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Abstract

With the rapid development of new energy power generation technology in the world, the new energy
consumption pressure of national power grids has become increasingly prominent, and the use of
cross-border transmission networks to carry out cross-border transactions of new energy is an
effective way to improve the utilization rate of new energy. In order to fully allocate the surplus
new energy power between countries, this paper proposes a new cross-border power system multi-
national incentive trading model. This paper first considers the clearing results of domestic elec-
tricity markets and the adjustment capacity of domestic units in order to obtain the cross-border
purchase and sale of electricity demand of various countries. Secondly, under the constraint of
multi-party win-win, an optimization model with the goal of maximizing the total revenue of cross-
border countries is built to obtain the optimal cross-border new energy trading decision, and par-
ticle swarm optimization algorithm is adopted to solve the model. Finally, the validity of the sur-
plus new energy cross-border incentive trading model is verified by a European cross-border
market example.
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Figure 1. Domestic-cross-border trading market operation mechanism

B 1. BA - BRI S HiAE TS

FEBE NS SEM T A R IO SERE L, tHBs gt — LS By O BT 25 Tl AT RE YR B 0 2 AT I8 5 il
BN AS 5, ELAAES SEh A S N0 T -

1) EEEIAE 5 2 5 EAEAFAE BT RE IR 4 A% XIS 2 mT A B v [ AT

2) B 52 5 EAEAMAAER RERE R NN Z], ARSI INIREIH N2, wT BRI H

DOI: 10.12677/sg.2023.134007 73 BHE L


https://doi.org/10.12677/sg.2023.134007

B E

BATIH, RIS 5 EIAE 5%
3) 5 = X R I AAET RE R A AR e R R eV B R, AN HEAT SN AE 55

3. BIRSTHHMZHRE
3.1. BEEEHEEFRENWETRITE

1) & HL R K8 B e R 4 AR R )
T2 H A5 A S LA TG 45 R EA b, B XOGTIINGR 2, o5& A X USOGAR IR &R ) .
P, =P, —P,,, (1=12,-.24) (1
});re = ieiind—pre,i + iP;v—pre,j
- ~ ©))
});lan = [Z;P émd- plani T ;P ;:v- plan, j
e, P, AERRICEAST, P, B ROENLALA BN 1), P, A8 ROBNLAL i/, & m
A KEHLAEFD n AN FEARHUH AR ERT o
2) e EL A 5 K AT Y 458 A1 R 2 T
i EESE RIS JS, T CAE B2 HE B S FUOFLZEL S T U7 2 ) DA R 858 P AR Bk A7 A )R
2 [A)RATE E 58 718 BE IR R TH 44

=P, .+ 0, 3
P .= i( ri),k - P,:}c +08, i ) “)
0.=3(-4(0'-0") )

Rt PO L AR AR A, P R R, P R LA
I, PO BN (— | I, 8 N BILALEY R, P, MBS NAR, o A
BRI LR, 0 e BRI, 0 9~ L IR, ¢ NRERR SU I R

3.2. B¥RE#

B B B UM T BOETREVR S R 5 R RSSO G L, B S b DL B
2 B i RN B BR AT SR S 528 By, RS o (5 IS SRR A5 [ 1A Sy e, TR R 24 1A 5 B
DUB BEVRAC Ty LB S A o B BT REIRAC 5 ZE RN RAIE 2 5 [ e A v B v [ sl Tl [ S A i, [
I 78 70 M 5 i PR EIE 52 5 AR /N o B AR R KO -

K L
max Y Il + ZI;WJ -G -C, (6)
i=1 =

A, KOS EEFHCR, LW E E R, 1, o~ W ZIEE plkes, 1, A 2 E

J RS, Gy ¢ I ZIRESEEAE Sy IS AT I RAS,  C) 0 ¢ I 2 (8 15 BEV T 40 A 4 A
1) e o i e RIE XA

1 stale,i = Z[E;ale,i (Rstale,i —Coute ):| (7

i=1

DOI: 10.12677/sg.2023.134007 74 BHE L


https://doi.org/10.12677/sg.2023.134007

e, 1, RS, B, AR R, RN IR E RS L AN
By, €, s e 7 AR L Pl A

2) oAy e e g Rk SURAR

L 2
it)uy,j = ]in - Cl - C2 = EbuyﬁvumRin - Z((’](Eliuy,j ) - /1Eliuy,j ) - Eliuy,leiuy,jj (8)
j=1
X L, 8 e WZIA RS, 1, 9 ¢ N2 RLE j AR i D052 B i LS G, E,,,, 29 0

