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Value Function Approximation-based Bi-level Optimization Algorithm for Strategic Biddings
of Power Suppliers and Clearing of Markets
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(1. Guangdong Power Grid Corporation, Guangzhou 510699, China;

2. School of Electric Power Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Aiming at the strategic bidding of power suppliers and clearing of markets with carbon and green certificate

trading, a bi-level algorithm based on value function approximation is proposed. Firstly, a bi-level model is established,

aiming to maximize the profit of power suppliers while considering pricing constraints, power flow constraints, and car-

bon quota constraints. Secondly, a response surface method-based value function approximation technique is proposed,

which can transform the bi-level model into a single-layer model without introducing integer variables, enabling rapid

computation. Furthermore, the response surface method-based value function approximation technique is improved from

the perspective of compactly supported smooth weight functions, which assigns distinct weight factors to different sample

points. This addresses the challenge of accurately fitting non-smooth value functions and enhances computational preci-

sion. Finally, simulation analysis is used to verify the effectiveness of the proposed algorithm. The simulation results

show that the efficiency of the proposed method is more than 3 times that of the traditional bi-level algorithm without loss

of calculation accuracy, which provides an effective tool for clearing of markets and the strategic bidding of power sup-

pliers under coupled markets.

Key words: bi-level model; value function approximation; response surface method; green certificate trading; electricity

market

0 35

RIRENT H 2 28 H A ER A ARARRE ), FRIE T
2020 SEHEH T “BRiANE. BRPA” HbR. BTV

HEeEPME: EXERBAEE(S1977081); T RAEMAERIUELT
FH5 35 H (0300002022030201GH00033) 0

Project supported by National Natural Science Foundation of China
(51977081), Science and Technology Project of Guangdong Power Grid
Corporation(0300002022030201GH00033).

VENBRIBAR Y 27, WM T IR R A &
W E AT HLH A SR XA R T, RE%
Ja SR SR IEFS 52 by T 37 A0 4 [ B HE IO SE 7 T
Yy, R0 5 AR RE IR K RT A R
K. BRITMEAE T 51 NS i
WA — 7T, BT AR I, ik
BRI T3 1 IR Y, SO A R



4876 i LR AR

2024, 50(11)

Rk Wbl —J7H, ZRUET I AR IR K
HURE SRS 1AMt B2 1 R REIR I T 3238 5 7
FERXFPTE RN, AR AR 5 1S AMH 2
JEHITIIZ IR E, 25 &I T 3 AN SRk T 377 1)
S, SO — A H-BR-IE T 328 & R B DAL R SR 1)
%1;[4-6] R

W H AT BRI HEE R A AN T HERSE,  H T
Yy SRS AR T 37 0 R4 R T 3 2 A S AT
MR R TE 2 BB 2 (1 9%0E . FERLRLJT T,
O B TUR] 73 8 JR G Bl F) A A R — A A A Y
2 Ko SCHR[7-81R I R S8 /1 i HOOTEX R T 373
ZRAIE T 3 A0 o 3 T 3 A2 ELAE AT T A
PSR i o, B RS A TR RO R 92
RT3 AT, e LA 7 3% FEARIE SR 28 S KA AT
DTG IR R, Gy SCRRR H — I AR R AT
WHFT: SCHR[OIEE Tt i R 4 Blit, W T
MURPEALE T iR Y s SCRR[1018E 57 1%
JET] FR AR REVERRC AU A2 . KBRS AR I P B
HRUR TR IR SCHR[ 110 55 Sk e S 20
G, MY B RBEUETT M R T )
PIBT BLR A R R . BRI TR SCHRR Al
B BE A LU L T AR SRS AT 08, (H T
Tt AT 1 K R (U 25 FE IR 2 R %),
DR L P #5245 R R] e 5 S B B ) T 338 AT R DA AR A
KiZE. Lehh, XA B — G5 T 1 BRERIE T
R ERT T T BT W R, SRR AT R
RTH . B IERR S T IS

