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ECN : A rich and evolving history 

~500 employees 

ECN technology  
can be found in 60% world wide solar modules 

~110 patents 

80% of EU off –

shore wind farms  

We are in our 60th year of pushing technology boundaries 



Where we are 

Petten 
(head office) 

Amsterdam 

Beijing 

Wieringerwerf 

Brussels 

Eindhoven 



 
~500 

employees 

 
~370 

employees 

 
~275 

employees 

 
~290 

employees 

Petten Energy Research Campus 

http://intranet.energy.intra/index.php?eID=tx_cms_showpic&file=uploads/pics/NRG-logo.jpg&md5=673986f46558a5087b0a98f53ed107f68eeb9a5d&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI+IHwgPC9hPiI7fQ==


 

We strive to increase the energy 
efficiency in selected industrial 
processes by 30% in 2020 



A process approach to  

improving energy efficiency 

Input Output 

Membranes and 
sorbents 
 

Conversion 

Systems analysis and process design 

Heat pumps, transformers and storage 

Separation 

PI: Separation Enhanced 
Reactions 

 
Pre-combustion carbon 
capture 



Markets 

Clients & Partners 

• Gas Processing, Syngas Tuning, Refinery, Steel production 

• End users, component manufacturers, system integrators 

• Public Private Partnerships 

http://www.google.com/url?url=http://www.dow.com/carpet/news/download.htm&rct=j&frm=1&q=&esrc=s&sa=U&ei=WQ5KVNXzJNbxap6GgogF&ved=0CBYQ9QEwAA&sig2=GLSwOvypO3vqctTNp1jshg&usg=AFQjCNFjPRTOnO4Gx6oQ-YqWvFrLmRsT-A
http://www.google.com/url?url=http://www.intercooleronline.com/stocks/barclays-reiterates-overweight-rating-for-gkn-plc-gkn/110382/&rct=j&frm=1&q=&esrc=s&sa=U&ei=wg1KVLnUEMfmaMb_gagD&ved=0CBYQ9QEwAA&sig2=eLLEDXrqDA8aO1mL9-yJZw&usg=AFQjCNFTqQCAJ_Yt0PFFcIbE4_sS1sB97Q
http://www.shell.com/
//upload.wikimedia.org/wikipedia/commons/0/05/POSCO_logo.svg
http://www.co2-cato.nl/modules.php?name=CATO&page=80
http://en.wikipedia.org/wiki/File:ArcelorMittal.svg
http://en.wikipedia.org/wiki/File:Tata_logo.svg
http://www.google.com/url?url=http://mijn.ecabo.nl/zoeken/Leerbedrijf/Index/9792369?returnUrl%3D/zoeken/Zoeken/alle-bdr/alle-la/160/alle-rg/alle-pl/GOUDA/0/1639/alle-kw/alle-kr/geen-code/1/alle-lp/2&rct=j&frm=1&q=&esrc=s&sa=U&ei=Qw1KVKLAEc7xaLTegrgK&ved=0CBYQ9QEwAA&sig2=qRwIc-_iDKZGua84hQ104g&usg=AFQjCNELr7NGgutYO6YLIxCVvV6iqTyoag
http://www.google.com/url?url=http://www.kt-met.com/&rct=j&frm=1&q=&esrc=s&sa=U&ei=Zw1KVPzlKs3favidgJAM&ved=0CBYQ9QEwAA&sig2=J7Z2eHkv7C1POWw1evcmsQ&usg=AFQjCNFJHq0iNBU2TlGwv2gPpjeJvKZGJA
http://www.google.com/url?url=http://pracoustics.com/?attachment_id%3D9097&rct=j&frm=1&q=&esrc=s&sa=U&ei=lQ1KVJeAMMGNaJWwgsgL&ved=0CBgQ9QEwAQ&sig2=4lXBHIzxn_K9E4rPx2nk5Q&usg=AFQjCNEGH3qLo91TiZ08DRVcbSxPr59bQg
http://www.google.com/url?url=http://mijn.ecabo.nl/zoeken/Leerbedrijf/Index/9790186?returnUrl%3D/zoeken/Zoeken/alle-bdr/alle-la/160/alle-rg/alle-pl/VEENDAM/0/1557/alle-kw/alle-kr/geen-code/alle-lp/alle-lp/alle-lw&rct=j&frm=1&q=&esrc=s&sa=U&ei=Qg5KVKaMFo7gaK-ogvgP&ved=0CCAQ9QEwBQ&sig2=47O14HDxHMQtUxVd_zmFZw&usg=AFQjCNFp4CVmPGBvc8h5A1GkiB7_0iofYQ
http://www.google.com/url?url=http://www.dnv.nl/&rct=j&frm=1&q=&esrc=s&sa=U&ei=nQ5KVJTMOIXfarzsgfgG&ved=0CBYQ9QEwAA&sig2=-EdwegeQTBy7v3CWf6rIEQ&usg=AFQjCNFgqrkI0-m-8SXIhBhVjwZOp8_qNw
http://www.google.com/url?url=http://www.arrayindustries.com/&rct=j&frm=1&q=&esrc=s&sa=U&ei=xQ5KVOmjEoz3asCOgKAF&ved=0CCAQ9QEwBQ&sig2=VAjWygbuHzdhes74rWj3wA&usg=AFQjCNEPv2gGlfoZPBWCF2_5p7WBvfFEMQ
http://www.google.com/url?url=http://www.wisse-worldcom.nl/nl/voor-de-pers/&rct=j&frm=1&q=&esrc=s&sa=U&ei=JA9KVJHVDtPraOmCgZgK&ved=0CBYQ9QEwAA&sig2=mSiBdH_0g8zaNtXcNH_WPg&usg=AFQjCNFlog7472Bfw5mNGsqPfk42beyNXg


