DOI: 10. 7500/ AEPS20181017001

R0 & AA a0k

Automation of Electric Power Systems

FHRORNBERMMIZZ S KRB SR AL

Fow ', wAE, dzEt, B OB, & R, KOB
(L R T TAREBE . T8 RIS 2100965
2. VLR AR IR 15 T SR CRRIR%E) . AR R T 2100965
5. [EFIVCA A L PRS2 B R BT SEBE + Y0954 B 5T 210009)

WE. i— U AR AFOR TR TRAF A THHER.FEMTTHRRA MG LS
TAHIMZES T, HNGFTHRAREERN . ZHERR A TFRERES. B A . HET HE0A
RABZFRAEMBPE AR, B, RBETHPSAGHAE T, ZHHETTTHR
HRR MERFRE, ETHRAN T RELMNAAZTANARBA P AL THHRE L, H5
LRRAPFERALETHEE, TARAPEAEF IR TIRBEHNIES AGCKBSHRN . ERT VA
THBAREF SR ERGER, RE AR TORTHAERFTHRET. THRAMREHE
WY FAZ LR T AT AR T AR, H T RAGZERTHRN RO BERNATA. 5.

Vol. 43 No. 12 June 25,2019

AT R GAZIT TR T ERERRGARGFREGN TR, AL FHAFFZEARG LA

4 B0 AT AR A2 IR T PTAR T S AUA 09 A AL,

KEEWR: MAT AT THMNA; 8P FERTHh; REF@RTHE: ARY

0 31%

Bifi 5 4 A =X H TR G R AR e R I B R 1Y
B & &, UL i B (microgrid, MG) | 11 faf B & 1
(load aggregator, LA) I i B (retailing supplier,
RES) JJy 83 09 £k H g al 51, w38 2o i 3 F B A 2R
FH A3 A 2CRB YR A H 0% U, 2 b T KRRk R R T g
VAR 28 B — AN B2 HE Y L I opr g A A v ) L
T 95 35 oL 7 A ) ke A SE ARG R T L HE Bl TR
FF R D) T i — 20 kR, A 5L T G A TR
P A R R XS S, M XU
5 B BB S ¥ . B B T 3 B R R T
2275 WY T 37 45 R R AT W TR A L 1) Y A g - A
KR,

TEXT L ) T S W R ABIE S L BF 58 N DL B i
REN T HLH B0 25 52 B ) T S e 5 A &80T T 1 o6
S T I A A 4 b B R A S
LT EE T SCHR6-7 898 T 3 F 2 5 ae 1k
ML T35 )2 s AT SR A, R R 2 4 s A R S AR
TR, B R i AR TR RS . SCHRES T

WA B 49 2018-10-17; 4= B 4. 2019-01-18,

E®B . 2019-04-12,

WL 38 A TR S AR B (J2018058); B R & & A
F A 4K 8RB (51777031),

104

WS FR Ge i 8 R A P 4y B R R SRR & HL Al
A5 8 TR S s ] f 4 B9 T for BE T B 147 3% B
T . SCHRLOJEE S T HIE RGBT
HH AR L T 37 B B R R 58 B R S R R SE A L L )
35 B LAt RARAE 2 40 R A7 8 — AL 3 . i 1
A T BT L Sk 10-11 1R FAE A VE 1 28 F
FEMMHLRERL R BT 3558 5 MG Bl ST AR F5 31
AR ARAR U G . SR 12 16 B3 MG i P A A
IRIBATIE 4y R F 20 MG [ 3638 47 97 {8 =K i 7]
IR J2 (B 45 2k D R A Ak ) L (H A R 2 Ak
FErp Z AT 2 50 W80 T 37 T RS B S

FE R FE R L ) T S b A g i 4 rh S
05 AT A BSOS K AR ARG R A e B v
11T I i 0 N < A TR R Ly B
T T R R A — E M R KT R S R A SR I 1 K
L, LM & E RN B RN . mirEE
H T S L BB 1) S 1E B 38 L S8 U R4
2 oy i B R R B Rk S L R G ek
MR A S . IF H A3 A s T 5 A B R AN X R
AT 37 B B O W R A TR AT O B B R R B T
AP

N AR SCHRE T — R S L AR Y L T 3 R
W AZ Gy R L 5 AT 338 B AL AR L i R

4:12 8 1 (distribution system operator, DSO) ¥4 7l



MG BT AR TG . HEAR T8
AR b i O 2 7R s o Ak B L D T 35 R, DSO
AN FR S ARARTT I O L TS 2 A B AE RE ) AN
SRS W AR B SR

[F] Fsf A SC DA DX B 5 3 R VR R G 294 R 52
BRI Gyt B (5 B L 2, X H gL
ARFNE B G YAy A% I3 A 2 ) T 308 7 1 G
Fi AR BN Y FBEIE R X HeE R R
A3 A R B IE T O 3K, T3 2 A A e 3 ORI 4R
P B AT Bk R Pl R B 1 S — Fh T g
TR A KACHED AT 25 6 R 2 55 750K, A 3l ik &
AT .

