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Summary
A 200 kW (75 cells, 415 cm2) PEM electrolyser based on new type of MEAs and an advanced
stack design was demonstrated at Emden (Germany) for power-to-gas applications. The
activities includedthe production of electrolytic hydrogen from an electricity grid sharing a large
fraction of renewable energy (from wind mills) and the injection of the produced hydrogen into
the local gas grid. The field testing activity required a previous site analysis. The gas takeover
station of SWE at Pfälzer-Straße in Emden (Germany) was considered as an appropriate location
for the demonstration plant. Specific approval for the hydrogen gas injection directly into the
natural gas grid was granted by the Technischer Überwachungsverein (Technical Inspection
Association) authorities. After completing the site-building phase in Emden and electrolyser
factory acceptance testing (FAT) at ITM (UK), the electrolysis plant was assessed during the field
testing activity and generated hydrogen was fed into the gas feed station. The hydrogen
pressure was reduced from 20 bar to 10 bar, as SWE's gas network operates at 8.5 bar. The
hydrogen was fedinto a mixer to mix the feeding volume with the natural gas. SWE's electricity
grid, usually sharing a large fraction of renewable energy, was used for the required electrical
supply and a transformer ensured low voltage for the electrolyzer operation. The field testing
activity was carried out with the aim of evaluating the power-to-gas process as a means to store
the surplus of renewable energy and to provide grid balancing service. The proof-of-concept of
power-to-gas was demonstrated for the new electrolysis system and significant knowledge was
acquired about the operation of this type of advanced electrolyser at high current density. The
operational period of the electrolyser was affected by the occurrence of a failure at the
electrolyser plant essentially due to a mechanical damage of an MEA inside the stack, which was
clearly identified by specific diagnostics of the 75-cell stack. Another issue that occurred during
operation was contamination of the active components of the stack (MEAs). This was thought
to have resulted from a temporary malfunctioning of the ion exchange resin cartridge of the
water purification system. The system was subjected to the detailed analysis and specific
solutions have been identified. Several communication activities were undertaken for the field
testing site.
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1 Introduction
The activities carried out within the HPEM2GAS project involved the development of advanced
electrolysis components e.g. catalysts, membrane, membrane-electrode assemblies and stack
and their integration in to a PEM electrolysis system. The system was validated as proof-ofconcept for a power-to-gas process. The Emden Council in Germany was selected for the field
testing site due to the large share of renewable energy by the local electricity grid. In particular,
Emden is an appropriate location for the field test due to the high share of wind power and the
limited flexibility of the rather small grids of Stadtwerke Emden (SWE) in Emden. SWE is the local
supplier for electricity, water and gas owning all these grids in Emden. SWE Emden has pursued
the development of renewable energies due to its location close to the Nord Sea coast where
wind energy plays a major role with a total capacity of more than 36 MW in wind energy plants
installed (Fig. 6.1).

Figure 6.1 Emden wind park
The variation of wind power requires a high network utilization, which means additional efforts
for the transmission system operator (TSO). Thus, SWE and University of Applied Sciences
Emden/Leer (HS EL), have considered different solutions to cope with these fluctuations. Among
the different approaches, Power-to-Gas appears to play a relevant role due to its possibility to
store energy for prolonged periods.
In the HPEM2GAS project, SWE and HS EL have evaluated the technical feasibility and the
economic potential of Power-to-Gas solutions within the SWE’s grid and they have focused on
different scenarios. In particular it has been evaluated the balance between the supply and
demand of electricity in the SWE grids with regard to possible utilization rates of Power-to-Gas
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(hydrogen) plants. In this regard, the effect of utilising a power-to-gas process on the power and
gas grid of SWE has been analysed quantitatively for different sizes of Power-to-Gas plants with
regard to the technical feasibility of integrating advanced PEM electrolysers into the local
electricity and gas grids. Even if there is no clear legal framework, currently, less than 5 %
hydrogen may be fed into the natural gas grid in Germany. In Emden, a maximum of 2 % H2 can
be fed into the natural gas network since a natural gas filling station is present in the immediate
vicinity of the field testing site. The quality of the natural gas from this filling station must be
guaranteed in order to rule out possible damage to the refuelled cars. The proof-of-concept of
power-to-gas process was assessed using the advanced PEM electrolyser developed in
HPEM2GAS during the field testing activity in Emden and several communication activities were
undertaken for the field testing site.

