F40%5 F 108
2020 £ 10 B

Vol.40 No.10
Oct. 2020

2 9 8 % RS

Electric Power Automation Equipment

e PACBRERLT) o A X REDR AL ST Bis BB X
FRE AL S IER A

(1. PEA$R & THFRH, LT 100190;2. FEAAFEXF, LT 100049)

WE: wMEREERSHRGIRET ERAS> A RXAAERAR T T S TR ZRRUARE B LGP, R E
— AR A A K T RIEEA G A XA RILKE T2 e X, SR B HKIBIRF o) B A7 7 R AR oy AL
FFHARIXOLMARAZEN SRR THE AN BEEETH I ARREBELE D FHERL
B R 8RR Z ) A ae S AL A B M 5 TR AR 6G 5 XARR I W R E S A ARALBE R A KAk
RIGTHE TR TETZRAAF NERRFRUETHERGZLFAE, 5ETHEER G EPHE
B XA A T 5 BN 6 5 P SE b FAE X B A 37 A IR T TR I T 318 B R X AR AL R

3T k0 AT A A A

KB : oA ALK il W IR 5 RIEEAEAL ; B8 IR 3

hESSES:TM 73

0 5§

BE A PR BT A A B BT R B LR P
M5 53 A1 20K H R G I — 7 UL AR i R i 25
B HREVR , NTTE Lo R M A TR 1T, B B 40T
Ao R, 4 B e 1 v, o SR ) 32 8 0% g
£ 1 O S < N 7R A A & 71| P B
BT YA WA, 23 A 2 RE TR fH IORE i R T
RN 2 5 W ) 28 B A BE i AT

TEGCHL 2 5 ) BLGRTT 3% 58 By O T, 4 BT
GO K5y, B E N SME T SE TAE A 70
2T —J7 T B ] RS TR BRI L 2 S
HMERIGE T 328 Ty IR BE AV SR e 1 7 5 5 — 5 T
Z A I Bl P 22 TR AT Y S T
(2% YA R 117 3% LEM (Local Energy Market) )™
AT o3 A 2 ) BT 28 By FARAR I B2 o KT 3
T 2 5 2 3 B A T S s DL T (LT SR
Sy A ARE IR I BT T 3% ) 14 A T 37 28 & R i
1, Ot i o A RE IR B 2 T iz B i 2 S MR
BT O T H LU L

i e iz B R o, A ARE IR B GE THT 3
oy NP E R s il i E R
OB EE T IR T 7 R0 58 2 Y BIACRLE 2., i
ok ST IR A 4 ) o e A AR LA 3 46 T 3 A 1Y B
Wi B 8 :2020-01-23 ; f& 2] H #7:2020-06-26
HEELWB: B R ¥ EA LR A (2017YFE0112600) ; B %
B ARAF A2 KB B (51777202) ; F B4 5% 4 kR b
FHHEE AT A B (XDA 21050000)

Project supported by the National Key Research and Deve-
lopment Program of China(2017YFE0112600) , the National
Natural Science Foundation of China(51777202) and the

Strategic Priority Research Program of Chinese Academy of
Sciences(XDA 21050000)

XHEARERG: A

DOI:10.16081/j.epae.202008025

DL RT3 T A v S A A e S T A
F T AR B B iR AT R TR, RSe A
S (BRI X NV 35 E LR '

TETTHTEFIREE T | T80 B —, &1
RN SRR € IR R R (BN YN ESNITE Sk
NIT, 25 i B Z 18] S 5 T 508 8 i Z A7 AE
RN XK R AR T 58 4 Py BEASE T A5 R iR AT
2R PR BT R A BOR B LN PG T o A 2RAR 5
ST SRR, T 5 0 B S 2 R
% & R BE 0 R R AS B AT AR i AR 5 T (PR 1
FELAE 3 P REAS FH LG IR T ELAT 5 AN S A
AR PERFAE , 25 flof AR M AR AT AE A — B B =
FAR RS, DT B 3 45 R A BESE L2 R 23
o FN Lo

