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Maulline G. Leviev, e Aanchal Saxena f and Anna Isabel Becker g

As global sustainability challenges become more complex and interconnected, the engagement of

scientists, and specifically early-career chemists in policymaking, is gaining urgency. This perspective

highlights the current status of science policy engagement in chemistry across all continents. It identifies

key institutional models, regional disparities and opportunities for action. Using examples from Europe,

the Americas, Africa, Asia and Oceania, we explore how chemists are engaging and shaping the science

policy interface. We argue that coordinated frameworks, youth-driven initiatives and regionally grounded

strategies are essential for advancing sustainable chemistry on a global scale.
Sustainability spotlight

We showcase how early-career chemists around the world are contributing to science policy engagement in response to pressing sustainability challenges. From
resource governance in Africa to institutional support in Europe, we explore regional approaches and urge the development of coordinated, inclusive frame-
works that empower early-career chemists to advance sustainable chemistry globally.
Introduction

Contemporary global development has triggered a new set of
sustainability crises, manifesting in pervasive pollution, accel-
eration of climate change and critical loss of biodiversity (also
referred to as ‘the triple planetary crisis’), among others.1 These
challenges are mobilising urgent and transformative scientic
actions, rendering the investigation of underlying structures
and the design of mitigation strategies an area of increasing
focus for both academia and industry.2,3

Current literature reveals that industrial development and its
cascading impacts, along with the continued interlinked
processes of climate change, biodiversity loss and pollution,
have been associated with the ongoing triple planetary crisis.4–6
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Within this context, the chemicals sector has played a signi-
cant role in worsening the crisis by contributing substantially to
the total greenhouse gas and other toxic emissions.7–14 Hence,
addressing the crisis requires a transformation of the chemical
sector. This would necessitate a comprehensive strategy that
inculcates the idea of ‘design, manufacture and the use of
environmentally benign chemical products and processes that
prevent pollution, reduce or eliminate the use and generation of
hazardous waste, and reduce risk to human health and the
environment’. This strategic approach is guided by the princi-
ples of what is known as ‘sustainable chemistry’.15,16

Early-career chemists, equipped with novel perspectives,
interdisciplinary acumen and a long-term vision, hold a unique
position in driving this paradigm shi towards sustainable
chemistry.17 Their inherent motivation for systemic change
underscores the critical need to embed sustainable principles,
(for example, green chemistry and circular economy) early
within education and professional trajectories.18

Given the urgency of these challenges and the unique
opportunities they present, this perspective article aims to
uncover pathways spanning academia, industry innovation and
policy engagement. These pathways would enable early-career
chemists to actively advance sustainable chemistry, spanning
academia, industry innovation, and policy engagement. We also
conduct an overview of the status of such advancements in
various geographical contexts, by identifying challenges and
developing a holistic framework for early-career chemists'
engagement in sustainable chemistry from a science policy
RSC Sustainability, 2026, 4, 1285–1303 | 1285

http://crossmark.crossref.org/dialog/?doi=10.1039/d5su00550g&domain=pdf&date_stamp=2026-03-09
http://orcid.org/0000-0002-8379-7240
http://orcid.org/0000-0003-2066-2485
http://orcid.org/0000-0001-7226-8995
http://orcid.org/0000-0001-5196-5900
http://orcid.org/0000-0002-3525-7258
http://orcid.org/0009-0001-8707-2861
mailto:francisca.benitez@dipc.org
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5su00550g
https://pubs.rsc.org/en/journals/journal/SU
https://pubs.rsc.org/en/journals/journal/SU?issueid=SU004003


RSC Sustainability Perspective

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
 2

56
9.

 D
ow

nl
oa

de
d 

on
 2

0/
6/

25
69

 1
7:

55
:5

8.
 

 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
perspective. Before we dive into the core ideas of this perspec-
tive article, we present a brief background of sustainable
chemistry to contextualise the subsequent discussion. The
following sections will shed light on the engagement pathways
for early-career chemists and the policy environments that
enable their engagement.
Sustainable chemistry and green
chemistry: origins and early
development

Efforts to prevent industrial pollution started in the 1970s and
1980s. These efforts were prompted by the escalating
Lovish Raheja
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environmental pollution from chemical waste, effluent
discharges and atmospheric emissions, together withmounting
health impacts and major industrial accidents.19 Waste reduc-
tion and the elimination of hazardous substances to human
health and the environment emerged as focal responses in the
late 1980s and early 1990s.20 This sub-section follows the recent
historical outline made regarding chemistry policy
development.19

The Rio Declaration within Agenda 21 in 1992 called for
intensied research into the development of safe substitutes for
chemicals with long life cycles.21 At a public policy level, the
United States Environmental Protection Agency (US EPA)
introduced the term ‘green chemistry’ to promote it in the early
1990s. In 1996, the European Commission (EC) Directive (96/61/
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Fig. 1 Graphical depiction of the emergence of the concept of
sustainable chemistry (1970s–Present).
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EC)22 came into force and required integrated pollution
prevention in chemical and other types of industrial
production.

In 1998, the 12 principles of green chemistry were published,
‘summarising what was already focused in industry’.23 Related
to pollution prevention efforts, these remarks can be recapped
as safely synthesising less hazardous chemicals, reducing
energy consumption and generating less waste. While there are
clear merits of the aforementioned efforts, products syn-
thesised accordingly are not necessarily greener or more
sustainable, since they do not consider the basic principles of
sustainability.23

In the 2000s (Fig. 1),24 the circular economy was ‘re-invented,
aer the basic concept had already been elaborated upon in
1982’.25,26 Here, a zero-waste industry was envisioned,27 which,
although ideal, was precluded by the laws of thermodynamics.28

In practice, today's pattern of resource use and product waste
reect an economic logic that assumes unlimited material
availability, oen ignoring the physical constraints of nature.29

While the popular narrative surrounding the circular economy
oen draws inspiration from natural cycles, it frequently over-
looks their limitations. This is particularly true in the case of
energy inputs and material losses that make the perfect circu-
larity impossible. This disconnect reveals a need to move
beyond simplistic analogies and engage with deeper structural
questions about how economic and industrial systems operate
within ecological boundaries.30

In contrast to the oen technocratic or overly optimistic
visions of a circular economy, sustainable chemistry offers
a more grounded and holistic framework by focusing on the
desired function of a substance or material. Therefore, alter-
native ways of fullling the intended function without using
chemicals (non-material-based delivery of service and function)
are considered rst. ‘Chemical service’ ranks second, as it
Aanchal Saxena
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represents an important perspective and approach for making
chemical use more sustainable. Sustainable chemistry
addresses the shortcomings of green and circular chemistry. It
seeks to embed the chemical sector within sustainability
(currently framed by the Sustainable Development Goals
(SDGs)) and the planetary boundaries by identifying the
contributions of sustainable chemistry to sustainable develop-
ment. This encompasses all three strong sustainability strate-
gies: sufficiency, consistency and efficiency, and is based on an
ethical background. This process engages all stakeholders
along the life cycle of products.31 Fig. 1 presents a graphical
summary of the concepts discussed previously.

