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Abstract: Under the backdrop of the new power system, traditional generation companies may leverage market mechanisms to
exercise market power and gain additional profits. To prevent potential market manipulation strategies by generators, from a regula-
tory perspective, a comprehensive strategy simulation model considering multiple market behaviors is proposed to simulate the
behavior of power generators. . Firstly, the coupling relationships of multi-side markets in the carbon context are analyzed, and fac-
tors potentially influencing market clearing are examined based on market mechanisms. Secondly, recognizing the limitations of
single behaviors, the model holistically considers various manipulation which tactics generators might employ, including capacity
withholding, price bidding, and collusion. A dual-layer bidding model is constructed, consisting of the generator decision-making
layer and the market clearing layer. Then, given that decision variables include both discrete and continuous types, a hybrid approach
combining DDQN and TD3 algorithms is adopted to solve the two-stage action decision problem involving collusion intentions and
information bidding, simulating the evolution of each generator’s strategy. Simulation results reveal that in a multi-side coupled
market environment, generators tend to form strong alliances with competitors possessing bidding advantages, enabling tacit collusion
to manipulate electricity prices and capacity, thereby reducing market efficiency. Additionally, it is found that reasonable market
mechanisms can partially mitigate capacity withholding and alleviate market power, offering valuable insights for market regulation.
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Fig. 1 Coupling framework of electricity-carbon market
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Fig. 2 Coupling relationships between multi-side market

W, DLHAE, SEmfRgmr LT,

O, =tyP™ IT (4)

1, PP < max P,
B 0.9, P’ > max P, (5)
K. o, AEEHE R « MIETTREL, HY4H
R E; vy NP AR Po NP H
e R Iy PORHLEH S T

TR 28 FVBI 52 iy 2 R R ARS8 I 1) 230, 1K
THAR T R EA, — & B L AR A R
Yo [RIITE WA Y R Py L o i ey, AN IR
P PR, AL, a0
PR A .

2 BERMIHTR-HRESHIHRREE

b i e, IS HasE 4%, i
B TR e, KA RA SblELS — 55
FWAT KT, PEm A BRI .
2.1 ZEEMHITASH

MGG IS S 2 Z R R, %8
TR ALALIS AT 24 SR I 2 R A AR AR
o, Mg B H eREOT B s . LA H TI3K
PR F, ATAS 2] ¢ i ZIHLAL g (971 S PR E AN X, (1) 1Y
N

X, (1) =

T

IC(p, (1)) |
ap, (1)
(8, (1) =8, (t+ 1)+ (8, (1+1) =8, (1))

(6)

(2, (1)=&, (1)) +

st %ﬁtﬁﬂLZUMEgE‘HWﬁ; GET

2P g BRI ST &, (1) &, (1) 205 9 11t
ZIMLA g B B TFBRARFEF A% 5, (1), S, (1 +
). 6, (1) 8, (r+ )75l 0 I ZIH0 1 f ZIHLA g
(R EIE 2 o T A%

(6T, EHEMS S 550, Yl
PR . TCH 3 KA e AR 25 Ml e 24 1 HH T FL
R ) LR i gl e s i, RIS or
IR (= P IR TN U7 /5% L o DR DA g i
() M WLZE LA i BRALA D H A 5 A 67 o feg e )
B, RSk, YR LA B S e E A LA AR
M BRPLARS , a2 B I A

X FA 2 KEENTY, 7EHIAEER
WA HLE T a8 R A A& L 2 18] AT g 38 2o 15 e
WRATEE T 77, DL E 3L R Sy B s 5 5
fh R R SEMN . AEAS S M ALE] T ALA I a5 A
SRS RIS A o BRI OL T — 5 RN LA
AR A i B R38R R AR SRR IR 25 o P 2%
WA, AR 2380 5 H E R s A ML Bl R R s
(IR RENE, HEMIE 1 A% Lo, 380 A H 2Rk
Ao YHEIN A L SRR S AR A A L SRR, AL
AN AR S . D — 7 T RO 8 T R — A
WRHE, 2l ol 2 (W o e e B e i AR i 25 o
2.2 KHEBERRED

BT 2. 11500, ST -k T3 T % R H R
O AR SEN B MROAZERA, nE 3
Fis .

