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Allocation Methods for Reserve Cost in Regional Power Market

Wang Jianxue, Wang Xifan, Qiu Wei, Feng Changyou
(School of Electrical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: In zonal power market, the allocation methods of reserve cost are summarized into two
kinds; allocated to users and allocated to generators. In allocation methods to users, the normal
Pro-rata method is firstly introduced. According to cooperative game theory, the existing Shapley
method is extended to directly allocate the reserve cost. Considering the pre-set scheme of reserve
in serious outage, a novel way is presented based on equivalent utilization coefficient. In alloca-
tion methods to generators, the characteristic of allocation method with risk index is analyzed to
propose a new scheme on the basis of EENS index. Case studies of a three-area system show that
the allocation costs to users are different from the other ones, and the rational method should be
selected according to market requirement. The allocation costs to generators are similar among
the all methods, hence the practical Pro-rata method is recommended in the experience.

Keywords: power market; zonal reserve; cost allocation

AR A 3 53 o] B9 S B 156 00 » 7 ORE e it

WA S 58 FH A3 e 31 25 i DXL R S ol A7 B %

K48 G r ) ZR GEHR A R S X Ty T . IX
Sl R g i S R e L AN AN B8 A0 AT 4 ) BE
e VAR R SIS AL & RN A R TR R Y AY
JEENAA BI5GB -3 7R 4544
FEOT OIS R GG A 5 A4 F 4 2 [T G AR
DX H T ) o iz E ALV S a8 I T 7 80
HLVER—AHE AP » 750 3K 25 i i 20K

ks B 81 . 2006-07-14.
i [ (2004CB217905).

PEH T

FHA M AT 24 T2 e A B9 b L & 2R 4
PRI B IS A PR P R PR LR AE
W8 SR FH AT FERFH P 0 7 vk b AR SO 8 T R I
Pro-rata 77k, 4 A VET 5 o Shapley J7 4>
Pees PR S Y R L2 9 SR A B9 43 P25 FH 9
T i i — 204 T 3 T TR 3 T ok 43 e 3%
A8 2. FE S PR A i) R ik,

FREAEAT6~) PR FEGI A - [ 5 n R AR AT 5T A R IR L T 4 B 1



210 [N

il

K% % il CHEOR

GEBIT T 4 AR FE A3 PR T A A - 4 4
HE R S 2 01 EE (B (EENS) 43 1 T LS.

1 R o
1.1 Prorata Fi%

e fAT BRI 43 BE Tl e 4 IR bl IX 4 R R 1Y)
BT 0 B, 2 T Y Pro-rata J7ik. WA m
ASHLIX HL X B85 FHTT RN Dr. s B4 T4 F I
LR C I L A% AR B4R

C, = (Dr/ D) Do (D
=1

DL 2 M X 228 kB, i IX 1 A4 A TR N
120 MW H[X 2 i 45 TR A 80 MW, T4 1 [X.
1 B IR 120/ (120480) =60 % [y H M5 7k $H 4%
FHEWISE 2 F X 2 T Z R 4H 40 Y0 2% .

AT BT B AR T R S AT B AR A HRAY
TN FE LT SRS i i —MF B R e 2 L 1%
5 8 N 45 25 k) CUNBR B LR 230 R B MLIR 45 3tb
X fe/ N FHER AR5 S 4 B O 38 i kRS
1.2 ETFEEEENSMAZE

TE 57 XA B8 28 R S o, 4% b DR R
FH SR BCZAR AR EB H SR BR A FH (R 38 25
T 3ok LR 15 J3 i 3] 45 A b DX 2 T B 9 T 3K
A TR PR X TS il 45 L X 2 5 X
e T 0 AR

BT A ERZR IS WA A B ARG 2
PR RN R A B Y £ B ) B AT 9. R TR
fit A ETZE . Schmeidler 5| T A #E& . 78 1
HAWMFRER . O BA8EE 1 MEHRE 1M
7@ WIRAELEAZ L B AA RO —F 57 B
{7 B — M 2E A B SR B (B B A AR A SR
KA, BRI R B SE A Shapley Bk gk 470, 3F
Shapley {E [ % R 45 93 M 20K

B,
—ISDIS|—D!

n!