Within this scope, through a systems-thinking lens, chem-
ical innovation is viewed as embedded in socio-ecological and
techno-economic systems.32 This refers to mapping stocks and
ows throughout the entire value chain, identifying leverage
points at which design or policy changes can yield sustainability
gains.33 These assessments can include environmental factors,
social measures and governance.34 Methods such as inuence
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diagrams, scenario analysis, multi-criteria decision analysis and
innovation protocols enable chemists to compare alternatives
under uncertainty within planetary boundaries.35 In practical
terms, it means beginning from ‘service and function’ to eval-
uating chemical and non-chemical options over a single process
metric. To equip early-career chemists with the systems
perspective required for these challenges, education and
training should encompass a dened set of competencies: (i)
life-cycle and systems mapping from feedstock to fate;36 (ii)
risk–benet appraisal under uncertainty, including tradeoff and
burden-shiing analysis;37 (iii) data and digital literacy;38 (iv)
policy and economic uency;39 and (v) ethics and justice in
chemical decision-making.40

Through its holistic approach and ‘systems thinking’,
sustainable chemistry considers important interfaces, espe-
cially in the extraction and the use of natural resources, waste
management or climate protection. It focuses not only on
a substance's environmental compatibility, but also on the
opportunities and risks of its use, production and disposal.31

From a public policy point of view, efforts have increased in
the past years. In the European Union (EU), the European
Commission's Chemicals Strategy for Sustainability, which was
adopted in 2020 as part of the European Green Deal, coupled
the goal of ‘a toxic-free environment with safe-and-sustainable-
by-design chemicals’.41 In the United States, the White House
Office of Science and Technology Policy (OSTP) through the
National Science and Technology Council's Sustainable Chem-
istry Strategy Team, has articulated a complementary federal
vision in its 2023 Sustainable Chemistry Report. It then framed
the Federal Landscape, proposing a denition and attributes of
sustainable chemistry.42 Such legislative appropriation helps to
further densify the complexity of public policies. Nevertheless,
it is worth noting that green chemistry, circular chemistry and
sustainable chemistry are neither synonymous, nor mutually
opposed. Green chemistry and circular chemistry both are
important tools for greener and more circular products from
chemical industries and the entire chemical sector. However,
the decisive point is whether sustainable chemistry, using
systems, service and function-oriented thinking, is allowing
chemistry to contribute to sustainable development in
a sustainable manner.43,44
Sustainable chemistry: emerging potential using analytical
tools, and implementation challenges

A benchmark of green chemistry applications has been Life-
Cycle Assessment (LCA) research as a decision support tool,
particularly within the energy and chemical industries. It
enables companies to quantitatively assess the environmental
impacts of a product or process throughout its entire life cycle,
from raw material extraction to manufacturing, use and
disposal.45,46 In the context of chemical Research and Develop-
ment (R&D), LCA helps identify stages at which energy use,
emissions, or waste generation can be minimised. A key related
concept that aligns with LCA is atom economy, which is
a measure of how efficiently raw materials are converted into
nal products with minimal by-products or waste.47,48 When
1288 | RSC Sustainability, 2026, 4, 1285–1303
used together, LCA and atom economy provide complementary
insights: LCA offers a broad, system-level view, while atom
economy targets molecular-level efficiency. Together, they guide
the design of greener processes and support progress towards
the SDGs through evidence-based assessments.47,48

Despite having emerged as a strategic response to increasing
regulatory and political pressure, green chemistry imple-
mentation faces signicant barriers.49 Fragmented regulations,
minimal scale-up funding and weak institutional incentives
have been creating a gap between academic progress and policy
uptake.50 In fact, the related laws of many countries focus on
exposure control rather than hazard elimination, offering little
support for safer alternatives.51 This stagnation, which is
attributable to its core to a lack of effective cooperative action,
demonstrates the need for chemists to be involved in policy
making. Their unique position has allowed them to understand
both the molecular basis of sustainability and the systemic
impact of regulation, helping bridge science and policy.52

Chemists across academic and industrial settings, along with
students pursuing chemistry or related curricula, must develop
sustainability awareness. This expertise will be critical for
addressing global policy challenges.53 Nonetheless, a signicant
barrier remains among science students and with respect to their
intention to contribute to sustainability.54,55 Oen, students do
not have the interdisciplinary tools to judge the wider environ-
mental and socio-economic impacts of the decisions they make
in chemistry. Collaborative networks have the potential to
counter this, when strengthened by equitable global partnerships
that provide opportunities for real-world problem-solving.56 For
example, digital-native chemists can build crucial bridges to
sustainability by leveraging state-of-the-art computational tools.57

Their familiarity with technology places them in a strong position
to engage with digital chemistry. This insight can complement
green chemistry, by enabling the timely identication of
sustainable solutions, optimisation of reaction conditions and
reduction of resource-intensive experimentation.

In co-creation with scientists, future green chemistry policy
frameworks should leverage transformative digital collabora-
tion to maximise policy effectiveness. Data-informed and
adaptive guidelines provide a pathway for shiing policy focus
from chemical control to hazard elimination. These frameworks
now allow policy development to move in tandemwith scientic
advancement, opening new possibilities for sustainable chem-
istry regulations.
Advancing sustainable chemistry:
pathways for early-career chemists
within and beyond academia
Avenues in academic environment

Centring sustainability in research and education. Early-
career chemists can play a pivotal role in the advancement
sustainable chemistry by prioritising research that is focused on
green chemistry principles, including the development of non-
toxic synthetic methodologies and the exploration of renewable
and bio-based materials.58 Integrating green chemistry metrics,
© 2026 The Author(s). Published by the Royal Society of Chemistry
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such as atom economy and LCA into chemistry curricula and
laboratory practices is vital for cultivating a deep understanding
of the environmental and economic impacts of chemical
processes.59 Furthermore, fostering interdisciplinary collabora-
tions at the intersection of chemistry, environmental science
and data science can catalyse innovative solutions to complex
sustainability challenges.60

Student and university-level engagement. Within academic
institutions, early-career chemists can spearhead the creation of
sustainability-focused student groups, and organise impactful
events such as seminars, workshops, and conferences for broader
dissemination of the principles of sustainable chemistry.61

Actively participating in university-level initiatives can foster
lasting engagement with sustainable chemistry throughout
diverse academic circles. Organising inter-university confer-
ences, engaging in science policy internships, facilitating
interdisciplinary dialogues and leading solution-focused work-
shops may help translate scientic knowledge into impactful
policy recommendations.

