
RSC
Sustainability

ESSAY

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

1/
20

/2
02

5 
8:

39
:4

2 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
The e
S
C
C
n
s
D
c

Department of Inorganic and Physical Chemi

Institute of Science, Bangalore, Karnatak

India. E-mail: selvakumars@iisc.ac.in

Cite this: RSC Sustainability, 2023, 1,
1604

DOI: 10.1039/d3su90043f

rsc.li/rscsus

1604 | RSC Sustainability, 2023, 1, 16
xcellence of chemical science in achieving
a sustainable world

Selvakumar Selvarasu
1. Introduction

Abnormal changes like global warming,
ocean acidication, melting glaciers,
extreme weather conditions, and biodi-
versity loss in the Earth's climate and
environment are growing concerns for
scientists, policymakers, and the public
worldwide. These changes are mainly due
to human activities. Chemical science
plays a vital role in addressing the issues.
Utilizing Earth's elemental energy
resources with chemical science's aid is
crucial. This can lead to development of
green energy systems, reduce greenhouse
gas emissions, improve waste manage-
ment processes, and create sustainable
elvakumar
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mall molecu
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a, 560012,

04–1607
materials and methods, like biodegrad-
able plastics and green chemistry
techniques.

However, more than science and
technological solutions, social and polit-
ical solutions are needed to address the
complex environmental changes. We also
need to adopt sustainable practices and
policies globally, like reducing our reli-
ance on fossil fuels and promoting
renewable energy and circular economy
principles. Working to preserve and
protect our natural resources, like forests,
oceans, and wildlife, is essential for
maintaining biodiversity and mitigating
the impact of climate change. This essay
will mainly focus on the excellence of
chemical science and technology in
addressing the issues and briey discuss
policies.
Selvarasu originates from and lives in India. He
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2. Chemical science for
a sustainable world

The abnormal changes in the Earth's
climate and environment are mainly due
to the continuous increase in CO2

concentration.1 Prior to 1911, the atmo-
spheric CO2 concentration remained
below 300 parts per million (ppm).
Subsequently, it experienced
a pronounced and accelerating increase,
primarily driven by the growth in human
population, the proliferation of automo-
biles, and the expansion of industrial
activities. As of this year, the concentra-
tion has surged to 420 ppm.1 The annual
CO2 emission from burning fossil fuels
and industrial processes was 36.2 giga-
tons in 2019, increasing with an average
rate of around 1.4% yearly.2 There are two
important ways to decrease CO2
studied MSc in chemistry in D. G. Vaishnav
won prizes in intercollege competitions in
he was qualied for UGC fellowship. He is
re, India. His work focusses on activation of
. He has received Carl Storm International
arch skills in converting CO2 and CH4 into
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Fig. 1 Carbon capture storage (CCS) and utilization by chemical processes.
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concentration with the aid of chemical
science. Firstly, capturing CO2 from
industrial processes and the atmosphere
directly and storing it, and secondly,
converting CO2 into value-added chem-
icals by chemical reactions. They are
mainly done by carbon capture
Fig. 2 Chemical recycling of plastic waste.10

© 2023 The Author(s). Published by the Royal So
utilization (CCU) and storage (CCS)
processes. Despite 400 million tons of
CO2 being captured annually, this is
a small fraction of the global emissions,1

and the initiation and continuous devel-
opment of efforts to increase the amount
of CO2 being captured are desired. In
ciety of Chemistry
capturing processes, various chemical
solvents, adsorbents, andmembranes are
used.3 In utilizing processes (Fig. 1),
catalytic and electrochemical reactions
are carried out to convert CO2 into
chemicals like methanol and ethanol.4

Research is ongoing to develop new
types of sorbents and membranes that
can capture CO2 more effectively with
lower energy requirements. Some mate-
rials are based on metal–organic frame-
works (MOFs) that can selectively adsorb
CO2. Other research is aiming to develop
new types of catalysts that can convert
CO2 into valuable chemicals selectively
and efficiently. In addition, researchers
are investigating the use of renewable
energy resources (RER) like solar and
wind power to power the CCU and CCS
processes instead of using fossil fuels to
reduce CO2 emissions further.5

Plastic waste is another signicant
concern. Plastic pollution adversely
affects the environment and health,
mainly marine life, land pollution, and
ecosystem disruption. Around 300
million tons of plastic waste are
RSC Sustainability, 2023, 1, 1604–1607 | 1605
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generated annually.6 14% of plastic
packaging is collected for recycling, and
just 2% is effectively recycled into new
materials.7 Plastic waste is recycled by
mechanical, chemical, and feedstock
recycling processes depending on the
type of plastic and desired products.

