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power grid enterprise

SRR S BTRCEAR A OCHE PR Y, 181 1 h 454
PRI GUAPRAER E QT .
11 HEEEER

5 AR L 1 il B BB T 1 D e
ME, BL3E A AT BTG L BERTE G AP 47 K o B0 =
gre He s B BEA A Al b —AF B R
73 BE FE AR E 5 DY 9T 4 ol BT 8 4 A B R I Al
FR 57 R BTAS R AE 5 - I P 5 58 ol P ik P A i

ABE o MR C A M I S BUR A A A
R SER S mC A JE A3 2 — IR R, 7RI
TR, — EURZE B i I PR AT e T i T LAY B B
AR, AR P At AR e X UK AR e
TR A A R R

HL P il BB RE TS R

=1, +1,,.+1,, (1)

l,.=Lr,, (2)

Ilnan = a Iown ( 3 )
l=r.,

Krp B MR RE ST 51, W A A B4 51,8
BERE 4x 5 1, RTA I P 0% 5 Lo L IR
R LB 57, R RTR

12 &5 mEiR

22 AN g A 2 LR I A ALY T R
12 28R PFHIAR M . WA T2 L I Al 288 B 0
TEHTHL AR T H D9 il A S0 A 4 42 i 1 H A i
Uy ask I 2 RN AL e A B 25 M B R IR IO, an= (4)
F7s o

L=Dhr, p,+Dh(1-r,)p, (4)
AP D L 353K s h R S /NS R e,
MR p, HHBCHE Y5 p NIAEI2E M -

[FIES, H T H O 1A 10 H HA AR | SR 1Y
TS FE T S PR T % iR i H AT AL 55 1] i
PENECT ST O RN E S A EIE T E SR
EP(T) zA(T)r
L(t): TTI - T:’l
20(z) >0(r)

i (e) A AFERYBETT RIRER  P () S o AF R
HEVFIC RS s A(7) IS o SRR 08 7 s r M VIR 5 55 5
Q(7) A5 o AE TG 4

I b 28 B s s R AR TR T

E=kL+ki (6)

A B A Al 28 B AR i AR A 5 Ky A LI Al i
AALEE 5 LA HL A SRCPE S 5 b A 59 [l R A
50 ARG IR RS AOT )
1.3 FIEHER

54 R S e v ) (R B T PE A H AR H AT
SEVEROCHAR AR, R L A A BUE A S H
) 5 R A7 Ay 114 EEAEL, B

C(t) C(t—-1+C (1)-C.(t)

(5)

R=p0) 7 D(1) (7)
C.(1)=C(t-Dr, (8)
D(t)=D(t-1)r, (9)

AR, (1) A AR AR C (1) 2R 1AL T R GE
B BUE B D () AER AR AR5 CL (0



%9

WRHTIRE , 45 - 25T R L2l Jy 2 AL A B L AN ST th A S A D

FER TR R C() N IR 5, HIRAR
For, W FORIEK A,
FH, O 45 9% 25 1 5 5 0% [ g 0 5 A B R e 5 R
PR TEAR BRI, i A B b T — A AR
TR s BEE T H AN B4, HL S 2 i AR —
AT G Y I B, S 4 LU 23 B 2 K 5 7R
JEHHL TR AIE F AT S 2 5 L 25 30 L e 4
14 #HESFEER
AR SC LA D Al AR A0 i 07 85 DA S AR A iR
ORI At ST NGO BRI -
R=k,b+k1, (10)
1.=1k,, (11)
K RS TATIERR s k, Ak 43500 A HEHE5E D
RO PN AR S B AR 5 b SR B AR 1 157 5
SULESY 51, SRR RGO N ES
BRI b, ARSI S L
L Al % B RE O 5 L UR Al e I 25 AR
AE I A B UIAH DG, AT LK LU WL IR 2% 5 i 2k A
BERETE N LA AR 38 1 3 ULRE B 1% L PR I AE B
HAETT BT AT AR A 27 oK 5 5 F R A
Mp A FE AR 1L 2 DA, AN e AR AR S IR R AR A B
FORREIR T AR IS5 T I 2 TR T
1.5 FAR#HEEER
FH P it 2 2 PP F I Al 25 B i 4 ) — >
BRLHL, AL L I B B AR R RS 1
FURE IR LA BNt v 190 i 2 e IR 55 o e A B R . HLAR
e
S=k,p+kI, (12)
1.=1k, (13)
AP S I B EETE bR 5 b, A 3 53] R H A AR
FUIR S5 B A 5 p AN SR 50 51, R S5
GOV A3 5 1 R T T IR S5 i A% 5k T
PETH AR 55 o AT o Lo

