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S1. Experiments for ASOHt of PEM fuel cell (FIL)
There are two reasons for the degradation of the fuel cell. One is the startup opera-

tion, while the other is the operation under constant power. Thus, repeated experiments

are set out to estimate the fuel cell’s degradation rate ASOHfc under different working

conditions.

1.1. Experiments for ASOHf. caused by startup operations
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(c) Stack current of 25 kW durability experiment
Figure S1. Load profile of durability experiment.

The experiment process for start-stop working conditions contains two experiments.
One has no repeating start-stop working conditions in Figure S1 (a), while the other does
in Figure S1 (b). The difference in the degradation of recorded Vi between them is the

effect of the start-stop working condition.

The process for the non-startup experiment (as shown in Figure S1 (a)) is as follows.

(1) Startup the stack;
Repeat (2) — (4) for 40 cycles {
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(2) Idling for 90 s;
(3) Working at Iret for 30 min;
(4) At the last 120 s of (3), record Vit once per second;

}
(5) Idling for 30 s, then shut down the stack.

The process for the start-stop experiment (as shown in Figure S1 (b)) is as follows.

Repeat (1) — (5) for 40 cycles {
(1) Startup the stack;
(2) Idling for 90 s;
(38) Working at Iret for 30 min;
(4) At the last 120 s of (3), record Vit once per second;
(5) Idling for 30 s, and then shut down the stack for 1 h;
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(a) Stack voltage of non-startup experiment (control group)
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Figure S2. Data sample of durability experiment.

Some data examples in Figure S2 for these experimental results are described above.
The reference voltage data could not be used directly because of the noise in the stack

voltage. Thus, linear regression is employed to calculate the average falling rate.
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Based on the experiment results in Figure 52 (a) and (b), the effect of startup on stack
degradation is evaluated as follows:

AV, =(AV,—AV,)/40 (S1)
where AVisar is the difference of Vet between Figure S2 (a) and (b), which is resulted from
one startup operation, AV1 is the variation of Vet in Figure S2 (a), AV2 is the variation of
Vret in Figure S2 (b). Combining Equations (3) and (S1), the effect of each startup on the
fuel cell’s health (ASOHjsc_start= 6.93e-6) is obtained as follows.

ASOH . =M 100% (S2)
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1.2. Experiments for ASOHf under constant power operations
The impact of the constant power working condition on fuel cell health could be

studied. Taking 25kW as an example, the experiment process under constant output

power (as shown in Figure S1 (c)) is as follows.

Repeat (1) — (5) for 10 cycles {
(1) Startup the stack;
(2) Idling for 90 s;
(3) Constant power working at 25 kW for 4 h;
(4) Working at Iret for 120 s, meanwhile recording V.t once per second;
(5) Idling for 30 s, and then shut down the stack for 1 h;

By subtracting the startup’s effect from the result of the constant power experiment,
the falling rate of the reference voltage (AVpwr (V/h)), resulting from a specific constant

power working condition, is obtained.

AV, =AV. —LxAV, (S3)

pwr pwr 4 startup

where AV};Wr (V/h) is the variation of Vrt during the constant power experiment in Figure
S2 (c). AVstartup is divided by 4 in Equation (S3) because it is assumed that a startup’s
effect is evenly allocated among the four working hours in one cycle (one startup). With

Equations (3) and (S3), the variation of fuel cell health under specific power is as follows.

AV,
ASOH,, ., =——"%100% (S4)

fc
02XV,

At last, by repeating the experiment in Figure S1 (c) under different output power, a

curve map of ASOHkx. is established in Figure 14 of Section 3.4.
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S2. Experiments for ASOHbat of LiFePO4 battery (BIL)
Because The output power (Pra) and the battery SOC (SOCvat) affect the battery
degradation rate together, the variation in internal resistance (ARin) is recorded under

different Prat and SOCrat during degradation experiments to obtain a 2-D contour map of
ASOHpbat.

L Voc(V)

0 0.2 0.8 1

0.‘4 0.6
SOGCou (-)

Figure S3. Open circuit voltage and internal resistance.

Before the experiment for ASOHbay, the relation between the open-circuit voltage (Voc)
and SOCkrat should be calibrated, as shown in Figure S3, because it is the threshold value
of the charging process. Then, the experiment for ASOHbvat could be illustrated by taking
the working condition of Prat =450 W and SOCrat = 75% as an example:

(1) Record the internal resistance at 100% SOCbat before the experiment as R1;
Second, repeat (2) — (5) for 500 cycles {

(2) Charge the battery to the voltage corresponding to 75% SOCbat (Figure S3)
with 1 C constant current, and then charge with constant voltage until the
current drops to 0.05C;

(3) Hold the battery still for 10 min;

(4) Discharge with 450 W constant power for 2.13 min (0.016 kWh, which is 10%
of the total discharging energy in the battery with 100% SOCbat);

(5) Hold the battery still for 10 min;

}
(6) Charge SOCbat back to 100%. After holding still for 1 h, record the internal
resistance after the experiment as R2.

With Equation (4), the variation of SOHbat is defined as follows:
R1 — Rz
cyclesX Ry, X E

bat

ASOH,, =

bat

x100% (S5)

where cycles is the number of cycles, R: and R: are the internal resistance value recorded
in the experiment, and Evat (0.016 kWh) is the charging/discharging capacity in energy
terms.

By repeating the previous experiment under different working conditions (Peat and

SOCpat), the 2-D contour map of ASOHpat is established in Figure 16.



