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ABSTRACT: This paper proposes a two-stage robust-cooperative
game optimization scheduling method based on carbon-green
certificate trading to improve the integrated source-network-
load-storage system's resource regulation potential and risk
avoidance capability. Under the peak, energy and standby
market scenarios, a multi-scenario source-network-load-storage
system architecture based on the coupled carbon-green
certificate trading mechanism is constructed through the
stepped carbon trading price and renewable energy quota model,
which promotes carbon emission reduction and renewable
energy consumption; the multi-scenario source-network-
load-storage two-phase robust-cooperative game optimization
method under the worst conditions is established by mining the
profitability relationship between the source-network-load-
storage interest bodies, combining the new energy output and
load uncertainty. A two-stage robust-cooperative game model
for load and storage is developed, and the model is solved
using the Inexact Column-and-Constraint Generation (i-C&CQG)
algorithm. The effectiveness of this method is verified by the
simulation example of a domestic power company's actual
operation data. The simulation results show that the carbon
emissions obtained by the method of this paper have been
reduced by 4.297t, the total system cost has been reduced by
22.90%, the new energy consumption rate has reached 100%,
and the load shortage rate has been reduced by 8.54%, which
provides a theoretical basis for the low-carbon and economic

operation of the source-network-load-storage system.
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Fig. 1 Source- network-load-sharing energy storage system composition
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Fig. 2 Electricity-carbon-green certificates market trading mechanism
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Fig.3 Robust-game optimization model for source-network-load-storage under carbon-green certificate trading

- ;: .

A A A
femm | A %
iy | iEE7
\ 2 A

—| FLrEfiffe I— KL

e - - R
> . . . < > ﬁ-
< AR >

4 AIFE A RIRIELRE

Fig.4 Cooperative game strategy framework

SRS 5 MISERAIKE zeZ: XY, Z90FRpmKBREER. TTEARR

B, LN A={N,S,, P}, AMFRUT: P R AR REISAT I ISR SRR &, v, p,2
D WAEZH5H N KHNAURBEE. WH RS KRR WA R B AR i
A R L AR RIS AT R REIZAT T RO T 2 SR B T 1) — A SRS O 5%

2) WK ES S =(X.Y,Z}, xeX, ye¥, 3) Waik¥ B ={R,P,B}, B=PF(xy,z),



F50% F1M

S G S I N 193

P, =B(x,y,2), P=PR(x,y,2); B+ BH P4
For KR R AR AT AR BRIRR AR RIS
AT M1 M 3
("2 R A ST, BN IR
AT R B R T AR BRI R AR R RS
BET AL SRS . FEIERE T, Ef—A4 2k
00 THT S5O0 FC SRS O TE VIR B R Il 25, B
B(x',y",z2)2R(x,y,2)
P(x',y,2) 2 P(x",y.2) 1)
P(x,y,2)2PB(x,y,2)
3.2 WM EREELERLEH
R T35 Rl 5L H g R 7 e LA R 1 O 3 e A
A, XHEM i RG R Z T E BEY
Wi 9 T U DO A Ak — A R 0 3B IR 4
F1, VAR FE 30 P 9 6 ik R BRI AT AR B H
bR WIEE T F BB S T IR R i — A B
LA EER . A% R B (22) B .

min max mym Cio = min max mym{CCT +

CGCT + CTU + CRES + CSES + Cgrid - F SES} (22)
X U WABEEZEESSE: X,y AP
BEIULANE NN E AR, ARREAN B
X B()FTR.

LR FATZ W 2 PR B R ELI R
3.3 R AEMRE

R HE ) A7 AT AN E 1t 2R E LB % B
KB~
3.4 1REIKER

3k A K 1 51 5 20 R A2 il (inexact -column-
and-constraint generation, i-C&CG)H. keI A &
Ak B8 B SR g S ik 2 —BY ) 5 ) R AR
(column-and-constraint generation, C&CG)H ik (23]
Femli b, NN TN, SRR 2R SN E
PR T B 3 T RS ) R SR e, 32T
SHOH

P B R DAY P B T 30 S 3 (23)
N

ming'x+max min by
x uel yef(x,u)
st. Cx<x
2

’ (23)
Dy<d

Q(x,u)= Y
Ay+Bd =g
Ex+Fy<h

K Q(x,u) N EMRMNAL T (x,u) B AZ & y ]

1738 A,B,C,D,E,F IR Z3 00 B (1) R 00
Fes a,b NHEFRRERIN R c,d, g, h NEARFT
X LB )

RS S AR 3 ) A1 ) L, TSR
e R ¥~ 5] ) T 2K Bt =% B 2U(B3)—(B4) o

ISR LR, 7] 1) max-min 7] @5
A N HE max (RAG I, 0PSB FR .

i-C&CG K2 WLF % B & Bl
4 B3
41 BESHRRE

NG AIE A SC T HE IR TR -SRIE R 5 1 2 3
S YR I A ik A Y B - R 2R AU R SR 11 2K
PR AN, BN ARARIE R XX R 2 LA R
5000kW. JeiREEHLZE & 1500kW . K ELHLAL G AL 2%
& 15000kW 1A 4E iz AT 5m 347 0 #r, i
KFEE R Th, BN 24he 32 USA kg FH
FEICHA 1y, 9 0.4 TO/AW, KL —4F PRk AC AR
FAZ I AE NN, p A 113.5 J0/t, BRHERLIX
(BB e O 2000kg, NI R u=25%, W] FAERE
BRIy, N 0.2, SREIERZ G Boer N
0.1 J6/(kW-h)(BI 100 o/, 44, S H P
TIUI b £ LA K 43 B E A il 2 LB © B C1—C3,
B AR B AR s it 26 LB C B C4, 1
RERG SN B IS C £ C1, KLz
FRAZHULI S C % C2B,

R IE HL -k SR UE AR S AL g e 2 3 5 R
XTI W 17 i R AR B e, B LT 4 Fiig
ST X EL AT

Casel: H[EH-BRAGHLE], fERESH T Hiae
TR,

Case2: FHEH-TRAREHUH], fifife N H T H#rse
JEEYN . HIGEEZ | e E T A& AT 2 Mg,

Case3: & HL-FR-ZHIEREAHLH], fERENH T
HREIRHE O — 5.

Cased: 5 [&FL-BR-ZHIERR AL, figREN T
PIRETRME N MRS . RER T MG TTA 2 Fh
b7k =
42 AEFHZRTHRUEITERTEE

EEx 4.0 TR AT ER 4 Mg, AREASCHT
LR AT SR AR, AR T IRIEAT 4
Rk 1R, RAGE RS 2 5 fis.

& 1T LA, 534 3 FdgsAatt, 78
Cased T I T H & T W0-GHERL & 55 5 WL A6 g
ZENA, MR/ 5.001 Fit, BRHERGE



194 FRIRARAE . JE T BR-BRIESE 5 1 22 3 SRR I A e 3 9y B - T 2RO AL T

Vol. 50 No. 1

®1 TRIAFRTRULERIIEE
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Fig. C1 Annual power output and load curves
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Fig. C2 Renewable energy output and load forecast curves
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Fig. C3 Time-of-use electricity price curve
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Table C1 Energy storage related equipment parameters Table C2 Thermal power unit operating and cost
B s parameters
FEHIAE 17 0.95 24 B
TR g5 0.95 Gcoal /(/E/MW_) 0.035
SOC kIR S 0.8 Peoa /UMW) 18
o SOCmax . Yeoal 176 330
SOC SsocCmi 0.2
~ OS0Cmin C;IL]M 5 3000
o 1 5000

Ton / Tore /h 2