ZIW L j S, R, DN S5 AT RE VR AL IR R s €y O ¢ I 2 L PR S K5 L D 4 5
WA RN A, E,, N ¢ ISZIEEE 7 78 0 RS, 7. A NERRERN AL G NESIY

uy,Jj

HUSAS, Ry, 9 ¢ R ZIWE L j 235505 L /S ra I 0 A7y

uy,j

3) Mgl iy AR IE RN :
Cy=Y ER, ©)
X, At INZIFEELEAT A, D NSRS AARE, E, Nt W) h BRSPS BifE &, R, A h Bk
LR LR AL L T JIBAT A
4) A SR e IR TH AN AR A R IE N
K
Cy =2 r, (Ebwi —E) (10)
i=1
X, C 0y ¢ NZIESBERREIIE NG T RA,  E,, 9 « ZIEE i FFTREIR A AR SR, E v« NZ1
B i SR REIR AL B R, r, NES SRR RETR T 9N A5 T R AL
3.3. AREH

1) B EA ERIRZR
X TAFLE RS SRl 28 25 A B 5, SRl B AN B2/ TP L 2 TR R E 8 TE RS2 5 s
0<R <R, (11)
A, Ry A o I 205 R B SRR S 2 FaAY s R, A ¢ I 200 [ I R 5E 5 A

2) HREEEHEE L TRAR
B L (1 45 R B BROVA I B A A W e R i

O < E;ale,i < Estur,i (12)
b, BN AR AR, B R NI B A AR

3) e [ R bR BRZR
e L 0 ey L B R g A [ F 455 A i B U P 4 2
0<E, <E., (13)

R, EL NN R, EY, Ay ¢ e 20 P R S
4) 48 50 s v B T L
E  =E (14)

sale,sum buy,sum

Kby Eam W NZITHEZ S ERE, E,, ., N2 E SR E,
5) PEHTERA LA A BN

DOI: 10.12677/sg.2023.134007 75 BHE L


https://doi.org/10.12677/sg.2023.134007

B E

PSSR HE RN 2 Sy B 15 T RIAZ B B A R S ST I 4 A PR
P+ PSP (15)

plan.ij
X, POy o I ZI B W I 2 (8] s BEU 5 % ), P, N ¢ IS ZIE R B IR R RIS s, Pl
PSR AR A R LR
6) Mt i s v Ik
s >0 (16)

II >0 (17)

buy, j

A L, N e ZIERE SRk, 1, 8 2GR E Al .

4. BIEEBNTIHS AR IRB KRBT %

Ki B 5% (Particle Swarm Optimization, PSO) R X 28 AT 2 /8 &, WS B, R ERA R
TSR FREEST R . KA ER T o HFN PSO ByEMSERE, £ o BUEECRES, HH)
TEER 2R R, R R RIS o BUEEV/N AR T B RS R, $&5 PSO Hik
PSS FE o R 1 AR BRI B8 1) 4 R AR R R R 70, A SCIEBORL 124 i A B S R AL B
MZEETES o MEUE, o FEUERE 281 SO 3T I E10].

o =0, ~(0,~0,)- (X! -1) (18)

s XF N P ARTFAES b DOERE SMEES R R BN ZE: o NE i MRFES kb JOEARR 1)
PR EIUE: o, N o MYIERE; 0,8 o HEEFRE. KL 0,808, ©, 03,

SRR B AR R AL

1) W EES R RS, FESHATERRKIERE G, BEFT o, K¥AHF o . R4
ZHEFEWEE, SRERERESH. BERALBITRARBS S A3 G ®EH 300, o o
AN 1.5, 2.5,

2) FHEEWIGGEIL, VIGRR PR E, RS HAT 24 B2 EEE N TR A R . S EEEN
REVE FB TV g ] IS BEIE T A S i S i . P RIS At R AR A

3) TR KT HARREUE, 8 S A S P i AL A s

4) HH SRR AU K

5) BRI I R

6) R[EELHE 2), HE 2)~5)L1%, HERFIHIIEE:

7) AR, B EE SR S ey, A, & EE A S a

5. BMBIAE
5.1. EHIA

ARSC LA = A [ SR FLIC R A 1, 98 B4 5 S T 37 il A8 S R R (AT 2k, = AN R g 3
BARINOE 2 FrR. ASCPTIREE SR 5 B R8T N 2 R 58 USR] L 10 B A B RER RN S B, TR
TR 5 L 2 (et 15 ST RE VR SEAL R T 1 [R]  fi 2 5 ) B it LS AR UL doe KAk, DUOKT B DL T e
A MR H LR

1) BRI S E R

2) BRI S + BB A AR .

