W57 % 4o N % xR @ K F F R Vol.57 No. 9
202349 H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Sep. 2023

BEEHMHETMEREENERNRAEEASHSE

SeHE, BRI, AR, XS, skFM. EMES
(1. PRl RFHA TSR, 710054, PEZ; 2. PEKIT =ZRERFHFRA T, 430000, H O

FE., A GO RMM L RE ML FREKNPA, 2T AL F 0 - 2R RR L
FHA EAGERBHRET —AE-RROBAEELE, EL-ARGBRAEZEFTORRLT.RA
T—HATEHRERLNRSMBRASHET . EMNRMSANRLSATRG S AEEEE
FRABA L FARNAS, SR E R B FHERREZ AR E T AN X LR ZTERT ARG
FRAMBW, HEEETANARLBARRAS AIFEEMZOER, LS Mol R K
M TR KAC L 20m . A RUE 60 3 R 45 F a2 R R 4 o3k 45 o4 F K (Vickrey-Clarke-Groves,
VCOMA B M E T 3 A% A, BT VCG AL4] B A 8o A8 5 b, &4 W% A BB IR 0
I ARG TREAFGEAFNA FRIETASHEERAARRGAELRA, EHLEREN,
EARRA @ RGBS RA SR XA T — 69 2 F A5 a8 X 2 AL 4,

KB . 6303 AR F AR AL BB AR B s AL 2 A8 A

FESHES. TM73;F426.61;F724.59 XEIRE: A

DOI: 10.7652/xjtuxb202309017 X E#HHS :0253-987X(2023)09-0162-12

Hybrid Energy Storage Portfolio Auction Based on Vickrey-Clarke-Groves

Mechanism and Energy Sharing

WU Xiong', MA Song', HE Wenwen', LIU Bingwen', ZHANG Ziyu', WANG Penglei’
(1. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710054, China;

2. China Three Gorges Group Limited, Wuhan 430000, China)

Abstract; Aiming at the problem of the low energy storage economy of the separate configuration
of integrated energy microgrids, a cost-effective electro-heat hybrid energy sharing model was es-
tablished in the paper in which multiple integrated energy microgrids shared a single electro-heat
hybrid energy storage device. In the research of electricity-heat hybrid energy storage capacity
sharing, a hybrid energy storage combination auction method based on multi-item auction theory
was adopted: Each microgrid submits multiple sets of different electricity and heat storage capaci-
ty requirements and corresponding bidding prices, bids for electrochemical energy storage capaci-
ty and heat storage tank capacity respectively, and uses the energy storage capacity to save the
costs of purchasing electricity. Energy storage operators determined the outcome of the auction
with the goal of maximizing social welfare, that is, how to allocate the energy storage capacity to
each microgrid to maximize its utility. In the final fee settlement process, the Vickrey-Clarke-

Groves (VCG) mechanism was used to calculate the fees to be paid by each microgrid. Due to the
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incentive compatibility of the VCG mechanism, each microgrid had no incentive to make false

quotations and tended to submit the real bid price, which ensured that the combined auction re-

sults had the greatest social welfare. The example results show that in terms of social welfare,

the hybrid energy storage portfolio auction proposed in this paper has more advantages than the

general shared energy storage model.

Keywords: combinatorial auctions; energy sharing; hybrid energy storage; incentive compatible;

social welfare
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Fig. 1 Integrated energy microgrid configured with shared

energy storage
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Fig. 2 Combined auction process
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Table 2 Energy storage capacity for different scenarios
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Fig. 3 Forecast output curve of renewable energy

18] I 8] BE P9 0 v, L B DL 98 £ A BaR A S
BRL27 1, b AR 37 5 P il 0 1 ) B it 2 A ] 4
PR

00 —— 1 i 4
—— A fof
250F —m— 7T fir

hE/kW

27476 8 10 12 14 16 18 20 22 24
INF 150 /h
4 HL HR DL RS B A it 2%

Fig. 4 Electrical, thermal and cooling load curves
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Fig. 5 Electrical balance over the dispatch period
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Fig. 6 Thermal balance over the scheduling period
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Table 3 Bidding proposals accepted for each microgrid
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Table 4 The fees that each microgrid needs to pay

il P XATHI R/ T
™ 1 118. 318
™ 2 119. 651
M 3 41.923
R 4 104.018
M 5 106. 753
M 6 88. 146
M 7 137.061
M 8 93. 496
M 9 88. 146
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Table 5 The cost of each microgrid in the fourth energy

storage sharing mode of the literature [ 35

™ SR /T
M1 1732.582
M 2 1706. 660
M 3 2618.192
M 4 1431.750
MM 5 1 860. 082
™ 6 2 781.296
SN 2 734.064
(AR 1553.072
™9 1664.567
JR A B0 A A 18 082. 260
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Table 6 The operating costs and fees to be paid for each

microgrid in the combined auction

o™ BATIRA/JC SR /o0 MO/ T

M1 391. 445 118. 318 509. 763
W™ 2 712. 261 119. 651 831.912
M 3 1 180. 444 41.923 1222.367
M 4 1373.216 104.018 1477.234
W 5 1 689. 620 106. 753 1796.373
M 6 2 036. 849 88. 146 2 124. 995
M 7 2 339. 647 137.061 2 476.708
8 2 685.591 93. 496 2 779. 087
R 9 3 009. 270 88. 146 3097.416
BT WM A AR 15 418. 340 897.512 1 6315. 860
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