2 (n

S:leS

[0(S) —ov(S—{})]

L =1,2,ym (2)
b B FoRHIX L MR BOA A RS 5 S R
FLE X L BB s | SRR S By X % »
h I X o (SRR S BURAR 5 0(S— (1)) 3R
IRERE S BREMLIX L 5B,

25 1l DX 2R AH £ FH I 2% o

C,=C —B (3

Ao C) g b IX L B e S 5 2 T B 2 . B

T FECE) AT LA A I 3K B AR 4%l X
AT o .
L3 ETERFRARBMTGE

M IX ¢ TR JEE T3 58 A B AR A

Nr
min Y {P(R)R!} (4)
=1
Ly N
0<R, <R (5)
—Pry < Pri+ D HWR! + D HLAP <
i¢ N, €N,
Pr.k €T, (6)
DIDVHWR! + DR, =Dry (L= 1.2m)
kEZ,i¢N, i€N,
)

X R N HE R H R, A6 A 0] B 4 4 4k
JER 2 PR A @ BN b HEBREE LR 40
T WKL S Pr MR k. LB A IR,
Pr NERERER b A DG A LR i N, o
HR AETHIX [i€ N, F/RYPPRUA R AP, (f1
EEBIFEFERME&EHZE OB T L Hy N
WAL PR b LI REGRE Z RORERKEL b
S IX 1 AHE.

AR b Y M X L S KMLZH K A B o )
FH Al DX 45 FH SZ R st RS B 22 07 U S 2
s AR, X (DO R, G BEHEEY
W SN TE T B v A LA @ W AL 8 B Y 4 i
R ARREM T HAA R A B R, 30 (6) R LM%
WA T2 R P R RN £ AR B b SRR T B
RRAE A RIRG. X (DB [ BEHARY
WRLRFR M IX L B A F S A b X S 4%
FHHRBRZ MK TETHIX [ 458 NS RTRE
i Dr...

FHAMAHRBON R R X (=1, -,
) HH BB KA 5 B 5% 7 1 08 5 T e v, R AL
PR R & A R I AMIX L3Rl 1Y
SRR R B y e R

Yia = R;.Z/iR:.k €))
k=1

USRI Z R AL © B AR 2 R Coi s Hoo
X L BTN

Ci. = Caivia (9
)t X 4 1) 6 2 FH C ) 2 4 0 380 3 [XC 1) 4 35
N¢ & HIPLA 28 ) B

C = ZCI’J (10)



523 Tt B TGP T 23 I T 00 3l JH 2 R 52 211

2 R AL

3PN A HL ML 0 AL 6 45 1 T 28 69 Pro-
rata J5 V5, WAMAA Fi HEOXURS: B2 04T 40 e 7 vk
S5 R RBESRAE T SE AR AR (LOLP) 3 51
AN FALZE Rl FL T R AT 22 IROXURS: J32 448 i o
MO TE i FEE AR I T 5 e o 671 5T Y
), (L M 3 XU B2 8 A it W 2 KL, 497 4, L
AL EAT R RE 0 155 A (B R HLAR 5508 3
BT BOR B A, /NILZE A5 08 HAT /D i 2 B
W N R G AT R AR R IR (45 TR M e
14 JRUS: B R b 2 1, 8 o Y 3% AR [
IR AN B P, AS SO T 4 AT SR PR 4R
Fr——HL A SR R EENS 439 2 057 7 1.