FESLRTTH, J T A BB R i) R LR R B
573 O 1) AR b — A 2 I BOUZ R AL 1)
R, LR 10 25 B0y 9 R R SR BRI AT 2R 5
Hrp, BReRRREd I R G T B R
JEIEACKAR . toln, SCHR[121R APRL 7 SR g
B R R R IXSUR AR, 8 A s
A B A LR SRS 5 T I S TR R e, B
B AL SCHR[1 3138 T ook WUTE B35 i
e L A e R R SR AT, JF R BEA e
TR RIS IR R T AT 1k SCHER[14)45 & e P skms
TRAF B R IE R X R AR SRR T, M
BAEFVERTLRE ), AL Z RE LA RGN
JERATRRE . SRTMT, B RESRSEA R T S 0 4L i) Rt
MBI . RN, 2SR R
REMH T2, B ABNR IR frT7
RIER L E BN R RO R SRR A A N R

BB EAT SR fifE o Horbr, SCHR[16-17]48 A Karush-Kuhn-
Tucker(KKT) 2 B ACT 2 R, dEirs i
FZAEZR MR ), (EZEA SRR RN R AR,
Fasth AR SR =, B S EBCRRTHR . 3L
BR[18-1911E Bl 111 ek B0H XUZARAL ) U A R T 20 R
AT AT SRAFE . SRTAT, 17RO T 11 R
IEHL, TR RANEANBIETHER, KK 20
AR, R RIS ENRZ. SCHR[20]
I Kriging #E R JZ A P s 2
PASEI 2 A ) R SR e, BT 45 R 5 HL Sk gk
RAFAE—EWE o

R EAR, W R 7% (response surface
method, RSM)BE A THE AR E . & B 9 1 47
RS 2T REE AR AT RS SR R Ry ey 182 s ok
TEARFREORC R, B | AT IAR AR E YL
B AE LASR ARG 0 8. H AT, RSM CUIE HL Ay S
WRE. BENLRERE B, AR R4 S it 5507 45 21
BRI R, R X ) JATS J T B E A A i)
AKX RSM 1E LT 7 RUZ A ) f e (AT T3 AR
ARIE o

T 5T, ASCIUSR ) — i T8 R o ALl
ISR A EE, DLSCHLH-FR-IERE & K LR
Wr 5T i R R R, EEAH R EFE: (DA
AL BR B AIZ — %57 37 B A B0 A BRI AR AN S5 T 37 Y
TERURAAL ) AT KA, AN BBAEGFETINEE
HAes, MMERAEEmITHRRE: QERMNEL
I B R E A FE T RSM BT kit , oK T
SEHUE RO, TR AR T DGR Bt R T
R

1 RHEFERERNSHHLENERE

AR SCHITE RE IR H T SR R K T g LR TR
AT OB — AU [ R R AT A, HEAEZE I
K 1R 8 LR, Bk i AR AR
KN HARdE AT b, AR 2 TR, R
R AR H T, SERT. ST
HE, AR L R AR AR R RS
Kk gy BRI R AR, HE
i L IR A

AR HL-BR-UE AR 15 58 R AR SCHR[4, 9, 23]
o XTFRTT, BCE BRHFBEAR ¥ HL R AR
T3 SKNBRBCAN, TR HEBCE bR A R AR A DR
FERR T S RGBT A 30325 SCHR (4100 77



Ve 25, BEESE, ARULE, S R TEHRBGL AR R G S T 1S 2R A A 4877

9= SR TR AL E R, SRR
4 4 ! i
| | v |
B Huimiss SER T SHET % SEATE G
= ik i HiE Bt

Bl R R SRR AR AN 5 T 1 HIEAE 2
Fig.1 Structure of the strategic bidding of power suppliers and

clearing of markets

X Bl mMIE TS WY, WSS LAY

NS I . GHET IR G ST

KL, FEWSCRER[23]), A AR

1.1 EEER
WFRHER, H EERNES AR ] R

min(—(Rj?A +RY 4RI +(1-a0)RT - C, )) 1)