Industrial gases 

Membranes and sorbents 

T  ≤ 150 ⁰C T ≥ 300 ⁰C 

 

Advanced 
membranes 

Advanced 
sorbents 

HybSi® HySep® 

Immobilized amines Alkasorb® 



Thermodynamic limitations  

• Conversions hindered chemical equilibria 
– Large recycle streams 

– Complex separator 

– Low conversions 

– Mediocre single pass yields 

– Poor energy efficiency 

– High costs 

 

• Solution: in-situ removal of one of the products 
 

Ammonia – Methanation – Water-Gas Shift – Reverse Water-Gas Shift – 
Methanol – Steam Reforming – Condensation Reactions - Dehydrogenation  



Separation promoted  

Water-Gas Shift 

 

• Applications in Carbon Capture and hydrogen production 
 

 

CO + H2O   CO2  + H2       DH = -41 kJ/mol 

 

 

• Normal Reaction Conditions 
– Two stage conversion of CO 

– 12%  3%  0.5% 

– 350-400°C  180-250°C 

– 20-30 bar 

 

 

 

In situ removal of ONE reaction product 



Sorption Enhanced Water Gas 

Shift reaction for carbon capture 



The Intensification Step 

• Combines the Water-Gas-Shift reaction with sorbent material to 
simultaneously produce H2 at high temperature whilst also capturing CO2 

 

H2 

H2O 

H2O 

CO 

H2 

CO2 

H2O H2O 

CO2 

Water-Gas Shift:  CO + H2O  CO2 + H2 

Carbonate Formation  

 Decarbonisation  



Testing and development  

on multiple scales 

Adsorption Isotherms 
Realistic Conditions 

Industrially Relevant 
Materials 

Pre-pilot Full-Cycles 

8 x 2g 10g 2kg 100kg 

High Throughput 

Comparative Testing 

• Facilitating testing of new material and new conditions 

• Scaling-up for manufacturing and full process simulations 

 

 



Sorbent “stress test” 

• Stability of the CO2 sorbent ALKASORB 
– Combined adsorbing and catalytic activity of material for more than 5000 cycles 

– No deterioration was observed 

 

 



Near future ambition 

• At ECN laboratory 

• 100 kg of sorbents 

• In the steel industry 

• 4,000 kg of sorbents 



Dense metal membranes 

for hydrogen production 



Methane steam reforming 

at pre-pilot scale 

Hydrogen membrane reactor 

 

• Hydrogen production : 2 Nm3/h 

• Methane conversion  increase > 30% 

• 1000 hour long term testing at 7 bar 

 

 

 

• Ambition 
– Continued testing at high pressure to increase 

methane conversion to >90% 

 

 



Pre-Pilot membrane testing 

• Hysep module 1308 

• Membrane area  = 0.4 m2  

• 13 membranes, 26 seals, L  = 70 cm 

 
Designed parameter Value 

H2 production[Nm3·h] 4-6 

H2 max. recovery [%] 30 

H2 purity[%] >95 

T  [°C] 450 

Pfeed [bar] 21 



From 32%  to 99.95% H2 purity 

950 1000 1050 1100

99.94

99.96

99.98

100.00

time [h]

H
2 
[mol%]

Feed  

CO2  ~   6 mol% 
 CO  ~   2 mol% 

 H2O  ~ 50 mol% 
 H2  ~ 32 mol% 

 CH4   ~ 10 mol% 
 
 
 



Near future ambition 

• Purposed built pre-pilot 

• 4 Nm3/h H2 

• Full on-site pilot,  

• 50 Nm3/h H2 

Position 
available  
to  pilot 



Membranes and sorbents to 

enhance your gas processes  

Jaap Vente, vente@ecn.nl, +31 88 515 8615 
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info@ ecn.nl 

www.ecn.nl 


