
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 12 Issue 11, November 2023 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

The Role of Environmental Chemistry in 

Sustainable Development 
 

Sunder
1
, Dr. Sunil Sheoran

2
 

 
1Department of Environmental Science & Engineering, Guru Jambheshwar University of Science &Technology, Hisar, Haryana, India 

Email: evs.sunder[at]gmail.com 

 
2Haryana State Pollution Control Board  

 

 

Abstract: The environment that we live in may be better understood, monitored, protected, and improved upon with the aid of 

chemistry. Chemists are now working on creating new instruments and methods to ensure that pollution in the air and water can be 

detected and measured. The term "environmental chemistry" refers to chemistry that is focused on the environment. However, 

environmental chemistry is more of a philosophy and a way of thinking than it is a branch of chemistry. This philosophy and way of 

thinking may assist chemists in research and production in the development of more environmentally friendly and efficient products and 

processes. The field of study known as environmental chemistry has been around for quite some time. It is an innovative strategy that 

will contribute to the growth of real estate via the implementation and extension of the fundamentals of inexperienced chemistry. The 

requirement of lessening the effect that chemicals have on the many components of the environment is closely connected to the adoption 

of the Sustainable Development Goals at the United Nations Summit in 2015. 
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1. Introduction 
 

Chemistry helps us understand, monitor, protect, and 

enhance the environment. Chemists are developing methods 

to see and measure air and water contamination. 

―Environmental chemistry‖ is chemistry for the environment 

and a philosophy and style of thinking that can assist 

researchers and producers create more eco-friendly and 

efficient goods and processes. ―Environmental Chemistry‖ is 

a field of research that stems from scientific findings 

regarding pollution and public perception, just like 

identifying and comprehending a dangerous disease spurs a 

treatment. The concept implies that environmentally harmful 

chemical processes can be substituted with less damaging 

ones. Environmental Chemistry uses concepts to decrease or 

eliminate harmful compounds in chemical product design, 

production, and application. Environmental chemistry 

designs and redesigns chemical syntheses and products to 

reduce pollution and address issues. Chemistry has generated 

numerous environmental problems, but the chemical industry 

is using the Twelve Principles of Environmental Chemistry 

to alleviate some of them: Prevention is preferable than 

treatment or cleanup (after trash has generated). Atom 

Economy—synthetic processes should maximize material 

assimilation into the end product. When possible, synthetic 

processes should employ and manufacture compounds that 

are non-toxic to humans and the environment. Designing 

Safer Chemicals—chemicals should perform their intended 

purpose while minimizing harm. Safer Solvents and 

Auxiliaries—solvents, separation agents, etc.—should be 

avoided if practicable and harmless.  

 

Design for Energy Efficiency—chemical process energy 

needs should be minimized for environmental and economic 

reasons. Synthetic procedures should be done at ambient 

temperature and pressure. When technically and 

economically feasible, feedstock should be renewable. Avoid 

unneeded derivatization (application of blocking groups, 

protection/deprotection, and temporary alteration of 

physical/chemical processes) since it requires additional 

reagents and wastes. Stoichiometric reagents are inferior than 

catalytic ones. Design for Degradation—chemical goods 

should break down into harmless degradation products and 

not stay in the environment. Real-time analysis for pollution 

prevention requires improved analytical methods for in-

process monitoring and control before hazardous compounds 

arise. Inherently Safer Chemistry for Accident Prevention - 

chemical process chemicals and forms should be chosen to 

minimize chemical discharges, explosions, and fires.  

 

Due to environmental rules and increased knowledge of the 

negative implications of processes and technology, the 

chemical sector is facing more wastewater discharge 

limitations and fines. Depending on the magnitude of the 

chemical industrial production facility and pollution loads, 

there are choices. This research examines how 

biomass/phytomass may be processed to provide energy 

(biodiesel, ethanol, landfill gas or biogas, Btu gas) and 

chemical and biological substances or precursors. 

