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SECTION 1

The Compliance Challenge

Industrial compliance is fragmenting at an unprecedented rate. Over the past three years, jurisdictions

across Europe, North America, and Asia-Pacific have introduced overlapping carbon pricing, border

adjustment, and sustainability disclosure frameworks -- each with its own methodology, reporting cadence,

and verification requirements.

The result: producers now face a patchwork of 20+ regulatory frameworks that share significant conceptual

overlap but differ in critical implementation details. Facility-level reporting is giving way to product-level

granularity, making legacy approaches based on annual spreadsheets and consulting engagements

fundamentally inadequate.

Three Structural Shifts

- Jurisdictional proliferation -- the EU led with CBAM and CSRD, but the UK, US, Australia, Japan, and

others are rapidly following with their own variants.

- Product-level granularity -- regulators increasingly demand carbon intensity data at the product, batch,

and even cargo level -- not averaged across a facility.

- Continuous reporting -- the shift from annual snapshots to event-driven, real-time Monitoring, Reporting,

and Verification (MRV) is accelerating.

The challenge is not any single regulation -- it is managing 20+ frameworks simultaneously while

maintaining a single source of truth.
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SECTION 2

MECE Framework Map

The compliance landscape can be decomposed into four mutually exclusive, collectively exhaustive

(MECE) categories. Every major framework falls into one of these buckets, and together they cover the full

regulatory surface area facing industrial producers.

I. Carbon Border Mechanisms

Regulations that impose a carbon cost on goods crossing jurisdictional boundaries. These mechanisms level the

playing field between domestic producers (who face carbon pricing) and importers (who historically did not).

Frameworks: EU CBAM, proposed UK CBAM, proposed US Clean Competition Act, Australia CBAM consultation

Why it matters: Direct impact on export competitiveness and market access. Producers with lower carbon intensity gain a

measurable price advantage.

II. Corporate Sustainability Reporting

Mandatory disclosure regimes requiring companies to report climate-related risks, emissions, and transition

plans. These drive upstream data demands across the entire supply chain.

Frameworks: EU CSRD, SEC Climate Disclosure Rules, ISSB S1/S2, California SB 253/261

Why it matters: Downstream customers and investors will demand verified emissions data from suppliers. Non-reporters

risk exclusion from global supply chains.

III. Emissions Trading and Carbon Pricing

Market-based mechanisms that put a direct price on carbon emissions through cap-and-trade systems, carbon

taxes, or credit markets. These create the financial incentive structure that underpins all other frameworks.

Frameworks: EU ETS, UK ETS, voluntary carbon markets (Verra, Gold Standard), Article 6.2/6.4

Why it matters: Carbon pricing creates the economic signal that makes low-carbon production profitable. Accurate

emissions data determines actual financial exposure.

IV. Product and Process Standards

Technical standards and certification schemes that define how emissions should be measured, allocated, and

reported at the product level. These provide the methodological foundation for all other frameworks.

Frameworks: ISO 14064, ISO 14067, GHG Protocol, SBTi, EPDs (EN 15804), PEF

Why it matters: Standards convergence means that investing in robust product-level methodology satisfies multiple

frameworks simultaneously.
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SECTION 3

Industry Impact Matrix

Different industries face different combinations of regulatory pressure. The matrix below maps the four

MECE framework categories against four key industrial verticals to show where the compliance burden

concentrates.

Oil and Gas

- CBAM exposure on refined products and hydrogen exported to the EU

- Methane regulations (EU Methane Regulation, EPA GHGRP, OGMP 2.0) requiring continuous leak

detection and quantification

- LNG cargo-level traceability -- buyers increasingly require per-shipment CI certificates

- EU ETS compliance for refining and upstream operations within EU jurisdiction

- CSRD and ISSB disclosure obligations driving Scope 3 reporting up the supply chain

Petrochemicals

- Embedded carbon in chemicals, polymers, and fertilisers falling under CBAM

- RFNBO (Renewable Fuels of Non-Biological Origin) certification for green hydrogen and e-fuels

feedstocks

- Complex allocation challenges -- co-products, by-products, and waste streams require rigorous

product-level methodology

- Growing demand for mass balance chain-of-custody certification (ISCC PLUS, REDcert)

Mining and Building Products

- CBAM directly covers steel, aluminium, and cement -- the highest-volume traded goods

