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The combination of high-nickel cathodes with poly(ethylene oxide) (PEO)-based solid-state electrolytes
represents a promising strategy to achieve both high energy density and enhanced safety. However,
existing studies predominantly employ LiFePO, cathodes due to the inherent limitations of PEO-based
electrolytes in high-voltage stability. Even with the improved electrochemical stability window (ESW) of

PEO-based electrolytes, current implementations still utilize low-nickel-content (<80%) cathodes. To fur-
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ther enhance the energy density of PEO-based solid-state batteries (SSBs), this work employs high-nickel-
content (>80%) cathodes in conjunction with PEO-based electrolytes. The influence of nickel content in
cathode materials (CAMs) on the electrochemical performance of PEO-based SSBs is systematically inves-
tigated through a progressive nickel content optimization approach. This study elucidates the intrinsic
relationship between the nickel content and the characteristic capacity activation mechanism observed
during the initial cycling phases in solid-state battery systems, revealing a nickel-content-dependent elec-

trochemical activation pattern unique to solid-state configurations. Additionally, through a series of de-
tection schemes, the failure mechanism of high-nickel PEO-based SSBs is systematically studied from the
cathode/electrolyte interface, electrolyte, and CAM. Particularly, the degree of PEO decomposition is quan-
titatively analyzed using differential electrochemical mass spectrometry (DEMS) and gel permeation chro-
matography (GPC). This work reveals the key issues faced when further increasing the nickel content of
CAMs, providing insights for targeted modification designs of high-nickel PEO-based solid-state batteries

in the future.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

In the past decade, the explosive growth of new energy vehi-
cle production has driven rapid development across the entire in-
dustrial chain [1]. However, the persistent issue of limited driving
range has become increasingly prominent, emerging as a critical
constraint on further advancement in the new energy vehicle sec-
tor [2,3]. Consequently, enhancing battery energy density is of ut-
most urgency. As electrode materials fundamentally determine sys-
tem energy density, Li metal anode has garnered significant atten-
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tion due to its high theoretical specific capacity (3860 mAh/g) and
low redox potential (—3.04 V vs. standard hydrogen potential), po-
sitioning it as one of the most promising anodes [4,5]. Neverthe-
less, lithium dendrites formed through uneven lithium deposition
can readily induce short circuits, leading to electrolyte combustion
or even explosions [6].

Compared with liquid electrolytes, non-flammable solid-state
electrolytes not only significantly enhance battery safety and sta-
bility but also effectively isolate electrodes and prevent lithium
dendrite penetration [7-9]. Current debates persist regarding
the best type of solid-state electrolyte, including polymer elec-
trolytes, inorganic electrolytes, and composite solid-state elec-
trolytes [10,11]. Among these, flexible polymer electrolytes with
cost-effective advantages are considered one of the most promising
directions [12]. However, the relatively low electrochemical oxida-
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tion potential of polymer electrolytes caused by their high highest
occupied molecular orbital (HOMO), typically necessitates pairing
with stable LiFePO4 (LFP) cathodes, substantially constraining sys-
tem energy density [13]. To enhance the electrochemical stability
window (ESW) of polymers, numerous strategies have been pro-
posed, encompassing molecular structure design, interactions, con-
centrated polymer electrolytes, and inorganic filler incorporation
[14,15]. Although linear sweep voltammetry (LSV) testing demon-
strates significant ESW improvements through these modifications,
practical applications continue to predominantly utilize ternary
cathode materials with low nickel content (Ni <80%), while high-
nickel cathodes (Ni > 80%) remain largely unexplored [16-19]. This
limitation substantially compromises the energy density compet-
itiveness of solid-state batteries. Notably, nickel content critically
determines system energy density, and high-nickel cathodes have
gained widespread adoption in liquid electrolyte systems [20]. Ex-
tensive research has been conducted on structural degradation and
associated failure mechanisms of high-nickel cathodes in liquid
systems, leading to targeted modification strategies including coat-
ing and doping [20-23]. Similarly, further research into the con-
struction and failure mechanisms of polymer/high-nickel cathode
systems is a prerequisite for enhancing system stability.

