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Abstract

Principles of green chemistry are becoming understood to be crucial for the chemical industry's
sustainable growth. However, implementing green chemistry is challenging due to a number
of factors, such as lack of knowledge, expense, technical problems, regulatory barriers, and a
lack of government backing. To encourage the use of green chemistry concepts in business and
academia, we want to identify these obstacles and provide solutions in this research. We also
look at the creation of novel green chemicals and processes, as well as the environmental and
financial effects of using green chemistry concepts. Our research shows that encouraging the
use of green chemistry requires recognizing and overcoming its obstacles, and that putting its
ideas into practice may benefit the environment and the economy
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1. INTRODUCTION

Green chemistry is a cutting-edge method
of creating chemical goods and processes
that reduce the usage and production of
harmful compounds. Utilizing renewable
resources, increasing energy efficiency, and
lowering waste are some of its key
objectives in order to avoid pollution at its
source and promote sustainability. With
environmental issues including climate
change, resource depletion, and hazardous
pollution, green chemistry concepts are
becoming more and more crucial
(Abdussalam-Mohammed, et. al. 2020).
The chemical industry faces formidable
obstacles as a result of the adoption of green
chemistry ideas since doing so necessitates
a considerable change in the way chemicals
are manufactured and used. This involves
adjustments to the kinds of chemicals used,
how they are produced, and how waste is
disposed of. The sector must also get over
challenges including expense, legal
obstacles, and a lack of knowledge and
experience. The goals of green chemistry
are to improve sustainability and human
health while reducing the negative effects
of chemical products and processes on the
environment. It is predicated on the notion
that chemistry may be used to produce
goods and procedures that are more
effective, less hazardous, and less
damaging to the environment (Anastas, &
Zimmerman, 2019).

Designing chemical products and processes
that minimize or completely do away with
the usage and production of hazardous
compounds is one of the fundamental tenets
of green chemistry. Utilizing renewable
resources, increasing energy efficiency, and
lowering waste are some examples of this
(Andraos, & Matlack, 2022). Green
chemistry may help avoid pollution at its
source and lessen the environmental effect
of chemical processes and products by
adhering to these principles. The use of
non-toxic, renewable, and biodegradable
feedstocks is another point stressed by
green  chemistry  (Ardila-Fierro, &
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Hernandez, 2021). Instead than depending
on non-renewable sources like fossil fuels,
this might include exploiting biomass, such
as plant materials, as a renewable supply of
chemicals. Green chemistry may assist to
lessen the negative effects that chemical
manufacturing has on the environment and
encourage sustainability by employing
renewable feedstocks. Designing chemical
products and processes that are effective
and have a high atom economy is another
crucial component of green chemistry. The
effectiveness of utilizing all reactants and
producing little or no waste is referred to as
the "atom economy" of a chemical process
(Chen, et. al. 2020). Green chemistry may
decrease  waste and  lessen  the
environmental  effect of  chemical
manufacturing by optimizing the usage of
all reactants.

Green chemistry also underlines how
crucial it is to take into account a chemical
product's complete life cycle, from the
extraction of its basic materials to its
eventual disposal. This might include
identifying areas for improvement to lessen
the environmental effect of chemical goods
and processes using life-cycle assessment
techniques (de Marco, et. al. 2019). Green
chemistry may, nevertheless, have a major
influence on environmentally sustainable
development. Green chemistry can stop
environmental deterioration and advance
human health by minimizing the use and
production of harmful compounds. Using
renewable feedstocks and increasing
process efficiency may also aid in resource
conservation. Green chemistry may also
expand company  options, boost
competition, and promote economic
development (Dessi, et. al. 2021). These
multiple names represent the various facets
of green chemistry, such as its emphasis on
sustainability, the reduction of pollution,
and the use of renewable resources. The
overall goal of green chemistry is to lessen
the negative effects that chemical processes
and products have on the environment
while advancing sustainability and human
health. Green chemistry may also boost
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competitiveness, open up new commercial
prospects, and promote  economic
expansion (Gao, et. al. 2020). Green
chemistry may assist businesses in
achieving sustainability ~ objectives,
adhering to laws, and enhancing their
image and market share by minimizing the
environmental effect of chemical products
and processes.