TR S e v A 2 P R S IR R GE
JITAT 2 AL ZEL 0 i L T IS Ak I i e Y B AELER
A% AT B AR A 038 B WG B 2R G 04 2K A AR A
0, L B IR Oy 0. 38 & WL HLE BB A AT e &
AR IO I8 M 2R G B F O R (R A
N 023X L] Fexs.o 278 - [AFEY LOLP A2
0, 3% BARIE R Lowp.o-

XF R ML AR R — RO T RS —HLA
R AT S i v B BARDIR S, ISR IE 3850 0, i
TR R R RG] TSR3 5N Eexs. F1 Lo, »
IS R A R 58 AT SEVE R 221 N

AEgnsi = Eens.o — Eexs.i (1D
ALoip,; = Lop.o — Lop.i (12)

R A AEps: >0 Al AL, >>0. %2 R i
TALLELAF AR T T B X A R G m] HEPE 152 0]
ZAE R s RIARHLLRT R G T SR AT B 5 M ok
ML S e 5 T e 2

e I8 EENS & B LA « 0950 PR ECH

B = AEE\IS.i/iAEENS.I' (13)
Fiz R XUBG B8 B AL @ B i R 50

NG
Bo.i = AL()LP.I'/EALOLP.{ (14)
i=1

WU DX 2 534 Bl TS A0y, S o3 B M X
SARHLAL {3 AR N

7= > Bo (15)

i€G,
K i€G FoRHLA  fEHIX L P C a4 K
B C 5y, i
C =vC (16)

3 BB

ASCLA—A~ 3 1L IX ZR 58 5] %ok P S ABE TR R ik

BEAT T, B L R TR RGN R AL
A AE(FE 14 T 2% 3 DX B R/ N SRO
BFSRAG R ZRGOR AT AR X
A TG4 A% 18.5 MW, X B I 36. 5 MW,
X C 3K 25 MW, S 2% 4 486. 5 3 0. AL
R FER A AT 45 FH 2 0 AT

1 BRREAZTER

WX AMER/MW MRk MW
A 50 10
B 80 20
¢ 60 25

& H:500 MW K HL: 230 MW
A : 200 MW H i : 370 MW MR
. . ) MER: 80 MW
‘E%*:SOMW @ _@ W
GB1:448% 7T/ MW
(15 MW)
GB2}58% 7L/ MW

WA B
GA1}40% J5/ MW

(10 MW)
GA24473 i/ MW
(20 MW)
GA3 4523 5/ MW
(30 MW)

GB3:4623 76/ MW
(50 MW)

~

~ ~ N
N RS,
& B00Mw 7y A W3
%

WA

GC1450 % 76/ MW (20 MW)
GC2460 £ 76/ MW (40 MW)
GC3k64 3£ 50/MW (20 MW)

K HL: 200 MW
75 : 360 MW

K1

3.1 SE A

3.1.1 Pro-rata ¥ #X A.B.C &FHMNEHFE
R4y 50.80.60 MW JIF 4 4% I8 Pro- rata)y i3k
Xif k2 HI AT o0 . A3 B A 45 R IR 2.

Pro-rata X i I £ HI 75 oK HL B 23 4 T 9%

FH BB, BRI T 45 FH 2 F B P ok o S B
R METR B 2 R 9 ek £

3.1.2 ATHERAMN ARG FE FRBE R
T e R AR DX g FH A 9 T X A A s X R 4
FIMLA IR 255 L3R 3. 7R3 3 JERl b 25 4% Hb
XA 21 B FH 3 P4l SR LR 4.

% 2 388 Pro-rata 7 k5 & B kA

X R/ MW SR /ST
A 50 0. 263 1 179. 950
B 80 0.421 1 888. 816
C 60 0.316 1417.734




212 [ W A NI S SR o541 %
%3 AR L&AMAHEZAARLSET MW %6 EAH AR

WX MFESR GAL GA2 GBI GB2 GCl GC2 b IX S PERLEE /9 TT SR /250

A 50 10 85 15 0.0 16.5 0 1 .910.0 690. 0

B 80 10 8.5 15 21.5 20.0 5 B 2 395.0 2 565.0

C 60 10 85 15 1.5 20.0 5 C 2 368.5 1231.5
L35k (1) At 6 673.5 4 486.5
%MEE 190 30 25.5 45 23.0 56.5 10 &
FH 24

814 AT REE N T AR LB H

k4 BWEE&AMAG SRR £

G 2 HiX A HiIX B HIX C
A GA1 % 156.67  156.67  156.67
A3 GA2 3 133.17  133.17  133.17
43 GB1 2 ] 290.00  290.00  290.00
A3 GB2 2 1 0.00 1 165.67 81.33
43 GC1 2 350.44  424.78  424.77
I GC2 2 0. 00 150. 00 150. 00