The integration of polymer electrolytes with ultra-high-nickel
cathodes represents an inevitable industry trend [24-27]. This
study constructs batteries using high-nickel cathode materials
paired with poly(ethylene oxide) (PEO)-based electrolytes, progres-
sively increasing nickel content from 83% to 93% to investigate
correlations between nickel content, system energy density, and
cycling stability. Combined with post-cycle analysis of each bat-
tery component, including cathode, electrolyte, and anode, the fail-
ure mechanisms of the system were systematically studied. Re-
sults demonstrate a gradual capacity enhancement with increasing
nickel content, accompanied by a reduced initial Coulombic effi-
ciency and diminished capacity retention. Further analysis reveals
that system failure correlates with cathode nickel content: The ex-
tended high-voltage plateau and intensified oxidative state at high
state-of-charge (SOC) in ultra-high-nickel cathodes accelerate both
electrochemical and chemical decomposition of PEO-based elec-
trolytes. This degradation induces molecular chain scission, me-
chanical strength reduction, and compromised dendrite resistance,
ultimately leading to overcharging and micro-short circuits during
high-voltage operation, thereby exacerbating system failure.

Firstly, high-nickel cathode materials N83, N88, N90, and N93
with nickel contents of 83 %, 88%, 90%, and 93 %, respectively, were
employed to fabricate PEO-based solid-state batteries (Li|PEO|NCM)
for electrochemical performance evaluation. Substantial optimiza-
tion of electrochemical properties has been achieved in our ear-
lier development of PEO-based polymer electrolytes [28]. All four
cathode materials were synthesized under identical conditions to
ensure comparable morphology and structural characteristics. Ad-
ditional SEM images and XRD patterns will be provided in Sup-
porting information to confirm their structural and morphologi-
cal consistency. As shown in Figs. S1 and S2 (Supporting informa-
tion), these data confirm that differences in electrochemical per-
formance primarily arise from nickel content rather than morpho-
logical or structural variations. Fig. 1a displays the initial charge-
discharge profiles of samples with varying nickel contents at 25 °C
and 0.1 C, where the discharge specific capacities of N83, N88, N90,
and N93 are 206.3, 212.7, 220.9, and 222.5mAh/g, respectively.
These results demonstrate a progressive enhancement in discharge
specific capacity with increasing nickel content. However, the ini-
tial Coulombic efficiency decreases from 89.2% to 87.6% as the
nickel content rises from 83% to 93%. Analysis of the charge-
discharge profiles and corresponding dQ/dV curves in Fig. 1b re-
veals a pronounced elongation of the discharge plateau near 4.2V,
which predominantly accounts for the elevated capacity of N93.