 

Resource appraisal and biomass/phytomass sources  

Sustainable energy may come from any biomass. The most 

significant include organic home, industrial, and public 

wastes, agricultural leftovers, garden and roadside chippings, 

clean wood and forest residues, energy crops (poplar, 

willow, oilseed crops, latex-bearing plants). Worldwide, 55% 

of wood is used for fuel, 30% for paper, and 15% for solid 

wood goods. Wood is greener than fossil fuels for energy, 

agricultural fibers for paper, steel, and plastics for materials. 

It is possible to increase world wood growth by using 

biotechnology and modern silvicultural practices like culture 

of hardwood species and annuals, rotating crops, double 

crops, harvesting/planting ratio control, integral tree or plant 

utilization, forestry resource utilization, selection of vegetal 

species for high biomass production, annual plantations with 

high solar energy conversion yield, etc. It was calculated that 

photosynthesis produces 150x109 t/year. In Europe, 24x106 

t/year of wheat straw might be considered. 
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Energy from biomass/phytomass: - 

It is commonly known that current energy consumption 

patterns and structural changes in the global economy will 

double energy usage in 30 years. Given that 90% of energy 

consumption will come from fossil fuels by 2030, using 

biomass/phytomass for energy might reduce carbon dioxide 

emissions, a major cause of global warming. Biomass for 

energy has the following advantages: - it is mostly an 

indigenous source, reducing dependency on energy imports 

and increasing supply security; - like other renewables, it has 

a huge potential for job creation, mostly in agriculture and 

forestry and small and medium-sized enterprises; - European 

renewable energy carrier technologies offer promising 

business opportunities, because world-wide Industrial 

nations must pursue sustainability out of morality for future 

generations. Chronic sustainability cannot rely on finite 

resources, and phytomass as a renewable raw material fits 

this definition.  

 

Direct combustion uses biomass feedstocks such wood, 

agricultural, municipal solid, and domestic fuels for heat, 

steam, or power.   

 

Gasification -- a thermochemical conversion process that 

uses wood, agricultural, municipal, or solid waste to generate 

low or medium Btu gas.  

 

Pyrolysis uses wood, agricultural, municipal, and waste 

solids as biomass feedstock for biocrude and charcoal.  

 

Anaerobic digestion converts animal dung, agricultural 

waste, landfills, and wastewater into biogas.  

 

Biochemical conversion of sugar or starch, crops, wood 

waste, pulp sludge, and grass straw into ethanol.  

 

Rapeseed, soybean waste, vegetable oil, and animal fats are 

chemically converted into biodiesel.  

 

Methanol production is a thermochemical conversion process 

that uses wood, agricultural, municipal, and solid waste as 

feedstock. 

 

Objective of theStudy:  

 Investigating the function of environmental chemistry in 

sustainable development. 

 Studying environmental chemistry and technologies for 

sustainable development. 

 

Phytomass for the sake of comprehensive and intricate 

processing  

It is well known that the activities of biosynthesis are 

responsible for inducing accumulation – in nature – of 

certain considerable amounts of chemical compounds. Many 

of these chemicals are necessary for the typical development 

of human civilization. On the other hand, the growth of a 

sustainable industry that is based on synthesis processes 

ensures the production of a wide variety of micro- and 

macromolecular chemicals that may be put to a variety of 

different uses. 

 

Concerns have mostly been focused on the environmental 

compatibility of natural compounds, despite the abundant 

natural compound resources that already exist. This is 

because the environmental compatibility of natural 

compounds has been the focus of recent research. All of 

these factors have led to the establishment of brand-new 

research avenues, including: - direct utilization of the 

individual chemical compounds isolated from biosystems; - 

chemical processing of biomass and its components by 

destruction, thus assuring raw materials, for synthesis of 

polymers and chemical or energy resources; - chemical or 

biochemical transformation of both components and integral 

biomass (functionalization or functionality), for specific 

uses; - elucidation of structures and functions of the natural 

compounds in biosystems with the goal of utilization; - direct 

utilization of the individual chemical compounds isolated 

from biosystems; - direct utilization 

 

