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Abstract; To address the core contradiction between fluctuations in wind and solar power output
and the stability of chemical production in an off-grid wind-solar-hydrogen-ammonia system, a
two-stage distributionally robust optimization scheduling model considering multi-state flexible
synthesis is constructed. Based on the start-stop characteristics of electrolyzers and the multi-
stage ramping mechanism of ammonia synthesis units, a refined mixed-integer linear
programming model is established to improve the operational flexibility of the system in coping
with wind and solar power fluctuations. A bidirectional electricity-hydrogen-ammonia energy
conversion pathway is constructed by integrating hydrogen-blended gas turbines, ammonia
cracking units, and ammonia fuel cells. Combined with multiple energy storage systems and
hydrogen and ammonia demand response mechanisms, the system regulation capability and
renewable energy accommodation level are enhanced. Furthermore, a data-driven two-stage

distributionally robust optimization framework is established, in which an uncertainty set for
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wind and solar power output and a confidence set for the probability distributions of extreme

scenarios are constructed. The unit operating states and output schedules are determined through

day-ahead optimization, while the unit outputs under the worst-case distribution of extreme

scenarios are adjusted through intraday rolling optimization. The model is solved iteratively using

the inexact column-and-constraint generation algorithm to reduce model conservatism and rapidly

approach the optimal scheduling strategy. It is demonstrated through multi-scenario comparative

simulations that, compared with the traditional linear scheduling model, the intraday adjustment

cost of the proposed model is only 49. 74% of that of the traditional model, and the renewable

energy accommodation rate reaches 97. 74%. Optimal economic scheduling is achieved while

stable hydrogen and ammonia production in the off-grid system is ensured.

Keywords: wind-solar-hydrogen-ammonia system; refined model; distributionally robust optimization;

output uncertainty set
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Fig. 1 Structure of electric-hydrogen-ammonia coupling system
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Fig. 2 I-C&CG algorithm solving process

H T v [ PG b B Rt KOG AIL 2 56 PRz 47 B
PEHGESE 1 a (/NG X H T B i 0 {8 5 52 0
HICH T A . RIS RIS A 1 2 000 A~ i 4k
KRG H g T 22 5 5, 42 K-means 328 809 1] Jk
& N, =300 /™RI55, BT 4 A Bk 1 e 42
4.2 RBHPELERSW

For AT KOG R R & R 40 SR A5 5 75 R
iR FR G0 R 1 PN U AR s e L 7E H R R Bk B
5 M AT 7 RHEATXI L oA BRI E LR 1.

k1 iz EkE

Table 1 Comparison plan settings
THE AREA/ L ARd kMR ﬁ/ﬁ{i
MILP ##!
ER! NG N N N,
FE2 X J J J
HES3 X NG X J
EX! X X X J
R NG N, NG X
N WA XTI




%9

FAUEAS A SR 2RI T 1S 0 2R DX S AR G A B BB 2 A 5 R R 2 91

T7 58 1 SR AR SCHR S 10 5 % 4 Y BB 4 A 45 A
PR 7 5 2 Bl 2 240 B SN i 2% 5 7 8
31— 20 TR % SRoma B ML s 28 A4 O R R AR HL
BE R TR 5 BRGS0 L i
AR 5 G U ke B RV SRk
4.2.1 HwEARRGHGETRESN

7 KO 740 0 3 S 4R 1) 3500 45 R0 A A
TOoRMEAEI TR L MREHREEFE. TE1
HAEEfLZS R 3 ros . 7E 1:00—5:00 B B, 0%
RAEGAE T IR A AL B e R T, 478
Tk R S ARG LGS AR, M, i
e RGuAb TR ARATREARAS R A . RE T A
SRR HE HILIE 2 A R AR SR F LA R R R T B
TE 6:00—9:00 B Be, WOGER A 7 B A0 2 ] i 7
R R BRARBE AT AR L R G5 RS A HILIT e e
T RE RS- KOG & W 0% gl . 7E 10:00—17:00
BB L 1 A XOGER G 07 i 6 30 rl vl i e 22 1 2
PLSE AT A0 6 FELRE , 28 03 2o fL A A R R i %
AP B S TR T A S B e i I R SUAE A L
IR A W & T A . AE 18:00—21:00 B
B TG KOG 57 B 5 Ha e e e Y XL s
FGE YR IH B R L K H R AR SR AR L LA
SRR G2 T XA KSR S 5 K TR B R 2 £
VBT AR HE R . AE 22.00—24.00 B BE,
JRUH H g AT 5 4 7 26 H A s S AU oK .

AL S

PIRIN | Eeyi%
R e B gt

1000

=200 [

-400 |

~600 L s L L L :
0:00 4:00 8:00  12:00 16:00 20:00 24:00
I %)

K3 JrZ 1 maetifb s it

Fig. 3 Result of electric energy optimization of scheme 1
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Table 3 Comparison results of different models
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