymers, are expensive up front and might not be practical for small and medium-sized 

businesses. Implementation may also be hampered by the absence of standardized metrics for evaluating 

a process's “greenness.” However, ongoing studies and technical developments are progressively 

resolving these issues. It is anticipated that the development of AI and machine learning in chemical 

research will hasten the search for environmentally friendly substitutes. Furthermore, industries are 

being encouraged to invest in sustainable innovations by global collaboration on environmental goals. 
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IX.CONCLUSION 

Innovative and sustainable solutions that span industries, sciences, and policies are required to 

address the pressing issue of climate change. One such remedy is provided by green chemistry, a method 

based on science that rethinks chemical reactions to lessen environmental damage while increasing 

safety and efficiency. Green chemistry offers a road map for reducing waste, greenhouse gas emissions, 

and encouraging the use of safer chemicals and renewable feedstocks by following its twelve guiding 

principles. 

This article has examined green chemistry's role in mitigating climate change from a number of 

perspectives. It facilitates cutting-edge technologies like carbon capture and utilization, provides cleaner 

alternatives in the form of bio-based and biodegradable materials, and aids in the reduction of carbon 

emissions through energy-efficient processes. Additionally, it contributes significantly to the 

development of environmentally safe solar and battery technologies as well as biofuels and other 

sustainable energy solutions.  

With the obstacles—such as exorbitant expenses, ignorance, and technological constraints—the 

global push for sustainable development has sped up the uptake of green chemistry. Governments, 

educational institutions, and businesses are realizing more and more how it can be used to balance 

environmental preservation with economic growth. To sum up, green chemistry is an essential part of 

the global response to climate change and not just a tool for scientific innovation. Building a low-carbon, 

resilient, and sustainable future requires its incorporation into industrial processes, educational 

frameworks, and policy decisions. Investing in and broadening the application of green chemistry will be 

essential as we address the growing climate crisis in order to protect our planet for coming generations. 
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