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ABSTRACT 
This study focuses on optimizing solid oxide electrolysis cell (SOEC) systems for efficient and 
durable long-term hydrogen (H2) production. While the elevated operating temperatures of SOECs 
offer advantages in terms of efficiency, they also lead to chemical degradation, which shortens 
cell lifespan. To address this challenge, dynamic degradation models are coupled with a steady-
state, two-dimensional, non-isothermal SOEC model and steady-state auxiliary balance of plant 
equipment models, within the IDAES modeling and optimization framework. A quasi-steady state 
approach is presented to reduce model size and computational complexity. Long-term dynamic 
simulations at constant H2 production rate illustrate the thermal effects of chemical degradation. 
Dynamic optimization is used to minimize the lifetime cost of H2 production, accounting for SOEC 
replacement, operating, and energy expenses. Several optimized operating profiles are compared 
by calculating the Levelized Cost of Hydrogen (LCOH).   
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INTRODUCTION 
Solid oxide cells (SOCs) are flexible energy conver-

sion and H2 generation devices that have many benefits 
including modularity, high theoretical efficiency, and low 
operating greenhouse gas emissions. They can be oper-
ated reversibly in either power generation mode as a 
solid oxide fuel cell (SOFC) or H2 production mode as a 
solid oxide electrolysis cell (SOEC). Steam electrolysis in 
SOECs has a variety of benefits over a conventional 
steam-methane reforming process such as no direct 
emission of CO2 when renewable sources of electricity 
are used. High-temperature SOCs offer high electrical ef-
ficiency especially at high temperatures. 

However, the high temperature needed for achiev-
ing high efficiency in SOCs also leads to chemical degra-
dation of the microstructure in the electrodes and elec-
trolytes. Chemical degradation results in changes in the 
composition and microstructure of the triple-phase 

boundary. The dynamics of these changes are very slow, 
but the changes can steadily build up during the operat-
ing lifetime of a cell. Chemical degradation causes an in-
crease in the voltage losses that reduce the effective 
voltage utilized for electrolysis.  

𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, the cell voltage that contributes to electrolysis, 
is given by Equation 1. In Equation 1, 𝑉𝑉𝑁𝑁𝑐𝑐𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 is the Nernst 
potential and 𝑉𝑉𝑎𝑎𝑐𝑐𝑁𝑁 ,𝑉𝑉𝑂𝑂ℎ𝑚𝑚𝑚𝑚𝑐𝑐 , and   𝑉𝑉𝑐𝑐𝑐𝑐𝑁𝑁𝑐𝑐 are the activation, 
Ohmic, and concentration overpotentials. The magni-
tudes of these overpotentials depend on the operating 
conditions of the cell, but these losses are inevitable even 
in fresh, undegraded cells. The total overpotential due to 
all long-term chemical degradation mechanisms is given 
by 𝑉𝑉𝑑𝑑𝑐𝑐𝑑𝑑𝑁𝑁𝑎𝑎𝑑𝑑𝑎𝑎𝑁𝑁𝑚𝑚𝑐𝑐𝑁𝑁. In a new (i.e., undegraded) cell, the 
𝑉𝑉𝑑𝑑𝑐𝑐𝑑𝑑𝑁𝑁𝑎𝑎𝑑𝑑𝑎𝑎𝑁𝑁𝑚𝑚𝑐𝑐𝑁𝑁 term  is 0, but this term increases with time. 

𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑉𝑉𝑁𝑁𝑐𝑐𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑉𝑉𝑎𝑎𝑐𝑐𝑁𝑁 − 𝑉𝑉𝑂𝑂ℎ𝑚𝑚𝑚𝑚𝑐𝑐 − 𝑉𝑉𝑑𝑑𝑐𝑐𝑑𝑑𝑁𝑁𝑎𝑎𝑑𝑑𝑎𝑎𝑁𝑁𝑚𝑚𝑐𝑐𝑁𝑁 (1) 

Figure 1 shows a typical SOEC and the reactions 
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occurring in the fuel and oxygen electrodes. In the oxy-
gen electrode (anode during electrolysis), high partial 
pressure of oxygen contributes to the oxidation of the 
active material LSM-YSZ. In the fuel electrode, nickel (Ni) 
agglomeration occurs due to Ostwald ripening. 