FER R R, B R ML A &
Al R ISR Bin, EREARTNESEGAS%E
BTG EBPSRE RE R . AR S
B, IS BRI E R N R S, NIRRT
B ORI EBEE S RREAR, DS RN
HAREAT T, R iR MRS s, BHEmRsE
GASE B, IR IIES RS K
Fi. B TEEEAMAEHES, KR R Ay
M A L R, T R A R R R e T R LR Y
R T H i R
2.2.1 L2 Wit ok
2.2.1.1  HREXT R R A

WCEAE HATHEE R 4, w8 SO R



50 FEITRMEEA

%20 &

3 N

( o N
IZZLHliﬂg:

| B
BT R D) e CI
| ! :

| @8

|
|
|
|
|
o
|
|
|
|

p—
< o v ]
i T N g T P e e e J e, ey
.

I

Y

o eSS
| || Mg S8
=% KHL AR o)
% »%@igﬁ-*m%m%<{ﬁEW*
B SIBA B/ N A

T Higi
3 AEBEMEIIER
Fig. 3 Power generation auction model framework
RS A TR I 2t — 50 T ARt i g o, AR
AN S BT Z () B E R T 1), ERLA IR AN

vg:[ﬁl""uBG]T (7)
M=[v,v,,,v,],YgeCG (8)
K=M-M" (9)

A v, WK ¢ B A L £ & B 0-1 78
W, NI1FREE XA ERE S G RHER
Sy MO R AR R KA M A MT
CHTERR B IEAIRE M, MR, MK, =
K, =10}, WL ER i jZ S IEEE
AR R R IR (10) Tl s
R™™ =R, + &R_, (10)

A Ry E RS KR ¢ MER AT R, R,
G R g Fi—g 3R R R A LRI R s T g
FonH g BRI & IR R, T8
FEI7EC0, 1]IX[H].
2.2.1.2 A HRE

S R R AR A AL B H O e, AR
— H AT HRRAZIEIR B oK R A A A
HLSREE SR, 15 H AT SR R ) — B

WRAE(5), B 21 A s 2™ A FR
FHL, FEARICER , DRI G 7 7 B F I S B
BRI, 2

min D, < Py < max D, (1)
Pmin < PE:\IX < Pmax (12)
geapeeitor = PSSX /]3mﬂx ( 13)

K DR IEB R R Pons Pon 70

AL PR/ N K T 5 as o S m AR
2.2.1.3  HIfHRAR

PROT T 3 B0 K 22 FH R AL sRBOR AR & H
WAC, .

C,..=ap., tbp, +c.,VgeG (14)

Kb a,. by o SR AT ORI, — IR IR
HWRINREG p, LA R R

BEAL R = Bt , ARHEALAL s iy i g IX
B[P, Phslsrh BBEAS T, 5T HSL PR AT

PAREL o R
Po<ph,<P..YbeB={1,23} (15)
B
Pei= D00, (16)
b=1
A= al ke (17)
l<al<al,., (18)

Krf: pb, WEBRFAAES b BRI AL,
AL R A b B LSS A RO R s ol N
WA A RBCEBR .
b AR DL A e HL R S R AR B AR
PRIER
max R, = ipg,,Xg,, -C,,+0,-C* (19)

L. o, WFEREABTE, mN(OHFR; cN
T3 Ty AR .
2.2.2 TR g HE

TR AT . kS M P
B, TR B A A, DlEo MEALA Y
P RA R HR, BAANT

min > 3¢, (p,.) (20)
S b= DiA(D) (21)

g=1

Py S Do S PYie, (1), &, (1) (22)

g, max

_Aggpg.t_pg.{—l SAg:B_i (t)?é(t) <23)
NG ND

—F"™ < zlegpg,[ - zGl‘dDd,r <FM (24)
g=1 d=1

X DORTE B R G A, A HLAL Y IS
s Nao Ny 205k % AU ML 160 7o e 107 9 95 258
By M W RFNER KT G, ,. G, 45
Ay %% HL ML 97 167 355 6506H I 9 GSDF 4R B . 45 A =
(6) TS5 T5 Ml s TORRTEERE ;. G ok
BB s DR TRECE: &, (1) Fle, (1) 5300 R HLA