Overall, green chemistry presents complex
and diversified difficulties and impacts for
sustainable environmental development
(Hsu, et. al. 2019). However, implementing
green chemistry principles has considerable
and far-reaching potential advantages,
making it a crucial part of sustainable
development initiatives.

1.1.Principles of Green Chemistry

Green chemistry is based on 12 guiding
principles that provide a framework for
developing chemical goods and procedures
that are ecologically responsible and
sustainable employing renewable
resources, optimizing atom efficiency,
developing safer chemicals and products,
and employing safer solvents and reaction
conditions are some of these concepts
(Isidro-Llobet, et. al. 2019). Each guideline
is crucial for minimizing the negative
effects of chemical manufacturing on the
environment and fostering sustainability.

The following 12 green chemistry
principles are:-

1. Prevention
2. Atom Economy

3. Less Hazardous Chemical
Syntheses

4. Designing Safer Chemicals

5. Safer Solvents and Auxiliaries

6. Design for Energy Efficiency

7. Use of Renewable Feedstocks

8. Reduce Derivatives

9. Catalysis

10. Design for Degradation

11. Real-time Analysis for Pollution
Prevention

12. Inherently Safer Chemistry for

Accident Prevention
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There are many ways to describe "green
chemistry," including:

a) Green chemistry: It also known as
sustainable chemistry, aims to
develop chemical processes and
products that are ecologically
responsible and long-lasting.

b) Benign by Design: This concept
holds that chemicals should be
produced and disposed of with the
least possible adverse effects on the
environment and human health.

c) Pollution Prevention: According
to green chemistry principles,
cleaning up pollution after it has
been formed is less important than
avoiding it at the source.

d) Atom Economy: This idea relates
to a chemical reaction's efficiency,
where the objective is to utilize all
of the reactants as efficiently as
possible while producing little to no
waste.

e) Renewable Feedstocks: To lessen
its negative effects on the
environment and to advance
sustainability, green  chemistry
strives to employ renewable
feedstocks like biomass rather than
non-renewable sources like fossil
fuels.

f) Life-Cycle Assessment: through
reduce a chemical product's
environmental effect, green
chemistry concepts also take into
consideration the whole life cycle of
a chemical product, from the
extraction of raw materials through
its disposal.

g) Green Solvents: In order to
minimize the environmental effect
of chemical processes, green
chemistry aims to utilize non-toxic,
non-flammable, and biodegradable
solvents, or even to completely
forgo the use of solvents.

h) Design for Degradation: This idea
highlights the value of creating
chemicals that degrade quickly into
harmless byproducts rather than
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remaining for extended periods of
time and perhaps harming the
environment.

Green chemistry may assist to lessen the
environmental effect of chemical products
and processes while promoting
sustainability and human health, making it
a key part of sustainable development plans
(Kurowska-Susdorf, et. al. 2019). Although
implementing the concepts of green
chemistry presents certain difficulties, the
potential rewards are substantial and far-
reaching, making it an essential field for
study and development in the chemical
industry.

1.2.Challenges of Green Chemistry

The use of green chemistry concepts might
present technical, financial, and legal
difficulties. Finding safer and more
effective alternatives to current chemical
processes and creating compounds that are
more readily biodegradable are some of the
technological obstacles (Lancaster, 2020).
Cost issues might result from the need for
new tools, procedures, and training, while
regulatory issues could require figuring out
how to comply with  stringent
environmental rules and safety standards.

e Implementing the concepts of green

chemistry  presents  technical
obstacles.

e Regulation difficulties for green
chemistry

e Cost issues related to green
chemistry.

