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Abstract: With the transformation of users from consumers to prosumers, more and more users have demands for electricity storage,
thermal storage and cooling storage. However, the high cost of energy storage is a barrier for user-side energy storage. To address
this issue, the cloud energy storage mode and the regional integrated energy system with combined cooling heating and power
(CCHP) are combined to propose an optimized configuration model for electric/thermal/cold cloud energy storage. Firstly, the
structure of the regional integrated energy system with CCHP is built along with its input-output conversion relationships analyzed.
Then, the energy charging-discharging behaviors of the users and cloud energy storage provider are analyzed. The two-stage energy
storage optimization model is established from the perspectives of the two subjects. In the first stage, the user energy storage demand
is optimized with the objective of minimizing the user’s total costs. In the second stage, the energy storage configuration is optimized
with the objective of minimizing the cloud energy storage provider’s costs after the cloud energy storage providers integrate the
user’s demands. Finally, calculation examples are conducted to verify the advantages of the cloud energy storage mode applied on
energy storage configurations. Factors of cold storage and carbon emission existed or not in the system are compared to analyze the
influences on the optimization configuration of energy storage.
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Fig. 1 Structure diagram of regional integrated energy system with CCHP and CES
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Fig. 3 Framework diagram of two-stage model
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Tab. A1 Energy storage investment parameters and CES provider service fee parameters
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W MSC ¥ 0% o o %o 150 LA R e/ % 300
TR 1yl P 89 GT fHEU B A 0. 81
CO2 Mt H p,, o/ (kgem ™) 3.024 TN W GRS O 15
WS , JOT 1) 50

RA3 fEBEmMEBELER

Tab. A3 Energy storage configuration results

N Fic B 4
S & 0 I - v v
PPl T R W 195. 48 76. 89 193.25 193.25 193.25
L E b 75 I P /kWh 508. 24 292. 38 496. 88 605.75 497.70
it RE T R AW 89. 68 67.76 71. 44 67. 66 67. 74
it B2 Tl 5 /kWh 394. 30 420. 85 423.07 1153. 30 481. 44
F R HED) AW 75.93 59. 62 78. 40 0 0
o A I /A Wh 279. 87 278.21 419.02 0 0
RAL BEI—VERERRLER
Tab. A4 User requirements optimization results of scenario |l and scenario V
SR AL REATR
7| 7| 7| YV sV
JH P 3K A i L IR 55 B T A8 kW 195. 48 195. 48 195. 48 218.08 218. 08
FH P A e iR 55 S 25 B /kWh 508. 24 406. 78 406. 78 568. 29 454. 84
JH P e 3 A AR S5 BT 46 kW 89. 68 103. 31 93. 02 139. 11 130. 39
FH P 3K A AR IR S5 B4 11 /kWh 394. 30 363. 63 362. 37 714. 42 462.39
PGS = B IS5 S kW 75.93 70. 43 85.38

FHPSE = &R RS B4 HE/KWh 279. 87 217.26 352.36
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FAS BEI—VERPERAEULER
Tab. A.5 User requirements optimization results of scenario |l and scenario V
SR AL Ykt 1 Yt 1l sl YtV sV
JH PR AT I8 21.70 17.77 18. 11 22.41 18.73
FH PR IZ B AT I8 111.94 91.75 94.43 89. 41 94. 61
JHPAEGAHR R AR 3 T 0 0 30. 62 0 30. 42
FH P AR BUBA T T 133. 65 119.53 153. 17 121. 83 153.77
FA6 HEI—VEARKFERLLER
Tab. A6 User requirements optimization results of scenario |l and scenario V
SR AL Yt | Y1l Yl YV sV
SRR AT TE 21.70 13. 04 21.51 24.26 19.59
SR E AT TE 111.94 106. 65 104. 20 102. 86 105. 81
WAHETON A T3 o8 0 0 34.24 0 35.24
R E AT T8 0 3 3 3 3
AESUNA T TE 133. 65 122.70 162. 96 130. 12 163. 64
CES #e it Ri4F il 2577 o0 23.29 24. 02 25.42 23.54
G T a 3.18 5.71 10. 46 4.5
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