F365F 128
2016 £ 12 A

YRR K FRAILAE R 5 RV AR 1 2 -

T ALY SN AR
(1. #ria X F B ATEFRE T AN 310027; 2. BREBREITEE HAE Fiz #i 310007;
3. AW K F RBHARMRAK TH BFE 210023)

Vol.36 No.12

& ) 8 % 2 %
Dec. 2016 @

Electric Power Automation Equipment

WE., AAEIL TP KRPAEGRAER BAATFSERIZE PG BT BN SR F i TS
P RN | o R ST MRBE R B AL IR AT IR R A B bR AP b 4 R AR A B A% 5 ReAE A Fe Shapley 15 4
WAL SR T oA, B A RIELMEET REAAINA F AT 5 By F e S, PTR B R BT
fRE T B AT R B AU R A4S R R A T R AT B AME VL B R W e AT 5 B AL RAE R A S R A At T

W R GRS AR SO R AL AL 4 T & 7 A B AR 5 AT UL IR A 60 A AR M
L. MO, MR, ARSI, AT, BHTH, BE

FESES. TM73; F426

0 518

I ATk R T AR VR AR KU eIk K
HL & VR | U R MLAL 2 B0 T R AR 55 Bk
AR AR RGBT P IEAR S 55 AR
B Nil| Rby o i B A A B ISy A - V| o =i
1K, W 22 RIS K, IRtk Ty R L) R BER
FA) ] L ) 52 R 08 ) SL 55 SRR B -4 il A
2015 4F WiV AL A B 2 PR A5 25 | AE 107 kW
PL b RIEHLLE « PR B 2 N 24 10 L 738 4T A
WA, HZZ Y[ R AL A A B B R T AN
AT KRS AR BT b 2 L2 AL
25 DA K 5 8 0 (S ) R M 32 BIAR R I

7E [ A VR e 32T A T S A R S R LA
I H 7328 47 8 i S ML ASAF A VR s R ) S
T 3 3 2 8 3 =0 R i e S ) B 2 8 455 11
AR B FHLE I ARAF B A, R ok 2 J Wiz 17
HH 5T UR Y U () e TR E R ST R T W
YN 25 A B W25 S T HLAL IR I RN 24 h
Z IR A5 ML A A A 7 ok B ol 45 0 0
B RS D 2 55 PN 25 780, R A IX R T 3 4k 4 o A0
AN PEAR 25 A 1 i B AR B AT AR A K
15 AR

A3 PREAIL ) Do 1R T 3 28 S AL D2 R 2
A U 2 AN Y A B, STk [ 14 4840 17T
AEVH BERL T | 38 I P B W Hh 2% N AR L A |
ST AR RIORT AR A 3 R AT 4 B A O 0 B £ S Ak
PRI L2 e 3R] A TR %) 22 T A B O 1k 1R A SF
B Z B UE  SCHR [ 15827 T 7K L/ 2k FL AL 2 e 3 0
fE I VPG AR AR AR i U 04 B 7 R L I H i Ny T
U 2 ) A3 PREASE Y A BRI ALAL 2 5 IS 1T 1Y

Wim HE.2015-09-16;1EE HEA.2016-07-18

XERARIRAD . A

DOI: 10.16081/j.issn.1006-6047.2016.12.011

YER B R 5 B AL AL R 0 8 45 a8, SCRR [ 16 - 18]
W AAETZRES B LA S 5 AL 8 B R ML 4]
(] A B e B ST T SRR AR I A BT (R
1~ Shapley {8 115 A AE « 20 G 58 JE 7 45 )@, il 5.
e e Bk A H AT CE DML A A B R H
JEAR R Gk T 24 A0 R 45 DL R o i S bR
T O, A SR 16 ]2 AR i 458 A B2 4 P 2 17
faf B 75 5 5 2 I AR ) 22 00 5k K, IS AT AT AN
&5 SCHR [ 19 6 8 W T3 3 1 8 B 4T T 43 b, I 4
SET 4G TR VR AE B W SR AR LAY R R DL R
LML 2 AR S BE At | J0 T8 FH T8 28 5 IS L