- EPDs (Environmental Product Declarations) becoming mandatory for public procurement in the EU and

increasingly in North America

- Low-carbon metals certification (ResponsibleSteel, ASI) as buyer qualification criteria

- EU Taxonomy alignment for green bond financing of decarbonisation CapEx

Data Centers

- Scope 2 and Scope 3 emissions from electricity consumption at scale

- 24/7 Carbon-Free Energy (CFE) matching -- moving beyond annual RECs to hourly granularity

- Energy attribution and Power Purchase Agreement (PPA) accounting under evolving GHG Protocol

guidance

- Customer-facing carbon reporting for cloud services (Scope 3 Category 1 for customers)
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SECTION 4

CI Requirements by Commodity & Jurisdiction

Exporters face 40+ commodity-jurisdiction combinations requiring product-level carbon intensity data. The

matrix below maps key commodities against the major regulatory frameworks that demand CI reporting. A

single compliance engine that cross-walks all frameworks captures structural lock-in.

Commodity EU CBAM RFNBO Japan METI Korea CHPS Article 6.2 CORSIA

Steel Mandatory -- Discuss Discuss In dev --

Aluminium Mandatory -- Discuss -- In dev --

Cement Mandatory -- -- -- In dev --

Hydrogen Defined Mandatory Defined Defined Defined --

Ammonia Defined Defined In dev In dev Defined --

LNG In dev -- In dev -- Defined In dev

Copper In dev -- -- -- In dev --

SAF -- Defined -- -- -- Mandatory

 Mandatory & active  Framework defined  In development  Under discussion  Not applicable

Hydrogen and ammonia face the broadest regulatory surface -- 5 of 6 frameworks require product-level CI.

Producers investing in CI infrastructure for these commodities capture the highest compliance leverage.
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SECTION 5

The Data Foundation

Beneath the complexity of 20+ frameworks lies a unifying truth: they all converge on the same underlying

operational data. Fuel consumption, electricity usage, process emissions, production volumes, and material

flows -- these are the atomic inputs from which every compliance framework derives its outputs.

Product-Level Carbon Intensity: The Universal Denominator

Product-level carbon intensity (CI) -- expressed as tonnes CO2e per unit of output -- is the metric that sits

at the intersection of all four framework categories. CBAM requires it for border adjustment calculations.

CSRD and ISSB require it for value chain emissions disclosure. Carbon markets price it. And product

standards like ISO 14067 define how to calculate it.

This makes product-level CI the single most valuable data asset an industrial producer can build. Get this

right, and you have the foundation for every framework. Get it wrong, and you are rebuilding from scratch

for each new regulation.

MRV as Infrastructure

Monitoring, Reporting, and Verification (MRV) is not a compliance task -- it is infrastructure. Robust MRV

connects directly to operational systems (SCADA, ERP, IoT sensors, CEMS) and produces a continuous,

auditable stream of emissions data. This is fundamentally different from the legacy model of annual data

collection campaigns.

Why Event-Driven Beats Periodic

- Regulations are shifting to continuous compliance -- quarterly CBAM reports, real-time methane

monitoring, hourly energy matching.

- Event-driven architectures capture every production event, fuel delivery, and meter reading as it

happens -- no reconstruction needed at year-end.

- Anomaly detection catches data quality issues in real time, not months later during verification.

- Audit trails are built automatically, reducing verification cost and timeline by an order of magnitude.

The question is not "how do we comply with CBAM" or "how do we report for CSRD." The question is "how

do we build a data foundation that serves them all."
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SECTION 6

Framework Convergence

Despite their differences in scope, jurisdiction, and reporting cadence, the 20+ frameworks in the

compliance landscape share a striking degree of structural similarity. Our analysis shows approximately

85% logic overlap across the major frameworks.

Map Once, Certify Many

The "map once, certify many" principle recognises that the core data pipeline -- data ingestion, emissions

calculation, product-level allocation, and audit trail generation -- is framework-agnostic. Framework-specific

requirements are handled as configuration layers on top of a shared computational core.

This means that when a new regulation emerges (e.g., the UK CBAM or a new SEC disclosure rule), it can

be mapped to the existing data infrastructure in days rather than months. The incremental cost of each

additional framework approaches zero.