UTARR , N T RE , Feon 2 TR = ) S50 9k 3
BLAS 27 > BRI A, L5 R 11 o 1) g T AL BE )
E A E R AT LA S S U AR 1) 2 N
JHOT S T e % T3 A R IR B 6% T 5 An Al 1
F AR FRIRE T 52 22 A £ R A IR] A —
MAT AT 07 G2 , e WO A 1) 17 3750 78 Ry 4R M 6, AS 1
AR AR R 11 e FL By 25 il e A AR T 4 1
TR 5 A 5 BR 28 A S D o3 B e AR 1Y
i 3] S R RS A TR [ B i R SR TR A (8 B 5 i e
R PR BT, R PR G Y . (A,
AR SCHE ) — Fof g 2R ) i QAR Y 14 70 A s RE TR B
B Spaa B R A, I RO S Bl 04 fel e 1 B
QPR R f) A REL AR AR r I i 7 AU
R Ay 12, 15 B 2 R PR R £ B Y
UK H H A 2 5 Gl I 2 2 By 24 it 2k B HL AL
AN Z TR B RS AR, BV I T S R AR, 4y
A BV TIT 750z 5 R AT Ak T2 AU BBl NI
WA T AR B e U R TR, S B 2 F



liog L/ AR {7 G-

%4045

UEU TN T
1 WEMS5IETIENHARA

TR F I PR A e A e g BT T A 3R T I
iy / Y RE T A AR R RIRE S Rl %
& IR RIS B R T/ R
T FE AL (ol I -5 T ) 22 ) S —
R, WA T OB R T 3758 5 WA, I M AR T ]
T 1 R L AMRFE S B BT IRA A e E AT T

TRl P 19 g T A ) 23 A A REIR B8 T 0 204 7
B 1 s T —%isoa i el iy,
A1 2 RE WA R FRL 19 25 T 37 R A i i 3 PN 4
R B T iz s I A T 58 5 fis A7 E—2nis
MRS Ty , o3 A A RE BB I S5 37 0k
A RIS T iz B R R A — DR, %
MRS B 6% 17 3 ML 2 5 A1 8 B B T 3 1) 52 5 A
BT o
HhR 7
HLI

I
\%%m%mm

S F AR ST 1l

/Eﬁﬁ P P
U Bl
Tl ) 2

MR
Fj
E1 oaXeRRETHER
Fig.l1 Architecture of distributed energy spot market
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Fig.3 Distributed training of power surrogate model



@ L/ AR {7 G-

%4045

H T T BE 45 T 37 AR 22 U AR B R AL, BT

E TR R A2 BAsEAkm s, H H AR sk Eom
PRI .
(1) HAr %L

R TREBR T 72 BT, &g E
TR 2 55 3 e AR Tl S s AT AR T R, B
F i ERMZ TR s i KA B AR pRELUNTT .

a. F T FEA,

min €, =1, (A ) =15 (A0) (33)

Horpr A AN T HLAf o

b. iz EH .

MY ERNGEL S TS ERS 50T
BRI REREARAS T EAR LIS R G0 S AR,
HEReRECH -

N(A;' T
min Cypp = Clpp = zz/\clear(t)Pj(t) 8= Clip (34)

Ho, Y i i B R AR A T BRI A G —
12 5 I Ry e/ b P AR AR RGP 7 A
R SAR 25 O A 25 1 ) BRI A G — 12 5
T 37538 5 R 89 fe /D S AR 56, O — S I B Y I
KA h)

(2)AF N

U H s R B T A2 B SR B U (BLS) B
(142 RGOV 400, BT 332 8 7 A 5 45 T
5 ERIRZ A D) RG240, W45 T 3 AR AT
4 Zh 2 Al 24 R e ek AR RS DA 2

1 A2 HAROUAL IR R H bR ok RO 29 o 25
AL AR F T 3 H 3 AT SR A A A e R g
R S B HE T 19 382 515 NSGA- 1T (Non-dominated
Sorting Genetic Algorithm ) #E173K i .