Chemistry of the environment and environmentally 

responsible development: - 

The requirement of lessening the effect that chemicals have 

on the many components of the environment is closely 

connected to the adoption of the Sustainable Development 

Goals at the United Nations Summit in 2015. In particular, 

Goal 6 ("Ensure access to water and sanitation for all") 

includes targets such as "improve water quality by reducing 

contamination, eliminating dumping and minimizing release 

of hazardous chemicals and materials, halving the proportion 

of untreated wastewater and substantially increasing 

recycling and safe reuse globally" and "protect and restore 

water-related ecosystems, including mountains, forests, 

wetlands, rivers, aquifers, and lakes." Goal 6 is intended to 

be achieved by 2030. The requirement of lessening "the 

adverse per capita environmental impact of cities" is outlined 

in Objective 11 ("Sustainable cities and communities") of the 

Sustainable Development Goals. This may be accomplished 

by paying particular attention to air quality as well as 

municipal and other waste management. It is necessary to 

ensure "the conservation, restoration, and sustainable use of 

terrestrial and inland freshwater ecosystems and their 

services, in particular, forests, wetlands, mountains, and 

drylands, in accordance with the obligations under 

international agreements" in order to achieve Goal 15, which 

is titled "Life on land." The effects of some pollutants, 

namely nitrogen compounds, have already exceeded the 

evidence-based planetary limitations, which may have 

catastrophic repercussions for civilization. Even if it is 

impossible to prohibit the presence of all human-made 

chemicals in the environment, it is vital to restrict the 

discharge of the most harmful chemicals in order to reduce 

the influence that these chemicals have on the biosphere. The 

estimate of the impact is a matter of the utmost importance 

and has to be dealt with right away.  

 

Chemistry and technology of the environment for the 

sake of sustainable development: - 

In the past, environmental concerns were viewed as an 

integral element of the economic system and the quick 

exploitation of natural resources. It took many years to take 

into consideration the established methods that materials 

were utilized (feedstocks), the initial design of chemical 

processes, the hazardous qualities of goods, the energy 

consumption, and other factors involved in the creation of 
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products (life cycle, recycling, etc.). In the end, however, it 

was worth it.For a good number of years, environmental 

chemistry was considered to be a very vague concept that 

lacked both fundamental principles and definitions of 

practical applications. The modern definition of the field of 

chemistry known as environmental chemistry is "the 

invention, design, and application of chemical products and 

processes to reduce or eliminate the use and generation of 

hazardous substances for workers and consumers." This 

definition was developed in recent years. The ideas of 

creativity and design are where the discipline of 

environmental chemistry gets its start as a discipline. The 

term "use and generation of hazardous substances" is an 

additional component that is included in the definition of 

Environmental Chemistry. Environmental chemistry not only 

seeks to produce safer goods, to have fewer negative effects 

on the environment, to conserve energy and water, but it is 

also concerned with a wider range of topics that, ultimately, 

can contribute to the advancement of sustainable 

development. In recent years, environmental chemistry has 

established a firm footing in the areas of research and 

development in both industry and academia, particularly in 

the developed industrial nations. This is especially true in the 

countries where the chemical industry has evolved the most. 

The United States environmental law known as "The 

Pollution Prevention Act of 1990" stipulated that the primary 

method for reducing pollution is to devise industrial 

procedures that do not result in the generation of trash. 

Because of this, the strategy for environmental chemistry 

was modified. 

 

Fundamentals of Environmental Chemistry: - 

1) Prevention: Preventing trash is preferable to treating or 

cleaning it up after it has been generated. 

2) Atom Economy: Design synthetic processes that 

include all ingredients into the end product, reducing 

waste at the molecular level.  

3) Less Hazardous chemical synthesis: Design ways to 

manufacture substances with minimal harm to human 

health and the environment.  

4) Chemical goods should be created to achieve their 

intended purpose while minimizing toxicity and 

environmental impact during the design process.  

5) Select safe solvents and auxiliary materials for each 

phase and avoid wherever feasible.  

6) Design for energy efficiency and select the least 

energy-intensive chemical method. Temperature and 

pressure are ideal.  

7) Use renewable feed stocks; opt for plant-based 

chemicals over depleting ones.  

8) Reduce derivatives; Minimize transitory derivations 

such blocking and protective groups.  

9) Catalysis: Use selected catalytic reagents instead of 

stoichiometric ones in processes.  

10) Design chemicals for degradation which break down 

into harmless compounds and do not linger in the 

environment after their function.  

