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Scope 3 emissions dominate corporate carbon footprints, yet reported figures are often
too uncertain to guide effective decarbonisation, creating a dangerous illusion of climate
accountability. This problem is intensifying as Al tools speed up flawed estimates. We
propose three bedrock principles, credible, scalable, and actionable, to make Scope 3

accounting trustworthy and, critically, accelerate decarbonisation.ﬁieope—:i—eims&ons
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|Despite\ record renewable energy growth and 80 carbon pricing mechanisms covering 28% of
global GHG emissions, current mitigation policies and actions are struggling to keep pace with
limiting climate warming to 1.5°C."? The sharpest gap lies in industry: over two decades,
energy- and process-related CO, emissions have risen from 9.9 to 17.3 GtCO,, equivalent to the
rise of global emissions from 36% to 47%, with nearly all increases since 2005 stemming from
making materials and products.®>* When these industrial emissions occur in upstream supply
chain activities not directly owned by a reporting company, they are classified as Scope 3
emissions. Yet existing methods used to quantify Scope 3 emissions are often either too
uncertain or too costly to guide meaningful decarbonisation.

As disclosure requirements tighten globally, prevailing approaches prioritise speed and cost to
address the complety of Scope 3 emissions accounting, increasingly relying on Al assisted
tools. However, in the absence of robust representativeness and granularity in emissions data,
faster and cheaper Scope 3 emissions accounting risks creating a mismatch between the
ambition of corporate climate commitments and the actual scale and scope of emissions that
must be reduced —ultimately undermining mitigation efforts. The central question, then, is how
to prevent corporate decarbonisation commitments from becoming detached from the
procurement decisions, target-setting, and industrial interventions needed to deliver them.

Measruing and reducing Scope 3 emissions

The Greenhouse Gas Protocol® provides an agreed accounting method for allocating emissions,
requiring companies to account for GHGs across 15 categories. Meanwhile, international
standards, including ISO 14064-1:2018,° 1SO 14067:2018,” and IFRS S2 Climate-related
Disclosures (2023),% establish harmonised frameworks for emissions reporting and supply
chain transparency. Under the Greenhouse Gas Protocol,® a company's emissions are
classified into three scopes: Scope 1 covers direct emissions from owned assets and activities;
Scope 2 covers purchased energy such as electricity and steam; and Scope 3 covers everything
else: the upstream and downstream emissions embedded in the goods and services a
company buys, uses, and sells.

Companies are therefore expected to report and reduce their Scope 3 emissions, which
typically account for 75% or more of a company's total footprint, and in sectors like financial
services, capital goods, and oil & gas can reach 90-99% or more. Currently, 96% of the world's
largest 250 companies by revenue report on sustainability or ESG matters, with 78% using the
Global Reporting Initiative,® and almost 10,000 companies have set science-based targets to
reduce their emissions validated by the Science Based Targets Initiative.

Why Scope 3 emissions remain obscure

In practice, however, documenting Scope 3 emissions precisely poses a huge challenge to
companies. Accurate measurement requires emissions factors tailored to real-world
production activities, which depend on detailed knowledge of process technologies, locations,
and operating efficiencies. Collecting such data is time-consuming, hindered by cumbersome
questionnaires, reporting fatigue, and suppliers' reluctance to share sensitive information,
leaving Scope 3 emissions as the least-understood share of a company’s carbon footprint.

Presently, the standard method for quantifying Scope 3 emissions is to multiply an activity by

an emissions factor (i.e. emissions = activity (A) x emissions factor (EF)®). For a steel
component, this means multiplying the mass of steel purchased (in kg) by a factor representing
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how much CO. is released per kilogram of steel produced (kgCO./kg). For a food ingredient, it
might mean multiplying the volume of wheat flour sourced (in tonnes) by an emissions factor
for average wheat production\. Yet, getting process-specific emission data is nevertheless
challenging, so companies often apply average emissions factors, which Ican differ massively
from reality. lFor example, across 63 sampled ethylene production processes, measured
emissions factors span 0.23-7.3 kgCO,e/kg, yet the global database average sits at 1.4-1.6
kgCO.e/kg, misrepresenting a specific supplier's footprint by up to 600%.‘0%

These ’convenience-led’ accounting approaches conceal a deeper problem: they are overly
simplified with huge uncertainties and therefore cannot properly guide the decarbonisation
decisions Scope 3 emissions accounting is meant to inform. For example, a procurement team
using average emissions factors cannot distinguish steel made from iron ore in a coal-fired
blast furnace from steel made using scrap in an electric arc furnace running on renewables, or
steel formed in a rod and bar mill from steel that is hot and cold rolled. Simply knowing the
rolling/forming and steel-making processes can already narrow the cumulative uncertainty
range by a factor of 3.27 for the simplest of products, made from a kilogram of steel (Figure 1);
collecting process-level data at each stage of the value chain would narrow the range further.
For more complex products than steel, assigning global average emission factors creates
uncertainty that obscures low-carbon choices and effective decarbonization options.