Chinese Chemical Letters 37 (2026) 111157

Nevertheless, the extended plateau in N93 corresponds to pro-
longed high-voltage operation under constant-voltage conditions.
Given the narrow ESW of PEO, this prolonged exposure may ex-
acerbate its decomposition, thereby contributing to the observed
reduction in Coulombic efficiency [29,30]. The rate capability of
samples with different nickel contents was further investigated. As
summarized in Fig. 1c, all samples exhibit capacity degradation as
the discharge rate increases from 0.1 C to 2 C. Specifically, the dis-
charge specific capacities at 2 C are 82.9, 91.1, 86.9, and 89.7 mAh/g
for N83, N88, N90, and N93, respectively. The increase in nickel
content fails to enhance rate capability, and the capacity dispar-
ity among samples with varying nickel contents diminishes with
escalating discharge rates. Cyclic voltammetry (CV) tests were con-
ducted on samples with different nickel content to investigate their
electrochemical reversibility. As shown in Fig. S3 (Supporting infor-
mation), all samples exhibit three pairs of redox peaks correspond-
ing to H1-M, M-H2, and H2-H3 phase transitions. The H2-H3 phase
transition peaks at high voltages are intensified progressively with
nickel content elevation, consistent with observations from dQ/dV
curves. The corresponding AV (the voltage difference between oxi-
dation and reduction peaks) values for N83, N88, N90, and N93 are
0.107, 0.193, 0.215, and 0.233V, respectively, indicating enhanced
polarization with increased nickel content. Previous studies sug-
gest that cobalt element plays a crucial role in improving lithium-
ion diffusion within ternary cathode materials [31,32]. Therefore,
the observed polarization amplification can be attributed to cobalt
content reduction accompanying nickel content elevation.
Subsequent cycling performance tests under 0.2 C charging
and 0.5 C discharging conditions reveals an unexpected phe-
nomenon. Fig. 1d demonstrates that all samples exhibit initial ca-
pacity growth followed by gradual degradation during cycling. This
capacity activation phenomenon during early cycling stages has
been reported in both organic and inorganic solid-state systems
without receiving substantial attention, yet remains conspicuously
absent in liquid electrolyte systems [33-37]. For comparative anal-
ysis, liquid electrolyte and identical nickel-content cathodes were
assembled and tested under the same conditions. As shown in
Fig. S4 (Supporting information), no capacity activation is observed
throughout the 100-cycles test in liquid systems, confirming this
phenomenon as a distinctive characteristic of solid-state config-
urations. Furthermore, Fig. 1d illustrates that the activation pe-
riod duration exhibits nickel-content dependence. The maximum
discharge specific capacities for N83, N88, N90, and N93 appear
at cycle 42, 38, 25, and 8, respectively. This observation demon-
strates a progressive advancement of the capacity peak position
with increasing nickel content, necessitating further investigation
to unravel the mechanistic relationship between capacity activa-
tion phenomena and nickel concentration gradients. The initial 0.5
C discharge specific capacities measure 169.5, 172.3, 179.2, and
186.9 mAh/g for N83-N93 respectively, showing incremental en-
hancement with nickel content. After 100 cycles, the respective ca-
pacities stabilize at 174.6, 166.6, 167.0, and 154.9 mAh/g. When
normalized against maximum achieved capacities, the retention
rates are calculated as 94.4%, 91.2%, 90.6%, and 82.9% for N83-
N93, respectively. Cycling stability deteriorates with nickel content
elevation, particularly notable in N93 which exhibits capacity fluc-
tuations during later cycles. Fig. 1e reveals that N83, N88, and
N90 maintain stable Coulombic efficiencies close to 100% through-
out cycling, whereas N93 exhibits significant efficiency fluctuations
during the 70"-100t" cycles, markedly lower than other samples.
Charge-discharge curves during the 96™-100t" cycles demonstrate
that the capacity fluctuations and diminished Coulombic efficiency
in the high-nickel N93 originate from overcharging in the high-
voltage and micro-short circuits during charging (Figs. 1f and g,
Fig. S5 in Supporting information). This observation indicates in-
tensified side reactions from PEO-based electrolyte decomposition
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Fig. 1. (a) First-cycle charge-discharge voltage profiles at 0.1 C and (b) corresponding dQ/dV profiles. (c) Rate capability with different current densities of 0.1-2 C. (d) Cycling
performances at 0.5 C and (e) corresponding Coulombic efficiency. Charge-discharge voltage profiles at 0.5 C during the 96™-100™ cycles of (f) N83 and (g) N93.

and non-uniform lithium deposition in high-nickel systems. In con-
trast, low-nickel samples exhibit superior stability, with smooth
charge-discharge curves observed for N83, N88, and N90 in later
cycles. In liquid electrolyte systems, the capacity retention rates af-
ter 100 cycles for N83, N88, N90, and N93 are 86.6 %, 85.6%, 84.6 %,
and 82.7%, respectively, demonstrating identical nickel-content-
dependent degradation trends to those in solid-state systems. Al-
though all liquid-system samples display lower capacity retention
compared to their solid-state counterparts, they exhibit enhanced
cycling stability without capacity fluctuations or Coulombic effi-
ciency decay. This disparity arises from the dual functionality of
solid-state electrolytes: Beyond lithium-ion conduction (analogous
to liquid electrolytes), they must simultaneously serve as electrode
separators [38]. Consequently, electrolyte decomposition in solid-
state systems more readily induces micro-short circuits, which is a
critical failure mechanism requiring attention in solid-state battery
design [24].