5 6 1]

W, 45 AT -T2 BRI B BT A AT S (1 L 51

DR LT IRARKE MM 5, (1) 18, (1) 551K
DLAH I | W3 2 T B 5 T A

N2 3T 3 25 T R B ML AL B HE i
A

T
C§O2 = ( ng.tlg,t - ng)AC (25)
=1
M w,,

e ARG 1, R o B BEWLAL g HRRHE O B ;
Mo 0, AL BY SRR AR AL LU sk, B
TR Moo, M3 R — S AR RN Bk 1 B JR o2
s w, AP 2000 R R FBRERE

3 E T DDQN-TD3HIH M EZ KR &

3.1 AMERBEALTERRIFMEIGE

FITAR ) 5 L R AR A T A I3 | R — M
S E SR R IR A S A 8] B R n] R o i
P o R HL RS — W Bl IHAR T 3 440 g4 AR
BEXTG, HEECREE, RN BB E SR A
R S R X R G Sl 1R A R R
i B — AR SR A2 2T SE LUK A

I A SR F BT FE Q M 4% (double deep Q
network, DDQN) Fl X SE iR ¥ B 4y 22 1 O w6 i
(twin delayed deep deterministic policy gradient,
TD3 ) FH 4G & f0 W B B 280 BEAT 5K, K s o L2
W MRk, - S TS NI, K
RBTRISIVE N {a,, A}, PATT A5 R ALY
RGO N 2RSS, DR R e g e,
P BHEZR AN P 4 BT s o
3011 Al gk

F— O BEah R AR B A /R AL B, SR AT DDQN R
TEALPEES RO SR SR, 51T XU 45 “BL ] 7 7
SR PR ELAG T ok S it Q fELAS T v 1) 1R
OB REIA B E AT .

DARZE AR, AT 2 s B A A Shari
L WaR S R RAE LA ¢ B — B B i AR
&S, WHHLTILE.

S, ={7.A%D,p,.R,K} (27)
2)hfEAs Il 56— B Bedim th s/ = (7) iy
FR e A, B
a, =v, (28)
3. I THLHME G S SR e A

( 1R2% PR BL=(r+r0-0) )
0 Qt {L%)ffl‘z&‘ﬂﬁfﬂi

——————————

} dE g | — B
i Target i«l}\’ﬂ»ﬁ[ ! . | - N

N N

] _Critic-1 3} f/METDIR 2%
_________ X e —————
Critic-2 | Critic-2

4 TR R IRRAEHESS

Fig. 4 Framework of two-stage filing strategy

REfF 3], TAEAHE BB, B BN B
Critic MZ& 1Y Hx QfH.
3.1.2 HEH5MMIK

BB AR A RS R, R TD3 A
FEHARRES, %A LT DDPG R, it XL
Q M 4% FIAE IR BF 3 22 f# 1 DDPG 9 Q i & 4k 111
W, BB R E T

DAREZS ] g R S% B B4 &
YEREE — B BERIR ACIRES S0

S, ={v, A, D,,p,.R,,K,a,} (29)

2)ShifEzs B, 5 B B h VR 6 25 2 AR AN
R 2L, WA, =[a,, a,]. Actor Z&% HZRH]
Tanh pREL, 15 x Bt 5 2 6 17 908 BB My o B4

x+1
a, =" (30)
max __ + max 4
a = (A l)x2 (A 1) (31)

3)KJih . LA HERZ A SRR R,
B A VIl 25 R AE b HAw, st (10)—
(19 i8R
3.2 #HEZiRE

PR B 2R R N 8] 5 0, A3 1 R AR 3R
AT,

DRl B RANE BB, WItRfbri 2



52 FEITRMEEA

%20 &

Rz, BEBESE

)AL H. . RYE Y HPIRZS S, 74 2 Bp i i 5)
YEa,, FIHABMENG —rBORE S, H, 40 Actor
W2 LR AR BIPE A, RIS AT ST A R A R
—IRZ, R TTHAF AR R