KNOWN PROCESSES UNKNOWN PROCESSES

Emissions [kg COze]

:.T.ﬁiiiIII »

Fabrication Reduction Raw

Materials

Reduction Raw Fabrication

Materials

Rolling/
Forming

Steelmaking/
Casting

Rolling/
Forming

Steelmaking/
Casting

B Known processes Unknown processes — Uncertainty range

Figure 1. Cumulative emissions and uncertainty for producing one kilogram of steel product,
shown at each process stage. When process-specific information is known, such as the
proportion of rod and bar milling versus hot/cold rolling for Rolling/Forming, or the scrap steel
rate for Reduction, the cumulative upstream uncertainty is narrower (1.7-3.7 kg CO.e; left
panel) than when this information is unknown (0.7-7.2 kg CO.e; right panel). \Data and
modettingcalculation: }Neutreeno’s system with data from International Energy Agency, the UK

Department for Energy Security and Net Zero and Gast et al.”-"
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The problem becomes even more pronounced when emissions measurements are automated
with the assistance of Al tools. These scan and match each line item to the nearest database

average and produce a number within seconds, but that number provides no reliable or
auditable basis for setting targets, selecting suppliers, or identifying where emissions

reductions are actually achievable. This erosion of data quality, by moving from full LCAs to Al-

assisted screening, obscures the supply chain interventions needed for genuine
decarbonisation and undermines confidence in the emissions inventories that corporate

climate commitments depend upon (Figure 2).

Emissions
Measurement

@ Activity
Granularity

detail in

activity data

) Emission Factor
Representativeness

Figure 2: Measurement accuracy across LCA approaches. Emissions measurement accuracy
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decreases as methods move left to right, from Full LCA to Streamlined LCA to Al-assisted
Screening, driven by compromises in both Activity Granularity and Emissions Factor (EF)
Representativeness. This trade-off in measurement accuracy reflects the tension between

methodological rigour and the practical demands of speed and cost.

The consequences of such systematic mismeasurement extend well beyond individual

companies: they create a structural vacuum at the heart of industrial decarbonisation. Scope 3
emissions disclosed by European companies accounted for 92% of their reported footprints in
2022, yet decarbonisation actions targeting those sources covered only 37% of emissions on

average,'*and just 3% of companies use supplier-specific primary data for their baseline

measurements.'®

This is not a coincidence. When reported Scope 3 figures are built from averaged estimates

rather than process-level data, they cannot identify which suppliers, materials, or production

steps are driving emissions, cannot track whether interventions are working, and cannot
support the procurement decisions that would shift market share toward lower-carbon
producers. The result is that 93% of companies with publicly declared Net Zero targets will

need to double their rate of decarbonisation by 2030 to meet them.® This is not because the

physical solutions are absent, but because the measurement systems in place are not
producing the decision-grade data needed to deploy them. The challenge is therefore not

simply one of better reporting. It is one of replacing a measurement paradigm optimised for
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convenience with one capable of revealing where industrial emissions truly arise and what it
would take to reduce them.

CSA principles for Scope 3 stewardship

To meet policy requirements and emissions targets, corporations need robust technical
solutions that integrate efficiently across value chains, without replicating resource-intensive
accounting divisions. Scope 3 emissions accounting is fundamentally a data challenge, and
digital systems must move away from generic, outdated databases and secondary emission
factors toward supplier-specific, process-level data collection underpinned by consistent,

science-based accounting methods. Here we propose three core principles — credible,
scalable, and actionable — which we call the CSA Principles, drawing on research across
multiple universities, including contributions to SBTi, the IPCC, and Industrial Ecology, as a
feasible tool (Figure 3). Together, they define the minimum conditions for decision-grade
emissions data — data that any company needs to make confident choices in product

procurement, design and innovation. Without them, Scope 3 reporting risks becoming locked-in

as a compliance exercise detached from real decarbonisation outcomes.

@

Figure 3: CSA Principles for guiding emissions measurement and decarbonisation.

CREDIBLE

Accurate

High-quality, truthful and
repeatable data based on
supplier-specific sources,

Secure

Maintains confidentiality
and protects company

information.

Trustworthy

Data that is auditable,
verifiable, and certifiable.

SCALABLE

Easy to use

Flexible, intuitive solutions
that enable efficient
onboarding

Fast

Digital solutions delivering
rapid decarbonisation

insights without compromise.

Affordable

Solutions priced for
organisations of all sizes.

ACTIONABLE

Comparable

Measurements with
uncertainty that enable

performance benchmarking.

Trackable

Emissions inventories
essential for target-setting
and monitoring progress.

