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This perspective highlights global chemistry science-policy engagement, outlining regional gaps and priority actions. It calls 

for coordinated frameworks with early-career leadership to advance sustainable chemistry worldwide.

Abstract

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 frameworks 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, 

acceleration 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 scientific 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

 Within this context, the chemicals sector has played a significant 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 principles 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 shift 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 perspective. Before we dive into the core ideas of this perspective 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.

[Instruction: This is a section heading, please see Q4 comments]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 

environmental pollution from chemical waste, effluent discharges and atmospheric emissions, together with mounting 

health impacts and major industrial accidents.
19

 Waste reduction 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 intensified 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/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 synthesised 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, after 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 reflect an economic logic that 

assumes unlimited material availability, often ignoring the physical constraints of nature.
29

 While the popular narrative 

surrounding the circular economy often draws inspiration from natural cycles, it frequently overlooks their limitations. 

This is particularly true in the case of energy inputs and material losses that make the perfect circularity 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

Fig. 1 

Graphical depiction of the emergence of the concept of sustainable chemistry (1970s–Present).



In contrast to the often 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, 

alternative ways of fulfilling the intended function without using chemicals (non-material-based delivery of service and 

function) are considered first. ‘Chemical service’ ranks second, as it 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 

development. This encompasses all three strong sustainability strategies: 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, chemical innovation is viewed as embedded in socio-ecological and 

techno-economic systems.
32

 This refers to mapping stocks and flows 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 influence 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 evaluating 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 defined set of competencies: (i) life-cycle and 

systems mapping from feedstock to fate;
36

 (ii) risk–benefit appraisal under uncertainty, including tradeoff and burden-

shifting analysis;
37

 (iii) data and digital literacy;
38

 (iv) policy and economic fluency;
39

 and (v) ethics and justice in 

chemical decision-making.
40

Through its holistic approach and ‘systems thinking’, sustainable chemistry considers important interfaces, especially 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 Chemistry Strategy Team, has articulated a complementary federal vision in its 2023 Sustainable 

Chemistry Report. It then framed the Federal Landscape, proposing a definition 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

[Instruction: This is a sub-heading, so it does not need to be in italics.]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 Development (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 final products with 

minimal by-products or waste.
47,48

 When 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 

implementation faces significant 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 significant barrier remains among science students and with respect to their intention to contribute to sustainability.

54,55
 Often, students do not have the interdisciplinary tools to judge the wider environmental 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 identification 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 

collaboration to maximise policy effectiveness. Data-informed and adaptive guidelines provide a pathway for shifting 

policy focus from chemical control to hazard elimination. These frameworks now allow policy development to move in 

tandem with scientific advancement, opening new possibilities for sustainable chemistry regulations.

[Instruction: This is a section heading, please see Q4 comments.]Advancing sustainable 

chemistry: pathways for early-career chemists within and beyond academia

[Instruction: This is a sub-heading, so it does not go in italics.]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, 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 collaborations 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 conferences, engaging in science policy internships, facilitating 

interdisciplinary dialogues and leading solution-focused workshops may help translate scientific 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



[Instruction: This is a sub-heading, so it does not go in italics.]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 scientific 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 briefings, writing op-eds for policy 

publications or presenting at legislative hearings translates research into actionable policy insights.

Industry and innovation

Entrepreneurship and intrapreneurship enable early-career chemists to demonstrate the viability of sustainable chemistry 

in practice. By developing sustainable materials such as bio-based polymers as plastic alternatives, 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.

[Instruction: This is a sub-heading, so it does not go in italics.]Science policy and governance 

engagement opportunities

While public policy and governance have historically sought science primarily for technical expertise, we argue that 

early-career chemists have the potential to change this dynamic. Through their increasing exposure to evolving political 

landscapes and interdisciplinary perspectives, they can help bridge scientific 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 influence; (2) geographic diversity spanning global, regional and 

national scales; and (3) structured programmes, training initiatives or networks offering clear entry points that address 

the challenges identified 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.

Table 1 

Overview of challenges and enablers for the engagement of early-career chemists in sustainable chemistry

Challenges Enablers

Highly formalised and 

hierarchical structures

● Lateral entry into policy making spaces through intergovernmental spaces (for example, UN 

MGCY) and global youth networks (for example, chemicals and waste youth platform)

● 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

● 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 

● Adaptation of chemical education curricula to local and regional needs

● Design of events and activities that provide exposure and access to early-career chemists to the 



Several platforms provide structured pathways for early-career chemists to engage meaningfully in science policy. The 

International Younger Chemists Network (IYCN), in partnership 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 programme 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 Association for Advancement of Sciences (AAAS) Science and Technology Policy Fellowships. Supported 

by scientific societies, Including the American Chemical Society (ACS), these fellowships 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 influence 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 Collaborative Centre (ISC3). Based in 

Germany, it provides complementary 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 

influence the development of emissions standards, chemical regulations and sustainability frameworks in their 

respective regions.
71–73

Furthermore, by engaging with youth-focused policy bodies such as the IYCN, the Chemicals and Waste Youth 