Community outreach initiatives alongside the development
of educational programmes and curricula for schools can help
broaden, integrate and reinforce the understanding and the
scope of sustainable chemistry among non-specialists.62

Beyond academia: practical engagement pathways

Science communication and public advocacy. Early-career
chemists, through their participation in diverse community
networks, enable broader outreach by connecting scientic
expertise with social, educational and policy-facing audiences.
Through communication platforms such as blogs, social media
and podcasts, they can translate complex sustainable chemistry
concepts for policymakers and the public, advocating for
evidence-based policy decisions.63

This public engagement is strengthened through citizen
science initiatives and community outreach programmes,
which build public literacy in environmental monitoring and
chemical safety; this creates informed constituencies that
support science-based chemical regulations.64 For example,
participating in policy briengs, writing op-eds for policy
publications or presenting at legislative hearings translates
research into actionable policy insights.

Industry and innovation. Entrepreneurship and intra-
preneurship enable early-career chemists to demonstrate the
viability of sustainable chemistry in practice. By developing
sustainable materials such as bio-based polymers as plastic alter-
natives, collaborating with industry partners to adopt greener
technologies and documenting economic feasibility, they can
provide concrete evidence that informs policy frameworks for
chemical regulation and fair transition to sustainable practices.65,66

Engaging in regulatory consultations or serving on industry-
government advisory boards ensures that early-career perspectives
inform chemical safety standards and green chemistry incentives.

Science policy and governance engagement opportunities

While public policy and governance have historically sought
science primarily for technical expertise, we argue that early-
© 2026 The Author(s). Published by the Royal Society of Chemistry
career chemists have the potential to change this dynamic.
Through their increasing exposure to evolving political land-
scapes and interdisciplinary perspectives, they can help bridge
scientic knowledge and policy needs, positioning science as an
integral component of governance decisions.

Several organisations and platforms play an enabling role in
facilitating early-career chemists' engagement with
sustainability-oriented science policy processes. To illustrate
how such engagement is supported in practice, this perspective
highlights selected examples. The selection was based on the
following criteria: (1) explicit early-career engagement pathways
with demonstrated policy inuence; (2) geographic diversity
spanning global, regional and national scales; and (3) struc-
tured programmes, training initiatives or networks offering
clear entry points that address the challenges identied in the
following sections and highlighted in Table 1 (section: Bridging
regional challenges and enablers). Together, these examples
illustrate replicable engagement models accessible across
diverse contexts.

Several platforms provide structured pathways for early-
career chemists to engage meaningfully in science policy. The
International Younger Chemists Network (IYCN), in partner-
ship with International Union of Pure and Applied Chemistry
(IUPAC), serves as a global platform for sustainable chemistry
advocacy. It enables policy-relevant scholarly outputs, and
international collaborative initiatives, including the ‘Global
Conversation on Sustainability’ project. This annual pro-
gramme coordinates global events aimed at translating
sustainability research into policy-oriented dialogue.67,68 In
addition, early-career chemists can gain direct policy experience
through competitive programmes such as the American Asso-
ciation for Advancement of Sciences (AAAS) Science and Tech-
nology Policy Fellowships. Supported by scientic societies,
Including the American Chemical Society (ACS), these fellow-
ships place scientists in government agencies to inform
evidence-based policymaking.69

At the European level, the European Chemical Society
(EuChemS) through the European Young Chemists' Network
(EYCN) creates explicit pathways for early-career chemists to
inuence EU policy. Through participation in policy dialogues,
advocacy campaigns and targeted science policy training, they
contribute to shaping regulations on sustainable chemistry and
chemical safety.39 Another institution contributing to the
science policy enabling early-career chemists in Europe and
globally is the International Sustainable Chemistry Collabora-
tive Centre (ISC3). Based in Germany, it provides complemen-
tary global engagement opportunities through its Sustainable
Chemistry Club, training programmes and science policy
capacity-building initiatives, which are accessible to early-career
chemists worldwide.70 These European organisations maintain
networks with several other entities, including the Association
of Southeast Asian Nations Young Scientists Network (ASEAN
YSN), Asian Young Scientist (AYS) Fellowship, and the African
Academy of Sciences (AAS). These networks enable early-career
chemists to contribute to policy dialogues and inuence the
development of emissions standards, chemical regulations and
sustainability frameworks in their respective regions.71–73
RSC Sustainability, 2026, 4, 1285–1303 | 1289
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Table 1 Overview of challenges and enablers for the engagement of early-career chemists in sustainable chemistry

Challenges Enablers

Highly formalised and hierarchical structures C Lateral entry into policy making spaces through intergovernmental
spaces (for example, UNMGCY) and global youth networks (for example,
chemicals and waste youth platform)
C Establishment of spaces for the engagement of early-career chemists
in regional and sub-regional policy-making (for example, council for
african youth in minerals; ASMS)

Limited training and mentorship opportunities C Establishment of science policy training platforms to prepare early-
career scientists for future leadership (for example, the dedicated
segments for science policy engagement of IYCN, EYCN, EU joint
research centre, ISC3)

Lack of orientation and credibility to address regional policy and
strategy needs

C Adaptation of chemical education curricula to local and regional
needs
C Design of events and activities that provide exposure and access to
early-career chemists to the policy-making paradigms

Negative political environment C Establishment, development and compliance of effective stakeholder
engagement frameworks at the intergovernmental level

Diverging funding priorities C Promotion of innovative nancing and engagement mechanisms to
strengthen science policy interface (for example, NITI Aayog's
programme for young professionals in frontier technologies, AAAS
science and technology fellowship programme)

Personal perceptions C Activity-based science policy training programmes aimed to build
condence among early-career chemists in science policy (for example,
science policy training by ISC3)

Cultural and systemic prejudices C Open dialogue instances between early-career scientists and policy
stakeholders

Fig. 2 Summarising avenues of engagement for early-career chemists
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Furthermore, by engaging with youth-focused policy bodies
such as the IYCN, the Chemicals andWaste Youth Platform, and
the United Nations Major Group for Children and Youth (UN
MGCY), early-career chemists gain direct avenues to inuence
environmental governance.67,74,75 Through advisory roles, contri-
butions to circular economy strategies and participation in expert
panels, early-career chemists can shape environmental regula-
tions and sustainability initiatives.76,77 Beyond these formal youth
platforms, engagement pathways include competitive policy
fellowships, expert consultations and grassroots advocacy work.
Building capacity through policy-brief development and science
policy internship programmes will equip early-career chemists
with invaluable experience to translate technical knowledge into
actionable recommendations,78 which ensures that scientic
evidence informs policy decisions.

