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Fig.8 Price adjustment process

53 PPRSHBLE

F RS 31T T R3S S L, 78 DCIC B B s 3
28 5y Jr f D BC 45 S A &l A A g
B LI VL L Gh SRt A28 5y O B SEBR A h 2847
WIE S, ARG E A R 0 Y S R [0.336 MW,
350 JC / MW |, 45 53 i B A7 76 i A2 LA Com Ry
5.705 76, 1 T 28 5 W7 B AL 15 3 48 I 4t T B
10.664 kW, 17 s 12 HL B PRI 5%, 4% BRI v
70 H A A X XA A A T AR 4 R PR 171 A
AR 0.07 T8 / kW R HLR AL RT3, A Bl 2s
E, 2} 9.22 0, A X M X DE JE 19 38 5 itE A7 H T
L AME BUAS i 4 R H - S [ R €, 2 0.952
TG, A EL P B E R Y bR OO0 43 ) L SR C
FC1.C2im,

[RIE, R 1 4 i 25 R AR AL T 0, X = Ao
DG FE B HH 95 45 S LA R 7S SCE R O 22 4 e 1] 118 1 T 485
RIEATT S5 R E 9 iR o

FH &L 9 AT, 38 o AR SCRCRDG P2P 28 & (L e 9
AP A 12 4 L PR b e T A 6 b T
FRH P B, 1 s 19 A5 R S A 3 0 P e 1Y A
30 4b A B R R BROA [T B i P 7 AT A R, 9 A 12
b 1 A7 7 X R Gas AT B B AR /R T A 6, 1 A
30 4k 1) 4 A 2 TR T 6 R G AT ) BT IR RS
T 19, IXUER T A SCRLAUNT P2P 28 5 VG L Y
bR AT R e oy T A
54 IS

T 1B P2P AZ By AR G C B &R BB AT R R
M, 8 AN =X (20) —(22) R 19 3448 b , 15 3] P2P
A& 5 % R GETT A R RS2 IR P2P 38 S H A HL Y A
X A2 5 A RO AN L R Ge ok P2P MY T A RO

12 300

0 0.1 0.2 0.3 0.4 0.5
M/ MW
(a) i ST f

W12
I llt -
450 - phiigih PR30 556

b A
400 ﬁﬁﬁ\ HE P ‘
i 19 “"\““7“:

CRIVE —4 =
o L= R
0.22 0.26 0.30 0.34 0.38 0.42
etk /MW
(b)) HiE SRR
B9 PPRHBHBFHAR
Fig.9 Clearing result of P2P transaction
20, [7) s g AR SORBE TR 5 g 1 ¢ DC JSC Y P2P TR E Ay
XF L.
1) 23T R A8 o

N U__Us»e«,
AU:il[‘ (20)
i=1

Wt 7 Gt -MW )

spec

AP AU BCH R G SRR R WS i U, N
R R HL R s U g R B T s IV O R st T
FEASMRY SN

2) WA F 1 s e T R A5
Pijuy _ PiLuss
e M R T R R 2 R 23 e A RO A (B
FR B/ IMEL 5 P PE 23 531 DA W H, 7 5 A ) D i, e D
A 453 B 73

3) RGEREANH

D PHAPY
M= (22)

Niy

2 Phuy
i

i=1

At MR RSB Y P AT I
R L 5 AP O T P2P A2 By S BURY M 4

W

K245/ T PP Gz it WTUUE N, &
AN VE L 1 P2P 228 5 e A3 A 700 v iy v FH P 1) 20 AR 22
T AR SRS (R F T Sk B4 X6 C L 2R 4 1) T
R W, 5 JC PP AT IR AR L, 4514
T 413%, Bt EmBEIE I T 1.11%, JF 8T
T R PR T A B IR U R R
85.9 % , Z 4o X H I LAY SR SUH R K 97.36 % .