 
Figure 1. SOEC Schematic and Reactions 

In the literature, many approaches have been pro-
posed to include degradation models for making SOC de-
sign and operation decisions. A few relevant optimization 
studies are reviewed here. For detailed review, we refer 
readers to [1]. Parhizkar et al. [2] combined microstruc-
ture degradation models with a simplified input-output 
SOFC performance model to perform steady-state opti-
mization to identify operating conditions for minimizing 
the cost of electricity. Naeini et al. [3] coupled a data-
driven model for SOEC degradation with a steady-state 
model for SOEC operation. In their work, the Levelized 
Cost of Hydrogen (LCOH) is minimized over a 20-year 
operating horizon.  

In this work, models of key degradation mechanisms 
are coupled with a first principles two-dimensional (2D) 
non-isothermal SOEC model. This work seeks to fill two 
gaps in the existing literature. First, most modeling stud-
ies in the literature use isothermal 0D models; therefore, 
spatial variation and thermal characteristics of a de-
graded cell are neglected. The 2D non-isothermal SOC 
model used in this work provides detailed insights into 
the spatial distribution of degradation in each cell. A sec-
ond gap, which this work aims to fill, is that most SOC 
degradation simulation studies do not consider the ef-
fects of degradation on the balance of plant. While some 
studies incorporate simplified heating and compression 
duties in their calculations for total energy consumption, 
this work extends this to capture the impact of cell level 
degradation on the balance of plant by considering a fully 
modeled SOEC flowsheet. The flowsheet model is used 
in dynamic optimization to identify optimal operating pro-
files for system- and cell-level decision variables as a 
function of time. 

MODELING AND METHODS 

Flowsheet modeling details 
As shown in Figure 2, the SOEC hydrogen produc-

tion system is modeled as a collection of linked unit mod-
els in the open-source IDAES, equation-oriented IDEAS 
(Institute for the Design of Advanced Energy Systems) 
platform. The system consists of an SOEC stack (mod-
eled as a single cell), and electric heaters for the feed and 
sweep input streams along with heat exchangers for heat 
recovery. For a detailed description of SOEC flowsheet 
modeling details, we refer readers to [4-5]. The models 
used in this study are available in the open-source IDAES 
modeling framework [9]. 

 
Figure 2. SOEC system flowsheet 

Health modeling 
 Degradation mechanisms in SOCs vary depending 

on the materials of construction of the cell. For this study, 
we consider fuel electrode of a Ni-YSZ composite, an ox-
ygen electrode of LSM-YSZ separated by a YSZ electro-
lyte as a part of a planar fuel electrode supported SOC.  

One of the dominant degradation mechanisms that 
take place in the fuel electrode is the agglomeration of Ni 
particles due to surface diffusion. The dynamics of the Ni 
particle growth are described by Equation 2 [6]. Here, �̅�𝑑𝑁𝑁𝑚𝑚 
is the average Ni particle diameter, 𝑚𝑚 = 0.5 and 𝑛𝑛 = 8. 

𝑑𝑑��̅�𝑑𝑁𝑁𝑚𝑚�
𝑑𝑑𝑑𝑑 =

𝑎𝑎′

𝑑𝑑𝑁𝑁𝑁𝑁𝑁𝑁−1������ �
𝑃𝑃𝐻𝐻2𝑂𝑂
𝑃𝑃𝐻𝐻2
0.5 �

𝑚𝑚

𝑒𝑒
−𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅 (2) 

The oxygen electrode undergoes degradation due 
to the growth of oxide scales under high oxygen partial 
pressure. Under these conditions, Wagner’s law for par-
abolic oxidation is used as a semi-empirical model to de-
scribe growth of oxide scale. In LSM-YSZ electrodes, the 
scales formed are of lanthanum zirconate (LZO) and 
chromium oxide (COS). The chromium oxide scale is lo-
calized to the interface between the oxygen electrode 
and interconnect. Equation (3) describes the tempera-
ture-dependent Wagner’s law for a general oxide scale 
growth length 𝑙𝑙𝑁𝑁𝑐𝑐 [7]. Here, 𝑋𝑋0,𝑁𝑁𝑐𝑐, 𝜌𝜌𝑁𝑁𝑐𝑐, 𝐾𝐾𝑁𝑁𝑐𝑐 , and 𝐸𝐸𝑁𝑁𝑐𝑐 are the 
weight fraction, density, weight gain rate, and activation 
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energies of oxide scale growth, respectively. 

