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ABSTRACT

This article explores the critical role of governments in fostering sustainable innovation to combat climate change,
focusing on Sustainable Development Goal 13 and the Paris Agreement. It highlights the Quintuple Helix
innovation model, which integrates ecological considerations alongside academia, industry, government, and civil
society to drive socio-ecological transitions. The paper discusses the interplay between public and private sectors,
societal engagement, and the uncertainties of climate policy. It concludes with insights on how integrated efforts
can lead to resilient, sustainable systems that align economic growth with environmental preservation.
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RESUMO

Este artigo explora o papel critico dos governos na promocao da inovacao sustentavel para combater as mudancas
climaticas, com foco no Objetivo de Desenvolvimento Sustentavel 13 e no Acordo de Paris. Ele destaca o modelo
de inovacdo Quintuple Helix, que integra consideracdes ecoldgicas ao lado da academia, industria, governo e
sociedade civil para impulsionar transi¢cdes socioecoldgicas. O artigo discute a interacdo entre os setores publico
e privado, o engajamento social e as incertezas da politica climatica. Ele conclui com insights sobre como os
esforcos integrados podem levar a sistemas resilientes e sustentaveis que alinham o crescimento econémico com
a preservacdo ambiental.

Palavras-chave: Inovacio Sustentavel, Mudancas Climaticas, Principais Funcdes do Governo, indice Quintuplo
de Responsabilidade do Setor Privado, Sistemas Resilientes.
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INTRODUCTION

In the face of escalating climate challenges, the role of Sustainable Development Goal 13 (SDG 13)
becomes increasingly crucial. This article delves into the multifaceted responsibilities and collaborations necessary
to achieve the targets set by the Paris Agreement. Adopted in 2015, this landmark treaty aims to limit global
temperature rise to well below 2°C above pre-industrial levels by 2030, a goal supported by 196 countries. The
Paris Agreement's framework of 17 interconnected Sustainable Development Goals (SDGs) underscores the need
for a comprehensive approach that integrates environmental, social, and economic dimensions.

Central to this discussion is the Quintuple Helix model, an innovative framework that expands on traditional
models of innovation by incorporating ecological considerations alongside academia, industry, government, and
civil society. This model emphasizes the importance of socio-ecological transitions, advocating for systems where
all stakeholders contribute to sustainable development.

The article explores how governments act as catalysts for innovation, fostering collaboration across sectors to
address global challenges. It highlights the indispensable role of the private sector and society in driving systemic
change. By examining these dynamics, the article provides insights into how integrated efforts can lead to
meaningful progress in combating climate change and promoting sustainable innovation.

1SDG 13 AND GOVERNMENT

For educational purposes, we begin by offering a concise overview of Sustainable Development Goal 13
(SDG 13). As many readers may already know, the Paris Agreement is a legally binding international treaty on
climate change. Adopted during the 2015 Conference of the Parties (COP21) in Paris, 196 countries committed to
a global climate objective: limiting the increase in global average temperatures to well below 2°C above pre-
industrial levels by 2030 (United Nations).

The Paris Agreement is structured around 17 interconnected Sustainable Development Goals (SDGs),
ranging from "No Poverty" to "Partnerships for the Goals." Each goal has specific targets—169 in total—that
signatory countries are expected to achieve by 2030. The ambition of these targets is to promote a comprehensive
framework for sustainable development that integrates environmental, social, and economic dimensions (United
Nations).

A distinctive feature of the Paris Agreement, which sets it apart from earlier United Nations initiatives, is
that it allows countries to select and tailor their commitments from among the 169 targets. Furthermore, each
signatory must develop and submit a national action plan, which emphasizes a shift from mere agreements to
concrete actions. These elements represent a significant departure from previous climate frameworks, fostering
greater accountability (United Nations).

Governments thus bear the primary responsibility for implementing these climate policies, but their efforts
alone are insufficient in today’s volatile, uncertain, complex, and ambiguous (VUCA) world (Bennett, Lemoine,
2014). This section introduces the first component of the quintuple helix model: government. However, to drive
meaningful change, collaboration with the private sector is indispensable, marking the transition to our next section.

