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THE ALKALINE WATER ELECTROLYZER
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/cost-forecast-for-low-temperature-electrolysis.pdf
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THE CAUSE OF STRAY CURRENTS

Stray current |

J

Hjp + electrolyte ———>

»» Fluid channels present a d | il li
parallel path for current, 2 + electrolyte ———>
bypassing the electrochemical I | T TO l i
reaction : : PN : : :

| | @@ : ﬂ@ + PO +P- % QQ Q8
»» Total supplied current = effective O 3 O , {)@ O

cell current + stray current

»» Magnitude of stray currents is
determined by: — I I Effectivelcell clrrent :
»» Stack design . - . . . :

= Port and manifold dimensions,
number of cells

»» Electrolyte conductivity

= Temperature, KOH concentration : : . . : '
»» Stack outlet manifold gas ﬂ f

volume fraction

<«<—— Electrolyte

Stray current



' STRAY CURRENTS IN PRACTICE
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I Results from two industrial case studies and our research
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» LUT alkaline plant model
» Simulink/ MATLAB Transformer

»» Dynamic mass and energy balance of
each plant unit operation
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. Rectifier 0, to atmosphere
» Parameters fitted to measurement data
from real industrial systems:
DC
=3 MW, 16 bar 0 -liguid Hy-liquid
separation separation >
= 1 MW, atmospheric > Serubber | |
» Goal: r
—_ 1-MW electrolyzer stack +
= Determine proportions of energy losses as a Y \ Feedwater
function of load, stack temperature, <
electrolyte flow rate, system pressure
A 4
Heat exchanger Pump
T l Electrolyte tank
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STRAY CURRENTS IN PRACTICE
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B Results from two industrial case studies » Current efficiency at nominal

. . load
Specific energy consumption

* x w w | | w x » 99% in the atmospheric system

» 83% in the pressurized system,
with notable drop towards
smaller loads
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»» Stray currents increase SEC of
pressurized stack at partial
loads
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» Differences between studied
- T systems

» Stack length

»» Gas volume fraction

SEC (kWh/kg

55

50

s | | | | | | | | » Electrolyte port and manifold
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REDUCING

STRAY CURRENTS

»» Maintain high gas volume fraction to
block outlet-manifold stray currents

»» Easier to achieve in an atmospheric
system, where higher rate of water
vaporization provides extra stack
cooling and allows lower electrolyte
flow rates while keeping temperature
difference through stack in check

»» Limiting stack length

»» Lower voltage driving the stray currents

» Higher resistance stray current path
»» CAPEX vs OPEX; optimal stack length?

»» Manifold and port dimensioning

» Compromise between manufacturability
and energy efficient design



https://www.process-worldwide.com/cac-to-build-membrane-electrolysis-for-neolyse-ibbenbueren-a-505399/
https://nelhydrogen.com/wp-content/uploads/2019/10/nel-annual-2014.pdf

CONCLUSION

»» Stray currents

»» inherent feature of the alkaline bipolar cell stack

»» result of bipolar stack design, not a consequence of electrochemical properties
»» more of a challenge in pressurized systems

»» can waste dozens of percent of the power supplied to the stack

= affects especially partial-load operation (important to renewables-based H, !)
»» can be limited with good design

Sakas et al., Sensitivity analysis of the process conditions affecting the shunt currents and the SEC in an
industrial-scale alkaline water electrolyzer plant, hitps://doi.org/10.1016/j.apenerqgy.2024.122732

Sakas et al., Influence of shunt currents in industrial-scale alkaline water electrolyzer plants,
https://doi.org/10.1016/j.renene.2024.120266
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QUESTIONS, COMMENTS?



	Slide Number 1
	Stray currents and energy efficiency of �atmospheric and pressurized alkaline �water electrolyzers
	The Alkaline water electrolyzer
	The cause of stray currents
	stray currents in practice
	stray currents in practice
	reducing STRAY currents
	Conclusion
	Thank you!�Questions, comments?��

