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Employees

~4400

Public -private 
partnerships

>1300

Patents

Sustainable Technologies for Industrial Processes

>1000
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Sustainable Technologies for Industrial Processes

We develop core technologies to 
enable industrial transformation 
and contributing to a reliable 
sustainable energy system

• In -process CO 2 capture and 
conversion 

• Sustainable industrial heat 
systems

• Production of green hydrogen

Cutting edge knowledge and 
expertise enable us to innovate 
and scale -up technologies & 
have tangible impact on 
industrial transformation

• Separation enhanced synthesis

• Membrane technology

• Heat pumps & heat storage

• Process intensification

• Electrolysis

• Engineering for piloting & up 
scaling 

Our research facilities open up 
new possibilities to fast - track 
innovations to a higher TRL level

Technology development 
and scale -up

Key knowledge and expertise State of the art research facilities

TNO Restricted



Carbon Capture Utilisation and Storage at TNO

CATO EVENT 1. Introduction  TNO CCUS

https://climate.ec.europa.eu/eu -action/industrial -carbon -management/about -industrial -carbon -management_en

Value chain orchestration, system engineering approach, TEA, LCA

GHG measurements 
and (dispersion) 

modelling

Technology 
development for 

efficient and 
electrified capture & 

purification from hard 
to abate Industry

Simulations & 
experiments for safe 

and efficient 
transport 

Subsurface modelling 
& monitoring for safe 
and permanent CO ₂

storage

Process integration & 
electro - and 

thermochemical 
conversion to 

platform chemicals
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Overview Industrial Carbon Capture at TNO

1. Introduction  TNO CCUSCATO EVENT

Reduce CO 2 in the atmosphere, with a focus on 
hard to Abate Industries. 

• TNO is leading in development, upscaling and implementation
of pre-combustion/separation enhanced CCS technologies

• Post -combustion technologies are applied in 20 % of the
amine -based CO2 capture market, lowering costs and negative
environmental impacts

• TNO enables high purity CO2 to meet strict specifications for
transport and storage

Post -combustion capture
• DORA and on -line  monitoring 

standard in PCC
• Capture plants are equipped with 

mitigation technology
• Electro -chemical regeneration at 

TRL8
• TNO established as knowledge 

partner for industry on electrified 
carbon capture

In process capture
• TRL8 demo in the Iron & Steel 

industry
• SEWGS robust platform 

technology , TRL7 BECCS, 
increased efficiency
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TNO Value proposition

1. Introduction  TNO CCUS

Problem  & Opportunity Our unique Value

Collaboration models
• Contract R&D and Consultancy

• Subsidized research collaboration
• Licensing and joint development

Technical focus areas

• Industrial sectors dependent on 

fossil carbon

• EU need for resource independence 

• Hard-to-abate industrial sectors face 

urgent decarbonization challenges

• Low to high-TRL technologies with 

robust IP portfolio

• Dedicated models & testing facilities

• Process design & engineering and 

sector-specific integration

• Solvent based post-combustion 

capture

• Separation enhanced in process 

capture & CO2 conversion

• CO₂ quality: purification for 

transport, storage and reuse



Scaling up 
Separation 
Enhanced 
CCUS 
technologies
Examples of STIP CCUS innovations



Separation Enhanced processes
How?

8
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𝐴 + 𝐵 ⇄ 𝐶 + 𝐷

Henry Louis Le Chatelier
(1850 –1936)

𝐴 + 𝐵 ⟶ 𝐶 ↓ +𝐷

𝐶 = 𝐻2

𝐶 = 𝐶𝑂2

𝐶 = 𝐻2𝑂

Steam separation enhanced reactions: Review and outlook - ScienceDirect

2. Scaling up SE -CCUS

https://www.sciencedirect.com/science/article/pii/S1385894719312884
https://www.sciencedirect.com/science/article/pii/S1385894719312884
https://www.sciencedirect.com/science/article/pii/S1385894719312884


Sorption - Enhanced Water - Gas Shift (SEWGS)

CATO EVENT 2. Scaling up SE -CCUS
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Rinse: Improve CO 2 Purity
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CO2 Product
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Purge: Improve CO 2 Capture

400 ° C

Functional material: K -promoted Mg/Al hydrotalcite | Active for both CO 2 capture and 
Water Gas Shift

PEQ. BD

CO2 purity up to 

95%

Carbon Capture 

rate up to 

100%

Cost reduction 

compared to SotA

28%



SEWGS applications: CO 2 from Steel Industry to use

CATO EVENT 2. Scaling up SE -CCUS

Successful 
campaign in 

Lulea Nov. 2025:

>150 ton CO 2

captured!



SEWGS timeline: Scaling - up in projects

CATO EVENT 2. Scaling up SE -CCUS

Proof of Concept at lab scale2004

CEASAR
Process and material development, low steam use

2011

Bench scale validatio, single column.

