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ABSTRACT: There is a complex linkage between the power
market and the carbon market, with the power generators as the
linkage. The price of carbon allowances will affect the
equilibrium results of the power market, and the equilibrium
results of the power market will also affect the carbon
emissions of the power generation industry, which in turn will
affect the price of carbon allowances. However, due to the
different granularity of the operation time of the two markets,
there is a complex coupling relationship between the two
markets on the time scale; power generators have different time
boundaries when making decisions in the two markets, and
they need to comprehensively consider the coupling between
the two markets on the time scale in order to achieve the
maximisation of the comprehensive benefits. Based on the
above background and problems, this paper innovatively
proposes a multi-timescale coupling model based on the
linkage equilibrium and timescale coupling between electricity
and carbon markets. The model simulates the dynamic
equilibrium of the electricity and carbon markets in the
electricity forward market and spot market through the
two-stage decision-making process of the generators. Validated
by simulation in an IEEE 30 node system, the results show that
the model can help generators make comprehensive
optimisation decisions throughout the year, and can accurately
reflect the coupling relationship of the power-carbon market

under different time scales.

KEY WORDS: power market; carbon market; power-carbon

synergy; multi-time coupling; joint decision making
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Fig. 1 Time scale relationship between power market and
carbon market
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Fig. 2 Coupled multi-timescale modelling framework for
power-carbon market
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different decision-making scenarios
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scenarios

bR HL /(MW h)
W ey W
(=3 (=3 (=3
(=} (=) (=)

1 1
|
|

383
(=3
(=}

®2 TRIAR THERNFEHKEERL
Table 2 Electricity price and carbon emission under
different scenarios

Y5t BcHE LS i/ HAN/(JT/(MW-h))
759 1907.5 420
759 1980 416
53 1744.5 430

Yyt 2 v, BV HE IR 32 252 2k AR
IS, R RARIINLALOC G tHiE, SO A
BAKHINLA D E« F (AR 88O, [FNF, Tt
B RS 1T, AN RS T 32 AR HE TR 2
A PR 3 MR R AR, B B
3 SRR

Yt 3 R T B MU BRI, SEPRBRHRK
5 5 5 e (AL AL o o TSR 20 oK e MR AR
RO, WURHESGR R4 AL Dy E PR
BRI 2 Wb, BRHPIGREEBARILA B, C 1
PR R 2 BN . R RS e R RO AR Y
HLAIR G I S B A7 5= T R s e, BRHEIL
R SRR BCR 20 R B IR T DL S A



1456 P BT 2o )ROSR & @A 0T 3 5 iy S IBksh 2 T LR F 7

Vol. 49 No. 4

iR B H bR, (A S8R S,
Wb

Wit LA & -k T 3 i 3% 50
B WLEH 375 I [ ) 52 3] K R, st A A0 e . 0 45 D
SERRA PRI, 256 ARBARIINLA B, C. F %6
I B B R R T 35 2 AR,
P 8 B R B HE I 20 PR 3% 5% 3 AR, DA
AL AR R ST T R . AR IE R S
VB G BRHE L, (R T  IAFE AR R
7 3 B R A AT AR A, ARBRHETBONLAL B 54
BT K, BT 3738 0 RN R FRL R AT D e £ SE IR
WHEE bR [FIBS, 5 1 BBk T 35 [R5 24 R Y
L8R T )T 3 55 0 T 3% 8] 1A LS e R E g
PLEN A S OR BN A% 2 [ A AR 0 R, k15
AN 420 J0/(MW-h), BRECANAS K 42 Jo/t, SE
LT R TTI AR ELSR, [ B AR AS AR o
3.5 HRBROCE S ELEXTEB-TRh AR

R A S 2% B8R LS T T 3 USRI SR B B
HL-R T 3 A A AR, o] LAgk— PR A i 9 2
BT P T R . DA R B L A5 & 1
B E 5

st 4 (35 1 kR b, R TR
T e 200 0 PR i HE FBOE P R HEAE SR T 15%, B HEIn 4
TRBRBCA ) o Be LR TE BRI HF IR 13552

Wi 5. i 1 fERE L, KR TR SR
T T 40T 2 0 o TS P S A Ak 15%, BRI
WRKICAL e, BRI HFBOR ) 5.

U G SRR AT o L S, R D T 3 1 HE 3 DI
PR, R, R E A
bR EE S BN, BRHEBSUEE. Bt HE R

AR A

BLWER 3 Fias.
8007 [L_l g5t phrim
[ 1o 5abirdiE
7001 L B sshiris
600 ] ]
= | - _
= 500 _
: ] _
1@ 400
=
& 300
&
200
100 —‘
0 R L e
A B C D E F

KRR
El5 TEBHMEEREETABETREEEN

Fig. 5 Power bids from generators under different carbon
emission intensity baseline
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