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Definition Statement

Canonical Definition
SFA is a four-layer institutional architecture that transforms verified
human behavior into auditable financial credit, enabling cross-
sovereign sustainability lending, governance alignment, and trust-

based economic systems.

Full Definition Statement
The NTCC x Sustainable Finance Architecture (SFA) is a multi-layer
institutional framework that establishes the world’s first financial system

built on verified behavior rather than declared intention.

It integrates the PADV behavioral methodology with the NTCC non-tradable
carbon credit system to create a cross-sovereign, audit-equivalent trust
infrastructure for sustainable lending, ESG credit scoring, policy alignment, and

financial governance.
SFA defines four interoperable architectural layers:

1. Behavior Layer — capturing PADV-verified participation and
sustainability actions.

2. Credit Layer — converting each NTCC unit into standardized behavioral
credit equivalent to 1 tCO,e of verified reduction or contribution.

3. Finance Layer —integrating NTCC credit into sustainable loans, impact
investment, ESG-linked insurance, and reserve-backed financial
products.

4. Governance Layer — enabling regulators, auditors, and institutions to
adopt unified disclosure syntax aligned with IFRS S2, GRI 305, COSO,
and OECD ESG frameworks.

By anchoring all sustainability claims to DOI-published evidence, SFA transforms
sustainability from a narrative into a measurable credit economy, and
positions NTCC as the fundamental unit of institutional trust within global

sustainable finance.



Value Statement

Canonical Value Statement
SFA creates value by transforming verified human behavior into institutional
trust, enabling a financial system where credibility is earned through

evidence, not declared through intention.

Full Value Statement

The value of the NTCC x Sustainable Finance Architecture (SFA) lies in its
ability to convert individual actions into institutional-grade trust, and to transform
verified sustainability behavior into financial capability. SFA establishes the

world’s first architecture where:

trust becomes measurable,
sustainability becomes verifiable,

credit becomes behavior-based,

and finance becomes accountable to evidence rather than narrative.

Through the integration of PADV participation logic, NTCC non-tradable carbon
credits, and DOI-based verification records, SFA transforms sustainability from a
compliance burden into a financial asset class, and creates a unified trust layer

that institutions, regulators, and markets can rely upon.
Its value is expressed through three fundamental outcomes:

1. Institutional Trust Creation — converting each verified NTCC into a unit
of cross-sovereign credibility used by auditors, lenders, and regulators.

2. Financial Activation of Sustainability — enabling NTCC-backed
lending, insurance, investment, and credit scoring with audit-equivalent
behavioral data.

3. Governance Alighment and Risk Reduction — reducing greenwashing,
harmonizing global disclosures, and enabling consistent verification

across jurisdictions.

By anchoring sustainability to verifiable evidence, SFA unlocks a financial
environment where trust compounds, risk decreases, and sustainability

becomes an investable, governable, and measurable economic driver.



Abstract

The NTCC x Sustainable Finance Architecture (SFA) establishes the world’s
first institutional framework that transforms verified human behavior into

auditable financial credit.

Building upon the PADV participation methodology and the NTCC non-tradable
carbon credit system, SFA introduces a four-layer architecture—Behavior,
Credit, Finance, and Governance—that enables cross-sovereign adoption of
sustainability evidence and the integration of behavioral credit into financial

decision-making at scale.

SFA addresses three systemic gaps that have long constrained global
sustainable finance: (1) the absence of verifiable Scope 3 behavioral data; (2) the
reliance on narrative-based ESG statements rather than audit-equivalent
evidence; and (3) the inability of existing green finance instruments to anchor

credibility on measurable, participatory action.

By defining each NTCC unit as 1 tCO,e of verified behavioral contribution, SFA
establishes a universal syntax for recording, validating, and publishing
sustainability actions using DOIl-anchored, immutable, and cross-auditable

records.

This allows financial institutions to integrate NTCC data into ESG credit models,
sustainable lending, impact investment, insurance underwriting, and sovereign-

aligned disclosure frameworks.

Through harmonization with IFRS S$2, GRI 305, ISO 14064, COSO, and OECD
ESG Trust Frameworks, SFA provides regulators, auditors, and financial actors
with a unified verification grammar that reduces greenwashing risk, enhances
portfolio transparency, and operationalizes sustainability as an investable asset

class.

Ultimately, the SFA transforms sustainability from a compliance obligation into a
trust-based economic system, where credibility is earned through evidence,
where finance is accountable to behavior, and where institutional trust becomes

measurable, verifiable, and globally interoperable.
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Prefatory Charter: Institutional Governance

Preamble

Institutional Governance Charter

“Institutional trust is not inherited—it is designed, verified, and co-

governed.”— Anderson Yu, Founder & CEO, EMJ.LIFE Holdings Pte. Ltd.

1. Purpose and Institutional Intent

This Prefatory Charter establishes the ethical, procedural, and supervisory
foundation for the operation of the NTCC x Sustainable Finance Architecture
(SFA)—a governance framework for non-tradable carbon credits and

verifiable behavioral finance.

It affirms that the SFA is not a proprietary system, but an institutional trust
infrastructure—a framework designed to be auditable, participatory, and
globally interoperable across verifiers, financial institutions, and policy

bodies.

The Charter serves as both the constitutional layer and the institutional oath
for all white papers, verification models, and future extensions under the

PADV-NTCC-SFA ecosystem.

2. Foundational Governance Principles

Principle Definition

Every verified behavior, carbon credit, and financial linkage
Transparency must be traceable through DOI registration and

timestamped records.

EMJ.LIFE Holdings and its verification partners act as

Neutrality
custodians—not owners—of institutional data.




Principle

Definition

Accountability

Each licensed verifier and financial adopter bears direct

responsibility for the accuracy and ethical use of data.

Governance participation is open to accredited verifiers,

durability.

Inclusivity

academic institutions, and regulatory observers.

The governance system must evolve through periodic
Continuity reviews, ensuring institutional relevance and trust

These five principles form the moral geometry of SFA: a structure where

transparency is measurable, neutrality is auditable, and trust is

institutionalized.

3. Governance Structure

Verification
Committee

e

Ensures data accuracy
and reliability.

Financial
Integration
Committee

e

Manages financial
aspects and reporting.

Regulatory
Forum

e

Addresses regulatory
compliance and
policy.

Secretariat

e

Provides
administrative support
and DOl management.

The Institutional Governance Council (IGC) operates as a multi-stakeholder

oversight mechanism, balancing authority among verification experts,

financial actors, regulators, and civil institutions.

It ensures that SFA evolves as a distributed governance system, not a

centralized control model.

4. Procedural Mandate

The Council shall convene annually to review:

B Verification alighment with GRI / IFRS / COSO standards;



B Financial licensing and usage transparency;

B Policy harmonization with OECD, UNDP, and MAS;

B Governance amendments, subject to public DOI disclosure.

Amendments require a two-thirds majority vote and must be registered

under a new DOl identifier within 30 days.

This ensures that every evolution of the SFA framework remains publicly

visible and permanently traceable.

5. Data Ethics and Sovereignty

B Verified data under NTCC x SFA constitute public-trust assets, not

private property.

B Data sovereignty follows local regulatory law (Singapore, Taiwan,

OECD jurisdictions).

Personal data must be anonymized prior to verification.

Institutional data handling must comply with GDPR, PDPA, and ISO

27701.

This guarantees that behavioral data—once verified—becomes a legitimate

foundation for global sustainability credit systems.

6. Accountability Framework

Accountability |Responsible |Disclosure
Publication Mode
Dimension Entity Frequency
Verification Verification
Quarterly DOIl-based report
Accuracy Committee
Financial Financial
Semiannual |ESG disclosure
Integration Committee
Regulatory Intergovernmental
Policy Alighment Annual
Forum communiqué




Accountability |Responsible |Disclosure
Publication Mode

Dimension Entity Frequency
Public

Secretariat Continuous |www.emj.life/governance
Transparency
Cross-
Institutional IGC Annual Charter Addendum
Ethics

Each report generated under this framework is DOI-registered and publicly
accessible, ensuring that institutional trust can be measured, monitored,

and reverified.

7. Jurisdiction and Enforcement

Primary Enforcement Body: Institutional Governance Council (IGC)
Secondary Oversight: UNDP Global Centre, OECD ESG Platform
Legal Jurisdiction: Singapore (EMJ.LIFE Holdings Pte. Ltd.)

Dispute Resolution: Singapore International Arbitration Centre
(SIAC)
B Amendment Disclosure: All modifications must be published via DOI

within 30 days.

This ensures that governance is not symbolic—it is enforceable.

8. Institutional Oath

“We, the signatories and custodians of this architecture, affirm that the
measure of sustainability is not the claim of good intentions, but the proof of
verified behavior. We hold that data must serve truth, that verification must

serve trust, and that governance must serve all.”

9. Charter Endorsement

This Prefatory Charter precedes all chapters and appendices of the white

paper. It binds the subsequent sections—conceptual, methodological, and



financial— to a shared code of institutional ethics, verifiability, and global

interoperability.

Itis issued under: EMJ LIFE Holdings Pte. Ltd. (Singapore) on behalf of the
global community of verifiers, regulators, and participants advancing the
principles of Behavioral Finance for Institutional Trust.
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Chapter 1: The Collapse of Green Finance

Narratives

The first chapter exposes the structural weaknesses behind contemporary green

finance.