As global priorities increasingly focus on sustainable
economic growth and development, chemists represent an
important stakeholder group that is both impacted by and
capable of inuencing these policies. Their contributions range
from technical solutions (such as waste valorisation and land
remediation) to strengthening evidence-based arguments for
sustainability in economic policy frameworks.

While Fig. 2 summarises some of the avenues discussed in
this section, the understanding of the regional context in the
science policy nexus is essential for expanding opportunities to
foster ground-based sustainable chemistry among early-career
chemists globally. To this end, the subsequent section exam-
ines how science policy engagement operates across different
geographic contexts. It also identies challenges and opportu-
nities for adapting known mechanisms to regions where formal
pathways remain limited or non-developed.
1290 | RSC Sustainability, 2026, 4, 1285–1303
Current status of science policy
engagement in diverse demographic
contexts

In 2023, several members of the IYCN emphasised the impor-
tance of engaging early-career scientists in global policy
making. They argued that ‘pressing global challenges. require
coordinated international responses guided by evidence-
informed decisions’.79 In addition, they highlighted the crit-
ical role that scientists must play in providing insights
across the globe.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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throughout the decision-making process. Since then, global
challenges have not only intensied but have also become
increasingly intertwined with geopolitical conicts, climate-
related emergencies and a growing societal scepticism
towards evidence-based science.

It is in this complex landscape that scientists have a unique
opportunity to advocate for a cohesive and inclusive science
policy agenda that contributes meaningfully to sustainable
solutions. However, the extent and the nature of science policy
engagement among chemists varies signicantly across regions
and even between countries. In the following sections, we
highlight examples from different continents where science
policy engagement has played a relevant role. We also discuss
opportunities to develop a unied framework for chemists
worldwide.
Europe

Science policy engagement is a priority across Europe, including
both EU member and non-member states. A prominent
example is the United Kingdom (UK), where science policy
engagement extends well beyond academic institutions.
Although universities play a signicant role in connecting
research with emerging policy issues,80,81 there is also robust
institutional support for researchers to directly engage with
Parliament82 and the Government.83 Dedicated training oppor-
tunities for researchers interested in policy engagement have
been established,84,85 demonstrating a systemic approach to
fostering dialogue between science and policy.

The Netherlands offers another illustrative model.86 Here,
the Ministry of Education, Culture and Science87 is responsible
for science policy, overseeing funding for higher education and
research institutions, while also legislating and engaging in
dialogue with the scientic community. Innovation policy,
meanwhile, is coordinated by the Ministry of Economic Affairs
and Climate.88 This distributed but coordinated approach
showcases a pluralistic model of science policy engagement. In
this approach, multiple governmental bodies work together to
support evidence-informed decision-making, which is not
relegated to governmental establishments. Here, Utrecht
University hosts the Institute for Sustainable and Circular
Chemistry. Through both fundamental and applied chemistry
research, it adopts ‘a systems approach to the sustainability
transition, reaching out across disciplines using chemistry as
a bridging and key enabling science’.89

Another example of science policy engagement efforts
outside governmental establishments and higher education
institutions can be found in Germany, where the ISC3 is based.
It provides global capacity-building programmes, as noted in
the previous section. Here, the German Chemical Society
(GDCh) established its Division of Sustainable Chemistry
‘because the contribution of chemistry to sustainable develop-
ment is becoming increasingly important worldwide’. More-
over, the GDCh is currently implementing its Sustainability
Strategy 2030 to embed sustainability within all their processes,
with the aim of providing information, creating solutions and
© 2026 The Author(s). Published by the Royal Society of Chemistry
contributing to sustainable action in science, business and
politics.90

Science policy engagement efforts in this region also operate
at the continental level. In this context, most scientic advisory
groups are constituted primarily by senior experts. With the
certainty that political advice from early-career scientists could
contribute positively to political decisions through their exper-
tise and diverse perspectives, the EYCN collaborated with the
EuChemS ‘to create a platform for young chemists to more
closely interact with policy-makers in shaping policies’.39 This
collaboration derived into a detailed article regarding the
possible roles of scientists in policy-making, with an overview of
relevant platforms in the continent and opportunities for
participation and involvement of early-career scientists.
Although European approaches to science policy enabling for
sustainability could be further expanded, this section focuses
on science policy engagement across other continents, where
this issue remains unaddressed.
The Americas

In contrast to Europe's coordinated efforts, science policy
engagement across the Americas presents a more fragmented
picture, with signicant disparities between countries. In North
America, the United States stands out due to its inuence on
global science and policy.

A founding member of both the Group of Seven (G7)91 and
North Atlantic Treaty Organization (NATO),92 the US has
recently experienced signicant political shis at the federal
level,93–95 underscoring ongoing tensions around the role of
science in policymaking.96 These shis have generated
substantial debate regarding the most effective approaches to
preserving science-informed decision-making in complex
political environments, both nationally and
internationally.97–101 However, such dynamics are not unprece-
dented in US history.102

Therefore, both universities and non-prot organisations
(NPOs) have increasingly stepped in to ll the gaps and advocate
for science policy engagement. Higher education institutions
have played a leading role in advancing agendas related to
climate change103 and sustainability agendas.104 However, they
are currently facing intensied scrutiny from the
government,105–107 which may hinder their ability to advocate
freely and effectively.