11) Prevent real-time pollution by monitoring chemical 

reactions and controlling them before harmful 

substances occur.  

12) Safer chemistry for accident prevention: Develop safer 

chemical techniques and ingredients to reduce the risk 

of accidents, explosions, and fires. These sectors are 

engaged in daily life where environmental chemistry 

has been applied to some extent. 

 

Environmental Chemistry in Daily Life: - 

Clothes Dry Cleaning Environmentally: - 

Dry cleaning clothing mostly employs perchloroethylene 

(perc). Perc (CCl2) is carcinogenic and pollutes groundwater 

when disposed of. Joseph De Simons, Timothy Remark, and 

James McclaincreatedmiCell technology to dry garments 

with liquid carbon dioxide as a safer solvent and surfactant. 

Some dry cleaners employ this procedure commercially. This 

method replaces carcinogen PERC with environmental 

solvent in dry washing machines. 

 

Ecological Bleaching Agents:  

The lignin from wood required to make excellent white 

paper is removed by immersing tiny pieces of wood in a bath 

of sodium hydroxide and sodium sulphide and reacting it 

with chlorine. During the process, chlorine interacts with 

lignin aromatic rings to generate chlorinated dioxins and 

furans. These carcinogens create health issues. Terrence 

Collins of Carnegie Mellon University created an 

environmental bleaching agent that uses H2O2 and activators 

like TAML to quickly convert it into hydroxyl radicals. This 

bleaching chemical degrades lignin faster and at lower 

temperatures. It reduces water usage in laundry. 

 

How to Clear Turbid Water  

Agriculture waste tamarind seed kernel powder cleans 

municipal and industrial wastewater. Al-salt is used to treat 

such water. Alum increases harmful ions in treated water and 

causes Alzheimer's. However, kernel powder is non-toxic, 

perishable, and cheap. The study employed four flocculants: 

tamarind seed kernel powder, powder-starch combination, 

starch, and alum. containing measured clay and water, 

flocculants containing slurries were made. The conclusion 

indicated that powder and suspended particle aggregation 

was porous and allowed water to exude and compress easily, 

forming a bigger volume of clear water. On the other hand, 

starch flocks were light and porous, making water difficult to 

taste.  

 

The Wind Generator  

Wind generators for homes vary in price. Some have created 

wind turbines using hardware store materials. Others have 

bought kits or hired professionals to complement their local 

grid electricity. Home wind generator power output varies as 

much as original cost. Many kit-based generators barely 

cover 10-15% of residential energy bills.  

 

Rainwater Collection System  

Rain collector systems are simple mechanical devices that 

link to a gutter system or other rooftop water collecting 

network to store rainwater in a barrel or cistern for 

nonportable purposes like watering plants, flushing toilets 

and irrigation. These systems are quite cheap.  

 

House Insulation  

The EPA estimates that inadequate insulation wastes 10% of 

residential energy. The return on investment from sealing our 

home to reduce energy loss is high.  

 

Computer Chips  
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Computer chips require plenty of chemicals, water, and 

electricity. Los Alamos National Laboratory scientists 

employ supercritical carbon dioxide in chip processing, 

reducing the quantity of chemicals, energy, and water 

needed. Former Affordable Composites from Renewable 

Sources (ACRES) director Richard Wool developed a 

chicken feather computer chip manufacturing technology at 

the University of Delaware. The feathers' keratin protein was 

worn to generate a light, mechanically and thermally 

resistant fiber. 

 

The pharmaceutical business is developing drugs with fewer 

adverse effects with less lethal waste. Pharma and Codexis 

created a second-generation Environmental synthesis of 

sitagliptin, an active component in Januvia, a type 2 diabetic 

therapy. This created an enzymatic method that decreases 

waste, yields, and safety without a metal catalyst. 

Simvastatin, commercialized as Zocor, is widely used to treat 

high cholesterol. The conventional technique of making this 

drug required several processes, dangerous chemicals, and 

toxic byproducts. It was synthesized by University of 

California Professor Yi Tang using a designed enzyme and a 

cheap feedstock. Codexis, a biocatalyst firm, optimized the 

enzyme and chemical process to decrease risk and waste, 

make money, and fulfil consumer needs. 

