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s BECCS
actually
carbon
negative?

If that sounds uncomfortable, we need to unpack
what BECCS really is
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What is BECCS and BECCUS and
why should we care?

A BECCS = Bioenergy with Carbon Capture and Storage

A BECCUS = Bioenergy with Carbon Capture, Utilisation and
Storage

A Why should we care?
A Hard-to-abate sectors still need carbon removal
A Many net-zero scenarios depend on negative emissions
A BECCS is one of the few technologies that can provide:
A energy
A fuels

A and durable carbon removal simultaneously
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Why BECCS Is carbon negative

A CO2 from burning biomass is absorbed by new forest
growth ﬁ

A Removing this CO2 creates negative emissions

A Sustainable sourcing is key r & I o
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&
l . Storage
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The Scale of the Problem
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Why BECCS & BECCUS Matter Now

A Net zero requires carbon removal - not just emission reduction
A Most 1.5°C pathways include carbon dioxide removal (CDR).

A Around 71 9Btpa CO Fwill need to be removed by 2050 from the atmosphere
if the world is to meet the 1.5°C Paris Agreement target.

A In most net zero pathways, carbon removals are responsible for 5-15% of
total mitigaton -t hat 6 s not optional, thatos

A Even with full decarbonisation, sectors like aviation, agriculture, and cement
leave residual emissions

A Heavy industry and residual emissions are hard to abate
A BECCS uniquely offers energy + negative emissions
A BECCUS expands value via COF utilisation pathways.
A

BECCS plays a material role in many integrated assessment models

>\

But deployment is not a technology questionalone-i t 6s a pol i cy
guestion
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The world urgently needs scalable, thermochemical
BECCS solutions

Only c. 2 million tonnes of biogenic CO  Fare captured globally today - roughly the emissions of 400,000 UK residents - while
the IEA Net Zero scenario requires c. 185 million tonnes by 2030 .

That 60s an adcaeoeup injust foud years!
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So where does BECCS fit into this removal landscape

Globally, more CO Fis currently used than stored in CCUS systems - but most of that CO Fends up back in the atmosphere
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Similar but not the same: BECCS vs BECCUS

A Biomass CHP + CCS
A Bioethanol + CCS

o . o~ -~ 98 Nlle}
98 AhLWLWGII ucUlJUaqua'! III]i G}eTe

A Biomass gasification + CCS

A Biomethane + CCS
A Biohydrogen + CCS Focus on negative emissions  Focus on circular carbon

Geological storage Fuels, chemicals, materials

A Utilisation does not always guarantee permanent removal.
More complex carbon

Easier accounting ARG
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\ \ \ ) Feedstock Pre - Blomass €O, removal BECCS
treatment & Processing °:'::::ss':" and capture Application

Net negative or not

A BECCS sits at the intersection of:
A Biomass sustainability regulation

A CCS infrastructure regulation

A

Carbon accounting frameworks

A Unlike conventional CCS, BECCS requires dual compliance:

A Emissions reduction regulation
A Carbon removal accounting

A BECCS credibility rests on alignment between:

A Lifecycle carbon accounting
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Sources of biomass can alter the sustainability
picture substantially 1 Logistics Is key
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Policy and Regulation
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The Global Landscape - Momentum Meets Reality

A Globally BECCS/BECCUS policies are

emerging, but deployment s lagging A Lack of storage infrastructure

A Even if all current announced projects
succeed, global biogenic COF capture may %’i‘,‘-{;‘ -
reach 60 Mt/ yr by 203(%"
required scale. "

A Denmark leads with BECCS CHP projects
removing 0.4 Mtpa by 2026 and a new i
DKK 2.6B (0U350M) negat
support scheme '

AThe US created the
CDR procurement programme, directly
purchasing BECCS removals.

A Fragmented policy and MRV systems

A No harmonised definition of BECCUS
utilisation pathways

A Land-use competition and feedstock
uncertainty

A Lack of durable carbon removal markets

We currently capture c. 2Mtpa COFfrom
BECCS, which is equivalent to 3 hours of
A Europe developing a continent-wide carbon global emissions

removal certification system (CRCF).
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The EU Context T sustainability and certification

A The EU is focusing on defining what counts as a
removal and is effectively trying to regulate
something invisible:

a counterfactual tonne of CO Fthat never
entered the atmosphere

A CRCF i Carbon Removal Certification Framework:
EUGs first MRV-ntegyitgGDRm f or
Critical for gasification-BECCS because it
demands precise carbon accounting and proof of
permanence

A RED i Renewable Energy Directive: sustainability
rules for biomass feedstock (affecting fuel chains
for gasification).

