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What is a SOC system?

Why is continuous operation preferable?

How is continuous operation possible for SOFC and SOEC systems?
Reversible SOC systems as a solution for uninterrupted operation
What are the dynamics related to the rSOC systems?

What the 24/7 ZEN project is studying?
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| SOC systems
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| Why is continuous operation preferable?

System dynamic

* Cold start-up = 10-30 h to reach targeted temperature and stabilized BoP
» Hot standby mandatory between operation phases
» System cool down only for maintenance

Efficiency and energy consumption

» Each period of non-production implies a system efficiency loss
* Hot standby consumption = 5-15% of nominal power

Material degradation

» Higher risk of accelerated degradation if frequent start/stop or thermal cycling
(mechanical stress — contact loss, cracking, delamination risk)
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| Continuous operation for SOEC systems
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** Power Purchase Agreement

Green H2 production

Electricity from the grid with certified

PPA*

- Contract signed with a RES plant

that must be located nearby.

Until 2029, monthly match of
electricity consumption and
production. From 2030, hourly
match.

Increase of the LCOH if excess of
electricity from RES plant.

- Use of energy from the wholesale

electricity market if lack of
production

the European Union * Renewable Fuels of Non-biological Origin

Green H2 production

Direct RES connection
+ electricity storage

- Additional CAPEX and land usage
for the RES plant and the batteries

- Low production if no connection to
the electricity from the grid
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| Reversible systems as a solution

Electricity Hydrogen
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 Reversible systems as a solution
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Reversible systems as a solution
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Reversible systems as a solution
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Dynamics from rSOC systems

Study of the transition durations for a 1/4 kW SOFC/SOEC system

Bd
=

2

Time / min

i 40

e E ]

L H 35
B 173} J Z 30k
= =
o 13 4-—! o 241

Fuan [ransiison Furn Irardition Py P Transition Purmn
0 2 4 f L] 1 12 14 16 18 20 0 2 4 [ L [1] 12 14 16 18 20

Time [ min

[
frd
Er

[
)

b
=
Ty

Stack volage /Y

F-¥)

19

Fig.3 Tronsifions from SOFCH; Py o Fugp and Pugp bo Py (leff]) ond from SOFC-CH, Py to Pugp [right]. Stack ot 7005C

controlled by ISHS.

Aicart et al., Fuel Cells, 2019, No. 4, 381-388, https://doi.org/10.1002/fuce.201800183
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Fig. 6 Overview of transition durations, in minutes, between operating points. Transitions to
and from SOEC Puax were not carried out, and those between SOEC Py and Puep were
performed at lyep- =45 A only, because of several cells limiting the performances. Transi-
tions to and from SOFC-CH, Puax were achieved with another 25<ell stack tested in an
automated fully functional 1-stack system prototype.
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Dynamics from rSOC systems

Study of the transition durations for a 5/15 kW SOFC/SOEC system
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Dynamics from rSOC systems

Study of the transition durations for a 25/75 kW SOFC/SOEC system
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| 24/7 ZEN rSOC system
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| 24/7 ZEN rSOC system

Use Case 1: Hydrogen Use Case 2: Natural Gas

* On-grid configuration with injection of the power * On-grid configuration with injection of the
in SOFC mode power in SOFC mode

« 10 kW PV installation on the building » Natural gas as fuel supply

« H2 storage into bundles

Electricity Hydrogen

! I [ l __

SOFC | *#B3" | SOE n’n = Y,
'*'--- o o 1 - ala Electricity SOFC * Matural gas AlA CNG
A Electricity Electricity @ A E—— 1I-Ir ¢
= SOE SOFC H H LE SOFC E E Storage

- Electricity rSOC [ Hydrogen ectnci
Grid H, E ectricity rSOC
Storage Grid
m m0-72h SOFC
100 - N STANDBY
:‘_:_ 85
= [i] L
& 40 g .
S SOFC
= E
i 4
S2EZTEEZE 2 oaao888888 F‘J’ 8 88 P‘ 888 P PP PP PP .SQQ & PP ,é;e S S - - .s;?‘ P
“ = oo . 2 ‘-(J : - IR TR o N N L G B L R ) o © 1 3 ]

Figure 4: Daily operation profile of natural gas use case.
Figure 2: Daily operation profile of hydrogen use case.

Co-funded by 24/7 i
the European Union ZEN . Partnership




Conclusions

Uninterrupted operation allows to increase the system efficiency and decrease the production cost.

Reversible SOC system are a good alternative to maximize the system usage and act as grid
balancing and long-term energy storage.

System dynamics allow rapid transitions from one mode to the other.

The 24/7 ZEN project will validate electricity and gas injection into the grid and gas network with a
33/100 kW SOFC/SOEC system.
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