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Thermal-Temporal Equilibrium Governance (TTEG): A Meta-Theoretical Framework
for ESG and Global RWA Ecology Based on Physical Mechanisms
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English:

Contemporary discussions in ESG, RWA, and sustainability are dominated by socio-
economic paradigms, lacking an integrated understanding of planetary thermodynamics, heat
imbalance, and the irreversibility of time. This paper proposes the “Thermal-Temporal
Equilibrium Governance” (TTEG) theory as a meta-framework that unites physical planetary
principles with human governance. It addresses asymmetric carbon emissions, heat
disruptions, and resource imbalances, laying a scientific foundation for the next generation of
ESG systems.
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English:

TTEG does not replace traditional ESG thinking but provides a meta-governance path rooted
in Earth system science. Only through a thermal-temporal perspective can we truly
understand the constraints between humanity and the planet, enabling the design of resilient
and coherent ecological societies.
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Chapter 2 | Theoretical Foundations

2.1 BN 2EE e S R

2.1 The Second Law of Thermodynamics and Global Thermal Imbalance
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English:

We must return to a fundamental physical principle largely neglected in ESG frameworks:
the Second Law of Thermodynamics. It states that entropy in a closed system tends to
increase, leading energy from order to disorder. Earth, as a “finite open system,” does not
possess unlimited self-regulatory capacity. Once human activities—especially those related to
industry, urban infrastructure, and data centres—generate heat and accumulate greenhouse
gases beyond the ecological system’s “thermal regulation threshold,” global thermal
imbalance emerges.

This imbalance is not only expressed through rising average temperatures, but also through
observable phenomena such as urban heat islands, agricultural droughts, extreme weather



events, and the disruption of water vapor transport systems. In other words, heat is an
invisible governance variable—it silently influences urban form, land productivity,
biological rhythms, and the foundational stability of socio-economic systems.

However, current ESG rating systems and RWA asset models rarely quantify the impact of
such irreversible thermal disturbances. They also overlook how infrastructure itself
reshapes thermal systems. Thus, we propose that thermal emissions be treated as a
dynamic extension factor of infrastructure carbon assets and introduce the Thermal
Equivalence Metrics (TEM) as a critical dimension of physical ESG ratings.
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English:

Another core characteristic of thermal emissions is their temporal irreversibility and
delayed feedback effects. Changes in climate systems do not manifest immediately after
emissions occur. Instead, they often unfold over years or even decades. For example, the
expansion of a coal power plant may result in atmospheric disruptions and extreme rainfall
only after a decade. The disappearance of wetlands may weaken regional vapor transport
systems with noticeable effects 20 years later.

However, current ESG investment mechanisms rely on annual reporting cycles, prioritizing
short-term profit and immediate data improvements. They fail to address the cross-scale
temporal imbalance inherent in natural systems. A company may appear to have achieved



“net zero” in one year, while its ecological and thermal costs continue to accumulate and
materialize over subsequent years.

Thus, we propose that temporal asymmetry should become a core design element in
governance systems. This requires incorporating Thermal Time Debt and Ecological Delay
Curves into ESG frameworks, managed through Al modelling systems. Such a transition
helps us move from short-term compliance toward long-term systemic security.
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English:

Land use change (LUC) is not only a primary source of greenhouse gas emissions but also
determines how heat is distributed across space. Urban concrete zones tend to trap heat, while
forests, wetlands, and farmlands act as natural thermal regulators. When energy usage and
land functions are mismatched, energy-space dislocations arise, leading to environmental
degradation and potential social unrest.

Traditional governance frameworks treat land as economic capital and energy as industrial
input, failing to capture their systemic interdependence. We propose treating energy
emissions, thermal disturbances, and land function shifts as a three-variable system, and
integrating this model into RWA asset standards and ESG ratings as a foundation for
infrastructure governance.
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Chapter 3 | Comparative Analysis with Existing Theories
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3.1 Why Are Existing Theories No Longer Sufficient?

b
Bt BRI NG TS, PR REHAE. RRIERAEEN, £40 ESG HILHIA
= RKIAE:

1. MgHEZRYIP: R ESG IS = ke, MmHXESE, DS
KT, BRZRIIFHHRRGREIL;

2. febrfwi SR BUA MR R, S I RIERR N, <R
LM Rt 5 A AT N BN A HERE ST ;

3. RoirlmARsES: w. REIR. LM, SRh BEEEOEER, SBOCKE
WG TR S 2 R TR

TTEG BHGIERY TyRAMNX SO, e~ BN, e “H4E” © K ESG
MALRETT G IR0 RGP BE- 16 PR S AL,

English:

As climate change intensifies, extreme weather events escalate, and energy systems undergo
transformation, traditional ESG theories are facing three core limitations:

1. Social over Physical Bias: Most ESG theories, such as stakeholder and triple bottom
line models, are rooted in sociology and economics, lacking foundations in
thermodynamics or Earth system science.