i b AR SCNRRBE T G L O RA T - T4
AP, B T a8 G ikt . s 3BT
[a] 3 7 B ¥ (alternating direction method of
multipliers, ADMMD) , i i1 43 A7 2 3% 4 52 3 5% P AL
B R BT S B, it T IX R R R e
B EARR 7 2L e LR S AL B IR E T
WE L OEEE CE R

1 BHHRLOEEATEZZIH

FE BT TR S 3 v i B R SR 24
BT IR0 B A S35 P40 11T 37 58 B L £ TR Y
BOR . ARWESCRE T 5 5 G B R 23 i
SE T R GO T R
1.1 WHX SR ERIRT

55 AL BT s AT HE AR AN BT 1 R, A X
(T 7 % T R H B2 B o B AT AR B8 5K
BBl R R

—— PR -~ (E R

B 1 WiHEITIESR
Fig.1 Framework of market operation

R A8 7 3 B DA ) 4R M S B T 3 W 0 4 Sl B 2
FH PR P W, 9% P o DSO, 338 -
45 LALRES fl MG JH /.,
1.2 TEAPHIHEE

A7 3 P Y DX 2 B A AR B R | Xk S A
FELALFN X 358 5 w4 PR A AL . MG B9 RE B i i LA
XLTa) 1 B AT A A FH F T ) 2R 6 P9 HL Al B 3 SE H L 4l

FELEPE . 55 A A EC L T3 3 S L A S R SE B

A Ry B H 2 4 A AR B L AR SC L MGy
{51l 7 3 P A
.21 X2 5 A kg

TEAT 55 & AR B B, AR T 3 AS TF 80k Wi 4
MG L2 338035 fe o o B bR iE 17 B8 & b, MG
FId R X B AR AR AR A Ry

min Cpys, = C i TConi TC e (D
P T Povs TP = Pl TP (2)
Sete Promin<oP e P e man (3)
PoiminSP iSSP i (4
P(:MS.i-mm<P[CMS,1gP(‘MS-[,me (5)

K Coys.: A MG H P i HBITHA;C.... HH
HLHITIB AT A C o, WEHRHITIBEIT A C,....
5 R A A R DA C o s Cuns M
Creei WEARIEXIM S A X AD P, IS
AR L] R] A B 4% 2 T 35 Plns., 0 AT P GO ¢ B
A DY) P, NARTERIE N 15 Ploa, M
AT ¢ I 20 R R s P, Sl A A
72K s N AR max Fl min 4351 R X R AR ) K
ME . K (D MG Hir k5, 3 (2) Sy Ty 257 i 24
HL 33 R L R A BT, 5 (4) g ] 95 471 fif R
3o, 5 N AT T R
MG HIJ i X IR T AL B AL B Tk SR A 12 O
X, =P sPiys.i » Pl (6)
AR Z AL 45 5 MG HI W R 5T — i ) &
S REE/ BR ER GG LR A Y
TORFTEM M 2. AR — etk s A SO & 45 1L D 1Y
T 3 5 A 111 28 Sy B30 526 435 o 11 L B
i =a; | Pl | +B, (D
K. Po WY R, P, b IER R N HAD
FHP AL S H, P, O B3 s e H Al T S2
(P €100 P i s P N B KM B S 42 1)
Bl NMBEEMN: 0 € [imms @i | M B €
[,Bi.min ’Bi.max]igﬁm%ﬁ;ai.max9a{-,min *ﬂ Bi.max’ﬂi.min
G390 R S R AR Y B R 4R T
1.2.2  KIgSE M il
P WAET 5 g B B . MG TP @ %
3 ok DX AN R AL R AT A A AR AR s XSE A
AU 5 X 28 B AR A B AR AL, LR AL B A5
min C.p,; =C.i TCu: TC i T
A Pl 8P (8)
oy 4 7 0 02
SRR EXRG I MG ES 5
e A Bl 30 55 1 2 Ty 261 29 5, |
P[pcc-i_._PEZMS.I'_’_P[DG.[_’_PIM.E:P[load.i_’_P[cl.i D)

http://www. aeps-info. com 105



2019, 43(12)

MG I8 FH X 38 5 A B 0 s 5o il 28 10 5 A 28
H A RS SR T o R s i — S B IR E M R
. MG X338 578 (1 P 3Rk A8 1 o0

X,=(P',+Piys, Pl Pl (10)