1.1 The private sector: a shared responsibility

It is inaccurate to suggest that the private sector is unaware of its importance in addressing climate
challenges or that it plays a peripheral role in achieving the goals of the Paris Agreement. One of the earliest and
most influential appeals for private sector engagement came from Kofi Annan in 2004, during the United Nations
Global Compact Leaders Summit. His address was encapsulated in the landmark document Who Cares Wins
(United Nations Global Compact).

This document not only introduced the now widely known term "ESG" (Environmental, Social, and
Governance) but also called for specific actions across various sectors. Annan urged financial analysts to
incorporate ESG factors into their research and encouraged financial institutions to adopt responsible investment
practices. He emphasized that business leaders must implement ESG principles rigorously and report their efforts
in a standardized format. Investors were encouraged to prioritize companies with strong ESG performance, while
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governments and multilateral agencies were advised to align their pension fund investments with ESG principles
(United Nations Global Compact).

In addition, Annan outlined expectations for consultants, financial advisors, regulators, and stock
exchanges. He advocated for regulatory frameworks that promote financial integration of ESG principles and urged
stock exchanges to enhance the visibility of ESG-related issues. Non-governmental organizations (NGOs) were
also called upon to improve transparency by providing reliable information to the public and financial community
(United Nations Global Compact).

The influence of Who Cares Wins was soon visible. In 2005, the Brazilian Stock Exchange
(BM&FBOVESPA, now B3) became the first stock exchange in the world to sign the UN Global Compact,
signaling its commitment to sustainable and responsible business practices (B3). Later, in 2010, B3 became the
first stock exchange from an emerging economy to adopt the Principles for Responsible Investment (PRI),
reinforcing the role of the private sector in promoting sustainability (B3). These developments exemplify the
growing integration of ESG principles into financial markets, underscoring the private sector’s crucial role as the
second component of the quintuple helix model.

1.2 Society's role in shared responsibility

The interaction between governments and the private sector is essential, but it is insufficient without the
engagement of society. Consumers wield considerable influence over corporate strategies and performance through
their purchasing choices. For instance, the demand for sustainable clothing, ethical consumer goods, and
environmentally friendly food products can push companies to adopt more sustainable practices (Shao, 2009).

As members of society, individuals have both the responsibility and the power to drive systemic change.
Social pressures play a pivotal role in shaping corporate strategies, as companies increasingly respond to consumer
demands for greater transparency and accountability (Shao, 2009), and this is called culture-based public in the
quintuple helix model.

The shared responsibility between governments, the private sector, and society forms the foundation of
collective action required to address climate change effectively. However, the window of opportunity for
meaningful societal intervention is rapidly closing, making immediate action imperative.

2 THE QUINTUPLE HELIX MODEL: A BRIEF EXPLATION

The Triple Helix innovation model emphasizes the interactions between universities, industries, and
governments to explain the development of knowledge-based economies. In the Triple Helix Innovation model, all
three parts works together with the objective products and services that can be transmitted to users (Gonzalez-
Martinez et al., 2009). The Quadruple Helix arises of the fact that Triple Helix is not sufficient for innovative long-
term growth and that “civil society” must play an active role in knowledge creation and sustainable growth. Given
that, the Quadruple Helix, expands on this by incorporating a fourth element: the "media-based and culture-based
public" and "civil society”, having a user centric innovation system. In other words, Quadruple Helix focus on
innovations that will be suitable for the users (Gonzalez-Martinez et al., 2009).

The Quintuple Helix innovation model takes this further by integrating the Quadruple Helix with an
additional focus on the "natural environments of society,” making it a more comprehensive approach. As said
before, The Triple Helix highlights the critical role of higher education in fostering innovation, aligning well with
the concept of a knowledge economy due to its emphasis on knowledge production and economic innovation. The
Quadruple Helix broadens this perspective to include the knowledge society and knowledge democracy, suggesting
that sustainable development of a knowledge economy necessitates coevolution with the knowledge society
(Carayannis et al., 2012).