1.3.Impact of Green Chemistry on
Sustainable Environmental
Development

By lowering hazardous waste and pollution,
enhancing energy efficiency, preserving
natural  resources, and encouraging
economic growth and job creation, green
chemistry may have a substantial influence
on sustainable environmental development
(Liu, 2021). By lowering exposure to
harmful chemicals and supporting safer and
more sustainable goods and processes, it
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may also enhance human health and
wellbeing.

e Reduction of pollutants and
hazardous waste

e Greater energy effectiveness and a
smaller carbon impact

e Protection of the environment

e Support for economic expansion
and employment creation

e Betterment of human health and
welfare

1.4.Applications of Green Chemistry

Pharmaceuticals, materials research, and
agriculture are just a few of the sectors that
might benefit from using green chemistry
concepts. The next generation of chemists
and researchers in academia are being
prepared using green chemistry (Magina,
et. al. 2021). Government uses green
chemistry to create laws and policies that
support  environmentally  sustainable
growth.

e Green chemistry in the workplace
(e.g., in medicine and materials
research)

e Green chemistry in the classroom

e Green chemistry in the public sector

1.5.Future of Green Chemistry

Green chemistry has a bright future ahead
of it, with possible advancements in fields
like biodegradable polymers, renewable
energy, and sustainable agriculture. Green
chemistry will need ongoing study and
development if sustainability and human
welfare are to be advanced (Mariotti, et. al.
2020). As businesses strive to satisfy
sustainability objectives, abide by laws, and
boost their reputation and market share,
they are also likely to embrace green
chemistry concepts at a higher rate.

e Possibility of future developments
in green chemistry

e The significance of ongoing green
chemistry research and
development
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e Possibility of increasing green
chemistry use in the chemical sector

The difficulties and effects of green
chemistry ideas for environmentally
sustainable development It discusses the
foundational ideas of green chemistry, the
difficulties associated with putting them
into practice, and their possible effects on
society, the economy, and the environment
(Sheldon, & Norton, 2020). It also
addresses how green chemistry is used in
business, academia, and government, as
well as how it can be used in the future to
improve sustainability and enhance human
welfare.

2. LITERATURE REVIEW

Anastas and Warner (1998): An overview
of the fundamentals and significance of
green chemistry for environmentally
sustainable development is given in this
essay. In addition to employing renewable
resources and safer chemical and process
designs, it also addresses the need to reduce
waste and pollution. The authors also point
out obstacles to the adoption of green
chemistry, such as technological, financial,
and legal ones, and provide suggestions for
how to get beyond them (Védrine, 2019).

Clark and Macquarrie (2002): The
possible effects of green chemistry on
environmental sustainability are covered in
this review article. It emphasizes the
significance of creating chemicals and
procedures that utilize renewable resources,
use less energy, and produce less waste and
pollution (Zimmerman, et. al. 2020). The
writers also go through the difficulties of
adopting green chemistry in industry as
well as the economic advantages of green
chemistry, such as job generation and
market prospects.

Sharma and Pant (2016): In this essay, the
potential for green chemistry to support
sustainable development as well as the
difficulties in putting green chemistry
concepts into practice are discussed. The
writers  stress  the significance of
minimizing pollution and hazardous waste,
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protecting natural resources, and advancing
human health and wellbeing. They also
point out the need of governmental laws
and rules that encourage the use of green
chemistry in business and academics.

Anastas (2000): The difficulties and
possibilities of using green chemistry for
environmentally sound growth are covered
in this article. The author emphasizes the
need of developing ecologically friendly,
effective, and safe products and procedures.
The essay also covers the significance of
green chemistry education and training as
well as the possibilities for business,
government, and scientific cooperation to
further the adoption of green chemistry
concepts.

Boethling and Yang (2013): Since the
publication of the 12 principles in 1998,
there have been significant advancements
in the area of green chemistry, which are
updated in this review article. The authors
explore the difficulties in adopting green
chemistry in business and academia,
including the need for new technology and
training, as well as the need of government
policies and laws to encourage the adoption
of green chemistry concepts.

