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Fig.1 VPP master-slave interaction architecture
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Fig.2 Transaction flow based on smart contract
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Table 2 Time-of-use price parameters

BT/ W HL A A%/

It B . .

2% (5o (kW) ] (6 (kWeh) ']
23.00—07:.00 0.38 0.24
07:00—11:00,
14.00—18.00 0.57 0.38
11:00—14.00 .

18.00—23 :00 0.86 0.65

®3 &£-EERFER(01:00—02:00)
Table 3 The electricity sale informations of
producers (01:00—02:00)

et/ RE M/ LR/

Asg B B
B [ (kWe) '] (g6 (kWeh) '] (kweh) O
Aggl 0.318 0.300 282.5 0.846
Ag2 0.320 0.315 3242 0.724

F*4 HBEEMWEFSS(01:00—02:00)
Table 4 The electricity purchasing informations of
consumers (01:00—02:00)

et/ TRE A/ i/

A (kW) ] [T (kW) ] (kWehy AR
Agg3 0.318 0.340 234.22 0.965
Age4 0.320 0.356 58.34 0.782
Age5 0.318 0.333 217.60 0.829
Aggb 0.331 0.356 90.40 0.706

4.2.2 VLRSS RaHr

VPP NERIEHCE AR L 7 .3 8, I B 01:00—

*=5 HF-HEHEE(12:00—13:00)
Table 5 The electricity sale informations of
producers (12:00—13:00)

A et/ | 4&%’%1‘%/_1 Ei 24
[JC-(kW-h)"'] [J5-(kW-h)"'] (kW-h)

Aggl 0.720 0.695 318.70  0.823

Agg2 0.733 0.673 31926 0.755

Aggs 0.720 0.658 75.00  0.763

Agg6 0.755 0.673 31.00  0.657

®6 HBEEWEFE(12:00—13:00)
Table 6 The electricity purchasing informations of
consumers (12:00—13:00)

et/ TRE A%/ BHRE e

Agg . -1 . _1 fEEHE
(75 (kW-h)"'] [JE-(kW-h)"'] (kW-h)

Agg3 0.713 0.736 285.60 0.922

Aggd 0.760 0.780 421.68 0.753

02:00 AT LA i, £ Agg B Hi & I HL A0 I, 26
—RICHZ 5, Bk Age2 A F i, HAR T
A KNS R oK A PR S T, oAk
T 5 VS . Agg3 il Agg5 1 BLI ZI35 i
AR A F], A0 Age3 22 5 5 B AE B, i LAAE
VEECHEF I Age3 fRUT LT AgeS. Age2 fEFASLEAC
Ty 85 R 5 Rl /D o i, L p R AT SRR
DL b I E A ) H X, DA BB 12:00—13: 00
AUENH, ST R iy, HER R KT
Wi, 55— UCRLZS A5 , W% Agg3 ULTiC I
AN, B IK T B H  Aggl FIl AgeS 1
W, REHEA T4 —F VS HE , Age3 DAPR B A4 b 47 45
BLME 9 Fron. Aggl Fl AggS my 4l # #H [, {H
Agel W 2 A B &, I Aggl It /e #E17 DL it 58
Yo Agg5 Tl 4% it i) B B L, 2 ad AR DE L,
75 Agg SR BIFHN T oK .

WIRRAZH CDA DUECHLA] T LS B £ 14
XFEEREAE G, e S SE A5 B A 45 1 e kA, W)
B, VPP PN E A 55 R B AN 19 A B 38 B, v A
KL Agg 1K FLAIED, /0 FH P R HL 9 S

R7 ZHMIAELR(01:00—02:00)
Table 7 Transaction matching results (01:00—02:00)

T T e T 5 BOPEBAY RS
(KW-h)  (kWeh)  (kWeh)  (kW-h) L BT B (kW)™ ] [JE-(kW-h) ]
Aggl/ Aggb 282.50 90.40 90.40 192.10 0.846  0.706 0.545 0.318  0.331 0.325
Aggl/ Aggd 192.10 58.34 58.34 133.76 0.846  0.782 0.520 0.318  0.320 0.319
Aggl/Agg3 133.76 234.22 133.76 100.46 0.846  0.965 0.467 0.318  0.318 0.318
Agg2/Agg3 324.20 100.46 100.46 223.74 0.724  0.965 0.429 0.320  0.318 0.320
Agg2/Agg5 223.74 217.60 217.60 6.14 0.724  0.829 0.466 0.320  0.318 0.319
Agg2 6.14 0.724 0.240
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*8 ZBHLAEILR(12:00—13:00)
Table 8 Transaction matching results (12:00—13:00)

I i BE/  WEE/ iR/ FRE/ Xlz? 25 35 XY;?? i%?b’dﬁ/ B TR/ 7
(kW-h)  (kW+h)  (kW-h)  (kW-h) Y BT (e (kW-h)™'] [J8-(kW-h)™']
Aggb/ Aggd 31.00 421.68 31.00 390.68  0.657  0.753 0.466 0.755  0.76 0.756
Agg2/Agegd  319.26 390.68 319.26 71.42 0.755  0.753 0.501 0.733  0.76 0.747
Aggl/Agegd  318.70 71.42 71.42 247.28  0.823  0.753 0.522 0.720  0.76 0.741
9 E_MEZHEELER(12:00—13:00)
Table 9 Second stage transaction matching results (12:00—13:00)
VLD BHE/ W/ SR, FIRES Xﬂz‘iﬁc‘%‘z 25 X{ﬁ 5651%&@/ B g i
(kW+h)  (kW-h)  (kW-h)  (kW-h) fREE By e (kW-h)™'] [JE-(kW-h)™']
Aggl/Age3  247.28 285.60 247.28 38.32 0.823  0.922 0.472 0.72  0.736 0.728
AggS/Age3 75.00 38.32 38.32 36.68 0.763  0.922 0.453 0.72  0.736 0.727
AgeS 36.68 0.650
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Virtual power plant master-slave multi-chain transaction matching mechanism

based on improved consensus algorithm
WANG Weinan', AI Qian®, LI Xiaolu', WANG Di*, CHEN Minyu’
(1. Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200093, China;

2. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University , Shanghai 200240, China)
Abstract : In the future new power system,the multi-agent trusted transaction and information security in the virtual power plant
(VPP) will be complex and challenging. The features of blockchain technology, such as information security, distribution
decision, smart contract and tamper-proof , provide a new idea for VPP multi-subject trusted transaction. This paper focuses on
the benefits maximization formed by multi-aggregator inside VPPs and the efficiency of trusted transaction matching. Firstly,
according to the different demands of transaction subjects,a master and multi-slave hierarchical interactive control architecture
is established to integrate blockchain technology with multi-agent system. Secondly,a credible transaction matching mechanism
is designed under the demand of multi-aggregator peer to peer transaction, and non-cooperative game model is introduced to
ensure the interests of multi-aggregator subjects. Then, the blockchain-based distributed particle swarm optimization algorithm
proposes a consensus algorithm improved by delegated proof-of-authority ( DPoA) to improve the security of the transaction.
Finally, the rationality and feasibility of the strategy proposed in this paper are verified by an example analysis, which effectively
enhances the matching efficiency and security of multi-agent transactions.

Keywords : virtual power plant ( VPP) ; trusted transaction; blockchain technology ; hierarchical interaction ; matching mechani-

sm ;improved consensus algorithm
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