The Quintuple Helix underscores the need for a socioecological transition in society and the economy in
the 21st century, emphasizing ecological sensitivity. It posits that natural environments should be considered
drivers of knowledge production and innovation, thereby creating opportunities within the knowledge economy. In
2009, the European Commission identified socioecological transition as a key challenge for future development.
The Quintuple Helix model supports creating synergies between ecology, knowledge, and innovation, fostering a
win-win situation among economy, society, and democracy. It is particularly applicable to addressing ecological
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concerns like global warming, offering significant potential for innovative solutions (Carayannis et al., 2012) as
shown in figure 1.

Figure 1: Knowledge production and innovation in the context of the knowledge economy, knowledge society (knowledge
democracy), and the natural environments of society
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The evolution from the Triple Helix to the Quintuple Helix models illustrates the growing complexity and
interconnectedness of innovation systems, where each additional element reflects a broader societal engagement in
fostering sustainable development. As these models demonstrate, innovation is not just a product of isolated sectors
but a collaborative effort that spans education, industry, government, civil society, and ecological considerations.
This comprehensive approach highlights the necessity of integrating diverse perspectives to address modern
challenges effectively. Moving forward, we will explore how governments act as catalysts for innovation. By
examining their role as both enablers and regulators, we can better understand how they drive technological
advancement and economic growth while navigating the uncertainties inherent in these processes.

3 COOPERATION VS UNCERTAINTIES
3.1 An uncertain moment

The contemporary global landscape is characterized by significant uncertainties in government actions,
international institutions, and climate change, each contributing to a complex web of challenges that impact global
stability and progress. Government policies on climate change are increasingly unpredictable, which significantly
affects investment decisions within energy markets. According to the International Energy Agency (IEA), policy
uncertainty often leads to suboptimal investment choices, such as prolonging the life of existing plants rather than
investing in more efficient technologies (International Energy Agency, 2007). This uncertainty is particularly
pronounced in pollution-intensive sectors, where it has been shown to decrease investments due to the risks
associated with potential changes in policy direction (Ma et al., 2023). Furthermore, the IEA's analysis indicates
that climate policy risks can elevate capital investment costs due to uncertainties surrounding energy and carbon
prices (International Energy Agency, 2007)

On the international stage, the coordination required for effective climate change mitigation is fraught with
challenges. The complexity of global climate governance necessitates cooperation among diverse political entities,
yet significant limits exist in understanding the long-term consequences of economic activities on future climates
(Tye etal., 2022). The World Economic Forum's Global Risks Report 2023 highlights the failure of climate action
as a dominant global risk factor over the next decade (World Economic Forum, 2023). The introduction of
unexpected climate-related policies can alter investor preferences and increase market uncertainties, posing threats
to financial stability (Hansen, 2022). For instance, China's Climate Policy Uncertainty (CCPU) index reveals an
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upward trend in policy uncertainties at national and regional levels, further complicating global efforts to address
climate change (World Economic Forum, 2023).

Climate change itself presents substantial uncertainties that complicate policy design and implementation.
Scientific uncertainties about climate change are grounded in incomplete evidence and modeling challenges, such
as accurately representing aerosols and cloud formation processes (Tye, 2022). Moreover, adaptation planning
faces even greater uncertainty compared to mitigation strategies due to cascading uncertainties that broaden the
"envelope of uncertainty" (Tye, 2022). This complexity is compounded by the difficulty in predicting regional
impacts of climate change, which are crucial for effective risk assessment and adaptation planning (Tye, 2022).
Despite these challenges, it remains imperative for policymakers to develop robust strategies that incorporate these
uncertainties to mitigate carbon emissions and protect ecosystems from climate impacts (Gavriilidis, 2023).

3.2 Innovation as a solution: the role of government

In today’s global economy, we face a complex and interconnected reality, marked by uncertainty and
volatility. Klaus Schwab, founder of the World Economic Forum, emphasized in his 2021 book the need to
approach the economy as a multidimensional jigsaw puzzle. He argued that solving today’s complex problems
requires multidisciplinary solutions that are adaptable and swiftly implemented. To address these challenges,
governments and societies must create innovative systems capable of generating complex solutions.