DOI: 10.12677/sg.2023.134007 76 BHE L


https://doi.org/10.12677/sg.2023.134007

EIRA-CEIBRE R4
AE: 1200MW

ERB-CHEIRRAR L
A“E: 2000MW

EIZRA-BESIEBL 8%
AE: 1000MW

Figure 2. Cross-border transaction country geographical to-

pology
2. BiRRZ 5 ERIERIMNE

5 IR £ R JEE AT LAA 6 1 % [T RE 0 P TN e A7 s TN A5 2 AT L A0, 49 38 1 T ) RUPE T B
REVR A TR, 5 H AT (B REVRALAL H (B HE S 0 ] 3 B o AR SR R = [ (2 ZE R RO HL
eI UL BRI K ) B — R 2= A H S S i P 22 i R s B s, T o b 2% st 2 22 (8 RV 25 [ 855 A T
WIS T T RE TR B AR L T

(7 MR 85 PAY B R R AL ZELAT T ] 97 505 [ B K RN i B M RE R 22 R Ui P 4 Bl R H Al
G, O 2 RS T 1 22 5 N S B At e AR fm D R A&l 5 o, IEHAZ S MBS SRS o 2.
AN RS 5 S I 4 2 A o PR 0

AREH = AEFE AR RASEL 1 Pos, Jd C,, A E B E R BEIR AL A, R
oAk SERK B LR R R B SR & R BEA; R, TR F 5 AR e A B Rlieas s . A AIH
BRHOT N BB r, 9B BOHT REVRTH 9 AT R 4K (8]

U A P REUELAL AT [ | BESEAF AL A Fm
10000 L AFEBRBRIEAL RIS 50000 - [ | BEBAHAENLA R A

17500

BEFAEIEE R

A H IR A

8000
15000 4

6000 12500 -

10000

P/MW
P/MW

4000 4 7500 4

5000
2000

2500

0 T T T T T T T T T

T T T 1 T T
2 4 6 § 10 12 14 16 18 20 22 24 2 4 6 § 10 12 14 16 18 20 22 24

DOI: 10.12677/sg.2023.134007 77 BHE L


https://doi.org/10.12677/sg.2023.134007

B E

45000 ~
40000
35000
30000

= 25000

2

A< 20000 4
15000
10000

5000 ~

[ | CIEB: Pt B VRN LA th O T
[ | CHESE A H AL L ) )

CHEBTREIR AR

5000
4500
4000
& 3500 4
R
3000
&
& 2500 4
& 2000 -
MR
= 1500 -

1000

500 H
0

AH
BE
CHl

10 12 14 16 18 20 22 24 6 14 16 18 20 22 24
%) t %
Figure 3. New energy surplus electricity in each country
E 3. EERAFHEREKRES
AH
20000 - [ IBH
cH
2 18000 —
é 16000
{Qﬁ 14000
2 ]
= 12000
% 10000
:}i 8000
£ 6000
z
% 4000 -
& 2000
0 T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24
A Bt
Figure 4. Countries have the maximum capacity to absorb overseas new energy
B 4. BEERKALHMIEIMNTEERZSE)
A-BFEH:
600 [ ]a-cos
B-C5i5%
400
3
:
o 200
I}
i
i 0
R
#
200 1
_400 T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24
i B
Figure 5. Cross-border normal electricity trading scheme
5. BIRIEE®BAXZ5HITR
DOI: 10.12677/sg.2023.134007 78 B HE L


https://doi.org/10.12677/sg.2023.134007

Table 1. Wind and solar power parameters
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Table 2. Recently cross-border incentive transaction clearance table
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Table 3. Trade electricity and revenue across borders

3. BIEXZR NN

. HREVR A AR B JI5E 55 (MW) W35 (€)