While ESG and sustainability finance claim to restore trust, their mechanisms

remain report-driven rather than behavior-verified.

Market-based carbon systems have evolved into speculative instruments

detached from ecological integrity.

The problem is not the absence of metrics but the measurement of the wrong

ones—self-declared commitments rather than auditable actions.

As aresult, the green economy faces a paradox: increasing financial liquidity but

declining institutional credibility.

This chapter frames the central question that drives the rest of the white paper—
how can sustainability finance be rebuilt on a foundation of verifiable trust rather

than rhetorical compliance?



1.1 The lllusion of ESG Integrity

The current architecture of environmental, social, and governance (ESG) finance

is built upon a paradox.
It aspires to measure integrity yet depends on declarations.

Most ESG mechanisms rely on voluntary disclosures, self-reported metrics, and
narrative-driven sustainability reports that rarely withstand independent

verification.

Green bonds and sustainability-linked loans promise accountability but

frequently outsource it to rating agencies with conflicting incentives.

The result is an ecosystem of “compliant opacity” — transparent in form,

unverifiable in substance.

As financial products multiply, the evidentiary foundation of sustainability

weakens.

The illusion of integrity sustains capital flows but erodes collective trust, creating

a widening gap between what is financed and what is truly sustainable.
This section dismantles that illusion and sets the stage for redefining credibility

through verifiable behavior rather than performative disclosure.

1.2 The Market Limits of Carbon Trading

Carbon trading was originally conceived as a pragmatic bridge between

environmental responsibility and economic efficiency.

However, over time, the mechanism has drifted from its ethical foundation into a

speculative ecosystem driven by financial arbitrage.

Tradable carbon credits—intended to price externalities—now behave like

derivatives, detached from the physical emissions they represent.

Complex offset schemes allow corporations to purchase virtue instead of
transforming operations, while intermediaries profit from the volatility of

compliance markets.



As verification standards remain fragmented and inconsistent across

jurisdictions, the credibility of “carbon value” diminishes.

What was meant to internalize environmental cost has become a new layer of

financial opacity.

This section argues that sustainability cannot be securitized without trust; and
that markets, when detached from verifiable action, inevitably monetize

appearance over substance.

1.3 The Real Problem: Measuring Declarations, Not

Behaviors
At the heart of today’s ESG paradox lies a measurement failure:
we evaluate intent rather than impact.

Corporate sustainability frameworks reward those who communicate well, not

those who transform effectively.

Billions in capital flow each year into ESG-branded portfolios based on disclosed
commitments—documents filled with metrics that describe aspiration but omit

verification.

In this system, language becomes currency and compliance becomes theatre.
The absence of behavioral validation creates a structural blind spot:
institutions cannot distinguish genuine transition from strategic performance.
As aresult, the very act of reporting often substitutes for the act of changing.

This section contends that unless sustainability metrics evolve from declarative
to verifiable—anchored in observable human and organizational behavior—the
green finance movement will continue to recycle credibility faster than it

generates trust.



Chapter 2: From Carbon Rights to Trust Rights

This chapter redefines the unit of sustainability. Instead of carbon as a tradable
commodity, NTCC (Non-Tradable Carbon Credit) introduces trust as an

institutional asset.

By transforming verified participation into a measurable, non-speculative credit,

NTCC converts behavior into a financial signal.

This evolution represents a shift from capital credit—based on collateral—to
behavioral credit—based on verified impact. In doing so, NTCC embodies a post-

carbon paradigm where the right to be trusted replaces the right to trade.

The chapter establishes the philosophical and quantitative logic of NTCC: one
verified ton of CO,e reduction equals one behavioral credit unit, bridging human

action with financial recognition.

2.1 Redefining the Unit of Sustainability

The transition from carbon rights to trust rights marks a paradigm shift in the

logic of sustainability.

Carbon, as a measurable physical entity, once provided a convenient common

denominator for environmental accounting.

Yet its very quantifiability made it vulnerable to financialization—turned into a
tradable commodity detached from the moral and participatory essence of

climate responsibility.

NTCC (Non-Tradable Carbon Credit) redefines the core unit of sustainability not

as tons of carbon reduced, but as verified acts of contribution.

Each NTCC encapsulates a traceable, auditable behavior that reduces or offsets
emissions in measurable, time-stamped form. It is not a right to trade, but a right

to be trusted—a digital certificate of verified participation.

By re-centering sustainability around integrity rather than liquidity, NTCC
transforms climate action from a speculative marketplace into a verifiable

commons.



2.2 Trust as the New Credit

Finance has long relied on collateralized promises—credit secured by assets,

not by actions.
In the era of sustainability, this foundation no longer suffices.

The global transition toward low-carbon economies requires a parallel transition

in the definition of credit itself.
Trust, rather than capital, becomes the ultimate form of collateral.

NTCC operationalizes this idea by transforming verified behavior into

measurable creditworthiness.

Each NTCC serves as an auditable unit of integrity, linking human or

organizational action to quantifiable environmental outcomes.

In this system, Creditis no longer derived from possession, but from

participation; not from leverage, but from legitimacy.

When trust becomes quantifiable, finance regains its moral architecture—

aligning economic circulation with behavioral accountability.

This marks the emergence of a new financial syntax: Trust as Capital.

2.3 Institutional Logic of NTCC

The institutional logic of NTCC is built upon a simple but transformative

sequence: Behavior » Verification > Trust » Financial Adoption.

This four-stage cycle converts human or organizational action into a measurable

financial variable without commodifying morality.
First, Behavior is recorded through verifiable participation events.

Second, Verification anchors these records within timestamped audit trails

validated by accredited verifiers.

Third, Trust is quantified through non-tradable credit units—NTCCs—that

accumulate as evidence of impact.



Finally, Financial Adoption occurs when verified trust data is licensed or

integrated into financial products, ESG credit models, or policy instruments.

Unlike carbon credits, NTCCs cannot be traded or speculated upon; their value

arises solely from recognition, not exchange.

Thus, NTCC establishes a new institutional grammar for sustainability—where

credibility itself becomes a measurable asset.

Chapter 3: The Architecture of Sustainable
Finance (SFA)

The third chapter introduces the Sustainable Finance Architecture (SFA) as a
multi-sovereign trust infrastructure. Its four-layer model—Behavior, Trust,
Finance, and Governance—translates verified participation into financial and

regulatory interoperability.

SFA is not a financial product but a protocol of integrity. It defines how actions
are captured at the behavioral layer, certified within the trust layer, monetized at

the financial layer, and legitimized through the governance layer.

This framework aligns with global audit standards (GRI, IFRS, COSO) while

remaining modular enough to be adopted across jurisdictions.

The chapter concludes that the evolution of finance now depends less on market
innovation and more on institutional syntax—the grammar through which trust

becomes measurable.

3.1 Conceptual Overview

The Sustainable Finance Architecture (SFA) reimagines the financial system as a
multi-sovereign trust infrastructure—a structure capable of verifying, translating,

and governing sustainability data across borders.

Where traditional finance depends on legal contracts and market transactions,

SFA relies on verified behaviors and interoperable trust records.

Its primary purpose is to transform the credibility of actions into a new class of



financial asset—trust-backed sustainability credits.

Rather than competing with existing financial systems, SFA functions as their

integrity layer, ensuring that capital circulation aligns with measurable impact.

Through the integration of NTCC as a behavioral unit and PADV as a participatory
logic, SFA provides a unifying framework that connects citizens, enterprises,

auditors, and regulators under a single verification syntax.

In essence, it transforms sustainability from a narrative of intention into an

architecture of accountability.

3.2 The Four-Layer Model

The Sustainable Finance Architecture is composed of four interconnected
layers—Behavior, Trust, Finance, and Governance—each serving a distinct

institutional function yet forming a continuous verification chain.

Together, they convert sustainability from voluntary participation into auditable

infrastructure.

Layer Definition Institutional Function

Records and validates
Operates through PADV modules that
Behavior |actions taken by
capture participation data and
Layer individuals, enterprises,
quantify environmental impact.
and communities.

Transforms verified
Establishes an immutable ledger of
actions into NTCC units
Trust Layer verified behavior serving as the
as non-tradable,
foundation for ESG data assurance.
timestamped credits.

Integrates NTCC-based Enables banks, funds, and insurers to

Finance |trust datainto financial license verified behavioral data for
Layer products and reporting green lending, impact investing, and
systems. ESG-linked instruments.




Layer Definition Institutional Function

Aligns institutional accountability
Embeds verification
with global frameworks such as

UNDP SDG Impact, OECD ESG

Governance (|standards within national

Layer and international policy
Taxonomy, and MAS Green Finance
ecosystems.
standards.

The four-layer model ensures that every sustainable action can ascend from

behavioral evidence to financial recognition and ultimately to policy integration.

It converts trust into an institutional asset, measurable, transferable in

credibility, and governable across jurisdictions.

3.3 Design Principle

The design principle of the Sustainable Finance Architecture rests on one

foundational idea: finance must serve as an extension of verified trust.

Unlike financial technologies that prioritize speed, scale, or yield, SFA prioritizes
verifiability—the ability of systems to prove that sustainability actions have

genuinely occurred.

It does not replace existing financial systems; it fortifies them by embedding an

Integrity Layer between behavior and capital.

This layer ensures that every flow of funds can be traced back to a verified act of

participation, not merely a declared intention.