2RI T IR G () 8 () T 5% B S R LA WA IR
MLAL RS B2 & E S J1is 17 i AL 4 & A
R JCHETE T IR = A R AR, XS R AR
JEIEFEAS R, T BOLA T A 3 X 0 T vk A B
() T BE 50 B A B SE AT AT BT & A
) ML 2L 8 068 o5 AR 3 B A << T A 240 U] A 2R b o8 e T
G O AT R T A I AR SCHE A ST SR
KL VA5 8 0 AR (R A ST A BRI R, B e sr
TR IPLA AL A BIRY SRR T JFHLAL 43 B Fl
BLAL R A5 00 A5 A0 Pk AT R 3 457 AR 4 il e A5 R
LWy (TFHLAL) 14 43 B[] 81 | 33 17 R FH SCHR [20 ] 19
B ST T ML A A5 0 Tk W M o AT R HULH
& 53 PERE Y F Shapley {8 73 #ERC A Sy T i e HLAH
PO H XA M R B BT IEALH 2 8
TE R P AR SR 3R I AR SO AL AT DL e i
IS RCRTE A YR AL P S 15 R 0 AR )
Oy A BRI S

1 HARENRLEER

1.1 BBpEARHE R
T K A7 el s YT H R AR DL =



(70) ® 0 8 & iR B

£ 36%E

NV AT R ARSI TR A A P L
W, ZITIEART AT AR Z ARG R AR LA E
ERE W E BN RZ  ASE8E, 5 —Jr
AT, /N [ 24 FU AL 452 B AR 25 S AR K ) o< e 45 Xof
RBPIBIT AT WK B Z WA FE AR oy
ML BT A DL | PR A5 AR B ARG A LA AN S AR 4H i
Z I TEAEAT 55 . a0 A AR e R A R | SRR
B TE 70 Wk 22 G0 0 TR TR DGR BE 7 0 3t B R ARE 11
FEK R GRS, BT RS MoK
BLLL A 5 0 2 28 7 1 AN P 78 00 % ) AR S
TIF T BRI L %) 8 45 80 0 B AR 43 i
12 MARESENHE

FERLE 2 JE I RSB AT i R AE T 70%,
BU R RIAN DT 7 d, 5234 R =0 PR B
SRS S v A R MR A A A I B e ROk 4R
A RS (R BT HEN Y (GB/T 31464 —
2015), HL Al N 25 FF 7 d B9 B 96 s 7 fup T
JIT DA SC e 455 0 B2 TR 7 P 2 B SRR
0.7 & W T 58 IR .

min 2 (1-V)u, (D)

st. 2VP< (1)L, (2)
O >07 (3)
(VP )

Horf V=1 RBARIFIL,V, =0 Fom 45 u, ML
VAR S L, VR T N AR AR AT 0 o B
R QR VA5 B B A 6 Ay R i (RR A BIL 4L
53)in RTINS PP A LA T
TR BRI DR 5 A B I R A AL B B TR R
T B A T AR () A e R RN T 0.7
LR (3), WA ZEIESHAR, FEER A
SCARE AR i R 45 A B A Sk B b IE & 2R SR
T (AR RE AL 2 ek 7 fer ) VR 5 IR N
2L FE R R A K T R T Al o e
O3 DV AT 22 HE | TR) — DX 0 g SRR LR A R
] X 38k N A HLALAS % 45 N B SR PE T, WA % &
AF TR H i X B AT B 0 R R TR R 2 4k
SE YR 5 S B R R TGk s R AILAE AT LAE
FA AT BRSNS AT T LR

e (1) —3) B m] LUR B, W % 0t 4k B 4w
BB cmax X V,uy, W R 280 (2) (3), W4k

ien

g R 5 F B R A R R — 2, H bR R Ak
max 2 Viu, Al LLE B DA AT A A (Rl £5 ) fe KAk
H b Ak 23 Be “ TFALAL ™, Fir DAL ZH 9 457 o] 80 45 A7y
T I WAL 9 BE 1] R

HLLL FF A5 ML HE LA A5 B A B (KA H b | 9 A2

T RGBT A T, (AR S FEOE AR LA
KA AR 55, MRS A & ML N BT 2 5
PR IR R B AMEPLE] S R BUR A,
QAT ST A M 4 0 AR SCAR S ST N A
1.3 AFHEEFREN