 

Chemical oxidizer and touch action  

Many oxidization reagents and catalysts contain nephrotoxic 

metals. Since these chemicals were used in large quantities, 

needed to convert several pounds of petrochemicals, many 

metals were released into the environment, harming humans, 

and the environment. It can be altered using innocuous 

drugs. 

 

Biometric multifunctional reagents  

The first part of artificial contact action and reagents focused 

on one transformation. Activation, conformational 

alterations, and transformations and derivatizations may be 

performed.  

 

Combinatorial novice chemistry  

The chemistry of chop-chop creation of huge chemical 

compounds on a small size exploitation reaction matrix. The 

lead instance has several variants. This chemical has allowed 

large gear production and property assessment without 

affecting trash disposal.  

 

Energy emphasis  

The environmental effect of energy consumption is 

significant, but it hasn't been as evident or direct as some of 

the problems caused by chemical manufacturing, use, and 

disposal. Chemical science benefits greatly from contact 

action. Designing materials that are efficient, inexpensive, 

and cheap to capture, store, and transport is necessary. 5. 

Environmental Chemistry Fields with New Technology 

Environmental Chemistry and Environmental Engineering 

have evolved in many research and technology domains in 

the recent decade, delivering cutting-edge research and 

practical applications for a wide range of chemical products 

and technological advancements. The most significant 

research and technology sectors of environmental chemistry 

and engineering are solutions. Reduce global warming and 

use CO2 as a raw material for chemical synthesis, 

microwave, electrochemical, and ultrasound synthetic 

methods, solvent-free reactions (or water as a solvent), 

phytoremediation, waste management and wastewater, eco-

friendly dyes and pigments, innovative food products, 

catalysis and biocatalysts, biopolymer technology, renewable 

materials, renewable energy sources, etc. Although GC and 

GE goods have various innovative domains, 

1) Practical synthetic reactions using biocatalysts and 

biotrans formations.  

2) Directed evolution. New organic synthesis enzymes  

3) Synthetic and environmental chemistry in the 

pharmaceutical sector  

4) Catalytic water splitting for hydrogen generation 5. 

Renewable and environmentally friendly energy sources  

5) Environmentally friendly chemicals and agricultural 

technologies  

6) Environmental chemistry. Multicomponent reactions  

7) Continuous processes and environmental flow chemistry 

in the chemical industry 

 

In addition to the aforementioned technical developments, 

there are a great many more, including advancements in the 

domains of environmental chemistry and environmental 

engineering, that have occurred in recent years. Some of 

these ground-breaking innovations have already been put 

into practice, where they have enhanced sustainability, 

decreased environmental pollution, and produced chemical 

products that are less dangerous. "Directed Evolution," 

Environmental Chemistry, and Biocatalysis are some of the 

topics that will be discussed. Frances Arnold, a biochemical 

engineer from CALTECH, was awarded the Millennium 

Technology Prize in 2016 in honor of her discoveries and 

research in the field of "directed evolution." This discipline 

attempts to imitate the process of natural evolution in order 

to produce new and improved proteins (enzymes for 

biocatalysts) in the laboratory. This technology has provided 

solutions to a significant number of major problems that 

arise in the synthetic industrial sector. These solutions 

frequently take the place of synthetic techniques that are less 

efficient and sometimes dangerous technologies. In several 

subfields of the chemical industry, the availability of 

sustainable development and environmentally friendly 

technology (biocatalysts) is made possible by the process of 

directed evolution. 

 

2. Conclusion 
 

The field of study known as environmental chemistry has 

been around for quite some time. It is an innovative strategy 

that will contribute to the growth of real estate via the 

implementation and extension of the fundamentals of 

inexperienced chemistry. At the same time, it is obvious that 

persistent improvements will be required in the management 

of biomass and phytomass, process and product technology, 

product standards and performance, and even public 

education if these materials are going to play a crucial or 

even a considerable part in society over the course of the 

next several centuries. In the framework of sustainable 

development, activities such as research, technology transfer, 

and education in the field of green chemistry will play a 

significant role in deciding the trajectory of the use of raw 

materials in the future. 
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