&t 930.28 2320.28 1 235.94

T 4 Rl DUE Y T RO R B0 9
Oy PTG SR A PR P B — Rk, T LR
3 B AR ML A 45 b X i ™ B P A R A
TR T“ ZHZA 8 /0 H/D A2 R 7 — e
JE L SEBLT B A M A S
3.1.3 ATAMHESFTE RAXNDOIIE.
BT BB R RS, A5 R WL 5. T A EIZRE B
LRI 2. 2 A 2) Mk (3) L AT A4 Il
SEE B AR A5 M DXt A T o0, L SR L3R 6.

A5 FBMaH

PRSI P S A EE T TR A RAE R 7 P .
IR T AT LU . 3 BT o PSS SR AR B
FHIE] BB X B e 2, X A Sy /b, J5 il
2 FoBr 4 (R 207 vk mT LIVE R F ] Pro-rata Jiik
(AN FE R E, 3 Rl ik B 45 ik B A BRI 5,
BT R B 5B RN O B
FE X AR SR 2% H b X R £ TR D i s X
PR EE 7 A8 B AR FH 1) 2% AR XS Pro-rata J7 ik %
LT HLX B AU . Shapley 5 3 855 8 8 b [X &
VER L 45 . M DX B AR & 7R 09 i R Es 3 . 40 1
TWHEZ.
3.2 S#BLZBMm
3.2.1 Pro-rata 7% X A.B.CHZHELHEE
4398 500,230,200 MW, JIf 4 #% 18 Pro-rata J5
PRXT TR 4 486. 5 SETTHEAT /M A5 AR WL 8.
3.2.2 BT EMISIR G E M EENS X% 2%
FHIEAT oy PETT ZEXT R G AT T SEHEPEAN . X R R 48
LA AR R SRR S, S TR O R L,
XA [ 500 MW [ & - 28l 10 3R fEHE RN
0. 015 f#) 50 MW HLAH 4L, X B 19 230 MW %
AT 4 530452 % 0. 015 1Y 50 MW HL41
1 EIRIAEEEN 0. 02 1Y 30 MW HLZH $2 4L, Hh

I i/ %ot
YD) ) 0350 X C Ay 200 MW % efit il 4 £ 50 MW HLALH
YOG J 5500 k. 015 2 U BLAL RS 2R 56T b 030 L2 .
e Lo P S P 4 A 20 P 70 5 E
B o LT 5ot R RO BLAL U0 A BT B L3
: . SR S ULV 3 SRR FT S 2. I
KT BB AT BAR kL
. Pro-rata J5 i RIS {9R7S Shapley 7574
X
S Iy TrHES I/ 300 I WDy i T #ES T/ o0 T e IrHES I/ 3600
A 0.263 1179.95 0. 207 930. 28 0.154 690. 0
B 0.421 1 888. 82 0.517 2 320. 28 0.572 2565.0
C 0. 316 1417.73 0. 276 1235.94 0.274 1231.5




5 2 4]

Tt A TR T 23 I T B0 3l JH 2 R 52 213

% 8 M Pro-rata 7o ®& A A

BLTEARB IR G 3 Fh 5 1k ML R IEA Fa
FHIA] L S AR 22 AN K. Pro-rata J5 A — Bl fiy 5.