(21)

M, =min




@ L/ AR {7 G-

F41%

K2 PPXZBHEmEA
Table 2 Benefit analysis of P2P transaction

E
28 e R PCECE) A P2p
P2P %8 N, i
EPPIT o AEGMIR g G A
" 35.837 25.173
XX
It/ kw 25.364 (413%) (~0.75%)
HE i/ MW — 0.395 0.396
W B4y /o — 32.01 18.73
R4 / o — 3.492 3.928
0.9903 0.9409
au 0-9794 (1.11%) (-3.93%)
M, — 85.9% 91.5%
M, — 97.36% 100.05 %

A Z T AR SCHC H ) 28 4 5 ] A 58 2 B A i R0 2
J& T P2P 58 5y X B GE A ia AT W R, mT LA
P2P A2 5y \E WAL A5 AR HE T F R R AT VB s fT, &
4t 351 5 TG P2P 28 &) B RS AR LR R T 0.75 %,
EiF RS FRE T 3.93 %, [ B 6 1770 o5 i &
R 5 5 A DT C Y P2P 38 5 BT %) FL T FL 5
B AR A SO N % 85.9 % | TH5191.5 %, it HL £
g %k T A S R 90 R N 97.36 % L Tt #|
100.05 %, X & T AR SCAEE AN H ¥ i i EL A R sl
THYNBE

6 it

FIEEXUK” Hbs T ARABCH RGN AR, A
SCHR H — T HRL 1922 4 S [6] 19 20 A1 U B IR P2P 22 5
B, 388 2 K 5 FR 0 22 4238 A7 9 SO P2P 52 5 i
BRI LR RCHL R HEAT P2P 52 b i i AR R ARAIE T
RGLis AT B2 A s A i 3 i DB F 5 3 AR S
Lo R, AREAR P2P 28 5 B TRAT A , 2% i 8] IX Bk
HEF- 12 B ) R R A SCBE T RAT R TR
R P2P 52 5 B RE 5 24, 8 ik T PR 190 350 3 DB 1 £
LR AME AL e Hh RO RERY, ] LA & P2P 58 5 % TiC
FEL R0 453 13 e FEL T B ST A I S A1 38 2o DS P
W BN AR R AR ST P2P AE Sy din A AR T K

AR SCRE Y TE T P2P 22 5 W13 58 5y U35 /)N
9375, B 52 5 HUB 3G R Jay S Ao T P 1) 22 4 2k
AL LA B TR, i SR ) 58 5 U R 14 )
T JEITITIE, % BB P2P 22 5y 1 5t T, 414
Tic FL (9 ) B e A SRR AR ZR PRI S 5, BT AR A
TR R A B OB BROK O S, SRR
P 5 I RS X R SR A B 29 R AT
o EPEAL, IRl I FE BRI B P2P 52 ) 3 53t P i
i AR B 3T 2 By EARARAN SRS 52 5 45 ) 3
Wi, 45 525 1852 TR A7 o8 FIIC L I 4 A 2 R
R A AR

P S LA B 2518 (http : / www.epae.cn)

Sk

[ 1] ZUBO R, MOKRYANI G. Active distribution network opera-
tion:a market-based appr()a(:h[ﬂ. TEEE Systems Journal,2020,
14(1):1405-1416.

[ 2] YANG Jiajia,ZHAO Yangdong, WEN Fushuan,et al. A penalty
scheme for mitigating uninstructed deviation of generation
outputs from variable renewables in a distribution market[]].
IEEE Transactions on Smart Grid,2020,11(5):4056-4069.

[ 3] H3CH, 4208, 545, 55 . il T F A pe R C L i 7R 4t
RS ARSI ] W) B3 ki, 2019,39(7) :45-50.
ZU Wenjing, LI Yong, TAN Yi,et al. Modeling and effective-
ness analysis on test system for distribution networks with
high penetration of renewable resource[J]. Electric Power Au-
tomation Equipment,2019, 39(7) :45-50.