SFA’s modular design allows integration with multiple jurisdictions, enabling

alignment across legal, technological, and audit frameworks.

Its philosophical stance is clear: markets can only be sustainable when

credibility becomes a measurable asset.

Through NTCC and PADV, SFA redefines the very architecture of finance—not as

an engine of speculation, but as a governance protocol for trust.
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Chapter 4: PADV x SFA: Behavioral Finance as

Infrastructure

Chapter Four demonstrates how PADV (Participation-Action-Data-Value)

provides the behavioral logic that powers SFA.

Each verified action generates data that, once DOIl-anchored, becomes an
auditable record of participation. This process converts sustainability behavior

into institutional evidence.

By aligning PADV'’s four rings with SFA’s four layers, the model constructs a

seamless pipeline from citizen or corporate engagement to policy-ready data.

The chapter argues that data is not a record of the past but a proof of integrity—

the essential prerequisite for turning sustainability into finance.

In this structure, PADV acts as the operational core, while SFA provides the
institutional frame for circulation and governance.

4.1 Integration Logic

At the core of SFA lies the behavioral logic of PADV — Participation, Action,

Data, and Value.

While NTCC provides the measurable unit of trust, PADV provides the

operational syntax through which that trust is generated, verified, and circulated.

Every verified action begins as participation — a voluntary engagement recorded

through digital missions or institutional programs.

That participation becomes action when linked to quantifiable environmental or

social outcomes.

Each action is then converted into data, verified through timestamped audit

chains, and anchored with a DOl record to guarantee persistence.

Finally, value emerges when this verified data is adopted by financial institutions,

policy systems, or reporting frameworks.



Through this sequence, PADV transforms human behavior into a structured data
economy — a process where sustainability is no longer symbolic but algorithmic,

measurable, and interoperable across governance layers.

4.2 Data as Institutional Evidence

Data becomes institutional only when it transcends description and enters

verification.

In the context of SFA, information is no longer passive documentation but a proof

of conduct—a traceable artifact of verified participation.

Each NTCC record embeds both behavioral metadata and contextual variables,
allowing auditors, regulators, and financial institutions to reconstruct the how,

when, and why behind sustainability actions.

By assigning DOI registration and timestamped verification to every dataset, SFA
transforms data into durable institutional evidence—publicly referable,

technically immutable, and legally auditable.

This evidentiary layer resolves the credibility gap that has long undermined ESG

reporting, replacing narrative compliance with empirical accountability.

In doing so, data ceases to be the language of reports and becomes the syntax of
governance—where every verified behavior contributes to the grammar of

institutional trust.

4.3 Mapping PADV to SFA

The PADV methodology and the Sustainable Finance Architecture (SFA) are

interlocked systems.

PADV defines how behaviors are generated, verified, and expressed; SFA defines

where those verified behaviors are institutionalized.

Together, they create a closed feedback loop in which participation becomes

measurable trust, and trust becomes convertible value.



PADV Layer || SFA Function |[Systemic Meaning

Behavior |[The initiation point where engagement is
Participation
Layer recorded as the minimum unit of sustainability.

Verified participation transformed into

Action Trust Layer
measurable impact through NTCC units.
Behavioral data validated, timestamped, and

Data Finance Layer||made interoperable for financial and regulatory
use.
Verified outcomes adopted by markets,
Governance
Value L institutions, and policies as measurable trust
ayer

assets.

This mapping ensures vertical continuity between behavioral input and

institutional output.

It transforms sustainability participation from an act of goodwill into an element
of economic infrastructure, allowing every verified action to circulate as an

auditable component within the global trust economy.

4.4 Compliance Alignment

The Sustainable Finance Architecture (SFA) is designed not as an alternative to

existing standards, but as a connective tissue among them.

Its verification logic aligns with major international frameworks such as GRI 305
(Emissions), IFRS S2 (Climate-related Disclosures), and the COSO Internal

Control Framework for ESG Reporting.

By embedding NTCC-based behavioral data within these structures, SFA enables
transparent, audit-ready disclosures that reflect actual participation rather than

post-fact declarations.

The PADV verification chain provides cross-referencing capability between

corporate ESG data and verified individual or community actions, allowing for



multi-source validation of sustainability claims.

This alignment ensures that every NTCC unit can be recognized within the
assurance logic of global reporting systems—turning behavioral data into a

standardized audit artifact.

In doing so, SFA harmonizes the moralintent of sustainability with the procedural

rigor of finance and governance.

Chapter 5: Mechanics of the Trust Engine

The fifth chapter unveils the mathematical and procedural mechanism of the
Trust Engine—the system that quantifies verified behaviors into ESG credit

Scores.

Each NTCC contributes to a composite ESG credit formula weighted by
certification rigor, time decay, and behavioral diversity. Together, these
parameters ensure that sustainability credits are both measurable and resistant

to manipulation.

The Trust Engine integrates timestamped verification flows from ARES, SGS, BSI,
and DNV, establishing audit-grade traceability.

The chapter further introduces a licensing framework for financial institutions,
allowing ESG data to be accessed via a Verified-Data-as-a-Service (vDaaS)

model.

This transforms sustainability data from a compliance cost into a revenue-
generating infrastructure for verifiable lending, insurance, and capital allocation.
5.1 Core Formula

At the heart of SFA lies the Trust Engine, a quantitative mechanism that converts

verified behaviors into measurable ESG credit values.

It functions as the arithmetic of integrity—a transparent formula that aligns

behavioral evidence with financial logic.



ESG Credit Score
= ) (NTCC x Certification Weight X Time Decay Factor

X Behavioral Diversity Index)

Each verified NTCC represents one unit of behavioral impact measured in tons of

CO.,e reduction or equivalent action.

The Certification Weight reflects the assurance level of the verifying institution

(e.g., D&B, SGS, BSI, DNV).

The Time Decay Factor adjusts for recency, prioritizing continuous engagement

over isolated effort.

The Behavioral Diversity Index (BDI) rewards multidimensional participation—

education, reduction, offset, and advocacy.

Together, these parameters form a dynamic scoring engine that values

consistency, accountability, and diversity of sustainable behaviors.

Unlike conventional ESG ratings that rely on narrative indicators, the Trust Engine
produces auditable numbers grounded in verifiable human and organizational

action.

5.2 Behavioral Diversity Index (BDI)

The Behavioral Diversity Index (BDI) measures the breadth and balance of

verified sustainability behaviors contributing to a participant’s ESG credit score.

Whereas traditional systems reward volume—how much carbon is reduced—the
BDI rewards versatility—how comprehensively an entity contributes to

sustainability transformation.

The index is calculated as a weighted composite across four behavioral

dimensions:

1. Education and Awareness (E): verified participation in learning or
advocacy programs.
2. Reduction and Efficiency (R): measurable reduction in emissions,

waste, or resource COI"ISUI’T'IptiOI"I.



3. Offset and Restoration (O): verified contributions to compensatory or
regenerative projects.
4. Collaboration and Governance (C): participation in cross-sectoral

initiatives or institutional frameworks.

E“+RF +0Y +C°

BDI =
4

Each exponent (a-0) adjusts for the maturity and systemic importance of each

category.

By valuing behavioral diversity, the Trust Engine discourages monocultural

compliance and promotes holistic sustainability practices.

A diversified behavioral profile indicates resilience—an organization or individual

capable of sustained, multi-domain impact.

5.3 Verification & Timestamp Chain
Verification is the moral backbone and technical foundation of the Trust Engine.

Without verification, sustainability data remains anecdotal; with verification, it

becomes auditable evidence.

The Verification & Timestamp Chain (VTC) provides the procedural structure

through which each NTCC unit is validated, recorded, and rendered immutable.
The process unfolds in four key stages:

1. Behavior Capture: Actions are documented through PADV-linked
mission modules or verified event logs.

2. Third-Party Validation: Accredited verifiers—such as ARES, SGS, BSI,
and DNV—authenticate the data, applying certification weights
reflecting assurance rigor.

3. Timestamping and Encryption: Each verified dataset is sealed with a
digital signature and time hash to ensure chronological integrity and
prevent retroactive alteration.

4. DOI Anchoring: Finalized verification reports are registered with a DOI,

establishing permanent reference within global scholarly and regulatory



databases.
This chain transforms behavioral data into verifiable institutional memory.

Every NTCC becomes not only a unit of credit but also a record of truth—a
timestamped proof of participation capable of surviving political, corporate, and

temporal boundaries.

5.4 Licensing Model for Financial Institutions

The final operational layer of the Trust Engine is the Licensing Model, which
governs how verified NTCC data is accessed, distributed, and monetized by

financial institutions.

Rather than trading carbon credits or purchasing offsets, banks and funds obtain
data licenses that grant permission to reference verified behavioral datasets

within their ESG credit, risk, and portfolio models.

This framework, referred to as Verified ESG Data-as-a-Service (vDaa$S),
introduces a recurring revenue model that aligns data integrity with financial

utility.
Licensing fees are calculated according to a simple principle:
Fee = Loan Amount X 0.5% X Usage Rate

The usage rate reflects how extensively NTCC data informs financial decision-

making—loan underwriting, bond issuance, or insurance pricing.

This approach replaces speculative trading with contractual trust: institutions no

longer buy emissions, they license credibility.

Through this model, verified sustainability behavior gains liquidity without
commodification, turning integrity itself into a marketable asset class

compatible with audit, governance, and policy systems.



