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Abstract. Following the Paris Agreement, global actors intensified climate 

action through ambitious pledges, financial alliances, and investments in 
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green technologies. However, despite continued rises in atmospheric carbon 

concentrations and global temperatures, a series of structural regressions have 

emerged, exposing the deep vulnerabilities and inherent flaws of artificial 

environmental protection systems—systems predominantly shaped by 

mainstream economics’ growth-oriented and technology-centric paradigms. 

This paper, grounded in Granular Interaction Thinking Theory (GITT), seeks 

to uncover the logical flaws embedded in such systems. It explains how they 

perpetuate the illusion that perpetual economic growth is compatible with 

environmental protection through prioritizing investment in advanced—yet 

often costly, low-impact, and highly uncertain—technological solutions. This 

bias also results in an overdependence on a limited range of technologies, 

heightening the risk of economic bubble formation and immiserizing growth. 

To address these systemic shortcomings, we advocate for the adoption of the 

semiconducting principle of monetary and environmental value exchange. 

This principle ensures that environmental values can be translated into 

monetary values, but not vice versa—thereby preventing monetary valuation 

from undermining ecological sustainability. Operationalizing this principle 

effectively requires the cultivation of Nature Quotient (NQ) across society 

and a broader socio-cultural shift toward an eco-surplus culture, in which 

environmental protection, restoration, and regeneration are not peripheral 

trade-offs, but foundational preconditions for long-term economic resilience, 

political stability, and social well-being. Such a profound transition will 

inevitably increase systemic entropy—manifesting as uncertainty and 

disruption across established socio-cultural and political patterns, norms, and 

structures. Accordingly, this paper also explores the major challenges that 

may hinder the emergence and diffusion of an eco-surplus culture, as well as 

strategies for addressing them. 

_____________________________________________________________ 

“The villagers in the region have begun to favor eating small, crispy 
fried fish paired with beer. This type of  fish is about to become 
the main driver of  the surrounding villages’ economic growth!” 

In “Bird Village Economics,” Wild Wise Weird (2024) 
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1. Failures in climate change mitigation and environmental 
protection 

Since the adoption of the Paris Agreement, governments, financial institutions, 

businesses, and other stakeholders have increasingly concentrated their efforts 

on climate change mitigation and adaptation. These efforts aim to limit global 

warming to well below 2°C above pre-industrial levels, with a more ambitious 

target of 1.5°C. By 2024, a total of 168 nationally determined contributions 

(NDCs) had been submitted during the UN Climate Change Conference 

(COP29) (UNFCCC Secretariat, 2024). The Net-Zero Banking Alliance 

(NZBA)—a coalition of leading global banks committed to aligning their 

portfolios with the 1.5°C target—expanded rapidly from 43 members in 2021 to 

144 banks in 2024, collectively managing over USD 74 trillion in assets, 

representing approximately 41% of global banking assets (Global Climate 

Action, 2024; Programme, 2024). This mobilization—from regulatory reform to 

green financing—has been driven by a shared commitment to building a more 

resilient socio-economic system in the face of escalating climate risks. 

However, 2024 marked a critical point. For the first time, the global average 

temperature for a full calendar year exceeded 1.5°C above pre-industrial levels. 

Although the Paris Agreement defines this threshold as a 20-year average, many 

climate scientists now argue with high certainty that 2024 signals the beginning 

of a sustained period of warming at or above this level (Bevacqua et al., 2025; 

Cannon, 2025). Given this alarming development, one might expect a surge in 

climate action and investment. Yet, in reality, failures across the world’s socio-

economic systems have emerged. 

The global voluntary carbon market continuously experienced dramatic 

contractions. According to Ecosystem Marketplace (Greenfield, 2024), the 

market value of carbon offsets plummeted by 61%, from USD 1.9 billion in 2022 

to just USD 723 million in 2023. This decline followed a series of scientific and 

investigative reports revealing that many carbon offset projects fail to deliver real 

emission reductions or biodiversity benefits. A study by Probst et al. (2024), 

covering nearly one billion tons of CO₂e credits—roughly one-fifth of all issued 

credits—found that fewer than 16% of the investigated credits reflected actual 

emissions reductions. By the end of 2024, the average price of voluntary carbon 

credits had continued to decline sharply, reaching just $4.80 per ton, a 20% drop 

from the previous year and the lowest level in several years. This figure is less 

than one-fifteenth of the $75 per ton benchmark projected by the IMF as 

necessary by 2030 to stay on track for the 2°C climate target (Black et al., 2022; 
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Jennifer, 2025). While oversupply remains a key driver of the decline, the 

downturn was further exacerbated by a series of executive orders issued by 

President Trump on energy and environmental policy—including the U.S. 

withdrawal from the Paris Agreement—despite rising atmospheric carbon 

emissions. A recent consequence of this policy direction was observed on April 

9, 2025, when prices for California Carbon Allowances and Regional Greenhouse 

Gas Initiative Allowances plunged by nearly 25% and 13%, respectively, 

following an executive order aimed at reviving “clean coal” initiatives (Gacad & 

Pinto, 2025). 

Warning signs of oversaturation in the battery industry have begun to surface. 

Northvolt—a key player in Europe’s effort to establish a domestic battery supply 

chain, backed heavily by European automakers and positioned as a potential rival 

to dominant Asian manufacturers—filed for bankruptcy in Sweden after months 

of unsuccessful fundraising. At the same time, several Western mining companies 

have started scaling back their operations in battery metal markets due to falling 

commodity prices. For example, in early 2025, Anglo-American divested its 

Brazilian nickel operations, citing oversupply-driven price pressures (Home, 

2025a). Since peaking in March 2022, the price of nickel has plunged by more 

than 68%, from USD 48,226 to USD 15,393 per ton (Trading Economics, 

2025c). Similar downward trends have occurred in other critical metal markets: 

cobalt prices have dropped by approximately 59% (from USD 82,000 to USD 

33,700 per ton), while lithium has seen a dramatic decline of nearly 89% (from 

USD 597,500 in November 2022 to USD 67,950 per ton) (Trading Economics, 

2025a, 2025b). Not only are businesses collapsing, but large swathes of tropical 

forest—some of the most carbon-rich and ecologically vital ecosystems on the 

planet—have also been cleared for metal extraction, often under the guise of 

sustainability pledges (Ruehl & Dempsey, 2023; Vuong, Nguyen, & La, 2025; 

Wahyono et al., 2024). 

Meanwhile, the Net-Zero Banking Alliance (NZBA), established less than five 

years ago, is facing a significant decline in both membership and total asset 

coverage. Following the election of Donald Trump as the 47th President of the 

United States, several major U.S. banks—including Bank of America, Citigroup, 

Goldman Sachs, JPMorgan Chase, Morgan Stanley, and Wells Fargo—withdrew 

from the Alliance. They were soon followed by Canada’s five largest banks—TD 

Bank, Bank of Montreal, National Bank of Canada, Canadian Imperial Bank of 

Commerce, and Scotiabank (Frost, 2025). In addition, five out of six Japanese 

member banks exited the Alliance, with Mizuho Financial Group being the most 

recent departure (Costa, 2025). Together, the withdrawing institutions accounted 
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for approximately 39% of the NZBA’s total asset coverage (Iyer & Tan, 2025). 

Under mounting pressure from declining membership and reduced financial 

influence, the Alliance officially downgraded its climate ambition in April 2025, 

replacing its 1.5°C target with a 2°C target, less than six months after the results 

of the 2024 U.S. presidential election (Furness, 2025). 

Notably, just weeks after Spain’s grid operator, Red Eléctrica, announced that 

renewable energy sources had fully met national electricity demand, the country 

experienced a severe blackout (Molina, 2025). On April 28, 2025, the most 

extensive power outage in Europe in recent history struck Portugal and Spain, 

with minor disruptions extending to adjacent regions in Andorra and 

southwestern France (Brezar & Skopeliti, 2025). The blackout brought critical 

services—such as grocery stores, pharmacies, traffic lights, and public 

transportation—to a standstill. Casualties have also been reported as a result of 

the blackout (RTVE.es, 2025). While the precise causes have yet to be officially 

disclosed and may take months to investigate fully, one of the preliminary 

explanations points to vulnerabilities in renewable energy systems. Although this 

cause remains contested, the incident alone is sufficient to undermine public trust 

in the reliability of renewable energy. 

These seemingly isolated events reflect a broader systemic trend concerning the 

very solutions promoted to protect the environment and combat climate change. 

First, systems heralded as breakthroughs for climate resilience and the 

sustainability of socio-economic structures appear to be highly fragile, vulnerable 

to rapid, large-scale collapse. A single political, economic, or technical shock may 

be sufficient to destabilize systems that are otherwise presented as scientifically 

robust, theoretically sound, widely supported, and sustainable. Yet all definitions 

of “resilience” emphasize a system’s capacity to withstand and quickly recover 

from shocks and disruptions. How, then, can a “sustainable” socio-economic 

structure built upon such vulnerable artificial systems be deemed truly resilient? 

Moreover, questions arise regarding the principle of equitable benefit-sharing—

often praised in declarations about “just transitions” (Dall-Orsoletta et al., 2022; 

Goddard & Farrelly, 2018; Hoicka et al., 2021; Szabó & Newell, 2024). When 

markets collapse due to the exit of major players, why are there no immediate 

replacements to restore balance? This defies basic market principles, as a truly 

functional and equitable system would naturally facilitate the entry of new 

participants to fill the gap. These patterns indicate a fundamental flaw in the 

principles underpinning the current system design. Specifically, implementation 

processes appear to be driven more by ideological conviction, vested interests, 
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and, in some cases, weaponized for economic, political, or geopolitical 

contestation.  

In a recent paper published in Visions for Sustainability, we examined the progress 

and challenges associated with the predominant strategies currently employed to 

mitigate climate change and prevent environmental degradation (La et al., 2025). 

Drawing on empirical data and evidence, we demonstrated that despite notable 

advances in renewable energy, international agreements, technological 

innovation, and carbon market mechanisms, global greenhouse gas emissions 

remain at historically high levels. Climate change continues to accelerate, 

ecosystems are increasingly degraded or destroyed, and biodiversity loss is 

worsening at an alarming rate. Predominant solutions, which are largely rooted 

in a growth-oriented paradigm and reliant on technological interventions, have 

proven insufficient. In many cases, these approaches perpetuate existing 

exploitative paradigms rather than transforming them. 

This paper, conceived as a continuation of the previous work, aims to identify 

the fundamental logical flaws inherent in artificial environmental protection 

systems—specifically, those socio-economic systems grounded in mainstream 

economic paradigms that are premised on the illusion of perpetual growth. We 

apply the Granular Interaction Thinking Theory (GITT) to offer an analytical 

explanation of how mainstream economics has contributed to reinforcing the 

eco-deficit culture within human socio-economic structures, as well as four major 

logical flaws of such a paradigm. Based on the mechanisms and principles 

outlined in GITT, we propose adopting the semiconducting principle of 

environmental and monetary value exchange as a means to address the systemic 

flaws embedded in current socio-economic frameworks. 

To ensure the effective implementation of the semiconducting principle, 

enhancing the Nature Quotient (NQ) and cultivating an eco-surplus culture are 

indispensable prerequisites. Building an eco-surplus culture will inevitably face 

numerous challenges, as it calls into question entrenched socio-cultural, political, 

and economic paradigms. Consequently, this paper also discusses several 

challenges that may hinder the formation of an eco-surplus culture and the 

adoption of the semiconducting principle. We offer preliminary reflections on 

how these challenges might be addressed. 
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2. The dominance of growth-oriented and technology-centric 
worldviews  

2.1 A Granular Interaction Thinking Theory perspective 

Granular Interaction Thinking Theory (GITT) offers a valuable lens to identify 

and clarify foundational design flaws of the current artificial environmental 

protection systems (Vuong, La, et al., 2025a; Vuong & Nguyen, 2024a, 2024b, 

2024c). Grounded in the granular worldview of quantum mechanics (Hertog, 

2023; Rovelli, 2018), Shannon’s information theory (Shannon, 1948), and 

mindsponge theory (Vuong, 2023), GITT conceptualizes information as a 

measure of the number of possible alternatives for something. In quantum 

reality, each quantum unit carries information, implying that systems composed 

of multiple quanta inherently contain diverse possibilities (Rovelli, 2018). This 

aligns with John Wheeler’s “it from bit” notion that physical reality originates 

from information (Wheeler, 2002). 

Within the GITT paradigm, two primary spectrums serve as foundational 

elements: the mind and the environment. The mind functions as an information 

collection-cum-processor, while the environment serves as a broader 

information-processing system, like the climate and Earth system. A core feature 

of GITT, derived from quantum mechanics, is the principle of relationality. This 

principle posits that all events in the world are fundamentally interactions, and 

that the variable properties of any object exist only in relation to other objects. 

This perspective underscores the interconnectedness of all systems, particularly 

the dynamic interrelationship between human beings and their environments, 

echoing what Capra and Luisi (2014) describe as “the fundamental 

interdependence of all phenomena and the fact that, as individuals and societies, 

we are all embedded in (and ultimately dependent on) the cyclical processes of 

nature.” Within this relational structure, the mind is constantly engaged in a 

reciprocal exchange with its external environment, continuously modifying and 

reorganizing itself in order to persist and evolve. Only those systems that can 

effectively manage this interaction are capable of sustaining and advancing their 

existence. In other words, survival and adaptation in a dynamic environment 

hinge on the efficient management of information: its acquisition, storage, 

transmission, and processing. This core principle aligns with Darwinian 

evolutionary theory (Darwin, 2003; Darwin & Wallace, 1858). 

In this theoretical context, human society as a whole can be conceptualized as a 

collective mind—an information collection-cum-processor. This collective mind 

operates and optimizes its functions to fulfill its objective: sustaining human 
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existence and enhancing the quality of life and social welfare (Vuong, 2023; 

Vuong & Napier, 2015; Vuong et al., 2022). This human system is not isolated 

but is nested within the broader Earth system—a complex network of 

interacting, information-processing systems. As such, it is deeply interlinked with 

its informational environment through processes of input (information, energy, 

and matter absorption) and output (impacts created through human actions). The 

majority of these input-output exchanges are channeled through economic 

systems, involving the production, distribution, and consumption of goods and 

services, along with waste disposal. 

Just as quanta, atoms, molecules, and energy form the fundamental building 

blocks of biological cells—the foundation of both natural systems and human 

life (Ernberg et al., 2022; Kurian, 2025; Schrödinger, 1944)—human society also 

exhibits the property of granularity. In this view, information (including energy) 

is inherently finite. As the number of discrete informational units—or “grains of 

information”—within a system increases, the informational entropy (i.e., 

uncertainty or missing information) within the system also rises (Vuong & 

Nguyen, 2024c). This entropy can be formally quantified using the entropy 

formula of Shannon (1948): 

𝐻(𝑋) = −∑𝑃(𝑥𝑖) log2 𝑃(𝑥𝑖)

𝑛

𝑖=1

 

𝐻(𝑋)  is the informational entropy of a random variable 𝑋  with possible 

outcomes {𝑥1, 𝑥2,… , 𝑥𝑛}  and corresponding probabilities 
{𝑃(𝑥1), 𝑃(𝑥2),… , 𝑃(𝑥𝑛)}. 𝑃(𝑥𝑖) is the probability of the outcome 𝑥𝑖 . Each 

probability 𝑃(𝑥𝑖) represents how likely each outcome 𝑥𝑖  is to occur. In this 

context, the variable 𝑋 can be interpreted as humanity’s collective mind in the 

current state, with 𝑖 number of information units. Each information unit has its 

𝑃(𝑥𝑖) probability to be stored and processed within the mind. According to this 

formula, when the number of information units increases without clear 

differentiation and prioritization of their importance, informational entropy will 

rise rapidly, reaching a maximum when all information is equally important, 

precisely when 𝑃(𝑥𝑖) =
1

𝑛
. Under such conditions, humanity faces the highest 

risk of informational overload and information loss. Without an effective 

mechanism to prioritize information, the system suffers from decision paralysis, 

misallocation of resources, and stagnation in policy and innovation. 

To optimize the limited cognitive and energetic resources essential for continued 

survival and development, humanity must systematically evaluate, differentiate, 
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compare, integrate, and assign varying degrees of importance to different 

information units. This prioritization process - essentially a process of value 

formation - enables the system to efficiently store and process the most relevant 

information for adaptive functioning. These values are not formed in isolation 

but emerge through dynamic interactions among various constituents of 

humanity, including nations, institutions, social groups, and individuals. The 

value formation is probabilistically determined but not unequivocally, reflecting 

the third major feature of GITT (besides granularity and relationality): 

indeterminacy. 

Through these interactions, the collective mind assigns higher probabilities of 

retention and processing to information units deemed beneficial to survival, 

progress, and long-term continuity. Conversely, information that is evaluated to 

be irrelevant, contradictory, or costly to process is assigned lower probabilities 

or filtered out altogether. This selective process helps reduce informational 

entropy and conserve system energy. Once formed, values serve as benchmarks 

or filters: information (e.g., worldviews, norms, beliefs, and theories) that aligns 

with prevailing values is more likely to be retained, whereas conflicting or 

misaligned information tends to be excluded or marginalized. 

 

From mainstream economics to eco-deficit Culture 

Humanity’s prevailing socio-economic systems - including those ostensibly 

designed for environmental protection - remain largely governed by values 

centered on economic growth and technological advancement. These values 

have gained dominance over recent decades, as they are widely regarded as 

essential to human survival, societal progress, and the continuity of civilization. 

Throughout history, innovation has been a foundational element in sustaining 

and advancing human life. Breakthroughs such as the discovery of fire, electricity, 

penicillin, and the invention of the compass, steel, and steam engines have 

propelled civilizations forward, helping societies to overcome adversity and build 

resilience. One of the major benefits that innovations bring to humankind is 

power (Green, 1998): “the ability to create or prevent change.” This 

transformative potential became particularly evident during the Industrial 

Revolution of the 18th and 19th centuries. The shift from manual labor to 

mechanized production dramatically boosted productivity, resulting in 

unprecedented population growth, rapid economic expansion, vast wealth 

accumulation, and sweeping social transformations (Ding, 2021). These 

developments also laid the groundwork for what economic historians call the 
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Great Divergence—whereby Western Europe and the United States (U.S.) 

escaped historical constraints on growth and emerged as global economic powers 

between the 18th and mid-20th centuries (Clark & Feenstra, 2003; Maddison, 

2007). While Western nations were the initial beneficiaries, other countries also 

benefited through knowledge diffusion and technological spillovers. 

The Industrial Revolution also triggered significant shifts in social organization 

and scientific inquiry. Economic surpluses and the growing demand for scientific 

knowledge catalyzed the emergence of modern science during the 19th century. 

As a result, humanity’s understanding of nature expanded substantially, 

enhancing its capacity to modify or control natural processes. This deepening 

scientific knowledge has continued to accumulate, expanding human capabilities 

to alter ecological systems.  

Concurrently, these developments have transformed the dominant human-

nature relationship. In early agricultural societies, humans were characterized by 

obedience to nature as they lacked an adequate level of science and technology 

to understand a large number of natural phenomena, often relied on the food 

available in nature to prolong their existence, and had almost no resistance to 

natural disasters (Ding, 2021). Over time, however, advancements in science and 

technology gradually supplanted this sense of humility with anthropocentric 

confidence - the belief that innovation and technological progress can resolve 

environmental crises, including climate change and ecological degradation. 

The philosophical and economic underpinnings of the Industrial Revolution 

were heavily influenced by Adam Smith’s The Wealth of Nations (1776). Since then, 

classical and, subsequently, neoclassical economic thought have profoundly 

shaped global academic curricula and socio-economic worldviews. Neoclassical 

economics, bolstered by mathematical formalism, dominates university 

education and scholarly literature (Neck, 2022), reinforcing key assumptions such 

as rational self-interest, the feasibility of perpetual growth, and the precision of 

quantitative modeling. These assumptions shape the perspectives of students, 

researchers, and future decision-makers. Due to its academic prestige and 

institutional influence, neoclassical economics continues to serve as the primary 

framework for public policy and strategic planning (Dequech, 2012). 

At the heart of this paradigm lies the notion of the rational economic man (“Homo 

Oeconomicus”), who seeks to maximize utility and responds predictably to 

monetary incentives (Mun, 1664; Persky, 1995; Smith, 1776). As Levitt and List 

(2008) explain, this notion presumes individuals are “unswervingly rational, 

completely selfish, and can effortlessly solve even the most difficult optimization 
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problems.” Mainstream economists, therefore, argue that promoting capital 

accumulation among individuals ultimately enhances societal welfare, including 

through the mitigation of socio-environmental problems generated by growth-

centric economic activity. 

In this view, economic growth is institutionalized as a core value embedded 

within humanity’s information-processing system. It informs the behaviors of 

policymakers, entrepreneurs, managers, and the public, structuring socio-

economic systems toward the goal of perpetual expansion. A prominent example 

is the Environmental Kuznets Curve (EKC) hypothesis, which suggests that 

while economic growth initially exacerbates environmental degradation, it 

eventually leads to environmental restoration and improvements once a certain 

income threshold is reached (Kijima et al., 2010; Özokcu & Özdemir, 2017). 

Mainstream economic models’ estimations and projections need to be based on 

market equilibrium. According to this view, the “invisible hand” of competition 

facilitates optimal allocation of resources through the balancing of aggregated 

supply and demand. When equilibrium is achieved, societal output and utility are 

presumed to be maximized, including the resolution of environmental challenges. 

These foundational assumptions are embedded in economic pedagogy, often 

referred to as the “1-2-3 Toolbox” of demand, supply, and equilibrium in 

introductory economics texts (Bichler & Nitzan, 2021). However, for these 

models to function, economists must assume that all other factors influencing 

demand and supply remain unchanged - a simplification that rarely holds true in 

complex socio-environmental systems. 

In addressing climate change and environmental degradation, environmental 

economists have largely adopted these same principles. Environmental costs are 

treated as externalities that distort market efficiency. Consequently, economists 

advocate for government intervention to internalize these costs through pricing 

mechanisms (e.g., carbon market), thereby realigning market behavior to avoid 

inefficiencies (Wiesmeth, 2012). The expectation is that, once all externalities are 

adequately accounted for, market forces will guide society toward the most 

efficient solutions (Anderson & Leal, 2015; McCarthy, 2004). 

The growth-centric paradigm is also deeply rooted in anthropocentrism - the 

belief that humans are the central entity on the planet and that nature exists 

primarily as a resource for human use. As Oelschlaeger (1991) observes, nature 

is often reduced to “nothing more than matter-in-motion,” devoid of intrinsic 
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value. Within this framework, plants, animals, and ecosystems are valued 

primarily for their utility to human endeavors (Boslaugh, 2016). From this 

perspective, prioritizing the well-being of the nonhuman world may even be seen 

as threatening to human interests (Doudaki & Carpentier, 2023; Harding, 2019). 

In extreme cases, this worldview has fueled climate change denial, despite 

overwhelming scientific consensus on the anthropogenic origins of global 

warming (Earth Science Communications Team, 2023; Lynas et al., 2021; Powell, 

2017).  

The ascendancy of neoclassical economics in academia and policy has further 

entrenched anthropocentric narratives that equate sustainability with continued 

economic and technological progress (Hajer, 1995; Pal & Jenkins, 2014). 

