F41%5 F48
2021 £ 4 B

Vol.41 No.4
Apr. 2021

® 2 & #H wE &

Electric Power Automation Equipment

2B AN R AU R R AUL L) DAk SR B Rl 431

X ZERE RIEH I, R LB ET?
(1. Ead ks wA 25, B 200082;2. BM L& & h N3 #4a15N38, L& 200063)

FE. NS BXEERMER (A XAER . ZEAT AR RFRESFRAT I, TAR RIS
Kb 5 A 2R fEsk i mh b R E B T @G 69 R F T M R S 306G R 8 4B ) R, 2 S RO e
fdF o B ik )" B BTREAER | R R A RIe I 2R 36 5F R A 2 B & R ek /7 30422, KA R B R e K -F
T EdAE ) 69EE g Rk A R, AT R R 6935 8 Kk R A e R AL G Rl T E R R RS
B Bt 22 6% B R Al T 3R & E ARG I 7K T Fo i IR 3, VA i AR A ) £, 456 Shapley 18 % F= ik 52
R TT AR 223009 5B oy kA R A )T 6 Yol s AT A 5B, RSB B4y AE T iE B E AR A

ZObE , 38 1A KA TR 69 R K s Ao AL KN BAT 5T BRI T %R TE 5B A JE A A B
R : BB 5 S AR RN AR 5 A4 e 55 i A ) 5 A8 4 e

FEDES:TM 734

0 5§

Bl o3 A SCRE IR R I, H W i A 3 A7 1
I R Pk . ML T LU S 1 oA S i Sk
U A RE ST R MR A — R dris BRI S 5
TG IAS Tyt BRSBTS ey A R e B, SR
G T ReIR T TR R I M. H
TEHL T 58 Sy v, T T RE IR LG g ) BEATL A AN 67 £
R NEN Yt ey £ VN WA 0K S DN AR s o) 3
TR R T 18 22 AN 5 PR AU, X0 AP0 H T i
Tt 3 JIE A o PRI S — o XU A8 B ¥ 0 o SR A
BT IR A AN KBS AT RE o, DT AR WA T A2
P DAY A R O P DXL g -5 TSR W 5 J X S A 4
HEAT A HAC

B X6 I APL R | T SRAMAS AR o A PR 25 A DXL B o
[T, 5 P P9 DR B D7 YA R 7 22 1 XU (B
VaR (Value at Risk) #1554 XU 7 fH CVaR (Con-
ditional Value at Risk) k45, Horf i Jr 22 16 208
bR B AT 5 S BRI A =2 8] P 22 (L A7 B X X
W FEAT AL s VaR RORTE— & BAR K T YRR
W gt 15 G (L, 115 CVaR /R iz #5825 5 T VaR BTy
T R I B ME , CVaR AIFE A VaR #2 4ii i
AT AN FES, RS B R Tz B . A
SCHR Y, CVaR BB B2 0 T KU KLk XU 2
HRELA B AU 2 e 45 ARG 487 B s, SOk [4 ]k 1
CVaR BEIGHEAT KU MLk , KL HAE IR 5 A SR o
7 B 8 - 2020-06-12; % [ B # : 2020-10-26
EEHH: LARERRBIFMIREKRMAE P AR
(13D72251900); L W AH-Ze oy 38 A 2%+ %1 (16020500900)
Project supported by Shanghai Engineering Research Center
of Green Energy Grid-connected Technology (13DZ2251900)

and Shanghai Municipal Science and Technology Commission’s

Local Capacity Construction Plan(16020500900)

M ERFREAD : A

DOI:10.16081/j.epae.202012014

9 XU 5 SCHR [ 5 ] CVaR 1F 8 XU & 1 48, JF
DI Ry A 3BT 1 DRSS fi e %k 400 H, ) P P25 £
B Y S 5 SCHR[6-7 7 R AP0 A ) O R ek R v R
CVaR 8 i 28 GE AN o 1R 20 1 B2 i R i XU , I
WA o PR RS 29 SRR W] 4232 25 T SR B 0L )
1) e R £ 5 SCHR [ 8 1R FH CVaR BRS04
W Bl K RAMGEWF AN 5 PR AU R T4 B

B X 5 SR AN YA (%) ) T e A P i B R
FE 53 BLJ7 724 K43 (Shapley {25 RN A5 11k
SEnl o AR RO AR R S 5 A T
AN [ K SR R P AN Tl R B R B /N, A SR (9 17
Z R PRI B iRt TR T AR TR A I R R
53 BL I BE 5 Shapley {A 7 A A% O AR 2 5 38 X Bk
R B PR AL e AR S B R ) £ 0 TEC B P —FE B L 20 ST
k[ 10-11 ]38 1 Shapley (B 7% 73 B ¢ B 452 =X 5 0 7 82
N ANE K, 45 H 22 U5 ] A i B B A 0
D758 5 AR AR FE A% 0 AR W 45 R 25 AH OGS
PURRFNE R FIRAE I R 25 0 Be i 4528 JF HL
DA R0 BFERCR R (Lt AR AN AR P ST
T IO RIE BRI 4 A B R AR AT, )z v
FUARTE b 7E SRk [12-13 142 3 5 BOF fet 2
P¢ R A4 PPP (Public-Private Partnership) T.F£3ji H
I A3 EL RS, 255 25 08 T R I H IR 1 2 07
R R AR R F |, IF 5 Shapley {1
AHEE G 1 7 Xt I H SR #EA 7 0Be . TR RN
BAERPIR T a Tt b, HORhE Tt XS e 2
XoF K U0 FEL TR S i R T i DA KU /NI R
I 43 FiC AR PR Z — .