2. Static over Dynamic Thinking: Current rating systems rely on yearly snapshots and
are unable to model delayed effects, non-linear feedback, or ecological time
dynamics.

3. Fragmented vs Integrated Systems: Carbon, energy, land, finance, and governance
are treated separately, preventing coupled regulation and global equilibrium logic.

The TTEG theory emerges as a remedy to these blind spots. It is not a replacement, but an
elevated layer that upgrades ESG from a socio-economic rating tool to a physical-
governance system architecture.
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3.4 /M4 / Summary
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English:

TTEG is not a brand-new theory in isolation, but a bridge between physical evidence and
financial governance. It closes the gap between natural and financial systems, transforming
ESG from a moral symbol into a governable operating system with verifiable, calculable,
and feedback-driven logic.
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Chapter 4 | Theoretical Structure and Model Architecture

4.1 52 VSRS
4.1 Layer One: Physical Foundations
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English:

The foundation of TTEG lies in the physical world’s inherent laws of heat and time. No
governance model can escape the constraints of thermodynamics, energy conservation, and
irreversible time flows.

Core Components:

e Thermal Flow Mapping: Traces the pathways of heat emissions resulting from
energy consumption, tracking accumulation and dissipation across cities, industrial
zones, and rural areas.

e Time-Lag Response Curve: Models the delayed response between carbon emissions
and climate effects using historical data and AI simulations.

¢ Geo-Thermal Gradient: Visualizes the spatial distribution of land types, vegetation,
and water bodies in regulating heat absorption and reflection.

* Energy-to-Heat Transformation Chain: Standardizes how different energy forms
(coal, gas, electricity) convert into thermal equivalence metrics.
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4.2 Layer Two: Governance and ESG Logic
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English:
Building on the physical model layer, TTEG introduces a second governance structure that
can be integrated into current ESG and RWA systems.

Core Components:

Thermal-Temporal ESG Index (TTEI): Adds “Thermal Equivalence” and
“Temporal Responsiveness” factors to traditional ESG metrics, embedding dynamic
risk weights into RWA asset evaluation.

Eco-Debt Ledger: Simulates ecological credit scores for projects, communities, and
corporations in thermal and temporal dimensions, and calculates delayed liability
repayment paths.

RWA-TEM Conversion Model: Uses the “heat disturbance per asset unit” as a
foundational pricing dimension for assets, linking financial instruments with physical
reality.

Policy-Al Simulation and Feedback Engine: Al models test policy scenarios and
predict thermal-temporal responses, providing real-time decision support.
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4.3 Layer Three: Action Mechanism and Global Node Deployment
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English:
The third layer of TTEG activates its real-world implementation through an action
mechanism that links technical systems, data feedback, and societal response.

Core Components:

e Al Thermal Governor: Integrates IoT sensors for real-time carbon and thermal data,
enabling automated controls across smart buildings, climate regulation, and energy
switching.

e Carbon-Thermal Swap Protocol (CTSP): Develops a new exchange mechanism
where thermal emission reduction is benchmarked against carbon credits for ESG
tokens and digital currencies.

¢ Global TTEG Node Grid: Deploys governance nodes in critical climate zones
(urban clusters, river basins, mountain corridors), enabling distributed consensus-
based regulation.

¢ Smart Consensus Contracts: Facilitates “thermal-temporal responsibility contracts”
among ecological actors, enforced via smart contracts linked to RWA assets.

4.4 B2 3 / Diagram Logic Summary
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Chapter 5 | Strategic Significance and Applications
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5.1 A Paradigm Shift: From Carbon-Centric to Thermal-Temporal Thinking
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English:

In the current global climate governance landscape, “carbon” is the dominant metric.
However, carbon is merely an intermediate variable in the ecological disruption chain. Its
destructive impact is determined by heat accumulation and delayed temporal feedback.
TTEG promotes not just an ESG upgrade, but a paradigm shifts in thinking:

e From linear carbon management — to non-linear thermal response.
¢ From annual reporting cycles — to thermal-temporal delay models.

e From symbolic compliance — to physically verifiable governance.