A Discussions on integration of BECCS into EU ETS
could create long-term price certainty - effectively
paying industry for verified negative emissions

A Sustainability criteria for biomass
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A Developers prefer compliance markets (like EU

ETS) and want early government-backed risk
reduction and clear MRV rules.

A MRV robustness
A sustainability
A permanence

A biodiversity protection

A By 2040, the EU expects up to 75 Mt CORyr

permanent removals, including 33 Mt from BECCS

A Meanwhile, North America has taken a very

different approach

14
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North American Context

ash is king
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I Incentives and scale or

A The US uses tax credits (45Q) to drive deployment

-

and supports CCS, DAC and BECCS

The US model is investment led, tax credit driven
and relies on rapid project pipelines and strong
private finance participation

The US federal CDR purchasing programme is
creating guaranteed demand for engineered
removals

New biogenic CDR facilities (e.g., Blue Flint
bioethanol capture plant) highlight how biogenic
COF streams scale rapidly

A This model is attractive for gasification BECCS

because it monetises removals immediately and
reduces investment uncertainty for FOAK systems

COFfrom ethanol fermentation is so pure that
capture costs can be less than half those in
power plants

15
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The UK Context 1

A The UK is designing a market for negative
emissions and is a pioneer in CCUS Business
Models

A Industrial Carbon Capture (ICC) business models
(2025).

A Transport & Storage Network Code (2025)
governing COF pipelines and storage.

A Specialised frameworks for waste-to-BECCS and
industrial BECCS

A The government completed a BECCS business
model consultation for the power sector in 2023

A UK CCUS clusters (Humber, Teesside, NW
England) are ideal hosts for biomass gasification-
BECCS systems due to proximity to pipelines &
storage.
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Create the Market

Key strengths:
A North Sea COFstorage
A Existing gas infrastructure
A Industrial clusters
A Biomass power generation experience

A Strong climate targets

A So globally, we see three different strategies - but

none fully solve the problem

A The key issue is counterfactuals - what would

have happened to the b

A If forests would have continued growing, BECCS

can create a carbon debt lasting decades

A This tension between policy and science is not

unique to the UK

16
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Lifecycle Assessment (LCA): The Critical Question
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| s BECCS car bon

emissions

real | vy nega

A Feedstock source (LCA informs sustainability)
A Biomass cultivation or feedstock production A Land-use change
A Harvesting and preprocessing A Transport emissions
A Transport A Capture rate (85% vs 95% shifts net balance
. . T . A significantly) and informs ETS eligibilit
A Conversion process (gasification, combustion) il g ) gty
i >, = A Oxygen production energy (ASU load
A Drying and size reduction energy Q\mfﬂ d\ ) yoenp oy { )
) B . Gl T i— A Steam demand
A Gasifier operation (oxygen/steam demand, i W \‘ | i . .
‘ A Methane leakage in supply chains
AGR) ‘
. : 1Y S A Biochar formation (if retained it is an additional
A CO, capture, compression and storage \ “ ‘ ‘1 carbon storage pathway)
A Transport to store or utilisation A N.O emissions from fertilisers
2
A Storage permanence Ll A Process efficiency
(&7 | >
; A Storage permanence (informs removal
=R certification)
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Why gasification changes the regulatory conversation

A Char carbon (possible storage
or utilisation)

A Gasification BECCS systems
generate multiple carbon

streams ]
A Hydrocarbons/tars (must be

A high COFconcentratio_n carefully accounted)
streams (pre-combustion
capture) with higher carbon

capture potential

A Syngas (H,, CO, CH,)
Enables production of:

A This makes gasification-based
systems more measurable and
therefore more
CRCF-compatible.

A Integrates naturally with CCUS

A hydrogen

A methanol clu.s'Fers Wlth different system
) efficiencies

A SAF

A synthetic natural gas

A chemicals
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Regulatory Infrastructure & Carbon Accounting

Integration

A MRV for storage vs LCA modelling
assumptions

A Accounting for imported biomass
emissions

A Interaction with UK ETS and
voluntary CDR markets

A Double counting prevention
mechanisms

A Leakage
A Dynamic LCA vs static LCA
A Carbon debt and payback periods
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A Mass allocation
A Energy allocation
A Economic allocation

A System expansion

A Allocation between hydrogen,
power, heat, potential solid residues
and captured COF

A Industry needs:

A Standardised durability
classifications

A Harmonised carbon intensity
metrics

A Key questions:

A Does utilisation delay or negate
removal?

A Do we credit hydrogen
decarbonisation separately?

A Is removal credited only for stored
COFR?