𝑑𝑑𝑙𝑙𝑁𝑁𝑐𝑐
𝑑𝑑𝑑𝑑 =

𝐾𝐾𝑁𝑁𝑐𝑐
2�𝑋𝑋0,𝑁𝑁𝑐𝑐𝜌𝜌𝑁𝑁𝑐𝑐�

2𝑙𝑙𝑁𝑁𝑐𝑐
𝑒𝑒−

𝐸𝐸𝑠𝑠𝑠𝑠
𝑅𝑅𝑅𝑅      ∀   𝑠𝑠𝑠𝑠 ∈ {𝐶𝐶𝐶𝐶𝐶𝐶, 𝐿𝐿𝐿𝐿𝐶𝐶} (3) 

Other degradation mechanisms that are modeled in-
clude coarsening of the LSM-YSZ oxygen electrode and 
phase transformation of the YSZ electrolyte. Additionally, 
we make use of property models to relate microstructure 
parameters to degradation overpotentials [8].  

Solution methodology 
Incorporating degradation models into first princi-

ples unit models requires solving a differential algebraic 
equation (DAE) system with multiple timescales. For the 
SOEC system, these timescales can be broadly divided 
into two categories: one faster timescale for process op-
erations and SOEC dynamics (minutes to hours) and an-
other slower timescale for degradation (hundreds of 
hours). To simplify the problem, we assume quasi-steady 
state for the faster timescale processes. This allows us 
to discretize and dynamically integrate the slower degra-
dation timescale. With this approach, we can simulate 
SOEC operation with degradation effects for extended 
periods, spanning tens of thousands of operational hours, 
providing insights into long-term performance and de-
sign strategies. 

We employ the implicit Euler method to discretize 
the degradation dynamic equations. The discretized sys-
tem of equations can be solved simultaneously and effi-
ciently using a nonlinear solver such as IPOPT [10]. Be-
cause of the quasi-steady state assumption, the only ac-
tive differential equations in the model are those pertain-
ing to the slow degradation dynamics. The advantage of 
a simultaneous solution method is the ability to optimize 
across the entire operational horizon, ensuring a compre-
hensive assessment of system performance. Addition-
ally, this approach enables the incorporation of con-
straints spanning multiple time points, thus providing en-
hanced modeling versatility. In contrast, the sequential 
time-stepping approach restricts optimization to instan-
taneous performance metrics like instantaneous effi-
ciency. 

Hydrogen Production Profiles 
The discretized SOEC system model is used to as-

sess different long-term operating scenarios by first 
specifying the nature of the hydrogen production profile.  

 
Constant H2 Production: In this profile, a constant H2 
production rate is maintained throughout the operating 
lifetime. As shown in Equation 4, an equality constraint 
indexed over time ensures that the average current den-
sity 𝐽𝐽𝑎𝑎𝑎𝑎𝑑𝑑 remains constant. Here, 𝑗𝑗𝑁𝑁,𝑧𝑧 is the local current 
density at a point z along the length of the cell and Nz is 
the number of finite elements. As degradation proceeds, 

it is expected that increased degradation losses will re-
sult in an increase in operating voltage to sustain the 
fixed H2 production rate.  

1
𝑁𝑁𝑧𝑧

�𝑗𝑗𝑁𝑁,𝑧𝑧
𝑧𝑧

= 𝐽𝐽𝑎𝑎𝑎𝑎𝑑𝑑,0  ∀ 𝑑𝑑 (4) 

Constant Potential Operation: In this strategy, a con-
stant cell potential is maintained over time [3]. This keeps 
cell-level energy consumption constant. However, as 
degradation progresses, current density decreases. This 
leads to a gradual reduction in H2 production at a con-
stant operating temperature. However, by varying the 
cell operating temperature over time, more complex op-
erating scenarios can be investigated. Cell voltage is held 
constant by fixing operating voltage for all time points 
(Equation 5).  

𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑁𝑁 = 𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,0  ∀ 𝑑𝑑 (5) 

Dynamic optimization 
Typically, steady-state optimization is used to de-

termine the operational setpoints of a system. In this 
case, minimization of the system power requirement for 
a given H2 production rate [5]. This methodology can be 
used to determine steady-state optimal operating condi-
tions corresponding to different load conditions. In the 
absence of degradation, operational efficiency, power 
consumption, and local cell temperature profile would re-
main at the steady-state optimal value. In this work, we 
provide a methodology to optimize the operational profile 
over 20,000 hours for long-term stability and efficient 
operation, while accounting for performance degrada-
tion.  

