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Minute-level dynamic response-based capacity planning for alkaline-PEM
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Abstract: [Objective] Challenges such as adapting to renewable energy power fluctuations and coping with start-
stop mechanisms exist during the operation of electrolyzers. Capacity configuration models based on long time
scales struggle to accurately capture these dynamic characteristics, which reduces the accuracy of capacity planning
for hydrogen production systems. [Methods] Taking a hybrid hydrogen production system composed of alkaline
(ALK) electrolyzers and proton exchange membrane (PEM) electrolyzers as the research object, this paper proposes
a minute-level time-scale capacity planning method for hybrid hydrogen production. First, a minute-level
electrolyzer start-stop control model is designed to accurately describe the operating states of the two types of
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electrolyzers. Second, considering ALK electrolyzers’ poor adaptability to power fluctuations and long start-stop
time, we develop a power allocation strategy that prioritizes the stable operation of ALK electrolyzers. Finally, we
conduct multi-objective optimization for the capacity planning problem of the hybrid hydrogen production system,
and the Pareto solution set of the model is obtained via the augmented e-constraint method. [Results] Simulation
results show that under the condition of 20 MW installed wind power capacity and 20 MW installed photovoltaic
capacity, with a total system investment cost of 25 million yuan, the proposed 1-minute time-scale model increases
the average daily hydrogen production by 14.7%, reduces the unit hydrogen production cost by 7.5%, and decreases
the renewable energy curtailment rate by 63.6% compared with the traditional 15-minute time-scale model. In
addition, with 1-minute scheduling accuracy, the ALK/PEM electrolyzer capacity ratio is gradually optimized as
investment increases: when the total investment is below 25 million yuan, the proportion of ALK electrolyzers
exceeds 90%; when the total investment exceeds 30 million yuan, the investment proportion of PEM electrolyzers
rises to 19.4%. In contrast, for the 15-minute time-scale model, the ALK/PEM capacity ratio reaches 4:1 even when
the investment is only 20 million yuan. This prematurely increased proportion of PEM electrolyzers not only
deviates from practical engineering conditions but also degrades overall system performance, indicating that coarse
time-scale scheduling may lead to capacity mismatch.

Key words: electrolyzer; hybrid hydrogen production; multi-objective optimization; capacity configuration
optimization; renewable energy
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Fig.1 Architecture diagram of the ALK-PEM hybrid
hydrogen production system
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Fig.2 Start-stop control logic of the ALK electrolyzer
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1500 11.72 0.08 24143.83 13.11 21.44
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500 3.97 0.01 12708.27 20.56 61.51
1000 8.03 0.01 19971.38 14.56 36.98
1500 9.26 0.63 24003.80 12.89 25.95
2000 7.84 1.85 2459528 13.11 25.29
2500 6.38 3.07 25110.77 13.33 25.81
3000 7.46 3.73 24941.08 14.22 25.94
3500 9.10 427 24 988.23 15.11 26.04
4000 9.95 4.98 24 407.45 16.22 26.61
4500 14.83 4.79 24234.96 17.67 25.44
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IS E AT 6.25%; LAk, RGN EURA
S 3R AT H5 T RS (OB T B, B0 AR A
500 /G| 2 500 JiG, FRGIHEAL T S RA
TNFET 39.3%, FHE T T 84.36%.

MR AR 2500 JiT0)E, REHH T
Hil A& B e EFt, (HIGIEA L T/INT 2500 5 TCH
KIE >, M2 500 JioaE] 4 000 Jiv, P4
R 100 FnHIAR B A, B H P S M
0.26%, +HEFERTTMALE] 4500 /57T, REH
BHPHIA RG] TR RG] Z R
I T BT, M 2500 FieE] 4500 JiTC,
ARG NI E A LT T 15.31%, B A BT
[ IR R T A P2 A 1) BT, 43 R G R A
WK, BEERRRAN LT, RAFHFBMA
B

gE L RATIR, AN 2 500 JiITAE 1% Parero
fREEM 1 NP, BRI GFRN ALK &K
13.26 MW, PEM %N 1.54 MW) 1E B 12
I E ] DL DR AR 25 A AR .

A, XFEE 1 min 2240 15 min 245 AY Pareto fi#
KEVIAKERE, ST 8A/NT 1000 F57GH,
2 iSRRI 25 H L T2l ALK ARG &, 2 Fis
MR R ZE T ST A 1 000 /it
I, BT H A T2 Th 2853 T 77 S -2 50 H il &
B PAHIERA . 7 H R ARG 15 min 2L [A]
BB B RAR A . fEFBERA 2 500 J3 JChT,
1 min ZUREAYH B H fI] S #1528 821.59 m3F K
15 min ZIERIRT; 14.7%. 78 BRI S RA T 10,
TEUIARRHE. N, FRERERIEEEM
X, SRENA AR 14~16 To/kg24, ABAYE
AT RS, MARFRAN T, B s ok
FRAS, T A5 S PR AR 5 3 SRR AR A o 1 min 2%
BERIAE 2 500 5 o5 0% I 32 Bl 4 33 dpe A1 ) SR A
(12.33 Ju/kg), AHELT 15 min FALHERAS PG
7.5%. 1 min ZAAY 7 B AR BE B UG I SR R R,
2500 J3 e 9.54%; 1fj 15 min 24 7E [FIZ 5%t
T IR EIL 25.29%, HIRARL4ERE 25%LL .
X 1 min ZAE AT B KR B Bl 3 H R BRI
63.6%. 1 min 257t ALK/PEM Hifig ki 75 & b
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Fig.8 Comparison between the 1-minute and 15-minute
datasets
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Fig.9 A composite diagram of wind and solar power output
in four typical daytime scenes
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Fig.10 Operation status of ALK-PEM hybrid hydrogen
production systems under four typical daily scenarios
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Tab.6 Time-of-use electricity price
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Fig.11 Pareto solution results of grid-connected systems

R7 HMWALK-PEM 2B E
Tab.7 Grid-connected ALK-PEM capacity configuration

e A T3 70 ALK HifE B2 MW PEM Hif# 25 f/IMW P35 5 H | AR /m3 B il EUSAR (O g ) v HL 2%

500 0 4.03 16 159.37 24.22 60.60
1000 0 8.06 26 397.04 15.56 34.61
1500 0 12.10 32120.22 14.11 18,52
2000 0.34 14.60 35327.52 12.33 10.81
2500 1.56 13.18 36 501.69 12.11 8.96
3000 2.77 11.77 36 989.59 12.11 9.06
3500 3.99 10.35 37386.30 13.78 9.44
4000 4.98 9.95 37 605.29 13.89 9.54
4500 5.60 11.19 37616.94 13.89 9.43

XTELE 6 AE 11, ArHrE AL ALK-PEM
AR E T LUK, B WA 2 B 45 s HILTE
T BT RAR 2500 J3G, MFEM RGP S IE T
PR A 2 000 5t (R 7). XM TIEM RS
BT B RS, BN AT DU ALK HLAERE 1780,
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