Joseph Schumpeter’s concept of creative destruction (1942) illustrates the dynamic process through which
old systems must be dismantled to make room for new ones. The First Industrial Revolution (1760) exemplifies
this, as the invention of the steam engine revolutionized production processes and transformed consumer behavior.
Innovations of this magnitude not only reshape industries but also introduce new paradigms, altering the overall
structure of economic systems.

Every instance of creative destruction generates new components within the economic puzzle, necessitating
proactive government intervention to manage the transition. Governments must act swiftly to mitigate the social
consequences of such shifts, such as unemployment and poverty. Innovation is thus essential, as it equips
governments with the tools needed to respond effectively to the challenges posed by economic transitions.

Governments are not merely one piece of the puzzle; they are also responsible for crafting, integrating, and
engaging with some of its most intricate components. However, it is clear that governments cannot achieve this
alone. Effective collaboration across multiple sectors is necessary to foster innovative solutions that address today’s
global challenges.

Government as a catalyst for innovation

Innovation is not the exclusive domain of the private sector. On the contrary, governments play a critical
role in fostering innovation within society. The existence of innovative ecosystems is often rooted in entrepreneurial
states with the capacity to support high-risk ventures. Although this argument may seem counterintuitive, history
provides many examples of government-led innovation. Nations with inclusive economic and political
institutions—those that promote widespread participation in economic activities—are more likely to cultivate
sustainable innovation and development.

High-risk investments by governments have catalyzed breakthroughs in several industries. For instance,
NASA'’s advancements in space exploration and the development of touchscreen technology, which Apple later
popularized in the first iPhone, were made possible through significant public sector investments. These
investments can take various forms, such as low-interest loans for research and development projects. SpaceX is
another prominent example of how entrepreneurial states contribute to innovation by supporting high-risk ventures
(Mazzucato, 2011; Acemoglu, Robinson, 2012).

Conversely, some nations adopt short-term, extractive approaches to innovation. Extractive institutions
concentrate wealth and power within a select group, undermining long-term growth by stifling innovation and
discouraging investment in sustainable development. A notable example is the Soviet Union, where initial rapid
growth gave way to stagnation due to the inefficiencies of centralized, extractive systems. This case underscores
the unsustainability of such models for fostering long-term economic growth. Both extractive and inclusive
institutions, however, are ultimately shaped by political motivations (Acemoglu, Robinson, 2012).
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3.3 The Quintuple Helix Model

Until now, this chapter has outlined the roles of government, the private sector, and innovation systems,
providing insights into the Paris Agreement’s call for action, Kofi Annan’s Global Compact, and the state’s crucial
role in fostering innovation. These discussions may seem disconnected, but the Quintuple Helix model integrates
them into a cohesive framework.

The Quintuple Helix model builds upon the Triple Helix framework by adding ecological considerations to
the innovation process, alongside academia, industry, government, and civil society. This model underscores the
importance of socio-ecological transitions, advocating for systems where all stakeholders—including natural
environments—contribute to innovation. It aligns with arguments emphasizing the need for inclusive systems to
achieve sustainable growth.

By incorporating ecological perspectives, the model enhances resilience and adaptability, offering a
framework for tackling global challenges like climate change (Carayannis et al., 2012; Acemoglu, Robinson, 2012).

This model also highlights the potential of natural environments to act as drivers of innovation and
knowledge production. In the context of global warming, ecological concerns are not merely obstacles; they also
present opportunities for transformative innovation. By fostering collaboration across five domains—education,
economy, natural environment, media and culture, and political systems—the Quintuple Helix promotes a holistic
approach to innovation that supports sustainable development. It generates synergies between the economy, society,
and democracy, creating opportunities for ecological sensitivity to enhance both economic performance and social
well-being (Carayannis et al., 2012, 2021).

A path toward sustainable innovation

The Quintuple Helix model’s emphasis on socio-ecological transitions resonates with contemporary calls
for balanced development that integrates economic growth with environmental sustainability. This framework
addresses the urgent challenges posed by climate change while establishing a foundation for long-term resilience
and adaptability. By embedding ecological considerations into the core of innovation systems, the model offers a
comprehensive strategy for fostering sustainable development in the 21st century.