Corporations frequently leverage these narratives to justify the exploitation of 

environmental resources under the guise of sustainable development. Nature is 

commodified, assigned economic value, and treated as a source of commercial 

products, while environmental degradation is expected to be mitigated through 

efficiency gains and technological innovation (Pal & Jenkins, 2014). 

This ideological alignment between economic growth and environmental 

stewardship has shaped contemporary climate strategies. For example, the IPCC 

(2023) emphasizes systemic transitions primarily focused on phasing out fossil 

fuels and scaling up renewable energy. Although nature-based solutions are 

increasingly recognized, they remain marginal in policy priorities. According to 

the United Nations Environment Programme (UNEP, 2023), in 2022, 

approximately $7 trillion in government subsidies and private investments were 

directed toward sectors that harm nature, around 35 times the $200 billion 

allocated to nature-based solutions. 

These dominant growth- and technology-centric values have fostered the “eco-

deficit culture” - a societal orientation that treats environmental value as a 

tradable commodity in pursuit of economic, political, or strategic interests 

(Vuong, 2021a, 2021b). Within this paradigm, environmental initiatives are 

undertaken primarily when they align with economic gain. Consequently, when 

political or market conditions shift, such initiatives are often deprioritized or 

abandoned in favor of alternatives that offer greater short-term returns. This 

market-driven approach harbors profound structural vulnerabilities that 

undermine long-term environmental protection. These shortcomings will be 

critically examined in the subsequent subsections. 
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3. The logical flaws of artificial environmental protection systems 

3.1 The absurdity of nature valuation 

Economic growth has long been the central objective of modern societies, 

shaping epistemologies, value systems, and policy frameworks across diverse 

disciplines. Within mainstream economic paradigms, nature is predominantly 

construed through an instrumental lens, as “natural capital” or a reservoir of 

ecosystem goods and services that can be utilized for human use. This growth-

oriented perspective extends the logic of the market into environmental 

governance, advancing the notion that all dimensions of nature’s value can be 

monetized and made comparable through a singular monetary indicator (Martin-

Ortega et al., 2019). Consequently, environmental decisions are frequently guided 

by cost-benefit analysis and related evaluative tools, which reduce nature’s 

multifaceted contributions to quantifiable price signals.  

The ecosystem services - referring to the processes through which ecosystems 

sustain and enhance human life - was originally introduced as a metaphor to 

underscore society’s dependence on ecological systems (Costanza & Daly, 1992; 

Daily, 1997; De Groot et al., 2002; Millennium Ecosystem Assessment, 2003; 

Norgaard, 2010; The Economics of Ecosystems and Biodiversity, 2010). By 

“pricing the priceless,” environmental externalities can be internalized into 

market mechanisms, thereby aligning ecological preservation with economic self-

interest (Banzhaf, 2023). Embedded within this logic is the assumption that once 

externalities are priced and incorporated into market mechanisms, the allocation 

of labor and capital will eventually respond to optimize environmental outcomes 

(Anderson & Leal, 2015; McCarthy, 2004). This approach also presupposes that 

individuals act as rational utility-maximizing agents and that environmental trade-

offs can be objectively decided by comparing costs and benefits to aggregate 

welfare. Consequently, mainstream environmental economics typically rests on 

the assumption that the values and benefits provided by nature can be 

represented as measurable “changes in human well-being’ arising from the 

provision of [an environmental] good or service” (Bateman et al., 2002). Within 

this framework, individuals are presumed to be rational agents who seek to 

maximize their well-being based on substitutable preferences (Pearce & Turner, 

1989). This approach has become one of the most prominent strategies that are 

widely used for environmental policymaking at the international and national 

levels (Martin-Ortega et al., 2019). 

Such market-based mechanisms are believed to support evidence-based 

environmental management among policymakers, businesses, and agencies by 
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facilitating “optimal” decisions, defined as those that deliver a net positive 

economic return once all costs and benefits are accounted for. In this framework, 

“utility” is employed as a proxy for individual welfare, typically expressed in 

monetary terms (Hanley et al., 2009). Since utility lacks a cardinal unit of 

measurement, monetary valuation is used as a substitute. Ideally, a cost-benefit 

analysis aggregates gains and losses in utility across individuals to determine 

whether a proposed action yields a net benefit. 

To operationalize these calculations, economists distinguish between two broad 

categories of ecosystem values (Hanley et al., 2009): Market and non-market 

environmental values. Market environmental values refer to the existing market 

prices of those that are already traded (e.g., timber, oil, carbon credits). For 

services not traded in markets (e.g., clean air, climate regulation, aesthetic beauty), 

various indirect methods are used, including contingent valuation (measured 

through questionnaire), travel cost model (measured through time and travel 

expenses proxying for recreational values), hedonic price method (measured 

through performing regression analysis to estimate the coefficients of the 

hedonic price function), production function approach (through valuing 

environment as input and estimating how much the change in environmental and 

resource systems affects production and cost), etc.  

These value measurements attempt to reveal the latent preferences of individuals 

concerning ecological values. However, they are grounded in highly subjective 

constructs—shaped by beliefs, cultural norms, informational access, and 

cognitive biases—which raises fundamental concerns about their validity and 

reliability in measuring and valuing objective reality (i.e., ecosystems, climate, 

biodiversity). Even market-based values (like the price of timber or fish) are 

incomplete indicators of total value, because markets only reflect the values of 

those who participate and have purchasing power. This gives rise to distributional 

biases which effectively weigh people by income, potentially undervaluing 

impacts on poorer communities or future generations who are not “in the 

market”. 

In fact, behavioral environmental economics has provided evidence for the 

profound limitations of the rational-actor model. The theory of bounded 

rationality reveals that decision-makers operate under conditions of limited 

cognitive capacity, time constraints, and imperfect information (Botzen et al., 

2025; Simon, 1990). In domains characterized by uncertainty and complexity - 

such as climate change or biodiversity loss - individuals often rely on heuristics 

that result in suboptimal choices. For instance, individuals may underappreciate 

low-probability, high-impact risks, undermining efforts at climate adaptation and 
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disaster preparedness (Botzen et al., 2025). Kahneman (2011)’s dual-process 

theory further suggests that many environmental decisions are governed by 

“System 1” thinking - fast, intuitive, and emotionally driven - rather than by 

deliberative and analytical “System 2” reasoning (Kunreuther, 2020). As such, 

individuals may prioritize immediate, tangible benefits (e.g., convenience, cost 

savings) over long-term, abstract outcomes (e.g., emissions reduction), even 

when the latter would yield greater aggregate benefits. 

Beyond cognitive limitations, human motivation is not exclusively economic. 

Social norms, ethical commitments, and cultural attachments frequently guide 

environmental behavior. However, the monetization of ecosystem services risks 

displacing these motivations. In development contexts, for example, the 

destruction of ancestral lands may be considered an “intangible” disamenity 

difficult to monetize, while revenue from resource extraction is readily 

quantifiable, creating a bias in evaluative frameworks. Relational values - those 

derived from identity, sense of place, or communal practices - are typically 

excluded from economic valuation or approximated through inadequate proxies 

(Nilgen et al., 2024; Stålhammar & Thorén, 2019). These values are often non-

substitutable and embedded in cultural narratives, spiritual worldviews, and long-

standing human-nature relationships. Scholars such as Nilgen et al. (2024) argue 

that trying to monetize such relational values risks “reducing complex socio-

cultural, spiritual, and emotional relationships with nature to a single monetary 

figure”, a process that can distort or erase what matters most to people in those 

relationships. In their study of climate adaptation planning in Bangladesh, 

participants allocated significantly more resources to adaptation when informed 

about potential losses to cultural heritage and social cohesion. 

Perhaps the most significant shortcoming of cost-benefit-based valuation is its 

inability to account for systemic uncertainty and nonlinear ecological dynamics 

adequately. Ecosystems are complex and non-linear systems prone to tipping 

points - critical thresholds beyond which change becomes abrupt, irreversible, 

and self-reinforcing (e.g., polar ice sheet collapse, Amazon rainforest dieback). 

Conventional economic models typically employ smooth damage functions, 

assuming that environmental degradation unfolds incrementally and predictably. 

These assumptions break down in the face of abrupt climate transitions. When 

tipping points are crossed, the resulting damage may be so severe and 

qualitatively transformative that it defies usual risk calculations. The collapse of 

a biome or a fundamental shift in Earth’s climate regime cannot be meaningfully 

quantified in dollar terms. Nevertheless, “save for a few fragmented studies, 

climate economics has either ignored them, or represented them in highly stylised 
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ways,” leaving most estimates of climate damages likely understating the true 

risks (Ward, 2021). 

Recent assessments by institutions such as the UK’s Institute and Faculty of 

Actuaries and Carbon Tracker reveal that conventional models systematically 

underestimate the impacts of climate change. These models’ estimations often 

exclude essential variables such as ecological tipping points and precipitation 

variability, while employing unrealistic assumptions like the unaffected status of 

indoor workspaces (Keen, 2023; Trust et al., 2023). Due to these absurd 

valuations, they produce projections that are increasingly disconnected from 

climate realities (Keen, 2023): 

• Some economists have suggested that a 6°C rise in global temperatures 

would reduce future global GDP by less than 10% compared to the projected 

GDP if there were no climate change at all. 

• Pension funds have claimed that global warming of 2–4.3°C would have 

minimal effects on investment portfolios. 

The monetization of nature, in these instances, functions less as a policy tool but 

more as a communicative weapon, trivializing the existential threats posed by 

climate change, biodiversity loss, and environmental collapse to the central 

banks’ manipulable money supply. 

Some might argue that it can serve as “a pragmatic short-term strategy to 

communicate the value of biodiversity in a language that reflects dominant 

political and economic views” (Gómez-Baggethun & Ruiz-Pérez, 2011). 

However, misestimations can lead to significant long-term consequences, as 

many environmental damages are irreversible. If the absurdity of ecosystem 

services valuation goes unrecognized, economists may inadvertently support 

environmental destruction by validating mass trading mechanisms. This, in turn, 

can transform these mechanisms into national and international policies that are 

widely propagated, like the carbon credit market. 

3.2 The inability to value extinction 

Efforts to internalize nature into market mechanisms often generate an illusion 

of environmental protection. In reality, these mechanisms may inadvertently 

accelerate ecological degradation. The foundational flaw lies in the 

epistemological and practical limitations of economic valuation. As previously 

discussed, such valuation techniques are unable to fully capture the intrinsic, 

relational, and non-substitutable values of an extinct species. 
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Consider, for example, the seemingly trivial case of a bird’s nest discovered on 

the edge of a banana leaf. At first glance, it might not even be recognized as a 

nest, much less valued as a functional ecological unit. The nest - constructed by 

a flowerpecker using thread-like fibers to stitch the leaf edges and filled with trash 

- was only noticed because of the bird’s song. The author (V.Q.-H.) would have 

passed it unnoticedly were it not for this surprise auditory cue. It also took him 

over a week to recognize that what seemed to be trash was, in fact, the carefully 

crafted home of a living being, actively contributing to its surrounding ecosystem. 

 

Figure 1. A flowerpecker's nest. Taken on August 5, 2014, in the outskirts of Son Tay, 
Hanoi Capital Region (Source: Q.-H.V.) 
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Humans have long regarded knowledge as inherently valuable. Yet one must ask: 

what is the monetary worth of such a specific piece of understanding? Is there 

any market capable of pricing such knowledge? And if so, by what mechanism 

would it operate? Beyond ecological functions, the sights, sounds, and lived 

encounters with birds carry profound aesthetic, cultural, and educational value. 

These experiences often serve as inspiration for literature, poetry, music, visual 

arts, and environmental learning (Coscieme, 2015; Gould & Lincoln, 2017; Jokela 

& Huhmarniemi, 2020; Reason & Gillespie, 2023; Shibasaki et al., 2024; Vuong 

& Nguyen, 2023a, 2023b). But how can such intangible and relational values be 

translated into economic terms?  

In his seminal work, What is Life?, Schrödinger (1944) posits that the defining 

challenge for living organisms is the maintenance of order in a universe that 

naturally tends toward disorder. From this perspective, the emergence and 

persistence of highly ordered life forms - each a product of intricate biological 

and evolutionary processes - represent an extraordinary feat of natural 

organization. What, then, is the value of such a being? How can we possibly 

quantify the immense effort embedded in sustaining life against the universal 

current of disorder? 

Unlike financial markets - where central banks can generate money through 

policy decisions - nature operates under fundamentally different principles. One 

of the most definitive among them is extinction. When a species vanishes, 

humanity even loses the chance to value it, not to mention recognize its 

associated values within a larger ecosystem network. In such cases, should we 

resort to valuation methods based on replacement costs - estimating the worth 

of entity A by referencing a functionally or economically equivalent entity A*? 

If we follow this logic, it could lead to absurd conclusions (Nguyen & Vuong, 

2025). For example, an extinct dinosaur might be valued at the equivalent of 

3,000 chickens simply because of genetic proximity. Such reasoning exposes the 

epistemological shortcomings of applying economic proxies to the valuation of 

irreplaceable life forms. It trivializes the uniqueness of evolutionary history and 

overlooks the multidimensional roles that extinct species once played in 

ecological systems. 

When extinction defies valuation, market-based solutions lose their functional 

legitimacy. This exposes a critical disjunction between climate change and 

biodiversity loss - two intrinsically linked and mutually reinforcing dimensions of 

ecological issues. Rising global temperatures are already inflicting widespread 

damage on vital ecosystems such as coral reefs, mangroves, seagrasses, and 
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wetlands, while simultaneously altering oceanic chemistry through acidification, 

hypoxia, and expanding dead zones. These environmental shifts intensify 

biodiversity loss driven by anthropogenic pressures. Projections indicate that a 

2°C increase in global temperature would result in the contraction of geographic 

ranges for an estimated 18% of insect species, 16% of plants, and 8% of 

vertebrates, making localized extinctions almost inevitable. Beyond this 

threshold, the probability of widespread, irreversible species loss will grow 

substantially by the end of the 21st century (McElwee, 2021). Simultaneously, as 

biodiversity declines, ecosystems become increasingly fragile and less capable of 

buffering against climatic variability, whether wet or dry, extreme or moderate, 

short-lived or prolonged (Isbell et al., 2015). 

Given the systemic interdependence between climate regulation and biodiversity, 

one would expect that a functioning carbon market, designed to mitigate 

greenhouse gas emissions, might also yield co-benefits for biodiversity. Yet, this 

is not the case. Market mechanisms cannot resurrect extinct species, nor can they 

prevent extinctions that result from delayed or insufficient action. Some 

economists have proposed the establishment of a parallel biodiversity credit 

market to address this gap (Waterford et al., 2023). But even such proposals face 

a fundamental challenge: How can we determine the appropriate level of 

investment to safeguard billions of marine organisms - many of which remain 

undiscovered - from perishing under intensifying thermal stress and increasingly 

frequent “heat dome’s scorching temperatures”? (McElwee, 2021). 

The rapid decline of emperor penguins offers a sobering illustration of this 

conundrum. By the end of 2022, four major colonies in the Bellingshausen Sea 

experienced catastrophic breeding failures due to the accelerated melting of 

Antarctic sea ice. This collapse, which interrupted feeding cycles and nesting 

stability, resulted in the death of an estimated 7,000 chicks. While scientists had 

long warned that warming seas posed existential risks to ice-dependent species 

like the emperor penguin, the scale and timing of the collapse surpassed prior 

projections (Fretwell et al., 2023). Since 2018, nearly 30% of Antarctica’s 62 

known penguin colonies have been affected by partial or complete ice loss. 

Without urgent and large-scale intervention, projections suggest that 90% of 

colonies could face population declines so severe as to be considered functionally 

extinct by 2100 (Readfearn, 2023). 

Notably, penguins have historically been regarded as relatively safe from the 

conventional drivers of species decline - namely, hunting, trafficking, and land-

based habitat destruction. Now, however, they are on the brink of collapse due 

solely to climate-induced habitat degradation. Lacking any form of commodified 
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status, the economic value of a penguin has never been formally acknowledged. 

Yet paradoxically, the global economic system - through instruments such as 

emissions trading - implicitly places a monetary cost on their death. For example, 

each ton of carbon traded on the market contributes incrementally to climate 

change, and by extension, to the loss of species like the emperor penguin. 

As populations dwindle, the hypothetical “market value” of the remaining 

individuals could rise, mirroring the logic of scarcity-driven pricing. This leads to 

an economic paradox. Although no technical framework exists to calculate the 

value of a penguin, it is plausible to say that their existential worth is escalating 

as they approach extinction, perhaps to a degree that challenges anthropocentric 

value hierarchies. In the depths of the climate crisis, the symbolic and ecological 

value of such a species may ultimately exceed that of individual human lives. 

This absurdity highlights the limitations of attempting to frame nature in purely 

economic terms. The very notion that market logic could apply to penguins—or 

any endangered species - reveals an underlying contradiction: Antarctica, once a 

self-regulating biome due to its stable ice coverage, now requires human-led 

conservation efforts to prevent further collapse. But what can conservation 

preserve when the foundational element of the ecosystem - ice - is already 

disappearing? 

3.3 Prioritization of expensive and low-effective alternatives 

Driven by growth-oriented and technology-centric values, humanity’s 

information-processing systems tend to prioritize solutions that are closely 

aligned with technological advancement and the promise of continued economic 

growth. As a result, costly and energy-intensive technological innovations are 

often favored, even when their effectiveness remains uncertain. This bias not 

only exacerbates existing environmental problems but also marginalizes more 

effective, low-cost, and ecologically sound alternatives, such as nature-based 

solutions (e.g., including those related to Indigenous and Local Knowledge 

systems) (Nguyen et al., 2025). 

Market-driven models inherently favor patented technologies because they offer 

clear profit potential and commercial pathways for investors and corporations. 

As a result, innovation ecosystems are shaped less by environmental effectiveness 

and more by marketability and intellectual property considerations (Arora et al., 

2016; Pries & Guild, 2011). This commercial logic underpins global funding 

priorities, reinforcing a self-perpetuating cycle in which capital flows toward 
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technologies that promise returns, rather than those that deliver ecological 

resilience. 

Conversely, Indigenous and Local Knowledge systems—often collective, orally 

transmitted, and context-specific—rarely conform to intellectual property 

regimes. Their absence of discrete ownership structures renders them 

incompatible with market-based funding frameworks (Mendes et al., 2020). 

Moreover, the transmission of Indigenous and Local Knowledge systems 

through intergenerational lived experience resists commodification and 

formalization, which limits their integration into dominant financial and 

governance systems (J. H. Nguyen et al., 2023). This misalignment ensures that 

even highly effective, community-based practices remain systematically excluded 

from formal funding and policy mechanisms (Bellamy & Osaka, 2020; Slavíková, 

2019). 

Institutional legitimacy further amplifies the structural bias toward high-tech 

solutions. Innovations endorsed by corporations, research institutions, and 

influential policy bodies tend to receive disproportionate media visibility and 

policy support (Drury et al., 2022). This media amplification reinforces public 

and political perceptions of technological interventions as inherently superior 

and more viable (Bellamy & Osaka, 2020; Dai et al., 2023). In contrast, 

Indigenous and Local Knowledge systems-based approaches, often rooted in 

oral traditions and embodied practices, remain largely invisible within formal 

epistemic structures (Gómez-Baggethun, 2022). The dominant knowledge 

systems privilege written documentation, peer-reviewed publications, and 

standardized metrics, sidelining Indigenous knowledge that does not adhere to 

these conventions (Nesterova, 2020). As a result, Indigenous and Local 

Knowledge systems remain excluded not only from financial resources but also 

from legitimacy in mainstream climate and economics discourse and policy 

formulation (Mendonça et al., 2021). 

Despite the substantial financial and political support afforded to technological 

interventions, many of these approaches demonstrate limited real-world 

effectiveness. For instance, Carbon Capture and Storage (CCS) technologies, 

long heralded as critical to decarbonization strategies, face serious 

implementation barriers. These include prohibitively high costs, energy-intensive 

operation, and unresolved risks such as CO₂ leakage (Deng et al., 2017; Mahjour 

& Faroughi, 2023). In addition, the integration of CCS with Enhanced Oil 

Recovery operations may paradoxically extend the lifespan of fossil fuel 

industries, thereby delaying essential transitions to low-carbon energy systems 

(Leung et al., 2014; Sovacool, 2021; Yasemi et al., 2023). This phenomenon, 
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known as technological lock-in, diverts resources and policy attention away from 

more transformative solutions like decentralized renewables or ecological 

restoration (de Coninck & Benson, 2014). 

A similar pattern is also found in climate change geoengineering proposals, which 

aim to slow ice loss through interventions such as underwater barriers and cold-

water pumping. While theoretical models suggest potential benefits under ideal 

conditions, these interventions remain fraught with substantial logistical and 

implementation challenges (Moore et al., 2018; Sutter et al., 2023; Wolovick & 

Moore, 2018). The complex and nonlinear dynamics of ice sheet systems make 

the translation of these theoretical benefits into real-world outcomes problematic 

and highly uncertain (Moore et al., 2018; Wolovick & Moore, 2018). Recent 

evidence indicates that even under ideal circumstances, such interventions would 

be insufficient to prevent the collapse of the West Antarctic Ice Sheet in high-

emission scenarios (Sutter et al., 2023). This limited potential stems in part from 

persistent subsurface ocean warming, which continues to undermine ice shelf 

stability despite reductions in surface temperatures (Alevropoulos-Borrill et al., 

2024). Additionally, while some geoengineering approaches attempt to slow ice 

loss by modifying meltwater flow or constructing physical barriers, they must be 

rigorously assessed to avoid inducing unintended feedback mechanisms that 

could accelerate, rather than mitigate, ice loss (Lockley et al., 2020; MacAyeal et 

al., 2024; Moon, 2018). 

In addition to limited effectiveness, these interventions carry significant 

ecological and geopolitical risks. The construction of artificial islands or large-

scale water pumping systems could disrupt marine ecosystems, alter subglacial 

hydrology, and affect ocean circulation patterns (Field, 2025; MacAyeal et al., 

2024). The transboundary nature of these potential effects raises complex 

governance challenges, particularly around environmental justice and 

international accountability (Moore et al., 2021; Sovacool, 2021; Tuana et al., 

2012). Developing nations, which are often most vulnerable to sea-level rise but 

least responsible for emissions, could disproportionately suffer the consequences 

of poorly regulated geoengineering experiments. 

Despite growing evidence of their limitations and associated risks, 

technologically intensive climate solutions continue to dominate policy agendas, 

media narratives, and investment flows. This systemic imbalance is particularly 

evident in public spending patterns. Over the past decade, governments—

including those of the U.S., Canada, Norway, and the European Union—have 

collectively allocated more than $20 billion to the development of CCS 

technologies, with an additional $200 billion pledged through future support 
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mechanisms such as tax incentives, grants, and innovation programs (Oil Change 

International, 2023). However, the mitigation outcomes achieved thus far remain 

disproportionately low relative to the scale of these investments. As of late 2023, 

only approximately 65 million tonnes of CO₂ per year were being captured across 

roughly 41 commercial facilities, amounting to less than 0.2% of global annual 

CO₂ emissions (Hanbury, 2024). 