MCHR[13,20] K F A F 09 FEE A . D
W PE S (no envy) , BN HLALHRIA A H C B9 FF4EHL
RIS FAME (AT BB 22 T HABMLAL ) FFHAEHLAR
AFIAME (AT ) A, @ALHR B A 55 T | BRI 55 5
BLA N Y Ao 25 K P — 2 I I 455 55 8 M AR L 5%
B3 VIR s B AS 2075 A 0 42 5 B)FE BT Bk 4 E i )
B 4% FE ML 2 7F 42 3 &R Ge s A7 B R4k & 48 R b iR
FH, 5 BCAH B A (AT ) B8, el P R e T
75 F AKX 53 BE 7 Z8 o PR ] SRR A )55
D 5o S e | R/ 5= N =l = OB O N
KRG MR DTER 43 B = 4% 597 70 Fe R W i 97 e L X 3
ot 28 S W X6 I F 3 AN 8] 5 2 oF g B Bk #R AR
b3 /AN Y S N i T T

2 EEMRAE R T

2.1 EFRBRIPHER S RER

MIFHUAL A3 I i1 B Sk 7, At T BILAH 2037 75 5 1Y
P IRA w,/ P, B0 A 345 T HLAL1E LR BT YL
A WL ¢ TFHUAR Y T3 e He w, BONES . 3RA5TFHL
KA HLLEL I 24 32 A 22 /0 3 FWE 2 il T IF HLA 43 i
Bt B R ET R E NI T AT B
Ve A BE SRR ARAS FEHLACHLLL I 24 S AF 14 B4 25 ek
TEHL B 7 245 2 AH [R]85 py, AR BLLE 22 1]
T AE 25 5], ST B 25 ik T L 28 2 0 LA 9K A
FHE T 2 AR LLE DT AS 6 J T Bkt b . )
TR S LA I 75, DG B A RS A P HLAM B A
BE Y — B R py. IR B BLLH I 45 2 R B H
A | I LA VR A2 1 BRALAL R HLUR 25wy, DB 2543
P28 S R FEHLIN T LA AS 09 25 AR IR L
kN BRHLAL, A .

uojf—Plﬁk=P2PIf (4)
MW RE A
p 2 P=p.2 P, (5)

Her ng HIFHUHLESE 5 sn, AIIENLAE S, st
(4) . (5) AR A

P=[Z P/ uyp,) (6)
p2= (im. 7"/%:‘ i ) (uok/i)k ) (7)

/E\qj,nanUnZO
MTC I A7 R LB § R 3R A5 HILAL
IS 24 A 2R p P T VR SR HLA W3R AS p, P, 1Y B



% 128

MR AR 25 IR R LWL ZH T 452 V8] g AR 19 2 F- 20 i m

F o Tt 43 e A5 R0 AN Fie IR 30 B AL 20 1 o S A 2%
FH B 25 R A5 B I AL 2 5 45554 1T BE 3k
FHARANI 55, AR T 9 2l R 5% R 0 D2 R BIL 20
Z 5,
22 EFEMNMESH D PEEER

763 ] i F AL 2H 38 3l SR B S 1 T R A AL
FCM R A% 1 B BRI R F AR i A5 BRI | T
WA B2 T — 2 i LA R S T R L4l
A 55 AR 5 G SR A IR U LS5 O BRIR A
KE, B VP (Virtual Price) p, HtJ2 5 & 1 M
T Sl S I R N o=y A R R e e N 15 s R
78 R SO AR RIS 3 40 R A5 RO A R A, A
P I LT (BRAFTF LA LA ) W) R7 >4 412, 55 7 [
SE L Y p, T AT IR RS e BRI A5 AR 19 0 S A 4
S 5PN, X T ua<p, P IOHLAL NSRRI
W) 124 3 A5 p, P B S T X T wg > p, Py BOAR R 43
BLAL , HMEE A (4 R BE 7 | LR I 34 9 9% 1
uci_pvﬁio

AR DT T AR 1 A L R
Xof R AU A JUE R A B EAT T A, SEER P
FRGBAT I AR p, BEERE AR AE Ak, SCEk[20]
X IX — 77 1k 1 B SRR PEEAT T IR AT, R
JH R S AR AL I P TR A LA 5 B S A p, P,
2%, BT LA wg<p, P BOBLLE 23 S BRI ST
KU A% 1) 73 AR Ly
Z(%_MRL:gud (8)