To elucidate the mechanism underlying capacity activation, sta-
tistical analysis of electrochemical behavior during cycling was per-
formed. A comparative investigation between N83 (lowest nickel
content) and N93 (highest nickel content) was conducted to am-
plify the electrochemical difference induced by nickel content vari-
ation. Figs. 2a and b present the dQ/dV profiles of N83 and
N93 during discharge over 100 cycles, respectively. Both N83 and
N93 exhibit progressive attenuation of the H2-H3 phase transition
peaks at high voltages, while N93 demonstrates accelerated peak
decay. However, the abrupt increase in phase transition capacity
of N93 is attributed to the oxidative decomposition of the PEO
electrolyte in the high-voltage phase associated with this transi-
tion. This phenomenon induces repeated deposition of Li at the
anode, leading to localized overcharging during cycling processes
and consequent deep delithiation of the N93. During the subse-
quent discharge phase, lithium re-intercalation into the cathode
material occurs, thereby leading to the enhanced discharge capac-
ity. Notably, the H1-M phase transition peak of N83 at low volt-
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Fig. 2. The corresponding dQ/dV profiles of (a) N83 and (b) N93 at different elec-
trochemical cycles. Statistical results of discharge capacity in corresponding areas of
(c) N83 and (d) N93 at different electrochemical cycles.

ages displays initial enhancement followed by decline, suggesting
capacity activation correlates with voltage-dependent phase tran-
sition contributions. For quantitative assessment of phase transi-
tion contributions across voltage ranges, dQ/dV curves were parti-
tioned into three segments (D1, D2, D3) as annotated, with inte-
gral area corresponding to discharge specific capacities in respec-
tive voltage ranges. The discharge capacities of N83 and N93 across
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different voltage ranges were quantified and plotted as a function
of cycle number, with the corresponding results presented in Figs.
2c and d, respectively. The discharge capacity contributed by the
D1 section in the medium-low voltage range of N83 gradually in-
creases during the first 60 cycles and then slowly declines in later
stages, while the capacity in the medium-voltage D2 region re-
mains stable with minor fluctuations throughout 100 cycles. The
capacity in the high-voltage D3 region of N83 shows only brief
initial growth followed by continuous decline in subsequent cy-
cles. However, compared with N83-D1, the capacity growth cycle of
N93-D1 is significantly shortened, exhibiting notable capacity de-
cay after 30 cycles. Similarly, compared to N83, the capacity degra-
dation in both D2 and D3 stages of N93 occurs significantly earlier
and become more pronounced. Analogous trends are observed dur-
ing charge processes (Fig. S6 in Supporting information). These re-
sults establish that the capacity variation of samples with the same
nickel content in different voltage ranges is related to the electro-
chemical reactions at the corresponding voltages. The capacity ac-
tivation originates from unique solid-solid interfacial dynamics in
solid-state systems [39]. In contrast to liquid systems where the
electrolyte and electrodes maintain sufficient contact, solid-state
systems exhibit substantial interfacial impedance. This necessitates
continuous interface activation through film formation during cy-
cling to enhance ion transport [40]. Consequently, capacity gradu-
ally increases with interfacial optimization during cycling. The dis-
charge capacity of the liquid system at different stages was treated
similarly. As shown in Fig. S7 (Supporting information), the capac-
ity of the liquid system at each stage decreases with cycling, fur-
ther confirming that the aforementioned phenomenon is unique to
the solid-state system. Simultaneous with reversible electrochem-
ical reactions, irreversible side reactions occur, primarily involv-
ing the decomposition of PEO-based electrolytes, which accounts
for the capacity fade during cycling [41]. As the voltage increases,
the decomposition of PEO-based electrolytes intensifies, leading to
an earlier onset of capacity degradation at higher voltages. Ac-
celerated decomposition at elevated voltages manifests as earlier
degradation onset in higher voltage segments (the cycle number
of peak capacity: D1 > D2 > D3). Crucially, cross-comparison of N83
and N93 reveals that increased nickel content accelerates capacity
degradation across all voltage ranges, indicating more severe elec-
trolyte decomposition. This observation suggests that higher nickel
content in the cathode material exacerbates the decomposition of
PEO-based electrolytes, leading to premature capacity fade in solid-
state battery systems.