In alignment with global efforts to promote knowledge economies that are both innovative and ecologically
responsible, the Quintuple Helix model provides a path toward more inclusive and sustainable systems. It
encourages diverse perspectives and ecological awareness, ensuring that innovation contributes not only to
economic progress but also to the preservation of natural environments and social well-being. This integrated
approach represents a significant step toward building resilient societies capable of thriving in an increasingly
uncertain world (Carayannis et al., 2012, 2021).

CONCLUSION

In synthesizing the insights presented in this chapter, it is evident that addressing the multifaceted challenges
of climate change and sustainable development necessitates an integrated approach that harnesses the collective
capabilities of diverse sectors. The Quintuple Helix model provides a robust framework for such integration,
emphasizing the critical roles of academia, industry, government, civil society, and ecological systems in fostering
innovation.

This model advances beyond traditional frameworks by embedding ecological considerations into the core
of innovation processes, thereby aligning with contemporary imperatives for socio-ecological transitions. It
advocates for a holistic approach where natural environments are not merely passive backdrops but active
contributors to knowledge production and innovation. This perspective is essential for cultivating resilience and
adaptability in our responses to global challenges.

The paper also elucidates the pivotal role of governments as catalysts for innovation. Governments are
uniquely positioned to orchestrate collaborative efforts across sectors, leveraging their regulatory and financial
capacities to stimulate high-risk ventures and drive systemic change. However, the complexity of modern
challenges underscores the necessity for cross-sectoral collaboration, where the private sector and society at large
are indispensable partners in achieving sustainable outcomes.

Furthermore, the uncertainties inherent in climate policy and international cooperation highlight the need
for adaptive strategies that can navigate volatile and ambiguous environments. By incorporating flexibility and
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foresight into policy design, stakeholders can better manage risks and capitalize on opportunities for transformative
innovation.

In conclusion, the Quintuple Helix model offers a comprehensive strategy for fostering sustainable
development. By integrating ecological perspectives into innovation systems, it not only enhances economic
performance but also promotes social well-being and environmental preservation. This integrated approach is
crucial for building resilient societies capable of thriving amidst the uncertainties of the 21st century.

REFERENCES

Acemoglu D, Robinson JA. Why nations fail: the origins of power, prosperity, and poverty. New York: Crown
Business; 2012. ISBN: 03077192109.

B3. Sustainable Stock Exchanges Initiative. [Internet]. 2024. Available from: https://sseinitiative.org/stock-
exchange/b3. [Accessed: 2024-10-24].

B3. Un Global Compact. [Internet]. 2024. Available from: https://www.b3.com.br/en_us/b3/sustainability/at-
b3/commitments/. [Accessed: 2024-10-24].

Bennett N, Lemoine GJ. What VUCA Really Means for You. Harvard Business Review 2014. [Internet].
Available from: https://hbr.org/2014/01/what-vuca-really-means-for-you. [Accessed: 2024-10-22].

Carayannis EG, Barth TD, Campbell DFJ. The Quintuple Helix innovation model: global warming as a challenge
and driver for innovation. Journal of Innovation and Entrepreneurship. 2012;1(2):72-73. doi:
https://doi.org/10.1186/2192-5372-1-2.

Carayannis EG, Campbell DFJ. Democracy of Climate and Climate for Democracy: the Evolution of Quadruple
and Quintuple Helix Innovation Systems. Journal of the Knowledge Economy. 2021;12(4):2050-2082. doi:
https://doi.org/https://doi.org/10.1007/s13132-021-00778-X.

Gauvriilidis K. Measuring Climate Policy Uncertainty [Internet]. 2023. Available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3847388. [Accessed: 2024-10-24].

Gonzélez-Martinez P, Garcia-Pérez-De-Lema D, Castillo-Vergara M, Hansen PB. Systematic review of the
literature on the concept of civil society in the quadruple helix framework. Journal of Technology Management &
Innovation. 2021;16(4):85-95. DOI: http://dx.doi.org/10.4067/S0718-27242021000400085.