PARTFHUALO L LA p, P(ien)) FOTRH | T 452
BUBLALERA BB H [, p ). (Gema) o Sl A1

luy=p.P, )*zmax(ucj—l’vﬁ/’o ) ®)

S bRy e S i = (8) I p,, SRR A AR
ML AW SR AT, B ARAZ 5 ANl /2 Te e i v
2.3 EF Shapley BRI 1R EY

Shapley {075 52 KL 2 15 A%t 45 156 B0
W BR TR B A VR LAY, MR B TR 23 T B
PSS W A 23 1] RAEE  F T BILAS 23 T 1) A
AES S Cn TNHLEZ 5 ITHILAL I TE IS Ho&
Yl as o

ﬂszmax z@ Viu(,i (10)

s.t. zviljs (1 =)Ly (11)
O g (12)
vl

AR (11) L (12) R B, A2 67 g R 0 7
HHESREE  TEHLA M ITIL AR B A fEid £, 12
M S AL FF L | G g - A R R BE AR . M

S TR R A ILE 40 S FEAIL 173X
S S ER(10)—(12) PR i g

X ER B A I — AN ST B
H Shapley {H #1753, 32 22 P ALLH 2 B FFHL,
AEMAH BT EAEMEE R M2 RGPS 1T 2
ST g HLZH B B IR IR

B AEZE R Shapley (" AXWT .

,yi(ﬂ)zw%’l% (‘n ‘—‘lﬂ “I)L"'“'ﬁ ‘—1)! (TTy=Typ)

(13)
Hr |y | RRES ¢ TREWPLALE ¢/ Fow
Bh g BHRULA  RIEES SPLAI R B
N ML § AT wa—y, () B ST EHLALAL § 3k
By, mpte A, XA3)H G g IEE R 2 -1,
FR AT SEHLAL i 1 Shapley fE B 7 2R 7 X (10)—
(12) 32— )R, YL B B 2 Hoat 8 8 e
JEANTREAZ I SCHR[ 20 ] 8F X 38 5053 e 9] 80 42 1
TR 3) AR R CHR[18 145 G ML 4 & 1 5
PRy st 4200 T <SRRG Shapley 15”55 ] ft
Bk, T RS AR A TR T A 45 R 3%
M 2 FL ML AL T i 2 e 42 JAT 18] 1) 1) 25 1 0 H oG g
Wi VT8 B8 VR AR AN W) R K K H R AT TE 43 A
B ARG 22 U HE Y A R T R AT R 25 VA R SR
JIT LA W0 L H T 0 B 481 v | AR SR e R R L A 1A
“RA B T7 A Shapley 1H

3 NEHFIURALE

ASTCES 2 1 3 AR T | R DA [ A v 4
AT M 5, X 3 RO ER R AR, BAER
e — 2 T2 B il U R 5 - (e R, HILZE A A A = A
AR T B SRR M vk AR S B
el o9 T BT S 5 AR RIVRR AT S, <0
& (aggregation ) Az fiff PR 3X — ] A4 O v | SCHR
(247 k 43 BCYE (k-allocation property) A F- Pk HL
PR S AR R RIS Sy AT T S BRAE
T IILEAN R A SO 5T HE A A SCAUOK 3K — 4518
FH T PSS RY A AL A 4l e BBV R AN R

a. Z 5 N (WLdL) i 7552 1509 3 R 7 ik
AEE 1 PSR mE B M T 38 2=, 3 2m| o

b. %25 N0 M ZIRRHSN G K mxm
By - e

(14)

Hop oy RS HEN NIRRT RFZEANH
(R
C. JITASCY 4300 S 73 A Al 2 K — SR o R i A T



@ ® 0 8 & iR B

£ 36%E

SR BOT HE Y WA RS 307 % . I8 1 ik x=
[xlj, ,x"y][,%fgﬁﬂ;é\}aé%lﬁj\] E‘Jﬁ%’ﬁ}%ﬁﬂg Yi=
SEx, HHESO, Y E =1, ATE =1/m & BT
By KA A5 g =P/ 2 P |t
BLAL 7 0 o8 BP9 28 oL B 453 2 ) 14 =[] A,
IE]*X”O

H T ISRy, T, SRR, HLA 5
SANAHREA 1 RPL = W75 BT % A &
W it B R (SRR D ) B9 23 HETT AR Hh 23 BT SR R
— A5 L

4 HHIRSH

4.1 TEREMES

BHE 10 LA, 1—8 T HLAL A FLRIE
KEHLAL 9 FHLA AL, 10 S HLLL Ak i
HLEH .