On the other hand, NPOs provide examples of sustained
collaboration with stakeholders that are invested in science
policy engagement and the pursuit of a sustainable future. One
such example is Beyond Benign,108 which has established part-
nerships with companies such as Merck109 and Dow Chem-
icals110 to equip educators with tools, training and support that
embed green chemistry into the chemistry curriculum at all
educational levels. However, recent developments suggest that
NPOs may soon face pressures similar to those currently
affecting universities. This is in view of non-prot leaders in the
US expressing concern over potential political targeting
following the advancement of a controversial tax measure in
Congress.111
RSC Sustainability, 2026, 4, 1285–1303 | 1291
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Countries in Central America, on the other hand, are oen
overlooked in science policy engagements due to a history of
democratic backsliding,112,113 corruption114–116 and gang-related
violence.117–119 Moreover, disparities in development across the
region makes it difficult to harness scientic expertise for pol-
icymaking and sustainable development.120 This is only accen-
tuated by the limited academic attention to a region that hosts
between 5 and 12% of the world's biological diversity.121

An example of this is Guatemala, the largest economy in the
region, yet small in both population and geographic area.
Guatemala has experienced a long-standing outow of its
advanced human capital. This forced migration has weakened
governmental and economic capacities, hampering science
policy engagement at scale.122 As a result, progress relies on the
individual efforts of academics who remain in the country,123

supported by NPOs and international chemical associa-
tions.124,125 These encouraging efforts serve as a seedbed for
early-career chemists who may view science policy making as
a meaningful path that leads to a sustainable future.

Costa Rica, on the other hand, is prominent as a regional
example. Known for its ecotourism, the country was able to
reverse deforestation by outlawing indiscriminate logging in
1996 (ref. 126) and introducing the Payments for Environmental
Services (PES)127 Program the following year. While these
achievements are commendable, there is currently no evidence
of a coordinated, large-scale science policy engagement that
could position the country as a regional sustainability leader.128

For this to take place, stronger involvement of higher education
institutions is essential. Their participation could help bridge
policy-making with strategic socioeconomic empowerment,
amplifying Costa Rica's current sustainability efforts.

In South America, disparities in development are also
evident across countries. In contrast to Central America, this
region, although with notable exceptions, generally features
stronger economies, more established governmental institu-
tions and robust higher education systems. A prominent
example is Brazil, which is a country that contains 60% of the
Amazon rainforest in its territory129 and is a member of the
Brazil, Russia, India, China and South Africa (BRICS) organi-
zation.130 Brazil hosted the 30th Conference of the Parties to the
UN Framework Convention on Climate Change (COP30)
recently131 and is recognised as a pioneer in biofuel develop-
ment.132 However, this long-standing and ambitious public
policy has not been free of criticism, particularly regarding its
true sustainability.133,134 Critiques have also been directed to
governmental branches, suggesting that, with exception of the
Ministry of Environment and Climate Change, policy activities
may not be fully aligned with the sustainability goals articulated
in global agreements.135,136 These statements have implications
that extend beyond national frontiers.

Chile faces a similar problem. Although smaller in size and
global inuence, the country is highly exposed and vulnerable
to a variety of natural disasters125,126,137,138 and climate change-
related events.139,140 In response, the country has taken several
science-informed actions. A standing example is the Soil Law
Project, that was approved in 2022, which establishes a frame-
work for the sustainable use of soil.141 What makes this law
1292 | RSC Sustainability, 2026, 4, 1285–1303
particularly notable is its collaborative draing process: it was
co-written by approximately 50 individuals, including
academics and professionals in soil science, and was sponsored
by the Senate's Agriculture Commission.142 This initiative
exemplies science policy synergy and demonstrates howmulti-
stakeholder collaboration can yield sustainable legislation.

Nevertheless, such collaborative policymaking remains the
exception rather than the norm. A contrasting case is the
implementation of Chile's National Lithium Strategy,143 where
tensions between environmental and economic priorities have
placed the country in a difficult position.144 While the tight
decision-making timelines are far from ideal, this situation
offers a valuable opportunity for academic and industrial
stakeholders to engage and contribute science-based, balanced
solutions that reconcile sustainability with economic
development.
Africa

Africa's dynamic and youthful population, with over 70% Sub-
Saharan Africans being under 30 years old, represents one of
the most powerful assets in the continent for driving science
policy engagement.145 Across the region, early-career chemists
and scientists are emerging as key actors in shaping sustainable
futures through evidence-informed advocacy, policy participa-
tion and innovation.146

A signicant area for youth-led engagement is critical
mineral resources governance. Africa holds vast reserves of
cobalt, lithium, tantalum and other rare earth elements, which
are raw materials that are essential to the global green energy
transition.147,148 However, the continent's extractive landscape is
deeply shaped by historical patterns of exploitation and control.
From the colonial-era extraction economies established by
European powers to contemporary neo-colonial dynamics, the
governance of mineral resources continues to be inuenced by
powerful external actors. China's Belt, Road Initiative and the
Forum on China-Africa Cooperation (FOCAC), the US-led
Mineral Security Partnership and substantial investments
from the UK, EU, Canada, Australia and South Korea all play
a role in dening extraction priorities and terms of engagement.
These dynamics create both opportunities such as infrastruc-
ture development and market access, and serious risks
including environmental degradation, human rights violations,
loss of sovereignty over natural resources, debt dependency,
displacement of local communities and nancing conicts
(issues well-documented in parts of West and Southern
Africa).149,150 These tensions have prompted a wave of African-
led responses. Recognising both the potential and the risks,
African institutions are inuencing the shaping of a more
objective and sustainable extractive future. The African
Minerals Development Centre, a specialised agency of the
African Union,151 has developed a strategy ‘for the just transition
and decarbonising future’. This framework promotes regional
cooperation, investment mobilisation and policy harmo-
nisation to ensure that mineral development is both equitable
and sustainable.152
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Youth have also been mobilised around these issues. The
formation of the Council for African Youth in Minerals reects
a new generation of leadership, in which early-career chemists
and scientists have committed to shaping sustainable mineral
governance. They are reimagining extractive industries through
the lens of African priorities and knowledge systems. This
initiative aims to foster collaboration between early-career
professionals and African minerals institutions, by focusing
on promoting local content development and socio-economic
advancement in a borderless, integrated continent.153

Beyond mineral governance, the management of hazardous
waste and chemicals is another urgent issue for which science
policy engagement is critical. Africa has long been a destination
for discarded electronic materials and pre-owned equipment
from the developed world.154–156 This pattern persists despite
international agreements such as the Basel Convention on the
Control of Transboundary Movement of Hazardous Wastes and
their Disposal.157,158 This environmental injustice has catalysed
a new wave of youth activism. African youth are emerging as key
agents of social and environmental change. A leading initiative
is the African Youth Alliance for Chemicals and Waste,159 a pan-
African coalition that empowers and mobilises early-career
professionals to co-create science-based solutions, contribute
to policy dialogues and advocate for responsible chemicals
governance across the continent.

