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Waterstof en (grootschalige) energie-opslag
een nuchtere kijk op de zaak ...

Prof. Joris Proost

joris.proost@uclouvain.be

Flux50 Focusgroep Energieopslag webinar 03/02/2021
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direct use of H2
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CH4 + 2H2O → 4H2 + CO2

 10% of 2050 
global RE target

EUGreenDeal : 
40 GW by 2030

1500 
GW

(10 GW  1 MtH2/yr @50%CF)
(NH3 & CH3OH)Renewable electricity (RE)

The big(ger) picture ...
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Hydrogen-to-X : Definitions

J. Proost et al., International Journal of Hydrogen Energy 44 (2019) 27637

©UCLouvain

Type of application (Hydrogen-to-X)
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Temporal progression of HtX
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PtH installed electrolyser capacity vs. start date
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PtH cumulative installed capacity

Alkaline

PEM
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Type of Power-to-Hydrogen : grid services

(incl. micro-grids)
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Green H2 or Blue H2

1) price

2) scale

©UCLouvain
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15%

35%

14%

data from “Green hydrogen in Europe: Substituting existing production with electrolysis powered by renewables”, Energy Conversion and Management 228 (2021) 113649

(@47 kWh/kg H2)

no excess !

(Green) H2 and Renewable Electricity (RE)

2020 : 456 TWh (9,7 Mt)
2050 : 2250 TWh

127

FPB
2050
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©UCLouvaindata from “Green hydrogen in Europe: Substituting existing production with electrolysis powered by renewables”, Energy Conversion and Management 228 (2021) 113649

1) 20.34 TWh (Sachsen-Anhalt)

2) 18.18 TWh (Zeeland)

3) 9.87 TWh (Antwerp – 1.1 GW)

5) 9.63 TWh (NL Limburg)

...  5.98 TWh (Wallonia – 0.7 GW)

©UCLouvain

January 2019

(2050) 0.05*213TWh  11 TWh H2

Green H2 and Variable Renewable Electricity (VRE)
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J. Proost, "State-of-the art CAPEX data for water electrolysers, and their impact on renewable hydrogen price settings", Int. J. Hydrogen Energy 44 (2019) 4406

Green H2 production price curves

©UCLouvain

[hrs/yr] 3218 hrs (37%)

1804 hrs (21%)

807 hrs  (9%)

Full load hours (FLH)/year

courtesy D. Devogelaer (FPB)

[TWh]
Net green electricity production

source : AD Energie 

 5.5 5.9 6.7             7.6 8.7 GW

[GW]
Installed green power capacity

source : Apere.org 
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Natural gas 
(with CCUS)

11 $/MBtu

3 $/MBtu

30% capacity

50% capacity (~4000 FLH/yr)
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fossil parity for direct 
use in transport :
e.g. diesel car : 
5 L/100km @ 1,2 €/L

Excess renewable electricity ?

©UCLouvaincourtesy D. Devogelaer (FPB)
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J. Proost, "Critical assessment of the production scale required for fossil parity of green electrolytic hydrogen", Int. J. Hydrogen Energy 45 (2020) 17067

hr

kWh/Nm3 - 46,7 kWh/kg

(@ 35 bar)
40 €/MWh

1.6 MW

Electrolytic H2 is already (cost-)competitive today !
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Green H2 or Blue H2

1) price

2) scale

©UCLouvain

Water electrolysis : intrinsically small-scale & ultra-high purity
(99,998%)

4 stacks (300 kW) ~100 cells/stack
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SMR : intrinsically large-scale & (much) less pure (95-98%) 

~ 50 MW electrolyser

©UCLouvain

7.000 kg/hr H2 @ 26 bar
38 kWh/kg  85% of LHV 

inlet H2O/CH4 = 2.5
Steam methane reforming (SMR) 

Ni catalyst

  10 cm
L  10 m

450-650°C

800-950°C

CO + 3H2

reformer CH4 + H2O → 3H2 + CO   (endo : T, p)
water gas shift CO + H2O → H2 + CO2 

CH4 + 2H2O → 4H2 + CO2 (8 tons/ton H2)

courtesy Prof. J. De Wilde (UCLouvain)
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Feluy

SMR : centralised production  distribution logistics needed

©UCLouvain

Water electrolysis : scale-up (only) for decentralised production 

2 MW  6 x 300 kW 
(2013)

2,2 MW – 1 stack 
(2018)

18 MW – 8 unit plant
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& Methanol

40 kg/h

5 kg/h

(non-stop delivery during 15-20 years !!!)

NH3 8.000 kg/h
CH3OH 1.000 kg/h

NH3 400 MW
CH3OH 50 MW

2 MW

0,25 MW

Hydrogen market today (~70 Mton/yr)

UNIT REACTOR/PROCESS SIZE

+ 40.000 kg/h (H2 reduction) (+ 2000 MW)

+ 300 kg/h (H2 combustion) (+ 150 MW)

ELECTROLYSER 
CAPACITY 

(50 kWh/kg @100% CF)

40 kg/h50x 2 MW

©UCLouvain
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3-4 MW

Green H2 for small-scale fossil parity

J. Proost, "Critical assessment of the production scale required for fossil parity of green electrolytic hydrogen", Intern. J. Hydrogen Energy 45 (2020) 17067

2 MW

10 MW = 5*2 MW
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©UCLouvain

Small-scale fossil parity ...
... also opens new small-scale markets for Green H2

(4 MW single stack alkaline electrolyser)
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Large-scale electrolytic H2

25 MW

(NH3 production)

©UCLouvain

Green H2 or Blue H2
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(direct use of H2 in cars, trucks & trains)

(shipping : N2 + 3H2 → 2NH3)

(aviation: liquid hydro-carbons)

(NH3 & CH3OH)

©UCLouvain