M35 5 Zp W N B s A fr TR A 3800 MW, B
KAk 2700 MW, S L &8 492.2 GW-h, #54L
20 A A TR A AR A 1 TR , MLALAR I 1.2
TR AL R R 3 B4k 4 SHLAFE 8 5
PLAL RS X EZE R 8 5 LA B 25 1 )R 45 4R
W oI5 5 A 0 3 P 25 B RS R AN AR ) 5—7 %
LA A4S B R R LA 01 B0
5—7 T HLAL VR4S BRLA B R B A A
1300 MW, 45 5 2% R 175 T3 0%, I BR R 48 Sk
0.1667 JIJG/MW (4 SHLAL A PRILA) .

< L fRr
15

—

~

BT 7 R A
WA/ (7 I8 -MW)
o
~

(=]
—

2 3 4 5 6 7 8 9 10
ML G5
B RUFEMNEERE
Fig.1 Unit shutdown cost per MW

1T IR e AN A% 2> B Shap-
ley B3 | a7 51 4 I8 3 S A AIASOIN B8 43 155 20
(BRI S IEBCR R ) , N AT DU A& Fil
I3 WETT VR Y SR WS DO P o0 e BR3P
WA AR 2555 T LA SRS A5 B AR AR 1 8 5 AL A
AT T A WA X — R R K AU A 0
J5 75 F1 Shapley {8 7> #E 75 ¥E#B AN Hag 1y, 5 X
MY 2, JC I B 1 43 i B I LB 4 75 2 S A %) 9% FH AR
IV &N

M T IFHLMLER 8 2 AR A =X (8) 153 1 K UL A%
BAK, AL 0.0321 T3 78/MW , BT LL 45 B 21 2 3 4%
T ug—p,P>0 HORME . HEADLO R B BG 2 A A B

® 1 SEAPHNARSMEERIMBER
Table 1 Cost allocation by different models

- e 53/ 3 oC

Zﬁ%’ el R Shapley WX AN A

o P 53 P 9 i o
1 —4969 -4.014 -3.925 -4.047 -4.056
2 —4969 -4.014 -3.933 -4.053 -4.062
3 -11.927 -9.633 -11.856 -11.419 -11.456
4 38.073 40367  38.144 38582 38544
5 -23853 -19.266 -18.675 -19.311 -19.353
6 -23.853 -19.266 -18.675 -19.311 -19.353
7 -23853 -19.266 -18.675 -19.311 -19.353
8 126911 92800  93.825  96.947  97.296
9  -39755 -32.110 -31.175 =32220 -32.291
10 -31.804 -25.688 -25.056 -25.857 -25915
ait 0 0 0 0 0

SR B LAAS 25t BATLZH SO A R T IR A5 J A 1 15 4
TEHLALLE 2 75 2 AT 3% o LA A TR LI 25 AN TR
1 SHLA RN 2 5 WL TF BT 2% FHJZ AR TR i 9
510 SHLA RS SR A R 2 A 2 S R
B AT 2 AN

Shapley {H 4 30 DTHR (TT4T ) 70 #E 1 B J0) | — i
M55 VA= HR A 8 () LA 5 0 T 104 9% P b 4 O 558 05
B 2 S ML AT IS & F 1 LA, sy
Be "B Fal AT R IE P o 3 4 R AU
AN RADMAU R T 8 S A R K, Wit
e P A3 e ot He A R A R BT LA B T RS 28 i 43
PR AU S A3y 58 T 42 30 T Tk vk 3 i
MR 1 AT DLE R SE MR 3 S P4 4 5
ML E RA 1 o] LFHL (HIR A& <3 SHLA X
£+ 4 SHLALA =3 4 SHLAFFHLIREER AN 6 X
(4), 07 LA 3 4 SHLA G U RS AR )l Te R
42 EERIFEEH