[ 4] 3BW%E, EEA, ok, 5. T X 5 3e 5 i it

FE[T]. hE LT AR, 2018,38(23) :6955-6966,7129.

GONG Gangjun, WANG Huijuan,ZHANG Tong,et al. Research

on electricity market about spot trading based on blockchain

[J]. Proceedings of the CSEE,2018,38(23):6955-6966,7129.

ZEg i PN KA T A ORI T X R R Y L RS B

JrEl)]. s A ki, 2020,40(11) :130-138.

QIN Jinlei, SUN Wenqgiang,ZHU Youchan,et al. Energy tran-

saction method of microgrid based on blockchain[J]. Electric

Power Automation Equipment,2020,40(11):130-138.

[ 6] BHHLEE, WREE ™ IE, 45 . SEF DX Mok (1 42 0 67 far FH i A 43

e A (T ] i E R LT R4, 2020,40(11) :3393-3402.

JIA Qiangang, CHEN Sijie, YAN Zheng, et al. Blockchain-ena-

bled power usage quotas allocation method for air conditio-

ning loads[J]. Proceedings of the CSEE,2020,40(11):3393-

3402.

GUERRERO J,CHAPMAN A,VERBIC G. A study of energy

trading in a low-voltage network:centralised and distributed

—
W
[—

[7

[a—

approaches [ C] //Australasian  Universities Power Engineering
Conference(AUPEC). Melbourne, Australia: IEEE,2017:1-6.
[ 8] RAO B,ARUN S,SELVAN M. Framework of locality electri-
city trading system for profitable peer-to-peer power transac-
tion in locality electricity market[J]. IET Smart Grid,2020,3
(3):318-330.
WAz, Rl IR . 25 853 A 2 A IR BR VLR 1t 32 2l e vl I i
WASEL ] Wy A g,2017,37(10) :57-62.
YANG Shan,TONG Xianggian. Continuous power flow calcula-

—
=)
[i—

tion for active distribution network with consideration of cur-
rent limitation of distributed generation[ﬂ. Electric Power Au-
tomation Equipment,2017,37(10):57-62.

[10] WANG S,TAHA A F,WANG J,et al Energy crowdsourcing
and peer-to-peer energy trading in blockchain-enabled smart
erids[J]. IEEE Transactions on Systems,Man and Cybernetics,
2019,49(8):1612-1623.

[11] PAUDEL A,SAMPATH L,YANG J,et al. Peer-to-peer energy
trading in smart grid considering power losses and network
fees[J]. IEEE Transactions on Smart Grid,2020,11(6):4727-
4737.

[12] KHORASANY M, MISHRA Y,LEDWICH G. A decentralized
bilateral energy trading system for peer-to-peer electricity mar-
kets[J]. IEEE Transactions on Industrial Electronics,2020,67
(6):4646-4657.

[13] SOTKIEWICZ P M, VIGNOLO J M. Nodal pricing for distri-
bution networks: efficient pricing for efficiency enhancing DG
[J]. IEEE Transactions on Power Systems,2006,21(2):1013-
1014.

[14] DI SILVESTRE M L,GALLO P,IPPOLITO M G,et al. A



£ 9H VE AR AF PR 2 A S A 0 AT B P2P X HEE S 5 LA WS 23

technical approach to the energy blockchain in microgrids[J]. privacy-preserving  decentralized energy trading scheme in
IEEE Transactions on Industrial Informatics, 2018, 14 (11) : blockchain network environment [J]. International Journal of
4792-4803. Electrical Power & Energy Systems,2021,125(1):1-13.