For long-term dynamic optimization, we propose to 
maximize the integral average efficiency over the oper-
ating lifetime (Equation 6). As a surrogate for system ef-
ficiency, we use a simplified version as described in [11]. 
Under constant H2 load, the numerator is invariant, and 
the objective simplifies to the minimization of system 
power consumption. Obviously, under constant potential 
operation, the numerator is not constant. Here, 𝑃𝑃𝑁𝑁𝑠𝑠𝑁𝑁𝑁𝑁𝑐𝑐𝑚𝑚 is 
the total electric power consumption of the system, in-
cluding stack work, electric heater, and blower duties 
(Equation 7).  

max �
𝐻𝐻𝐻𝐻𝑉𝑉��̇�𝑚𝐻𝐻2,𝑁𝑁�
𝑃𝑃𝑁𝑁𝑠𝑠𝑁𝑁𝑁𝑁𝑐𝑐𝑚𝑚,𝑁𝑁𝑁𝑁 ∈ 𝑁𝑁𝑚𝑚𝑚𝑚𝑐𝑐

(6) 

𝑃𝑃𝑁𝑁𝑠𝑠𝑁𝑁𝑁𝑁𝑐𝑐𝑚𝑚 = 𝑃𝑃𝑆𝑆𝑂𝑂𝐸𝐸𝑆𝑆 + 𝑃𝑃sweep heater + 𝑃𝑃feed heater + 𝑃𝑃𝑏𝑏𝑐𝑐𝑐𝑐𝑏𝑏𝑐𝑐𝑁𝑁 (7) 

A second operational strategy involves minimization 
of the degradation rate. To include all degradation ef-
fects into one combined term, it is desirable to use the 
degradation overpotential 𝑉𝑉𝑑𝑑𝑐𝑐𝑑𝑑𝑁𝑁𝑎𝑎𝑑𝑑𝑎𝑎𝑁𝑁𝑚𝑚𝑐𝑐𝑁𝑁 in Equation 1. How-
ever, since the overpotential at any given point in time 
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depends on the operating temperature and composition 
following an Arrhenius-type temperature dependence, 
we consider the voltage at a reference temperature 𝑉𝑉�  . 
This ensures that the voltage degradation rate for opti-
mization only depends on the operating trajectory. With 
this we minimize the average voltage degradation rate 
from t=0 to t=tf, the final time point (Equation 8).  

min
𝑉𝑉�𝑁𝑁𝑓𝑓 − 𝑉𝑉�0
𝑉𝑉�0

(8) 

Finally, under constant potential operation, market 
conditions may require the system to operate at the high-
est possible H2 production rate (�̇�𝑚𝐻𝐻2). This can be 
achieved by maximizing the H2 production rate (Equation 
9). 

max � �̇�𝑚𝐻𝐻2,𝑁𝑁
𝑁𝑁 ∈ 𝑁𝑁𝑚𝑚𝑚𝑚𝑐𝑐

∆𝑑𝑑 (9) 

The decision variables for optimization include feed 
and trim heater duties, recycle ratios, blower flowrate, 
sweep and steam inlet and outlet temperatures. For de-
tails on bounds and operational constraints refer to [5].  

Levelized Cost of H2 (LCOH) Calculation 
The different optimized cases are compared based 

on the resultant LCOH, as shown in Equation 10. We com-
pute the LCOH by modifying the method of [12] to incor-
porate stack replacement costs. The LCOH includes the 
capital recovery factor (CRF) and capital costs (CC) for 
the stack and balance of the plant (BOP). 
 𝐶𝐶𝐶𝐶,𝐸𝐸𝐶𝐶, and 𝑚𝑚𝐻𝐻2, lifetime  are the operating costs, energy 
costs, and lifetime H2 production, respectively. Costing 
parameters are obtained from [12].   

𝐿𝐿𝐶𝐶𝐶𝐶𝐻𝐻 =
𝐶𝐶𝐶𝐶𝐹𝐹𝐵𝐵𝑂𝑂𝐵𝐵𝐶𝐶𝐶𝐶𝐵𝐵𝑂𝑂𝐵𝐵 + ∑  𝑅𝑅

𝑚𝑚=1 𝐶𝐶𝐶𝐶𝐹𝐹stack ,𝑚𝑚𝐶𝐶𝐶𝐶stack + 𝐶𝐶𝐶𝐶 + 𝐸𝐸𝐶𝐶
𝑚𝑚𝐻𝐻2, lifetime 

  (10) 

The number of stack replacements (𝑛𝑛𝑁𝑁𝑐𝑐𝑟𝑟) over the plant 
lifetime of 30 years is computed based on the extent of 
degradation at the end of the 20,000-hour optimization 

horizon as per Equations 11 and 12.  