Hansen LP. Confronting Uncertainty in Climate Policy. [Internet]. Chicago Booth Review. July 26, 2022.
Available from: https://www.chicagobooth.edu/review/confronting-uncertainty-climate-policy. [Accessed: 2024-
10-24].

International Energy Agency. Climate Policy Uncertainty and Investment Risk. Paris: OECD Publishing; 2007.
doi: https://doi.org/10.1787/9789264030152-en.

Ma YR, Liu Z, Ma D, Zhai P, Guo K, Zhang D, Ji Q. A news-based climate policy uncertainty index for China.
Scientific Data. 2023;10(1):881. DOI: https://doi.org/10.1038/s41597-023-02817-5.

Mazzucato M. The Entrepreneurial State. London: Demos; 2011. DOI:10.3898/136266211798411183.

Shao M. Stanford Graduate School of Business. Social Pressures Affect Corporate Strategy and Performance.
[Internet]. 2009. Available from: https://www.gsb.stanford.edu/insights/social-pressures-affect-corporate-
strategy-performance. [Accessed: 2024-10-24].

Taratori R, Rodriguez-Fiscal P, Pacho MA, Koutra S, Pareja-Eastaway M, Thomas D. Unveiling the evolution of
innovation ecosystems: an analysis of triple, quadruple, and quintuple helix model innovation systems in
European case studies. Sustainability. 2021;13(14):7582. DOI: https://doi.org/10.3390/su13147582.

Tye S, Altamirano J-C. Economics Observatory. How does uncertainty about the future affect climate change
policy? [Internet]. 2022. Available from: https://www.economicsobservatory.com/how-does-uncertainty-about-
the-future-affect-climate-change-policy. [Accessed: 2024-10-24].

United Nations Global Compact. Who Cares Wins: Connecting Financial Markets to a Changing World. In:
Proceedings of the United Nations Global Compact Leader Summit; 24 June 2004; New York. New York: United
Nations; 2004. p. 1-57.

United Nations. Framework Convention on Climate Change. The Paris Agreement. [Internet]. 2024. Available
from: https://unfccc.int/process-and-meetings/the-paris-agreement. [Accessed: 2024-10-15].

United Nations. Sustainable Development Goals. [Internet]. 2024. Available from:
https://sdgs.un.org/goals#history. [Accessed: 2024-10-15].

105
RISUS — Journal on Innovation and Sustainability, Sdo Paulo, v. 15, n. 3, p. 98-106, set./out. 2024 - ISSN 2179-3565


https://sseinitiative.org/stock-exchange/b3
https://sseinitiative.org/stock-exchange/b3
https://www.b3.com.br/en_us/b3/sustainability/at-b3/commitments/
https://www.b3.com.br/en_us/b3/sustainability/at-b3/commitments/
https://hbr.org/2014/01/what-vuca-really-means-for-you
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3847388
https://doi.org/10.1787/9789264030152-en
https://doi.org/10.1038/s41597-023-02817-5
http://dx.doi.org/10.3898/136266211798411183
https://www.gsb.stanford.edu/insights/social-pressures-affect-corporate-strategy-performance
https://www.gsb.stanford.edu/insights/social-pressures-affect-corporate-strategy-performance
https://www.economicsobservatory.com/how-does-uncertainty-about-the-future-affect-climate-change-policy
https://www.economicsobservatory.com/how-does-uncertainty-about-the-future-affect-climate-change-policy
https://unfccc.int/process-and-meetings/the-paris-agreement
https://sdgs.un.org/goals#history

A PATH TO SUSTAINABILITY: INNOVATION AND THE KEY ROLE OF GOVERNMENT
EDUARDO L. DE CAMARGO BISNETO

World Economic Forum. Global Risks Report 2023. [Internet]. Available from:
https://www.weforum.org/reports/global-risks-report-2023. [Accessed: 2024-10-24].

106
RISUS — Journal on Innovation and Sustainability, Sdo Paulo, v. 15, n. 3, p. 98-106, set./out. 2024 - ISSN 2179-3565


https://www.weforum.org/reports/global-risks-report-2023