R =20 D Aoy PO )
teT ie.Qj
R =3 {%Z D Aty (B0 = PINO)AL j 3)
weW teT ie.Qj
TGC TGC ATGC
RI% =2 70 O 4)

weW

R =Y 7, A7 [Z D (ES - EG*)E,‘EI,;GNJ (5)

welW tel fE.q
QNJ@

C, =2 {%Z > (a (PO +b,PYC +

weW teT ieQJ
1, jen®
@=1 9
0 ’ ] S .Q
0[5 =>"> PN ALV w,Vj e QFF @)
teT iE.(Z,
o <a, <™ Vie Vi 9

s RPN ORI 4RIk R 7R H AT RIS
IS RO AT AR BEUR R LR j TERIE
AIRss RS LSRR j eI i
A C R MR OHLALIBIT A o BT ARD
AR J R B 5 REN, BUER 08 1: Ay ),
S H AT b A AER B RARR A BDMC
i 1 3 0 R e L AL @ 8 I BE ¢ R bR

Ao SIS TS 115 S50 2EI7 5 0 L Bt 1)
AR PYC s s R L i B
o BB ERA R AT N 0 FEAERH

s O AT ARIR A LR J 16375 @ 313N
SRIEECR: ACT N St ECT BB AR
HUE RZMG EC AR AN BRHDRN T o, N
REMLAL R Bt (MR A o™ R o™ SRR
HULZEL ¢ FRAN 00 R PR PR %, AT LR
Bt QN N FABRIRR BRI ES: o™
LGRS s 2 R FRE j BIHLAA
B E: 7, N o RN W NG
SIS T NFTE R BRI S .

H A s () B /M R B R,
HATii . SCi i ASaiE i (S0 i 34) 1 2
AN R AT 2. K(2)—3 (@) A& T KA
B B RS 1 BT R R . (9 R B TE H i
FSE AT AR B FBRZIR
1.2 TE#ER 1. HEmis

H 1 117 3 i LA otk s 4@ R s /N o H bt
TR, A

min (Za@te]‘;‘“ —Z/ld,,g,'?;wjm,w (10)

i d

S RN Y B, (67 -0 ) -

iew? e (11

Z I-’d[,)f’D =0, Vn,t
deyP

BGmin SB?A’G SR_Gmax, Vi,f (12)

P < PPAP < PP Vd 1 (13)

B, (80} =88 )< PI™, Vn,t,Yme ¥, (14)

—n<, <m, Vn,t (15)

St =0, vt (16)

Kere Ay, JIGRE d TERE B ¢ BRTE 0 Ay s
R LA R A P AT A b S
PRIy PN 9575 0 MG T 5 M B
S B, N R R m 2 )R S
PPN St di d FERS Be s bR ARy O A HRTT
GyebAT s n ER B RS Bt N e m
L B TR LB, PO L PO 435K
M3 R LA | FE B I B RERs P
PO SR AP Bt TR L RER.

H b7 B 3R (10) A /M AT 732 10 5t 2048
Fl; 2R N RS EIREIR LT AR(12)
AR LA R b 1 A L AR R IR &
R (13) R ST A 7R R IR Ziak(14)



4878 i LR AR

2024, 50(11)

B PR R B S T R AL BRAE s 20 B aR(15) PR 149 25
A BRI, ARKAOME R 1 ASH
.
1.3 TEHER 2. LRHif

SEW T35 R T AT AR RE IR ATLAE W ) B A
EVE, FRid v E — A SR SR LA SE R )
S i m 2R, 5HRTHHIL,  SER T
W10 I AT T AR N

min (Zai,,eilf —sz,t&‘f,&?}m,w,w (17)
i d

RT,G RT RT
Z E,(u,t - z Bn,m (5n,a),t - 5m,a),t ) -

i mew N (18)
> PN =0, V.t
de?’”D
Gmi RT,G Gi .
B <B, 7 <B)™, Vi,ot (19)
Dmi RT.D Di
PSP <P, Vd, ot (20)
B, ,, (55,;,[ s ) <SP Vn,ot,Yme?)  (21)
RT
-n<96,,, <, Vn,o,t (22)
RT
0, =0, Vot (23)

rhe PRI gt d T @ L I B R
SR St i Y o AE R @ | B e R
pomes P s S T R LA | 7E 5
o 300 . FHR.