This misallocation of resources underscores a deeper systemic inefficiency: the 

prioritization of technologically sophisticated, capital-intensive solutions over 

more ecologically attuned and socially embedded alternatives. Nature-based 

solutions—such as wetland restoration, reforestation, and Indigenous land 

stewardship—not only offer proven mitigation and adaptation benefits but also 

strengthen ecosystem resilience, biodiversity conservation, and community well-

being. However, their integration into formal policy remains hindered by 

entrenched economic and epistemological biases in humanity’s information-

processing system. 

3.4 Bubble formation and immiserating growth 

Among the many costly and often inefficient market- and technology-oriented 

climate solutions, a few have demonstrated measurable potential to reduce 

emissions while supporting economic growth through the green growth model. 

A prominent example is the electrification of transportation and energy systems. 

Electric vehicles (EVs) are central to this transition, offering the promise of 

lowering tailpipe emissions and facilitating the decarbonization of mobility 

systems (Buberger et al., 2022; UNEP, 2024). Empirical research suggests that 

substituting internal combustion engine vehicles with EVs could reduce 

emissions by approximately 22-40%, especially when powered by low-carbon or 

renewable electricity sources (Farzaneh & Jung, 2023). 

At the core of this transformation lies battery technology, which supports both 

electric transportation and renewable energy storage. The resulting surge in 

battery demand has spurred rapid industry growth, attracting large-scale public 

and private investment and becoming a strategic focus of national industrial and 

energy policies (FCAB, 2021). In response, major economies have poured capital 

into gigafactory construction and mineral extraction projects to secure supply 

chains and strengthen competitive positioning within the emerging green 

economy. 

Yet this rapid expansion has produced unintended consequences. Oversupply of 

key battery materials - including lithium, nickel, and cobalt - has led to dramatic 
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price declines. By late 2024, nickel prices had plunged to roughly $15,300 per 

metric ton, marking an 85% drop from their 2022 peak (Belder, 2025). Lithium, 

which previously soared to around $80,000 per ton, fell to approximately 

$13,000, while cobalt prices dropped from $82,000 to around $24,900 over the 

same period (Andy Home, 2024; Lombardo et al., 2025; Mehdi, 2024). These 

steep declines have triggered widespread financial distress across the sector, 

forcing numerous companies to downsize, halt production, or file for 

bankruptcy. 

For example, Australia’s Nickel West - once seen as a key player in the battery 

supply chain - suspended operations in late 2024 due to unmanageable losses 

(Andy Home, 2024). In Indonesia, several nickel smelters reduced or ceased 

production as ore shortages and financial instability gripped their Chinese 

investors. A notable case is the $3 billion Chinese-backed Gunbuster Nickel 

project, which drastically scaled back operations amid the collapse of its parent 

firm (Spence & Cang, 2025). 

The environmental costs associated with this electrification push are significant. 

In pursuit of material mining and processing, vast tracts of tropical rainforest - 

among the most carbon-dense and biodiverse ecosystems globally - have been 

cleared (Ruehl & Dempsey, 2023; Wahyono et al., 2024). This deforestation not 

only releases large amounts of stored carbon but also threatens irreplaceable 

habitats and endemic species, effectively undermining the climate benefits of EV 

adoption. The mining and processing of nickel, particularly in Indonesia, also 

pose significant pollution risks. Laterite nickel ore requires energy-intensive 

refining, and its exposure to rain and air can generate acidic runoff that 

contaminates rivers, groundwater, and marine ecosystems (Sugiono et al., 2024). 

In some regions, the visible consequences include rivers turned red from 

sediment, dwindling fish stocks, and degraded agricultural land (CREA, 2024; 

Sugiono et al., 2024). Waste disposal practices such as deep-sea tailings placement 

further endanger marine biodiversity (Stauber et al., 2022), while the heavy 

reliance on coal-fired power in smelting operations exacerbates local air 

pollution, ironically in the production of “clean” energy technologies (Mervine 

et al., 2025). 

Facing growing scrutiny, mining corporations, battery manufacturers, and 

automakers have issued sustainability pledges. These include commitments to 

land rehabilitation, biodiversity offsets, and reductions in carbon intensity 

through renewable energy integration (Devenish et al., 2022; Kurmala, 2024). Yet 

as material prices fall and margins tighten, these promises are increasingly at risk. 

Markets are flooded with low-cost supply from producers with minimal 
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environmental safeguards, while companies committed to higher sustainability 

standards are being priced out or driven into insolvency. This erosion of financial 

stability compromises restoration plans. For instance, firms that pledged to 

reforest after clearing rainforests may be unable to deliver on such promises if 

they are operating at a loss or facing bankruptcy. In many cases, environmental 

restoration is only seriously considered after profitable extraction is complete. 

This raises the risk that depleted mining sites will be abandoned, leaving local 

communities and governments to deal with contaminated water, infertile land, 

and irreversible biodiversity loss, including the extinction of endemic species. 

The situation mirrors the phenomenon of immiserizing growth, where a boom 

in extractive exports leads not to prosperity but to ecological devastation and net 

economic harm (Bhagwati, 1969; Vuong, Nguyen, Tran, et al., 2025). 

Indonesia’s nickel industry provides a stark illustration of this dynamic. Between 

2017 and 2023, nickel output rose from 358,000 to 2.2 million tons, securing 

more than half of the global market share (Home, 2025b). Nickel now accounts 

for roughly 10% of national exports, valued at over $30 billion, and supports tens 

of thousands of jobs (Lakshmi & Mariska, 2025). However, this dramatic increase 

in supply has intensified the global price decline, undercutting long-term 

profitability. Despite large-scale extraction and industrialization, overall revenues 

have fallen short of expectations, while environmental degradation has 

accelerated (Belder, 2025). As of 2024, the industry is sustained by 49 rotary kiln 

electric furnace (RKEF) smelters and five high-pressure acid leach (HPAL) 

facilities, with 35 additional RKEF and three HPAL plants under construction 

and 55 more processing permits issued (Lakshmi & Mariska, 2025). Yet this 

infrastructure expansion can create long-term ecological degradation and 

exacerbated economic liabilities, embodying the paradox of immiserating growth, 

where intensified economic activity generates deeper harms and diminished 

national well-being. 

In the near term, a recovery in material prices seems unlikely, particularly as the 

EV industry itself faces mounting challenges. A striking case is Northvolt, once 

hailed as Europe’s flagship EV battery manufacturer. Founded in 2016 by a 

former Tesla executive and backed by European automakers, Goldman Sachs, 

and the largest-ever EU green loan, the company filed for bankruptcy in Sweden 

in March 2025 after failing to secure further financing (Eddy, 2025; Report, 

2024). These difficulties are not confined to Europe. In China - home to nearly 

two-thirds of global EV production and over three-quarters of EV batteries - 

similar signs of strain have emerged. Despite generous subsidies and favorable 

policies, the Chinese EV market has experienced intense price competition, 
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eroding profitability. Between 2022 and 2024, average retail car prices in China 

dropped by 19%, even after the official end of government subsidies in 2022 

(Cheng, 2025; Yang, 2023). Simultaneously, international trade tensions have 

escalated: the European Union has imposed tariffs of up to 38.1% on Chinese 

EVs, while the United States has raised tariffs on Chinese EVs from 25% to 

100%, and on lithium batteries from 7.5% to 25% (Elliott, 2024; Iordache & 

Kiderlin, 2024). These pressures threaten to exacerbate China’s oversupply crisis, 

with potential ripple effects across the global EV supply chain. 

The global growth-oriented and technology-centric agenda has placed battery 

technology at the forefront of climate strategies, but an overreliance on a narrow 

set of techno-economic solutions is generating structural vulnerabilities. A 

narrow emphasis on electrification - absent concurrent investments in systemic 

transformation, ecological restoration, equitable governance, and long-term 

commercial viability - risks generating both environmental degradation and 

economic fragility. If left uncorrected, this trajectory may foster speculative 

economic bubbles and lead to immiserizing growth (Vuong, Nguyen, Tran, et al., 

2025). 

4. The necessity of a semi-conducting principle 

The growth-oriented and technology-driven values of mainstream economics 

commodify nature by framing environmental decision-making through the lens 

of economic cost-benefit analyses. Within this paradigm, the preferred course of 

action is the one deemed most economically viable - that is, the option that 

maximizes net contributions to the economy after all projected costs and benefits 

are accounted for (Hanley et al., 2009). Consequently, governments, financial 

institutions, and corporations increasingly rely on economic assessments that are 

often deeply subjective, overlook ecological uncertainties, and fail to incorporate 

the risks of irreversible environmental degradation (Armstrong McKay et al., 

2022; Eichner, 1983, 1985; Lenton et al., 2019; Lo, 2023; Richardson et al., 2023). 

This fosters the illusion that sustained economic growth is compatible with 

environmental protection, provided sufficient investment is made in advanced - 

yet frequently expensive, low-impact, and highly uncertain - technological 

solutions.  

When certain technologies, such as renewable energy systems or electric vehicles, 

are identified as having potential, they often attract disproportionate investment. 

This overreliance on select technologies risks the formation of speculative 

economic bubbles and may lead to immiserating growth, particularly for 
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countries that become dependent on volatile markets and resource-intensive 

supply chains. These systemic flaws expose the inherent vulnerabilities of 

artificial environmental protection systems - those predicated on economic 

optimization and technological substitution - making them increasingly fragile in 

the face of political instability or shifting market dynamics. 

Influenced by the dominant paradigm of neoclassical economics, modern 

societies have long equated growth with monetary gain. As a result, policy 

strategies and business models are often designed to ensure that financial returns 

exceed economic costs. For governments, this manifests in cost-benefit analyses 

that routinely fail to capture ecological thresholds or irreversible damage. For 

businesses, where profitability is the bottom line, environmental costs are 

frequently perceived as financial losses. Consequently, firms tend to minimize 

these losses through lobbying, tax optimization, or by deploying greenwashing 

strategies, such as exploiting carbon credit schemes (Adi, 2018; Walker & Wan, 

2012). 

To address such systemic flaws, today’s socio-economic systems must adopt the 

semiconducting principle of monetary and environmental value exchange 

(Vuong & Nguyen, 2024a). This principle ensures that environmental values can 

be converted into economic values, but not vice versa. In other words, while 

ecological contributions may be rewarded economically, monetary values are not 

allowed to define or diminish environmental worth. Achieving this requires a 

fundamental shift in how we conceptualize "growth" or "profitability." The 

redefined notion of growth must reflect this asymmetrical valuation (Vuong, 

2021a): 

𝑁𝑉 = 𝑁𝑀𝑉 + 𝑁𝐸𝑉 

Where 𝑁𝑉 is the new notion of growth (or new Net Value), 𝑁𝑀𝑉 is the normal 

Net Monetary Value, and 𝑁𝐸𝑉 is the new notion of Net Environmental Value. 

Although both monetary and environmental values are recognized as legitimate 

within socio-economic systems, the semiconducting principle must be applied to 

prevent monetary values from compensating for the loss of environmental 

values. Under this principle, environmental values may be translated into 

monetary terms, but not the other way around. This asymmetrical, non-linear 

mechanism is designed to enhance the adaptability of human systems to Earth's 

ecological system, which is inherently marked by multiple disequilibria (e.g., 

planetary boundaries, climate, and ecological tipping points) (Armstrong McKay 

et al., 2022; Richardson et al., 2023). A clear example of the failure of the current 

system design is the current carbon trading system, which lacks the 

semiconducting property. As a result, it can be exploited to greenwash activities 
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that are, in reality, environmentally destructive (Greenfield, 2023; Guizar‐
Coutiño et al., 2022; Jiang et al., 2025; West et al., 2020; West et al., 2023).  

In contrast, a system grounded in the semiconducting principle would constrain 

the instrumentalization of environmental discourse for economic, political, or 

geopolitical gains. It would create the institutional and cultural conditions under 

which environmental sustainability is a precondition - not a byproduct - of 

sustainable development. 

If nature is understood as the source of life, then the logical question arises: Why 

do we not strive to enrich this life source? The life source embodies value. 

Economics, at its core, is the discipline concerned with managing value in the 

most efficient and sustainable way. Following the foundational economic maxim 

that saving is the mother of all investment, the first step toward investing in the 

life-sustaining systems that support us must be saving them - that is, halting 

unsustainable exploitation. In this light, preventing environmental debt and 

ecosystem destruction becomes the highest-priority strategy for implementing 

the semiconducting principle. This includes halting deforestation, protecting 

biodiversity hotspots, and reducing overconsumption that fuels excessive 

resource extraction. As research has shown, preserving primary forests - 

irreplaceable carbon sinks and biodiversity reservoirs - is far more cost-effective 

than attempting post hoc restoration (Nelson et al., 2023). 

The second priority strategy is amplifying effective, low-cost, and scalable 

solutions. This tier centers on nature-based solutions and Indigenous and Local 

Knowledge systems, such as regenerative agriculture, agroecology, and 

community-led conservation. These approaches not only offer superior 

ecological outcomes but do so at a fraction of the cost of industrial or top-down 

alternatives (Garnett et al., 2018). Finally, capital-intensive and technologically 

complex interventions - such as geoengineering, direct air carbon capture, and 

other high-risk innovations - should be used only as last-resort tools to address 

residual emissions or ecological damage that cannot be solved through the first 

two tiers. These solutions must be subjected to strict scrutiny and employed with 

caution, given their uncertain outcomes, high costs, and potential for unintended 

consequences. 

In a socio-economic system governed by the semiconducting principle and the 

redefined notion of growth, all actors - including governments, businesses, and 

citizens - are incentivized to pursue forms of development that remain within 

planetary boundaries and actively contribute to the restoration, conservation, or 

enhancement of Earth’s carrying capacity. Crucially, the business sector - while 
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historically a primary source of environmental disruption - also possesses the 

capacity to drive transformative change. In a reformed system, businesses’ raison 

d'être is no longer solely profit maximization but also ecological sustainability 

assurance. Firms would be incentivized not only to reduce environmental harms 

but to generate goods and services that actively enhance biocapacity and shrink 

ecological footprints. 

To adopt and effectively implement the semiconducting principle, it is essential 

to cultivate individuals’ Nature Quotients and foster a transition from the eco-

deficit culture to the eco-surplus culture, both of which serve as foundational 

prerequisites. These concepts will be further elaborated in the following sections. 

5. Building eco-surplus culture for humanity’s continuity and 
progress 

Effectively operationalizing the semiconducting principle requires more than 

institutional reform or technological innovation. It demands a socio-cultural 

transformation toward an eco-surplus culture. In this paradigm, environmental 

protection, restoration, and regeneration are not peripheral considerations or 

trade-offs but are foundational conditions for achieving long-term economic 

vitality, political stability, and social well-being (Vuong, 2021a). Environmental 

values are attributed to a higher probability of influencing decision-making than 

competing short-term interests, positioning ecological health as an existential 

condition rather than a constraint. This shift reframes environmental protection 

and restoration as a prerequisite for systemic resilience and intergenerational 

prosperity. 

5.1 Nature Quotient cultivation 

One of the foundational strategies for fostering eco-surplus culture is the 

cultivation of Nature Quotient (NQ) across society. NQ represents a form of 

intelligence that enables individuals to comprehend the complex and dynamic 

interactions of nature, position humans within such systems, and live 

harmoniously with and nurture the natural environment. Fundamentally, it refers 

to the capacity to perceive, process, and organize information about the intricate 

interconnections among various information-processing systems - such as 

humans, wildlife, ecosystems, and climate systems - as parts of a dynamic, 

interdependent whole (Vuong & Nguyen, 2025).  

Cultivating a high NQ is essential to counteract the anthropocentric biases 

embedded in conventional thinking. It promotes a cognitive and cultural shift 
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away from an extractive “eco-deficit” mindset toward a regenerative eco-surplus 

orientation. Individuals with high NQ demonstrate deep ecological awareness, 

engage in sustainable behaviors, and support a harmonious relationship between 

humans and nature. When developed at scale, NQ fosters a collective 

consciousness that positions ecological well-being as a fundamental prerequisite 

for human survival, well-being, and intergenerational continuity. 

Among the most practical and impactful avenues for enhancing NQ is the reform 

of education systems. Integrating environmental literacy and sustainability 

principles across all levels of formal education equips younger generations with 

system-thinking capabilities and a deeper sense of empathy for nature. This, in 

turn, strengthens their cognitive, emotional, and ethical connections to the 

natural world. Several countries have taken significant steps in this direction. In 

India, environmental education has been mandated nationwide across formal 

schooling, following a Supreme Court directive that recognized environmental 

awareness as a fundamental necessity and directed the adoption of environmental 

education in the syllabus in all states and union territories (Gorana & Kanaujia, 

2016). India adopted an “infusion” approach, integrating environmental topics 

across a range of disciplines - including science, social studies, mathematics, and 

language - while emphasizing real-world problem-solving and critical thinking. 

This approach underscores the importance of holistic thinking in environmental 

education, aiming to transcend fragmented, sector-specific perspectives by 

fostering multidisciplinary understanding and action (Gorana & Kanaujia, 2016). 

Beyond formal curricula, direct and meaningful engagement with nature is 

essential for cultivating NQ. A growing body of research demonstrates that 

childhood experiences in natural settings are strong predictors of pro-

environmental attitudes and behaviors in adulthood (Chawla, 1999; Dewey, 2021; 

Rosa et al., 2018; Yan et al., 2025). A comparative study of environmental 

activists in the U.S. and Norway found that the vast majority identified early 

outdoor experiences as the foundational source of their ecological consciousness 

(Chawla, 1999). Conversely, the absence of such experiences - often referred to 

as nature deficit disorder - can result in a disconnection from natural systems and 

constrain the formation of values related to nature (Beery et al., 2023; Louv, 2008; 

M.-H. Nguyen et al., 2023). To address this gap, educators and communities have 

launched initiatives aimed at reintroducing both youth and adults to the natural 

world. For example, “bioblitz” events invite schoolchildren to spend time in 

parks and natural areas identifying as many species as possible, offering many 

their first immersive encounter with local biodiversity (Himschoot & Children, 

2017; Pollock et al., 2015). Similarly, outdoor classrooms, gardening programs, 
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and citizen science projects - such as wildlife counts or water quality monitoring  

- enable participants to translate abstract environmental concepts into concrete, 

lived experiences (Askerlund & Almers, 2016; Green & Duhn, 2015; Wilson et 

al., 2025). These experiential learning models play a pivotal role in enhancing 

NQ. By facilitating direct interaction with ecological systems, they help 

individuals internalize the principles of interdependence and develop a more 

intuitive, values-based understanding of environmental sustainability. 

Cultivating NQ also necessitates the shaping of cultural products that emphasize 

harmony with nature. Popular media, storytelling, and artistic expression play a 

crucial role in influencing how societies perceive and relate to the natural world. 

For instance, the impact of natural history documentaries - such as the BBC’s 

Blue Planet series - demonstrates the potential of media in fostering ecological 

awareness and preferences (Dunn et al., 2020; Hynes et al., 2021). Similarly, many 

Indigenous cultures have long embedded ecological wisdom in oral traditions, 

spiritual practices, songs, and stories (Fletcher et al., 2021). These cultural 

products teach interconnection, stewardship, and respect for nature across 

generations (Bohensky et al., 2013; McAllister et al., 2023; Ulluwishewa et al., 

2008). Contemporary educational and environmental communication efforts can 

learn from such traditions by integrating art, literature, and multimedia content 

that convey ecological complexity and nurture connection and empathy for non-

human life (Nguyen, 2024a; Reason & Gillespie, 2023; Vuong & Nguyen, 2023a, 

2023b). The overarching goal is to position ecological literacy as a foundational 

competency - on par with reading, writing, and numeracy - thereby establishing 

it as a cultural norm. An ecologically literate society is more likely to avoid 

unsustainable practices, support necessary changes, and co-create an eco-surplus 

culture rooted in long-term resilience and regeneration. 

Nature-based cultural products also reflect deep cognitive and cultural 

interactions with the environment, not as a passive backdrop, but as a co-creator 

of human knowledge, values, and moral frameworks. These products can serve 

as powerful vehicles for cultivating collective ecological intelligence, or what may 

be termed “collective NQ” (Vuong & Nguyen, 2025). A prominent example is 

the Daodejing by Laozi (Lao Tzu, 老子 ), the foundational text of Daoism, 

alongside the writings of later Daoist thinkers such as Zhuangzi (Zhuang Zhou, 

莊子). These philosophical works have deeply influenced East Asian cultural 

heritage across China, Japan, Korea, and Vietnam. Daoist philosophy and 

thought have profoundly influenced diverse realms of cultural expression - 

including literature, visual arts, architecture, calligraphy, music, martial arts, and 

traditional medicine - each reflecting a deep-seated emphasis on the harmonious 
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interplay between humans and the natural world. At the heart of this worldview 

lies the principle of mindful coexistence with all living beings and the aspiration 

to comprehend their “true inborn nature” (Cooper, 2014; Laozi, 1868).  

As NQ is cultivated more broadly across society, it lays the groundwork for the 

emergence of an eco-surplus culture. Individuals with high NQ typically exhibit 

a deep appreciation for biodiversity, an understanding of the long-term 

consequences of environmental degradation, and a strong sense of ecological 

responsibility. This shift in mindset - from anthropocentric indifference to 

environmental stewardship - represents a critical bottom-up driver of broader 

socio-cultural transformation. In practical terms, fostering NQ results in the 

emergence of citizens, scientists, policymakers, and business leaders who are 

systems thinkers and ecologically conscious decision-makers. These individuals 

are more likely to design, support, and demand solutions aligned with the 

principles of an eco-surplus paradigm. As such, investing in NQ - through 

education, community-based initiatives, and public engagement campaigns - is a 

strategic precursor to shifting societal values. It builds the cognitive foundation 

required to redefine societal notions of progress, success, and legacy in 

ecologically meaningful terms. 

5.2 Policy pathways and social initiatives to foster an eco-surplus culture 

Transitioning from an eco-deficit to an eco-surplus culture - one that treats 

ecological health as the foundation of human well-being - necessitates 

coordinated efforts across governance, economic systems, and grassroots action. 

This subsection outlines how each of these dimensions can catalyze this cultural 

transition and reinforce the semiconducting principle of value exchange between 

environmental and monetary values.  

Transitioning to an eco-surplus culture requires bold policy reforms that integrate 

environmental sustainability into decision-making, public budget planning, and 

the definition of national prosperity. A crucial first step is redefining “growth” 

and “profit” within policy frameworks. Traditional economic growth metrics 

must be broadened to include Net Environmental Value (NEV) alongside Net 

Monetary Value (NMV), establishing a new Net Value (NV = NMV + NEV) 

paradigm (Vuong, 2021a; Vuong & Nguyen, 2024a). In practice, this involves 

developing national accounting systems that properly value ecosystem services 

and biodiversity, ensuring that policy success is assessed not only by GDP but 

also by improvements in natural resources and resilience. For instance, several 

countries are investigating a Gross Ecosystem Product (GEP) to quantify 

nature’s contributions to people (Ouyang et al., 2013; Zheng et al., 2023). By 
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internalizing NEV, policies can ensure that environmental costs are not 

externalized or traded off for short-term economic gains. 