Platform, and the United Nations Major Group for Children and Youth (UN MGCY), early-career chemists gain direct 

avenues to influence environmental governance.
67,74,75

 Through advisory roles, contributions to circular economy 

strategies and participation in expert panels, early-career chemists can shape environmental regulations 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 scientific 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 influencing 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 examines how science policy engagement operates across 

policy and strategy needs policy-making paradigms

Negative political 

environment

● Establishment, development and compliance of effective stakeholder engagement frameworks 

at the intergovernmental level

Diverging funding priorities

● Promotion of innovative financing 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
● Activity-based science policy training programmes aimed to build confidence among early-

career chemists in science policy (for example, science policy training by ISC3)

Cultural and systemic 

prejudices

● Open dialogue instances between early-career scientists and policy stakeholders



different geographic contexts. It also identifies challenges and opportunities for adapting known mechanisms to regions 

where formal pathways remain limited or non-developed.

[Instruction: This is a section heading, please see Q4 comments.]Current status of science policy 

engagement in diverse demographic contexts

In 2023, several members of the IYCN emphasised the importance 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 critical role that scientists must play in providing insights 

throughout the decision-making process. Since then, global challenges have not only intensified but have also become 

increasingly intertwined with geopolitical conflicts, 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 significantly 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 unified framework for chemists worldwide.

[Instruction: This is a sub-heading, so it does not go in italics.]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 significant role in connecting research with emerging policy issues,
80,81

 there 

is also robust institutional support for researchers to directly engage with Parliament
82

 and the Government.
83

 

Dedicated training opportunities 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 Science
87

 is 

responsible for science policy, overseeing funding for higher education and research institutions, while also legislating 

and engaging in dialogue with the scientific 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

Fig. 2 

Summarising avenues of engagement for early-career chemists across the globe.



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 development is becoming increasingly important 

worldwide’. Moreover, 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 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 scientific 

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 expertise 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.

[Instruction: The appropriate title would be: "The Americas" (with a capital A). Also, this is a sub-

heading, so it does not go in italics.]The americas

In contrast to Europe's coordinated efforts, science policy engagement across the Americas presents a more fragmented 

picture, with significant disparities between countries. In North America, the United States stands out due to its 

influence 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 significant political shifts at the federal level,
93–95

 underscoring ongoing tensions around the 

role of science in policymaking.
96

 These shifts 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 unprecedented in US history.
102

Therefore, both universities and non-profit organisations (NPOs) have increasingly stepped in to fill the gaps and 

advocate for science policy engagement. Higher education institutions have played a leading role in advancing agendas 

related to climate change
103

 and sustainability agendas.
104

 However, they are currently facing intensified 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 partnerships with companies such as Merck
109

 and Dow Chemicals
110

 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-profit leaders in the US expressing concern over potential political targeting following the advancement 

of a controversial tax measure in Congress.
111

Countries in Central America, on the other hand, are often overlooked in science policy engagements due to a history 

of democratic backsliding,
112,113

 corruption
114–116

 and gang-related violence.
117–119

 Moreover, disparities in 

development across the region makes it difficult to harness scientific expertise for policymaking and sustainable 

development.
120

 This is only accentuated 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 outflow 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 associations.
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 

institutions and robust higher education systems. A prominent example is Brazil, which is a country that contains 60% 

of the Amazon rainforest in its territory
129

 and is a member of the Brazil, Russia, India, China and South Africa 

(BRICS) organization.
130

 Brazil hosted the 30th Conference of the Parties to the UN Framework Convention on 

Climate Change (COP30) recently
131

 and is recognised as a pioneer in biofuel development.
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.

[Instruction: "Chile faces a similar problem" is not a sub-heading. It is the start of a new 

paragraph. In the final version, it should be read as follows: "Chile faces a similar problem. 

Although smaller in size and global influence, the country..."]Chile faces a similar problem

Although smaller in size and global influence, the country is highly exposed and vulnerable to a variety of natural 

disasters
125,126,137,138

 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 

framework for the sustainable use of soil.
141

 What makes this law particularly notable is its collaborative drafting 

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 exemplifies science policy synergy and 

demonstrates how multi-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.

[Instruction: This is a sub-heading, so it does not go in italics.]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 participation and innovation.
146

A significant 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 influenced 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 

defining extraction priorities and terms of engagement. These dynamics create both opportunities such as infrastructure 

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 financing conflicts (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 influencing 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 harmonisation to ensure that mineral development is both 

equitable and sustainable.
152

Youth have also been mobilised around these issues. The formation of the Council for African Youth in Minerals 

reflects 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 reflect a broader continental shift: from externally imposed solutions to homegrown 

strategies that link science, sustainability and self-determination. As Africa continues to navigate a global landscape 

marked by climate urgency and shifting 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.