This shift demands higher system cognition from corporations, governments, investors, and
urban managers—while also creating new markets and coordination mechanisms.
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5.2 Regional Governance: Intelligent Thermal-Temporal Systems for
Complex Geographies
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English:
TTEG is highly applicable in managing high-risk regions, including:

Mountain and plateau zones (e.g., Kunlun Mountains, Tibetan Plateau): Regulating
solar radiation and vapor flow to prevent ecological decoupling.

Urban heat islands (e.g., Shanghai, Riyadh, Melbourne): Enabling smart cooling
strategies and optimizing thermal distribution.

Agricultural boundary belts (e.g., Batlow, Lake Macquarie): Guiding irrigation,
green corridor planning, and ecosystem restoration.

By deploying thermal-temporal sensor networks, Al-controlled regulation systems, and
local governance nodes, TTEG becomes the operating system of smart regional planning.
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5.3 Green Finance: TTEG Enables Accurate Valuation of RWA and ESG

Assets
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English:
TTEG offers a stronger data logic for green finance. It allows for:

Thermal equivalence mapping of RWA assets (e.g., how much “thermal-ecological
burden” does a data centre generate);
Ecological time debt models that tie emissions to delayed responsibilities.



e Thermal-Temporal-linked Bonds and ESG Tokens, enabling digital transformation
in green finance.

* Refined ESG rating factors for green bonds and SDG-aligned investments,
preventing greenwashing.

Green finance thus evolves from narrative-driven to physics-driven, achieving integration
across finance, environment, and technology.
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5.4 Digital Governance and AI-Driven Collaboration
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English:
In the Al era, ESG governance demands not just data collection, but also behavioral
constraint and system evolution forecasting. TTEG provides three pathways:

1. AI Thermal Governor: Real-time optimization of energy use and infrastructure.

2. Smart Contract Platforms: Generating intelligent ecological responsibility
agreements through RWA assets.

3. Global TTEG Chain: Shared regional data and models form an autonomous
collaborative network.

This creates new digital governance architectures and builds a distributed ecological trust
network worldwide.
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5.5 Summary: TTEG’s Strategic Positioning
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Chapter 6 | Conclusion and Future Directions

6.1 MG BEFEAR 2] SCHH AR BRI BRIE
6.1 From Governance Metrics to Civilizational Coordinates
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English:

The Thermal-Temporal Equilibrium Governance (TTEG) theory is more than just a new ESG
toolset—it is a reconstruction of our civilizational logic. It stems from deep insight into the
irreversibility of nature, the laws of energy flow, and the essence of time. It answers the
perennial human question: How do we coexist with the Earth?

From a carbon-centric to a thermal-temporal-centric perspective, we are shifting from
emission control to systemic behavioural coordination, from “annual compliance” to

“ecological synchronization,” from “climate datasets” to “planetary cognition.” This is not
replacement—it is evolution, a new governance language born of crisis.
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6.2 Five Strategic Directions for Future Development
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English: Develop dynamic TTEG modelling platforms, including “Thermal-Temporal
Index” and “Ecological Time Debt” indicators, for integration into global scientific
evaluation systems.
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English: Create policy advisory packages tailored to frameworks like the UN SDGs, OECD,
G20, and the Belt and Road Initiative to support national and local integration of TTEG.
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English: Build AI platforms based on TTEG logic and embed them into smart cities, digital
twins, and green infrastructure systems for real-time regulation and feedback.
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English: Design financial instruments such as Thermal-Temporal Linked Bonds, Carbon-
Thermal Swap Protocols (CTSP), and Thermal Credit Tokens, and conduct real-world RWA
testing.

Fitd | ARSI R R

Wz S TTEG (EOVHTRIER X IILIRMLE, 8 HPE 7 2AR, RE BRs,
AN, A, S HEER,

English: Promote TTEG as a new consensus mechanism for global ecological civilization,
building cross-cultural dialogue across Eastern and Western philosophy, science, and ethics
to reshape our shared understanding of time, life, and responsibility.
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6.3 To the Future: Rebooting the Earth as a Consensus Platform
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English:

TTEG is not proposed merely to correct climate metrics or optimize ESG investments, but to
reboot Earth as a platform of shared consensus. In this platform, data, governance, nature,
and humanity are not adversaries, but co-evolving agents.

The future will not be defined by GDP, but by how we regulate heat, manage time, and
comprehend the echo of ecological behaviours. We believe such a future is not only
imaginable, but constructible—and TTEG is the seed of that new order.
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