2 Electrolysis Plant
The electrolysis plant, demonstrated in Emden in the framework of the HPEM2GAS project, was
based on one PEM electrolyser stack (75 cells) installed in a 16 foot ISO container with a ground
mounted refrigerant chiller. The plant required specifically mains electricity and tap water to
generate self-pressurized hydrogen. The system was integrated into the control centre of SWE.
A separate control system for the electrolyzer was installed in the SWE control room with the
operator in the SWE control centre that was located about 6 km from the electrolyzer's location.
In addition, remote access by ITM was planned. The plant control system was located in the
main control panel. The panels were divided into Programmable Logic Controller (PLC), incomer,
essential and non-essential compartments. The control panel was allocated with the power
supply unit (PSU) in the control compartment. The plant control software operated on an S71500 failsafe PLC. Safety-critical and process instrumentation were interfaced through the PLC
IO (input-output) modules in the control panel. A touch screen, Human Machine Interface (HMI)
was provided for plant visualisation and control. The HMI was mounted upon the front of the
main control panel. Password protection was used to ensure only users with sufficient privileges
that could stop/start the plant. The plant was operated remotely, by the Distributed Control
System (DCS) of SWE. Table 1 provides details about the electrolysis plant characteristics.
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Table 6.1 HPEM2Gas electrolysis plant specifications

Beside the hydrogen produced and injected into the gas grid, the other outputs of the plant
were the heat rejected during the electrolyser operation, also as consequence of the water and
hydrogen purification processes and venting of oxygen, vapour water and small amounts of
hydrogen gas (to safe location). The produced electrolytic hydrogen was transferred to the
natural gas takeover station from SWE which was located just a few meters away from the
electrolysis plant. Hydrogen was thus injected into the natural gas grid operated by SWE. The
gas station at Pfälzer-Straße in Emden is owned by the public authorities and is directly adjacent
to a building that is already operated and maintained by SWE (Fig. 6.2).
The site was prepared to receive the installation of the electrolyser. The connections between
the electrolyser and the feed-in point were coordinated between ITM and SWE. These were
mainly tap water and a suitable power supply, a cable from the protection pipe to the
transformer station, a low-voltage cable route laid from the transformer station to the
electrolyser etc. For the system connection, the pipelines were mainly located under the ground
with the main line being the hydrogen line from the electrolyser to the regulation station close
to the main natural gas feed-in station for the city of Emden.
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Gas filling station

Gas uptake station

Figure 6.2 HPEM2GAS field testing site at Pfälzer-Straße, Emden, Germany

3 Field testing
A specific procedure was undertaken for the approval of the electrolysis plant and related
hydrogen injection into the gas grid being this regulated in Germany by the Federal Immission
Control Act. The authority providing this approval was the trade supervisory office. The TÜV
(Technischer Überwachungsverein) certification was provided by an inspector of this agency
after a positive SAT (site acceptance test) was carried out. The outlet hydrogen pressure was
adapted to the natural gas grid operating pressure and the hydrogen was fed into a mixer to
homogenize with the natural gas. The installation of the mixer required a shutdown of the entire
feeding

