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Leading the way in electrochemistry

Nouryon

Nouryon operates over 1000 MW of electrolysis capacity

In electro-
chemistry
since 1899

1000 MW
electrolysis
capacity

50%
renewable

energy
worldwide

Chlor-alkali Sodium chlorate Water electrolysis
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Installed capacity: 380 MW Installed capacity: 620 MW Installed capacity: 8 MW
H, production: 38 kta H, production: 62 kta H, production: 1.2 kta



Key water electrolysis technologies

Stack size (MW)

Largest installed plant
(MW)

Number of suppliers
Stack price (€/kW)
Stack efficiency (% of HHV)
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More than just a stack
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A clear need for innovations to reduce costs

Capex cost breakdown Alkaline technology
Total Installed Costs 1400 Euro/kW
Directs Costs 800 Euro/kW

M Balance of plants
Civil, Structural &Architect.
M Utilities and Process Automation
Il Power supply and electronics
M Stacks

B Indirect costs
B Owners costs
H Contingency
B Direct Costs

5 Source: Gigawatt green hydrogen plant, ISPT Oct 2020 G NO BIAN TU/e



Intensifying alkaline electrolysis
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From 485-Nm3/h to 1940 Nm3/h!

¢ NOBIAN RV



Trade-offs in scaling up innovations

Diaphragm thickness:
Resistance vs. gas crossover

.| Operating temperature:
Efficiency vs. stability & corrosion

Capital costs

Plate and frame thickness:

Energy costs ﬁ "] Mechanical strength vs. material costs
Flexibility 4

|
Durability e : |
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K Overpotentials \ 2 OH &l
* Ohmic resistance Stack length:
Higher potential (cheaper power conversion)

* (Gas crossover

Hzo vs. shunt currents
*  Shunt currents
* Electrode stability & corrosion
* Changes in gas hold-up Electrode area:
Heat management vs. material efficiency & footprint

* Heat management KOH KOH
* Mechanical strength v
* Operation pressure / Electrode material: Electrolyte flow rate:

Max. efficiency vs. robustness Heat management vs. BoP size
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Scaling up innovations
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“Fundamental”
electrode &
membrane
development
focused on
overpotentials and
selectivity
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Pressurized clectrolyzer

¢ NOBIAN RV



Thanks for your attention!. .
Thijs.deGroot@Nouryoh.cqm
M.t.d.groot@tue.nl
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Rjukan (Norway): 165 MW, 27,900 Nm3/h %
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