Replacement time =
Δ𝑉𝑉�𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑁𝑁

�Δ𝑉𝑉
�

Δ𝑑𝑑 �𝑎𝑎𝑎𝑎𝑑𝑑

 (11) 

𝑛𝑛𝑁𝑁𝑐𝑐𝑟𝑟 =
30 years

replacement time (12) 

RESULTS 
Figure 3 compares 20,000 hours of operation, at 

constant current density and constant potential through 
simulations. As the degradation overpotential increases 
over time, we observe that constant current density op-
eration results in a higher voltage degradation rate than 
constant potential operation. Due to the increase in 
Ohmic resistance, the thermal characteristics along the 
length of the cell change with time.  

 

 
Figure 3. Effect of degradation on voltage and current 
density 

As shown in Figure 4, there is a significant increase 
in the average temperature along the length of the cell 
for constant current density operation. Here the inlet 
temperatures were held constant over the 20,000 hours 

Table 1: Summary of Optimization Results 

H 
Production  

Profile 
 

Objective 
Function 

 

Avg H 

Production Rate 
(× 107𝑘𝑘𝑘𝑘/𝑦𝑦𝑦𝑦) 

Sp Energy Con-
sumption 

(kWh/ kg H2) 

Voltage 
Degradation Rate 

(%/ khr) 

Replace-
ment 
Time 

(years) 

 
LCOH 

($ /kWh) 

Constant H  
Production 

Rate 

Maximize Integral 
Efficiency      

Minimize  
Degradation Rate      

Constant 
Potential 

Operation 

Maximize Integral 
Efficiency      

Minimize  
Degradation Rate      

Maximize H  
Production      
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of operation. 
The spatial temperature profile shown is at the cen-

ter of the cell along the electrolyte layer. During constant 
current density operation, we observe a large increase in 
local cell temperature. The increase in degradation over-
potential results in an increase in operating potential, 
which corresponds to operation above the thermoneutral 
voltage. Furthermore, the larger Ohmic resistance due to 
degradation also results in higher Ohmic heating. Under 
constant potential operation, a drop in current density re-
sults in lower cell temperatures.  

 

 
Figure 4. Change in temperature profile due to 
degradation 
 

 
Figure 5. Optimal Constant H2 Production Operation               
(Maximize Integral Efficiency) 

Table 1 compares key performance measures from 
the different dynamic optimization case studies. These 
include the average H2 production rate, specific energy 

consumption, and average degradation rate as calcu-
lated in Equation 13.  

Voltage Degradation Rate =
1
𝑑𝑑𝑓𝑓
𝑉𝑉�𝑁𝑁 − 𝑉𝑉�0
𝑉𝑉�0

× 100 (13) 

The initial operating point for all cases is identical, 
and the specific operating conditions were obtained by a 
steady-state optimization to ensure a H2 production rate 
of 1.5 kg/s. This corresponded to an optimal initial voltage 
of 1.31 V. For more details on the steady-state optimiza-
tion, refer to [5]. 
 When operating at a constant H2 production rate, 
the choice of operating objective can result in significant 
changes in specific energy consumption and degrada-
tion. In this work, we consider the fixed H2 production rate 
achieved by constant current density operation to be the 
upper limit of H2 production by the system. Based on the 
costing methods used in this study, a lower LCOH is ob-
tained when integral system efficiency is maximized. Fig-
ure 5 describes the temporal profiles of the key decision 
variables to achieve the maximum integral efficiency. Due 
to increased voltage losses caused by degradation, op-
erating potential must be increased to maintain the initial 
H2 production rate (�̇�𝑚𝐻𝐻2) of 1.5 kg/s. Since inevitable 
losses depend directly on temperature, the optimal inlet 
temperatures for both the fuel and oxygen electrodes 
must be increased to maintain voltage efficiency. Feed 
and sweep heater duties are kept low due to the pres-
ence of recycle streams. Therefore, internal stack resis-
tive heating is used instead of electric heating in the trim 
heaters. In contrast, degradation rate can be minimized 
by operating the cell at low temperatures. This results in 
a significant increase in inevitable losses and, conse-
quently, there is a drop in efficiency as evidenced by the 
increase in specific energy consumption. 