Several forward-thinking governments have begun to adopt well-being budgets 

and “beyond GDP” frameworks that place ecological and social health at the 

center of investment and funding decision-making (Bartos, 2022; Hoekstra, 

2019). New Zealand stands out as a pioneer in this space. Its inaugural Wellbeing 

Budget in 2019 garnered international recognition for prioritizing citizens’ well-

being and environmental values as core policy goals. The New Zealand Treasury 

now utilizes a Living Standards Framework, which incorporates a broad range of 

indicators - including environmental amenity, subjective well-being, natural 

environment, social cohesion, human capability, etc. - when advising on 

investments and outcomes (New Zealand Government, 2021). As former Prime 

Minister Jacinda Ardern aptly stated, “The purpose of government spending is 

to ensure citizens’ health and life satisfaction, and that - not wealth or economic 

growth—is the metric by which a country’s progress should be measured. GDP 

alone does not guarantee improvement to our living standards […]” (Walker & 

Tolley, 2019).  

This approach is gaining traction globally. The Wellbeing Economy 

Governments (WEGo) partnership - comprising Scotland, Iceland, New 

Zealand, Wales, and Finland, with Canada actively participating - facilitates the 

sharing of best practices in designing budgets and policies that account for 

human wellbeing, including environmental sustainability (Janoo et al., 2021). 

Bhutan, long recognized for its alternative development model, continues to 

guide policy-making and spending decisions using its Gross National Happiness 

(GNH) index. The GNH framework is grounded on four fundamental pillars, 

one of which is environmental conservation. At the municipal level, Amsterdam 

offers a compelling example of urban-scale innovation. The city has adopted 

Doughnut Economics - a model developed by economist Kate Raworth - as a 

strategic compass for policymaking. This framework aims to ensure a high quality 

of life for all residents while staying within planetary boundaries (Florian, 2024; 

Raworth, 2018). Collectively, these pioneering fiscal policies and planning 

frameworks operationalize an eco-surplus mindset. They move beyond symbolic 

and performative environmental actions to embed ecological well-being as a 

foundational asset and a core success metric, rather than treating it as a secondary 

concern or afterthought. 

Strong environmental laws and enforcement should focus on achieving direct 

ecological outcomes. This includes robust protections for primary forests, 

wetlands, and biodiversity hotspots, with a clear policy of no net loss—or ideally, 
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net gain - of critical ecosystems and biodiversity, particularly those that are 

endangered. Research indicates that preventing ecosystem loss is far more 

effective and cost-efficient than attempting to restore ecosystems afterward 

(Bloomgarden, 2022; Cook-Patton et al., 2021). Policies must prioritize halting 

the ongoing degradation of ecosystems before addressing other measures, such 

as improved land management and restoration, which can yield lasting benefits. 

Importantly, environmental regulations should enforce the semiconducting 

principle: ecological degradation should not be offset simply by monetary 

payments or permits. Policies like carbon pricing and cap-and-trade should be 

redesigned to reward actual emissions reductions and ecosystem protection, 

while preventing the purchase of permits to pollute. The shortcomings of the 

current carbon-offset model highlight this need. The existing carbon trading 

system lacks the semiconducting property, allowing companies to balance 

continued emissions by purchasing inexpensive offsets. This opens the door to 

greenwashing; investigations have shown that over 90% of rainforest carbon 

offsets under the leading standard were essentially “phantom credits,” with no 

actual carbon reductions (Greenfield, 2023). 

Beyond environmental protection, policymaking for an eco-surplus culture 

should embed sustainability principles across all sectors. This involves 

conducting environmental impact assessments and planetary boundary checks 

for major projects, implementing climate and biodiversity stress tests for 

infrastructure and urban planning, and incorporating indigenous and local 

knowledge into policy design. It also requires prioritizing long-term and 

intergenerational thinking in governance. By crafting laws that reflect our 

interconnectedness with nature, governments can create the norms and 

incentives that foster an eco-surplus culture.  

One transformative approach is the legal recognition of nature’s intrinsic value 

and rights. In 2017, New Zealand set a global precedent by granting legal 

personhood to the Whanganui River in response to long-standing Māori 

advocacy. The river was recognized not merely as a resource, but as a spiritual 

ancestor with its own rights and agency - a move grounded in the Indigenous 

worldview of te ao Māori, which sees rivers, lands, and people as interconnected 

members of one family (Evans, 2024). This legal shift was also extended to other 

natural entities, including Te Urewera forest and Mount Taranaki, reinforcing a 

governance model that redefines nature as a partner rather than property. Similar 

legal innovations have emerged in other parts of the world. Ecuador’s 2008 

Constitution was the first to formally enshrine the Rights of Nature - referred to 

as Pachamama or Mother Earth - while Bolivia followed with its Law of the Rights 
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of Mother Earth, mandating integral respect for nature’s existence, mantainance, 

and regeneration of its life cycles, structures, functions, and evolutionary 

processes (Berros, 2015). By codifying respect for ecosystems, these legal 

frameworks promote an eco-surplus ethic at the highest institutional levels. They 

signify a paradigm shift: from anthropocentric exploitation to ecologically 

grounded co-existence, recognizing that non-human life possesses value 

independent of its economic utility and that human flourishing depends on living 

within planetary boundaries. 

Public finance and fiscal policy are powerful tools for cultivating an eco-surplus 

culture. One emerging approach is green budgeting, which integrates 

environmental criteria into government budgeting processes. Rather than 

funding “green” projects in isolation, green budgeting incorporates 

environmental impacts into all aspects of fiscal planning, analyzing how each 

spending or tax decision affects nature and aligning fiscal priorities with 

sustainability goals (Kaiser & Lelong, 2025). By reorienting fiscal planning in this 

way, governments explicitly prioritize ecological well-being alongside economic 

growth, thus operationalizing the semiconducting principle within monetary 

flows. Realigning subsidies and taxes is also a crucial component. Currently, 

many governments continue to allocate significant funds to environmentally 

harmful subsidies, inadvertently incentivizing eco-deficit behaviors. An eco-

surplus fiscal strategy would phase out these “brown” expenditures and redirect 

funds toward investments that promote ecological health and human well-being. 

For instance, Indonesia recently cut fossil fuel subsidies by approximately $10 

billion and redirected those funds toward renewable energy and other climate 

initiatives (Kaiser & Lelong, 2025). Such positive incentives can reward eco-

surplus efforts, like payments for ecosystem services, tax breaks for renewable 

energy and circular economy businesses, grants for community conservation 

projects, etc. These efforts can translate ecological value into economic reward, 

reinforcing behavior that strengthens our life-support systems. 

Fiscal planning must also address the economic risks posed by environmental 

degradation, from climate-related disasters to the collapse of vital ecosystems. 

Incorporating climate and biodiversity risks into sovereign credit ratings, central 

bank stress tests, and development plans will drive financial systems to favor 

sustainability. However, the economic valuation of ecosystem functions should 

be applied with extreme caution. While forecasts of economic losses due to 

environmental degradation may seem dire, many experts argue these estimates 

are still significantly understated and fail to capture the full scope of ecological 

catastrophe (Beuret, 2021). Analyses from organizations such as the Institute and 
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Faculty of Actuaries (UK) and Carbon Tracker reveal that mainstream economic 

models consistently underestimate the true cost of climate change. This 

underestimation stems from critical omissions, such as ecological tipping points, 

precipitation variability, and the flawed assumption that indoor economic 

activities remain unaffected by environmental change. Such flawed valuation 

frameworks risk trivializing irreversible losses - like biodiversity collapse and 

human suffering - by reducing them to monetary units adjustable by central bank 

policy. Furthermore, research by Franta (2022) and Brulle (2023) reveals how 

fossil fuel industry coalitions have funded biased economic analyses to obstruct 

climate policy. 

Fostering an eco-surplus culture requires active engagement from the private 

sector as a constructive force for environmental protection and restoration. 

Under the prevailing eco-deficit paradigm, many business practices have 

historically externalized environmental costs in the pursuit of profit, contributing 

to ecological degradation and long-term systemic risk. In contrast, emerging 

regenerative and circular economic models offer a transformative alternative. 

Some companies are now adopting net-zero or even net-positive targets, striving 

to restore more environmental value than they consume. Industries such as 

fashion and electronics need to explore circular design principles to reduce waste 

and extend product life cycles. Public policy can play a catalytic role in 

accelerating this transition by creating enabling conditions for eco-surplus 

innovations and discouraging those that deplete natural capital. Examples include 

research grants for nature-based solutions, tax incentives for low-impact 

manufacturing, and public procurement policies that prioritize cradle-to-cradle 

certified products. 

Multi-level and inclusive governance is also critical for achieving eco-surplus 

outcomes. Environmental issues span local to global scales, so a polycentric 

approach—coordinating efforts at the city, provincial, national, and international 

levels—is more effective than top-down control alone. For example, while 

international treaties set broad goals (e.g., the Montreal Protocol or the 

Kunming-Montreal Global Biodiversity Framework), progress often depends on 

local authorities and communities enforcing protections on the ground. 

Mechanisms for vertical integration, such as “nationally determined 

contributions” feeding into global climate goals or subnational conservation 

commitments, help align efforts. At the same time, horizontal networks facilitate 

knowledge sharing, peer learning, and accountability (e.g., cities sharing best 

practices through the C40 global network or indigenous peoples participating in 

UN environmental forums). An eco-surplus governance system explicitly values 
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the knowledge and rights of Indigenous peoples and local communities, 

recognizing them as key stewards of biodiversity and the environment and 

partners in policymaking. Including these voices - through formal seats in 

decision-making bodies, Free, Prior, and Informed Consent processes for 

projects, and community-led resource management - ensures that governance is 

grounded in on-the-ground realities and justice (Hanna & Vanclay, 2013). 

While top-down measures are essential, grassroots movements are equally crucial 

for driving socio-cultural transitions. One of the most influential aspects of 

grassroots action is its ability to shift social norms and raise public awareness. 

The rapid rise in environmental consciousness in recent years can largely be 

attributed to bottom-up movements. What makes these movements effective is 

their emphasis on collective action: diverse individuals uniting around a common 

cause and applying sustained pressure on governments and corporations to drive 

change (The Goldman Environmental Prize, 2021). However, radical activism, 

such as art vandalism and road blockades, should be avoided, as it can produce 

adverse outcomes and diminish public support for environmental causes (Vuong, 

Nguyen, Duong, et al., 2024). Transformations risk destabilizing or even 

damaging the existing organizations and social and economic structures that 

sustain the lives of many if the process is not managed through thoughtful 

consideration, learning, and adaptation. Social resistance to change and resulting 

conflicts are inevitable, but managing these tensions is vital (Abson et al., 2017). 

Intensified conflicts exacerbate, rather than resolve, climate challenges. 

Therefore, alongside raising awareness and pressuring political and economic 

systems to address climate change, activists should also focus on facilitating the 

process of structural transformation and social transitions to minimize their costs 

(Vuong, Nguyen, Duong, et al., 2024). 

Community-based conservation is another vital grassroots approach that fosters 

the eco-surplus culture and reinforces the semiconducting principle. Across the 

globe, local groups are leading initiatives to restore degraded lands, protect 

wildlife, and manage resources sustainably. These projects often demonstrate 

innovative strategies that formal institutions can learn from. For example, 

community forestry initiatives in Nepal and Mexico have shown that local 

populations can effectively manage forests to balance economic needs with 

ecosystem health (Baynes et al., 2015; Buckingham & Ellersick, 2015; Ellis et al., 

2017). Supporting and scaling such community-led efforts - through micro-

grants, land rights, and capacity-building - can help spread the eco-surplus 

practices at the grassroots level. When communities directly benefit from 

conservation - whether through secure livelihoods, ecotourism, or improved 
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ecosystem services - it reinforces the idea that ecological value enhances human 

value, rather than replacing it. 

Through the lens of GITT, socio-cultural transitions toward an eco-surplus 

culture can be understood as a series of granular interactions - an accumulation 

of decisions and behaviors across multiple levels (individual, group, institution, 

nation, and global) that collectively shape humanity's information-processing 

system. By integrating ecological consciousness, ethical considerations, and long-

term thinking into each of these interactions, we enhance the probability that 

emergent outcomes will lean toward sustainability rather than collapse.  

At its core, the eco-surplus culture resonates with the philosophy of the Daodejing 

(Laozi, 1868). Resilient socio-economic growth should arise naturally, rather than 

being forced or rigidly imposed. Artificial mechanisms, such as carbon trading 

and overemphasizing the role of electrification, are often imposed with force. In 

the Daodejing, the concept of “letting go” is not about discarding, but about 

relinquishing stubbornness, coercion, and actions that defy the natural flow of 

life. It advocates for allowing nature to find its own path, which in turn imparts 

wisdom to us. Cultivating NQ and fostering eco-surplus culture to harness the 

power of serendipity is one such path. When humanity places environmental 

values at the foundation of its existence - prioritizing ecological sustainability, 

well-being, and generational continuity - people will naturally come to recognize 

the inherent value of nature. This recognition will foster a genuine desire for 

environmental preservation and restoration, thus creating a demand for actions 

that promote these goals. Such desire serves as the essential condition for 

humans to leverage serendipity in discovering and applying nature-based 

innovations and solutions. 

In addition to fostering valuable discoveries and innovations, an eco-surplus 

culture helps individuals recognize the multifaceted values of nature through 

various pathways, ultimately shaping nature and its vital elements into “objects 

of care” (He & Silliman, 2019; Nguyen, Duong, et al., 2024; Vuong, La, et al., 

2025b; Wang et al., 2018). These realizations often unfold through non-

technological “serendipitous moments,” where individuals unexpectedly 

recognize new values in nature. These moments facilitate the formation and 

internalization of knowledge and values that support environmental protection 

and restoration, guiding actions and decisions that align with these ideals 

(Nguyen, 2024b; Otero et al., 2020; Vuong, 2022). These “serendipity moments” 

are integral to the cultivation of humanistic values that include a profound love 

for nature. As a result, individuals are naturally inclined to explore new lifestyles 

that minimize negative environmental impacts, contributing to preservation and 
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restoration (Vuong, La, et al., 2025b). Examples include zero-waste communities, 

local food cooperatives, urban habitat gardening, citizen science initiatives 

focused on species monitoring, and artistic/cultural expressions of biophilia. 

Such micro-changes often catalyze larger societal shifts. Each successful local 

initiative serves as proof of concept that living with an eco-surplus mindset is not 

only feasible but also rewarding, inspiring others to adopt similar practices. 

In this context, markets and technological tools can be viewed as instruments 

that optimize humanity’s information-processing capacity. The impacts - 

whether positive or negative - of these tools are contingent upon the values that 

drive their application. When market and technological solutions arise from these 

natural desires, rather than being imposed through coercion, they can naturally 

contribute to the emergence of the semiconducting principle. This is analogous 

to how society can break free from the chains of slavery, where human life and 

dignity are commodified. The more society internalizes environmental values 

into its mindset, the less control and enforcement will be needed. Ultimately, a 

resilient environmental protection system will emerge naturally through the 

interactions of individuals, businesses, institutions, and governments. 

6. Overcoming challenges for an eco-surplus culture 

From the perspective of GITT, the transition from an eco-deficit to an eco-

surplus culture requires the introduction of a new set of information and values 

to humanity’s information-processing system. This shift initially generates an 

increase in entropy, expressed as uncertainty and disruption across established 

socio-cultural and political patterns, norms, and structures. To mitigate this 

entropy, the interactions and systemic relationships that shape how individuals 

live, work, and connect within society need to be transformed to ensure long-

term ecological sustainability. Yet, the emergence of this new order inevitably 

confronts various natural filters that function based on the benchmarks of a 

dominant preexisting growth-oriented and technology-centric values. 

Perhaps the most immediate and tangible challenges to advancing an eco-surplus 

culture lie in managing the economic and social trade-offs inherent in 

transitioning away from the growth-centric model. The contemporary global 

economy is structurally predicated on continuous growth - rising GDP, 

expanding production, and accelerating consumption - as a condition for 

maintaining macroeconomic stability. Abrupt deviation from this model, if not 

carefully organized, risks triggering economic dislocation and social disruption. 

Employment, livelihoods, and government revenues are deeply intertwined with 
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the expectation of growth; economic stagnation or contraction can lead to 

surging unemployment and declining fiscal capacity, jeopardizing essential public 

services such as healthcare, education, and welfare provision. 

This presents a critical dilemma: how can humanity meaningfully reduce its 

ecological footprint without precipitating short-term hardships, particularly 

among vulnerable populations? Some scholars and practitioners have proposed 

degrowth or post-growth strategies for affluent societies, advocating for a 

deliberate reduction in material throughput and a reorientation of societal goals 

beyond GDP. However, even proponents of these frameworks acknowledge the 

risks of poorly executed transitions. For example, a scenario in which a nation 

abruptly curtails industrial activity and consumption could resemble the case of 

Austeria village: shuttered factories, widespread job losses, and escalating social 

unrest (Hoffman, 2024). In such instances, while environmental degradation may 

decline, the socio-economic distress can erode public support for sustainability, 

fueling political backlash and undermining long-term ecological objectives. These 

dynamics underscore the importance of careful calibration, ensuring that the 

timing, pace, and accompanying measures (such as job guarantees, social 

protection, and retraining programs) are thoughtfully designed and equitably 

distributed. 

Transitioning away from a growth-centric economic model confronts deep-

seated cultural norms and structural dependencies. Resistance emerges from 

industries and consumers embedded in the prevailing paradigm of perpetual 

production and consumption. Businesses that rely on high-volume sales—such 

as those in fast fashion, consumer electronics, or disposable goods—are 

particularly vulnerable to policies promoting sufficiency, reuse, or circularity 

(Nguyen, Nguyen, et al., 2024). Understandably, many of these firms actively 

lobby against measures that would curb consumption. On the consumer side, 

especially in affluent societies, behavioral inertia and lifestyle expectations 

present additional hurdles. People may resist giving up conveniences and habits 

(e.g., frequently buying new gadgets and fast travel) if alternatives are not 

appealing or if sufficiency is perceived as austerity. A notable recent example is 

the post-COVID-19 emissions rebound. Although the pandemic initially sparked 

optimism about the prospect of a “green recovery” - with targeted stimulus 

packages potentially accelerating investments in clean energy infrastructure - the 

actual outcomes diverged from these expectations (Chen et al., 2020; Dafnomilis 

et al., 2022). The pent-up consumer demand for travel, goods, and services drove 

a sharp resurgence in energy consumption (Chen et al., 2024; Dao et al., 2024; 
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McKinsey & Company, 2024). By 2022, global CO₂ emissions had not only 

rebounded but surpassed pre-pandemic levels (Liu et al., 2023). 

Managing this socio-economic transition requires careful sequencing and 

strategic design. Central to this process is a redefinition of success, prosperity, 

and legacy, as advocated by the semiconducting principle, along with the 

adoption of alternative metrics that move beyond conventional measures such as 

GDP - examples include the Wellbeing Budget and Gross National Happiness. 

These metrics can reorient public policy toward fulfilling fundamental human 

needs, even in the absence of traditional economic growth. In the early stages of 

transition, reforms should follow three strategic priorities aligned with the 

semiconducting principle: 

1. Safeguard existing ecosystems to prevent the accumulation of environmental 

value debts and irreversible ecological losses that cannot be offset 

monetarily. 

2. Scale up effective, low-cost, and environmentally compatible solutions—

particularly those that generate employment while operating within the 

Earth’s regenerative capacity—to facilitate labor transitions from high-

impact sectors to environmentally sustainable industries. 

3. Reserve capital-intensive and technologically complex interventions for 

addressing challenges that cannot be resolved through the two former 

strategies, ensuring that such measures are employed as a last resort rather 

than a default approach. 

Redefining the public’s imagination of success, prosperity, and legacy requires 

the cultivation of NQ - an intelligence that helps integrate environmental values 

into individuals’ and society’s understanding of growth and profit. This process 

can begin by fostering awareness of how people’s lives and their “objects of care” 

are increasingly vulnerable to climate change and ecological disruption (Wang et 

al., 2018). However, a significant barrier to this effort stems from deeply 

entrenched resistance to climate change mitigation. Decades of climate science 

denial and the widespread dissemination of misinformation have cultivated 

enduring public skepticism and apathy, which continue to obstruct effective 

policy implementation (Gounaridis & Newell, 2024; La et al., 2024). A recent 

study documents the rapid expansion of a global network comprising think tanks, 

research institutes, trade associations, foundations, and affiliated organizations 

that actively oppose climate science and policy. Over the past 35 years, the 

number of countries hosting at least one of these “counter-climate” 

organizations has more than doubled, with such groups now present in at least 
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51 nations, strategically coordinating efforts to delay or derail climate-related 

legislation and international cooperation (Furuta & Bromley, 2025). 

Even among those who acknowledge the reality of climate change, a subtler 

obstacle emerges in the form of techno-optimism. Prominent among so-called 

ecomodernist thinkers is the belief that environmental problems can be 

addressed within the existing economic and institutional paradigms, primarily 

through technological innovation, without the need to confront systemic issues 

such as consumerism or growth dependency. Their credo - that “more 

technology” and “more modernity” can resolve the unintended consequences of 

modernity itself - champions tools such as renewable energy, carbon capture, 

geoengineering, and artificial intelligence for efficiency gains (Bove, 2021). While 

these technologies are undeniably important, they are often treated as panaceas. 

This mindset fosters an overreliance on speculative or high-risk solutions (e.g., 

large-scale geoengineering) while downplaying the urgency of behavioral change 

and cultural transformation. In doing so, it challenges the formation of eco-

surplus values and the development of a societal ethos grounded in harmony 

with nature rather than dominance over it. 

Moreover, the redefinition of benefits and growth can encounter resistance from 

powerful actors who derive substantial benefits from the existing growth-

oriented, eco-deficit system. This system has enabled the emergence of networks 

of vested interests - including fossil fuel corporations, agribusinesses, mining 

conglomerates, and their political allies - whose economic and political power is 

intimately tied to the continued extraction and commodification of nature 

(Diesendorf, 2025). These actors frequently engage in practices of state capture, 

leveraging lobbying, campaign financing, and the revolving door between 

industry and government to influence policy in their favor. Consequently, 

environmental regulations and sustainability initiatives that threaten their 

financial interests are frequently weakened, delayed, or obstructed entirely 

(Diesendorf, 2025). These entrenched actors play a central role in maintaining 

the growth-centric status quo, constituting a significant structural barrier to 

sustainability transitions. Their continued influence reinforces systemic inertia, 

impeding the cultural and policy shifts necessary to build an eco-surplus culture 

and foster the semiconducting principle. 

Political resistance to sustainability transitions is also embedded in the short-term 

orientation of electoral politics (Avelino et al., 2016; Hess, 2014). Democratic 

governments often hesitate to implement robust environmental policies due to 

concerns over voter backlash or perceived threats to national economic 

competitiveness. Incumbent industries frequently amplify these concerns by 
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warning of job losses or economic downturns, narratives that resonate with 

politicians focused on reelection and short-term approval. As a result, climate 

policy is frequently constrained by a logic of incrementalism, wherein modest, 

non-disruptive measures are favored over the transformative actions required to 

address ecological crises at scale. 

In the prevailing paradigm of eco-deficit culture, climate change and 

environmental protection agendas are frequently weaponized - used as strategic 

tools, bargaining chips, or leverage in international diplomacy, trade negotiations, 

and domestic political contests (Vuong et al., 2023). This weaponization of 

environmental agendas undermines the consistency and credibility of climate 

policies, leading to fragmented and short-sighted decision-making that often 

sacrifices long-term effectiveness for immediate political gains (Thomas & 

Warner, 2019). As a result, environmental commitments may appear 

“ephemeral” and unreliable in the eyes of the international community, further 

exacerbating social inequality and geopolitical tensions. Moreover, the line 

between genuine environmental concern and strategic political maneuvering 

becomes increasingly blurred, raising critical questions about the authenticity, 

legitimacy, and moral integrity of climate-related actions. This ambiguity makes 

it difficult to distinguish between sincere efforts and those driven by ulterior 

motives, thereby eroding the mutual trust necessary for collective climate action 

(Vuong et al., 2023). 