5 EHoHh

ARSCUAAL S KU DGR TORR E AL DT
FE LA S A R I 1) DXl a3 A SRR IR R G W BRI 42
BB ELME SR Co
51 HHiEEEERNK

it BE (3L ES) (B R (324 MG, FIMG,) LA K
RGF A LA VPP) , 4% A Bl 2 5 A FL
PHEEIZAT (LN RIRR S8 4T ) IR by 4 A A v ]
FEiBATI1Z SN I (DL R PR e i B, s
KT ES MG, M MG, ¥ & R %8 5 vep, HEk
25 2 ) R BRAE 5 A L I AR [R] ) 3 2 Ffis AR T
A ERMERL LR B REPLAE AR S A LR TR
Hh £ B D HE D1—D3 7R . EIH eg.es.
mt 73 7 XoF I B £ 2 i RE HLAL AR IR S AR L
B P e g2 . vpp 4 5 6 B2 17 57 % K MG, MG,
VPP; FhrH sp . go 73 A Fm Ml 57 iz A7 = A i
FERLA A R M4 . A RE ML A 7 HL AR AR (SOC) 22

f & aipf s D T B D4 s . & FR R RS A H
FH AN 1 7

*1 BEERRGZEZBRBRE
Table 1 Daily electricity consumption cost of

each participant and whole system

LAY
ik . H I E AR

MriaAT EPEE Tl R
VPP 155332 154909.6 155108  154809.3

ES 0 -1689.6  -2112 -538.6

MG, 42891 42891 43869  42366.2

MG, 71779 71779 78476  71245.7
ZG M H A 270002 267890 275341  267882.6

T SRR IR AR

H B 5% D v & D2 F1E D4 A WL, ES 70k S 15 4T
18157 NS 1Y/ S O e e el =I5 30 Y3 42590
A ES A AT MAL T IR BIRAS , X 53 1R
HA R 0 —%h . M7E ES S 54 i EEm, &l
D4 fron , HAE — H 58— IR SRR G 35, BIAE &
D2 FIT 7R 1) FL A2 B B 7 FL | E A g D R BB R
X ALES VPP 2% 4 DR (An 1 D1 TR ) 78 B A
A I B i Tl S7 s A5 X 1 78 HL A e 04 i B AIG
TS B T

HE D1—D3 A W, MG, F1 MG, N £ HLEH Fik 2%
LT RN A 2 Pz AU AR TR, O h
X2 I AE— H N 0 & Rt ae . i
D4 ] UL, ES 254 O 45 2 5853 A (i T4 Bk
9N VPP AETRIEBE  ESIESE T VvPP) . KL, 24>
TRl EEL I 8 O B AR 4 TG AR A, I 1 T FE 2
E R TR 42891 71779 TG

W 1R, VPP ZEM S as 4745 i B A A
WA A 15533270, FESE TR 2 BN RS R
H FH L RAR A 267 890 JC , A1 LA AR M ST 32 17 H )
Y0 H M EA (270002 0) FRFE211206., H
W AR SCRT IR, MG, FTMG, A H O H A R & A 72
&, T ES F1 VPP 4 155AS I 55 AR 4 45 v i B iz B A X
AR 2 Ay PN HEAT A0 B, W4 ES 5 VPP (1)
I3 A 28 By O = AR SR i 2 B BT L ES
5 VPP ) H HIHL BAS 43 51 -1 689.6.154 909.6 JG o
AL UL AR R s, RG] SR IR A AL
FH , BEAR 2 G0 FH LR AR
52 HEHhEMEFESX

Fiz FE R 5L F o0 Be o i A b s i i R
BRI T BRI SR G s A T R T
A A 45 T 3 AR B RS DR AT R i b i T o

2 i 5 AR DR ARG T X T 330 B T
B TR, 5 — B 21 0 31 B s O i s 2 i Js —
ASAS P HLAL R R E A o AR iR A v R i i A
R AR AT 545 5 AT i o 25 e B 32 1) & LR AR



