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ABSTRACT: [Objective] To address the power imbalance between renewable generation (wind/solar) and load demand,
this paper proposes a two-stage robust optimization-based economic dispatch method for integrated energy systems,
incorporating hydrogen-ammonia storage and transportation. [Methods] First, to fully exploit the synergistic potential of
hydrogen-based short- and long-term energy storage technologies, a hybrid energy storage model is established, integrating
electro-thermal storage, short-term hydrogen storage, and seasonal hydrogen storage. Second, to enable large-scale and long-
distance hydrogen transportation, a hydrogen-ammonia storage and transportation model is constructed within the hybrid
energy storage framework via "hydrogen-ammonia-hydrogen" or "hydrogen-ammonia" conversion processes, enabling both
cross-temporal hydrogen storage and cross-spatial transportation. Finally, considering uncertainties on both the source and
load sides, a two-stage robust optimization-based economic dispatch model is developed with the objective of minimizing total
system costs. [Results] Simulation results demonstrate that, compared with conventional hydrogen storage methods, the
proposed approach reduces hydrogen storage and transportation costs while improving renewable energy consumption, system
economy, and robustness, thereby verifying its effectiveness and feasibility. [Conclusions] A hybrid energy storage model

integrating electro/thermal storage with short-/long-term hydrogen storage is established, enabling spatiotemporal hydrogen
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utilization, enhancing renewable energy consumption, and reducing operational costs. An innovative ammonia-based

hydrogen storage technology is adopted, where the "hydrogen-ammonia-hydrogen" or "hydrogen-ammonia" conversion process

lowers storage and transportation costs. By accounting for source-load uncertainty, the system achieves flexible balance

between economy and robustness.

A current limitation of the model is that it does not integrate the

electricity-hydrogen-ammonia with other energy carriers (e. g. , biomass, geothermal) to realize broader multi-energy synergy.
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Table A1 Operating parameters
E| ZH ZHUE it ZH ZHE
Ml % 85 7"/m"% 70/65
/% 78 AR A S St MW 30 000
Ly, /(10%)/kg) 1.43 P /MW 50
HL A AE G 28
pu,/(107 J/m?) 89.9 ky/10% 6
PR MW 50 E,,/(kJmol) 117
AP /APE™/ (MW /min) -5/5 w/[1/(mol-K) ] 8.317
P MW 50 p/kPa 400
. Ry AR P2
E‘I«n' 7;% 2 = .
fiife ngﬁ/‘ 1,/% 90 PUn/PrS MW 0/14
Ey il Er o MW 0/300 AP AP /(MW /min) —6/6
PRI IPR MW 0/50 /% 99.8
I);\"})H‘/I);\’hmx( MW /min ) —~5/5 7,/ (MW +h/t) 1.6
ol V=AY - %{ . .
LEY g*ﬁf/ M/ MW +h/t) 135 BB /MW 15
”, 0.85 €/ TEWh) 0.3
e ST E -
. 0.5 Cor.py/ (TE/KWh) 0.2
P/ P/ MW 0/350 A REV- X ST RE A 28K ¢/ (TG/kWh) 0.43
REM/RES /MW 0/300 LURHFE AR 2R AL ¢/(JG/AWh) 3.74
RN APS/APE" /(MW /min) -150/150 RINZHAN ¢,/ (Ot/m?) L5
B AR /AR /(MW /min) —150/150 et /[ 6/ (kg km) ] 6.5
SRS AR A
nhdmR % 35/40 ent/[ 6/ (kg-km) ] 1.17
Loy /(lkg) 5.07x10 AP AR F AL ¢/ (TB/kWh) 0.041
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