WX KHEE/MW g iizhea SRR /30T
AR T v LIS B e i 25 5, AT LAAEK: 55
A 500 0.538 2 412.10 . o
B ) & )R PR S PR R .
b 70 b H109.96 RO BA DI R AT R Rk
C 200 0.215 964. 84 o » S HE R
- a RIOEM B
ANBE AT AEHLNT , RV5R30 15752 R F 0, WIF5 20 3K 45 WX AR50 MW 10 0.010 654 8  0.664 739
Fﬁiﬁi’%zLgifﬁ@%%%ﬂ%’%ig@ﬁmi WX By 50 MW 4 0.0106550 0.666 136
F 5 BRI & H T R AL
i o R X B 30 MW 1 0.0155924 0.574 977
3.2.3 BAbTrkeyrei O E LB R R ]
WG4 R KSR R S 2 10, oy, RS CIIOMW 4 DOI0GIT 0606 196
£ 10 H5ReF) K oM o BAF Tk bik
i Pro-rata Jy ik XU 3 5 ik EENS 4347 1
X
gL e H /30T Sy A e H /30T g ighea SR H /60T
A 0.538 2 412.10 0.514 2 305. 07 0.530 2 376. 0
B 0. 247 1109.56 0.281 1 259. 38 0. 258 1157. 96
C 0.215 964. 84 0. 205 922. 05 0.212 952. 44
tems, 2004, 28(13). 7-12.
1A ,
4 én e [3] Xial.M, Gooi H B, Bai J. A probabilistic reserve

AR SCE X DX 355 F 7 77 3 G ] 6 2 b E A% s X
Sy PR % FH XA SO R B TS M B 78
SYPEEIF P Ok b JUFRR 7 i 4 P4l R ) it 4
AR AR [R) o E S LA G A3 e 235 R 22 A R SO F &
O BB T U R i Shapley FERH T
i DX B 3k e, ELAAR B 43 i T AR T
BV, AR PR L TR PSS RN
PILAHAE L i BAR D A 22 A K, Pro-rata J5ik
A SRy — Tl 6 B 25000 T i S HEAEAE SEBR PR AL

S ik

[1] Wang Jing, Redondo N E, Galiana F D. Demand-side
reserve offers in joint energy/reserve electricity mar-
kets[J]. IEEE Transactions on Power System, 2003,
18(4): 1300-1305.

(2] R, SCARdR  TERR 4. KB i it r & A i
A E RSO AR LT 1. I RGE A 3h ik, 2004, 28
(13): 7-12.

Zhao Xueshun, Wen Fushuan, Wang Zhen, et al. A
preliminary investigation on determination and pro-
curement of operating reserve capacity in regional elec-

tricity markets[ J]. Automation of Electric Power Sys-

with zero-sum settlement scheme[ J]. TEEE Transac-
tions on Power System, 2005, 20(2): 993-1000.

(4] AR sl R e vk R S R & i L ]
LB AR, 2005, 29(1) :30-34.

Meng Xiangxing, Han Xueshan. Discussion on reserve
caused by uncertain factors [ J]. Power System Tech-
nology, 2005,29(1): 30-34.

(5] JEXAEAEAAE. BGRAC S i N & TR e

(R 045 43 e D7 125 [ 1. v [ A ML O 27 4, 2005, 25
(1): 60-65.
Zhou Xinghua, Du Songhuai. A novel nucleolus theory
based allocation method of power losses in bilateral
electricity markets [ J . Proceedings of the CSEE,
2005, 25(1): 60-65.

[6] Tsukamoto Y. Iyoda I. Allocation of fixed transmis-
sion cost to wheeling cooperative game theory [ ]].
IEEE Transactions on Power System, 1996, 11(2):
620-629.

(7] T, 8L, T e, K Sy b iy 4y X 4 H
AT, E R TR 24 . 2006, 26(18) :28-33.
Wang Jianxue, Wang Xifan, Ding Xiaoying. Study on
zonal reserve model in power market[ J]. Proceedings
of the CSEE, 2006, 26(18):28-33.

(i AA O



