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Conditions Excess Li Co/M ratio Electrode Cutoff voltage C rate /mAhg?!
weight /mg (upper) /V

Maximum 0.3 0.39 5.0 4.8 250

Minimum 0.1 0.0 1.5 4.5 10

Table S1. The range of each condition. Excess Li corresponds to x in Li1+xM1.xOz. Co ratio is calculated
by the following equation: Co ratio = Nco/ (Nco + Nni+ Nwmn). (Nas is molar number of contained each

transition metal.)
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Figure S1. Comparison of observed and predicted capacity and average voltage of Lii+x[Ni, Mn, Co]i-

xO2 in the 2nd cycle.




Coulombic efficiency in the 2nd cycle
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Figure S2. (a) Diagnostic plots and (b) feature importance of the prediction model for coulombic
efficiency of Lij+x[Ni, Mn, Co]1-xO: in the 2nd cycle. (c) SHAP values of each feature in this prediction

model.



Voltage hysteresis in the 2nd cycle
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Figure S3. (a) Diagnostic plots and (b) feature importance of the prediction model for voltage
hysteresis of Lij+x[Ni, Mn, Co]1-xO> in the 2nd cycle. (¢c) SHAP values of each feature in this prediction

model.
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Figure S4. Comparison of observed and predicted capacity and average voltage of Lii+x[Ni, Mn, Co]i-

xO2 in the 2nd cycle.
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Figure S5. Feature importance in the prediction model for (a) capacity and (b) voltage at the 50"

cycle and (¢) (d) the change in feature importance comparing the 50 cycle with the 2™ cycle.

As for the weight of electrode, one possible explanation is that the higher concentration of slurry

causes lower porosity of the electrodes, leading to suppression of degradation!-2.



Voltage hysteresis in the 50th cycle
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Figure S6. (a) Diagnostic plots and (b) feature importance of the prediction model for voltage
hysteresis of Lii+x[Ni, Mn, Co]i1xO2 in the 50th cycle. (c) SHAP values of each feature in this prediction
model.

Presumably, the voltage hysteresis becomes larger under the higher C rates because the electrode-

electrolyte interfacial resistance increases with repeating charge/discharge cycles.



Predicted energy density at the 50th cycle (Wh/kg)
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Figure S7. Optimized Li-rich cathodes composition for long-term cycle. The predicted energy
density of Li-rich cathode materials at the 50" cycle when C rate, cutoff voltage and electrode weight
are fixed to 20 mA/g, 4.8 V and 3 mg, respectively. Lii.16Nio.14Mno.490C00.2002 shows the highest energy

density. Note that fine tuning of conditions is not within the scope of this study.
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