IF: TRL8 STEEL INDUSTRY OPERATIONAL
First of a kind TRL8 plant in Steel industry

20XX

1

6

7

2
3

4

5

time

TRL 8
9

CACHET

2008

STEPWISE

TRL6 Single Column Demo at Steel plant (Lulea, Sweden)

2015

FRESME
TRL6 Single Column Demo for Methanol

2016

INITIATE
TRL6 Multi Column Demo for Ammmonia

2019

LICENSE AGREEMENT 
License agreement signed with Paul Würth Italy in Iron & Steel

2024

2026 INNOVATION FUND (IF) PROPOSAL



LEADS to support road towards the FoaK

CATO EVENT 2. Scaling up SE -CCUS

• Bridge the gap between Horizon and Innovation Fund for CCUS projects

• Assess viability of TNO SE -CCUS technologies for IF 

• Learnings so far:

https://www.aspire2050.eu/leads

https://www.aspire2050.eu/leads


CATO EVENT

Scaling up Sorption Enhanced CCUS

2. Scaling up SE -CCUS

The development and scale -up of SEWGS (Sorption Enhanced Water Gas Shift) 

created a knowledge and infrastructure platform enabling a kickstart and 

accelerated development of Sorption Enhanced CCUS technologies 
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From fossils to CO 2 as feedstock: water 
management is key!

• Water management and process intensification by 
separation enhancement

2. Scaling up SE -CCUS

Kätelhön , A., et al. (2019). PNAS , 116 (23), 11187 -11194.



SEDMES – scaling up

15

2. Scaling up SE -CCUS

SEDMES pilot

0.2 L bed 0.5 L bed 2 L bed
40 L

6 * 6m columns

450 L total volume
3 shell * 19 tubes
3 kg DME/h

CATO EVENT



• Advance development of SEDMES, 
complete pilot with DME purification, 
unconverted gas recycle & DME storage

• Realisation of energy management system 
(EMS) and dynamic operation SEDMES 

• Long duration testing 

• Techno -economic evaluation & 
sustainability study

• Design & preparation demonstration scale

16

CATO EVENT 2. Scaling up SE -CCUS

Objectives POWERED
Subsidy Scheme: MOOI, theme Industry, 

mission C, MMIP6 & MMIP8

Start Date: June 2023

End Date: May 2027



Follow - up: Scaling up SEDMES further

• Full chain long -duration  testing  at Petten → demonstration  at industrial  biomass  gasification  plant

• Engineering for next scale  (>3 columns), TEA and  LCA:

CATO EVENT 2. Scaling up SE -CCUS

And e.g. SE -MTO to higher carbons



Shaping to drive cost reduction in SE - CCUS

CATO EVENT 2. Scaling up SE -CCUS

Adsorbent shaping as enabler for intensified pressure swing adsorption (PSA): A critical review

• PSA systems are capital -intensive: process optimization & cost reduction key for industrial deployment.

• Optimized particle morphology and structured reactors improve heat/mass transfer and reduce pressure 
drop. → Higher productivity per reactor volume.

• Lower CAPEX/OPEX through enhanced performance and durability. Reduced energy consumption and 
improved regeneration efficiency.

• Projects: 

• Green Smith: Sorbent shaping for SEWGS process in electrified 
steel making.

• SENSATION: structured sorbents for intensified DAC.

• MOF4BIO: Shaped metal -organic frameworks adsorbents for 
selective CO ₂ capture from biogas streams. 

               

https://greensmith-cetp.eu/

https://www.sciencedirect.com/science/article/pii/S1383586624022056
https://greensmith-cetp.eu/
https://greensmith-cetp.eu/
https://greensmith-cetp.eu/


Example project shaping: SENSATION

CATO EVENT 2. Scaling up SE -CCUS

The overall objective of SENSATION is to develop a sorbent-based carbon capture technology tailored for 
low CO2 concentrations varying from 400 ppm in air (DAC application) to 1-3 vol% for industrial sources. 

Structure sorbents 
by coating the 
sorbent material 
onto a substrate 
monolith.

Design a compact 
system with optimized 
TSA/VTSA processes to 
reduce energy and 
capital costs.

Validate scalable, 
commercially available 
sorbent materials.

Design & construct 
TRL6 pilot 

TRL6 demonstration at 
two locations to test the 
capture technology for: 

1) Industrial sources 
with low CO2 conc. 

2) DAC

1-3 % CO2

DAC



Managing 
CO 2 Quality
across Value 
Chain



• The control of impurities in CO2 plays a
vital role in the safe and effective design
and operation of a CCUS chain .

• Impurities can significantly impact the
cost of processing, transport, material
and storage .

• Stringent specifications for Liquid CO2

CO 2 purity is key

CATO EVENT

https://safety4sea.com/wp -content/uploads/2024/03/Northern -Lights -GS-co2 -2024_03.pdf

2. CO 2 purity
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CO 2 conditioning for in - process capture purity

CATO EVENT 2. CO 2 purity

• Purification & Recuperation of Energy Content is a pre-combustion CO 2 purification technology for removal of CO, H 2

• Avoids introduction of other impurities (e.g., O 2, N2)

• Possibility to extend to other impurities removal (e.g., CH 4, H2S)

• No energy input required (exothermic steps) → possibility for energy recovery

• Increased CO 2 recovery 

WO2025132895A1

https://worldwide.espacenet.com/patent/search?q=pn%3DWO2025132895A1


• TNO’s innovations in carbon capture are at the verge of making real 

impact in hard -to-abate sectors:

• Separation -enhanced and in -process capture technologies are 

transitioning from lab to industry, with proven pilots and scalable 

solutions.

• Collaboration is essential: 

• Partnerships, joint development, and knowledge sharing drive 

progress and bridge the gap from research to implementation.

• Looking ahead: 

• Continued scale -up, integration, and demonstration projects will be 

critical to realizing a sustainable, low -carbon future for industry.

Summary and message

CATO EVENT 3. Summary and take -aways
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Thank you for your 
attention!
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