[15] JENSEN T V,KAZEMPOUR J,PINSON P. Cost-optimal ATCs
in zonal electricity markets[J]. IEEE Transactions on Power EE B
Systems,2018,33(4) :3624-3633. #1993 —), B T AT AL H L

[16] WANG Beibei, TANG Ni,BO Rui,et al. Three-phase  DLMP

model based on linearized power flow for distribution with

B A, EBHTR G G AW N T PP LY
Akl 5 R et K (E-mail:2694909131@qgq.
com);
FREFE(1979—) , kL R wAL Bl
B EFAATF L @S HES, 22
Nl H T e KA FL T & 09 B R A

application to DER benefit studies[J]. International Journal of
Electrical Power & Energy Systems,2021,130(1):1-13.
[17] WANG F,CHEN Y. Uplift allocation of voltage and local ‘

reliability constraints[J]. IEEE Transactions on Power Systems,

2018,33(5):4972-4981.

[18] MERLINDA A, VALENTIN R, DAVID F, et al. Blockchain HF oA éf‘i"‘%‘z’LVF(E'mail:Wangbeibei@seu.e‘du.cn) s
technology in the energy sector:a systematic review of chal- FAEA(1995—), &, i LA,
lenges and opportunities[J]. Renewable and Sustainable Ener- &+, BRI e ) T R R ) i 4 B R e R (E-mail:
gy Reviews,2019,100:143-174. zqmjanyhow@163.com) .

[19] WANG Beibei,ZHAO Shennan, LI Yachao,et al. Design of a (éﬁgﬁ ? ;TTJ- )

Reaearch on P2P blockchain transaction mechanism of distributed

resources oriented by distribution network security
XU Lun',WANG Beibei',LI Yachao',XU Honghua®,LIU Shaojun’*,ZHU Hong’
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;

2. Nanjing Power Supply Company,State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210019, China)
Abstract: The continuous increase of distributed renewable energy resources in distribution network and the
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vation and technical support for the decentralized P2P(Peer-to-Peer) transactions in distribution network.
However, the continuous increase of P2P transactions in distribution network may lead to the problems
such as the overlimit of node voltage and the increase of network loss. In view of this,the P2P transaction
mechanism of distributed resources oriented by distribution network security is proposed. Firstly, based on
the linearization derivation of the node voltage and network loss of distribution system,a sensitivity model
of the influence of P2P transactions on distribution network security is proposed, and thus the traditional
high- and low-price matching strategy is modified to the P2P transaction strategy oriented by distribution
network security. Then,based on the computing limitation of the Ethereum platform,a decentralized transac-
tion mechanism with simple computing characteristics is proposed, and the relevant intelligent contracts are
designed. The example analysis shows that, the proposed P2P transaction mechanism oriented by distribu-
tion network security can effectively reflect the influence of P2P transactions on the operation of distribu-
tion network in the matching process, and optimize the transaction order according to the level of power
network security margin. It makes more transactions matched,which is conducive to the safe operation of the
distribution network and reduce the network loss. The transaction model has low complexity and can be
solved on the chain,without configuring optimization software under the chain to avoid privacy disclosure.
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Table A1  Declaration information of purchasing users

T Ty A5 HIMW S5 AN DLIMW
B1 2 0.074 455
B2 4 0.034 399
B3 6 0.092 350
B4 12 0.073 378
B5 23 0.067 427
B6 24 0.074 483
B7 26 0.055 336
B8 32 0.046 273

FxA2 EBRHHRER

Table A2 Declaration information of e-commerce seller

&R R E A5y EIMW 5 BN TIMW
s1 3 0.086 357
S2 5 0.052 280
S3 10 0.060 413
S4 16 0.032 231
S5 19 0.145 308
S6 20 0.096 189
s7 25 0.082 385
S8 30 0.070 336

B B (AXHEBIZE Remix FAMEMENEHSHRMELER)

