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E-fuel WP1 Novel high temperature electrolysis

= Main Objectives:
+ Development and validation of the operation 10 kW size SOEC system
- Development of interface between hydrogen production and
compression system

= WP1is divided in 4 separate tasks with corresponding
deliverables:
* T1.1 SOEC system proof of concept and operation validation
« T1.2 SOEC downstream process development
« T1.3 SOEC system modelling and heat integration
« T1.4 SOEC stack characterization and degradation tests
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WP1 Main research questions and goals m

Building VTT’s 10 kW size SOEC system with in-house developed technical

solutions (e.g. super heaters, component placements, insulation etc.) (T1.1, T1.3)
Validation of the system operation and transitions between selected nominal points
(T1.1)

Demonstrate highly instrumented SOEC system to investigate enthalpy and heat
fluxes through the system and BoP components (T1.1, T1.3)

Investigate specific scientific questions like temperature distribution of the stack and
system in different operation points and to develop low and high temperature heat
recovery/utilization methods & heat integration (T1.1, T1.3)

Investigate and develop the interface between hydrogen production and

compression system (automation, control and safety systems) (T1.2)

Develop system model “Digital Twin” for BoP components & electrolyser-compression
system (T1.3, WP7)

Performing stack characterization and degradation tests to validate
and estimate stack performance values (T1.4)




WP1 Novel high temperature electrolysis

T1.4 SOEC stack characterization and degradation tests

All planned 3 tests were completed as planned.

1. 3000 h+ long-term tests with Elcogen’s E350 (15 cells) stack

2. 3000 h+ long-term tests with Elcogen’s E350 (15 cells) stack

3. 3000 h+ test with Elcogen's E3000 (119 cells) stack

Nominal long-term test conditions: 0.5 A cm2, RU: 40 %, Fuel side H, flush: 10-
30 %, T=700 °C

First E350 stack test (2 current collection points) started 25.5.2021 and lasted
3690 hours

Second E350 stack test (8 current collection points) started 14.12.2021 and
lasted 4008 hours

Third test run for E3000 stack started with test station building and long-term
test started 11.4.2022 and lasted 3245 hours




WP1 Novel high temperature electrolysis m

T1.4 SOE Stack testing at VTT

Long-term SOEC stack test with 30 % H 2 flush
Test rig: Sophia, Stack: 300021120101, Test started: 2021/12/14
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T1.4 SOE Stack testing at VTT

m Test station for Elcogen Cell groups after 1000 hours. Furnace temp 680 °C.
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WP1 Novel high temperature electrolysis m

T1.1 SOEC System proof and operation validation
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T1.3 SOEC system modelling and heat integration
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Example of Simulink
system model (stack
current 100A BOL,
evaporator max. steam
flow 10kg/h, RU 40%),
giving e.g. estimations
for required heating
powers for superheaters:
Fuel SH 645W and
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T1.3 SOEC system modelling and heat integration
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WP1 Novel high temperature electrolysis

T1.1 SOEC System proof and operation validation
T1.3 SOEC System modelling and heat integration
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T1.1 SOEC System proof and operation validation
T1.3 SOEC System modelling and heat integration

Hotin>720C

Coldin<40C

Cold out
440-525 C

Tubings in the bottom of the stack
module: Stack air in (DN25) from
superheater and Stack air out (DN32)
to ABU in
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Temperatures of DN32 and DN40 tubes
from the bottom of AHEX
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T1.3 SOEC system modelling and heat integration
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WP1 Novel high temperature electrolysis
T1.1 SOEC System proof and operation validation
T1.3 SOEC System modelling and heat integration

74 N
g | -

—

Air side main pipings with DN35 and Fuel S|qle_ main pipings W't.h DN25 and
other pipings with 10 mm inner

DN40 tubes .
diameter tube

VTT - beyond the obvious

15/01/2024



WP1 Novel high temperature electrolysis
T1.3 SOEC system modelling and heat integration
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A method by which the E3000 SOE stack could be operated with a constant current in VTT's
SOEC system throughout its full life cycle and calculated SOEC system efficiency values.
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WP1 Novel high temperature electrolysis
T1.1 SOEC System proof and operation validation
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Detailed component placements in the final design of VTT's SOEC system
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WP1 Novel high temperature electrolysis
T1.1 SOEC System proof and operation validation

AutoCAD images of the VTT’s SOEC system
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T1.1 SOEC System proof and operation validation

A steel and
aluminium frame of
the SOEC system
and preliminary fitting
of superheaters.
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T1.1 SOEC System proof and operation validation

Installing
superheaters and
heat exchangers
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T1.1 SOEC System proof and operation validation
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Automation control cupboards installed to SOEC system
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T1.1 SOEC System proof and operation validation
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T1.1 SOEC System proof and operation validation

The installation of
cylinder-shaped
insulation dome over
the stack module.
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T1.1 SOEC System proof and operation validation

S -

ith granule sealing material and cylinder-shaped
insulation dome was installed over the stack module.
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T1.2 SOEC downstream process development

Overpressure
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Process flow diagram of the compressor system including the main process components.
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T1.2 SOEC downstream process development

Control room

Compressor (automation, GC)

room (ATEX)

Compressor
unit

H, Buffer

H, dryer unit
tank
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T1.2 SOEC downstream process development

Process room (ATEX zone 2) Equipment room
Hydrogen compressor Main switchboard
Hydrogen gas dryer Automation center (main)
Inlet buffer tank Automation center (compressor)
Piping Automation center (dryer)
Valves Indoor air blower
Process sensors Indoor air gas sensors (2x H, + O,)
Indoor air blower Room heater (2 kW) + thermostat
Indoor air gas sensors (2x H, + O,) Gas control panel
Room heater (3 kW) + thermostat Dryer’s chiller unit
Gas chromatograph
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T1.2 SOEC downstream process development
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T1.2 SOEC downstream process development
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T1.2 SOEC downstream process development

Hydrogen

Hyd
gas dryer yarogen

gas
compressor
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(Compressor inlet)
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T1.2 SOEC downstream process development

Container
main

switchboard Container’s

automation
center

Chiller
unit of
the
hydrogen
gas dryer
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WP1 Summary

= T1.1 and T1.3: A 10kW size Solid Oxide Electrolyser (SOEC) system with
Elcogen E3000 stack was designed, built and tested at VTT. The preliminary
testing showed that the performance values were very similar compared to the
stack performance results. Also control and safety systems, automation and
Human Machine Interface (HMI) for VTT’s SOEC system were built and tested
successfully.

= T1.2: Hydrogen compressor and auxiliary components were designed and built
and HAZOP analysis was done — the automation system building is still in
progress. Elcogen’s mechanical compressor testing was completed at VTT's
premises

= T1.4: All tests were finished successfully: two 3000h+ long-term tests with
Elcogen's 15 cell stack and one 3000h+ test with Elcogen's E3000 (119
cells) SOEC stack

— more details in deliverables D1.1-D1.4




Thank you for your attention. Any questions?

D.Sc (Tech.) Ville Saarinen ville.saarinen@vtt.fi +358 40 620 2933
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