Chapter 6: Financialization of Trust

Chapter Six explores how verified behavioral data evolves into financial

instruments.

NTCC enables green lending, behavior-linked insurance, and stable credit
tokens such as ESG-USD or Carbon SGD—each backed by measurable trust

rather than market speculation.

By embedding verifiable NTCC datasets within financial models, institutions can

recalibrate risk and return with unprecedented accuracy.

This chapter conceptualizes Trust as Capital: an asset class where transparency

itself yields financial value.

It argues that the future of sustainable finance lies not in new investment
products but in new verification protocols that allow capital to flow toward

integrity rather than opacity.
6.1 Turning Verified Behavior into Financial Assets

The financialization of trust begins when verified behavior acquires liquidity.

Through the NTCC framework, every unit of verifiable action becomes a

measurable form of credit—an intangible yet auditable financial primitive.

This process transforms behavioral data from an ethical record into a

monetizable infrastructure for sustainable lending, investment, and insurance.

When banks integrate NTCC datasets into their ESG credit models, the verified
participation of individuals or enterprises enhances portfolio integrity and lowers

informational asymmetry.

For asset managers, verified behavioral data provides an additional layer of due

diligence, reducing greenwashing risk and strengthening investor confidence.

In insurance markets, the same data supports underwriting models that reward

proactive, verifiable sustainability practices.



Thus, verified trust does not merely symbolize moral compliance—it becomes a
functional asset, tradable not as speculation, but as confidence embedded

within financial contracts.

6.2 Trust-Backed Instruments

The next evolution of sustainable finance lies in the creation of trust-backed
instruments—financial products collateralized not by carbon offsets or

speculative tokens, but by verified human and organizational behavior.

Each NTCC unit represents a quantifiable, timestamped record of sustainable
action; when aggregated, these verified behaviors form the credit base for new

categories of financial assets.
Three major application models emerge under SFA:
1. Green-Linked Loans:
Banks integrate NTCC-verified data as a credit enhancer.

Borrowers demonstrating consistent, verifiable sustainability actions
receive preferential interest rates, effectively converting behavioral

integrity into lower capital cost.
2. Sustainability-Linked Bonds:
Issuers embed NTCC disclosure clauses into bond frameworks.

Coupon adjustments or redemption bonuses are triggered by verified
participation outcomes, replacing self-declared ESG metrics with

objective behavioral data.
3. ESG-Stable Tokens (e.g., ESG-USD / Carbon-SGD):
Digital assets pegged not to fiat reserves but to verified NTCC pools.

Each token represents a weighted share of validated sustainability
actions, creating a trust-indexed digital currency compatible with green

finance and central bank oversight.



In all three models, the collateral is not emission reduction per se, but

institutional credibility.

This transforms trust from an abstract ethical concept into a measurable
reserve—a unit of value recognized simultaneously by markets, auditors, and

regulators.

6.3 Liquidity and Governance of Verified Trust

For verified trust to function as a financial resource, it must achieve both

liquidity and governability.

Liquidity ensures that verified NTCC data can circulate among banks, investors,

and insurers without compromising authenticity.

Governance ensures that this circulation does not devolve into speculation or

moral arbitrage.

1. Liquidity Mechanism
® Under the SFA model, liquidity is achieved through licensed data
interoperability rather than market trading.
® FEach NTCC dataset is tokenized with unique identifiers, allowing it to be
referenced across financial systems while remaining non-fungible.
® Data exchange occurs through secure APls governed by institutional
agreements, ensuring that trust flows between verified entities—never
through open speculation.
2. Governance Mechanism
Governance is maintained through a tri-layer oversight structure:
® Verification Governance: accreditation of verifiers and periodic audits
of verification quality.
® Financial Governance: supervision of data licensing, usage rate, and
monetary equivalence under central or regulatory authority.
® Ethical Governance: independent review boards ensuring that trust

data cannot be weaponized, mispriced, or extracted without consent.

Together, these mechanisms form a Trust Circulation Protocol—a framework

ensuring that every unit of verified credibility remains auditable, attributable, and

w



institutionally owned.

Liquidity becomes a function of governance, not speculation;

value arises from credibility, not scarcity.

Chapter 7: Institutional Adoption and Global

Integration

This chapter maps the pathway for global adoption of NTCC x SFA.

From pilot implementations under SDGS PASS (Tier 2.5) to audit integration with
Big 4 and ARES (Tier 3), the framework progresses toward policy synchronization
with UNDP, OECD, and MAS (Tier 4) and eventual international codification (Tier
5).

NTCC x SFA functions as a universal translator between local behavioral data

and global financial standards.

The model thus transforms sustainability verification into a shared governance

system—a distributed architecture of trust across borders.

The chapter concludes that institutional adoption is not merely a matter of
compliance but of civilization design: defining how societies choose to recognize

verified good.

7.1 Policy Convergence and Institutional Alighment

The legitimacy of any financial architecture depends on its ability to align with

established policy frameworks.

The Sustainable Finance Architecture (SFA) achieves this alignment through
institutional convergence—a method of synchronizing behavioral verification

systems with existing global sustainability standards.
At the intergovernmental level, SFA maps directly onto four key frameworks:
1. UNDP SDG Impact Standards

NTCC and PADV data supply verifiable, micro-level evidence for SDG-



linked financing, bridging the gap between community participation and

institutional reporting.

This integration enables UNDP-aligned projects to quantify behavioral

outcomes without relying solely on qualitative assessments.
2. OECD ESG Taxonomy and Policy Toolkit

SFA provides an interoperable data layer for OECD’s sustainability
metrics, allowing NTCC-based actions to be recognized as measurable

ESG inputs across member states.
3. Monetary Authority of Singapore (MAS) - Green Finance Standards

Under MAS governance, SFA can be deployed as a verifiable data
infrastructure supporting sustainability-linked lending, insurance, and

impact verification in regulated markets.
4. European Union Sustainable Finance Taxonomy

Through compliance mapping, SFA aligns NTCC data categories with EU
disclosure obligations (CSRD, SFDR), making behavioral trust data

admissible in financial reporting.

By aligning across these frameworks, SFA functions as a multi-sovereign
verification backbone—a shared trust infrastructure connecting the moral

objectives of sustainability with the procedural rigor of financial governance.

It transforms ESG alignment from a reporting exercise into a policy instrument—
where verified participation becomes the foundation of cross-border credibility.
7.2 Tiered Institutional Adoption Pathway

The Sustainable Finance Architecture (SFA) evolves through a structured, tiered

adoption pathway designed to preserve both scalability and integrity.

Each tier represents a distinct stage of institutional recognition, moving from

experimental verification to systemic policy integration.

Tier 2.5 — Pre-Institutional Validation

At this preparatory stage, the NTCC x PADV mechanism undergoes controlled



testing with verification bodies (e.g., D&B, SGS, BSI, DNV).

The objective is to confirm technical interoperability, ensure audit traceability,

and refine assurance methodologies prior to financial deployment.

Tier 3— Financial Adoption
Financial institutions begin to integrate verified NTCC data into ESG credit

scoring, green lending, and bond assurance.

At this stage, trust becomes monetizable through licensed usage models

(vDaaS), establishing market utility without commodification.

Tier 4 — Policy Integration
Governments and regulatory agencies adopt SFA verification standards as

references for national sustainability reporting or incentive schemes.

This includes alignment with SDG-linked budgets, carbon accounting

mechanisms, and green taxonomy compliance requirements.

Tier 5— Global Standardization
SFA principles are embedded within intergovernmental agreements, trade

frameworks, or multilateral financing mechanisms.

At this apex, verified behavioral data achieves cross-sovereign legitimacy,

functioning as the trust backbone of global sustainability finance.

This tiered evolution ensures that SFA matures not through speculation but

through governance.

Each transition—from verification to monetization to policy—reinforces
institutional accountability, building a universal language of trust measurable

across borders.

7.3 Cross-Border Verification Governance

In an era of fragmented regulations and divergent ESG standards, cross-border

verification governance becomes essential to institutional trust.

The Sustainable Finance Architecture (SFA) introduces a governance mechanism

that ensures verified data retains legitimacy and interoperability across



jurisdictions without undermining local sovereignty.
The model operates through three interdependent layers:
1. Accreditation Layer (Local Verification)

Nationally accredited verifiers—such as ARES in Taiwan or SGS in

Singapore—conduct field-level verification and data validation.

Their outputs are standardized through the NTCC schema, ensuring that

each behavioral record conforms to globally consistent data syntax.
2. Registry Layer (Regional Oversight)

Regional data registries—operating under joint governance agreements—

store, timestamp, and DOI-anchor verified datasets.

These registries serve as neutral trust repositories, providing traceability

and permanence without centralizing control.
3. Assurance Layer (Global Coordination)

At the global level, intergovernmental institutions and recognized
assurance bodies (e.g., UNDP, OECD, ISO, Big 4 audit firms) perform
meta-audits of verification quality, ensuring equivalence of standards and

mutual recognition across verification ecosystems.

Through this layered structure, SFA transforms sustainability assurance into a
federated governance system—where verification is locally performed but

globally trusted.

Such a design ensures that data sovereignty and institutional credibility coexist,
allowing verified trust to move freely while remaining accountable to every

jurisdiction it touches.

