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ECN’s location
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ECN’s main features

• ECN develops and implements high-level knowledge and technology 

for the transition to sustainable energy management.

• Annual turnover of 70 million euro

• Approx. 5-10 international patents granted each year

• Approx. 600 reports and publications each year

• (Inter)national co-operation with companies, universities and
research institutes
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Scales

centralized large 
scale production 

local small scale 
production 

ECN emphasis
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Energy savings: cryogenic distillation versus ITM
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Various aspects for economic viability

External Factors:
CO2 penalty
Legislation
Other technologies
Energy (oil) price (now $115 / barrel) 

Technological Factors:
Membrane configuration & module design 
Higher permeance Æ smaller membrane area; stability issues?
Include heat intergration options

Partial oxidation
Iron ore reduction
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Principle ion transport membranes

Characteristics
Intrinsically very high selectivity
High application temperatures
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Membrane geometries

-Tube-plates

- Single hole tubes / hollow fibers

- Multi-channel monolith

(Air Products)

(Hydro Oil + Energy)

(Praxair)
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Dimensional limitations

• Only part of the volume of the 
module can be used
• because of tubular arrangements
• space required for manifolding, heat 
insulation etc.
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Specific surface area and number of modules

Preferred option

single-hole multi-channel tube-and-plate
tubes monolith

dsupport (mm) 19 10 100 100 250 70
channels (mm) 2 5
dplate (mm) 950 240
A∞ (m2/m3) 81.9 90.7 543.7 232.4 74.0 273.1
# of plates 41 51
lsupport (mm) 2500 1750 490 1230 840 280
#  supports 1038 2232 37 37 1 10
A per module (m2) 157.3 122.6 127.8 126.5 54.1 42.2
# basic units 32 41 39 39 93 119
Aext (m2/m3) 10.5 9.8 12.5 10.0 2.6 4.8
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Conceptual module design

- 160 m2 membrane area per 
module

pipe-
plate

centre-
plate

compensation of 
expansion
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Materials uncertainties

Sr0.5Ba0.5Co0.8Fe0.2O3-δ

2 
we

ek
s

- Creep resistance needs to be improved

- Resistance to poisoning

- Long-term performance/reliability

- Kinetic phase stability

→ Comparative studies required to guide material selection
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Materials selection
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Membranes fabrication

- Extrusion of porous tubes with pore-forming organics

Filmcoating of a 
20 µm dense toplayer
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Issues with membrane fabrication
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Membrane Seal assembly
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Towards implementation

If economics are positive!

World wide consensus required on: 
materials selection
module design
sealing technology

Followed by orchestrated efforts on:
creep 
stability 
manufacturing

Impact of twenty years of research is still too limited:
Sharing knowledge and experience is key and crucial
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