Together, these youth-led initiatives reect a broader conti-
nental shi: from externally imposed solutions to homegrown
strategies that link science, sustainability and self-
determination. As Africa continues to navigate a global land-
scape marked by climate urgency and shiing geopolitical
interests, its early-career chemists are well-positioned to
reshape the continent's policy future in ways that are objective,
inclusive and grounded in African realities.
Asia

The science policy landscape in the Asian context is noted to be
quite heterogeneous and complex.160,161Historical and traditional
intricacies, regional geopolitical dynamics and socioeconomic
attributes have played and continue to play a key role in shaping
the science policy interface in the region.161–163 This evolving
engagement is inuenced by a dynamic interplay of these factors,
which differ considerably between countries. Countries such as
Japan, China, Singapore, Taiwan and South Korea are oen
described as having a more developed science policy interface
owing to their sustained investments in education and R&D
ecosystems, strong public-private partnerships and well-
established innovation cultures. In contrast, transitioning and
emerging economies such as India, Bangladesh and Uzbekistan
continue to face challenges in strengthening science policy
engagement oen due to capacity constraints and underinvest-
ment in research infrastructure.160,161,164,165

Southeast Asian countries have particularly engaged in
science policy interface through international science policy
fellowships, such as the ASEAN Science and Technology Fellow-
ships (2014–2020), which led to the betterment of the science
policy interface in Southeast Asian countries, namely Cambodia,
© 2026 The Author(s). Published by the Royal Society of Chemistry
Indonesia, Malaysia, Myanmar, Philippines, Thailand and Viet-
nam.166 The operational management of the fellowship was
undertaken by the ASEAN Foundation, an institutional body of
the ASEAN, with funding provided by the United States Agency
for International Development (USAID).167,168 Modelled aer the
AAAS Science and Technology Fellowship Program, the selected
early andmid-career scientists were placed within host ministries
of their respective countries for one year, where they researched
policy-relevant issues, aiming to strengthen science policy inter-
face and cross-border collaboration.168,169 Although the pro-
gramme closed in 2020, similar partnership-based engagements
continue to take place.170–172 However, these newer international
programmes are characterised by a relatively higher involvement
of universities and research centres than of policy-makers
themselves.

In addition to these programmes, broad-level initiatives such
as the Asia Science Mission for Sustainability (ASMS), which is
offered by the International Science Council, also seem to
strengthen the interface. It promotes integrated and evidence-
based solutions aligned with the regional needs through pilot
projects, capacity-building initiatives and knowledge-sharing
approaches.173 International Science Council is a collective of
research organisations which leverages its network in Asia to
run pilot projects in Asia as part of the ASMS.

Beyond the programmes discussed above, national-level
initiatives have been established, to support decentralised
models of science-based governance. For instance, the
Government of India's planning wing, National Institute for
Transforming India (NITI), engages young professionals to
serve at district and block-level initiatives on frontier
technologies.174,175

It is to be noted, however, that the priorities for transitioning
and emerging economies, which constitute most of the Asian
region, are inclined towards fullling the basic needs of the
population and addressing certain strategic matters rather than
advanced issues of science policy engagement.161,165 The overall
scenario clearly indicates that regional politics currently plays
a relatively greater role in enhancing science policy engage-
ment, pointing to the need for broader stakeholder engagement
in this context.161
Oceania

The chemical science policy nexus remains underdeveloped
across much of the continent; however Australasia represents
a notable exception.176 In Australia, platforms such as the
Future Earth Australia initiative, hosted by the Australian
Academy of Science;177 the Green and Sustainable Chemistry
Division of the Royal Australian Chemical Institute;178 and
Chemistry Australia play a crucial role in fostering sustainable
chemistry across the region, providing signicant avenues of
engagement for early-career chemists.177,179 In fact, Australia has
made signicant advances in chemical management, with
a national framework180 in place since 2007 guiding chemicals
risk assessments and management. In conjunction with this, in
2023, the country developed a National Plan of Action for the
Global Framework on Chemicals (GFC)181 for sound
RSC Sustainability, 2026, 4, 1285–1303 | 1293
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management of chemicals and waste, which is already in effect.
A similar plan was put in place in New Zealand, in which the
Hazardous Substances and New Organisms Act 1996 (ref. 182)
also recognises the issues associated with chemical safety and
environmental protection. Moreover, these paradigms are
continuously evolving, in alignment with international policies
and standards.183,184 A strong policy and regulatory landscape of
this sort in the context of chemicals management allows for the
ratication of sustainable chemistry measures. This opens
avenues for the engagement of early-career chemists tomeet the
capacity and R&D needs. An example of such an avenue is the
Centre for Green Chemical Science of the University of Auck-
land,185,186 where a wide range of interdisciplinary research
endeavours are conducted to address the needs of the emerging
landscape of sustainable chemistry. It offers substantial
opportunities for early-career chemists in developing sustain-
able chemistry and science policy.

In other regions of Oceania, science policy engagement is
currently evolving with a particular focus on marine and ocean
sustainability. It includes the addressing of the issues related to
plastic pollution, the integration of indigenous and Western
science, and prioritisation of nature-based solutions, among
others.187–189 The engagement is majorly spearheaded for
regional coordination and technical support by the Secretariat
of the Pacic Regional Environment Programme (an indepen-
dent intergovernmental organisation of the Pacic Nations).190

However, the challenges addressed by chemical sciences are
intrinsically embedded within the region's interconnected
socio-environmental and economic concerns (for example,
management of plastic waste for ocean sustainability,191 and
nature-based solutions for environmental chemistry192,193) and
therefore, such interlinkages can be explored and leveraged to
improve the science policy interface from a chemical science
perspective in the oceanic region.

This succinct yet detailed analysis illustrates how heteroge-
neous science policy engagement highlights both challenges
and opportunities for chemists in developing science policy
aligned with the SDGs. Such engagement, however, depends on
the regional context in which sustainable chemistry is imple-
mented. This section in this perspective article has enabled the
compiling of a series of resources that conceives a fruitful
science policy interface in the context of sustainable chemistry,
which can be found in the SI (Table S1). Moreover, we want to
enrich this regional analysis with the next section, in which we
propose how a systemic pathway can be developed, with the aim
of bridging the regional challenges and enablers.

