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rds a net-zero future: the chemical sciences
across technology, education, and policy

Amanda Mikaela Celestine Tolentino
There is no denying the signicant
impact that the chemical sciences have
had in the rapid advancement of the
energy, manufacturing, and agricultural
sectors. Innovations in materials,
processes, and technologies have been
instrumental to these industries that
underpin modern society, but these
developments have also been accompa-
nied by an unprecedented change in
climate that will have catastrophic
consequences if not addressed
Am
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en
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immediately. Achieving a net-zero future
relies on global multisectoral efforts, of
which the chemical sciences, through
technology, education, and policy, will
play an indispensable role.

The energy, manufacturing, and agri-
cultural sectors are consistently ranked
among the leading sources of global
greenhouse gas (GHG) emissions.1

Increased concentrations of these emis-
sions trap heat within the earth's atmo-
sphere, leading to sea level rise, low crop
yield, and extreme weather events.
Arriving at a comprehensive under-
standing of the situation would not be
anda Tolentino is a licensed chemist from the
emistry from the Ateneo de Manila University
vironmentalism and science communication w
campus sustainability efforts and youth-led or
sistant at Clean Air Asia, Amanda's work foc
wer plants in Southeast Asia.

ciety of Chemistry
possible without the chemical sciences. It
is because of chemistry that there is
a growing body of knowledge of the
mechanisms by which atmospheric
molecules transform and inuence air
quality and the climate.2 As the central
science, the chemical sciences have also
served as the foundation for analytical
instruments that allow for emission
monitoring, which is useful for identi-
fying sources of emissions and tracking
trends over time, and atmospheric
modeling, which aids in studying how
pollutants interact under different
conditions across spatial and temporal
Philippines, holding a Bachelor of Science in
. As a student, her interests in intersectional
ere strengthened by her active participation
ganizations. In her current role as a research
uses on reducing emissions from coal-red
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scales.3 These analyses help inform poli-
cies by providing insights into where and
what kind of interventions should be
prioritized.

Among possible interventions is the
implementation of technological solu-
tions. In decarbonizing energy produc-
tion, this means deploying technologies
that will facilitate the transition to
renewable energy sources such as wind or
solar. The chemical sciences contribute
to this through the design of clean and
cost-effective technologies for energy
generation, solutions for energy storage,
and processes for extracting, rening,
and recovering necessary resources.4 In
areas where carbon-based energy has yet
to be phased out, the chemical sciences
form the basis for best available tech-
niques which are adopted in power plants
to meet stringent emission standards.
These include retrotting the facility with
desulfurization or denitration technolo-
gies that treat GHGs before release;
substituting existing processes or mate-
rials with those that produce less or no
emissions, such as the use of coal with
low sulfur and low ash content; and
adopting carbon capture techniques to
sequester emissions already in the
atmosphere.4,5 These developments are
essential, as sustainable energy systems
are a prerequisite for emission reduc-
tions in other sectors.

Aside from clean energy integration,
large-scale manufacturing processes,
such as those for metals, chemicals and
petrochemicals, and other materials, can
benet also from innovations that enable
circular production, specically, mecha-
nisms that reduce natural resource
consumption, allow for the reuse of
materials and parts, and facilitate recy-
cling for added value creation and
responsible waste management.6 To this
end, contributions from the chemical
sciences focus on researching and devel-
oping novel substances and processes
that make this possible. A few examples
of these innovations include redesigning
products to promote effective recycling
and developing bio-based materials from
renewable resources that biodegrade
rapidly without compromising
performance.7

Similar approaches will also be
required to address emissions from
3590 | RSC Sustainability, 2024, 2, 3589–3591
agriculture, where activities such as live-
stock farming, crop residue burning, and
the use of nitrogen-based fertilizers are
common sources of emissions.1 Aside
from the previously discussed solutions,
there are several ways the chemical
sciences can be used to eliminate emis-
sions from this sector. Among them is the
creation of feed additives to reduce CH4

emissions belched by ruminant live-
stock;8 the development of agricultural
waste management strategies, including
biofuel production and mushroom culti-
vation, as inexpensive alternatives to
agricultural waste burning;9 and the
optimization of eld management prac-
tices to mitigate N2O emissions resulting
from the increased application of
nitrogen fertilizers.10