2 BETREENFER RN Al 5 350E
P

o B T R A 1 S R RS AU I R T RS
SR OT A B R A I g A il
FEL PR il B BRER T 7R A

P=D+0+E,[R.(1-R,)+R,R, |+T  (14)
A PRUEVFIRCA s D R IHT ; 0 hists dE 4 9% ;
E ARG s RS BEAN 25 5 5 R, A 5877 17

B RN AN R 3 T B S

Y TR R A% R 3 a e TR,

I — WA T IO AZ S ) B T PR P 0 Al 2 AT AR

SE [ Al 28 B AT R ORI R s e T — >
TR HA 0 VRSO R A KT DR Ik B T R AN A
A S E B S R S S BT A B e
Mt FE . BRI (14) RS TTAL T X T0vk s £l
KNz E R IR R A, AR SRR R 5880 )
SEARI PRI AN T AR b PRI — 5 R
Fh2TEAE P R A BN AR A T PR P S T
Bl )2

R G 8l 7154 52 E RS B TR 22 Forrester ]
W 4% T 1956 4E 48 9 1 T HE LR TR Y &R
GG E R . %N R G FI T RE W6 T X H
A2 R X R USSR R G T
B, DT B S PR 2R 8 i N FE R S

ASCHE I FE T RGBT SUUE TSR
SR RFE T : RGe 5N 72730 A AL B D SR ) 8, A i
P A/ AT L X il R A T s e — N A
o N T AP S B A S e St e S
1, [R] As s B I 00 R A A Il ) [ 2 W7
J e SR 5 M i T FEL AN PO, R R B R Bt s R Ge B )
2ERENS AL A TR 2R 22 (8] B SE 3R R Bl A5 8500, 5 M) i
BLEAN A TR 5 T —SeH B AN A% Z (] 2 17
TEAEIR | 30 o R it (1 Hh i 502y pRCZA AT LA g e 2
IRWIRCR s RGE 5N 725 n] 4048 4l 1Y &% 2
7 1) e St 3078 il SR, PR D M 5 25 T 4 A e
R TR AT AR, RGsh A e] DL
Ik PR 2R (D A BRSR O 3R i DR R)
2.1 BN FRIEEN RS FER

FF R G AR M iR FE 0 4 B e
SRR A AT RENE A2 DT A P R AR A A
BE HE A S50 TR MR AR 45 48 bR T4 R Al
2GS, I 2 s .
22 EBREZEN

AR SR FH B 18K bR BT T BSTEA , T4 45 R oy
R 1—5 5P MR FRIR 22 B2 Th A B RN
AR FE A5 B9 PF 20 7 AR S PR DL . DAAS 3K
EL SR 5], R A ] R A D) ) S o 7 A7 00, K 25
LT E R 1~1.6 kV-A / kW, SEPRZE L L
BUEAHGOE R e R WL (15) . HAEE I
AE T 1kV-A /KW B, ATEESIE R85 - 0 1,
BT 2 MARIAMET 1.6kV-A / kW I, A 52
FRPRIE A 25 AR B B =i (B 5 o
1 R<1kV-A/KkW
2 Re(1,1.2)kV-A/kW
3 Re[1.2,1.4)kV-AKkW (15)
4 Rel[1.4,1.6)kV-A/KkW
5 R>=1.6kV-AkW