% 10 H5

Wb, 45 - 2 T AU 9 A1 AU RE IR B 5 T i X &

HRRAIHLAL, i A e 24 H SE B2/ BT IR A ) H]
X A B O RO BRAR AR A A0 s
D HE D5 o, Ho AR AL B r A A% — B 4T
5 F R TR X320 B 1 0 A ) 5000, 38 3 58 1
TSR R L AR AR R R A . A SCRseAs i
S T AT RS T 2 LR A, RIS B
SRR PR A A

AR A SO 7 B SE AN B RL, I GAMS #1/4R]
SRARAS T EARE SR AR A, PR B BB L i
BRI R A5 R I DICOPT , R A3 B O S R e R
CPLEX,, R ALK A 4% K F MINOS .

ARSCH VPP N B TORIR R HILAI I R 19 S 4
TR, AZ ST 5. ES MG, HIMG, T
by E AR AR TS, 25 i 22 25 4 2 AT D i
Dy i 34, 15 2045 A B RN S5 R Ik 2 B
o Ho, /7oy IR RN AN A B 4

®2 BMBHEEKRMLRMN
Table 2 Optimal bidding offer of each market participant

mimFEEk 1k A/ Lo (kW-h)] IR / kW
ES A 0.752 /2.0 0.88 /3.12
SEA 03/0 0.88 /3.12
il — —
MG, A 0.75/0.3/0.298 / 1.255/1.525/0.6/
0/0 2.02/0.6
B — —

MG, A 1.1/1.1/0.748 / 0.6/0.791 / 2.593 /
0.298 2.016

Fie HE3% 2 T i AR rp 8 BEAILAL %) 3 07 RN s
AHEVE, s B i T T, nT A 2 SE R Y 4
B H R Y, IR A5 A0 H I A A% A — B, W El DS
FIs o 5 R BLAE Py i 4 5 HG g ) e AR P 3
LA TR LR I 4 R, b AP YRI5, 4%
TR S B E AR 1R .

H 1 4 (a) BT 78 19 1038 T R il 45 P, T DL, ES AR
FEHL MRS I BEFT | LA g W i BERC AL, S8 — IR
FERCHE G, X5 AR B R T A s A —
o i HSsL YR MA S R R TIR ML P,
— B0, XU ES TS T R i R i R iE 1T, AN
SR, R VTR ES— H a] e A YR 2
21127%,

F & 4 (b) W] L, MG, AN A HL A (R 28 Bsf B AR st
BEWGAF IR 7E F A WIS BE A RS T P, oM 0,3
5 AR AN AR T 7 S A A — 2. M 00:00 (P
SR BO G, TR TR E T A TR Py ES
Fin s, i o & an & 4(b) h PR,
TEF 7R 78 HL , IEAE /R B 5 DA 07:00 (B 2R 25 Bif
BO TG, far DR BTt S TR AN e 7oK, 1T
BEET GO BRI A ML A B, I BR FE P &
Y& 4(b) i P R o BT RIS 25 1 3 A%

10 -

0.5 \ \ ‘ \

ol | A I

05 f |

-1.0
0

2
=
~
'S_

0 40 0 80 100
——Py» = Py Ap
(a) ESACHA R Hae A Fe i r D it 2%

%/ MW

— Py> — Pp» — Pps — P> = AP

IR /MW

0 20 40 60 80 100
L
——Py» = Py»— Pyr—AP
(¢) MG, B HR B A HLAL TN A i £k
18

12 \,,/\K/[“‘"‘“Lm\/«\
L,wf“*" "’”SJ ‘ﬁ""““’*‘*mjw’%

7900%0as0000a0000ay

WE /MW

6

0 L L 1 1 ]
20 40 60 80 100
B
~—Pys = P,s ~ Py
(d) VPP A G fr KA WL AL o2 2k
B4 BRI TN ER 2 R X R A A R BB AL 4E T 2R b 4%
Fig.4 Trading power curves of each participant and

corresponding optimal power curves of internal units
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Surrogate model based operation mode of distributed energy spot market