Pt A B CH AT B CH
RIS 9200 10,600 1800 2,840,000 390,800 346,800
R+ R 9200 11,649 14,888 3,118,428 4,177,330 4,326,468

AL H 0 1049 13,088 278,428 269,330 858,468

TEJRA WG Gy v R Al o = E R AR TEE L 5, A HIAHaeE A A, s
Bopraels, Waisghn 7 278,428 €, B HFrAeIR A R I EH 1049 MW, Ui N 7 269,330 €, C EHae
TR A B 13,088 MW, IS N T 858,468 €. 45 U, It XS B A B BEVR BB B &L 5, &
5y E BRI T A BB e IR N RGP T, R4 T B IR I R, R R T S T RE IR AL
Gy AR A o

6. &Eit

NS BORT R AN, A SCIR I T — R TR FOA IS B2 BRI AS AR . RSO E e
JE 2% I8 P9 FE 7T 37 (4 R 45 2R R 58 WL R IR 1Y 8 0 LASRAS 4% [ I s B B v ok, LR, 2205
SEBRI LR $4 2 CLES BT A% B i 2 oK O H AR I DC AR SR A o DL S BT BE VRS 2 TR, IRk
TREREX R GEAT R AP B, I RIS B8 Ty 7 S IAIE 1 28 B RE VRIS B 5 5 M Y A b
LIRS ig:

1) 53T 2 F A T 5 B U A2 2 WL ENS 1k — 2D 324 2% [ B3 R 40 a], [RII S0 7 20 R A
I I i LT R R AR B RE

2) EEBERIIAE LRI thSC L 1 25 BRI AR, 3271 1 4% [ 5 Bog Bed o AR, 82
BB REIRIE 9 H .

ARSI 2% [ M AT B, BT REIR BT SRR ZE AN K, R e S PELIN R R R, R SR
A DUBE 0T % ] 9% Y S 22 S5 B OK T 3 SO0l 52 5 4 RAR A EAT BAR 73 Ar

E&WmE

[ K & S T RI(2018YFE0208400), [E R HLMA R A B SHEHIH (1 175 5% H B £ 58 B #h
B REVR RGBT .

SE 3k

[1] XHRIE. SERAEM HBEMIM]. dbat: e AR, 2015.

2] FEHF. HoeEF OV ERMRL, A0 57 e SN 7T [D]: [fEH20710 0] S8R HigE ke, 2019.

(3] AHREEE. SR MR E AL T AT A RE VRIS 9 SR IR R D): (A0 3]. dbat: fEdbr ket
), 2021.

(4] %3005, W, JEH, EIE. SRS [ X H ) SE S AR ORIE X J0 52 Sy AR R[], SRR AR HIB,
2023, 6(3): 316-324.

DOI: 10.12677/sg.2023.134007 80 BHE L


https://doi.org/10.12677/sg.2023.134007

(9]
[10]

ZE g, FEE, G, A BRI R EE S X P KT @ R R D] IR RMEE, 2022,
24(5): 108-114.

IR, FEK, R, EEN, mEG, R BEEENE I GG A]. AEREEUR IR, 2018, 1(S1):
234-241.

AT, mZ, AUk, BB B TECRRER RN E R AL S HESR BT [J]. AERARIR T, 2020, 3(3):
264-271.

FRIEHM, XISCE, PEIEG, SR FET R SRS SRR B B ) REXGA R G kK ITIE)]. B RGE Bk,
2023, 47(4): 19-26.

il AR (R T AR BRI VE N1 T AL S S AL [D]: (AL A0 0], Ebk: ZRAGHL IR, 2023.

W 73, XUk, EF, 6. CUA GG e b A v b vl F5 AR BRI X3 R G ] A B A | )], W7 FAE R, 2021,
39(10): 1394-1400.

DOI: 10.12677/sg.2023.134007 81 £ it HL )


https://doi.org/10.12677/sg.2023.134007

	高比例新能源背景下跨境新型电力系统多主体激励交易模型
	摘  要
	关键词
	Multi-Agent Incentive Trading Model of Cross-Border New Power System under the Background of High Proportion of New Energy
	Abstract
	Keywords
	1. 引言
	2. 跨境多主体激励交易运行机制
	3. 跨境多主体激励交易模型
	3.1. 各主体新能源电力购售需求计算
	3.2. 目标函数
	3.3. 约束条件

	4. 跨境电力市场多主体交易模型求解方法
	5. 算例仿真
	5.1. 算例概述
	5.2. 结果分析

	6. 结论
	基金项目
	参考文献