7.4 Toward Co-Governance of Trust Systems

The future of sustainable finance depends not merely on technology or
regulation, but on the emergence of trust co-governance—a model where

verification, finance, and policy operate as a shared ecosystem.



Under the Sustainable Finance Architecture (SFA), this co-governance paradigm
transforms sustainability from a compliance framework into a collective

stewardship of institutional credibility.
1. From Verification to Stewardship

Traditional verification treats sustainability as an audit exercise—a post-event

confirmation of claims.

SFA reframes verification as stewardship, where verifiers, regulators, and

participants co-manage the integrity of behavioral data in real time.

This continuous assurance approach creates an ecosystem of mutual
accountability, where every verified action contributes to the overall resilience of

the system.
2. Multi-Stakeholder Governance
Co-governance requires shared ownership among four domains:

® Public Sector: sets the policy direction and ensures regulatory
alignment.

® Private Finance: operationalizes trust data into credit, lending, and
investment mechanisms.

® Verification Ecosystem: safeguards technical validity and
methodological rigor.

® Civic and Academic Networks: uphold transparency, social legitimacy,

and long-term ethical oversight.

Together, these actors form what SFA defines as a Trust Governance
Quadrant—a structural model for balancing accountability, inclusion, and

innovation.
3. Institutional Implications

When co-governance is achieved, trust ceases to be a proprietary asset and

becomes a public infrastructure of credibility.

The NTCC x SFA model thus evolves into a living system of governance—

distributed, participatory, and verifiable—where no single entity owns the truth,



but all contribute to its continuous verification.

Chapter 8: Beyond Finance: Toward Institutional
Civilization
The closing chapter expands the discussion from finance to civilization.

When actions become verifiable and trust becomes quantifiable, institutions

evolve into moral architectures.

NTCC x SFA symbolizes this transition—from transactional economics to

participatory governance.

Finance ceases to be a competition for yield and becomes a coordination of

integrity.

EMJ.LIFE’s institutional vision is to shift from system creation to standard

provision: to design the syntax through which trust circulates as capital.

The chapter concludes with the central thesis of the white paper: NTCC x SFA =
Trust as Capital > Capital as Institution > Institution as Civilization.

8.1 From Capital to Credibility

The twenty-first century marks a profound shift in what societies value.

Where the industrial age was built upon the accumulation of capital, the

institutional age will be defined by the circulation of credibility.

Finance, once the arbiter of value, now depends on the verifiability of human and

organizational behavior.

This transformation signals the decline of resource-based wealth and the rise of

trust-based prosperity.

In such an economy, power is not held by those who own assets, but by those

whose actions can be proven to generate positive systemic impact.

The NTCC x SFA framework embodies this shift—replacing the scarcity logic of

finance with the accountability logic of governance.



Its premise is simple yet radical:
“Wealth will belong to those whose integrity is measurable.”

As societies evolve beyond monetary systems into data-governed ecosystems,

credibility becomes the ultimate currency of civilization.

This is not a utopian ideal, but a necessary adaptation—a recognition that the
sustainability of markets and the continuity of governance depend on

measurable trust, not infinite growth.

The institutional civilization envisioned by SFA is thus one where finance, law,

and ethics converge into a shared verification syntax.

Capital will persist, but it will no longer rule; credibility will—not as ideology, but
as infrastructure.

8.2 The Civilization of Verification

Every civilization has been defined by what it can verify.

In the agrarian era, verification meant visible labor—land tilled, crops harvested.
In the industrial era, it meant measurable production—steel, energy, capital

output.

In the digital era, verification shifted to data—what could be counted, recorded,
and stored. Now, as the sustainability era dawns, verification must evolve once
more—to encompass not just whatis done, but why it is done, and how it

sustains trust.
The Civilization of Verification is built upon three institutional revolutions:

1. From Compliance to Accountability — actions are no longer proven by

paperwork but by transparent, timestamped participation.

2. From Ownership to Stewardship — wealth transitions from possession to

responsibility, measured not by control but by contribution.

3. From Narratives to Evidence - institutions gain legitimacy not through

rhetoric, but through verifiable proof of impact.



In this civilization, verification is not surveillance—it is a shared social contract

of credibility.

To verify is to trust collectively; to be verified is to participate in the moral

infrastructure of society.

The NTCC x SFA framework provides the grammar of this new civilization: each
verified act becomes a word in the global language of trust, each audit trail a

sentence in the shared chronicle of accountability.

When verification transcends administration and becomes culture, humanity
enters an era where integrity itself is the infrastructure of progress.

8.3 Redefining the Purpose of Finance

Finance was never meant to be an end—it was designed to be an instrument of

coordination.

Yet over time, it became self-referential: money generating more money, systems

rewarding speed over substance.

The true purpose of finance, in its institutional essence, is not accumulation but

alignment—to channel collective behavior toward shared value.

Under the Sustainable Finance Architecture (SFA), finance reclaims this original

purpose.
It ceases to be the marketplace of capital and becomes the architecture of trust.

Through NTCC-verified data, financial flows are no longer abstract; they are

tethered to measurable human and ecological outcomes.
Credit, once a promise of repayment, becomes a record of responsibility.

Investment, once speculation on profit, becomes participation in systemic

repair.

This redefinition reframes finance as the circulatory system of civilization: it
carries not liquidity alone, but legitimacy—ensuring that every transaction

strengthens the moral fabric of society.



Under this model, profitability and accountability are not opposites; they are
parallel forms of value creation, each validating the other through the shared

metric of verified impact.

When finance serves verification rather than volatility, it evolves from a
mechanism of exchange into a mechanism of meaning—a language through
which societies express what they truly value.

8.4 The Institutional Thesis

Every epoch leaves behind a thesis that defines its collective intelligence.
The industrial age taught humanity how to organize production.

The information age taught us how to organize knowledge.

The institutional age—now emerging—will teach us how to organize trust.
The Institutional Thesis can be stated simply:

Sustainability is not a belief system, but a verifiable system of behavior.

This thesis reframes governance as design, finance as verification, and

technology as the architecture of accountability.

Institutions are no longer static bureaucracies; they are evolving organisms—

systems that learn, record, and adapt through verified participation.

In this paradigm, NTCC represents more than a non-tradable carbon credit; itis

the first universal grammar of measurable trust.

SFA serves as the structural manifestation of that grammar—a financial and
policy syntax where human action is recorded not for compliance, but for

civilization itself.
The purpose of this architecture is neither control nor competition.

Itis continuity—ensuring that human progress does not depend on blind faith in

markets, but on the transparent verification of what we claim to value.

And thus, the age of Institutional Civilization begins—an era in which wealth is

not extracted but entrusted, power is not owned but shared, and truth is not



declared but proven.

Appendices: Institutional Reference Materials

Appendix A: NTCC x SFA System Architecture Diagram

This appendix presents the full structural map of the Sustainable Finance

Architecture.

The diagram visualizes the vertical linkage between the four layers—Behavior,

Trust, Finance, and Governance—and the PADV process cycle.

It demonstrates how verified participation data (NTCC) travels from the
behavioral source through verification chains into financial adoption and policy

recognition.

Each institutional node, timestamp, and audit checkpoint is identified to
illustrate the interoperability between private platforms, financial regulators, and

verification bodies.

1. Conceptual Framework
The NTCC x SFA System integrates three interlocking institutional layers that

together form the verifiable foundation of sustainable finance:

B Behavioral Layer (PADV): Captures verified human and organizational
actions contributing to sustainability.

B Credit Layer (NTCC): Converts verified actions into Non-Tradable
Carbon Credits, representing measurable trust rather than speculative
assets.

B Financial Governance Layer (SFA): Embeds NTCC-verified data into
financial systems, enabling credit scoring, green lending, and ESG-

linked instruments.

This multi-layer structure ensures that sustainability is not only reported, but
institutionally verified through cross-sector cooperation among corporations,

regulators, and verifiers.
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2. Layered Architecture Diagram Description

Governance Behavioral
Layer Financial Layer Credit Layer Layer
~
{H Adopts credit Integrates NTCC into Defines NTCC unit Drives value from
parameters finance participation
Key Function
v
i O Non-tradable, PADV = Participation
GRI 305, IFRS $2, Grgen Epnds, imestamped, - — Action — Data —
Standards/Use COSO, SDG Sustainability Loans t r:ecor[:‘.led DoI Act ValueD t
Cases
% UNDP MAS, FSC, Deloitte, PWC, EY, Lti’“ke‘é to PADV task- S?.'zrr;?edda;ittlri?:m
OECD KPMG, ARES, BSI ase rgf;tr'g'spat"’” participation
Oversight/Verification activities
3. Data Flow Summary
Output
Step||Source Entity Data Type Verification
Target
Public Participant/ |Behavioral Data
1 QR/DOI NTCC Ledger
Corporate Actor (PADV)
Verifier (ARES / SGS/ Time-stamped NTCC
2 Certification
BSI/ DNV) Sign-off Registry
Cross-layer Hash ||SFA
3 EMIJ.LIFE System Aggregation
Validation Database
Financial Institution / Regulatory Credit/ ESG
4 Usage Data
Auditor Alignment Report

Each data transition is cryptographically timestamped and linked to a DOI

reference, ensuring continuity of verifiability across institutional boundaries.