G TN T )

v
| WAL PIG BT |~

- [ R L WA s e,
¥

1
| Bk, 13 534,
}

|
| Hoa BMEE_MEERES, ]
|
|

| ARV h1E {a,, 4,)
!

| AT G |
!}

| 84, %5 Ememory |

step i{F>num_stepffL

=]

| D3k 1% |
1o
| DDQNFi 114 |

H

TE
[ {#/DDQN. TD3Hi! |

5 WMEBREXIIZGRE

Fig. 5 Two-stage algorithm training process

)M BEPLRAE R 25, 2l
FHAS B B9 256 1 1 25 58 M 26 280
TD, fifi RS BE T 3 58 5 Critic W25 S50, Y1145
Hbrh
minL(6,)=[y - 0(S,,A; 6,)T
minL(6,)=[y - Q(S,, A5 6,)T
Q,=r+vymin(Q(S,A"; 6,),0(S,A"; 6,)) (33)
AP L(6,). L(6,)H Critic MZ 2 sk %k; 0,
FHEE; 0(S,, As 6,)FQ(S, A; 6,) 55
JHIAS Critic [ 48 %R 4 S, FEh7E A FFAk 1109 3h 4
WERE 0(S), A5 0)FQ(S,, A5 6,) 55
X AR S, H ARSI A AT SR A R
B 0,. 0,535 WIS Critic 28I S%50; » i

(32)

HF5 S0 A5 T —fREFRIE B br Actor X
U IR IE
Actor 18 136 B [ - KAk Q 1B K 58T Actor ]
w3, N BrR -
maxL(¢) ==Q(S,, 7 (8,5 ¢); 6,) (34)
KH: L(e) M Actor (IR 5 o AL SH;
a7 (+) A Actor 2% 11 SR 73
DDQN fifi FH#6 B T LR M 4 =40, H
Frh
minL(w)=[y - Q(S,a,; w)T (35)
y =0+ y0(S],argmax,0(S],a,; w); w')(36)
K L(o) HPRREG o, o 570 TEL N2 F1
Hir &S50, S| R SAE a, 15 810 F —
KA
AMRFERRY  ARAENN Rl BRI R A 704

4 BB

R AT L AE AN [R) SR 2 & R A2 £k, il
JHIR#E ) 575 sl R GE AT 580 50 A, TS Al
DL R PR BeR ik 801 43 51| T Gurobi 1 python *F- &
T 60 5T RGN AL

@— L6 _@
e

G4
Gl
L2 N
L3 Ls
G3
1 4n]

GS N2
E6 5TRRZERIH
Fig. 6 Topology of 5-node system

WHE 3G ST, TR AFIEAE
AT S, (AR T, B2 &~
FIEF MBS T, W53 AEEm
TS T . SORE 3R TS B R AT A
A B, KHEEHEEENEE R, X2,
Marsafh, KR A SR &SR K BinS 55
By B3, EAHESE N RS, LIS 26 F)
i e KA H xR
4.1 AREH=EXHFEMNHFND

WA ML Bk B R A S A T ARAS, 4331

¢




% 63

W, 45 AT -T2 BRI B BT A AT S (1 L 53

TR 3R R AR T N R A, 4R n1E 7
P, AR T AR K RS R 2T
AT ERIA, f&m 7 RmmA, SFECRERM L
Tte B8 /R T AEA RN FIBCH T BURETE B 11
VI oras, T LU R B A L T AR fC A L
b, AR A IZ A LI, SRR
The B 3R RN LR, A AN ST
HLA L PRISA 8D, RE A, — 2R EX

FEAR T HIE Y
460 350
i i/il%l
e | A\
— —— g 300
PR 10 ,\P,/\ i
= \\ N 250 2
g 430 /// \»_%\::? \»._. b=}
\_ {E/
= / /L 200
i 400 »—»—\ b N4
3 NI '_/.4 150
et
380 K»—(
3 6 9 12 15 18 21 2419
#/h

E7 3#izmsTHHENEIIL

Fig. 7 Comparison of clearing prices in 3 scenarios
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Fig. 12 Comparison of clearance results for modes 2 and 3
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