EAPATHI

status | [[0x1 Transactionminedand execution succeed| i Jh#i7

;r:a;l‘:ff 0x9f040fc0b 923fc9c 1446 927¢ 076847 b5a4flabba05Ta88a0d851a8de5c083HF

from | 0x5b38da6a701c 568545dcfch03fch875f56 beddod | WAHLFIBL 5 LIk

to electricity Transdeclarg uint256, uint256, uint256, uint256, int256[]) 0x406ab 5033423dch6391ac9 eeead73294fa82cfbc

gas 3000000 gas RATAE 5y AL

transact|

on cost

executio|

n cost

hash 0x9f040fc0b 923fc9c 144e927¢ 076847 h5a4flabba05fa88a0d851a8de5c 083ff

input | 0x93a... fefd4

{ "uint256 location: { " hex": "0x4e20" }) VAHIFIBI FRAHA 15 A

"uint256 price”: { " hex": "0x456d70" }, | JAHLEBL AL

"uint256 amount”: { "_hex": "0x02e4" }, | JAHREBL fihH(E R

"uint256 LSC": { " _hex": "0x30" }, ] DSOHRAICLs R 5 $ DSOik A FICys R A5 2 5

decoded|™nt256[] VSC":[{ "_hex™ ™0x3a"™ J, { "_hex": "-0x016d™ J, { "_hex" "-0x0251" }, { ™_hex": "~0x033f" }, { "_hex" "-0x053e™ [},

input  |{ "_hex": "-0x053e" }, { "_hex": "-0x053e" }, { "_hex": "-0x053e" }, { "_hex": "-0x053¢" }, { "_hex": "-0x053¢" }, { "_hex": "

0x053e" }, { "_hex": "-0x053¢" }, { "_hex": "-0x053e" }, { "_hex": "-0x053¢" }, { "_hex": "-0x053¢" }, { "_hex": "-0x053¢" }, {

" hex": "-0x053e" }, { "_hex": "-0x3a" }, { "_hex": "-0x3a" }, { "_hex": "-0x3a" }, { "_hex": "-0x3a" }, { "_hex": "-0x016d" }, {

"_hex":"-0x016d" }, { "_hex": "-0x016d" }, { "_hex": "-0x05bd" }, { "_hex": "-0x066e" }, { "_hex": "-0x0903" }, { "_hex": "-
10x0afo" 3, £ " hex': "-0x0c35" }, { “ hex":"-0x0e95" } { " hex':"-0x0f57" 3} { " hex":"-0x102c"} 1}

decoded|

output O

logs Il
value 100000000000 Wei

92866 gas

554 gas

Bl HIRENTITIER
Fig.B1 Operation status of declaring contract



hash 0x12c4591b2e17caalba78420920bb8046b8a8cafd9861c0a48616f430f4054e59
input 0x48e...40225 ARG Ly hE, FREEEH R Lk 45 R
decoded input { "address theDeclare": "0x583031D1113aD414F02576 BD6afaBfb302140225" } l
{ "0": "int256[]: theMatl 2,24,23,4,6,26", "1": "int256[]: theMat2 16,20,5,30,10,19",
"2": "int256: volume 3960" }

logs N

decoded output

[T

JCHCAE 5y 1 1A B VG RE AT 5 dik

E B2 EE&ELEITER
Fig.B2 Operation status of matching contract

hash 0x4311b8a058f 15201f1 edd8c8d4a 35839h82ad7fh7c 1395 1f1f 66017522ad9
input Oxaba..4d2db HyE e, T 0 £ 2 i AR
{ "address theclearing): "0x4B 0897b 0513fdC7 C541B6d9D7E 929C4e 5364D2dB]

decoded input

{"0": "int256: _ clearPrice336", "1": "int256;_clearAmount350000", "2": "int256:
compensation57050" }
logs il HyEas s i, A

decoded output

B3 H:luﬁ = l]‘_?Tr
Fig.B3 Operation status of clearing contract
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FCl1 B APPIRER

Table C1 Bidding status of power purchasing users

Y T g7 T EMW
B1 2 0.074
B6 24 0.074
B5 23 0.067
B2 4 0.034
B3 6 0.092
B7 26 0.550

FzC2 EBEFHIFRER

Table C2 Bidding status of e-commerce seller

R REPSXDACH A5 BmIMW
S4 16 0.032
S6 20 0.096
S2 5 0.052
S8 30 0.070
S3 10 0.060

S5 19 0.086
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