While it is important that scientists
have the necessary skills and knowledge
to pursue these projects, it is just as
important that they possess the right
attitudes to act in accordance with the
objectives of sustainable development.
One way to instil these values in them is
through the integration of green chem-
istry into both laboratory and lecture
classes.11 By training scientists to give
careful consideration to the origins of
atoms and how they transform, chemical
scientists can better develop materials
and processes to maximize resource effi-
ciency and minimize adverse health and
environmental impacts.11 Teaching
sustainable chemistry goes hand-in-hand
with a reevaluation of conventional
pedagogical tools. For example, while the
Carnot engine is a useful tool for teaching
thermodynamics, there is a need to
develop alternative non-CO2-producing
models that can further enrich green
chemistry education.12 Integrating
sustainable practices and concepts into
the curricula can have a profound effect
on the worldview of young scientists, but
there are still ways to ensure this shi in
mindset extends beyond the scientic
community.

The chemical sciences are inherently
and socially responsible for ensuring the
public is aware of the impacts that the
energy, manufacturing, and agricultural
sectors have on their lives and future.13

This includes addressing misconceptions
and dismantling harmful long-running
narratives that insist a net-zero future is
© 2024 The Author(s
too far-fetched. Public outreach through
workshops, seminars, and media
campaigns are important steps; but more
than simply presenting facts and
evidence in an engaging manner,
bridging the gap between content and
impact can be donemore effectively when
scientists actively engage with their local
communities.14 Having an intimate
understanding of the local context allows
for a more integrated approach to raising
awareness in a way that deeply resonates
with target audiences and fosters
a genuine concern for climate change.
Community-centered approaches not
only improve science literacy but also
promote evidence-based public
discourse, inspire movement, and help
challenge prevailing narratives that
hinder progress in sustainable
development.

However, it will take more than new
technologies and effective communica-
tion to achieve net-zero emissions at the
scale and level of urgency needed. In
order to ensure every sector does its part,
it is imperative that the chemical sciences
play an active role in public policy. When
the appropriate policies are in place,
industries are offered greater incentives
to adopt pollution control technologies,
adhere to certain product design
requirements, and implement more
sustainable practices, leading to greater
strides in emission reduction efforts. In
turn, this demand for sustainable solu-
tions stimulates the pursuit of break-
through innovations, which can be
accompanied by increased attention and
funding for research activities. Unfortu-
nately, public policy is subject to
numerous social, economic, and envi-
ronmental processes, which are oen
uncertain and difficult to control—and
science, no matter how reliable and
compelling, is only one of many factors at
play in the policymaking process.15

In addition to having technical exper-
tise, successfully navigating the science–
policy interface also requires connections
and a high level of persistence.15 Aside
from running for government positions,
another effective way to inuence policy
is by working with environmental orga-
nizations that advocate for science-based
solutions. These organizations, depend-
ing on their scale, may already have
). Published by the Royal Society of Chemistry
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resources, established networks, and
a rm understanding of the target
sectors' landscape. These groups provide
an opportunity to connect and under-
stand the interests, challenges, and
experiences of key stakeholders,
including, but not limited to, consumers,
policymakers, power plant owners,
factory workers, farmers, andmembers of
vulnerable communities. By working with
such organizations, whether as a volun-
teer, a consultant, or a collaborator,
scientists can provide more grounded
insights into overcoming technical chal-
lenges and developing strategies for
decarbonization.16,17 This partnership
can help better maximize co-benets and
ensure the fairness and inclusivity of the
net-zero transition.

It is clear that there are multiple roles
for the chemical sciences to play in
achieving net-zero emissions. Techno-
logical innovations are crucial to under-
standing and controlling emissions from
across the energy, manufacturing, and
agricultural sectors, but the role of the
chemical sciences is not conned to the
laboratory. The chemical sciences will
also play a key part in nurturing the next
generations of scientists, strengthening
public awareness, and contributing
scientic perspectives to the policy-
making process. Achieving net-zero
emissions is contingent on these contri-
butions; the challenge now is to embrace
these opportunities and do our part in
securing a sustainable future for genera-
tions to come.
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