4. Institutional Function Mapping

Institutional
Layer Core Mechanism Primary Output
Role
Behavioral Public participation &
Data Generation Verified actions
(PADV) missions
Data Non-tradable carbon Verifiable trust
Credit (NTCC)
Tokenization credit unit score
Financial Credit, lending, Sustainable
Data Application
(SFA) insurance, tokenization ||financial products
Oversight & Policy adoption, audit |Institutional
Governance
Integration alignment legitimacy

Appendix B: ESG Credit Conversion Matrix

The ESG Credit Conversion Matrix defines the quantitative relationships within

the Trust Engine formula.

Itincludes certification weighting, time-decay factors, behavioral-diversity

indices, and credit-scoring coefficients.

This matrix standardizes how verified NTCC units are translated into measurable
ESG Credit Scores that can be adopted by banks, asset managers, and rating

agencies.

It provides sample calculations and normalization parameters to ensure
comparability across sectors and jurisdictions, supporting alignment with IFRS

S2 and GRI 305 disclosure frameworks.

1. Concept

The ESG Credit Conversion Matrix defines how verified NTCC data (non-tradable
behavioral carbon units) are translated into institutional ESG credit scores

applicable in lending, investment, and audit frameworks.

This matrix aligns behavioral participation with measurable trust metrics,



creating a common denominator for sustainability performance across

enterprises, institutions, and public programs.

2. Core Formula

n
ESG Credit Score = Z (NTCC; X W; X T; X V;)

i=1
Where:

NTCC;= Verified Non-Tradable Carbon Credit (unit tCO,e)

W;= Verification Weight (assigned by certification body, 0.5 - 1.5)
T;=Time Decay Coefficient (1 for current year, 0.9 for year -1, 0.8 for year
-2)

B V;=Value Adjustment Factor (policy or sector-specific, 0.8 - 1.2)

The result produces a composite ESG Credit Score that is verifiable, time-
sensitive, and sector-adjusted, enabling consistent application in credit risk

and sustainability assurance.

3. Conversion Bands

ESG
Credit |Institutional Grade |/Interpretation Audit Frequency
Range
Exemplary behavioral impact,
AAA (Sustainability Annual comprehensive
> 85 eligible for green loan
Leader) audit
premium
AA (Sustainability High impact & verified
70-84 Annual review
Performer) participation

Moderate impact with
55-69 ||A (Transitional Actor) Biannual review
potential improvement

40-54 ||B (Basic Complier) Limited verified action Targeted audit

<40 C (Laggard) Minimal or unverified behavior||Quarterly monitoring




This tiered structure allows SFA to integrate ESG trust scores directly into bank

credit algorithms and corporate risk weighting models.

4. Weight Matrix by Sector

Verification Value
Sector Category Example Industries
Weight (W) Factor (V)
Primary (Extraction / Mining, Forestry,
1.3 0.9
Agriculture) Fishing
Secondary Electronics,
1.2 1.0
(Manufacturing / Energy) [[Chemicals
Tertiary (Services / Finance, Retail,
1.0 1.0
Logistics) Transport
Quaternary (Knowledge /
ICT, Education, R&D ||0.8 1.1
Digital)
Health, Non-profit,
Quinary (Social / Public) 0.7 1.2
Governance

Sectoral weighting ensures fair comparison of ESG performance across

economic ecosystems.

5. Integration with Financial Applications

Use Case Mechanism of Adoption Expected Outcome
Green Loan NTCC-weighted ESG Credit Score |/Interest rate reduction
Portfolio used as collateral quality index (0.2-0.5%)

ESG Bond Credit conversion matrix Verified impact
Issuance embedded in disclosure template |reporting under IFRS S2
Insurance ESG Credit Score > premium Behavior-linked risk
Underwriting discount curve pricing

Investment Matrix used for impact fund Standardized




Use Case Mechanism of Adoption Expected Outcome

Screening eligibility comparative metric

Public Disclosure ||Score referenced in GRI 305 and Cross-jurisdiction report

/ Audit COSO section on assurance alignment

6. Institutional Compatibility

This matrix aligns structurally with:

GRI 305 (Emissions) & GRI 102 (Transparency)
IFRS S1/S2 (Sustainability Disclosure Standards)
COSO ERM (Control Environment for ESG Assurance)

OECD ESG Taxonomy for Sustainable Finance

Thus, the ESG Credit Conversion Matrix acts as a translational layer linking

behavioral data to recognized financial reporting standards.

Appendix C: Financial Licensing & Integration Flow

This appendix describes the operational flow for financial institutions adopting

NTCC data through the Sustainable Finance Architecture.

It outlines licensing procedures, API-based data access, and verification
checkpoints for compliance officers and auditors. The integration model
illustrates how ESG-linked loans, green bonds, and insurance products

incorporate NTCC metrics as credit enhancers.

It also details the fee structure (Loan Amount x 0.5% x Usage Rate) and
governance safeguards for maintaining data integrity under multi-sovereign

oversight.

1. Purpose and Scope
The Financial Licensing & Integration Flow defines how banks, insurers, asset
managers, and fintech operators integrate the NTCC x SFA framework within

existing ESG and risk-management systems.

It covers the entire lifecycle —from data licensing to financial product



deployment and regulatory alignment—ensuring that every use of NTCC data

remains verifiable, auditable, and ethically licensed.

Unintegrated ESG
Systems

Data usage lacks
verification

Financial

Licensing &

Integration

Secure verifiable
data access

2. Integration Lifecycle

Ethically deploy
financial products

Integrated ESG
Systems

Verifiable,
auditable, ethical
data

Ensure auditable
regulatory

compliance

Process Verification
Stage Key Actor Output
Name Mechanism
Financial MOU / DOI-
License Access token to
1 Institution © stamped
Acquisition NTCC registry
EMJ.LIFE Holdings |[lagreement
APl integration +
Data Bank ESG Dept/ Validated NTCC
2 checksum
Onboarding ||Verifier dataset
validation
Credit Model ||Risk Team + ESG Credit Matrix ||Integrated
3
Alignment Sustainability Unit ||mapping scoring module
Financial Cross-audit with
Product Dev / ESG loan/bond/
4 Product SFA licensing
Compliance token structure
Design terms
Regulatory IFRS S2 / GRI 305 |[Verified impact
5 Auditor / FSC / MAS
Filing disclosure report




Process Verification
Stage Key Actor Output
Name Mechanism
Renewal & Institution / Verifier |[Annual license Transparency
6
Governance ||Council review certificate

Each stage is timestamped and referenced under a DOI-linked license record,

ensuring institutional traceability.

3. Data Exchange Architecture

. Data is verified using
Qmﬂ] Behavioral Data QR/DOL.

Data is accessed via
API through EMJ.LIFE.

Data flows into the
EC;) Financial Database | financial layer

Ledger Registry E::Du

database.

Data is used by the .
bank's ESG engine. ESG Engine {@

& Data informs green
Green Products | loans, ESG tokens, and
insurance.

All transmissions employ SHA-256 checksum validation, ensuring data

immutability and cross-institutional audit readiness.



4. Licensing Pathway

Access Audit
License Tier |Eligible Entity Fee Structure
Mode Frequency
TierA— Accredited Full
Verifier Verification read/write Annual flatfee |[|Yearly review
License Bodies API
TierB— Banks / 0.5 % x loan
Data APl +
Financial Insurers / volume x usage ||Annual audit
Dashboard
License Funds rate
TierC —
ESG platforms /||SDK Transaction Quarterly
FinTech
token issuers |lintegration royalty 0.1 % compliance
Integration
Tier D — Public||Regulators / Open data Free / MOU
Annual review
Policy Access ||Academia portal basis

The licensing pathway ensures financial inclusion without compromising public

transparency.

5. Governance and Supervision

B Verifier Council Oversight : Joint body comprising Deloitte, KPMG, EY,

PwC, ARES, BSI to validate license compliance.

B DOIl-Linked Transparency Ledger : Every license event (purchase,

renewal, usage) is archived under a Crossref DOI record.

B Regulatory Alignment : Complies with MAS Green Finance Action Plan
and OECD ESG taxonomies.

B Ethical Clause : Data cannot be used for speculative carbon

derivatives or high-frequency arbitrage.

6. Expected Outcomes

B Financial institutions gain a verified ESG trust index embedded into risk

models.

B Regulators receive auditable proof of behavior-based credit allocation.



B Civil society benefits from transparent impact tracking and open-
access disclosures.
B The SFA ecosystem achieves continuous institutional feedback,

closing the loop between behavior, verification, and finance.

Appendix D: NTCC Verification Data Chain

This section explains the end-to-end verification process that underpins NTCC

credibility.

It documents the sequence from behavioral recording to DOI-anchored
publication, including verifier roles (ARES, SGS, BSI, DNV), digital signatures, and

blockchain-based timestamping.

Each stage ensures traceability, immutability, and auditability of ESG data
streams. The appendix positions the NTCC Verification Chain as a model for
future behavioral-data assurance systems capable of integrating with national

registries and global reporting networks.

1. Purpose
The NTCC Verification Data Chain establishes the standardized pathway through

which verified behavioral data flow from the PADV participation layer to the SFA

financial governance layer.

It provides institutional assurance that every NTCC unit (1 tCO,e behavioral
credit) can be traced, verified, and time-stamped without risk of duplication or

manipulation.



2. System Architecture Overview

SFA Financial Database
with API call to
Institutional Dashboard.

Qg’) Behavior Record

Verification by ARES,

SGS, BSI, or DNV with
digital signature and

validation hash.