The instability and unreliability of U.S. climate commitments illustrate such 

consequences of weaponizing climate change and environmental protection 

agendas. Scientists, particularly those attuned to the urgent risks of climate 

change, have been drawn into partisan disputes, raising concerns about the 

erosion of scientific neutrality and credibility. During the 2020 U.S. presidential 

election, leading scientific journals such as Nature and Science took the 

unprecedented step of publicly endorsing Joe Biden over then-President Donald 

Trump (Editorial, 2020; Malakoff, 2020). While well-intentioned, this move 

transformed segments of the scientific community - especially those associated 

with climate science - into perceived political actors, blurring the boundary 

between objective expertise and partisan advocacy.  

Such developments carry long-term risks. Political power is transient, and the 

scientific community may face significant challenges in securing its status, 

influence, and resources under administrations that consider science and climate 

change agendas as “weapons” of political opponents. This was evident through 

the withdrawal from the Paris Agreement, extensive regulatory rollbacks, funding 

cuts, and substantial disengagement from international frameworks such as the 
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Net-Zero Banking Alliance during the administration of President Trump. These 

shifts not only weakened climate governance but also contributed to a broader 

erosion of public trust in science. Recent surveys reflect this troubling trend: 

public confidence in the societal benefits of science has markedly declined in the 

U.S. Since 2016, the proportion of Americans who believe science has a positive 

impact on society has dropped from 67% to 57%, while the percentage of those 

viewing science negatively has doubled from 4% to 8%. Over one-quarter of 

respondents now report little or no trust in scientists to act in the public 

interest—up from just 12% in April 2020. Although this erosion of trust spans 

political affiliations, it is particularly pronounced among Republicans, nearly 40% 

of whom express little or no trust in the scientific community (Kennedy & Tyson, 

2023). 

Complementing overt political resistance and weaponization is the more subtle 

yet deeply entrenched challenge of institutional inertia (Markard et al., 2020; 

Munck af Rosenschöld et al., 2014; Samadi & Alipourian, 2024). Even when 

political will for sustainability transitions exists, large institutions - governments, 

corporations, multilateral bodies - are often structurally “locked in” to legacy 

systems shaped by decades of past decisions, investments, and routines. This 

path dependency phenomenon reflects the self-reinforcing nature of policies, 

infrastructures, and market systems that evolve to perpetuate the status quo. For 

instance, a city designed around automobile use cannot be transformed overnight 

into a walkable, transit-oriented metropolis; its existing land-use patterns, road 

networks, and spatial planning necessitate continued car dependence until 

comprehensive redesign and reinvestment occur. Likewise, global energy systems 

remain heavily reliant on fossil fuels, not merely due to supply-side choices, but 

because trillions of dollars are embedded in coal plants, oil rigs, pipelines, power 

grids, and vehicle fleets calibrated to carbon-intensive fuels. 

Institutional structures further reinforce this inertia through standard operating 

procedures, performance metrics, and supply chains optimized for prevailing 

systems. As a result, organizational rigidity becomes the norm, which resists 

change and maintains operational continuity despite evolving circumstances. 

Transitioning from these entrenched pathways often demands far more than top-

down directives. It requires retraining personnel, reconfiguring production 

systems, revising regulations, and shifting internal cultures - steps that entail 

significant upfront costs, perceived risks, and bureaucratic friction. 

While exogenous shocks - such as natural disasters or economic crises - can 

occasionally catalyze institutional reforms that were previously deemed 

unthinkable (Johnstone & Schot, 2023), relying on such disruptions is neither 
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desirable nor reliable. Instead, deliberate and proactive strategies are needed. 

These include institutional reforms, capacity-building initiatives, and pilot 

programs that foster experimentation with alternative models prior to large-scale 

implementation. Equally critical is strong leadership combined with strategic 

management to mitigate resistance, alleviate uncertainty, and demonstrate that 

complex transitions, while difficult, are both achievable and potentially beneficial. 

Through sustained pressure, visionary planning, and example-setting by 

pioneering organizations, the gradual transformation of societal and institutional 

values, metrics, and incentive structures will become feasible. 

The development of the eco-surplus demands significant investment - not only 

in tangible resources like infrastructure and technology but also in intangible 

assets such as information, policymaking, and the opportunity costs incurred in 

the pursuit of effective solutions (Vuong & Nguyen, 2024a). Although this 

cultural shift may temporarily constrain or even undermine short-term socio-

economic growth, the long-term benefits of fostering an eco-surplus culture 

justify the trade-off. The transition will be gradual, requiring persistent effort to 

overcome resistance from entrenched value systems and to ensure internal 

coherence and resilience in the emerging paradigm. This internal consistency is 

essential for enabling societies, institutions, and businesses to move toward truly 

sustainable practices. 

However, cultural transformation is inherently non-linear and imperfect. It must 

not be rushed or forced. Instead, it should be informed by rigorous science, 

empirical evidence, verification mechanisms, and cross-sectoral collaboration. 

Enhanced focus on the social sciences and humanities - especially research 

addressing climate change denialism, obstruction of climate action, 

anthropocentric mindsets, and the evolving human-nature relationship - will be 

vital in enabling this transition (Abson et al., 2017; Roberts et al., 2024; Vuong & 

Nguyen, 2025). Equally important is the preservation of public trust in science. 

Taxpayers are justified in questioning the value of their financial contributions to 

research, and the scientific community must therefore demonstrate science’s 

relevance and societal benefits to the public. Without such accountability, science 

risks being delegitimized and politically undermined (Vuong, 2018). As Nobel 

laureate Frances Arnold observed, “instead of viewing science as the foundation 

of prosperity, as an investment in the future, it [science] is being portrayed as a 

burden on taxpayers.” Consequently, the scientific community is “paying the 

price,” as exemplified by the substantial cuts in federal funding for science 

enacted during the Trump administration (Grove, 2025). 
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Climate change and environmental degradation are inherently global challenges. 

As such, environmental agendas cannot be effectively realized without both 

global consensus and local cooperation, which are unattainable without a 

foundation of mutual trust among nations, institutions, and stakeholders. These 

dual forces are essential for reducing systemic entropy in governance and social 

systems, creating the informational and institutional coherence necessary for the 

efficient mobilization of resources. In contrast, war represents the most extreme 

form of conflict, wherein parties aim to eliminate competing systems of 

information, values, and governance from the broader operational fabric of 

humanity. When the immediate survival of one’s self, family, ethnicity, or nation 

is under existential threat, long-term ecological considerations are inevitably 

deprioritized. In such contexts, the formation of eco-surplus values - which 

require a stable, forward-looking cultural framework - becomes virtually 

impossible. 

War also results in the violent depletion of vitality and resources that, in the face 

of global ecological crises, should instead be harnessed for planetary resilience. 

These finite resources - financial, human, environmental, and technological - are 

tragically redirected toward mutual destruction rather than mutual survival. 

Moreover, armed conflicts exacerbate the destruction of already fragile 

ecosystems. Examples include the deforestation and habitat loss from the 

Vietnam War’s defoliants, the oil spills and fires in the Gulf War, or the extensive 

carbon emissions and landscape degradation resulting from ongoing wars in the 

Middle East and Eastern Europe. These impacts not only accelerate 

environmental crises but also compound their severity across regional and global 

scales. Regardless of the ideological or moral justifications for warfare, attempts 

to resolve conflicts through destructive means constitute profound sins against 

the Mother Earth’s ecosystems and the future generations whose survival 

depends on them, including the very populations the combatants claim to protect 

(Vuong, Nguyen, & La, 2024). 

The aftermath of war extends far beyond depleted resources and ecological 

devastation. It includes entrenched hatred, traumatic memories of loss, and deep-

seated distrust - factors that critically hinder the possibility of future global 

consensus and local cooperation for addressing environmental degradation and 

climate change. Deteriorating ecological conditions and weakened ecosystem 

services, in turn, exacerbate societal stresses and deteriorate living conditions, 

increasing the risk of further human conflict in a destructive feedback loop. 

Without a sincere commitment to nurturing the natural environments that 

support all life, including humanity, technological innovation and scientific 
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advancement alone cannot deliver lasting well-being. Therefore, reducing armed 

conflict and promoting peaceful resolution are not only ethical imperatives—

they are strategic necessities for preventing the weaponization of nature and 

ensuring the survival of humanity and the biosphere (Vuong, Nguyen, & La, 

2024). The meaning of peace must evolve beyond its traditional conception as 

merely the absence of human conflict. It must encompass a broader peace 

between humans and nature, between the organic and inorganic systems that 

constitute Earth’s biosphere. Only through this expanded vision of peace can 

humanity ensure the sustainability of both the planet and its future. 

References 

Abson, D. J., Fischer, J., Leventon, J., Newig, J., Schomerus, T., Vilsmaier, U., . . . Jager, 

N. W. (2017). Leverage points for sustainability transformation. Ambio, 46, 30-39. 

https://doi.org/10.1007/s13280-016-0800-y  

Adi, A. (2018). # Sustainability on Twitter: loose ties and green-washing CSR. In G. 

Grigore, A. Stancu, & D. McQueen (Eds.), Corporate responsibility digital communities: 

An international perspective towards sustainability (pp. 99-122). Springer.  

Alevropoulos-Borrill, A., Golledge, N. R., Cornford, S. L., Lowry, D. P., & Krapp, M. 

(2024). Sustained ocean cooling insufficient to reverse sea level rise from Antarctica. 

Communications Earth & Environment, 5(1), 150. https://doi.org/10.1038/s43247-

024-01297-8  

Anderson, T., & Leal, D. (2015). Free market environmentalism for the next generation. 

Springer.  

Andy Home. (2024). Cobalt supply tsunami hits the market of last resort. Reuters. 

https://www.reuters.com/markets/commodities/cobalt-supply-tsunami-hits-

market-last-resort-2024-08-21 

Armstrong McKay, D. I., Staal, A., Abrams, J. F., Winkelmann, R., Sakschewski, B., 

Loriani, S., . . . Lenton, T. M. (2022). Exceeding 1.5 °C of global warming could 

trigger multiple climate tipping points. Science, 377(6611), eabn7950. 

https://doi.org/10.1126/science.abn7950  

Arora, A., Cohen, W. M., & Walsh, J. P. (2016). The acquisition and commercialization 

of invention in American manufacturing: Incidence and impact. Research Policy, 

45(6), 1113-1128. https://doi.org/https://doi.org/10.1016/j.respol.2016.02.005  

Askerlund, P., & Almers, E. (2016). Forest gardens–new opportunities for urban 

children to understand and develop relationships with other organisms. Urban 

Forestry and Urban Greening, 20, 187-197. https://doi.org/10.1016/j.ufug.2016.08.007  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1007/s13280-016-0800-y
https://doi.org/10.1038/s43247-024-01297-8
https://doi.org/10.1038/s43247-024-01297-8
https://www.reuters.com/markets/commodities/cobalt-supply-tsunami-hits-market-last-resort-2024-08-21
https://www.reuters.com/markets/commodities/cobalt-supply-tsunami-hits-market-last-resort-2024-08-21
https://doi.org/10.1126/science.abn7950
https://doi.org/https:/doi.org/10.1016/j.respol.2016.02.005
https://doi.org/10.1016/j.ufug.2016.08.007


324 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Avelino, F., Grin, J., Pel, B., & Jhagroe, S. (2016). The politics of sustainability 

transitions. Journal of Environmental Policy and Planning, 18(5), 557-567. 

https://doi.org/10.1080/1523908X.2016.1216782  

Banzhaf, H. S. (2023). Pricing the priceless: a history of environmental economics. Cambridge 

University Press.  

Bartos, S. (2022). Australia’s wellbeing budget: what we can – and can’t – learn from NZ. 

https://theconversation.com/australias-wellbeing-budget-what-we-can-and-cant-

learn-from-nz-186725 

Bateman, I. J., Carson, R. T., Day, B., Hanemann, W. M., Hanley, N., Hett, T., . . . 

Pearce, D. W. (2002). Economic valuation with stated preference techniques: a manual. 

Edward Elgar Cheltenham.  

Baynes, J., Herbohn, J., Smith, C., Fisher, R., & Bray, D. (2015). Key factors which 

influence the success of community forestry in developing countries. Global 

Environmental Change, 35, 226-238. https://doi.org/10.1016/j.gloenvcha.2015.09.011  

Beery, T., Stahl Olafsson, A., Gentin, S., Maurer, M., Stålhammar, S., Albert, C., . . . 

Garcia‐Martin, M. (2023). Disconnection from nature: Expanding our 

understanding of human–nature relations. People and Nature, 5(2), 470-488. 

https://doi.org/10.1002/pan3.10451  

Belder, D. (2025). Nickel Price 2024 Year-End Review. Investing News Network. 

https://investingnews.com/daily/resource-investing/base-metals-investing/nickel-

investing/nickel-price-update/ 

Bellamy, R., & Osaka, S. (2020). Unnatural climate solutions? Nature Climate Change, 

10(2), 98-99. https://doi.org/10.1038/s41558-019-0661-z  

Berros, M. V. (2015). The constitution of the Republic of Ecuador: Pachamama has 

rights. Arcadia, 11. https://doi.org/10.5282/rcc/7131  

Beuret, N. (2021). Will climate change itself derail plans to reduce emissions? 

https://novaramedia.com/2021/11/01/will-climate-change-itself-derail-plans-to-

reduce-emissions/ 

Bevacqua, E., Schleussner, C.-F., & Zscheischler, J. (2025). A year above 1.5°C signals 

that Earth is most probably within the 20-year period that will reach the Paris 

Agreement limit. Nature Climate Change, 15, 262-265. 

https://doi.org/10.1038/s41558-025-02246-9  

Bhagwati, J. N. (1969). Optimal Policies and Immiserizing Growth. American Economic 

Association. https://scholarship.law.columbia.edu/faculty_scholarship/4053/  

Bichler, S., & Nitzan, J. (2021). The 1-2-3 toolbox of mainstream economics: Promising 

everything, delivering nothing. 

https://www.econstor.eu/bitstream/10419/247777/1/20211200_bn_the_123_tool

box_of_mainstream_economics.pdf 

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1080/1523908X.2016.1216782
https://theconversation.com/australias-wellbeing-budget-what-we-can-and-cant-learn-from-nz-186725
https://theconversation.com/australias-wellbeing-budget-what-we-can-and-cant-learn-from-nz-186725
https://doi.org/10.1016/j.gloenvcha.2015.09.011
https://doi.org/10.1002/pan3.10451
https://investingnews.com/daily/resource-investing/base-metals-investing/nickel-investing/nickel-price-update/
https://investingnews.com/daily/resource-investing/base-metals-investing/nickel-investing/nickel-price-update/
https://doi.org/10.1038/s41558-019-0661-z
https://doi.org/10.5282/rcc/7131
https://novaramedia.com/2021/11/01/will-climate-change-itself-derail-plans-to-reduce-emissions/
https://novaramedia.com/2021/11/01/will-climate-change-itself-derail-plans-to-reduce-emissions/
https://doi.org/10.1038/s41558-025-02246-9
https://scholarship.law.columbia.edu/faculty_scholarship/4053/
https://www.econstor.eu/bitstream/10419/247777/1/20211200_bn_the_123_toolbox_of_mainstream_economics.pdf
https://www.econstor.eu/bitstream/10419/247777/1/20211200_bn_the_123_toolbox_of_mainstream_economics.pdf


Towards an eco-surplus culture 325 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Black, S., Chateau, J., Jaumotte, F., Parry, I., Schwerhoff, G., Thube, S., & Zhunussova, 

K. (2022). Getting on track to Net Zero accelerating a global Just Transition in this decade. 

https://www.imf.org/en/Publications/staff-climate-

notes/Issues/2022/10/31/Getting-on-Track-to-Net-Zero-Accelerating-a-Global-

Just-Transition-in-This-Decade-525242 

Bloomgarden, E. (2022). Protect, manage, restore: the formula for ending deforestation. 

https://www.weforum.org/stories/2022/08/protect-manage-restore-the-formula-

for-ending-deforestation/ 

Bohensky, E. L., Butler, J. R., & Davies, J. (2013). Integrating indigenous ecological 

knowledge and science in natural resource management: perspectives from 

Australia. Ecology and Society, 18(3), 20. https://doi.org/10.5751/ES-05846-180320  

Boslaugh, S. E. (2016). Anthropocentrism. Britannica. Retrieved June 05 from 

https://www.britannica.com/topic/anthropocentrism 

Botzen, W., Thepaut, L. D., & Banerjee, S. (2025). Kahneman’s insights for climate 

risks: Lessons from bounded rationality, heuristics and biases. Environmental and 

Resource Economics, 1-26. https://doi.org/10.1007/s10640-025-00980-4  

Bove, T. (2021). Techno-optimism: Why money and technology won’t save us. 

https://earth.org/techno-optimism/ 

Brezar, A., & Skopeliti, C. (2025). Spain, Portugal and parts of France hit by massive power 

outage. https://www.euronews.com/my-europe/2025/04/28/spain-portugal-and-

parts-of-france-hit-by-massive-power-outage 

Brulle, R. J. (2023). Advocating inaction: a historical analysis of the Global Climate 

Coalition. Environmental Politics, 32(2), 185-206. 

https://doi.org/10.1080/09644016.2022.2058815  

Buberger, J., Kersten, A., Kuder, M., Eckerle, R., Weyh, T., & Thiringer, T. (2022). 

Total CO2-equivalent life-cycle emissions from commercially available passenger 

cars. Renewable and Sustainable Energy Reviews, 159, 112158. 

https://doi.org/https://doi.org/10.1016/j.rser.2022.112158  

Buckingham, K., & Ellersick, T. (2015). The restoration diagnostic - Case example: Nepal 

community forestry. https://files.wri.org/s3fs-

public/WRI_Restoration_Diagnostic_Case_Example_Nepal.pdf 

Cannon, A. J. (2025). Twelve months at 1.5°C signals earlier than expected breach of 

Paris Agreement threshold. Nature Climate Change, 15, 266-269. 

https://doi.org/10.1038/s41558-025-02247-8  

Capra, F., & Luisi, P. L. (2014). The systems view of life: A unifying vision. Cambridge 

University Press.  

Chawla, L. (1999). Life paths into effective environmental action. The Journal of 

Environmental Education, 31(1), 15-26. https://doi.org/10.1080/00958969909598628  

http://dx.doi.org/10.13135/2384-8677/12178
https://www.imf.org/en/Publications/staff-climate-notes/Issues/2022/10/31/Getting-on-Track-to-Net-Zero-Accelerating-a-Global-Just-Transition-in-This-Decade-525242
https://www.imf.org/en/Publications/staff-climate-notes/Issues/2022/10/31/Getting-on-Track-to-Net-Zero-Accelerating-a-Global-Just-Transition-in-This-Decade-525242
https://www.imf.org/en/Publications/staff-climate-notes/Issues/2022/10/31/Getting-on-Track-to-Net-Zero-Accelerating-a-Global-Just-Transition-in-This-Decade-525242
https://www.weforum.org/stories/2022/08/protect-manage-restore-the-formula-for-ending-deforestation/
https://www.weforum.org/stories/2022/08/protect-manage-restore-the-formula-for-ending-deforestation/
https://doi.org/10.5751/ES-05846-180320
https://www.britannica.com/topic/anthropocentrism
https://doi.org/10.1007/s10640-025-00980-4
https://earth.org/techno-optimism/
https://www.euronews.com/my-europe/2025/04/28/spain-portugal-and-parts-of-france-hit-by-massive-power-outage
https://www.euronews.com/my-europe/2025/04/28/spain-portugal-and-parts-of-france-hit-by-massive-power-outage
https://doi.org/10.1080/09644016.2022.2058815
https://doi.org/https:/doi.org/10.1016/j.rser.2022.112158
https://files.wri.org/s3fs-public/WRI_Restoration_Diagnostic_Case_Example_Nepal.pdf
https://files.wri.org/s3fs-public/WRI_Restoration_Diagnostic_Case_Example_Nepal.pdf
https://doi.org/10.1038/s41558-025-02247-8
https://doi.org/10.1080/00958969909598628


326 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Chen, R., Li, T., & Li, Y. (2024). Analyzing the impact of COVID-19 on consumption 

behaviors through recession and recovery patterns. Scientific Reports, 14(1), 1678. 

https://doi.org/10.1038/s41598-024-51215-3  

Chen, Z., Marin, G., Popp, D., & Vona, F. (2020). Green stimulus in a post-pandemic 

recovery: the role of skills for a resilient recovery. Environmental and Resource 

Economics, 76(4), 901-911. https://doi.org/10.1007/s10640-020-00464-7  

Cheng, E. (2025). China’s EV price war is heating up. What’s behind the big discounts? 

Retrieved July 9 from https://www.cnbc.com/2025/05/29/chinas-ev-price-war-

heats-up-whats-behind-the-big-discounts.html 

Clark, G., & Feenstra, R. C. (2003). Technology in the great divergence. In M. D. 

Bordo, A. M. Taylor, & J. G. Williamson (Eds.), Globalization in historical perspective 

(pp. 277-322). University of Chicago Press.  

Cook-Patton, S. C., Drever, C. R., Griscom, B. W., Hamrick, K., Hardman, H., 

Kroeger, T., . . . Webb, C. (2021). Protect, manage and then restore lands for 

climate mitigation. Nature Climate Change, 11(12), 1027-1034. 

https://doi.org/10.1038/s41558-021-01198-0  

Cooper, D. E. (2014). Daoism, nature and humanity. Royal Institute of Philosophy 

Supplements, 74, 95-108. https://doi.org/10.1017/S1358246114000034  

Coscieme, L. (2015). Cultural ecosystem services: The inspirational value of ecosystems 

in popular music. Ecosystem Services, 16, 121-124. 

https://doi.org/10.1016/j.ecoser.2015.10.024  

Costa, M. (2025). NZBA under pressure as Japanese banks leave. 

https://greencentralbanking.com/2025/04/03/nzba-under-pressure-as-japanese-

banks-leave/ 

Costanza, R., & Daly, H. E. (1992). Natural capital and sustainable development. 

Conservation Biology, 6(1), 37-46. https://doi.org/10.1046/j.1523-1739.1992.610037.x  

CREA. (2024). Debunking the value-added myth in nickel downstream industry. 

https://energyandcleanair.org/wp/wp-

content/uploads/2024/02/CREA_CELIOS-Indonesia-Nickel-

Development_EN.pdf 

Dafnomilis, I., Chen, H.-H., den Elzen, M., Fragkos, P., Chewpreecha, U., van Soest, 

H., . . . de Boer, H.-S. (2022). Targeted green recovery measures in a post-COVID-

19 world enable the energy transition. Frontiers in Climate, 4, 840933. 

https://doi.org/10.3389/fclim.2022.840933  

Dai, X., Tang, J., Huang, Q., & Cui, W. (2023). Knowledge Spillover and Spatial 

Innovation Growth: Evidence from China’s Yangtze River Delta. Sustainability, 

15(19).  

