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ABSTRACT: [Objective] Most existing multi-energy cloud energy storage (CES) models improve system performance by
incorporating additional storage resources, while largely neglecting the potential of underutilized storage assets already
embedded in the system. To address this limitation, this paper integrates idle storage capacities from thermal and gas systems
into the CES framework and proposes an operational strategy for park-level multi-energy CES services that accounts for the
coordinated response of electricity, heat, and gas loads. [Methods] First, a multi-energy CES service system architecture is
established, in which the CES service scenarios are clearly defined and an operation mechanism is designed accordingly.
Second, based on the principles of equivalent charging and discharging in thermal and gas systems, idle storage resources
from electrical, thermal, and gas systems within the park are integrated into a unified multi-energy CES system. A user-side
energy consumption model is then developed to capture electricity-heat-gas load coupling. To maximize overall benefits while
ensuring a fair profit distribution among different participants, the classical and Nash social welfare functions are introduced
to establish a pricing model and matching mechanism for multi-energy CES resources. [Results] Simulation results
demonstrate that, compared to electricity CES systems, the proposed multi-energy CES approach exhibits significant
advantages in terms of economic performance, storage resource utilization, and the potential for coordinated multi-load user

response. In the case study, the proposed strategy reduces users’ total energy costs by 19% compared with conventional
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electricity-only cloud storage. Moreover, compared with multi-energy cloud storage without load coupling, the utilization

rates of cloud-based thermal storage and gas storage increase by 16. 6% and 53%, respectively, thereby enhancing users’

flexibility and incentivizing their participation in generalized energy storage resources. [Conclusions] The proposed strategy

provides a valuable a reference for the optimized operation of park -level multi-energy systems.
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Fig. 2 CES service platform operation mechanism
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Table 5 Electricity cloud storage resource matching results
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Table A5 Basic parameters of gas storage

T RECE " 0.95
G & S R 0.90
L SR O 0.70
SRR 0.67
RN AR A 5™/ (JE/kWh) 300
A AR 71 (TEAW) 1500
A6 HEMIE
Table A6 Heat/gas prices
ks
2 BB RAL —
ELSEN 5
e 0.003 6 kW/G)J 65J0/G) 0.234 0 JC/KW
= 9.7 kW/m? 2.8 70/m’ 0.412 3 70/kW
FAT BEEBEM/EBG
Table A7 Time of use electricity price
; HLA/ (JL/KWh)
i BE2S B Bt
NG EEN 1] H, )
N 00:00—05:00 0350 0.120
22:00—24:00 ’ ’
05:00—07:00
10:00—12:00
A 0.735 0.420
14:00—17:00
20:00—22:00
07:00—10:00
14 12:00—14:00 1.089 0.674
17:00—20: 00
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