Chemical recycling oen involves
pyrolysis, gasication, and depolymer-
ization.8 The processes obtain value-
added products like bio-oil, syngas,
monomers, and oligomers (Fig. 2). One of
the research areas is on improving the
yield of the products. Another area is
exploring new catalytic reactions and
their reaction conditions to increase the
efficiency and selectivity in pyrolysis
processes. Improvements in plasma-
based gasication methods for the
conversion of plastic waste into hydrogen
and other valuable products are also in
progress.9

Traditional energy resources (TER),
coal, oil, and natural gas, are the major
contributors to around 75% of global
greenhouse emissions.11 Hence, the reli-
ance on them must be replaced as much
as possible with RER, such as solar, wind,
and geothermal energies, biomass, and
hydropower. The development of RER
heavily relies on the contribution of
chemical science. In this eld, chemical
science contributes in various ways, like
material and energy device develop-
ments, improving catalytic processes,
and process optimization.12

Scientists are developing efficient
catalysts for hydrogen production and
biomass conversion into fuels and
chemicals in catalysis. Hydrogen is
produced by the electrolysis of water,
thermochemical processes, steam
methane reforming, coal gasication,
and a concentrated solar power process.13

Biomass is converted into fuels and
chemicals by transesterication, fermen-
tation, and hydrolysis processes.14 In
materials and energy storage develop-
ments, new materials and methods have
been developed for efficient solar cells
(perovskite and organic materials),
batteries (lithium–sulfur and sodium-ion
batteries), and supercapacitors (graphene
and carbon nanotubes, MOFs, and 2D
materials).15 In the optimization process,
scientists optimize the production
processes for renewable energy
1606 | RSC Sustainability, 2023, 1, 1604–1607
technologies like photovoltaic and
hydrogen fuel cells to reduce costs and
improve scalability.16,17 In photovoltaic
cells, silicon semiconductors convert
sunlight into electricity. In hydrogen fuel
cells, hydrogen and oxygen are used to
produce electricity, with water as the only
byproduct.

Green chemistry aims to design and
develop chemical products and processes
that reduce or eliminate the use and
generation of hazardous substances like
toxic chemicals, radioactive materials,
greenhouse gases, and ozone-depleting
substances.18 Some important princi-
ples, atom economy, solvent selection,
biocatalysts, process intensication, and
life cycle assessment, are involved in this
eld.19 This approach has a signicant
impact on addressing climate change
and promoting the development of RER.
It helps reduce the environmental impact
of chemical manufacturing, which can
reduce greenhouse gas emissions and
other pollutants. It contributes to the
development of new sustainable mate-
rials, such as bioplastics and biodegrad-
able materials.

Another attractive and growing eld is
the hydrogen economy. It involves
hydrogen production using RER as a fuel
in transportation, power generation, and
other industrial processes. One of the
signicant advantages of the hydrogen
economy is zero emissions, with only
water as the byproduct. This eld has four
stages: hydrogen production, storage,
transport, and usage. In all of them, many
chemical processes and materials are
involved.20,21 Some of the processes for
hydrogen production have been discussed
above in the part on catalysis. In hydrogen
storage and transport, solid materials
such as metal hydrides, carbon nano-
tubes, and graphene are used. Ammonia
and formic acids are used as chemical
hydrogen storage. Liquid organic
hydrogen carriers (LOHCs) can be used for
transport over long distances. Scientists
are working in the eld to overcome the
challenges of improving processes and
materials' efficiency.

3. Policies

Along with the developments in science
and technology to solve the issues,
© 2023 The Author(s
updating the existing policies as well as
mandatory implementation and
following them in society must also be
done globally. In addition to the globally
existing approaches, the following
guidelines can be considered. Worldwide
conferences on reducing CO2 concentra-
tion, recycling plastic waste, and devel-
oping sustainable systems must be
conducted frequently to share knowledge
among scientists and bring innovative
ideas and proposals. All the countries
must collectively work to attach carbon
recycling processes like CCS and CCU to
all the existing industries that emit CO2

and to increase the number of plants
worldwide. Permission to start new
industries must be denied if their
processes emit more CO2. Many appre-
ciable policies for reducing and recycling
plastic waste exist globally. However, they
are not followed strictly in all countries.

People must be taught to learn all the
problems and solutions from childhood
itself. To gain attention and awareness
enormously, all the countries must oen
promote it through famous people like
sports players, cinema celebrities, etc.
The number of electric vehicles in trans-
portationmust be increased to reduce the
usage of cars that burn hydrocarbons.
The use of RER in all the elds of energy
production and storage instead of TER
must be raised as quickly as possible. All
countries must increase the number of
educational and industrial research and
development technologies for a sustain-
able world. Research and development
for improving the Earth's climate and
environment must be prioritized over
other purposes.

4. Conclusions

CO2 emission, plastic waste, and other
industrial waste are the primary reasons
for the abnormal changes. Reducing
them by recycling and replacing the
usage of TER with RER are effective
solutions for the problems. Chemical
science and technology deliver immense
efforts to address the issues in this goal.
Research is growing in this eld in many
countries, especially in increasing the
usage of RER, achieving the principles of
green chemistry, and exploring the
hydrogen economy. Periodic updating of
). Published by the Royal Society of Chemistry
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existing policies, adding new approaches
according to the current situations, and
international negotiations for sustain-
able practices globally are equally essen-
tial, along with the development of
science and technology to address the
issues. Let us work together for
a sustainable world.
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