1.2.3 XA ) i 53 Bo A Y

#r MG H P i 5 H A3 50 Pk losg &y, W 7E
LG PATBY B - MG K 18 3 X 3 P 1T 42 50 2 R LA
I3 L A8 5y LA IX 5 5 e A e A N

P, =AP!. . +AP.ys, +AP!, 1D

AP AP Lys, FT AP, 485 R BB 2% 2k oy
TR R T R AR TR A A R R ] s A A U K L BT
DX 38k B8 A 55 280 1) I b &5 SR AR A TE A0 Rk AT O Ak
A,
1.3 BLHAPRTIHER

ST G P T 3 A D0 VT A R R
AR AT 55 & AR B B @ A P A T 35w 4
NN ARLERES S5 E A P El g g
By B L8 9 R R R A R R R G i
X
1.3.1 mWigsad i m il

H RT#E 58 b i g B P 5 4 /1 3 1 T AR 4R
PREERE T A2 72 AR B B ROR B IR 5 HR R
T 0y AN 2 4 n] gk S 2 A -t . AR E
BRI ST AR L ) T 3 56 A ik R b e A T, S
FHE A K, B IS T i L 5 bR 2
5% 1 4a b s RIR IR E S i I, G as T,
Loy K T, RS BE Tor., X 4 4848, B
T 58 G Sy B AR LA Ry .

I, =A Ih, +A T FAT AT G, (12)

- RFE -

KA T, IR T S35 13950 5 T V1
AR BE A% bl P 0 S A B SR (AR A 5 T
Lo T M T, BORRTHE A RILHE R A L (A2);
A, FALE R 0 ~ 100 M IERL H DA, =
100,
1.3.2 WK

AR F KA R RESS S o DR L O
VRSN 2R S8 2 A MEEAT RO L Bk N

PL =V, > (Ve —=Vi)y,, n€ N, (13)
s.t. PL.<P!<P,. Y n (14)
Vmin <V:l <‘/max v n ( 15)

Kfom BRFTA SN S o MENT AP, R i
ZI s MR RANIE B G N, HRES
WA S EES P P 509 s R
P By /IME R KAE Ve BV 43308 7 B
JE V., 1 fe/IME T RAE s 20 (13) 7 s n B9 TR
AR L (1) T R R RZA R, (15 K
T ERRA R,

2 THRGERSRE

B T 3 18 4 RE O P A A5 T 3 T A 2
BB T AR T 5 5 AR L TR DL X
TR RE S AR MR S R RE S S i 72 vh 2 T
AR g 5L T i I B, fI e 2 1 i 55 Pl Al
WA HHELR S AL A& 2 Frs s WSS By HEZR 1 4y
H P REZ AL 5y AR Z N B AR 55 K
fi i3 I L PAT IS B =B Be. B, api
PR P P g AR A 1T

(P stime: | L S S5 AT B
R i Eor
DR | | —
M teerm A kA
i T i S || | seam
%i H | brd Iﬁ?AU‘HF' | RIS i Aﬁ‘ % ,:.2‘ &IE
2 e || L LR e
ik | B ) Bt LB | SO )| |
it TR TR R | Berss
SR |
25
2 LY } V(AR el
| 71y f2 | = %
,?é e —— | ﬂjji//h[u(ﬁ{rh% | api | e \—FHWf
1 TSI B | } bR 5 B E{Ig
2 SRR | AT | i
| XY |
1 1

2 THEZBERSRE

Fig. 2 Framework and process of market trading
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Trading Mechanism, Model and Technical Realization of Weakly-centralized Distribution Network Market

DOU Xiaobo"*, CAO Shuijing"*, LIU Zhihan"*, CAI Chao®, HAN Jun®, CHEN Xi*®
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Abstract: The renewed electricity reform has promoted the development of the bilateral open electricity market, and the
interaction among market members is more flexible in the new structure. To guide the rational quotation and encourage healthy
competition among members, firstly, an energy optimization model which contains interests of members and power losses is
established. Secondly, a new weakly-centralized market mechanism is proposed. The mechanism designs market members, the
frame and the process. In the market members, distribution system operator participates in the supervision of the market as
super users and joins in market clearing with ordinary users. Ordinary users may weight the pros and cons and modify their
offers many times in the clearing process, which restores characteristics of the electricity market for free competition and
decentralized decision-making. Then, the alternating direction method of multipliers is used to clear the market, and market
members can achieve market equilibrium by parallel computation with only a small amount of information, which can restrain
the malicious bidding behavior caused by asymmetric cost information. Finally, a smart contract based on block chain
technology is designed for the market mechanism. Through the example and the smart contract deployed on the private chain of
Ethereum, the effectiveness of the proposed market mechanism is verified.
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