Bridging regional challenges and
enablers: developing a systemic
pathway for early-career chemist
participation in sustainable chemistry

Policy making spaces and networks, by tradition and design,
have been highly hierarchical, bureaucratic and formal, posing
signicant entry barriers for early-career chemists.79 This struc-
tural challenge is compounded by disparity between the well-
1294 | RSC Sustainability, 2026, 4, 1285–1303
established modus operandi of policy making and scientic
spaces.39 On the other hand, academic curricula presents a broad
scope of study, presenting several opportunities for specialisation
in scientic areas such as sustainability. However, they place
a limited emphasis on bridging this knowledge with science
policy, hinders the future engagement of early-career chemists at
the science policy interface.79,194,195 This issue is particularly
concerning in countries where the involvement of early-career
chemists is minimal, or formal training on science policy is
absent and mentorship opportunities adapted to their regional
needs are lacking. While opportunities exist in Europe196 and the
US,197 adaptation to local frameworks requires support that is
oen unavailable to interested stakeholders.79

This analysis is aligned with the observations of Dobbelaar
et al.69 who scrutinised the data obtained from a 2020 survey
that was conducted by the Young Chemistry Forum of the
German Chemical Society (GDCh-JCF). Here, the data obtained
from over 500 chemists across 46 countries identied hierar-
chical policy structures, limited training opportunities and
curricula-policy misalignment as critical barriers. Building on
these insights and our regional analysis of current science
policy landscapes, we identify concrete pathways to address
these challenges systematically. Overcoming these barriers
requires transformational shis at the science policy interface
across local, national, regional and global organisations. But to
pass them, it must be kept in mind that these shis must be
cultural (embracing youth voices and intergenerational equity),
functional (establishing dedicated platforms for new voices)
and structural (ensuring equitable access to resources,
networks and training for early-career chemists).198,199 At the
same time, existing structures, organisations and networks that
already provide opportunities for lateral entry of early-career
chemists into policy-making spaces must be leveraged and
strengthened. In Table 1, we summarise key challenges along-
side potential enablers that address each barrier, many of which
are already operational in specic geographic contexts.

The regional analysis in the previous section demonstrates
how the challenges and enablers outlined here manifest
differently across geographic contexts, informing the adapta-
tion of engagement mechanisms. In light of this, we have syn-
thesised these regional variations into ve critical engagement
mechanisms: Interdisciplinary and Collaborative Research,
Institutional and Policy Engagement Pathways, Engagement
through NGOs and Civil Society Platforms, Technical Contri-
bution through R&D Institutions and Mechanisms within
Intergovernmental and Multilateral Organisations. All these
mechanisms are listed on Table 2, indicating how each can be
operationalised across different geographical contexts.

While early-career chemists drive engagement at the science
policy interface, systemic transformation depends on the
coordinated action from multiple stakeholders. The European
model is used here to exemplify how formal training pro-
grammes and institutional pathways create sustainable
engagement ecosystems. In such contexts, universities that
successfully integrate early-career chemists into policy work
typically provide dedicated science-policy training, foster cross-
departmental collaboration and establish formalised pathways
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Detailed overview of the framework for engaging early-career chemists in sustainable chemistry from science policy perspectives

Key elements of the framework Objectives Actions

Interdisciplinary and collaborative
research

Empower early-career chemists to
contribute meaningfully to sustainability
challenges through integrated scientic
approaches

C Promote interdisciplinary curricula in
academic institutions that combine chemistry
with environmental science, systems thinking
and sustainability
C Facilitate collaborative research platforms
that involve chemists, engineers, social
scientists and policy experts
C Support student-led research initiatives on
sustainability chemistry topics (for example,
green synthesis, circular economy, pollution
control)

Institutional and policy engagement
pathways

Create structured avenues for early-career
chemists to participate in policy and
decision-making processes

C Establish youth science advisory councils at
national and international levels to integrate
early-career chemists into policymaking bodies
C Engage with science policy mechanisms such
as the intergovernmental science policy panel
on chemicals, waste and pollution
C Promote internships and fellowships in
ministries, regulatory bodies and international
agencies working on sustainability and
chemicals management

Engagement through NGOs and civil
society platforms

Enable active participation of early-career
chemists in societal dialogue and
sustainability advocacy

C Partner with NGOs to implement community
projects related to sustainable chemistry (for
example, clean water, waste valorisation)
C Encourage youth-led advocacy and
communication on the role of chemistry in
achieving the SDGs
C Support participation in multi-stakeholder
forums, grassroots mobilisations and global
youth movements for climate and
environmental justice

Technical contribution through R&D
institutions

Leverage national and international R&D
institutions as channels for early-career
chemists to drive innovation in
sustainability

C Provide research internships and visiting
scholar programmes in public and private
research centres focused on green technologies
C Encourage contributions to global scientic
assessments and reports through youth-focused
calls or expert working groups
C Foster innovation hubs and incubators to
support youth-led start-ups in sustainable
materials, energy and chemical alternatives

Mechanisms within intergovernmental
and multilateral organisations

Strengthen formal mechanisms to include
early-career chemists in international
science policy platforms

C Institutionalise youth observer roles or
consultative statuses in bodies such as UNEP,
OECD, GFC and IUPAC
C Facilitate access to intergovernmental
conferences (for example, Stockholm
Convention COPs, UN environment assembly)
through youth delegations
C Develop capacity-building programmes co-
hosted by intergovernmental organisations
(IGOs) to equip early-career chemists with
science policy negotiation and diplomacy skills
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linking research and policy. On the other hand, senior policy-
makers and advisory bodies in regions with robust ecosystems
have established designated spaces for early-career input,
integrating emerging perspectives with established expertise.
Furthermore, the integration of civil society organisations and
R&D institutions that successfully engage youth perspectives
have reduced hierarchical barriers and created accessible entry
points. In addition, intergovernmental and multilateral orga-
nisations are increasingly diversifying advisory bodies and
© 2026 The Author(s). Published by the Royal Society of Chemistry
knowledge-brokerage systems, recognising that early-career
perspectives strengthen evidence-based decision-making.
Establishing mechanisms for monitoring, evaluation and
feedback enables continuous improvement of engagement
pathways for future actors. Nevertheless, following the analysis
undertaken for this perspective, it is evident that tensions exist
between rhetoric and the realities faced by early-career scien-
tists in relation to science policy engagement. Despite wide-
spread knowledge of the value of diverse perspectives, science
RSC Sustainability, 2026, 4, 1285–1303 | 1295
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policy structures remain fundamentally hierarchical, with
decision-making authority concentrated among senior gate-
keepers. The proliferation of youth engagement platforms
might create the illusion of inclusion, while leaving power
structures unchanged.