1 B8 A5 (1 7) A N S 1 30 ) 67 24
Fl R8N R BRI L1 AR(19)
S T 3 R LA PR R AN TR
YR ROV A AR b R Z0s(21)
TR B A Th SRS RS PR 205 2R 22) B 35
R E IR ARA@ME TS 1 A5
A
14 TREER 3. FiIHH

GHIE T 320 1 1L 375 AR T i3k g

TGC TGC TGC TGC
A, =ay, " = p, ZQ;,M (24)
J
aTGC _ ﬂ{;[GC (25)
16¢ =
B =A% =02 ) 1oy Q) (26)
Oy = dZRBzmafo 27)
"t

R o9 B NG TR G LR Bk B
FHs A0 MO XSS A AT 58 U AU 55 1 11
Tkt 0,0 i H A, AT LAARERE D sh8dis it
By py CCNELEIELGE;  OF NERIERI K TR &

Q4 T R 1 SRR T SR L R

s LA (2SR SRR 1 B e b BRI L 55 =
PR TCVE 578 B HUE 55 1 R TR A 230, 293 5K(26)
NSRS T SRANE RARRER, w] e BCA LA A D
SR s AR QHH TR R K
ZRIUE T R

2 ETERBULMBKERER

WECE BF,  FREE R i B AR
R, 55507 Bk M A LR . AT
FRYEXAN T, DT R e — b T B O L
SUEHEAL S
21 RIS PRGTEE i

SRR IR, FHE R R U PR 1 B S
A

min F(x, y) (28)
yeargmin(f(x,y):g,(x,y)<0,j=1-J) (29)
G, (x,»)<0,k=1,--,K (30)
A x By 53R b AR i e A
F(x,p) 81 (6, 9) 48504 FEMAL I R B b
B G (o p) R g (60 0) 43R L TR AL i
(MZIHAE; KA LR LR A G J A
IR A i R 20 SR B

ST RUZRAL W, fEgJ7ikiEE KKT %A%
BT R IR 30 002 1] R e g 2 2 R
. B IXRD AT T R SN KB A
SR AR B, A, ARCEIN o R R
KU, ot BB T _E R A i 5 R AL
B R I 2 B A B AL B, K
BERERN:

() =min(/(x.y):g,(6)<0,j=1J) (31)

HRHR SCHRI26], 36 T S J2 D 1 A #
K45 TR () R, T A B
2, R ERR R S 3R28) B, R
[ 240 A T 2R
{0 /(%) < (x),g,(x,3) <0,G,(x,1) <0} (32)
22 £F RSM HESRBIEMEA

T T RO B SRR S, i
i 4 J2 1 L2 75 5 06 02 4 B e T 5
ERR e o SATT, SEBRAOME BRECR KA, Xt
TRyt H I M B 5

AN RSM HEATRLER SO . 1271



Ve 25, BEESE, ARULE, S R TEHRBGL AR R G S T 1S 2R A A 4879

LG 3 AMPIR: ST AH BB S5 L SR 35
PEAME T 2 2R
2.2.1  FESIAH R HL
FEMR LT 73 s a] DU 9% T4 AN AZ &Y
1EAZ 22 T B H R AU R AR 2T, FEA S,
1B R (@) ARFA 2 AR FIME S5 RO bR s i
N o RS K BRI (R oa) HRT
AR R o {2 ISR 2 ) (a) LB, Bl
o(a)=¢"(a)=2 dig(a)=D" (@)D (33

leF

D=[d.dyd, | (34)

®(a)=[¢(a).b(a). 0y ()] (39)
Xt @ (a) NIERUEEEG ¢ (a) T2
FERE; FONERBWES; & N2 IR
¢ (@) IR RE s d, R 1A 2 3503 B 50 &
B D NFFERE A, MEIRERE; NoRVIEEE k%
T3 R BT S AN E
RS, SERBES F ol s N 55 M
NAR & a FH R 122 2 WA bR U5k = . %
FERVI L R 2 U ORI R 51T, A
K@ IR ES F, /)