Daily, G. C. (1997). Nature's services: societal dependence on natural ecosystems. Island Press.  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1038/s41598-024-51215-3
https://doi.org/10.1007/s10640-020-00464-7
https://www.cnbc.com/2025/05/29/chinas-ev-price-war-heats-up-whats-behind-the-big-discounts.html
https://www.cnbc.com/2025/05/29/chinas-ev-price-war-heats-up-whats-behind-the-big-discounts.html
https://doi.org/10.1038/s41558-021-01198-0
https://doi.org/10.1017/S1358246114000034
https://doi.org/10.1016/j.ecoser.2015.10.024
https://greencentralbanking.com/2025/04/03/nzba-under-pressure-as-japanese-banks-leave/
https://greencentralbanking.com/2025/04/03/nzba-under-pressure-as-japanese-banks-leave/
https://doi.org/10.1046/j.1523-1739.1992.610037.x
https://energyandcleanair.org/wp/wp-content/uploads/2024/02/CREA_CELIOS-Indonesia-Nickel-Development_EN.pdf
https://energyandcleanair.org/wp/wp-content/uploads/2024/02/CREA_CELIOS-Indonesia-Nickel-Development_EN.pdf
https://energyandcleanair.org/wp/wp-content/uploads/2024/02/CREA_CELIOS-Indonesia-Nickel-Development_EN.pdf
https://doi.org/10.3389/fclim.2022.840933


Towards an eco-surplus culture 327 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Dall-Orsoletta, A., Ferreira, P., & Dranka, G. G. (2022). Low-carbon technologies and 

just energy transition: prospects for electric vehicles. Energy Conversion and 

Management: X, 16, 100271. https://doi.org/10.1016/j.ecmx.2022.100271  

Dao, M., Jirasavetakul, L.-B. F., & Zhou, J. (2024). Drivers of post-COVID private 

consumption in the US. International Monetary Fund.  

Darwin, C. (2003). On the Origin of Species (D. Knight, Ed. Reprint ed.). Routledge.  

Darwin, C., & et al. (1858). On the tendency of species to form varieties; and on the 

perpetuation of varieties and species by natural means of selection. Journal of the 

Proceedings of the Linnean Society of London. Zoology, 3(9), 45-62.  

de Coninck, H., & Benson, S. M. (2014). Carbon Dioxide Capture and Storage: Issues 

and Prospects. Annual Review of Environment and Resources, 39(Volume 39, 2014), 243-

270. https://doi.org/https://doi.org/10.1146/annurev-environ-032112-095222  

De Groot, R. S., Wilson, M. A., & Boumans, R. M. (2002). A typology for the 

classification, description and valuation of ecosystem functions, goods and services. 

Ecological Economics, 41(3), 393-408. https://doi.org/10.1016/S0921-8009(02)00089-

7  

Deng, H., Bielicki, J. M., Oppenheimer, M., Fitts, J. P., & Peters, C. A. (2017). Leakage 

risks of geologic CO2 storage and the impacts on the global energy system and 

climate change mitigation. Climatic Change, 144(2), 151-163. 

https://doi.org/10.1007/s10584-017-2035-8  

Dequech, D. (2012). Post Keynesianism, heterodoxy and mainstream economics. Review 

of Political Economy, 24(2), 353-368. https://doi.org/10.1080/09538259.2012.664364  

Devenish, K., Desbureaux, S., Willcock, S., & Jones, J. P. G. (2022). On track to 

achieve no net loss of forest at Madagascar’s biggest mine. Nature Sustainability, 5(6), 

498-508. https://doi.org/10.1038/s41893-022-00850-7  

Dewey, A. M. (2021). Shaping the environmental self: The role of childhood 

experiences in shaping identity standards of environmental behavior in adulthood. 

Sociological Perspectives, 64(4), 657-675. https://doi.org/10.1177/0731121420981681  

Diesendorf, M. (2025). A Strategy for Resisting the Vested Interests Driving the 

Collapse of the Biosphere and Civilisation. Ecological Civilization, 2(3), 10005. 

https://doi.org/10.70322/ecolciviliz.2025.10005  

Ding, R. (2021). Economic growth: the theoretical debate on resources, the 

environment and growth limits and the choices faced by human beings. China 

Political Economy, 4(1), 2-13. https://doi.org/10.1108/CPE-05-2021-0002  

Doudaki, V., & Carpentier, N. (2023). Behind the narratives of climate change denial 

and rights of nature: sustainability and the ideological struggle between 

anthropocentrism and ecocentrism in two radical Facebook groups in Sweden. 

Journal of Political Ideologies. https://doi.org/10.1080/13569317.2023.2196506  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1016/j.ecmx.2022.100271
https://doi.org/https:/doi.org/10.1146/annurev-environ-032112-095222
https://doi.org/10.1016/S0921-8009(02)00089-7
https://doi.org/10.1016/S0921-8009(02)00089-7
https://doi.org/10.1007/s10584-017-2035-8
https://doi.org/10.1080/09538259.2012.664364
https://doi.org/10.1038/s41893-022-00850-7
https://doi.org/10.1177/0731121420981681
https://doi.org/10.70322/ecolciviliz.2025.10005
https://doi.org/10.1108/CPE-05-2021-0002
https://doi.org/10.1080/13569317.2023.2196506


328 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Drury, M., Fuller, J., & Keijzer, M. (2022). Biodiversity communication at the UN 

Summit 2020: Blending business and nature. Discourse & Communication, 16(1), 37-

57. https://doi.org/10.1177/17504813211043720  

Dunn, M. E., Mills, M., & Veríssimo, D. (2020). Evaluating the impact of the 

documentary series Blue Planet II on viewers' plastic consumption behaviors. 

Conservation Science and Practice, 2(10), e280. https://doi.org/10.1111/csp2.280  

Earth Science Communications Team. (2023). How do we know climate change is real? 

NASA's Jet Propulsion Laboratory and California Institute of Technology. 

Retrieved October 23 from https://climate.nasa.gov/evidence/ 

Eddy, M. (2025). Swedish Battery Maker Northvolt Collapses, a Blow to Europe. The New 

York Times. https://www.nytimes.com/2025/03/12/world/europe/northvolt-

battery-bankruptcy.html 

Editorial. (2020). Why Nature supports Joe Biden for US president. Nature, 586, 335. 

https://doi.org/10.1038/d41586-020-02852-x  

Eichner, A. S. (1983). Why economics is not yet a science. Palgrave Macmillan.  

Eichner, A. S. (1985). The lack of progress in economics. Nature, 313(6002), 427-428. 

https://doi.org/10.1038/313427a0  

Elliott, L. (2024). Biden announces 100% tariff on Chinese-made electric vehicles. Retrieved July 

9 from https://www.theguardian.com/business/article/2024/may/14/joe-biden-

tariff-chinese-made-electric-vehicles 

Ellis, E. A., Romero Montero, J. A., & Hernández Gómez, I. U. (2017). Deforestation 

processes in the state of Quintana Roo, Mexico: the role of land use and 

community forestry. Tropical Conservation Science, 10, 1940082917697259. 

https://doi.org/10.1177/1940082917697259  

Ernberg, I., Johansson, G., Lindblad, T., Svanvik, J., & Wendin, G. (2022). Quantum 

physics and life: How we interact with the world inside and around us. Jenny Stanford 

Publishing.  

Evans, M. (2024). Is ‘legal personhood’ a tool or a distraction for Māori relationships with nature? 

https://news.mongabay.com/2024/07/as-maori-heal-through-nature-is-legal-

personhood-a-tool-or-a-distraction/ 

Farzaneh, F., & Jung, S. (2023). Lifecycle carbon footprint comparison between internal 

combustion engine versus electric transit vehicle: A case study in the US. Journal of 

Cleaner Production, 390, 136111. https://doi.org/10.1016/j.jclepro.2023.136111  

FCAB. (2021). National Blueprint for Lithium Batteries 2021-2030. 

https://www.energy.gov/sites/default/files/2021-

06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf 

Field, L. (2025). Ice Preservation. In Geoengineering and Climate Change (pp. 287-295). 

https://doi.org/https://doi.org/10.1002/9781394204847.ch17  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1177/17504813211043720
https://doi.org/10.1111/csp2.280
https://climate.nasa.gov/evidence/
https://www.nytimes.com/2025/03/12/world/europe/northvolt-battery-bankruptcy.html
https://www.nytimes.com/2025/03/12/world/europe/northvolt-battery-bankruptcy.html
https://doi.org/10.1038/d41586-020-02852-x
https://doi.org/10.1038/313427a0
https://www.theguardian.com/business/article/2024/may/14/joe-biden-tariff-chinese-made-electric-vehicles
https://www.theguardian.com/business/article/2024/may/14/joe-biden-tariff-chinese-made-electric-vehicles
https://doi.org/10.1177/1940082917697259
https://news.mongabay.com/2024/07/as-maori-heal-through-nature-is-legal-personhood-a-tool-or-a-distraction/
https://news.mongabay.com/2024/07/as-maori-heal-through-nature-is-legal-personhood-a-tool-or-a-distraction/
https://doi.org/10.1016/j.jclepro.2023.136111
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://doi.org/https:/doi.org/10.1002/9781394204847.ch17


Towards an eco-surplus culture 329 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Fletcher, M.-S., Hamilton, R., Dressler, W., & Palmer, L. (2021). Indigenous knowledge 

and the shackles of wilderness. Proceedings of the National Academy of Sciences, 118(40), 

e2022218118. https://doi.org/10.1073/pnas.2022218118  

Florian, M.-C. (2024). How Amsterdam uses the Doughnut Economics Model to create a balanced 

strategy for both the people and the environment. 

https://www.archdaily.com/997291/how-amsterdam-uses-the-doughnut-

economics-model-to-create-a-balanced-strategy-for-both-the-people-and-the-

environment 

Franta, B. (2022). Weaponizing economics: Big Oil, economic consultants, and climate 

policy delay. Environmental Politics, 31(4), 555-575. 

https://doi.org/10.1080/09644016.2021.1947636  

Fretwell, P. T., Boutet, A., & Ratcliffe, N. (2023). Record low 2022 Antarctic sea ice led 

to catastrophic breeding failure of emperor penguins. Communications Earth and 

Environment, 4(1), 273. https://doi.org/10.1038/s43247-023-00927-x  

Frost, R. (2025). Top American banks exit net zero alliance: What does this mean for their 

European peers? https://www.euronews.com/green/2025/02/10/top-american-

banks-exit-net-zero-alliance-what-does-this-mean-for-their-european-peers 

Furness, V. (2025). Banks vote to loosen climate coalition membership rules. 

https://www.reuters.com/sustainability/cop/banks-vote-loosen-climate-coalition-

membership-rules-2025-04-15/ 

Furuta, J., & Bromley, P. (2025). Globalizing opposition to pro-environmental 

institutions: The growth of counter climate change organizations around the world, 

1990 to 2018. PLOS ONE, 20(1), e0315012. 

https://doi.org/10.1371/journal.pone.0315012  

Gacad, A., & Pinto, J. (2025). US compliance carbon markets collapse as White House plans 

action against state ETS schemes, reignites “clean coal”. https://carbon-

pulse.com/386087/ 

Garnett, S. T., Burgess, N. D., Fa, J. E., Fernández-Llamazares, Á., Molnár, Z., 

Robinson, C. J., . . . Leiper, I. (2018). A spatial overview of the global importance of 

Indigenous lands for conservation. Nature Sustainability, 1(7), 369-374. 

https://doi.org/10.1038/s41893-018-0100-6  

Global Climate Action. (2024). Net Zero Banking Alliance (NZBA). 

https://climateaction.uat.unfccc.int/Initiatives?id=Net_Zero_Banking_Alliance 

Goddard, G., & Farrelly, M. A. (2018). Just transition management: Balancing just 

outcomes with just processes in Australian renewable energy transitions. Applied 

Energy, 225, 110-123. https://doi.org/10.1016/j.apenergy.2018.05.025  

Gómez-Baggethun, E. (2022). Is there a future for indigenous and local knowledge? The 

Journal of Peasant Studies, 49(6), 1139-1157. 

https://doi.org/10.1080/03066150.2021.1926994  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1073/pnas.2022218118
https://www.archdaily.com/997291/how-amsterdam-uses-the-doughnut-economics-model-to-create-a-balanced-strategy-for-both-the-people-and-the-environment
https://www.archdaily.com/997291/how-amsterdam-uses-the-doughnut-economics-model-to-create-a-balanced-strategy-for-both-the-people-and-the-environment
https://www.archdaily.com/997291/how-amsterdam-uses-the-doughnut-economics-model-to-create-a-balanced-strategy-for-both-the-people-and-the-environment
https://doi.org/10.1080/09644016.2021.1947636
https://doi.org/10.1038/s43247-023-00927-x
https://www.euronews.com/green/2025/02/10/top-american-banks-exit-net-zero-alliance-what-does-this-mean-for-their-european-peers
https://www.euronews.com/green/2025/02/10/top-american-banks-exit-net-zero-alliance-what-does-this-mean-for-their-european-peers
https://www.reuters.com/sustainability/cop/banks-vote-loosen-climate-coalition-membership-rules-2025-04-15/
https://www.reuters.com/sustainability/cop/banks-vote-loosen-climate-coalition-membership-rules-2025-04-15/
https://doi.org/10.1371/journal.pone.0315012
https://carbon-pulse.com/386087/
https://carbon-pulse.com/386087/
https://doi.org/10.1038/s41893-018-0100-6
https://climateaction.uat.unfccc.int/Initiatives?id=Net_Zero_Banking_Alliance
https://doi.org/10.1016/j.apenergy.2018.05.025
https://doi.org/10.1080/03066150.2021.1926994


330 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Gómez-Baggethun, E., & Ruiz-Pérez, M. (2011). Economic valuation and the 

commodification of ecosystem services. Progress in Physical Geography, 35(5), 613-628. 

https://doi.org/10.1177/0309133311421708  

Gorana, R. N., & Kanaujia, P. R. (2016). Reorienting educational efforts for sustainable 

development: Experiences from South Asia. Springer.  

Gould, R. K., & Lincoln, N. K. (2017). Expanding the suite of Cultural Ecosystem 

Services to include ingenuity, perspective, and life teaching. Ecosystem Services, 25, 

117-127. https://doi.org/10.1016/j.ecoser.2017.04.002  

Gounaridis, D., & Newell, J. P. (2024). The social anatomy of climate change denial in 

the United States. Scientific Reports, 14(1), 2097. https://doi.org/10.1038/s41598-

023-50591-6  

Green, L. (1998). Power. In Routledge Encyclopedia of Philosophy: Taylor and Francis. 

Green, M., & Duhn, I. (2015). The force of gardening: investigating children's learning 

in a food garden. Australian Journal of Environmental Education, 31(1), 60-73. 

https://doi.org/10.1017/aee.2014.45  

Greenfield, P. (2023). Revealed: more than 90% of rainforest carbon offsets by biggest certifier are 

worthless, analysis shows. 

https://www.theguardian.com/environment/2023/jan/18/revealed-forest-carbon-

offsets-biggest-provider-worthless-verra-aoe 

Greenfield, P. (2024). Market value of carbon offsets drops 61%, report finds. 

https://www.theguardian.com/environment/article/2024/may/31/market-value-

of-carbon-offsets-drops-61-aoe 

Grove, J. (2025). Nobelist: US science took support ‘for granted’ before Trump cuts. 

https://www.insidehighered.com/news/faculty-

issues/research/2025/07/03/nobelist-scientists-took-support-granted-trump 

Guizar‐Coutiño, A., Jones, J. P., Balmford, A., Carmenta, R., & Coomes, D. A. (2022). 

A global evaluation of the effectiveness of voluntary REDD+ projects at reducing 

deforestation and degradation in the moist tropics. Conservation Biology, 36(6), 

e13970. https://doi.org/10.1111/cobi.13970  

Hajer, M. A. (1995). The politics of environmental discourse: Ecological modernization and the 

policy process. Clarendon Press.  

Hanbury, S. (2024). Billions in public funds ‘wasted’ on carbon capture projects, report finds. 

Mongabay. https://news.mongabay.com/short-article/billions-in-public-funds-

wasted-on-carbon-capture-projects-report-finds/ 

Hanley, N., Barbier, E. B., & Barbier, E. (2009). Pricing nature: cost-benefit analysis and 

environmental policy. Edward Elgar Publishing.  

Hanna, P., & Vanclay, F. (2013). Human rights, Indigenous peoples and the concept of 

Free, Prior and Informed Consent. Impact Assessment and Project Appraisal, 31(2), 146-

157. https://doi.org/10.1080/14615517.2013.780373  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1177/0309133311421708
https://doi.org/10.1016/j.ecoser.2017.04.002
https://doi.org/10.1038/s41598-023-50591-6
https://doi.org/10.1038/s41598-023-50591-6
https://doi.org/10.1017/aee.2014.45
https://www.theguardian.com/environment/2023/jan/18/revealed-forest-carbon-offsets-biggest-provider-worthless-verra-aoe
https://www.theguardian.com/environment/2023/jan/18/revealed-forest-carbon-offsets-biggest-provider-worthless-verra-aoe
https://www.theguardian.com/environment/article/2024/may/31/market-value-of-carbon-offsets-drops-61-aoe
https://www.theguardian.com/environment/article/2024/may/31/market-value-of-carbon-offsets-drops-61-aoe
https://www.insidehighered.com/news/faculty-issues/research/2025/07/03/nobelist-scientists-took-support-granted-trump
https://www.insidehighered.com/news/faculty-issues/research/2025/07/03/nobelist-scientists-took-support-granted-trump
https://doi.org/10.1111/cobi.13970
https://news.mongabay.com/short-article/billions-in-public-funds-wasted-on-carbon-capture-projects-report-finds/
https://news.mongabay.com/short-article/billions-in-public-funds-wasted-on-carbon-capture-projects-report-finds/
https://doi.org/10.1080/14615517.2013.780373


Towards an eco-surplus culture 331 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Harding, E. (2019). A conceptual morphology of environmental scepticism. Journal of 

Political Ideologies, 24(3), 295-313. https://doi.org/10.1080/13569317.2019.1633101  

He, Q., & Silliman, B. R. (2019). Climate change, human impacts, and coastal 

ecosystems in the Anthropocene. Current Biology, 29(19), R1021-R1035. 

https://doi.org/10.1016/j.cub.2019.08.042  

Hertog, T. (2023). On the origin of time: Stephen Hawking’s final theory. Random House. 

https://www.google.com/books/edition/On_the_Origin_of_Time/llBTEAAAQ

BAJ  

Hess, D. J. (2014). Sustainability transitions: A political coalition perspective. Research 

Policy, 43(2), 278-283. https://doi.org/10.1016/j.respol.2013.10.008  

Himschoot, R. J. S., & Children. (2017). Junior BioBlitz takes learning outside: Fourth 

graders learn about local biodiversity by working with local experts and nature 

enthusiasts. Science and Children, 54(7), 40-45. 

https://doi.org/10.2505/4/sc17_054_07_40  

Hoekstra, R. (2019). Replacing GDP by 2030: Towards a common language for the well-being and 

sustainability community. Cambridge University Press.  

Hoffman, E. (2024). Degrowth: A controversial economic path. 

https://www.winssolutions.org/degrowth-a-controversial-economic-path/ 

Hoicka, C. E., Lowitzsch, J., Brisbois, M. C., Kumar, A., & Camargo, L. R. (2021). 

Implementing a just renewable energy transition: Policy advice for transposing the 

new European rules for renewable energy communities. Energy Policy, 156, 112435. 

https://doi.org/10.1016/j.enpol.2021.112435  

Home, A. (2025a). China's grip on global nickel supply tightens with Anglo sale. Reuters. 

https://www.reuters.com/markets/commodities/chinas-grip-global-nickel-supply-

tightens-with-anglo-sale-andy-home-2025-02-24/ 

Home, A. (2025b). Only Indonesia can help nickel recover from price bust. Reuters. 

https://www.reuters.com/markets/commodities/only-indonesia-can-help-nickel-

recover-price-bust-andy-home-2025-01-22 

Hynes, S., Ankamah-Yeboah, I., O’Neill, S., Needham, K., Xuan, B. B., & Armstrong, 

C. (2021). The impact of nature documentaries on public environmental 

preferences and willingness to pay: entropy balancing and the blue planet II effect. 

Journal of Environmental Planning and Management, 64(8), 1428-1456. 

https://doi.org/10.1080/09640568.2020.1828840  

Iordache, R., & Kiderlin, S. (2024). European Union announces higher tariffs of up to 38% on 

Chinese EVs. Retrieved July 10 from https://www.cnbc.com/2024/06/12/eu-

announces-higher-tariffs-on-chinese-evs-as-trade-tensions-sharpen.html 

IPCC. (2023). AR6 synthesis report: Climate change 2023. 

https://www.ipcc.ch/report/sixth-assessment-report-cycle/ 

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1080/13569317.2019.1633101
https://doi.org/10.1016/j.cub.2019.08.042
https://www.google.com/books/edition/On_the_Origin_of_Time/llBTEAAAQBAJ
https://www.google.com/books/edition/On_the_Origin_of_Time/llBTEAAAQBAJ
https://doi.org/10.1016/j.respol.2013.10.008
https://doi.org/10.2505/4/sc17_054_07_40
https://www.winssolutions.org/degrowth-a-controversial-economic-path/
https://doi.org/10.1016/j.enpol.2021.112435
https://www.reuters.com/markets/commodities/chinas-grip-global-nickel-supply-tightens-with-anglo-sale-andy-home-2025-02-24/
https://www.reuters.com/markets/commodities/chinas-grip-global-nickel-supply-tightens-with-anglo-sale-andy-home-2025-02-24/
https://www.reuters.com/markets/commodities/only-indonesia-can-help-nickel-recover-price-bust-andy-home-2025-01-22
https://www.reuters.com/markets/commodities/only-indonesia-can-help-nickel-recover-price-bust-andy-home-2025-01-22
https://doi.org/10.1080/09640568.2020.1828840
https://www.cnbc.com/2024/06/12/eu-announces-higher-tariffs-on-chinese-evs-as-trade-tensions-sharpen.html
https://www.cnbc.com/2024/06/12/eu-announces-higher-tariffs-on-chinese-evs-as-trade-tensions-sharpen.html
https://www.ipcc.ch/report/sixth-assessment-report-cycle/


332 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Isbell, F., Craven, D., Connolly, J., Loreau, M., Schmid, B., Beierkuhnlein, C., . . . De 

Luca, E. (2015). Biodiversity increases the resistance of ecosystem productivity to 

climate extremes. Nature, 526(7574), 574-577. https://doi.org/10.1038/nature15374  

Iyer, R. N., & Tan, S. X. (2025). Quitting climate alliances risks trust and transparency for 

banks. https://ieefa.org/resources/quitting-climate-alliances-risks-trust-and-

transparency-banks 

Janoo, A., Dodds, G. B., Frank, A., Hafele, J., Leth, M., Turner, A., & Weatherhead, M. 

