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TEST BENCH AND TEST CELL

FEATURES

SOME LESSONS LEARNED

• Proton exchange membrane (PEM) water electrolysis is the
key technology for getting green hydrogen from renewable
energy sources, but its widespread adoption is hindered by
challenges related to cost, durability, and the usage of
platinum group metals (PGMs). To foster innovation in
materials and cell/stack design, advanced approaches for
“in-situ” and “ex-situ” characterization of the cell itself or
its components in realistic conditions are necessary.

• There is an acknowledged need for objective comparative
assessment of the behavior of electrolyzer components and
devices in harmonized conditions, so some testing protocols
were suggested [1].

• To unpack the PEM water electrolyzer losses breakdown, the
test station with wide “in-situ” testing capabilities is
necessary.

 Independent anode and cathode circulation loop allowing the
asymmetrical, symmetrical circulation, or dry-cathode
operation mode.

 Accurate test cell temperature management is allowed using
the reactant water preheating and direct test cell heating
through the implemented jacket (see Image 1).

 Active water quality management (3 high-precision
conductivity sensors and ion-exchange resins) ensures the
water conductivity of 0.1….1.0 µS cm–1 (in line with [1]).

 Operation in H2/N2 mode for anode catalyst layer
characterization via cyclic voltammetry to access an
electrochemically active surface area (EASA).

 “In-situ” gas content measurements to access efficiency and
cross-over using gas chromatography are allowed.

 “In-situ” electrochemical impedance spectroscopy
measurements in the full current density range allowed by
Zahner electrochemical workstation based on the Zennium X
and EL1002.

 Polarization measurements are allowed with a high current
power supply (0–200 ADC) or electrochemical workstation
(limited to 1 kW heat dissipation). In the latter case, big single
cells or small stacks can be fully characterized (extra
voltage/EIS channels available).
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Temperature TransmitterTT-XXXWater TankWT-XXXWater lines------------

Pressure TransmitterPT-XXXOxygen/Hydrogen Gas SeparatorC-(O/H)GS-XXXHydrogen line------------

Flow TransmitterFT-XXXGas DryerGD-XXXOxygen line------------

Level SensorLS-XXXBall ValveBV-XXXJacket Heating line------------

Thermal Mass Flow MeterTMM-XXXNeedle ValveNV-XXXHeat ExchangerHE-XXX

Gas ChromatographerGC-XXXPressure RegulatorPR-XXXIon Exchange ResinIER-XXX

Temperature Control UnitTCU-XXXRotor meterROT-XXXPumpP-XXX
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Anode electrochemistry and EASA [2]
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To extract the data from EIS:
 Lab-made and commercial test cells of different sizes can

be tested with an ensured operational temperature.
 Water quality is ensured within a safe conductivity range

to avoid a significant performance drop due to cation
contamination (if not intentional),

 dual-heating scheme ensures quick test cell temperature
stabilization.
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