PADV Behavior Record
with QR, Geo, and Time
metadata.

Verification Node @@

EDD Ledger Registry

NTCC Ledger Registry
with DOl assignment
and Crossref entry.

Financial Database

@:5 Audit & Disclosure

Audit and disclosure by
Big 4 firms or
regulators.

Each record passes through five cryptographic and institutional gates: [E§

Behavior capture

timestamp B Regulatory access.

B3 Verification signature

3. Data Verification Layers

E) Ledgerentry [ DOI

Layer|[Function Operator Proof Type Output
PADV App /
Data Raw behavior
L1 Activity QR + Device metadata
Generation data
Module
Verifiers
Verification & Certified
L2 (ARES, SGS, Digital signature (PGP 256)
Certification record
BSI, DNV)
L3 |Ledger EMJ.LIFE SHA-256 hash + UUID NTCC ledger




Layer|[Function Operator Proof Type Output
Registration Registry Node entry

L DOl Crossref APl ||DOI Permanent

4

Publication integration 10.64969/padv.ntcc.xxxxx ||public record
Audit Access &||Big 4/ ESG report

L5 Read-only APl key access
Use Regulators integration

This multi-layer verification ensures that NTCC units are non-duplicable and

cross-auditable across jurisdictions.

4. Timestamp Mechanism

Each NTCC record contains three immutable timestamps:

Timestamp Type Source Function

T, - Behavior Capture PADV mobile

) ' Confirms action occurrence
Time device

T, - Verification Seal Time ||Verifier server Confirms third-party validation

T, - DOI Publication Time |Crossref registry |[Confirms institutional archiving

All timestamps are synchronized to UTC via NTP servers and embedded within

the NTCC ledger hash.

5. Verification Node Consensus

NTCC validation uses a multi-node consensus model:

B Minimum of 2 verifier signatures required per batch.
B Discrepancies > 0.05 tCO,e trigger automated review.

B Finalledger entries sealed only after consensus approval.

This hybrid consensus mechanism combines audit rigor with institutional trust,
avoiding the inefficiency of blockchain mining while preserving data

immutability.



6. Data Access and Governance

Access Level||Stakeholder Access Mode Validation

Level 1 Public Viewer DOl Landing Page Read-only

Level 2 Verified Institution [|API Access (Key + License)||Authenticated
Level 3 Verifier Partner Write + Sign Dual Signature
Level 4 Regulator / Auditor||Direct Node Audit Chain-of-Custody

Data governance is jointly supervised by the Verifier Council and EMJ.LIFE

Registry Authority, ensuring institutional neutrality and public accountability.

7. Audit and Interoperability

The NTCC Verification Data Chain is natively compatible with:

GRI 305-5 (Emission Reduction) and 305-7 (Verification)
IFRS S2 Climate Disclosure Audit Protocols

COSO Assurance Environment Integration Guidelines

OECD Digital Trust Infrastructure Framework

Thus, each verified NTCC record can be directly cited in audit reports and

sustainability disclosures as a traceable unit of evidence.

8. Integrity and Security Safeguards

B Data immutability: All records sealed with SHA-256 + ECDSA
signatures.
Tamper alerts: Checksum mismatch triggers verifier re-certification.
Data sovereignty: Primary nodes in Singapore (MAS jurisdiction) and
Taiwan (FSC oversight).

B Privacy by design: Pll anonymized prior to hashing process.



Appendix E: International Reference & DOl Mapping

Index

This appendix lists the official reference network that grounds the NTCC x SFA

framework within the PADV methodology.

It cross-links all foundational publications and registered DOls:

o PADV White Paper Vol. 2— DOI 10.64969/padv.v2.2025

e NTCC White Paper Vol. 1 — DOI 10.64969/padv.ntcc.2025.v1

e ICTF White Paper Vol. 2— DOI 10.64969/padv.institech.ictf.2025.v1

Additional citations include alignment documents from GRI, IFRS S2, COSO
ESG, UNDP SDG Impact Framework, and OECD ESG Taxonomy.

Together they establish the referential chain of custody required for academic,

financial, and regulatory recognition of the NTCC x SFA institutional model.

1. Purpose

This appendix establishes the reference architecture between the NTCC x SFA

framework and globally recognized sustainability standards, verification

frameworks, and disclosure systems.

It enables third-party auditors, regulators, and policy partners to locate and

validate EMJ.LIFE’s methodological documents through registered DOls.

2. Reference Mapping Overview

Core Correspond
Institutional
Reference ing NTCC x ||DOI Reference
Framework
Standard SFA Module
GRI 305: NTCC
Emissions/ ||Verification
GRI 10.64969/padv.ntcc.2025.v1
GRI102: Chain/ Data
Transparency ||Disclosure




Core Correspond
Institutional
Reference ing NTCC x ||DOI Reference
Framework
Standard SFA Module
IFRS S1:
SFA
General
Financial
Sustainability
IFRS Licensing & |/10.64969/padv.ntcc.sfa.2025.v1
Disclosure /
Integration
IFRS S2:
Flow
Climate
ESG Internal |PADV
Control Participation
CO0SO Environment/||> Data 10.64969/padv.v2.2025
Assurance Conversion
Integration Framework
ESG
Taxonomy & [|[ESG Credit
10.64969/padv.institech.ictf.2025.v
OECD Sustainable ||Conversion
1
Finance Matrix
Principles
SDG Impact |[PADV
Measurement|Educational
UNDP SDG
& SDG & Behavioral ||10.64969/padv.ntcc.2025.v2
Impact
Alignment Participation
Guide Model
All
Crossref/ Persistent institutional
Open DOI Identifier white papers 10.64969/padv.ntcc.2025.v2
System Infrastructure (PADV-
NTCC-SFA




Core Correspond
Institutional
Reference ing NTCC x ||DOI Reference
Framework
Standard SFA Module
Series)

3. DOl Mapping by Institutional Tier

Document Verification
Tier |Definition DOI Prefix
Type Entity
PADV EMJ.LIFE
Tier |System
Methodology |[10.64969/padv.2025.v2 |Research
2.0 |[Foundation
Core Division
NTCC
Tier |Pre-Institutional ||Verification & {|10.64969/padv.ntcc.202
ARES / SGS
2.5 ||Verification Behavioral 5.v2
Audit
Tier |Institutional SFA Financial (|10.64969/padv.ntcc.sfa. ||Big 4
3.0 |/Integration Architecture 2025.v1 Auditors
ESG Credit
Tier Matrix / 10.64969/padv.instirech. ||OECD /
Policy Alighnment
4.0 National SDG ||ictf.2025.v1 UNDP
Models
Institutional UNDP /
Tier ||Global 10.64969/padv.institech.
Civilization OECD/
5.0 |Standardization 2025.v1
Framework MAS

Each tier corresponds to a verified level of institutional adoption, forming a

cumulative hierarchy of trust.

4. DOl Record Metadata Structure

Every DOl record registered under EMJ.LIFE Holdings follows a standardized



metadata schema aligned with Crossref’s 5.3.1 protocol:

Metadata
Description Example
Field
Full English &
NTCC x Sustainable Finance Architecture
Title Chinese title of
(SFA) White Paper Vol.02
document
Institutional Author
(Anderson Yu, EMJ
Author Anderson Yu
LIFE Holdings Pte.
Ltd.)
Publication
Year-Month 2025-11
Date
DOI Persistent Identifier ||10.64969/padv.ntcc.sfa.2025.v1
Linked Reference
Relation (isPartOf /
isPartOf: PADV Series
Type isBasedOn/
isSupplementTo)
200-250 words,
Abstract [Stored in Crossref Metadata Record]
bilingual summary
https://creativecommons.org/licenses/by-
License CCBY-NC-ND 4.0
nc-nd/4.0/

5. Institutional Reference Alignment Matrix

Verification NTCC x SFA Global Standard Institutional
Theme Reference Section Reference Partner
Behavioral Appendix D: NTCC GRI 305-5/CO0OSO

ARES, BSI
Verification Data Chain Assurance




Verification NTCC x SFA Global Standard Institutional

Theme Reference Section Reference Partner
Financial Appendix C: Licensing |IFRS S2/OECD
Deloitte, PWC
Integration Flow ESG Taxonomy
Credit UNDP SDG Impact
Appendix B: ESG Matrix UNDP, OECD
Conversion Standard

Chapter 7: Co-

Institutional MAS Green Finance

Governance MAS, FSC
Governance Action Plan

Framework
Institutional Chapter 8: The OECD Digital Trust |[UNDP Global
Civilization Institutional Thesis Framework Centre

6. Persistent Accessibility
All DOls under prefix 10.64969 are maintained via Crossref Member ID: EMJ
LIFE HOLDINGS PTE. LTD., and hosted through the official institutional

repository: www.emj.life/publication-series
Each DOl record includes:

Permanent landing page (bilingual)
Document abstract + version history
Linked citations to collaborating institutions (Deloitte, UNDP, OECD,
etc.)
B Cross-version integrity checks ensuring alignment across PADV, NTCC,

and SFA documents.
Appendix F: Verification Data Schema

1. Purpose

The Verification Data Schema (VDS) defines the standardized data structure for
recording, verifying, and publishing each NTCC behavioral credit within the

Sustainable Finance Architecture (SFA).


http://www.emj.life/publication

It ensures interoperability between verification bodies, financial institutions, and

regulators through a single, DOI-referenced schema.