CHEN Xinhe'?,PEI Wei'?, DENG Wei'"’
(1. Institute of Electrical Engineering,Chinese Academy of Sciences,Beijing 100190, China;
2. University of Chinese Academy of Sciences,Beijing 100049, China)
Abstract: How to maximize the benefits of multiple participants in distributed energy spot market under in-
formation asymmetry environment is an urgent problem to be solved. A novel operation mode of distributed
energy spot market based on surrogate model is proposed,and a modeling method of data-driven day-ahead
market surrogate model is also proposed. The mapping model between the clearing electricity price curve
of distributed energy spot market and the optimal tie-line power curve of each market participant and its
daily electricity cost is obtained without exposing the physical model information. Further,a multi-objective
optimization model for clearing the distributed energy spot market is built based on the surrogate model,
on this basis,the operators of distributed energy spot market can scientifically and fairly maximize the eco-
nomic benefits of each market participant. The case comparison with the centralized scheduling operation
mode based on physical model and the centralized bidding and clearing mode based on piecewise quota-
tion verifies the feasibility and effectiveness of the proposed spot market operation mode and the modeling
method of surrogate model.

Key words:distributed energy;microgrid;spot market;surrogate model;data driven
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Energy coordinated management of AC / DC hybrid distribution network

based on consistent coupling association
ZHANG Fan',GAO Hongjun',LI Haibo’,LIU Youbo',LIU Junyong'
(1. College of Electrical Engineering,Sichuan University, Chengdu 610065, China;

2. Sichuan Energy Internet Research Institute, Tsinghua University,Chengdu 610042, China)
Abstract: AC/ DC hybrid distribution network is an important form of future power grid, and its energy
management research is of great significance. A local and regional bi-layer scheduling model is built for
AC / DC hybrid distribution network with multiple sources,and a distributed scheduling optimization strategy
is proposed. In the local dispatching layer, the joint output of renewable distributed energy and energy
storage equipment are considered to ensure stable supply of load, and the optimal dispatching results are
transmitted to the regional dispatching layer. In the regional dispatching layer, independent optimization is
carried out for AC and DC regions respectively,the autonomous operation characteristics of each region are
fully considered,the operation constraints of AC / DC hybrid distribution network are satisfied,and a distribu-
ted energy management method based on consistency theory is proposed to obtain the optimal feasible solu-
tion. Case results verify the effectiveness of the proposed strategy.

Key words: AC / DC hybrid distribution network ; energy management; consistency constraint; distributed opti-

mization
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Table C1 Case system
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VPP 4.0 0 0 -12~12
ES — 4 8 -4~4
MG 2.5 2 4 -6~6
MG 4.0 0 0 -6~6

*C2 fEREFRBABREYIR SOC IRE
Table C2 SOC limits for charging and discharging state
transition of energy storage
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Table C3 Generation cost
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Table C4 Electricity price of external grid
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1 00:00 08:00 0.30
2 08:00 12:00 1.10
3 12:00 17:00 0.75
4 17:00 21:00 1.10
5 21:00 24:00 0.75
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Fig.D4 SOC variation curves of each energy storage unit
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Fig.C1 Typical daily net load power curves of market 1 e . -
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Fig.D5 Marginal clearing price curve
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Fig.D1 Tie-line power curves of each participant IR A% s 2 BEEER Y s  RMS/%
: 2000 4 4 7.35 42.80
T, 5000 4 4 9.15 38.97
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- 10 000 6 4 9.45 24.43
is, 50 000 6 24 9340 18.80
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Fig.D2 Charging and discharging power curves of each 150000 6 24 26240 16.09
energy storage unit
240 000 12 9 11572 14.74
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Fig.D3 Power curves of micro-turbines of each participant 50 000 6 30 11744 4.91
90 000 6 30 31027 2.79
150 000 6 30 69 428 2.50

240 000 6 30 32159 2.28
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