F={#(a)} =

{{¢’:1 }:;0 ®®{¢% }:;:0 |gkm < Nc} (36)
{¢Z: }/]::=0 = {1, a,, 20{5[ -1, 46!31 —3am,.-.} (37)

Ko a, WER @M m AR # A%T a, 1
LHRIEREG k, WKT o, 105 T b6 KA
$, TRAE D 0= N, 5 N, 2% T 0 b6 1 L 4
MONER s © KEET: (0] »
K a, RIS
222 ZREUE S EHE

BRI R Y d, TR
BN, B, WA, I DI
KA SEATRER, BRI SCHR27).
FEAR ST, DIHCTE 5k A B S R SR
K2, KWL RS 5N 4 - 3a,, - i
i, REEAAZEMRME L, 32, 0 A
NEYO

(R SRR UR ARSI 735 0 th
WA AL L. FIRARE CONOPT 4

Sl SR M H AT ANSERT T A A, RIS R #E 2
FERNUE, BN RAFE RO L PR A B AR o
223 fhibfEE 23

HERAE i B FHOG R fy e SLAE AR K (33)H, 1]
RERT Z280d, EETTE, B

¢1,1 ¢1,2 o ¢1,NS d, g)l
¢21 ¢22 e ¢2N azz _ (0:2 (3 8)
¢N,1 ¢N,2 o ¢N,Ns st (DN

A Py, N N AL TEIERBAESR N AR
R " NTEEE N A RRE U 11 B B
JSZ{EL»

H TR B KT B3 T I R E
H, AT B B/ 3R oR SR IX 2 R 5
HRAE SCHR[28-29], A B/ iSRRI L =5 3k
BREI R E R d, . A7

D=(M"M) My (39)
¢"1 ¢1’2 . ¢1’Ns
po| P e e (40)
b Ba b
A VOB R BB A R R s M ORAIGETE

HAE R
#T RSM {E BB R AR W T
D BAVILLE RIERBES F .

2) WIEVIH T R 2 W F A BCRAE AU
BEE.
3) XA B Mg st @, o3 5 B R il ds
CONOPT i H i A SIS T 31580, A plont 82 ) ey
IR

4) 1RHE(39). QO)VEFFE M Y, FEiTE
frE R4, .

5) it IS BRI - 355 BOIEAME BB L (@) «
23 ETESEBWNERBE RSM Xi# 5 A

UL, FRET RSM HME R 0
IR 2 52 B 0] R 5T RS2 o A L S R AR 4R
BB IRE 28 (WG A), U Uk B R B 2 %
fiKe J9it, A/NITHEE T B SO BR E R th—Fb
Mo RSM(improved RSM, IRSM) #i K .

B, ¥ TR R RRAS 2 R 55 2 A0
XIBO, Hik, T8 PAFmIXIR A, b, #E



4880 i LR AR

2024, 50(11)

R 0, (e -a,), AR

1-6s5 +8s3 —3s4, ac 4,
o la—a |= 41
p( q) {0 , agAp ( )
s :” a_aq ||2 (42)
S =878 (43)

e @, AR A, L HRRE A g ARX
A, REEASITS: s a5 a, 2 KRS,
S 9 15 @y Z NI BRBEES ;5,95 5 Sy 21
[ LA

ERE)T, EIENES o, (a-a,) 1T
TG SRR R I R R T o SRR A e, AR
@, HA R E LR EL 0, (@ - a, ) 15
(), SRR 5 @, AL RIS @ (at) (B R
A IR, SRR A, ShRRE S @, 3 ¢ ()
HUE IR = HE R o 56 5% A5 45H M B T A
S RO M 7 R L A L, AT 7
AR 5 A R R B

T B E S 0, (a-a,) % RSM HEF
B E, IE M BRUF A A O
p(a)~ ¢ (a)= Zf:d,,,;(a)%(a)zch(“)Dp(“)

peGle

(44)
D,(a)=[d, (a).d,,(a).,.d,, (a)] @5
Kb G AP R, d,, T A,
I Z TR RS: D, (@) FTHEA, -
e s d,, R @ (a) it RRGS).
AR SCHRI30-31], MR D, (@) 7] DU I L
TR TR
D,(@)=(4,(@) B,(@w, acd, (46

4,@)=Y0,(a-0, 0@ )0 @) @)

o, (a —a1)¢(a1),wp (a-a,)P(ay), -,
B =
’ (@ @, (a -a, )(D(a,p )

(48)
v, =lp,.0,. 0 o (49)
A r, BT A, ERFESAEG 00 BTHA, B
TE5 NS AR E R B BiAE s v, A8 A,
B R O B R A R s B, (@) G i
HipEs A, (a) NI E AR
£ T IRSM [P{E R BOE A RAZ I T
D BAVILLE RERBES F .