PRI , AR SCE 5B F CVaR B8 #E 7 1 K XU
i 5 149 R UL R, T I AT, e R PSR R S i o
W FOL PR T ) e DI XU Al e SR %, 593 At 1 A ) IR
Tls Nkt MRS R 2 5. SRIE DAk



54 8

B 25 - 2 AN ) RS (it 27 4 K2 0L FL T DG A SR s B AR 2 i &

Fk R 3, IR Shapley {87 A1l Sz XU 5Tk SAC
(Stand Alone risk Contribution) BEiS!" 4045 & 19 4
T 7 58 0 5 SR AN R AT A 43 TE 5 4B TR SR
BV A1 BRA0as FXURS: KNI AR 4 B SE A o Fi
i 30 3 bl X ZE A9 53 A e T TR AR SR
AR A L

1 TIRER K AT E R

L1 ETAEEFNEMER EERNX
IR Th SRR RIS IR 2 5T i 3
Pl G 18 24 R BIMSCAS Bk B, AT AR A SRR Y 22 5
HME . EH TG AE By b, H R B R e — R
T FEL T A 0 L R AR (2 R T 3 v S e B i e B g
A% AT RER T FLANAR ) o /NI 34 50K L R 58
14 3 B R SR P B A e XU A e [l 4 4 A A
“CHIE TR BISEATE AR AL AR B
PR SH 400 R T T e Ao P SO %A A (A
OB A LA oA ATy A LA S B Ay
i B A ) 15 TR Uk B, EAT 48— 8 BRI BE I, 72
BB SEAT A 204 i 1) AR A L A o B 4R R B
N R R AR B2 B O X Rl B S A DAL T B
HLI MM A% 2 528 5, B4 1 4% EARI S AE R
PRl AU FL T A A — T T AT AT R T 4% AR Y
W i B D S 5 53— O T R LASE A4S AR o 52
iy I B SIS L RS S 3 FRC T R T
REFLHL T Ay — b S T 3 AR AR N
WA ERRY I SRS S i i 58 5y, HAEAAE
ZRULEE 1o REAUh AL [RH R H 35 X0 HE N R IR b4 7
UV REFIAME 73 B DA o T FLIE 0 + 7 ) H B
e R A e 17 5 R R [ A« T e IR P A
2 Sp A € N i S T e A B B M € ki R
Xof H AT B 23 BT L DT S B0 R 4EL e T PN 2% A 1]
M5 o) KA EEARAL o MIATZHE AR RS Fih S S
2 g 149 DA 760 = A2 ) A9 3T e AR SCHBIF S F
K
ks s
| AL BB |
! !

i
S
Wiise: | S STAPIN

JRB: TTHREE [ ~—{ fEBEI T
bR | TR AT
AT B

Bl ERRHZSHIER

Fig.1 Trading framework of virtual power plant
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Abstract: Aggregating and optimizing the management of demand-side resources (distributed energy, flexible
loads, energy storage,etc) in the form of VPP(Virtual Power Plant) can effectively improve the overall com-
petitiveness and economy. On this basis, considering the uncertainty faced by VPP and its internal profit
allocation,a VPP day-to-day scheduling model considering risk preference is established. The CVaR (Condi-
tional Value at Risk) theory is used to quantify the risk of uncertain factors, and the operating strategy
and benefits of VPP under different risk levels are obtained. Fuzzy decision making is adopted for different
operation strategies to provide reference solutions for VPP managers. Considering the risk level and marginal
benefit of each subject in the virtual power plant, the distribution method based on the Nash negotiation
model, combining Shapley value method and independent risk contribution theory,is used to distribute the
profits of VPP. Finally,the effectiveness of the operation management model is verified by nume-rical simula-
tion. By analyzing the risk and profit of the demand-side resources,the rationality of the profit distribution
system is proved.

Key words:virtual power plant;CVaR;fuzzy decision making;Nash negotiation;profit distribution
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Table D1  Results of fuzzy decision making process
B BT tREE £ BlkEET tREE

0.05 2590.3 1.04130 | 0.55 2374.1 0.340 60
0.15 25843 0.970 62 || 0.60 2330.2 0.269 83
0.20 2562.1 0.902 69 | 0.65 2280.3 0.201 09
0.25 2546.1 0.83499 || 0.70 2223.4 0.136 67
0.30 2526.7 0.767 04 || 0.75 2157.9 0.079 02
0.35 2504.0 0.698 04 || 0.80 2081.5 0.033 13
0.40 24775 0.627 92 || 0.85 1989.2 0.007 39
0.45 24473 0.556 68 || 0.90 1.869.1 0.021 89
0.50 2413.0 0.484 69 || 0.95 1687.6 0.150 29

£ D2 ARG AT R s A Ser

Table D2 Total revenue and £ovr  of virtual power plant
under different transaction modes

s EADRE — Rl e
Jb ek EMEG B ovar
1 1 1 1 1 1989.2 1882.7
2 1 1 1 0 1 808.9 1702.5
3 1 1 0 1 1490.2 1415.2
4 1 1 0 0 1377.7 1302.7
5 1 0 1 1 1648.7 1563.6
6 1 0 1 0 1468.5 13834
7 1 0 0 1 12244 1161.9
8 1 0 0 0 1118.5 1049.4
9 0 1 1 1 587.7 569.5
10 0 1 1 0 407.5 389.3
11 0 1 0 1 345.7 327.5
12 0 1 0 0 270.3 2533
13 0 0 1 1 2472 2504
14 0 0 1 0 67.0 70.2
15 0 0 0 1 45.0 45.0
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Fig.D5 Comparison of flexible load before and after
optimization
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