Insightful

Emissions reduction options
grounded in understanding

how products are made.
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Credibility requires that emissions measurements accurately reflect how products are actually
made, by whom, and where. This means moving beyond industry-average emissions factors
toward primary data collected directly from suppliers at the process level, with gate-to-gate
visibility of each production step. Credible data must also be secure, maintaining supplier
confidentiality so that value chain partners are willing to share sensitive production
information, and trustworthy, meaning auditable, verifiable against industry benchmarks, and
certifiable by third parties. Without credibility, reported figures cannot support procurement
decisions, target-setting, or regulatory compliance with confidence. Digital tools can support
credibility by automating data collection from suppliers through structured, standardised input
workflows that reduce reporting burden while enforcing data quality checks. Where primary
data is unavailable, intelligent systems can flag gaps and quantify the resulting measurement
uncertainty, rather than silently substituting a database average — giving decision-makers a
clear view of where confidence is high and where it is not.

Scalability addresses the practical reality that Scope 3 spans thousands of suppliers, tens of
thousands of purchased products, and multiple tiers of supply chains that no resource-
intensive manual process can reach. Scalable solutions must be fast, delivering emissions
measurements and decarbonisation insights without the months-long timelines of traditional
life cycle assessment, and affordable, priced to enable engagement with suppliers of all sizes
rather than only large Tier 1 partners. Ease of use is equally important: if data collection
systems impose excessive burden through cumbersome questionnaires or require specialist
expertise to operate, supplier participation will remain low, and coverage will be confined to the
most accessible parts of the value chain. Modern digital platforms, including Al-assisted data
ingestion, automated bill-of-materials parsing, and cloud-based supplier portals, can
dramatically reduce the cost and time of emissions measurement while extending reach deep
into supply chains and keeping confidential production data secret. The two-thirds of Scope 3
emissions that typically lie beyond Tier 1 suppliers will remain invisible until scalable digital
infrastructure makes it practical to collect process-level data at that depth.

Actionability is the principle that distinguishes measurement from decarbonisation. Credible,
scalable data only drives emissions reductions if itis presented in a form that enables
decisions. It must be insightful, meaning that the data reveals the specific levers available
within a given production process rather than offering only generic suggestions, and
comparable, so that a company can benchmark a supplier's emissions performance against
industry peers and identify best-in-class producers. Finally, it must be trackable, so that the
impact of specific interventions — a process change, a material substitution, a switch to
renewable energy — can be monitored over time and quantified as a reduction across the value
chain.

The CSA Principles are starting to be validated by Neutreeno, a University of Cambridge
spinout, working across 50+ companies spanning the built environment, automotive,
aerospace, electronics, and chemicals sectors, including Danone, L'Oréal, National Grid, Sony,
Specsavers, Velux, and AeroEdge. Across these applications, supplier-specific process data
consistently reveals reduction opportunities that databases of average values fail to. A case
study involving AeroEdge highlights the important co-benefits CSA can help yield: a full
emissions measurement, completed within three weeks using supplier-specific process data,
that identified manufacturing process changes generic databases had entirely overlooked. This
yielded a potential 41.4% reduction in emissions and annual cost savings of several million
euros from reduced material, energy, and processing inputs. With tailored CSA appropriately

Page 7 of 11


http://www.neutreeno.com/

221
222
223
224

25
26

227
228
229
230
231
232
233
234

235
236
237
238
239
240
241
242
243
244

245

applied, not only will Scope 3 emissions be more accurately monitored and transparently
governed, but companies will also be more likely to provide granular process-specific data —
meeting net-zero targets in a timely, cost-effective manner and unlocking tangible actions that
make them more competitive in a fast-moving economy.

’CIosing theeing the-gap-between-Scope 3 measurement and emissions
reduction ggd

[The\ stakes of neglecting the measurement gap extend far beyond corporate balance sheets.
Without accurate and transparent Scope 3 emissions data, financial institutions may lose the
chance to effectively price the low-carbon transition and direct capital toward low-carbon
producers. Regulators may miss the opportunity to enforce disclosure obligations and evaluate
progress against national climate commitments. Trade mechanisms such as the EU Carbon
Border Adjustment Mechanism'” are unlikely to level the competitive playing field between
high- and low-carbon producers across borders. Each of these functions is only as reliable as
the emissions data underpinning it.‘

Policy- and decision-makers therefore have every reason to raise the bar for Scope 3 emissions
accounting and reduction. That means standardizing primary data collection, creating
incentives for supplier data sharing, and building disclosure frameworks that reward
measurement quality and real emissions cuts, not just more reporting. Getting Scope 3
emissions accounting on the right path is not a technical side issue in climate policy; it is the
backbone of any credible net-zero transition that governments, investors, and industries now
claim to be pursuing. It also provides a competitive advantage to most corporations. With Al
pushing the field toward faster and likely real-time emissions evaluation, the CSA Principles
must serve as the guardrails to ensure Scope 3 emissions accounting delivers real value for
both climate mitigation and long-term business resilience.\
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