[Instruction: This is a sub-heading, so it does not go in italics.]Asia

The science policy landscape in the Asian context is noted to be quite heterogeneous and complex.
160,161

 Historical 

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 influenced by 

a dynamic interplay of these factors, which differ considerably between countries. Countries such as Japan, China, 

Singapore, Taiwan and South Korea are often 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 often due to capacity constraints and 

underinvestment 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 Fellowships (2014–2020), which led to the betterment of the 

science policy interface in Southeast Asian countries, namely Cambodia, Indonesia, Malaysia, Myanmar, Philippines, 

Thailand and Vietnam.
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 after the AAAS Science and Technology Fellowship Program, the selected 

early and mid-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 interface and cross-border collaboration.
168,169

 

Although the programme 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 fulfilling 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 engagement, pointing to the need for 

broader stakeholder engagement in this context.
161

[Instruction: This is a sub-heading, so it does not go in italics.]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 

significant avenues of engagement for early-career chemists.
177,179

 In fact, Australia has made significant advances in 

chemical management, with a national framework
180

 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 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 ratification of sustainable 

chemistry measures. This opens avenues for the engagement of early-career chemists to meet the capacity and R&D 

needs. An example of such an avenue is the Centre for Green Chemical Science of the University of Auckland,
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 sustainable 

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 Pacific Regional Environment 

Programme (an independent intergovernmental organisation of the Pacific 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 chemistry
192,193

) 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 heterogeneous 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 implemented. 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.

[Instruction: This is a section heading, please see Q4 comments.]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 significant entry barriers for early-career chemists.
79

 This structural challenge is compounded by disparity 

between the well-established modus operandi of policy making and scientific spaces.
39

 On the other hand, academic 

curricula presents a broad scope of study, presenting several opportunities for specialisation in scientific 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 Europe

196
 and the US,

197
 adaptation to local frameworks requires support that is often 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 identified hierarchical 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 shifts at the science policy interface across local, national, regional 

and global organisations. But to pass them, it must be kept in mind that these shifts 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 

alongside potential enablers that address each barrier, many of which are already operational in specific geographic 

contexts.

The regional analysis in the previous section demonstrates how the challenges and enablers outlined here manifest 

differently across geographic contexts, informing the adaptation of engagement mechanisms. In light of this, we have 

synthesised these regional variations into five critical engagement mechanisms: Interdisciplinary and Collaborative 

Research, Institutional and Policy Engagement Pathways, Engagement through NGOs and Civil Society Platforms, 

Technical Contribution 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.

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 Empower early-career chemists to ● Promote interdisciplinary curricula in academic 



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 

programmes 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 linking research and policy. On the other hand, 

senior policymakers 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 organisations are 

collaborative research contribute meaningfully to sustainability 

challenges through integrated scientific 

approaches

institutions that combine chemistry with environmental 

science, systems thinking and sustainability

● Facilitate collaborative research platforms that involve 

chemists, engineers, social scientists and policy experts

● 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

● Establish youth science advisory councils at national and 

international levels to integrate early-career chemists into 

policymaking bodies

● Engage with science policy mechanisms such as the 

intergovernmental science policy panel on chemicals, waste 

and pollution

● 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

● Partner with NGOs to implement community projects 

related to sustainable chemistry (for example, clean water, 

waste valorisation)

● Encourage youth-led advocacy and communication on 

the role of chemistry in achieving the SDGs

● 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

● Provide research internships and visiting scholar 

programmes in public and private research centres focused 

on green technologies

● Encourage contributions to global scientific assessments 

and reports through youth-focused calls or expert working 

groups

● 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

● Institutionalise youth observer roles or consultative 

statuses in bodies such as UNEP, OECD, GFC and IUPAC

● Facilitate access to intergovernmental conferences (for 

example, Stockholm Convention COPs, UN environment 

assembly) through youth delegations

● Develop capacity-building programmes co-hosted by 

intergovernmental organisations (IGOs) to equip early-

career chemists with science policy negotiation and 

diplomacy skills



increasingly diversifying advisory bodies and 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 scientists in 

relation to science policy engagement. Despite widespread knowledge of the value of diverse perspectives, science 

policy structures remain fundamentally hierarchical, with decision-making authority concentrated among senior 

gatekeepers. The proliferation of youth engagement platforms might create the illusion of inclusion, while leaving 

power structures unchanged.

If the aim is a transformational shift in science policy engagement, this warrants critical reflection. 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 influence 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 financed with the same seriousness afforded to traditional research. Otherwise, early-career engagement will remain 

performative rather than transformative.

Aligned with the recent editorial written by Mahaffy and Garciía-Martinez,
200

 this perspective not only examines how 

early-career chemists can engage with science policy in sustainable chemistry, but also identifies what is required to 

achieve such engagement. 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-specific examples of engagement mechanisms, we explore conditions that influence 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 reflection 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 

technical expertise with intergenerational urgency. Their active engagement across academia, industry, policy and 

society is not merely desirable, but essential in the current milieu. As illustrated 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 are essential. Equally important are encouraging students and academics to participate in those 

instances, along with the financing 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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