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Abstract

This paper focuses on the study of virtual power plants (VPPs) with a high proportion of renewable energy participating in power
spot market and carbon market coordinated trading mechanisms. It constructs a multi-market joint optimization model that integrates
green certificate trading, carbon quota constraints, and electricity-carbon coupling price signals. By actively introducing carbon
intensity constraints and marginal carbon emission costs, the emission reduction benefits of VPPs in peak-shaving and valley-filling
as well as source-load interaction are quantitatively evaluated. A stochastic mixed-integer linear programming model based on the
objective of maximizing comprehensive revenue is established. Simulation verification is conducted based on typical regional power
market data. The results show that the proposed model can effectively improve the dispatch flexibility of VPPs in a multi-market
environment, providing a practical path for the electricity-carbon coordination mechanism under a new-type power system.

Keywords
carbon trading; green certificate trading; virtual power plant; trading mechanism

BB S ST SRS BERR

K E
SHNPERLE R A PR A FIEA A ), HhE - BN BETT 551800
wm =

ASEEA R A B T F AR EI ) Sl b IR T G Fe sk TG R AR, MERRERIER G A R
WA S NHAT T S TG IRAMACKER , BB TINBIR LR BFRAFRA, SHIFEVPPERIERS | RITE
PR RS, A TR AR E R KA B AR ALR S E AR AR AL R T8 A RIRd, 7 5 28 TT Ry A AIE,
SRRV R ZIRZVPPE S THAL T RELEN, AL RET La R AU R L ERIIZ,

eS|

R Sy BRAER By AR5 G ALA

5 SR O AU TR, AL b o -
IIF - BE= T4 55 BXE T VPP BT . WHERE R B,
WA W ERR PRI i
2 RIS 5HETHZ S IE 5T
2.1 BB 25353 S HIRIE

FEHI R RIS BB R RS R R TR A, %
PRI, KUl EREREE . RO . AL
SRR, MR TREREDRTTH . HALOHL

15|18

EFA RGN ET =T, S mA A HAEER
FRHEEE AW L A R 1 . RS P T 2
Ko (BT LRINELIGEZ N, . GRS EEIE R |
Al G M ABRE BT D BT T, TRERZ AR AR R
RIS 295, ReAVH) ( Virtual Power Plant, VPP ) i1
S S AR, TR AIRRE DR R, AR
e ARG TR Eb AT AR BRI INTHANRE T . 4T, SRIERS

SyBLHI2% VPP JE 1T A] B A= RRIR B DT H AN ST SR B T 1L
%, WHERBAEE 2 WIE I RRA AN LS | S IRBRIE R o

RT I, AW VPP ZERELTY . BRETY . 2
RTINS TTHRE R AT, WIS EIRACAIZTPR . SRIE

[(fEZE‘NT] AxE (1977-) , B, PEFNEXA, K
&, T, MBERGTHR.

HTE T B BRI PR LR, KA, AR
U3 M AREIRL LA RTRRE | RISZ B RS IR, M2
SRR LZNRREN, A%l i ey e
e, TSRO, ., R SOEEREARSS,
FERRE O S L B AT AR RRIRRE A A& RIRE ST, SRS
BN SARFE LR

2 5%, VPP RIRARGL &L, HAli.

217



BASEEIRAE - $£03% - $ 09 - 2025 £ 09 A

BRI . T SERPEETTIE 2 RIS SRR,
BAEZIPE IR, P B I ah X Be:;  H AT
Et AN A HR SR, A RSB as i FHBIAR S5 |
& TR BT KN IR LA B, RS &
KM SER T S U THE TR 22 RO S A& PG 2
HHAE G S PIR SR IRR R T, VPP B Z i)
FIRMHUE], LREAIlReEENE. FHBIRSME, ZEN
{8, AHTHEE - IR - IEPD R RS B DT R A fe e B
& (BT .

BIPE

Sk

EV

BE

Xt 5
& 4\%

EE

E1 VPP REE

2.2 txhinx H1EE

AR SCEETHE o B ER e P i R 4D ) RRAE B B
BUH, RS HUAI AR B = H L2 A SE PR BEIAGR A 1 0
bb, HHES MW AGRECAS, B RS AT 25k
RS E TV S B S e r:, Hasf T8t
L, ERZREE AN AR A, SRR NS
M, DR PR G T R R AR RE T . A
PRI S 5T S — 38 5 AR Y

Ner Ncnp Npog
G =ce| D PEL(A=D+ ) PEIP (A= Dp) = ) GEEC
k=1 m=1 n=1
(1)

Mo, CE R ¢ I B R 10 e TR B AR B v A
C. M EEHE B 22 S k& (I8 #CO,) 5 Ngps Newps Npog
SRS AL R L S B ARG
PET. PCHP S i WL AL AE ¢ B 69 Sh i 1 (MW
A~ Ay Dk HOBOAT ki T HE IR B (tCO/MWh )

218

Dy~ Doy HBUN BT RHEIGR BB S RO B AL tCOy/

MWh) ; GP2025% P2G 3B 1 ¢ TR IOF= SR, S
fTrRARICE: (1CO,) .

| BRSE | | BT | | Hith5z |

BB R?