2. Schema Overview

Each NTCC record = 1 tCO,e verified behavioral unit, containing metadata

across six primary domains:

Methodology_Ref,

Domain Example Field Description Format
A. Unique UUID of the
NTCC_ID UuIDv4
Identification credit unit
B.
Hashed participant
Participation |Participant_Hash String (64)
identifier (SHA-256)
Data
C. Behavior |Activity_Type, Duration, |Action metadata SO
JSON
Metrics GeoTlag from PADV module
Verifier_ID, PGP signature
D. Verification Issued by
Verifier_Signature, +1S0O 8601
Meta ARES/SGS/BSI/DNV
Verification_Timestamp time
tCO2e_Value,
E. Carbon Measurement and Decimal(6,3)

Equivalence audit reference + DOl link
Uncertainty_Margin

F. DOl and DO, Ledger_Hash, Permanent reference |[URL / Hash

Publication ||[Crossref Record_URL to public record string

3. Data Integrity Rules

B Uniqueness: NTCC_ID must be globally unique.

B Traceability: Every record must link to its DOI and Verifier_ID.

B Immutability: Once Ledger_Hash is sealed, no modification is

permitted without new DOl issuance.

B Versioning: Schema version tracked via VDS_Version (e.g., v1.2 2025-

11).



4. Sample JSON Structure

{

"NTCC_ID": "a4f2c7e9-31ad-4ab6-9dfe-77c8b21a3c45",

"Participant_Hash": "b9a1f3f8e5d67219a40a0e0d36a86d4ff3b5albce9e4d6aal...”,

"Activity_Type": "Community_SDGS_Education",

"Duration": 120,

"GeoTlag": "25.0330,121.5654",

"Verifier_ID": "ARES_TW_001",

"Verifier_Signature": "PGP256:0xA91F2E9C...",

"Verification_Timestamp": "2025-10-22T09:41:16Z",

"tC0O2e_Value": 1.000,

"Methodology_Ref": "d0i:10.64969/padv.ntcc.2025.v1",

"Uncertainty_Margin": 0.02,

"Ledger_Hash": "sha256:52a7d1c9e1b2d3f5...",

"DOI": "10.64969/padv.ntcc.sfa.2025.v1",

"Crossref_Record_URL": "https://doi.org/10.64969/padv.ntcc.sfa.2025.v1",

"VDS_Version": "v1.2"

5. Schema Compliance and Interoperability

Standard Alignment Purpose

GRI 305-5/ 305-7

Emission reduction and verification disclosure

syntax
IFRS S2 Climate-related data assurance integration
1ISO 14064-1 & 14064-3 Measurement and verification protocol




Standard Alignment Purpose

COSO Internal Control Governance and audit traceability

OECD Digital Trust
Cross-jurisdictional data governance
Framework

Each verified NTCC record therefore satisfies both audit traceability and

financial compatibility requirements.

6. Data Lifecycle Governance

Stage Process Responsible Entity || Output
Behavior recorded via Participant/
Capture Raw JSON data
PADV App Platform
Verification [|Cross-check & sign Verifier (ARES etc.) ||Signed record
Ledger EMJ.LIFE Registry
Register & hash NTCC ledger entry
Entry Node
Publication ||Assign DOI / upload Crossref API Permanent record
Verification
Audit Read-only APl export Big 4 / Regulator
evidence

7. Security and Confidentiality

Data encrypted at rest (AES-256) and in transit (TLS 1.3).
Pll removed prior to hashing.

Verifier keys managed through HSM-backed multi-signature protocol.

AW API calls require OAuth 2.0 authorization and token expiry < 24 hrs.

8. Schema Governance and Updates
The VDS is maintained by the EMJ.LIFE Registry Authority under supervision of

the Institutional Governance Council (IGC).

Schema updates follow a version-controlled DOI process, where each revision

(e.g.,v1.2~>v1.3)is publicly released and archived for audit continuity.

o



Appendix G: Unified Institutional Architecture Map
Seven-Stage Evolution x Six-System Integration

This appendix integrates the institutional evolution sequence

(PADV = NTCC > SFA » ICTF » InstiTech > Governance - Civilization)
with the full institutional system architecture

(PADV / NTCC / InstiTech / STRC / VISA-LAYER / ICTF / SFA)

into a single coherent framework.

It shows how each system module maps onto the seven stages of institutional

trust formation—from behavior to civilization.

Stage 1 — PADV

Behavioral Origin & Universal Participation Syntax
Primary Module:
B PADV White Paper (Vol.02)

Role in Evolution: PADV is the origin layer where all verifiable sustainability
behavior begins. It defines the participation grammar that the entire institutional

system relies upon.
Cross-System Integration:

STRC draws its behavioral risk inputs from PADV
NTCC uses PADV as its behavioral evidence source

VISA-LAYER maps PADV actions to external standards

SFA uses PADV as its Behavior Layer
PADV = The universal behavioral engine.

Stage 2— NTCC

Trust Unit & Evidence Conversion Layer
Primary Module:

B NTCC Methodology White Paper (Vol.02)



Role in Evolution: Converts PADV-verified behavior into audit-grade, non-

tradable trust units (1 NTCC = 1 tCO,e verified behavioral contribution).
Cross-System Integration:

STRC calibrates NTCC through risk & evidence weighting
VISA-LAYER ensures NTCC equivalence across IFRS / GRI/ISO
ICTF uses NTCC levels to assess institutional maturity

SFA uses NTCC as its financial credit basis

InstiTech encodes NTCC in the institutional syntax
NTCC = Behavior > Trust.

Stage 3 — SFA

Trust > Financial Utility Layer
Primary Module:
B SFA White Paper (Vol.01)

Role in Evolution: Transforms NTCC into usable financial credit through the

Behavior / Credit/ Finance / Governance four-layer model.
Cross-System Integration:

STRC calibrates NTCC for financial risk modeling
VISA-LAYER aligns all SFA outputs to IFRS S2 / GRI 305/ ISO 14064

ICTF determines institutional eligibility for SFA adoption

InstiTech provides the syntax for SFA data permanence and

comparability
SFA =Trust 2 Finance.

Stage 4 — ICTF

Credibility Tier & Institutional Maturity Layer
Primary Module:
¢ ICTF Institutional Trust Maturity Model (Vol.01)

Role in Evolution: Defines a seven-tier evolution of trust (Tier 0 > Tier 5),

evaluating whether an institution is capable of operating in NTCC, SFA, and



InstiTech environments.

Cross-System Integration:

STRC inputs determine Tier transitions
NTCC volume & verification quality feed directly into tier scoring
VISA-LAYER determines cross-framework readiness

SFA adoption reflects Tier 3+ maturity

ICTF = Readiness to operate in institutional trust systems.

Stage 5 — InstiTech

Institutional Syntax, Verification & Cross-Sovereign Interoperability

Primary Module:

InstiTech: Rule-Making Institutional Technology White Paper

Role in Evolution: InstiTech is the institutional compiler that encodes all prior

stages into a universal syntax, enabling:

permanence
comparability
cross-sovereign verification
institutional interoperability
timestamp governance

DOIl-anchored evidence chains

Cross-System Integration:

PADV actions become structured behavioral evidence

NTCC units obtain their institutional identity

STRC risk models conform to InstiTech rules

VISA-LAYER uses InstiTech syntax for standard-to-standard mapping
ICTF tiers require InstiTech compliance

SFA relies on InstiTech syntax for audit-equivalent data

InstiTech = Cross-sovereign institutional language.



Stage 6 — Governance

Institutional Rule-Setting, Oversight, Assurance & Enforcement
Primary Module:
B Governance Charter (Integrated in InstiTech/SFA)

Role in Evolution: Defines the governing architecture that maintains
institutional integrity, verifier independence, licensing structure, and cross-

border compliance.
Cross-System Integration:

InstiTech defines enforcement syntax
STRC provides risk thresholds for governance decisions
VISA-LAYER ensures governance interoperability

ICTF assigns governance maturity levels

SFA adopts governance rules in its Financial Layer
Governance = Trust 2 Order.

Stage 7 — Institutional Civilization

The Verified Civilization Layer
Primary Module:
B Civilizational Thesis (SFA Chapter 8)

Role in Evolution: Represents the system’s end-state: a civilization governed by
verified behavior, validated trust, evidence-anchored finance, and interoperable

institutions.
Cross-System Integration:
All systems converge here:

PADV produces behavior
NTCC formalizes trust
SFA structures finance

ICTF governs maturity

STRC calibrates systemic reliability



B VISA-LAYER ensures global interoperability
B InstiTech provides the universal syntax

B Governance maintains order

Civilization = Verified behavior @ Trust @ Governance = Finance = Institutional

Stability > Civilization.

Unified Summary (One-Line Architecture)

re‘\[‘l/:_] Behavioral foundation for institutional trust.

q'_:_*_g NTCC
©

Trust units enabling financial utility.

SFA

¥ = ;
Financial utility driving institutional maturity.

Civilization
—= ICTF /

Institutional maturity shaping governance
structures.

X\ InstiTech
{@} Institutional syntax for systemic end-state.

Governance

O
Kt

)
)

Rule of trust ensuring societal stability.

STRC and VISA-LAYER operate horizontally across all stages as:

B STRC: system-wide trust & risk calibration
B VISA-LAYER: system-wide trust clearing & interoperability