Shared Data Requirements

The following table illustrates how the same underlying data serves multiple frameworks:

Cross-Framework Data Dependencies

  -  Fuel consumption data  -->  CBAM, EU ETS, CSRD, GHG Protocol, ISO 14064

  -  Electricity and grid factors  -->  CBAM, CSRD, Scope 2 guidance, 24/7 CFE

  -  Process emissions  -->  CBAM, EU ETS, EPDs, ISO 14067

  -  Production volumes  -->  CBAM (allocation), EPDs, product carbon footprints

  -  Material/energy flows  -->  Mass balance, ISO 14067, ISCC chain of custody

  -  Verification evidence  -->  All frameworks requiring third-party assurance

Reducing Redundancy

- A single emissions calculation engine serves CBAM, EU ETS, and CSRD simultaneously -- no parallel

workstreams, no reconciliation headaches.

- One verification engagement can satisfy multiple frameworks when the underlying MRV infrastructure

produces a comprehensive audit trail.

- Data quality improvements propagate automatically to every framework -- fix once, benefit everywhere.

85% of compliance logic is shared across frameworks. The remaining 15% is framework-specific

configuration -- not a rebuild.
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SECTION 7

The Denominator Platform

Denominator is the AI-native infrastructure layer purpose-built for industrial carbon compliance. The

platform connects directly to operational data and delivers continuous, verified, product-level carbon

intelligence across all 20+ frameworks from a single integration.

1. Product-Level CI Engine

- Real-time carbon intensity calculation at the product, batch, and cargo level

- Configurable allocation methods -- mass balance, energy balance, economic allocation

- Automatic handling of co-products, by-products, and complex process chains

- Continuously updated -- not a static annual number

2. Event-Driven MRV

- Direct integration with SCADA, ERP, IoT sensors, and CEMS

- Every production event generates an immutable, timestamped emissions record

- Automated data quality checks and anomaly detection in real time

- Blockchain-anchored evidence layer for tamper-proof audit trails

3. AI Compliance Agents

- Autonomous agents that monitor regulatory changes and flag impact on your operations

- Automated report generation -- CBAM declarations, CSRD disclosures, EPD filings

- Natural language querying of your compliance data ("What is our CI for Product X in Q3?")

- Continuous gap analysis and compliance readiness scoring

4. Certification Orchestration

- 20+ frameworks supported from a single data pipeline

- New frameworks mapped in days via the "map once, certify many" architecture

- Automated credential and certificate lifecycle management

- Verifier-ready report packages with full traceability

Platform Key Metrics

  -  90% cost reduction vs. traditional consulting-led compliance

  -  Sub-second calculation latency for real-time decision support

  -  20+ regulatory frameworks from one unified data pipeline

  -  85% logic reuse -- new frameworks deploy in days, not months

  -  Live deployments with major energy, mining, and chemical producers
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SECTION 8

Getting Started

The compliance landscape will only grow more complex. Producers who invest in data infrastructure now

will have a structural advantage -- in cost, speed, and market access -- as new frameworks emerge. Here is

a practical three-step engagement model.

Step 1: Assess

- Map your regulatory exposure across all four MECE categories

- Identify which frameworks are binding today vs. emerging in 12-24 months

- Quantify the financial exposure -- CBAM certificate costs, ETS liabilities, market access risk

- Audit existing data infrastructure for gaps in coverage, granularity, and quality

Step 2: Pilot

- Select one high-impact framework (typically CBAM or CSRD) as the entry point

- Deploy the Denominator platform against a bounded scope -- one facility, one product line

- Validate product-level CI calculations against existing data and third-party verification

- Demonstrate "map once, certify many" by extending to a second framework in the same pilot

Step 3: Scale

- Expand across facilities, product lines, and jurisdictions

- Activate additional framework modules as regulatory deadlines approach

- Integrate AI compliance agents into operational workflows

- Achieve full certification orchestration across all applicable frameworks

Ready to map your compliance landscape? Contact us at svenja@denominator.tech or visit

denominator.tech to schedule a 30-minute assessment call.

Denominator -- The AI-Industrial Trust Layer

  -  Product-level carbon intensity across every framework

  -  20+ compliance frameworks from a single data pipeline

  -  85% shared logic -- map once, certify many

  -  AI agents that work 24/7 on your compliance stack

  -  Blockchain-anchored, verifier-ready audit trails
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