To further investigate the failure mechanisms of high-nickel
cathode/PEO-based electrolyte systems, the gas evolution during
operation was characterized, which directly impacts the overall
safety performance of batteries [42]. Charge-discharge tests were
conducted on N83 and N93 samples at 25 °C under 0.2 C rate while
monitoring gas evolution. The results of in-situ differential electro-
chemical mass spectrometry (DEMS) are presented in Figs. 3a and
b. The smooth charge-discharge curves confirm stable and normal
operation of both N83 and N93 within the testing configuration.
H, generation is detected in both samples, albeit with distinct ini-
tiation patterns. In the low-nickel-content N83 sample, H, evolu-
tion emerges near 4.1V during charging, whereas N93 exhibits H,
detection commencing at the initial charging stage (~3.7V). Con-
trasting with reported liquid electrolyte systems, partial pressures
of 0,, CO,, and CH4 remain stable throughout testing, with no
other gaseous species detected beyond H, [43]. The hydrogen evo-
lution mechanism involves two sequential stages. Initially, oxida-
tive decomposition and dehydrogenation of PEO occur at the cath-
ode side, facilitated by electrochemical oxidation under high volt-
age and catalytic effects from high-nickel cathodes, concurrently
forming HTFSI through interaction with lithium salt anions. Subse-
quently, HTFSI migrates to the anode and reacts with Li metal to
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Fig. 3. In situ DEMS data of (a) N83 and (b) N93 during first charge at 0.2 C in the
voltage range of 2.8-4.3V at 25°C.

produce H, [44,45]. The premature H, generation observed with
increased nickel content demonstrates that higher nickel content
in cathode materials exacerbates the catalyzed oxidative decompo-
sition of PEO.

To systematically investigate the mechanism by which increased
nickel content accelerates system degradation, cycled solid-state
batteries with varying nickel-content cathodes were disassembled,
and comprehensive characterization of cycled cathode/electrolyte
interfaces, cathodes, electrolytes, and anodes were conducted, re-
spectively. First, a series of analyses were performed to elucidate
the surface chemical evolution at the cathode/electrolyte interface
during extended cycling, focusing on the cathode-electrolyte in-
terphase (CEI) development. Figs. 4a and b present the F 1s XPS
spectra of cycled N83 and N93 cathodes, where peaks at 689.5,
687.9, and 686 eV correspond to C-F, LiyBOyF;, and Li-F, respectively
[46-48]. Quantitative integration of these peaks reveals distinct CEI
compositions (Fig. 4c). The N83 CEI predominantly comprises in-
organic components, with Li-F constituting 53.19% of the total. In
contrast, the organic C-F component in N93 accounts for 67.57 %,
significantly exceeding the 40.43% observed in N83, indicating
greater accumulation of electrolyte decomposition byproducts in
the high-nickel sample. Furthermore, the higher LiyBOyF, (derived
from LiDFOB additive decomposition) content in N83 suggests
more stable film-forming processes in low-nickel systems. Sur-
face morphology characterization demonstrates that cathode par-
ticles with higher nickel content are covered by thicker CEI layers,
confirming intensified electrolyte decomposition at elevated nickel
content (Fig. S8 in Supporting information). This phenomenon is
attributed to the abundance of Ni3+/Ni*t species at high SOC,
which induce more severe oxidative degradation of PEO. For pre-
cise CEI thickness comparison, time-of-flight secondary ion mass
spectrometry (ToF-SIMS) was conducted on N83 and N93 cathodes.
As shown in Figs. 4d-f, the intersection points of LiNiO* (repre-
senting cathode materials) and C,Hs0* (representing CEI compo-
nents) reveal substantially thicker CEI layers on N93 surfaces com-
pared to N83.

To further investigate the decomposition mechanisms of PEO
when matched with ultra-high nickel cathode, cycled PEO-based
electrolytes were systematically characterized. Figs. 5a and b
present the XPS spectra of cycled PEO-based electrolytes paired
with N83 and N93 cathodes, designated as PEO-N83 and PEO-
N93, respectively. The characteristic peak at 288.2eV corresponds
to C=0, originating from the oxidation of PEO terminal groups
(-OH) under 4V operating voltage [49]. In this study, PEO with
a molecular weight (M) of 4,000,000 was employed to suppress
the decomposition of unstable terminal groups, thereby reducing
C=0 content in both NCM-N83 and NCM-N93 systems. Notably,
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the C=0 content in cycled PEO-N93 exhibits a marginal increase
compared to PEO-N83. Additional peaks observed at 286.5 and
284.8eV are assigned to C-O and C-C bonds, respectively, both
constituting essential components of PEO polymer chains [50]. As
illustrated in Fig. 5c, using stable C-C/C-H bonds as a reference,
the C-O content in cycled PEO-N93 demonstrates significant reduc-
tion compared to PEO-N83, indicating accelerated decomposition
of C-O bonds when coupled with high-nickel N93 cathodes. This
is attributed to the increased nickel content, which enhances the
oxidative properties of the cathode, catalyzing the chemical oxida-