2) FRAEYI LS R 2 WA 2 R A R A R
fHE.
3) TR B MRt @, o3 FIR ARG
CONOPT fif H A AISEIN T3 8, A kst 9 fr) mi
VX

4) BN ER 0, (a-a,) .

5) R4 30 (46) — 20 (48) & 74 B A, (@) A1
B, (@), Jfil5ifsE ZEGE D, (a) .

6) fi thi - I BOAI %537 54 R IR AUUE e £ o(@) .
2.4 WEMILERAIKEE

HT A (44— (49), SUZRACKAL AT DUFEH Ry
LN U RICE
min(~(RP* + RE" +alR) + (1-a} ) R = C; )) (50)

(Z%ﬁ?ﬁ—Z@Jﬁw}MsﬁMWM£NMﬂ)
i d

A, )s = Pt (@), Vst (52)
(S P~ T, s ot @0
i d
(53)
Aict )i = Pt (@) I1, 00 (54)
sk a5 1) F AT B A B 173 10 ok 2 E R
e/, Horfr P (a) g B R RSB T IZAE I B 7 (9 970
FERRABERME; ARG T ik H A pe &
T IATEI B ¢ (975 A BRe A, Jorb o™ (@) o H AT
WL R B TS TE IS B ¢ T A A B AU, 2R
(53R S L RE R T3 1 ok AR AN,
1" (@) et e R T TE S 5 o I B 1 )
FEREAERME; LA GHH T it ssn g i
HIHTES = o . BB AL bR EAY, o
O (@) NS BB R T AE T S @ o I B 1
BUABREMERME ;& ARATBE T
TES R R R R oh, T RS 12
BRI A 2(2)—R09) H AT T B () 413k 2
(AD)—30(16)~ S TR 20 3 50 (18)— 3K (23)
RGAETIA A 4R R (24)—RQ27). Hrh, SR
25 HIE AL A 78 ER 24
R RAKE I S B R RAREAL S, %k
VL PR 1 SR R AN 2t 75 I LT ik 9 % A2 ]
R, TSR P SCRR[24152 H % A A v i HE AT 3R
f#, AR
JHETE R BOE U AL SRR AR I 3% B
Bl fiion, HEMADERIT:



Ve 25, BEESE, ARULE, S R TEHRBGL AR R G S T 1S 2R A A 4881

1) HINYILL T 3 b H A F AT F 2R R U
Sei R

2) XETAA B RS @, 43 5 SR A%
CONOPT fi# H B SZIN T3 MERL, A ool o
RiAH .

3 i@ )@ B E o, (a-q,) .

4) 4 3 (46) — 30 (48) & 31 i B A, (a) I
B, (@), il ZEUERE D, (@) .

5) ARARR(A4) L% I B % 4 5 3 UM
e (a) . o (a) . 0, (@) Mgy, (a).

6) X TR KR, ARHERG0)—(54)
7B R A T R R AL

7) LR HLRS A S R TR A R (AR
LSRR AN ), SRAR BRI AR A T
[ R, BRAGAKEE R F RN AT

8) TEIRIUFTH & A AR BN S IS,
W % L T PR BN S 25 2 75N T RO VP 25
ANF RV, MEEASTE ), I, JEESTE 7).

9) it 4% % FALALRE AT 47 H O LA

3 BHInh

31 HHSH

NIRRT EEAE S, /£ IEEE 6 717 s Al
IEEE 30 15 i 24t LT 5 4. H, IEEE 6
THRGET 1 GHREENA. | SRR NLA
A3 ANifif; TEEE 30 15 RG0S 2 GEheiEL
4. 4 GAEGREIENLALA 11 AN fT . 5 0Hk[23-24]
HL, wE 6 MERK . gkt
R 1, RAENAEKISENSCRR4].