2014 4 8 H WiVl 48 it b v ) A BRI Kk L AL
4 66 &, BAHL 35695 MW, H 1 #i fig 45 4 (J,) 36
B 17260 MW, FEREAE M1 (J,) 8 B 2L 5260 MW,
KIEER (J,) 4 GEEHL 2400 MW, FHBEHR (J,) 4 &
2L 3200 MW, FERLEE AT (J5) 2 F5 8401 265 MW, #ii4E
1 (Jo) 10 B 2EHL 5310 MW, AT 5E A (J,) 2 & 2601
2000 MW, Ahkrirh rhZ AR (J) 5 5241 3980
MW, = UAE W (J,) (A EHI) 9 &ML (3% b i
Y6400 MW, L8 H 14 H E 20 HAELHER
) F B R AS 4 P i BRI R Y BT L 4,58 % 10°
kW -h, fe i B faf 35448 MW, e IC 67 ff 22477 MW (#2
T4 ) HLALTF A5 L% HE B 2% 20 e an 3% 2
Jis

PIRSE A S5 (I ok B AR AR 2 5 o R4 15
BHLA A1 7165 MW, MALAL s> Fi ok B | JRIEHLAL
FEEPIENIPLA L Z W HTREE A, B4 A
Gb S5 & R AT T IR gs Rl AE
ERTE AT, 2R R ILE 10 AL



% 128

MR AR 25 IR R LWL ZH T 452 V8] g AR 19 2 F- 20 i @

x2 ERBEAMNARSIMZERAIMBER
Table 2 Cost allocation to different generation groups
P il 45 Rl VP

G B/ MDY RN Shapley i1 1OFIS AUNE
B W M (UME RS i

i 10 29552 17467 32625 25799 24594
I, 2 181.85 166.80  143.09  158.01 159.72
I 0 -57.42 -=39.79 -59.33 -50.78  -49.22
I 0 -76.56 -53.05 7548 -66.08 —-64.27
Js 1 14.43 7.61 5.94 7.71 7.80
Jo 2 -61.66 -51.03 -73.82 -6261 -60.84
I 0 —4785 -33.16 -5027 -42.69  -41.33
Js 0 -9522 -6598 -90.40 -80.62 -78.63
Jo 0 -153.09 -106.08 -12599 -120.92 -119.18

HiF 15 0 0 0 0 0

A F RS LSRR, NG E S RE | B
% 43 PREAIL I 0 PR 45 4 M S N T LI B 5
VRS B ML AL 22 B0 1) F K2 SO 4% 4, Shapley 1H
O PERERS R TS5 R | 7R K A 11
Wi e 5 M1 AR50 T Shapley {E. 20 # 4R RE 4R A1 A
A e A A DA TG P P v AR AR R R IR 2R, R
I T P AR TR 3 e

K FH N e 58 0T DU s R A2 5 OF
K, BESHESHANZEENILR, £258 6758
N TS MR A IR IR R 2014 4= LA A
15 R BB T AR g A 1) i AR b %
HL A ok L R 25 B4 AR R SR P 7 BT 35 B a0 e T
20T L e R RR EE ) A0 R A% i RK H - S DR 45 A

5 #it

Hyff e 24T L 7 8 5 VAR 2 K R R A T L
S HE 2 PR R AR T 45 5 1
RS T YDA 5 H 2 1 R e L
f e HE BB A M ERR . B BIIEF

a. FESE T HLALR K R AL s

b DTEIE K I J% 452 9 4 R g
I3 S S T RS 0 T b A3 R 01
He 4H HERSUR N Shapley (MR

c. IERFES AR B AN AL, ok T 555
INCE v LoE

d. T TR A F B | T L
A e AR RSN b 2 W R 25 A7) T
{12 HE S5 T R R I 40

SEH .

(1] REZE it BRI S5, 104 W0 98 32 2 v YRR 09 106 5 i g
()], PR R, 2015,35(11) :2743-2755.
WU Huijun,SHEN Jianjian,CHENG Chuntian,et al. Coordination
method of regional and provincial grids for short-term peak
shaving operation among hybrid energy sources[J]. Proceedings

of the CSEE,2015,35(11):2743-2755.

(2] skaG B Ay, IR A5, 25 B i 3 KU 1 38 L v 199 8 e Dy
R[] B AN ,2013,33(4):6-11.

ZHANG Zhifeng,XU Jian,YAN Bingke,et al. Hubei Power Grid
peak load regulation considering wind power transmitted by
UHV network[J]. Electric Power Automation Equipment,2013,33
(4):6-11.

fetsts e R A & R XL I 1 L ) 2R e R WA AT
FEPEI M (1], B THAR 224, 2013,28(5) 1 105-111.