tion of C-0 bonds in PEO, consistent with the characterization re-
sults of the CEI [49]. The cleavage of C-O bonds ultimately leads to
polymer chain scission. To quantitatively assess PEO degradation,
gel permeation chromatography (GPC) was performed on cycled
electrolytes. The separation principle relies on differential perme-
ation rates through gel-packed columns. Larger polymer molecules
are excluded from gel pores and elute rapidly through interparticle
voids, while smaller molecules penetrate micropores with delayed
elution. Molecular weight distributions were determined through
retention time calibration using standard samples [51]. Fig. 5d dis-
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plays GPC elution profiles of cycled PEO-N83 and PEO-N93. The
PEO-N93 peak exhibits longer retention time (7.45 min) compared
to NCM-N83 (6.18 min), indicating lower My, for PEO-N93. Subse-
quent calibration reveals distinct Myy distribution profiles. Statis-
tical analysis shows average M,y values of 1,145,822 and 658,729
for cycled PEO-N83 and PEO-N93, respectively (Figs. 5e and f). Al-
though all PEO samples experience My, reduction after 100 cycles
compared to pristine material (My = 4,000,000), the significantly
lower Myy of PEO-N93 confirms enhanced chain scission induced
by C-0O bond decomposition in high-nickel systems. This My dete-
rioration compromises electrolyte mechanical integrity, identified
as the primary cause of micro-short circuits in PEO-based SLMBs
under high-voltage operation [24]. Supporting evidence from SEM
characterization reveals more severe lithium deposition hetero-
geneity on anodes in Li|PEO|N93 cells (Fig. S9 in Supporting in-
formation). The aggravated PEO degradation in Li|[PEO|N93 conse-
quently diminishes dendrite suppression capability. Furthermore,
continuous electrolyte decomposition promotes CEI layer thicken-
ing, which increases interface impedance and polarization, ulti-
mately hindering interfacial Li*+ transport Kinetics.

Subsequently, high-resolution transmission electron microscopy
(HRTEM) was employed to gain in-depth insights into the sur-
face species and structural evolution of cathode materials with
varying nickel contents following cycling within the PEO-based
solid-state electrolyte system. Fast Fourier transform (FFT) analysis
was performed on selected regions, with corresponding crystallo-
graphic planes identified through precise measurements of inter-
planar spacings and angular relationships. As depicted in Figs. 5g-
i, the N93 sample exhibits pronounced lattice irregularities, which
are characterized by substantial lattice distortions and defect con-
centrations when compared to N83. This phenomenon is attributed
to irreversible phase transformations from the layered structure to
spinel and rock-salt configurations during prolonged cycling, where
elevated nickel content is shown to significantly exacerbate struc-
tural degradation through accelerated phase instability [52].

In summary, this study employs ternary cathode materials with
nickel contents ranging from 83% to 93% in combination with
PEO-based electrolytes to systematically investigate the impact of
nickel content on the electrochemical performance of PEO-based
SSBs. The results demonstrate that optimizing nickel content en-
ables effective balancing between energy density and cycle life in
SSBs. Notably, we elucidate the intrinsic correlation between nickel
content and the initial capacity increase during cycling, revealing
that higher-nickel cathodes accelerate activation processes while
low-voltage electrochemical reactions constitute the predominant
source of capacity augmentation. Furthermore, ultrahigh-nickel
cathodes are found to exacerbate mechanical degradation of PEO
electrolytes, manifested through overcharging and micro-short cir-
cuit phenomena under high-voltage operation. DEMS analyses in-
dicate that elevated nickel content catalytically promotes hydro-
gen evolution reactions, with TEM characterizations confirming
concurrent structural deterioration in cathode materials. Particu-
larly, through post-cycling recovery and GPC testing of PEO elec-
trolytes, this work quantitatively evaluates the aggravated decom-
position of polymeric electrolytes induced by high-nickel cathodes.
The comprehensive analysis of failure mechanisms in high-nickel
PEO-based SSBs, coupled with the established systematic research
methodology, is anticipated to provide fundamental insights and
evaluation frameworks for subsequent performance optimization
in customized battery systems.
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