20
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Why deployment remains difficult

D
TECHNICAL ECONOMIC

A biomass variability A high CAPEX

A capture integration A uncertain carbon prices

A storage infrastructure A unclear revenue stacking

A scale-up risk A Cross border accounting
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o To Io Io

SUSTAINABILITY
biomass availability

land competition
biodiversity concerns

Lack of utilisation pathway
governance

To o To P>

SOCIAL & POLITICAL
public trust

permanence concerns
Agreenwashingo

Differing rules and
fragmented policy
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Interesting Case Studies

Drax

A biomass power + CCS ambition
A linked to UK removals strategy
A

major sustainability debate

Stockholm Exergi
A district heating + BECCS
A negative emissions as a service

A Interesting because they are
effectively selling carbon removals
alongside heat
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US ethanol plants
A low-cost biogenic COF capture
A enabled by 45Q incentives

A Demonstrates how economics
matter - high-purity COF streams
lower costs significantly.

SAF via gasification

Abiomass Y syngas

Tropsch fuels

A potential aviation decarbonisation
pathway

A Aviation may become one of the
strongest drivers for BECCUS and
gasification technologies.

22
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BECCU vs BECCS 1T To use, or not to use
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BECCUS adds complexity and is largely a
classification and temporal problem

ACOFutilisation often | ooks A Gasification systems blur the line between CCUS
and BECCS because they are platform
technologies producing both energy carriers and

COFstreams

A Biohydrogen + CCS

A Fischeri Tropsch fuels

A Costs vary widely where Total BECCS costs can
vary by a factor of 3 to 5 depending on
feedstock, scale, and location

A Methanol synthesis

A However, most COFused in fuels returns to the

atmosphere within weeks A BECCS only works if five systems align

ASo from a climate perspec simultaneously - Failure in any one:
not removal A Biomass
A When mineralised or geologically stored it is A Capture

durable removal. i
A Transport

A However, if we choose storage, we hit

: e A Storage
infrastructure limits

. . . . A Policy

A A single large BECCS facility can require COF
transport infrastructure comparable to regional
natural gas networks i which feeds into cost

A renders the entire system non-viable
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Utilisation has the potential to be transformative

Economic Viability of
COF Utilisation

Geographic and
Infrastructure Barriers

Purity Challenges

CHALLENGE

Limited market demand for COF-based products (e.g., COF for
Enhanced Oil Recovery, chemicals) can make COF utilisation
unprofitable.

Long distances between industrial COF emitters and
storage/utilisation sites

COF captured often contains impurities which need to be
removed before it can be used in specific applications, adding
cost and complexity

POTENTIAL SOLUTIONS

Develop new COF utilization pathways 1 efuels, chemicals, food
and beverages, construction material, energy storage etc.

Localised utilisation, Cost of transportation within 180km ranges
from 05/ FeponshoC® pipeliné&s) t
(shipping)

Mapping different industrial applications and their specific COF
purity requirements:

A F&B Industry: ~99.9% or higher.

A Enhanced Oil Recovery (EOR): ~ 95% to 98%.

A Chemical production: Above 90%

By 2030, COF utilization market may evolve, subject to the addressing of the challenges

~130-140 Mtpa

~740-800 Mtpa For EOR
Global industrial CO F
Consumption ~5-10 Mtpa

For Metal Fabrication
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~110-120 Mtpa il ~20-25 Mtpa
For e-Fuel - For F&B ?? Mtpa

EEE . Energy Storage

~240-250 Mtpa

For Chemical

~80-85 Mtpa
©70 For Construction Aggregates
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Key Emerging trends

A What is changing rapidly?
A Carbon removal markets growing
A Corporate CDR purchasing increasing
A Hybrid systems:
A BECCS + hydrogen
A BECCS + DAC
A BECCUS + e-fuels
A MRV digitalisation
A Geological storage expansion
A Strategic shift

A Carbon management becoming an industrial sector itself
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BECCS is not a silver bullet - but part of the portfolio

i

BECCS is policy-enabled, not technology-limited, market design and long-term liability frameworks are the real unlock
harmonised MRV locally, regionally and globally i alignment of standards

Robust sustainability governance determines credibility but it must also be clear, allocation methodology is central to policy
credibility.

il

infrastructure build-out
cluster integration i integrated whole system approach lowers costs and brings synergies

scale demonstration plants - this is the fundamental challenge

RESEARCH

robust LCAs
feedstock optimisation
social acceptance

gasification scale-up .
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If we want BECCS & BECCUS to move from modelling
assumptions to climate infrastructure, policy certainty
must move at the speed of engineering
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Is BECCS
actually
carbon
negative?

BECCS/BECCUS is not a single technology -
it is a test of whether we can align energy, land, and
carbon systems at scale
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