If the aim is a transformational shi in science policy
engagement, this warrants critical reection. Institutions aiming
for a broadening of their current members should also question
continued reliance on hierarchical structures that may have been
effective in the past, but are increasingly outdated. Although such
a question cannot be easily answered, opening spaces for early-
career chemists who are interested in sustainable chemistry and
who may see science policy engagement as an avenue to inuence
their regional context represents only an initial step. Senior
stakeholders must also be open to contemporary perspectives,
institutions must be involved in governmental instances of
participation, and students and academics must be encouraged to
engage with science policy. In addition, interdisciplinary initiatives
must be nanced with the same seriousness afforded to tradi-
tional research. Otherwise, early-career engagement will remain
performative rather than transformative.

Aligned with the recent editorial written by Mahaffy and Garcia-
Martinez,200 this perspective not only examines how early-career
chemists can engage with science policy in sustainable chem-
istry, but also identies what is required to achieve such engage-
ment. Previous work, including the Viewpoint article by Dobbelaar
et al.,68 has articulated key thematic challenges, opportunities, and
actionable pathways. Building on this foundation, the present
analysis examines how these challenges and opportunities are
shaped by regional, institutional, and socio-political contexts.
Through region-specic examples of engagement mechanisms, we
explore conditions that inuence implementation and adaptation
across diverse settings, particularly where formal science policy
pathways remain limited.38,66,67 Taken together, these regionally
grounded insights are situated within a systemic framework,
illustrating circumstances under which engagement aspirations
may translate into context-sensitive implementation pathways. In
particular, they highlight how practitioners in under-resourced
contexts can draw on established mechanisms and adapt them
to local realities, contributing to a broader capacity for science-
informed policy development. While evidence for effective
approaches already exists, further reection is required on how,
where and by whom such mechanisms are mobilised within
evolving governance landscapes.

Conclusions

Early-career chemists are uniquely positioned to catalyse
sustainable transformations in chemistry by combining tech-
nical expertise with intergenerational urgency. Their active
engagement across academia, industry, policy and society is not
merely desirable, but essential in the current milieu. As illus-
trated in this perspective, regional disparities in science policy
engagement create both challenges and opportunities.
Strengthening global and local cooperation, fostering openness
among senior stakeholders to emerging perspectives and
increasing institutional involvement in governmental processes
1296 | RSC Sustainability, 2026, 4, 1285–1303
are essential. Equally important are encouraging students and
academics to participate in those instances, along with the
nancing of interdisciplinary initiatives, while embedding
sustainability into early-career training. The drive to achieve
this is critical for building a resilient and inclusive future for the
chemical sciences. What remains is the urgent task of aligning
structures, resources and perspectives to make it a reality.
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67 C. Sotério, J. Borges and J. G. Mart́ınez, IUPAC and IYCN:
Working Together for a Globally Sustainable Future,
Chem. Int., 2022, 44, 39–45.

68 J. L. Vidal and J. Borges, The Global Conversation on
Sustainability: An IYCN/IUPAC Joint Effort to Creating
a Sustainable Future Worldwide, Chem. Int., 2023, 45, 10–
16.

69 E. Dobbelaar, S. S. Goher, J. L. Vidal, N. K. Obhi,
B. M. B. Felisilda, Y. S. L. Choo, H. Ismail, H. L. Lee,
V. Nascimento, R. Al Bakain, M. Ranasinghe, B. L. Davids,
A. Naim, N.-A. Offiong, J. Borges and T. John, Towards
a Sustainable Future: Challenges and Opportunities for
Early-Career Chemists, Angew. Chem., Int. Ed., 2024, 63,
e202319892.

70 ISC3, What we do, https://www.isc3.org/page/what-we-do,
accessed 18 November 2025.

71 ASM, Launching of the ASEAN Young Scientists Network
(ASEAN YSN) – ASM FOCUS, https://
www.akademisains.gov.my/asm-focus/launching-of-the-
asean-young-scientists-network-asean-ysn/, accessed 27
May 2025.

72 Asian Young Scientist Fellowship, https://
www.aysfellowship.org, accessed 27 May 2025.
© 2026 The Author(s). Published by the Royal Society of Chemistry
73 AAS, The African Academy of Sciences (AAS), https://
aasciences.africa/, accessed 27 May 2025.

74 S. Lisa, The Chemicals and Waste Youth Platform, Geneva
Environment Network, 2025.

75 UN MGCY, Overview, https://www.unmgcy.org/about-
overview, accessed 27 May 2025.

76 OECD, OECD Urban Studies the Circular Economy in Cities
and Regions Synthesis Report, OECD Publishing, Paris, 2020.

77 Circular Economy in Europe: Developing the Knowledge Base,
ed. European Environment Agency, Publications Office of
the European Union, Luxembourg, 2016.

78 J. Lubchenco, Environmental science in a post-truth world,
Front. Ecol. Environ., 2017, 15, 3.

79 T. John, K. E. Cordova, C. T. Jackson, A. C. Hernández-
Mondragón, B. L. Davids, L. Raheja, J. V. Milić and
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131 COP30 Brasil Amazônia - Português (Brasil), https://
cop30.br/pt-br, accessed 21 May 2025.

132 C. Grangeia, L. Santos and L. L. B. Lazaro, The Brazilian
biofuel policy (RenovaBio) and its uncertainties: An
assessment of technical, socioeconomic and institutional
aspects, Energy Convers. Manage.:X, 2022, 13, 100156.

133 E. J. De Area Leão Pereira, L. M. Diele-Viegas and L. C. De
Santana Ribeiro, GHG emissions in Brazilian Agriculture
and livestock sectors and the risk to Amazonia
conservation, Eur. Phys. J. B, 2024, 97, 94.

134 R. Rice, A. Dias Dos Santos and S. Bryant, From green
revolution to green technology: the unintended
consequences of Brazil's ethanol program, Can. J. Lat. Am.
Caribb. Stud., 2025, 0, 1–22.

135 AAAS Science and Diplomacy, 2025.
136 P. M. Fearnside and W. L. Filho, COP 30: Brazilian policies

must change, Science, 2025, 387, 1237.
137 Strongest earthquakes in Chile2022, https://

www.statista.com/statistics/1204298/earthquake-
magnitude-chile/, accessed 24 May 2025.

138 Understanding the geology of Chilean volcanoes, https://
www.unr.edu/nevada-today/news/2024/fres-grant-chilean-
volcano, accessed 24 May 2025.
© 2026 The Author(s). Published by the Royal Society of Chemistry
139 IFRC, Extreme re-weather in Chile driven by climate
change and El Niño, https://www.ifrc.org/article/extreme-
re-weather-chile-driven-climate-change-and-el-nino,
accessed 24 May 2025.

140 C. Bravo, S. Cisternas, M. Viale, P. Paredes, D. Bozkurt and
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