station

that

was

carried

out

before

acquiring

the

TÜV

(Technischer

Überwachungsverein) certification. Fig. 6.3 shows the HPEM2GAS plant used for field testing
activities.
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Figure 6.3 HPEM2GAS electrolysis plant for field testing in Emden Germany
The initial field testing activities consisted of the automated running of the system with operator
training and system handover.
Electrolyser stack assessment essentially regarded the complete differential pressure test, a
complete common pressure test on stack, the switch of the hydraulic system to automatic, the
procedures enabling piston pressure and record gauge reading, circulation of water through
stack and recording quality after specific times.
These procedures were followed by powering up the system and engage breakers for operation
with a check of vent lines. These were properly connected and well supported by ensuring that
output lines were connected to vent. By using an automatic mode on the control system the
plant was operated according to a logic flow diagram. Automatic operation was performed with
the possibility to change operating parameters according to specific HMI-settable values. The
automated operation included any outstanding tests required in the Alarms and Warnings
checklist.
Polarisation tests were initially carried out by using a manual operation mode where the system
was set up to run at normal pressures until the process water temperatures were roughly stable
at operating levels. The polarisations were carried out by starting at 100% capacity and reducing
the power into the stack in 10% increments while recording the current, H2 pressure of the
system, the individual stack voltages, piston pressures, and hydraulic pressures.
The system was thus assessed for automatic operation to run the plant at full capacity noting
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operating temperatures and chiller activity with check for any system shut downs (SDs). While
operating the plant in automatic mode, the loading was progressively decreased from 100% -->
10% and it was confirmed that the changes did not create any shutdown. However, most of the
automatic operation was carried out by running the plant at normal working gas generation
levels.
The generated hydrogen was dried and purified with pressure and temperature sensors
ensuring safe monitoring of the apparatus.
Regarding the injection of hydrogen into the
gas grid, it was necessary to install a pressure
reduction valve. The operating pressure of the
electrolyser was 20 bar; the specific pressure
reduction valve allowed to decrease the
pressure to 10 bar before the outlet. SWE was operating the
gas network at 8.5 bar. Thus, feeding hydrogen at 10 bar into
the gas grid provided a slight overpressure as required also for
efficient mixing.
Multiple measurements were taken in the control station such
as pressure, temperature and flow using specific sensors.
During the field-testing activity, with the electrolysis system subjected to different electric loads,
the hydrogen was leaving the control station and it was entering the gas transfer station
through a specific pipeline.
To facilitate the mixing of hydrogen with natural gas, a specific mixer with built-in lamellas
allowing a turbulent flow for the gas mixture. This allowed good gas homogeneity to be
achieved.
As above mentioned the system was equipped with an automatic and remote-control. SWE was
in charge of operating the unit on a day-to-day basis while ITM assured that the system was
operating properly.
The proof-of-concept of power-to-gas was demonstrated for the new electrolysis system and
useful knowledge was acquired about the operation of this type of advanced electrolyser at high
current density. The operational period of the electrolyser was affected by the occurrence of a
failure at the electrolyser plant essentially due to a mechanical damage of an MEA inside the
10

stack. This problem was clearly identified by a post-operation analysis of the 75-cell stack.
Another that occurred during operation was the contamination of the active components of the
stack (MEAs). This was thought to have resulted from a temporary malfunctioning of the ion
exchange resin cartridge of the water purification system. The system was subjected to
diagnostic analysis and specific solutions have been identified relating to the main issues.

4 Communication activities for the field testing
Several communication activities were undertaken for the field testing site.
On the 12th of February 2019, the HPEM2GAS project workshop took place in Emden, Germany
involving more than 50 participants with a visit to the field testing site.

11

Some articles were published about the HPEM2GAS power-to-gas process in Emden in
divulgative journals in Germany and in Italy (Emder Zeitung Article , Ostfriesen Zeitung Article,
Stadt+Werk Article, Platinum Article).
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6 Conclusions
In the field testing activity carried out in Emden (Germany) of an advanced 75-cell, 200 kW PEM
electrolyser developed in HPEM2GAS, the proof-of-concept of power-to-gas for the injection of
the produced electrolytic hydrogen into the local gas grid was demonstrated. Specific approval
(TÜV certification) for the hydrogen gas injection directly into the natural gas grid was granted
by the Technischer Überwachungsverein (Technical Inspection Association). The produced
electrolytic hydrogen passed through a regulator section in which the pressure was reduced
from 20 bar to 10 bar before being injected into the natural gas grid. This reduction of the gas
pressure was necessary because the SWE's NG gas network operates at 8.5 bar.
During this activity useful knowledge was acquired about the operation of this type of advanced
electrolyser at high current density (3 A cm-2). The operational period of the electrolyser was
affected by the occurrence of a failure at the electrolyser plant essentially due to a mechanical
damage of an MEA inside the stack. This problem was clearly identified by specific diagnostic
analysis of the stack. Another issue occurring during the field testing

was regarding

contamination of the active components of the stack (MEAs) possibly by effect of a
malfunctioning in the ion exchange resin cartridge of the water purification system. The system
was subjected to the post-operation analysis and specific solutions identified for the main
issues. Several communication activities were undertaken for the field testing site.
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