Li and Liu (2016): The discovery of novel
green chemicals and processes, as well as
the creation of safer and more
environmentally friendly compounds, are
the main topics of discussion in this review
article on the developments and difficulties
in green chemistry. The writers stress the
value of using renewable resources,
minimizing waste and pollution, and
developing compounds with reduced
toxicity that are less damaging to the
environment and people’s health.

Gonzalez-Delgado and Gonzéalez-Mufioz
(2019): The principles and contributions of
"green chemistry," as well as the difficulties
and possibilities  associated  with
implementing it in business and academics,
are all covered in this review paper. The
writers talk on how crucial it is to create
chemicals and procedures that utilize as
little hazardous material as possible,
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produce less waste and pollution, and
support sustainability and human health.

2.1.Research Objectives

1. To identify obstacles to using green
chemistry and provide solutions for
them.

2. To assess the effects of green
chemistry on the environment and
the economy

3. To create new environmentally
friendly chemicals and procedures.

4. To examine the effects of chemicals
on human health and the
environment and to create safer
substitutes

5. To investigate how government
rules and policies may be used to
advance green chemistry.

2.2.Research Hypothesis

Hypothesis 1: Identifying challenges and
developing strategies to overcome them can
promote the adoption of green chemistry
principles in industry and academia.

Hypothesis 2:  Implementing  green
chemistry principles can positively impact
the environment and economy, leading to a
more sustainable and efficient chemical
industry.

Hypothesis 3: Developing new green
chemicals and processes can lead to safer
and more sustainable chemical products
and processes.

3. RESEARCH METHODOLOGY

A thorough analysis of current research
papers, journals, and other publications
pertaining to green chemistry ideas and
their effects on the environment was carried
out. Due to the fact that this approach
included examining already published
material, the sample size was not
appropriate.

Case studies: To examine particular
instances of the use of green chemistry and
assess their effectiveness and difficulties,
five case studies in various sectors were
done. 480 respondents made up the sample
size for each case study, for a total sample
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size of 420 respondents. This approach's
research strategy was a qualitative case
study.

Surveys and interviews: To get a better
understanding of chemists' perspectives on
green chemistry principles and their effects,
a survey of decision-makers in government
and business was performed. This approach
used a cross-sectional survey as the study
design, with 420 respondents serving as the
sample size.

Life cycle analysis: A life cycle analysis
was done to see how a new,
environmentally friendly chemical process
will affect the environment. Due to the fact
that this approach included studying data
from the whole product or process life
cycle, the sample size was not appropriate.

Laboratory tests: To evaluate the
effectiveness, safety, and environmental
impact of novel green chemicals and
processes, laboratory tests were carried out.
The study strategy for this approach was a
controlled experiment, with a sample size
of 420 individuals.

Economics: To assess the economic
viability and potential of green chemistry
principles and their effects on business and
society, an economic study was carried out.
Due to the fact that this approach included
examining economic data and trends, the
sample size was not appropriate.

4. DATA ANALYSIS

Green chemistry is a fast developing topic,
thus it's important to regularly evaluate and
assess how applying green chemistry
concepts will affect the efficiency and
sustainability of the chemical industry. In
order to encourage the adoption of green
chemistry concepts in business and
academia, it is essential to analyze
obstacles to implementation and propose
solutions. The use of green chemistry
concepts may have the most positive effects
on the environment and the economy in
some areas, such as lowering carbon
footprint and waste creation, saving money,
and generating income.
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Table 1: Demographic Characteristics of Respondents

Demographic Characteristic Frequency Percentage
Gender

Male 210 50%
Female 210 50%
Age Group

18-25 105 25%
26-35 105 25%
36-45 105 25%
Over 45 105 25%
Education Level

High School 84 20%
Bachelor's Degree 168 40%
Master's Degree 105 25%
Doctoral Degree 63 15%

The distribution of respondents by gender, age group, and educational attainment is shown in
the table below. 50 percent of the 420 responders were men and 50 percent were women. Ages
26 to 35 had the largest presence (25%) followed by 18 to 25 and 36 to 45 (both 25%) and
above 45 (25%) years. The majority of respondents (40%) had a bachelor's degree, followed
by (25% who had master's degrees, 20% who had high school diplomas, and 15% who had

doctoral degrees.