Under a constant potential operating regime (Figure 
6), it is observed that the degradation rate depends 
heavily on the specific operating profile even when oper-
ating under constant potential. Under a constant poten-
tial over the operating lifetime of the cell, the lowest deg-
radation rate is achieved by operating the cell at low tem-
peratures and, consequently, a very low H2 production 
rate (~70% reduction compared to constant H2 produc-
tion). Consequently, the specific energy consumption 
and LCOH when the degradation rate is minimized at 
constant potential is the highest of all the cases. On the 
other hand, if operation is optimized for maximum H2 pro-
duction under a constant operating potential, we observe 
a significantly higher degradation rate. At any point in 
time to maximize H2 production rate at a constant oper-
ating potential, the cell must be operated at the upper 
bounds of the temperature. Therefore, high temperature 
ensures a high instantaneous H2 production rate at all 
points in time. Consequently, the degradation rate is sig-
nificantly higher than in all other cases, including those 
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where H2 production is held constant.  
Figure 6 describes the optimal operating profiles for 

constant voltage with the objective to maximize integral 
efficiency. While keeping potential constant, initially it is 
preferred to operate at a decreasing H2 production rate 
to minimize degradation in the early periods of a cells life-
time. Once degradation in the cell reaches a certain level, 
it is observed that the H2 production rate increases again. 
This is likely because of a phenomenon known as cell 
break in, resulting from the different rates of degradation 
of the electrode materials. For example, in Ni-YSZ fuel 
electrodes, there is a coarsening of Ni particles, while the 
YSZ particles remain unchanged. The YSZ backbone 
therefore has a limiting effect on the maximal extent of Ni 
degradation. Similarly, the parabolic growth rate of oxide 
scales in the oxygen electrode decreases with the in-
crease in the extent of the oxide scale. To evaluate all 
optimization formulations and H2 demand profiles, the 
LCOH was computed for the five cases. For details on 
LCOH calculations and costing methodology, refer to 
[12]. Results presented in the paper correspond to an 
electricity price of 0.30 $/kWh. According to this costing 
methodology, operating at a constant potential and max-
imizing integral average efficiency leads to the lowest 
LCOH. The cases with the highest LCOH are those with 
high energy consumption, where the degradation rate is 
explicitly minimized. This indicates that system efficiency 
and H2 production rate have a higher impact on LCOH 
than stack replacement costs.  

 

 
Figure 6. Optimal Constant Voltage Operation                           
(Maximize Integral Efficiency) 

CONCLUSION 

 In this work, we present a dynamic optimization 
methodology to obtain time dependent operating points 
for an SOEC system considering the effects of chemical 
degradation on operating efficiency. The quasi-steady 
state assumption enables model size reduction to per-
form dynamic optimization on a fully discretized DAE 
model.  

The 2D non-isothermal SOEC model used in this 
study captures the thermal implications of chemical deg-
radation. In addition to an increase in electrochemical 
losses, it is found that chemical degradation results in an 
overall increase in exothermicity due to an increase in re-
sistive heating. The balance-of-plant model facilitates 
accurate estimation of SOEC system energy require-
ments from auxiliary equipment such as heaters and 
blowers.  

Dynamic optimization of long-term operating condi-
tions over 20,000 hours was performed under two H2 
production profiles; namely, constant H2 production and 
constant potential operation. This study shows that both 
operating profiles can result in efficient long-term opera-
tion depending on the optimization objective. Strong 
trade-offs between the integral average operating effi-
ciency and the degradation rate are observed. LCOH is 
computed for each of the cases and is used to evaluate 
the different operating trajectories. Operating at a con-
stant potential while maximizing the integral efficiency is 
found to have the lowest LCOH at 0.29 $/kWh H2 with a 
replacement schedule of 2 years. It must be noted that 
the LCOH calculation depends on many factors such as 
the interaction between stack replacement costs and the 
price of electricity. In a situation where stack replace-
ment costs are higher, it is possible that lower degrada-
tion rates would be favorable. Furthermore, this study 
does not consider the impact of operation on physical 
degradation. This poses the challenge of incorporating 
operating profiles from a shorter timescale of daily oper-
ation.   
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