ASCHTA KI5 B AT /E MATLAB 1 GAMS
EEmMAESLI . TFEMLIKH Intel Core-i7 AbFEZS,
¥4 N 2.1 GHz, NN 16 GB.
32 EXEBMMST
3.2.1 T IRSM ME B HOE B AR A

N T IR AT T IRSM. FIME R BOE U AR
AR, oA I 5 45 ) 4 W 4% (radial
basis function, RBF). A RSM. SCHR[29]1ATHEH
%% 4213 RSM(compactly supported-RBF based
RSM, CR-RSM)HME e HOT AU F ARBEAT XS EL 237
T EULI I, (E R R s b2 PSRN R 2 R,
EHE FET FEBAME—RERE T TR
BEAME. NET T, REG e FEREE
P TARRIRES, HrE RSN EARE,

B HAF N FEAETEAH FPRAS T & PRS2 (1 1 A
R BRI, SR 2. 3 fin.

P 2. 3 @41, K RSM Al RBF J&, {HE
BAE S ARSI IL G I T BRI R E . X2

R 1 SAETMER T RS 5

Table 1 Parameters of green certificate market and carbon

market
i EA¢E
B g O 1% 30
Wik % 6, °C 0.32
HEk s A9 200
WA S ks 2T 40
BB EC 0.65

UENESE Ty

K2 RBF Al RSM AR i3 1T UUA Bk 0x b
Fig.2 Comparison of the approximate value functions of

RBF and RSM techniques

(ENESE T

K3  CR-RSM Al IRSM HA i f AbUE e Foxt Le

Fig.3 Comparison of the approximate value functions of

CR-RSM and IRSM techniques
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REJLPFES, KR 7T IRSM KI1E K%L
R (VEF T NINE SR G

Kl 4 gt — P RoR 7 AR BT & e R Eioi ol
FARPIRZES . HE 4 751, AT R 3 FE
PREGL AR, ASCHR 2T IRSM (1A R #oi
BAEARBRA 1~2 NMERPEERS . KRR
IRSM  +5 AR5 21 (¥ 1 AL R £ ] DL SE RS 1 e e |
JERTERT ERTY )0m,  MATT SE SR A ) X2
TR fARE SR i o
322 FEpR L HON R R F AL 2 e K

FEFTHREE T IRSM HME B HGEABOR F, 210
FERREIN B — N RS E, B B
REF= AR ERR  A 1 DI R 5 iRt BB (B R
AR HIFEN , 7350l 55 R B e = T BB B 1
2. 31X 3PP, FHAATAHRME R EOR TR, 4
RN 2, £2, a1 Ml ax Fontb G R AR HET eI
KR AN . 3R 2 AT%n, BEERRENET
B N7 | S8 U VR S N T ) S8 B =T B
N EOAR] 2 LA, EREOE R CIA R =T
Ko [FJIN,  J pR SR BRI Rt 2 5 R T B TR
W2 . GEFEIEPRE R ERY, AEEEHE
il G FE RN HOL BN 2

ICANERT I, TER—HER N E T, Prddfa
MRHOE AR PR Z LT RSM BME s EOE AU,
RN 2ANHED, Wit ERRHZEA K. XRHR
FSESCRR T RSM AT B0 5, e KR
THERS BE H L ASSEma v SRR
3.2.3  HETE R EUE LR SUZ A B2

1) IEEE 6 1§15 £ %t

N AR SC P 4 5 T oR 50 AL ) U2 A Ak B
5 KKT %V {6 5 7% (Karush-Kuhn-Tucker linear
method, KKT-Linear)!Z1, }i ¥ # 5 7% (particle swarm
optimization, PSO)B2IF1 BARON K fi# #3% il 15 45 FL it
fPXt . %tF KKT-Linear 5i%#1 PSO 5%k, Hi&
B BRI B FHEUHINE, BARON K
TV E R AEDUZ R A . PR, ARSI
KKT A4 X0UZ A 0] 25 e AV & R, 1
JE U BARON SR fi# a5 xf b A7 KAl . 2% FE £
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ANFEEIE R e, 2R mE 5. B 6 i 3 k.
TEBE S A 6 5, A LA H 77 35 4R R 200 KW o