HOU Tingting, LOU Suhua,WU Yaowu,et al. Analysis on peak

load  regulation operation characteristics of power system

—
w
[

integrated with large-scale wind power[]J]. Transactions of China
Electrotechnical Society,2013,28(5):105-111.
[4] Z2JK, BRECHR m] BRI 55, 25 DB W Rr 1 H 00 XL P 2 A8 7 4
BriJ]. W1 Ash ki ,2014,34(12):13-18,25.
JIANG Xin,CHEN Hongkun,XIANG Tieyuan,et al. Wind power
penetration capacity considering peak regulation characteristics
[J]. Electric Power Automation Equipment,2014,34(12):13-18,25.
LA, B sRAE AR, K AL 0 IR 55 14 BCAS 43 BT B
AT BT RS A S ,2011,35(23) :41-46.
WANG Ruogu,WANG Jianxue,ZHANG Heng,et al. A cost

analysis and practical compensation method for hydropower units

—
W
[}

peaking service[J]. Automation of Electric Power systems,2011,35
(23):41-46.

Je AR AR AR T AL A R TRl XU P A A AR B R
WERE T AT [T). WL A B4 2013,33(4) :30-34.

LONG Hongyu,XU Ruilin,HE Guojun,et al. Analysis of peak

load regulation capability based on combined dispatch of wind

—
[=))
[

power and thermal power[J]. Electric Power Automation Equip-

ment,2013,33(4):30-34.

JRE S 2. T EN R I & HL Tl B IR 55 A B AT R 1Y

JH (L T 3% (2006143 %) [EB/OL]. (2011-02-23)[2015-07—

16]. http: //china.findlaw.cn/jingjifa/dianlifa/dlfg/43563_2.html.

SRR IR L MR RS, OG T B R (D R ST R 2R DXk v O R as A A

ST 240 D) (AT ) ) R R AR DX I O 1) 2 v T B R 55 A I S it 44

YU (AT ) B 3 R0 ) (£ 4 A Ak T 4 200906515 ) [EB/OL]. (2008

12-25)[2015-07-16]. http: / www.doc88.com/p-6721807661172.

html.

(9] HE AU JR A A0 W A8 SRy, A< AL vl g o e il 1y IR 55 115 3 M A O ik
[EB/OL]. (2014-09-28)[2015-07-16]. http: //www.docin.com/
p-70153000.html.

[10] =il , B4 R A, 55, KR I S 5 G HER% & JH 28 H 4
JPEL)]. B A& 2016,36(2) :154-160.
ZHAO Yunli,L U Quan,ZHU Quansheng,et al.
reserve cost apportionment for power system with wind farm[]].
Electric Power Automation Equipment,2016,36(2):154-160.

[11] BRI, B TR 5. I i3 ET T sk AGC A i1
SPMESREE ()], ) H A4, 2012,32(6) :31-35.

WANG Juanjuan LU Quan,LI Weidong,et al. Allocation of
customer-side AGC cost in electricity market environment [] ].
Electric Power Automation Equipment,2012,32(6):31-35.

[12] Mg R4 H FiEgm 56T 0 B2« =20 7 (0 W7 TL W g 8 0 22 ) i 7 46
RI[J]. WL RZEA 4R (1% h) ,2016,50(2) : 369-376.

MEI Tianhua,GAN Deqiang. Market model of Zhejiang peak

load regulation market based on principles of openness,equity

—
~
[

—
o0
[}

Spinning

and justness[J]. Journal of Zhejiang University (Engineering
Science) ,2016,50(2) :369-376.
[13] MR 2 WRIE S, 5 LB AR HL 23 e A9 W7 VAR AR ATL 260 90 5



74] R R % 36 %

VT AL WFSE (], o #i%,2016,37(3): 117-123. WAt ()], B RS A 301k ,2013,37(21) : 134-138.

MEI Tianhua,Ll Lei,CHEN Jingwen. Shut-down peaking MEI Jian,YANG Libing,LI Xiaogang,et al. Utility analysis for
market mechanism of Zhejiang coal-fired units considering peak regulation market and trading market design for peak
import power allocation[J]. Electric Power Construction,2016,37 regulation capacity in valley time[J]. Automation of Electric Power
(3):117-123. Systems,2013,37(21) :134-138.