S.=

.S KT



30) ® D 8 it b FRVET
I 4 W A P L .
NH - ‘ . HEVFliC
g BRI R e e oiare QR L T g
2 L B BT 4R ~ f
& wnd B A
o ; vite HE G e AR
FEil: Fﬁ ZJLI&/\ T}}ﬁ ﬁJ\ ﬁlﬁjj IEH’&% ~__ ;;E;%/\‘ -— s . *E
fi BB ssmmes” \ ey Eiay N ff% i
ﬁ% ?}EFE _/ Ty = @Eﬁﬁgﬁ
o Vi B
/
m \\ /// ek i O\
A S AT Ay - B AR BT AR ORE
;f; E&Tﬁﬁ \ EE,MJ/E& ggi ggti ggti %
1} N ELAE 2|7 ) 43 %é&iﬁ \\ T ‘ﬁ
L% PEvehe %Zg%ﬁ e B BIEEEE D I B L%
FRILTR IR~y
\ e b
. Hﬁ%ﬁiﬁﬁ JFH = *E!*ﬂ‘
I ST LA ~—— S
W s e ///i~’///////
% S B / ‘//
Hh BV — 2SR A
B ——

2 ETRGHNFEREEERMNSE FHEE

Fig.2 New performance-based regulation model of transmission and distribution price based on

system dynamics theory
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Electricity trading optimization decision for microgrid based on

blockchain and two-level game
ZHOU Buxiang,CAO Qiang,ZANG Tianlei,ZHANG Yue,PENG Haoyu
(College of Electrical Engineering,Sichuan University,Chengdu 610065, China)

Abstract: The establishment of effective and reasonable microgrid electricity market trading mechanism to
promote the local consumption of distributed clean energy is an important way to realize the economic and
environmental protection and win-win situation of microgrid operation. In order to optimize the operation of
microgrid electricity market, an electricity trading model of microgrid based on blockchain and game theory
is proposed. Firstly,the utility function of electricity users is improved to quantify the impact of blockchain
technology on its electricity consumption welfare. Then, based on the evolutionary game theory,the dynamic
process of each demand-side subject choosing the trading object is constructed, and the interaction mecha-
nism between supply and demand is constructed based on Stackelberg game theory. The two-level game
model of microgrid electricity market based on blockchain is established,and the iterative algorithm is used
to solve the model. Finally, the simulation analysis on the blockchain platform shows that, the proposed
method can effectively achieve state equilibrium,obtain the optimal trading strategy,improve the total welfare
of the microgrid, and realize the win-win and coordinated development of multi-subjects in the microgrid
electricity market.

Key words: microgrid;electricity market;two-level game;state equilibrium;distributed energy resources ;block-

chain;Stackelberg game theory
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Modeling and analysis of transmission and distribution price performance-based
regulation based on system dynamics theory
CHEN Xinchen',PAN Xueping',MA Qian®>,LIANG Wei',CAO Yang'
(1. College of Energy and Electrical Engineering,Hohai University,Nanjing 210098, China;
2. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China)

Abstract: The current researches about transmission and distribution price regulation modes are mostly based
on static analysis method, which cannot adapt to complex timing sequence and causal relationship among
investment-operation-revenue of power grid enterprise under electricity reform environment. Therefore,a mode-
ling and analysis method of transmission and distribution price performance-based regulation is proposed
based on system dynamics theory. On the basis of current transmission and distribution price cost control,
the indexes of ecological construction investment, service quality and providing job number are introduced
into the performance-based regulation index system for investment and operation of power grid enterprise,
and a dynamic model of transmission and distribution price performance-based regulation is built. A provin-
cial power grid enterprise is taken as an example,the investment and operation condition of the power grid
enterprise during 10 years after the base period is simulated and analyzed,the analytic hierarchy process
is adopted to determine the index weights,the comprehensive performance variation trend of investment and
operation of the power grid enterprise is calculated. The results show that the power grid enterprise actively
modifies the investment and operation strategy under performance-based regulation mode, meets the expecta-
tion of regulatory authority while ensures its good operation, which verifies the advantages of performance-
based regulation mode.

Key words: performance-based regulation;transmission and distribution price reform;investment and operation;

comprehensive performance ;system dynamics



