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‘Whoever wishes to foresee the 

future must consult the past’ 

Niccolò Machiavelli, 1513 
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Benchmarking performance:  

a crucial step for the further 

development of the technology. 



Experimental programme 

• H2 from reformate 
– NGCC with CO2 capture 

400°C 30 / 20 bar ~ 50% H2 in H2O, CO2, CO, … 

– H2 production with CO2 capture 
430°C 30 / 5 bar ~ 50% H2 in H2O, CO2, CO, … 

 

• Obtained membranes from 5 commercial vendors worldwide 

 

• Experiments with tubular Pd-based membranes  
300-600 cm2, up to 1500 hours on stream 
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Experimental results 

CASE:  NGCC with CO2 capture 
 400°C 30 / 3-20 bar 

• Recovery > 95% for  
permeate pressure < 15 bar(a) 

CASE: H2 production with CO2 capture 
 430°C 30 / 5 bar 

• Recovery > 95% for  
feed flow < 50 Nl/min 

5 10 15 20
80

90

100

H
y
d

ro
g

e
n

 r
e

c
o

v
e

ry
 (

%
)

Permeate pressure (bar(a))

0 20 40 60 80 100 120
80

90

100

H
y
d

ro
g

e
n

 r
e

c
o

v
e

ry
 (

%
)

Feed flow rate (Nl/min)



Experimental results 

 

• How to compare results at different sizes, different modules? 



Experimental results, 

Model development 
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Experimental results, 

Model development 

• Q,n in flux equation (n = 0.6-0.7) 

 

 

• Pressure drop in membrane support negligible 

𝐽 = 𝑄 𝑇 (𝑝𝐻2,𝑟𝑒𝑡
𝑛 − 𝑝𝐻2,𝑝𝑒𝑟𝑚

𝑛 ) 
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Experimental results, 

Model development 

J. Boon et al. Energy Procedia 4,  
123-132, 2011. 
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Experimental results, 

Model development 
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Experimental results, 

Model development 

• Q,n in flux equation 

 

 

• Pressure drop in membrane support negligible 

 

 

• Concentration polarisation and support resistance validated 

• Diffusional resistance by inert sweep significant 

𝐽 = 𝑄 𝑇 (𝑝𝐻2,𝑟𝑒𝑡
𝑛 − 𝑝𝐻2,𝑝𝑒𝑟𝑚

𝑛 ) 

J. Boon et al. Int J Greenh Gas Con 11, 
Supplement:122-129, 2012. 
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Experimental results, 

Model development 

• Q,n in flux equation 

 

 

• Pressure drop in membrane support negligible 

 

 

• Concentration polarisation and support resistance validated 

• Diffusional resistance by inert sweep significant 

 

• Inhibition: 
Permeance reduction by 20-90%, depending on membrane, conditions 

𝐽 = 𝑄 𝑇 (𝑝𝐻2,𝑟𝑒𝑡
𝑛 − 𝑝𝐻2,𝑝𝑒𝑟𝑚

𝑛 ) 
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Model development 
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Model-based comparison 

• Comparing intrinsic membrane performance 
– Model without concentration polarisation ignores module effect,  

allows for comparing intrinsic performance 
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Benchmarking of  

H2 selective membranes 

• Pd-based membranes maturing, commercial vendors 

 

• Successful experimental programme 
– Comprising tests in reformate, up to 1500 hours on stream 

 

• Model developed to derive intrinsic membrane performance 
– Significant diffusional resistance in membrane support, when using sweep 

– Metallic layer important resistance, especially with inhibition 

 

• Model allows for comparison of membrane performance 
without module effect 
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