(147 SAEEEE A e, 7 RE A& b R B B SR A 2 TR I AR B L [0 ], [20] MOULIN H J. Three solutins to a simple commons problem
1 248 A sk ,2009,33(10) :16-18. [J]. Seoul Journal of Economics,2001,14(3):245-267.

HU Jianjun,HU Feixiong. A novel compensation mechanism of [21] DIETRICH F. A generalized model of judgment aggregation[]].
remunerative peak load regulation under energy-saving dispatch Social Choice and Welfare,2007,28:529-565.

framework [J ]. Automation of Electric Power Systems,2009,33 [22] ER K Z. KT Mot & d s 787 S S 80
(10):16-18. (RULZ17[2014]985 %5 ) [EB/OL]. (2014-05-18)[2015-07-16].

[15] W2, 26/ P ng . /K e/ JCr B2 981 068 i g 000 T A6k 5 08K il http : // www.ndrc.gov.cn/fzgggz / jjyx /zhdt/201405/120140522_
[J]. #2274 (T2 i), 2009,43 (1) :2079-2084. 612456.html.

XIE  Jun,BAI = Xingzhong, GAN  Degiang. Evaluation and (23] Has ApAl B4, Bhmig S h & (M), dbat ML T
incentive mechanism of peaking capability of hydroelectric/ Ak R AL 2010 118-122.

thermoelectric generators [J]. Journal of Zhejiang University [24] ACZEL J,WAGNER C. A characterization of weighted arithmetic
(Engineering Science ),2009,43(11):2079-2084. means[J]. Siam Journalon Algebraic & Discrete Methods, 1980, 1

[16] HU Zhaoyang,CHEN Lin,GAN Deqiang,et al. Allocation of unit (3):259-260.
start-up costs using cooperative game theory[J]. IEEE Transac-
tions on Power Systems,2006,21(2):653-662. EEZEmN .

[17] XIE Jun,BAI Xingzhong, FENG Donghan,et al. Peaking cost R (1980—), B #iT 4 MA ML,
compens.atlon in Nortl.lwest China Power System[]]. European Y T YL
Transactions on Electrical Power,2009,19(7):1016-1032.

(18] W HBEAE SRR A LT 4 AN AR T 0 T # (E-mail:352252271@qq.com) ;

YA HELT]. DRGSR 2012,40(11) :16-23. H IR (1966—), B, ERA  HIK

XIE Jun,ZHANG Xiaohua,WU Fuxia,et al. Peaking cost T ERMAT AR RAARAILE RS

allocation using cooperative game theory and engineering L

concept[J]. Power System Protection and Control,2012,40(11): R A HWOAR(1979—), F | LR RA B

16-23. B HE HRTOAEITHEE SRR
[19] MW Agar e A=meRl 45, 98 0% T 37 280H 23 B 5 R A5 IR 6 1T 3 HALIE AT

o

Fair allocation of coal-fired unit shutdown cost for peaking in valley time
MEI Tianhua'?,GAN Deqiang',XIE Jun’
(1. College of Electrical Engineering,Zhejiang University ,Hangzhou 310027, China;
2. Zhejiang Energy Regulatory Office of National Energy Administration,Hangzhou 310007, China;

3. Institute of Advanced Technology,Nanjing University of Posts and Telecommunications,Nanjing 210023, China)
Abstract: An optimal unit commitment model of mid/long term shutdown for peaking is proposed and three
cost allocation models of coal-fired unit shutdown for peaking in valley time are established respectively
based on “no envy”,virtual price and Shapley value according to the “no envy” concept,virtual price mecha-
nism and responsibility principle of fair allocation theory,which are analyzed and compared. The aggregation
method is applied to treat the controversy of different unit owners over the fair allocation scheme. The
proposed models can be used to solve some problems properly,such as the compensation of coal-fired unit
shutdown cost for peaking in valley time,the allocation of provincial unit shutdown cost for peaking in
valley time to the electricity from outside,etc. With Zhejiang Power Grid as an example,the proposed
models can properly balance the benefits of different sides and enhance the fairness and efficiency of unit
shutdown for peaking in valley time.

Key words: coal-fired unit; shutdown; cost allocation; equity; electricity market; models