(2021). Wellbeing economy policy design guide: How to design economic policies that put the 

wellbeing of people and the planet first. https://wellbeingeconomy.org/wp-

content/uploads/Wellbeing-Economy-Policy-Design-Guide_Mar17_FINAL.pdf 

Jennifer, L. (2025). Carbon credits in 2024: What to expect in 2025 and beyond ($250B by 

2050). https://carboncredits.com/carbon-credits-in-2024-what-to-expect-in-2025-

and-beyond-250b-by-2050/ 

Jiang, X., Kim, S., & Lu, S. (2025). Limited accountability and awareness of corporate 

emissions target outcomes. Nature Climate Change, 15, 279-286. 

https://doi.org/10.1038/s41558-024-02236-3  

Johnstone, P., & Schot, J. (2023). Shocks, institutional change, and sustainability 

transitions. PNAS, 120(47), e2206226120. 

https://doi.org/10.1073/pnas.2206226120  

Jokela, T., & Huhmarniemi, M. (2020). Expanding nature photography: Fostering an 

innovative use of cultural ecosystem services in the Arctic. In T. Jokela & G. Coutts 

(Eds.), Relate North: Tradition and Innovation in Art and Design Education (pp. 46-69). 

International Society for Education Through Art.  

Kahneman, D. (2011). Thinking, fast and slow. Farrar, Straus and Giroux.  

Kaiser, K., & Lelong, M. L. (2025). Embracing green budgeting: A game changer in fiscal policy. 

https://blogs.worldbank.org/en/governance/embracing-green-budgeting--a-game-

changer-in-fiscal-policy 

Keen, S. (2023). Loading the DICE against pensions: Flawed economic thinking on climate has put 

your pension at risk. https://carbontracker.org/reports/loading-the-dice-against-

pensions/ 

Kennedy, B., & Tyson, A. (2023). Americans' trust in scientists and positive views of science 

decline. https://www.pewresearch.org/science/2023/11/14/americans-trust-in-

scientists-positive-views-of-science-continue-to-decline/ 

Kijima, M., Nishide, K., & Ohyama, A. (2010). Economic models for the 

environmental Kuznets curve: A survey. Journal of Economic Dynamics and Control, 

34(7), 1187-1201. https://doi.org/10.1016/j.jedc.2010.03.010  

Kunreuther, H. (2020). Risk management solutions for climate change–induced 

disasters. Risk Analysis, 40(S1), 2263-2271. https://doi.org/10.1111/risa.13616  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1038/nature15374
https://ieefa.org/resources/quitting-climate-alliances-risks-trust-and-transparency-banks
https://ieefa.org/resources/quitting-climate-alliances-risks-trust-and-transparency-banks
https://wellbeingeconomy.org/wp-content/uploads/Wellbeing-Economy-Policy-Design-Guide_Mar17_FINAL.pdf
https://wellbeingeconomy.org/wp-content/uploads/Wellbeing-Economy-Policy-Design-Guide_Mar17_FINAL.pdf
https://carboncredits.com/carbon-credits-in-2024-what-to-expect-in-2025-and-beyond-250b-by-2050/
https://carboncredits.com/carbon-credits-in-2024-what-to-expect-in-2025-and-beyond-250b-by-2050/
https://doi.org/10.1038/s41558-024-02236-3
https://doi.org/10.1073/pnas.2206226120
https://blogs.worldbank.org/en/governance/embracing-green-budgeting--a-game-changer-in-fiscal-policy
https://blogs.worldbank.org/en/governance/embracing-green-budgeting--a-game-changer-in-fiscal-policy
https://carbontracker.org/reports/loading-the-dice-against-pensions/
https://carbontracker.org/reports/loading-the-dice-against-pensions/
https://www.pewresearch.org/science/2023/11/14/americans-trust-in-scientists-positive-views-of-science-continue-to-decline/
https://www.pewresearch.org/science/2023/11/14/americans-trust-in-scientists-positive-views-of-science-continue-to-decline/
https://doi.org/10.1016/j.jedc.2010.03.010
https://doi.org/10.1111/risa.13616


Towards an eco-surplus culture 333 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Kurian, P. (2025). Computational capacity of life in relation to the universe. Science 

Advances, 11(13), eadt4623.  

Kurmala, A. (2024). Nickel Industries pledges to support environmental sustainability. Indonesian 

News Agency. https://en.antaranews.com/news/307860/nickel-industries-pledges-

to-support-environmental-sustainability 

La, V.-P., Nguyen, M.-H., Tran, T. T., & Vuong, Q.-H. (2025). Are we on the right 

track for mitigating climate change? Visions for Sustainability, 24(12060), 1-51. 

https://doi.org/10.13135/2384-8677/12060  

La, V.-P., Nguyen, M.-H., & Vuong, Q.-H. (2024). Climate change denial theories, 

skeptical arguments, and the role of science communication. SN Social Sciences, 

4(10), 175. https://doi.org/10.1007/s43545-024-00978-7  

Lakshmi, A. A., & Mariska, D. (2025). Indonesia’s big bet on nickel sours as global prices 

tumble. Retrieved July 10 from https://www.ft.com/content/db5b8de2-0a0a-4fb6-

8a98-56e10b1deb71 

Laozi. (1868). Tao te ching.  

Lenton, T. M., Rockström, J., Gaffney, O., Rahmstorf, S., Richardson, K., Steffen, W., 

& Schellnhuber, H. J. (2019). Climate tipping points—too risky to bet against. 

Nature, 575(7784), 592-595. https://doi.org/10.1038/d41586-019-03595-0  

Leung, D. Y. C., Caramanna, G., & Maroto-Valer, M. M. (2014). An overview of 

current status of carbon dioxide capture and storage technologies. Renewable and 

Sustainable Energy Reviews, 39, 426-443. 

https://doi.org/https://doi.org/10.1016/j.rser.2014.07.093  

Levitt, S. D., & List, J. A. (2008). Homo economicus Evolves. science, 319(5865), 909-

910. https://doi.org/10.1126/science.1153640  

Liu, Z., Deng, Z., Davis, S., & Ciais, P. (2023). Monitoring global carbon emissions in 

2022. Nature Reviews Earth and Environment, 4(4), 205-206. 

https://doi.org/10.1038/s43017-023-00406-z  

Lo, J. (2023). Mainstream economists accused of playing down climate threat. 

https://www.climatechangenews.com/2023/08/08/economics-climate-threat-

models/ 

Lockley, A., Wolovick, M., Keefer, B., Gladstone, R., Zhao, L.-Y., & Moore, J. C. 

(2020). Glacier geoengineering to address sea-level rise: A geotechnical approach. 

Advances in Climate Change Research, 11(4), 401-414. 

https://doi.org/https://doi.org/10.1016/j.accre.2020.11.008  

Lombardo, T., Paoli, L., Pales, A. F., & Timur Gul. (2025). The battery industry has entered 

a new phase. IEA. https://www.iea.org/commentaries/the-battery-industry-has-

entered-a-new-phase 

Louv, R. (2008). Last child in the woods: Saving our children from nature-deficit disorder. 

Algonquin Books.  

http://dx.doi.org/10.13135/2384-8677/12178
https://en.antaranews.com/news/307860/nickel-industries-pledges-to-support-environmental-sustainability
https://en.antaranews.com/news/307860/nickel-industries-pledges-to-support-environmental-sustainability
https://doi.org/10.13135/2384-8677/12060
https://doi.org/10.1007/s43545-024-00978-7
https://www.ft.com/content/db5b8de2-0a0a-4fb6-8a98-56e10b1deb71
https://www.ft.com/content/db5b8de2-0a0a-4fb6-8a98-56e10b1deb71
https://doi.org/10.1038/d41586-019-03595-0
https://doi.org/https:/doi.org/10.1016/j.rser.2014.07.093
https://doi.org/10.1126/science.1153640
https://doi.org/10.1038/s43017-023-00406-z
https://www.climatechangenews.com/2023/08/08/economics-climate-threat-models/
https://www.climatechangenews.com/2023/08/08/economics-climate-threat-models/
https://doi.org/https:/doi.org/10.1016/j.accre.2020.11.008
https://www.iea.org/commentaries/the-battery-industry-has-entered-a-new-phase
https://www.iea.org/commentaries/the-battery-industry-has-entered-a-new-phase


334 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Lynas, M., Houlton, B. Z., & Perry, S. (2021). Greater than 99% consensus on human 

caused climate change in the peer-reviewed scientific literature. Environmental 

Research Letters, 16(11), 114005. https://doi.org/10.1088/1748-9326/ac2966  

MacAyeal, D. R., Mankoff, K., Minchew, B., Moore, J., & Wolovick, M. (2024). Glacial 

Climate Intervention: A Research Vision.  

Maddison, A. (2007). Contours of the world economy 1-2030 AD: Essays in macro-economic 

history. OUP Oxford.  

Mahjour, S. K., & Faroughi, S. A. (2023). Risks and uncertainties in carbon capture, 

transport, and storage projects: A comprehensive review. Gas Science and Engineering, 

119, 205117. https://doi.org/https://doi.org/10.1016/j.jgsce.2023.205117  

Malakoff, D. (2020). What if Biden wins? Science, 370(6514), 284–285. 

https://doi.org/10.1126/science.370.6514.284.  

Markard, J., Geels, F. W., & Raven, R. (2020). Challenges in the acceleration of 

sustainability transitions. Environmental Research Letters, 15(8), 081001. 

https://doi.org/10.1088/1748-9326/ab9468  

Martin-Ortega, J., Mesa-Jurado, M. A., Pineda-Vazquez, M., & Novo, P. (2019). Nature 

commodification: ‘a necessary evil’? An analysis of the views of environmental 

professionals on ecosystem services-based approaches. Ecosystem Services, 37, 100926. 

https://doi.org/10.1016/j.ecoser.2019.100926  

McAllister, T., Hikuroa, D., & Macinnis-Ng, C. (2023). Connecting science to 

indigenous knowledge. New Zealand Journal of Ecology, 47(1), 3521. 

https://doi.org/10.20417/nzjecol.47.3521  

McCarthy, J. (2004). Privatizing conditions of production: trade agreements as 

neoliberal environmental governance. Geoforum, 35(3), 327-341. 

https://doi.org/10.1016/j.geoforum.2003.07.002  

McElwee, P. (2021). Climate change and biodiversity loss: two sides of the same coin. 

Current History, 120(829), 295-300. https://doi.org/10.1525/curh.2021.120.829.295  

McKinsey & Company. (2024). What is the future of travel? 

https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-the-

future-of-travel 

Mehdi, A. (2024). Lithium price volatility: where next for the market? 

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/02/Insight-

145-Lithium-Price-Volatility.pdf 

Mendes, R., Fidélis, T., Roebeling, P., & Teles, F. (2020). The Institutionalization of 

Nature-Based Solutions—A Discourse Analysis of Emergent Literature. Resources, 

9(1).  

Mendonça, R., Roebeling, P., Fidélis, T., & Saraiva, M. (2021). Policy Instruments to 

Encourage the Adoption of Nature-Based Solutions in Urban Landscapes. Resources, 

10(8).  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1088/1748-9326/ac2966
https://doi.org/https:/doi.org/10.1016/j.jgsce.2023.205117
https://doi.org/10.1126/science.370.6514.284
https://doi.org/10.1088/1748-9326/ab9468
https://doi.org/10.1016/j.ecoser.2019.100926
https://doi.org/10.20417/nzjecol.47.3521
https://doi.org/10.1016/j.geoforum.2003.07.002
https://doi.org/10.1525/curh.2021.120.829.295
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-the-future-of-travel
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-the-future-of-travel
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/02/Insight-145-Lithium-Price-Volatility.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/02/Insight-145-Lithium-Price-Volatility.pdf


Towards an eco-surplus culture 335 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Mervine, E. M., Valenta, R. K., Paterson, J. S., Mudd, G. M., Werner, T. T., Nursamsi, 

I., & Sonter, L. J. (2025). Biomass carbon emissions from nickel mining have 

significant implications for climate action. Nature Communications, 16(1), 481. 

https://doi.org/10.1038/s41467-024-55703-y  

Millennium Ecosystem Assessment. (2003). Ecosystems and human well-being: a framework 

for assessment. World Resources Institute.  

Molina, P. S. (2025). Spain hits first weekday of 100% renewable power on national grid. 

https://www.pv-magazine.com/2025/04/22/spain-hits-first-weekday-of-100-

renewable-power-on-national-grid/ 

Moon, T. A. (2018). Geoengineering might speed glacier melt. Nature, 556(7702), 436-

436. https://doi.org/10.1038/d41586-018-04897-5  

Moore, J. C., Gladstone, R., Zwinger, T., & Wolovick, M. (2018). Geoengineer polar 

glaciers to slow sea-level rise. Nature, 555(7696), 303-305. 

https://doi.org/10.1038/d41586-018-03036-4  

Moore, J. C., Mettiäinen, I., Wolovick, M., Zhao, L., Gladstone, R., Chen, Y., . . . 

Koivurova, T. (2021). Targeted Geoengineering: Local Interventions with Global 

Implications. Global Policy, 12(S1), 108-118. 

https://doi.org/https://doi.org/10.1111/1758-5899.12867  

Mun, T. (1664). England's treasure by forraign trade, or, The ballance of our forraign trade is the 

rule of our treasure. Verlag Wirtschaft und Finanzen.  

Munck af Rosenschöld, J., Rozema, J. G., & Frye‐Levine, L. A. (2014). Institutional 

inertia and climate change: a review of the new institutionalist literature. Wiley 

Interdisciplinary Reviews: Climate Change, 5(5), 639-648. 

https://doi.org/10.1002/wcc.292  

Neck, R. (2022). Neoclassical economics: Origins, evolution, and critique. In D. 

McCallum (Ed.), The Palgrave Handbook of the History of Human Sciences (pp. 1501-

1540). Springer.  

Nelson, F., Sweidan, J., Gjefsen, T., Ogden, B., & Bandiaky-Badji, S. (2023). Better 

Climate Funding Means Centering Local and Indigenous Communities. 

https://doi.org/10.48558/P3HW-E840  

Nesterova, Y. (2020). Rethinking Environmental Education with the Help of 

Indigenous Ways of Knowing and Traditional Ecological Knowledge. Journal of 

Philosophy of Education, 54(4), 1047-1052. 

https://doi.org/https://doi.org/10.1111/1467-9752.12471  

New Zealand Government. (2021). The Living Standards Framework 2021. 

https://www.treasury.govt.nz/sites/default/files/2021-10/tp-living-standards-

framework-2021.pdf 

Nguyen, J. H., Pham, P., & Qiu, B. (2023). Proprietary Knowledge Protection and 

Product Market Performance. Journal of Financial and Quantitative Analysis, 58(8), 

3521-3546. https://doi.org/10.1017/S0022109022001247  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1038/s41467-024-55703-y
https://www.pv-magazine.com/2025/04/22/spain-hits-first-weekday-of-100-renewable-power-on-national-grid/
https://www.pv-magazine.com/2025/04/22/spain-hits-first-weekday-of-100-renewable-power-on-national-grid/
https://doi.org/10.1038/d41586-018-04897-5
https://doi.org/10.1038/d41586-018-03036-4
https://doi.org/https:/doi.org/10.1111/1758-5899.12867
https://doi.org/10.1002/wcc.292
https://doi.org/10.48558/P3HW-E840
https://doi.org/https:/doi.org/10.1111/1467-9752.12471
https://www.treasury.govt.nz/sites/default/files/2021-10/tp-living-standards-framework-2021.pdf
https://www.treasury.govt.nz/sites/default/files/2021-10/tp-living-standards-framework-2021.pdf
https://doi.org/10.1017/S0022109022001247


336 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Nguyen, M.-H. (2024a). How can satirical fables offer us a vision for sustainability? 

Visions for Sustainability, 23(11267), 323-328. https://doi.org/10.13135/2384-

8677/11267  

Nguyen, M.-H. (2024b). A life-long humanistic journey to conservation practices. 

Current Conservation, 18(3). https://www.currentconservation.org/a-life-long-

humanistic-journey-to-conservation-practices/  

Nguyen, M.-H., Duong, M.-P. T., Nguyen, Q.-L., La, V.-P., & Hoang, V.-Q. (2024). In 

search of value: the intricate impacts of benefit perception, knowledge, and emotion 

about climate change on marine protection support. Journal of Environmental Studies 

and Sciences, 1-19. https://doi.org/10.1007/s13412-024-00902-8  

Nguyen, M.-H., Gagnon, V., Tran, T. T., & Tran, T. M. A. (2025). Innovation curse: 

The wastefulness of technologies believed to mitigate climate change. 

https://philarchive.org/rec/NGUICT  

Nguyen, M.-H., Nguyen, M.-H. T., Jin, R., Nguyen, Q.-L., La, V.-P., Le, T.-T., & 

Vuong, Q.-H. (2023). Preventing the separation of urban humans from nature: The 

impact of pet and plant diversity on biodiversity loss belief. Urban Science, 7(2), 46. 

https://doi.org/10.3390/urbansci7020046  

Nguyen, M.-H., Nguyen, Q.-Y. T., & Vuong, Q.-H. (2024). The beauty industry, 

climate change, and biodiversity loss. Visions for Sustainability, 22, 1-17. 

https://doi.org/10.13135/2384-8677/10444  

Nguyen, M.-H., & Vuong, Q.-H. (2025). The absurdity of nature love through aviary 

bird-keeping. Pacific Conservation Biology.  

Nilgen, M., Burger, M. N., Steimanis, I., & Vollan, B. (2024). Pitfalls of monetizing 

relational values in the context of climate change adaptation. Ecosystems and People, 

20(1), 2427809. https://doi.org/10.1080/26395916.2024.2427809  

Norgaard, R. B. (2010). Ecosystem services: From eye-opening metaphor to complexity 

blinder. Ecological Economics, 69(6), 1219-1227. 

https://doi.org/10.1016/j.ecolecon.2009.11.009  

Oelschlaeger, M. (1991). The idea of wilderness: From prehistory to the age of ecology.  

Oil Change International. (2023). Carbon Capture’s Publicly Funded Failure. 

https://oilchange.org/publications/ccs-data/ 

Otero, I., Darbellay, F., Reynard, E., Hetényi, G., Perga, M.-E., Rüegg, J., . . . de Vaan, 

M. (2020). Designing inter-and transdisciplinary research on mountains: What place 

for the unexpected? Mountain Research and Development, 40(4), D10. 

https://doi.org/10.1659/MRD-JOURNAL-D-20-00036.1  

Ouyang, Z., Zhu, C., Yang, G., Xu, W., Zheng, H., Zhang, Y., & Xiao, Y. (2013). Gross 

ecosystem product: Concept, accounting framework and case study. Acta Ecologica 

Sinica, 33(21), 6747-6761 (in Chinese).  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.13135/2384-8677/11267
https://doi.org/10.13135/2384-8677/11267
https://www.currentconservation.org/a-life-long-humanistic-journey-to-conservation-practices/
https://www.currentconservation.org/a-life-long-humanistic-journey-to-conservation-practices/
https://doi.org/10.1007/s13412-024-00902-8
https://philarchive.org/rec/NGUICT
https://doi.org/10.3390/urbansci7020046
https://doi.org/10.13135/2384-8677/10444
https://doi.org/10.1080/26395916.2024.2427809
https://doi.org/10.1016/j.ecolecon.2009.11.009
https://oilchange.org/publications/ccs-data/
https://doi.org/10.1659/MRD-JOURNAL-D-20-00036.1


Towards an eco-surplus culture 337 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Özokcu, S., & Özdemir, Ö. (2017). Economic growth, energy, and environmental 

Kuznets curve. Renewable and Sustainable Energy Reviews, 72, 639-647. 

https://doi.org/10.1016/j.rser.2017.01.059  

Pal, M., & Jenkins, J. J. (2014). Reimagining sustainability: An interrogation of the 

corporate knights' global 100. Environmental Communication, 8(3), 388-405. 

https://doi.org/10.1080/17524032.2014.906477  

Pearce, D. W., & Turner, R. K. (1989). Economics of natural resources and the environment. 

Johns Hopkins University Press.  

Persky, J. (1995). The Ethology of Homo Economicus. Journal of Economic Perspectives, 

9(2), 221-231. https://doi.org/10.1257/jep.9.2.221  

Pollock, N. B., Howe, N., Irizarry, I., Lorusso, N., Kruger, A., Himmler, K., & Struwe, 

L. (2015). Personal BioBlitz: A new way to encourage biodiversity discovery and 

knowledge in K–99 education and outreach. BioScience, 65(12), 1154-1164. 

https://doi.org/10.1093/biosci/biv140  

Powell, J. (2017). Scientists reach 100% consensus on anthropogenic global warming. 

Bulletin of Science, Technology and Society, 37(4), 183-184. 

https://doi.org/10.1177/0270467619886266  

Pries, F., & Guild, P. (2011). Commercializing inventions resulting from university 

research: Analyzing the impact of technology characteristics on subsequent business 

models. Technovation, 31(4), 151-160. 

https://doi.org/https://doi.org/10.1016/j.technovation.2010.05.002  

Probst, B. S., Toetzke, M., Kontoleon, A., Díaz Anadón, L., Minx, J. C., Haya, B. K., . . 

. Gill-Wiehl, A. (2024). Systematic assessment of the achieved emission reductions 

of carbon crediting projects. Nature Communications, 15, 9562. 

https://doi.org/10.1038/s41467-024-53645-z  

Programme, U. N. E. (2024). Net-Zero Banking Alliance 2024 Progress Report. 

https://www.unepfi.org/wordpress/wp-content/uploads/2024/10/NZBA-2024-

Progress-Report.pdf 

Raworth, K. (2018). Doughnut economics: Seven ways to think like a 21st century economist. 

Chelsea Green Publishing.  

Readfearn, G. (2023). Emperor penguins: thousands of chicks in Antarctica die due to record-low 

sea ice levels. https://www.theguardian.com/world/2023/aug/25/emperor-penguins-

thousands-of-chicks-in-antarctica-likely-died-due-to-record-low-sea-ice-levels 

Reason, P., & Gillespie, S. (2023). The teachings of mistle thrush and kingfisher. 

Australian Journal of Environmental Education, 39(3), 293-306. 

https://doi.org/10.1017/aee.2023.4  

Report, T. E. (2024). Northvolt’s $5 Billion Green Expansion. The EV Report. 

https://theevreport.com/northvolts-5-billion-green-expansion 

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1016/j.rser.2017.01.059
https://doi.org/10.1080/17524032.2014.906477
https://doi.org/10.1257/jep.9.2.221
https://doi.org/10.1093/biosci/biv140
https://doi.org/10.1177/0270467619886266
https://doi.org/https:/doi.org/10.1016/j.technovation.2010.05.002
https://doi.org/10.1038/s41467-024-53645-z
https://www.unepfi.org/wordpress/wp-content/uploads/2024/10/NZBA-2024-Progress-Report.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2024/10/NZBA-2024-Progress-Report.pdf
https://www.theguardian.com/world/2023/aug/25/emperor-penguins-thousands-of-chicks-in-antarctica-likely-died-due-to-record-low-sea-ice-levels
https://www.theguardian.com/world/2023/aug/25/emperor-penguins-thousands-of-chicks-in-antarctica-likely-died-due-to-record-low-sea-ice-levels
https://doi.org/10.1017/aee.2023.4
https://theevreport.com/northvolts-5-billion-green-expansion


338 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S. E., Donges, J. F., . . . 

