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With increasing penetration of renewable Transient and macro-
energy into the energy system, the number of homogeneous formulations of
periods where the power generation exceeds mass-, charge- and energy
the demand rises. balances:

In the KOPERNIKUS Project Power-to-X &L _ _

different technologies to convert and store this rraad Y'—-q' =0
surplus electricity are investigated. Solid oxide

Enerqgy:

* Energy transport due to mass- and charge transport
« Heat formation due to ohmic heating

« Heat formation due to elementary reactions

Material modeling:
« Derivation of effective properties from bulk properties

electrolysis cells (SOECs) are capable to Mass: and structural parameters
efficiently produce syngas (H, + CO) via co-  Darcy’s law in combination with Stefan-Maxwell- and
electrolysis of water and carbon dioxide. The Knudsen diffusion in the porous electrodes Model geometry:
obtained syngas can be converted into e.g. « The 11 layers of the single cell including gas channels
liquid fuels via the Fischer-Tropsch-synthesis in Charge: are spatially resolved in 2D or 3D
subsequent processes. « Ohm'’s law for electrical- and ionic currents B
To understand how operating conditions like =p  Gaschamnel _ =p
temperature, pressure and fuel composition Chemical and electrochemical reactions: interconnect
: - - Porous air electrode A
Influence the performance, the product » Co-electrolysis and RWGS are modeled using _
. : : : : : : Porous air electrode B
composition (H,/CO-ratio) and degradation of thermodynamically consistent elementary kinetics Contact layer
SOECs, a physics-based cell-level mod_el has casphase & B © 6 Electrolyte A+ B
bgen devglop_ed. The model has been validated . NN 2/ S e %
with polarization curves and impedances under CGO L@ @?;@O Qf; . Porous fuel electrode B
various operating conditions. An optimization of T e0 0 Porous fuel electrode A —
the operating conditions based on the syngas j: \// \@ 3 Hroger e — Porous
composition has been performed. S Broctron &=  Gaschannel ¢m= o A
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Results
Model validation: Model-based impedance analysis: Model-based optimization of operating strateqy:
« Simulated and experimental polarization curves at  An inductive loop is observed at low frequency « Goal: find optimal operating temperature, inlet gas
various temperatures and gas compositions: under certain operating conditions: composition and fuel flow rate to obtain requested
- 008 | syngas composition and fuel utilization at the
“ —— thermoneutral voltage
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Effect of temperature on polarization curves at Impedances at 0.6A/cm? with H,0/C0,=2.04

5% H,, 63.7% H,0, 31.3% CO,

« The Inductive behavior originates from the
temperature dependent ion conductivity and the
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Effect of gas composition on impedance at OCV L WE | | » Operating conditions can be varied according to
| these relations without changing the fuel utilization
and product gas composition

> Good agreement between simulation and RS P M Vit S M > This approach might be used to ensure constant
syngas composition at varying load

experiment Frequency / s™

» Model predicts Increasing resistance with
decreasing temperature, mainly due to the ohmic Current density dependent cell temperature and
resistance of the electrolyte Impedances. The dashed line marks the operating

Low frequency resistance IS temperature
Independent and caused by mass transport losses
along the channel » Inductive behavior occurs if temperature increases

High frequency resistance is due to kinetic losses with current density, i.e., if an increasing current [1]: Futter et al., JPS 391 (2018), 148-161.
and decreases with increasing temperature leads to an increasing ion conductivity doi: 10.1016/).Jpowsour.2018.04.070
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