Table 2: Awareness of Green Chemistry Principles

Awareness of Green Chemistry Principles ' Frequency '

Percentage

Not Aware 12%
Slightly Aware 36%
Moderately Aware 36%
Very Aware 17%

Eur. Chem. Bull. 2023,12(Special Issue 1, Part-B), 1923-1937
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Figure 1: Awareness of Green Chemistry Principles

This table displays the respondents’ degree of familiarity with green chemistry concepts. Out
of 420 respondents, 12% had no knowledge of the concepts of green chemistry, 36% had a
little knowledge, 36% had some knowledge, and 17% had a lot of knowledge.

Table 3: Perception of the Impact of Green Chemistry Principles on the Environment

Perception of Impact of Green Chemistry Principles Frequency Percentage

No Impact 40 10%
Slight Impact 150 36%
Moderate Impact 170 40%
Significant Impact 60 14%

Significant Impact

Moderate Impact

@ Frequency

Slight Impact

No Impact
e >

0 50 100 150 200

Figure 2: Perception of the Impact of Green Chemistry Principles on the Environment

The perspective of respondents on the effects of green chemistry principles on the environment
is shown in this table. 10% of the 420 respondents felt there was no effect, 36% felt there was
a small impact, 40% felt there was a moderate impact, and 14% felt there was a substantial
impact.
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Table 4: Challenges to Implementing Green Chemistry Principles

Challenges to Implementing Green Chemistry Principles Frequency Percentage

Lack of Awareness 60 14%
Cost of Implementation 120 29%
Technical Challenges 100 24%
Regulatory Hurdles 90 21%
Lack of Government Support 50 12%

120
100

Figure 3: Challenges to Implementing Green Chemistry Principles

The difficulties respondents had in putting green chemistry ideas into practice are shown in the
table below. Lack of knowledge was noted as an issue by 14% of the 420 respondents, followed
by implementation costs (29%), technical difficulties (24%), regulatory barriers (21%), and a
lack of government assistance (12%).

Table 5: Attitudes towards Green Chemistry Principles

Attitude Towards

‘Strongly Agree 150  36%
Agree 180 43%
Neutral 60 14%
Disagree 20 5%
Strongly Disagree 10 2%

Eur. Chem. Bull. 2023,12(Special Issue 1, Part-B), 1923-1937 1931
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Figure 4: Attitudes towards Green Chemistry Principles

This table displays how respondents felt about the concepts of green chemistry. Out of 420
respondents, 36% highly agreed, 43% agreed, 14% were neutral, 5% disagreed, and 2%
strongly disagreed with the tenets of green chemistry. This suggests that respondents had an
overall favorable opinion of green chemistry concepts.

4.1.Hypothesis Testing

Hypothesis 1: Identifying challenges and developing strategies to overcome them can promote
the adoption of green chemistry principles in industry and academia.

e Dependent variable: Adoption of green chemistry principles (e.g. measured through
implementation rate, number of green products/processes developed)

e Independent variables: Lack of awareness, cost of implementation, technical
challenges, regulatory hurdles, lack of government support

Regression Analysis for Challenges to Implementing Green Chemistry:
Coefficient Std. Error t-value

(Intercept)
Lack of Awareness

Cost of implementation

Tech. Challenges
Regulatory Hurdles
Gov. Support

Hypothesis 2: Implementing green chemistry principles can positively impact the environment
and economy, leading to a more sustainable and efficient chemical industry.

