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Biomass gasification - flexible in feedstock & broad

product portfolio
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CO, -separation is already an integral
process in gasification systems
enabling high-purity CO2 streams at a
high capture efficiency.

CO, management pathways:
* No use (direct emissions)
» BioCCS — negative emissions
* BioCCU — more product

www.ieabioenergy.com



\ ‘
Biomass conversion technologies have limited carbon
efficiencies

« Limitations posed by the
differing elemental
composition of feedstock and

Product product.

(H/C=2)

Carbon
Biomass

Feedstock

(H/C=1) « Biomass feed is used both as

carbon source and as energy
source, parts of the feedstock
is combusted in the process.

Surplus CO,

IEA
Bioenergy 3 www.ieabioenergy.com
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BECCU - Hydrogen addition to the biomass conversion
process improves the carbon efficiency

« By adding H, from external
source, the surplus carbon
could be hydrogenated to

Biomass additional product.

Feedstock
(H/C=1)
Surplus CO, * Doubled (or even tripled) yield
from the same amount of
biomass.

2

* The carbon efficiency can
increase to over 90%.

IEA
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Main characteristics BECCS vs BECCU in gasification
T R

CO, fate Stored permanently Used in products

Climate impact Negative emissions RS LY
products

Key cost driver Storage & transport Hydrogen

Revenue Carbon credits Product sales

Maximise carbon removal (BECCS) vs Maximise product output (BECCU)

So, what role does carbon pricing play?

IEA
= Bioenergy 5 www.ieabioenergy.com



The role of carbon dioxide reduction (CDR) price

----- Market price
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The role of carbon dioxide reduction (CDR) price
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The role of carbon dioxide reduction (CDR) price

e Europe =——North America =——China ----- Market price

1200
< 1000 Cost range e-methanol
S
]
Q800
W
. \A high value of CDR outperforms CCU
S 600 Fossil methanol
EEE e Sl R mme 560 € per ton
)
5,
€ 400
G
o
2
O 200

~170 €/t
0
0 100 200 300 400 500
CDR price (€ per ton CO,)
IE.A Based on Thunman, 2026. Presentation a8t ACI Gasification, Berlin, 2026.
= Bioenergy www.ieabioenergy.com



BioCCS - cost comparison between Repsol and Stockholm

* Fuel input: 320 MW

» Est. investment: 900 M€

* Products: Methanol & CO,

» Spec. investment cost: 2.8 M€ per MW fuel input

* Fuel input: 420 MW

« Est. investment: Boiler 700 M€, CCS 1100 M€

* Products: Heat, power & CO,

» Spec. investment cost (boiler) 1.7 M€ per MW

» Spec. investment cost (CCS) 2.6 M€ per MW

« Spec. investment cost (total) 4.3 M€ per MW fuel input

IEA
Bioenergy Based on Thunman, 2026. Vagen mot fossilfria och cirkuldra plaster

www.ieabioenergy.com
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BioCCS - cost comparison between Repsol and Stockholm
Exergi

« Even if the cost of the Repsol plant increases by
50%, it would still be less expensive than the
Stockholm BECCS plant.

 If the separated CO, is used for producing equal
volumes of e-methanol as at Ecoplanta, at least
another 2 M€ per MW must be added.

« Retrofitting versus reconstruction?

IEA
Bioenergy Based on Thunman, 2026. Vagen mot fossilfria och cirkuldra plaster
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Summary & Reflections

« BECCU/S of great importance to reach climate targets and net zero
emissions.

« A strategic choice - Store the CO:2 (maximize climate impact) or use the
CO:2 for products to subsititue fossil counterparts (maximise product
output).

« Economics driven by carbon pricing
» The higher the carbon price — the more attractive CCS becomes relative to CCU
* The role of CCU becomes uncertain, especially at high CDR levels

It might make sense to analyze plant reconstruction versus plant
retrofitting...

IEA
= Bioenergy 11 www.ieabioenergy.com
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IEA Bioenergy Inter-task project BECCUS 3.0

IEA Bioenergy

BECCUS Science & Policy
WP7 Summary Report

Contribution of IEA Bioener gy Task 45 & Task 40 to Inter-Task Project (ITP)
Management of biogenic COz: BECCUS Phase 2

IEA Bioenergy: Task 45

May 2025

Technology Collaboration Programme
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« (Continuation of Management of
biogenic CO, carried out during 2022-
2024 to increase the understanding of

* Identify most promising systems for
BECCU/S based on economics,
emissions reduction, and
infrastructure needs.

» Define governance frameworks for
BECCS and its role in future energy
systems, including key decision
criteria.

12 www.ieabioenergy.com
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