HE 5. & 6 M5 3 ar%n, AHEL T KKT-Linear
I PSO HE, it FiEBA 2 N ER RS R .
X2 HN KKT-Linear HIETE B BULFIZE PRIl
PR I — iR 22, 1M PSO Bik7E H bRl 25 fE
SN R, XEHRRRAR T EE T RS ib
ATDL gL R, HHAREIEALL, PR R
TR T L X &R KKT-Linear HiEFE 5| N K&
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Fig4 Comparison of the mean relative errors of different

methods in each period
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Table 2 Comparison of results of value function approxima-

tion at different degrees

TP AL HEpR 2L ik MIXHRZE/% WAl
RSM 12332 0.892
1 {1,a,, a,}
IRSM 0.431 1263
s {l,a,a,,2a’ -1, RSM 5.359 1.790
2
2a, -1, @, IRSM 0047 2242
2
0, a, ay, 20 -1, RSM 4.851 2614
3 2a; -1, aya,, 4a} -3a,,
3 2
4 =345, a2 =1, Ry 0.042 3.483

a, (2‘112 -1}

# 3 IEEE 6 1 i R & HIER SR
Table 3 Results of algorithms on a IEEE 6-bus system

Bk ISERINE I AR IR ZE /% B Iil/s
BARON 308 219.420 — 161.21
KKT-Linear 309 704.220 0.4818 32.144
PSO 296 875.431 3.680 4 114.72

P EE 308 187.972 0.0102 6.637
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Fig.5 Output of traditional generator of different algorithms

on a IEEE 6-bus system
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% 4 Fion, AI4A KKT-Linear 50241 PSO 435
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KKT-Linear 5% F1 PSO 533, H it (a5 4 v] A
FEZ VAN, IR T TR SRR A R

TEYLIA L, 7E IEEE 30 15 S &%, Huk
L (BARON)ME LS 21 % . XK BARON
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R 5 Fiow.
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Fig.6 Output of renewable energy unit of different algorithms

on a IEEE 6-bus system
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Table 4 Results of algorithms on a IEEE 30-bus system

Bk S/ G FiF ]
BARON — >5h
KKT-Linear 515 600.320 1625277 s
PSO 481302.071 2447.171's
P EE 520 687.223 509.245 s

X5 BrRUT-SHRECATUEAE RS A& HL R R R
Table 5 Influence of carbon price and carbon quota bench-

mark on power producers’ profits

IR MRS BRACEEIE feGREIR
Ll et (tMWh™) FiE/ 7578
0.68 24711
0.66 24.417
0.3 40
0.64 24.124
0.62 23.830
0.68 24.670
0.66 24.304
0.3 50
0.64 23.937
0.62 23.570
0.68 24.630
0.66 24.190
0.3 60
0.64 23.750
0.62 23.310

R LR FTE IR, K AT AR IR AL 51 oy OF LA
HK 0.1 M 0.1 BRIMZE 0.4, FIEME A LK
50 JL/MWh M 150 JT/MWh i3 % 250 75/MWh,
SRR 6 Frin.
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6 T FRAE AEVRTC A LA AT R A R R A R R R R S
Table 6 Influence of quota ratio of renewable energy and pen-

alty price on power producers’ profits

WS FTEAERIE  SIEOR SEHIET WA AR
WOt A CoMWh)  R/CTAT)  RIRAT
150.00 475 20.988
40 0.1 200.00 64.7 23.849
250.00 79.2 26.382
150.00 98.7 29.175
40 0.2 200.00 1323 34.557
250.00 165.9 39.939
150.00 104.2 30.156
40 0.3 200.00 154.9 38.257
250.00 194.6 44720
150.00 1243 33.268
40 04 200.00 165.6 40.025
250.00 2074 46.750
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4 ZEig
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