B2 mZH5&E

2.3 FIEX HHEHR

SRR S HLHIE A BT A= BB IR BOA I 1 A 252 15, 18
AR CERBERGE FEF SIS X i, AR e
TRHITR ST RES P A BTSRRI M RER R SErh XU L o
REERAEIR, ROGBELRERTTIINGES, Wk s i
KR ISR — 2 S A, TERON IR, i
ALK AT A= RETRUR BRI EREME , IR HIRE
HEARA AR, SR EAE RIS AR g 5 P,
BA X 45 i WS SHIE B T AT, WURE TEUEST,
RIFTTBARER:, HEHE, B B R T
BRI, (Rt F A R ISR N L RLE, HESh T
ARG T IR R G, AR, A IR
B TR AR IR AR

A SHIEAE S HLEIRACRERIER T (VPP) fEth K
&R BN, ZOFERA:

vep _ VPP TPu
Teon = T[G + Ton

e, nVPP SR B 5l T IT e
AZEM (5 KWh) 5 TG AEFERA TR, etk
A R % H BT T ST A8 B SRS M I 24 s 5
RrE MRS, RSSO E; mllt hR e
AT B RE R A ORI ARSI
BRER A S . Aettn, < nd BIASHERN-Z 7
LLIEMN T ERRZITR, B E PR R A 55
il

(2)



BASEEIRAE - $£03% - $ 09 - 2025 £ 09 A

3 EpIla
3.1 EfilizAA

A THIERTREH, - R - UED ERZ S R A ke, Faydt
ESBRENIAL. KB, JBIR. 100 MWh Bt iERERYREAL R
B RS, BEMRM 20 /t. ZHENH 6.9 (MW - h), &Il
SEMHES: BMEEETT VPP ITIET, RESHEI
by 1R RS | AR SHLE], B RRA A A
SAEH T BRI AR . SHERR 5.
32 ZERSM

A TEARR AR TS SR B E] RETA

ISEN, AR (B AR T (TR .

CEERLERIH, MBS . SHERZSHLHEIARESIA, RS
ZHH 7 h 2598 MW - h B 25 &5 2329 MW - h, RPEIEEE
BE] 10.4%, RMEREALFARANF SRS T, nH
HEBETE H I HL UM 982 MW - h #2F1 % 1320 MW - h, 1
E 34.4%, TRBHSHIFI S T e, . YGRS BRIEEE (1
P B,

&1 VPPHIAREER

5 X BESHUVAR D AT A SR
- Z 510 (MW - b) MW - )
1 e SHERS 2598 982
2 NEEmR5 2532 1199
At 5SS
R 2 ’%ﬁﬁ SERIIE 232 1320
5
3.3 VPP U

AT RGN 2 TS S BB 5T R &,
Pgias - BRALE KRR (URER) o 5REH, B33
(A ZEHTZIERIERE S ) BBl TR % 15.80 1355
IG, BEIEE 1R 2 ORISR 3.75% . 1.88%, - BEJE K 24
EI S5 P A BRI PR RS, A FR AL S W,
TR Z BT R A R 1.03 J7 R4 0.26 73670, NREIRE
74.7%, RIS RIS A BRI R Eh i . fRAZ B M

0.25 JT#2FF 45 0.52 J3E00, SHIEDIEL 0.79 3600, HEANS
Weairh 4.78 TTHIZ 6.67 170, TLHIEMLIHR . SRIEEUGD
PIEVERITR, REA) FBHE N, SEREER, A
SRR E (LA, BRIIEr, - B - IERR AL T
BN G

*R 2 VPP gz
1 BITERA  EVERA WS SlE SHPkEE i
= (") () (57) () (73)
1 16.52 1.03 — — 4.78
2 16.2 0.58 0.25 — 5.68
3 15.8 0.26 0.52 0.79 6.67
4 25

ISR, - i - IEVR R A SR 3 b TR
SN sl nT B A BEIR A ) RS | R1E
Mo (HELREH, XiishEMSISmLAL 1, $2
FERER . SCRIEAKY:, FEIRASORE, FhBE IR
I ARG AS ST R AT . TEACRITST T, FRit— P SR
TS BONLE] . SRIESH R E SN At
RSB RRE, DUCEEN B F2INRREE N
AR
S 3k
[1] ghEk. i 25N SERPHE[D]. fedbhm iR

AR (05),2023.

[2] AT, VR PR AR R R I S T A Y T R oY

[D]. Ak s R AR ) R (dh77),2024.

3] kel B S 5E--RERE TR SLH M SRS

F5[D]. 7 FA AN K A2,2023.

[4] TR 5. SRS S NIRRT 2 5

Se M RTIRIE SRRELT]. BIRER 7,2024,41(1):152-160.

[5] ZRUkfE 2, T %, EN GRS ZENH migas s

WLHIFFST[I]. HRE L 17,2025,45(2):129-136.

219