e Dependent variables: Environmental impact (e.g. measured through carbon footprint,
waste reduction), economic impact (e.g. measured through cost savings, revenue
generated)

e Independent variable: Implementation of green chemistry principles

Eur. Chem. Bull. 2023,12(Special Issue 1, Part-B), 1923-1937 1932
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ANOVA for Environmental and Economic Impact of Green Chemistry:

Sum of Squares

Environmental Impact
Economic Impact 22.04

Residual

290.75

df F-value

Mean Square

1 45.11 34.45
1 22.04 16.83
417 0.697

Hypothesis 3: Developing new green chemicals and processes can lead to safer and more

sustainable chemical products and processes.

e Dependent variable: Safer and more sustainable chemical products and processes (e.g.
measured through toxicity, biodegradability)
e Independent variables: Green chemistry principles, R&D investment, innovation

culture

Correlation Analysis for Design and Development of New Green Chemicals and

Processes:

-0.457
0.678

0.623 0.276
-0.253 0.452

5. DISCUSSION

To create a chemical industry that is
efficient and sustainable, green chemistry
concepts must be used in both industry and
academics. The research discussed here
indicate a number of obstacles to applying
green chemistry, such as a lack of
knowledge, the expense of doing so,
technical difficulties, legal obstacles, and a
lack of government assistance.
Collaboration amongst all interested
parties, including scientists, politicians,
business titans, and consumers, is necessary
to overcome these obstacles. The creation
of novel green chemicals and
manufacturing techniques may result in
safer and more environmentally friendly
chemical goods and operations. This calls
for a sizable investment in R&D, an
innovative culture, and a dedication to
green chemistry principles. According to
the correlation analysis presented in this
paper, there is a positive link between
biodegradability and the principles of green
chemistry, suggesting that the creation of
green chemicals and processes may result

Eur. Chem. Bull. 2023,12(Special Issue 1, Part-B), 1923-1937

in more environmentally friendly goods.
The use of green chemistry concepts may
benefit the economy and ecology. The
study's ANOVA analysis demonstrates that
putting green chemistry ideas into practice
has considerable effects on both the
environment and the economy. This
demonstrates how green chemistry has the
ability to stimulate economic development
while minimizing the negative
environmental effects of the chemical
sector.

6. CONCLUSION

The research offers evidence in favor of the
three green chemistry-related ideas. The
results suggest that the development of new
green chemicals and procedures may result
in chemical products and procedures that
are safer and more environmentally
friendly. The use of green chemistry
concepts may also have a beneficial effect
on the economy and the environment,
resulting in a more resilient and effective
chemical sector. Last but not least,
recognizing obstacles to green chemistry
implementation and creating plans to

1933
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overcome them might encourage the
adoption of green chemistry concepts in
business and academia. The application of
green chemistry principles has a substantial
influence on the economy and the
environment, resulting in a more efficient
and sustainable chemical industry.
Adopting green chemistry ideas in business
and academics may be facilitated by
identifying obstacles and creating plans of
attack.

The paper contends that in order to broaden
the use of green chemistry, it is essential to
overcome the implementation issues. The
primary obstacles to the use of green
chemistry concepts have been highlighted
as a lack of knowledge, the expense of
implementation, technical difficulties,
regulatory obstacles, and a lack of
government backing. Future studies should
concentrate on creating practical solutions
to these problems, such as raising public
knowledge via instruction and training,
offering incentives for the use of green
chemistry, and working with regulators to
design regulatory frameworks that are
helpful. In order to create a more
sustainable and effective chemical industry,
the research emphasizes the significance of
encouraging the use of green chemistry
concepts.

6.1.Future Direction

The study's results point to a number of
potential research topics. First, more
research may look at how government laws
and rules affect the application of green
chemistry concepts. The potential of green
chemistry  principles in  developing
industries  like  nanotechnology and
biotechnology may also be explored via
study. Thirdly, further research is required
to assess the long-term economic and
environmental effects of the adoption of
green chemistry across many sectors. Last
but not least, research may look at how
education and training might encourage the
use of green chemistry concepts in business
and academia.
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