Von Bloh, W. (2023). Earth beyond six of nine planetary boundaries. Science 

Advances, 9(37), eadh2458. https://doi.org/10.1126/sciadv.adh2458  

Roberts, J. T., Brulle, R., & Jacquet, J. (2024). Informing strategic climate action: the 

Climate Social Science Network. Critical Policy Studies, 18(1), 150-159. 

https://doi.org/10.1080/19460171.2024.2309961  

Rosa, C. D., Profice, C. C., & Collado, S. (2018). Nature experiences and adults’ self-

reported pro-environmental behaviors: The role of connectedness to nature and 

childhood nature experiences. Frontiers in Psychology, 9, 1055. 

https://doi.org/10.3389/fpsyg.2018.01055  

Rovelli, C. (2018). Reality is not what it seems: The journey to quantum gravity. Penguin. 

https://www.google.com/books/edition/Reality_Is_Not_What_It_Seems/fsQiD

AAAQBAJ  

RTVE.es. (2025). Las autoridades investigan la vinculación de la muertes en Galicia y Madrid de 

siete personas con el gran apagón. https://www.rtve.es/noticias/20250429/muerto-

heridos-gran-apagon-electrico-investigan/16559113.shtml 

Ruehl, M., & Dempsey, H. (2023). Nickel miners linked to devastation of Indonesian forests. 

Financial Times. Retrieved October 20 from 

https://www.ft.com/content/cd1fd7f3-b3ea-4603-8024-db75ec6e1843 

Samadi, A. H., & Alipourian, M. (2024). The transition to sustainable energy and 

institutional inertia. In N. Faghih & A. H. Samadi (Eds.), Institutional inertia: Theory 

and evidence (pp. 243-274). Springer.  

Schrödinger, E. (1944). What is life? The physical aspect of the living cell. Cambridge 

University Press.  

Shannon, C. E. (1948). A mathematical theory of communication. The Bell System 

Technical Journal, 27(3), 379-423. https://doi.org/10.1002/j.1538-

7305.1948.tb01338.x  

Shibasaki, S., Nakadai, R., & Nakawake, Y. (2024). Biogeographical distributions of 

trickster animals. Royal Society Open Science, 11, 11231577. 

https://doi.org/10.1098/rsos.231577  

Simon, H. A. (1990). Bounded rationality. In J. Eatwell, M. Milgate, & P. Newman 

(Eds.), Utility and probability (pp. 15-18). Springer.  

Slavíková, L. (2019). Implementation Challenges of Nature-Based Solutions: The Way 

Forward? Proceedings, 30(1).  

Smith, A. (1776). An Inquiry into the Nature and Causes of the Wealth of Nations. Oxford 

University Press.  

Sovacool, B. K. (2021). Reckless or righteous? Reviewing the sociotechnical benefits 

and risks of climate change geoengineering. Energy Strategy Reviews, 35, 100656. 

https://doi.org/https://doi.org/10.1016/j.esr.2021.100656  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1126/sciadv.adh2458
https://doi.org/10.1080/19460171.2024.2309961
https://doi.org/10.3389/fpsyg.2018.01055
https://www.google.com/books/edition/Reality_Is_Not_What_It_Seems/fsQiDAAAQBAJ
https://www.google.com/books/edition/Reality_Is_Not_What_It_Seems/fsQiDAAAQBAJ
https://www.rtve.es/noticias/20250429/muerto-heridos-gran-apagon-electrico-investigan/16559113.shtml
https://www.rtve.es/noticias/20250429/muerto-heridos-gran-apagon-electrico-investigan/16559113.shtml
https://www.ft.com/content/cd1fd7f3-b3ea-4603-8024-db75ec6e1843
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1098/rsos.231577
https://doi.org/https:/doi.org/10.1016/j.esr.2021.100656


Towards an eco-surplus culture 339 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Spence, E., & Cang, A. (2025). China-backed $3 billion Indonesia nickel smelter risks shutdown. 

https://www.mining.com/web/china-backed-3-billion-indonesia-nickel-smelter-

risks-shutdown/ 

Stålhammar, S., & Thorén, H. (2019). Three perspectives on relational values of nature. 

Sustainability Science, 14(5), 1201-1212. https://doi.org/10.1007/s11625-019-00718-4  

Stauber, J. L., Adams, M. S., Batley, G. E., Golding, L. A., Hargreaves, I., Peeters, L.,... 

Simpson, S. L. (2022). A generic environmental risk assessment framework for 

deep-sea tailings placement. Science of The Total Environment, 845, 157311. 

https://doi.org/https://doi.org/10.1016/j.scitotenv.2022.157311  

Sugiono, N. R., Masitoh, F., Mararis, D., & Kurniawan. (2024). Assessment of 

groundwater metals contamination using geoelectric methods and pollution index 

around nickel mine Pomalaa District, Kolaka Regency, Southeast Sulawesi. BIO Web 

of Conferences, 146, 01038. https://doi.org/10.1051/bioconf/202414601038  

Sutter, J., Jones, A., Frölicher, T. L., Wirths, C., & Stocker, T. F. (2023). Climate 

intervention on a high-emissions pathway could delay but not prevent West 

Antarctic Ice Sheet demise. Nature Climate Change, 13(9), 951-960. 

https://doi.org/10.1038/s41558-023-01738-w  

Szabó, J., & Newell, P. (2024). Driving towards a just transition? The case of the 

European car industry. Energy Research and Social Science, 115, 103649. 

https://doi.org/10.1016/j.erss.2024.103649  

The Economics of Ecosystems and Biodiversity. (2010). The economics of ecosystems and 

biodiversity: Ecological and economic foundations. Earthscan.  

The Goldman Environmental Prize. (2021). How grassroots environmental activism has 

changed the course of history. https://www.goldmanprize.org/blog/grassroots-

environmental-activism/ 

Thomas, K. A., & Warner, B. P. (2019). Weaponizing vulnerability to climate change. 

Global Environmental Change, 57, 101928. 

https://doi.org/10.1016/j.gloenvcha.2019.101928  

Trading Economics. (2025a). Cobalt. Retrieved April 04 from 

https://tradingeconomics.com/commodity/cobalt 

Trading Economics. (2025b). Lithium. Retrieved April 04 from 

https://tradingeconomics.com/commodity/lithium 

Trading Economics. (2025c). Nickel. Retrieved April 04 from 

https://tradingeconomics.com/commodity/nickel 

Trust, S., Joshi, S., Lenton, T., & Oliver, J. (2023). The Emperor’s new climate scenarios: 

Limitations and assumptions of commonly used climate-change scenarios in financial services. 

https://actuaries.org.uk/media/qeydewmk/the-emperor-s-new-climate-

scenarios.pdf 

http://dx.doi.org/10.13135/2384-8677/12178
https://www.mining.com/web/china-backed-3-billion-indonesia-nickel-smelter-risks-shutdown/
https://www.mining.com/web/china-backed-3-billion-indonesia-nickel-smelter-risks-shutdown/
https://doi.org/10.1007/s11625-019-00718-4
https://doi.org/https:/doi.org/10.1016/j.scitotenv.2022.157311
https://doi.org/10.1051/bioconf/202414601038
https://doi.org/10.1038/s41558-023-01738-w
https://doi.org/10.1016/j.erss.2024.103649
https://www.goldmanprize.org/blog/grassroots-environmental-activism/
https://www.goldmanprize.org/blog/grassroots-environmental-activism/
https://doi.org/10.1016/j.gloenvcha.2019.101928
https://tradingeconomics.com/commodity/cobalt
https://tradingeconomics.com/commodity/lithium
https://tradingeconomics.com/commodity/nickel
https://actuaries.org.uk/media/qeydewmk/the-emperor-s-new-climate-scenarios.pdf
https://actuaries.org.uk/media/qeydewmk/the-emperor-s-new-climate-scenarios.pdf


340 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Tuana, N., Sriver, R. L., Svoboda, T., Olson, R., Irvine, P. J., Haqq-Misra, J., & Keller, 

K. (2012). Towards Integrated Ethical and Scientific Analysis of Geoengineering: A 

Research Agenda. Ethics, Policy & Environment, 15(2), 136-157. 

https://doi.org/10.1080/21550085.2012.685557  

Ulluwishewa, R., Roskruge, N., Harmsworth, G., & Antaran, B. (2008). Indigenous 

knowledge for natural resource management: a comparative study of Māori in New 

Zealand and Dusun in Brunei Darussalam. GeoJournal, 73, 271-284. 

https://doi.org/10.1007/s10708-008-9198-9  

UNEP. (2023). State of finance for nature 2023. https://www.unep.org/resources/state-

finance-nature-2023 

UNEP. (2024). Reducing greenhouse gas emissions and air pollution through electric mobility. 

United Nations Environment Programme. 

https://www.unep.org/topics/transport/electric-mobility/supporting-global-shift-

electric-mobility-0 

UNFCCC Secretariat. (2024). Nationally determined contributions under the Paris Agreement. 

Synthesis report by the secretariat. https://unfccc.int/documents/641792 

Vuong, Q.-H. (2018). The (ir)rational consideration of the cost of science in transition 

economies. Nature Human Behaviour, 2, 5. https://doi.org/10.1038/s41562-017-

0281-4  

Vuong, Q.-H. (2021a). The semiconducting principle of monetary and environmental 

values exchange. Economics and Business Letters, 10(3), 284-290. 

https://doi.org/10.17811/ebl.10.3.2021.284-290  

Vuong, Q.-H. (2021b). Western monopoly of climate science is creating an eco-deficit 

culture. https://www.landclimate.org/western-monopoly-of-climate-science-is-

creating-an-eco-deficit-culture/  

Vuong, Q.-H. (2022). A new theory of serendipity: Nature, emergence and mechanism. Walter De 

Gruyter GmbH. https://www.amazon.com/dp/B0C6HYSS8S/  

Vuong, Q.-H. (2023). Mindsponge theory. Walter de Gruyter GmbH. 

https://books.google.com/books?id=OSiGEAAAQBAJ  

Vuong, Q.-H. (2024). Wild Wise Weird. AISDL. 

https://books.google.com/books?&id=rq82EQAAQBAJ  

Vuong, Q.-H., La, V.-P., & Nguyen, M.-H. (2023). Weaponization of climate and 

environment crises: Risks, realities, and consequences. Environmental Science & Policy, 

162, 103928. https://doi.org/10.1016/j.envsci.2024.103928  

Vuong, Q.-H., La, V.-P., & Nguyen, M.-H. (2025a). Informational entropy-based value 

formation: A new paradigm for a deeper understanding of value. 

https://philarchive.org/rec/VUOIEV  

Vuong, Q.-H., La, V.-P., & Nguyen, M.-H. (2025b). Serendipity and inherent non-linear 

thinking can help address the climate and environmental conundrums. Sustainability: 

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.1080/21550085.2012.685557
https://doi.org/10.1007/s10708-008-9198-9
https://www.unep.org/resources/state-finance-nature-2023
https://www.unep.org/resources/state-finance-nature-2023
https://www.unep.org/topics/transport/electric-mobility/supporting-global-shift-electric-mobility-0
https://www.unep.org/topics/transport/electric-mobility/supporting-global-shift-electric-mobility-0
https://unfccc.int/documents/641792
https://doi.org/10.1038/s41562-017-0281-4
https://doi.org/10.1038/s41562-017-0281-4
https://doi.org/10.17811/ebl.10.3.2021.284-290
https://www.landclimate.org/western-monopoly-of-climate-science-is-creating-an-eco-deficit-culture/
https://www.landclimate.org/western-monopoly-of-climate-science-is-creating-an-eco-deficit-culture/
https://www.amazon.com/dp/B0C6HYSS8S/
https://books.google.com/books?id=OSiGEAAAQBAJ
https://books.google.com/books?&id=rq82EQAAQBAJ
https://doi.org/10.1016/j.envsci.2024.103928
https://philarchive.org/rec/VUOIEV


Towards an eco-surplus culture 341 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Science, Practice and Policy, 21(1), 2480428. 

https://doi.org/https://doi.org/10.1080/15487733.2025.2480428  

Vuong, Q.-H., & Napier, N. K. (2015). Acculturation and global mindsponge: An 

emerging market perspective. International Journal of Intercultural Relations, 49, 354-367. 

https://doi.org/10.1016/j.ijintrel.2015.06.003  

Vuong, Q.-H., & Nguyen, M.-H. (2023a). How an age-old photo of little chicks can 

awaken our conscience for biodiversity conservation and nature protection. Visions 

for Sustainability(22), 253-264. https://doi.org/10.13135/2384-8677/10982  

Vuong, Q.-H., & Nguyen, M.-H. (2023b). Kingfisher: Contemplating the connection 

between nature and humans through science, art, literature, and lived experiences. 

Pacific Conservation Biology, 30, PC23044. https://doi.org/10.1071/PC23044  

Vuong, Q.-H., & Nguyen, M.-H. (2024a). Better economics for the Earth: A lesson from 

quantum and information theories. AISDL. 

https://books.google.com/books?id=I50TEQAAQBAJ  

Vuong, Q.-H., & Nguyen, M.-H. (2024b). Exploring the role of rejection in scholarly 

knowledge production: Insights from granular interaction thinking and information 

theory. Learned Publishing, e1636. https://doi.org/10.1002/leap.1636  

Vuong, Q.-H., & Nguyen, M.-H. (2024c). Further on informational quanta, 

interactions, and entropy under the granular view of value formation. The VMOST 

Journal of Social Sciences and Humanities. https://doi.org/10.2139/ssrn.4922461  

Vuong, Q.-H., & Nguyen, M.-H. (2025). On Nature Quotient. 

https://philarchive.org/rec/VUOONQ  

Vuong, Q.-H., Nguyen, M.-H., Duong, M.-P. T., & La, V.-P. (2024). Radical climate 

activism: motivations, consequences and approaches. Visions for Sustainability, 

21(10237), 11-25. https://doi.org/10.13135/2384-8677/10237  

Vuong, Q.-H., Nguyen, M.-H., & La, V.-P. (2022). The mindsponge and BMF analytics for 

innovative thinking in social sciences and humanities. Walter de Gruyter GmbH. 

https://www.amazon.com/dp/B0C4ZK3M74/  

Vuong, Q.-H., Nguyen, M.-H., & La, V.-P. (2024). The overlooked contributors to 

climate and biodiversity crises: Military operations and wars. Environmental 

Management, 73, 1089–1093. https://doi.org/10.1007/s00267-024-01976-4  

Vuong, Q.-H., Nguyen, M.-H., & La, V.-P. (2025). Nickel and the pledge for 

environmental sustainability: Is it viable? Problemy Ekorozwoju.  

Vuong, Q.-H., Nguyen, M.-H., Tran, T. M. A., & La, V.-P. (2025). The Battery Bubble. 

Journal of Environmental Planning and Management. 

https://philarchive.org/rec/VUOTBB  

Wahyono, Y., Sasongko, N. A., Trench, A., Anda, M., Hadiyanto, H., Aisyah, N., . . . 

Matin, H. H. A. (2024). Evaluating the impacts of environmental and human health 

of the critical minerals mining and processing industries in Indonesia using life cycle 

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/https:/doi.org/10.1080/15487733.2025.2480428
https://doi.org/10.1016/j.ijintrel.2015.06.003
https://doi.org/10.13135/2384-8677/10982
https://doi.org/10.1071/PC23044
https://books.google.com/books?id=I50TEQAAQBAJ
https://doi.org/10.1002/leap.1636
https://doi.org/10.2139/ssrn.4922461
https://philarchive.org/rec/VUOONQ
https://doi.org/10.13135/2384-8677/10237
https://www.amazon.com/dp/B0C4ZK3M74/
https://doi.org/10.1007/s00267-024-01976-4
https://philarchive.org/rec/VUOTBB


342 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

assessment. Case Studies in Chemical and Environmental Engineering, 10, 100944. 

https://doi.org/https://doi.org/10.1016/j.cscee.2024.100944  

New Zealand Parliament budget debate, (2019). 

https://www.parliament.nz/en/pb/hansard-

debates/rhr/document/HansS_20190611_071100000/walker-hamish-tolley-anne 

Walker, K., & Wan, F. (2012). The harm of symbolic actions and green-washing: 

Corporate actions and communications on environmental performance and their 

financial implications. Journal of Business Ethics, 109, 227-242. 

https://doi.org/10.1007/s10551-011-1122-4  

Wang, S., Leviston, Z., Hurlstone, M., Lawrence, C., & Walker, I. (2018). Emotions 

predict policy support: Why it matters how people feel about climate change. Global 

Environmental Change, 50, 25-40. https://doi.org/10.1016/j.gloenvcha.2018.03.002  

Ward, B. (2021). Breaching tipping points would increase economic costs of climate change impacts. 

https://www.lse.ac.uk/granthaminstitute/news/breaching-tipping-points-would-

increase-economic-costs-of-climate-change-impacts/ 

Waterford, L., FitzSimons, V., & Back, O. (2023). State of voluntary biodiversity credit 

markets: A global review of biodiversity credit schemes. https://pollinationgroup.com/wp-

content/uploads/2023/10/Global-Review-of-Biodiversity-Credit-Schemes-

Pollination-October-2023.pdf 

West, T. A., Börner, J., Sills, E. O., & Kontoleon, A. (2020). Overstated carbon 

emission reductions from voluntary REDD+ projects in the Brazilian Amazon. 

Proceedings of the National Academy of Sciences, 117(39), 24188-24194. 

https://doi.org/10.1073/pnas.2004334117  

West, T. A., Wunder, S., Sills, E. O., Börner, J., Rifai, S. W., Neidermeier, A. N., . . . 

Kontoleon, A. (2023). Action needed to make carbon offsets from forest 

conservation work for climate change mitigation. science, 381(6660), 873-877. 

https://doi.org/10.1126/science.ade3535  

Wheeler, J. A. (2002). Information, physics, quantum: The search for links. In A. Hey 

(Ed.), Feynman and computation (pp. 309-336).  

Wiesmeth, H. (2012). Environmental economics: Theory and policy in equilibrium. Springer.  

Wilson, C., Mills, S., & Wood, P. J. (2025). Children's environmental citizen science: 

Stakeholders' experiences and perceptions. People and Nature, 7(2), 493-503. 

https://doi.org/10.1002/pan3.10773  

Wolovick, M. J., & Moore, J. C. (2018). Stopping the flood: could we use targeted 

geoengineering to mitigate sea level rise? The Cryosphere, 12(9), 2955-2967. 

https://doi.org/10.5194/tc-12-2955-2018  

Yan, Q.-s., Cai, Y.-f., & Zeng, W.-q. (2025). Driven by feelings or stimulated by 

context: how childhood nature experience shaped adulthood pro-environmental 

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/https:/doi.org/10.1016/j.cscee.2024.100944
https://www.parliament.nz/en/pb/hansard-debates/rhr/document/HansS_20190611_071100000/walker-hamish-tolley-anne
https://www.parliament.nz/en/pb/hansard-debates/rhr/document/HansS_20190611_071100000/walker-hamish-tolley-anne
https://doi.org/10.1007/s10551-011-1122-4
https://doi.org/10.1016/j.gloenvcha.2018.03.002
https://www.lse.ac.uk/granthaminstitute/news/breaching-tipping-points-would-increase-economic-costs-of-climate-change-impacts/
https://www.lse.ac.uk/granthaminstitute/news/breaching-tipping-points-would-increase-economic-costs-of-climate-change-impacts/
https://pollinationgroup.com/wp-content/uploads/2023/10/Global-Review-of-Biodiversity-Credit-Schemes-Pollination-October-2023.pdf
https://pollinationgroup.com/wp-content/uploads/2023/10/Global-Review-of-Biodiversity-Credit-Schemes-Pollination-October-2023.pdf
https://pollinationgroup.com/wp-content/uploads/2023/10/Global-Review-of-Biodiversity-Credit-Schemes-Pollination-October-2023.pdf
https://doi.org/10.1073/pnas.2004334117
https://doi.org/10.1126/science.ade3535
https://doi.org/10.1002/pan3.10773
https://doi.org/10.5194/tc-12-2955-2018


Towards an eco-surplus culture 343 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

behavior? Frontiers in Psychology, 16, 1529388. 

https://doi.org/10.3389/fpsyg.2025.1529388  

Yang, Z. (2023). How did China come to dominate the world of electric cars? Retrieved July 8 

from https://www.technologyreview.com/2023/02/21/1068880/how-did-china-

dominate-electric-cars-policy/ 

Yasemi, S., Khalili, Y., Sanati, A., & Bagheri, M. (2023). Carbon Capture and Storage: 

Application in the Oil and Gas Industry. Sustainability, 15(19), 14486. 

https://www.mdpi.com/2071-1050/15/19/14486  

Zheng, H., Wu, T., Ouyang, Z., Polasky, S., Ruckelshaus, M., Wang, L., . . . Daily, G. C. 

(2023). Gross ecosystem product (GEP): Quantifying nature for environmental and 

economic policy innovation. Ambio, 52(12), 1952-1967. 

https://doi.org/10.1007/s13280-023-01948-8  

 

 

  

http://dx.doi.org/10.13135/2384-8677/12178
https://doi.org/10.3389/fpsyg.2025.1529388
https://www.technologyreview.com/2023/02/21/1068880/how-did-china-dominate-electric-cars-policy/
https://www.technologyreview.com/2023/02/21/1068880/how-did-china-dominate-electric-cars-policy/
https://www.mdpi.com/2071-1050/15/19/14486
https://doi.org/10.1007/s13280-023-01948-8


344 Vuong et al. 

 

 

Vis Sustain, 24, 277-344 http://dx.doi.org/10.13135/2384-8677/12178                                       

 

Authors 

Quan-Hoang Vuong 

Centre for Interdisciplinary Social Research, Phenikaa University, Yen Nghia Ward, Ha Dong 
District, Hanoi, Vietnam 
University College, Korea University. 145 Anam-ro, Seongbuk-Gu, Seoul 02841, South Korea 

Minh-Hoang Nguyen (corresponding author) hoang.nguyenminh@phenikaa-uni.edu.vn 

Centre for Interdisciplinary Social Research, Phenikaa University, Yen Nghia Ward, Ha Dong 
District, Hanoi, Vietnam 

Viet-Phuong La  
Centre for Interdisciplinary Social Research, Phenikaa University, Yen Nghia Ward, Ha Dong 
District, Hanoi, Vietnam  

Author contributions 

Conceptualization, Q.-H.V. and V.-P.L.; formal analysis, V.-P.L. and M.-H.N.; investigation, 
T.T.T and V.-P.L.; resources, V.-P.L.; writing—original draft preparation, V.-P.L., M.-H.N., and 
T.T.T; writing—review and editing, M.-H.N. and V.-P.L.; supervision, Q.-H.V.; project 
administration, Q.-H.V. All authors have read and agreed to the published version of the 
manuscript. 

Funds 

This research received no external funding 

Competing Interests  

The authors are not aware of any conflict of interest. 

Citation  

Vuong, Q.-H., Nguyen, M.-H., & La, V.-P. (2025). Towards an eco-surplus culture. 
From market failures to vulnerabilities and logical flaws of ‘artificial’ environmental 
protection systems. Visions for Sustainability, 24, 12178, 277-344. 
http://dx.doi.org/10.13135/2384-8677/12178   

 

 

© 2025 Vuong, Nguyen, La 

This is an open access publication under the terms and conditions of the Creative Commons 
Attribution (CC BY SA) license (http://creativecommons.org/licenses/by/4.0/). 

 

http://dx.doi.org/10.13135/2384-8677/12178
mailto:hoang.nguyenminh@phenikaa-uni.edu.vn
http://dx.doi.org/10.13135/2384-8677/12178
http://creativecommons.org/licenses/by/4.0/

