Vol 12Na 5

12 5
Oct 2009

2009 10 JOURNAL OFMANAGEMENT SCIENCES N CH NA

b OF, RATEE, AR
( , 410076)

: B S AR IEE, A LR IR R NE R R Ak FAR A, 12 I MATLAB#K
P AT BT, T HE A E 4 B & KA TR R b b 69 3% FAT A B AL 39 ¥ sk
B 45 RE: 1)tk kE K KA S0, BB RFHER TR SGENEE;
2)E Rk B ERIGK R R R F A L KFrh; 3) 5T M IR K Fh M 235 K K3
AN RAR; 4) R 5 5F WM A% BRI T IE AR F 38 n — K MR T E, B i 2 T RH
R B AR, RATF WR M IR, 5)RALE REH T, 95T il & ms LR E
FIBOR LA I ) T K B el A RE AR

o s BFR; A AR EHHR
F423 2 : A : 1007- 9807(2009) 05— 0053— 08

0 )
167l

B

.Hobbs E, 6n J StfiS

[
[ 8]

[2]

R ( capacity payments) RPEX
Littlech 1d1983
[3~5] [10]
Bunn Larsen )
@ : 2007- 12- 10 : 2009- 06- 30.
(O07TBIY079); (70473008);

(NCET- 07- 0124).
(1962—), ., ) s . Email. yeze2003@ 263 net



— 54 — 2009 10

. Dkit Dkit  Phndyck
"2 Dobbs

[ 14]

B ? 2

el Roques ,
Savva , ,  MATIAB
[ 14]
( hmp),
' [12]
' 1
M Donall  Siegel Pindyck
[ 15] .
, Dixit
Pndyck 2l 1
[16] ’ 1 ,
[ 17] I
[ 13]‘ 5 p
[19] [20] 2
’ [2;1] [2;] P
3 P
, Nick Thansen ’ (goam etric
, Brow nian motion GBM )®, P 2o
[23]; 4 Q@ o,
) Black-Scholes l )
(241, , dd = afdt+ 00dz
2 (1 2 0
, , dz , d
[25]
? P = Po—e + € (1)
A+ Q
(261 ’ : po Y
(A>0);0Q ; 0 , €
) q
, 6
, , ( ., 86=0), (1
@ GEM . . ;
2000 s 9%. 2TW* h 16 611. 6TW* h
[24],

(GBM).



Po= 0+ g (2)
7PIa eI .
> q
5 m,
30 , M

M =m x 30 %24 xr,, (3)
s Tanl

6

cIm)=km', ¥< 1

P-c= W (4)

¢ U
,0< b< 1
7 ,
P. , 13=Ps+
Pe, Ps P
MR =M x P,
12
I
N=(P-c)g+ MR (5)
(5)
(2) (4) (5),
T= Wq + U+ AR (6)
(6) ; 4
P M
(6)
P> M,
(7)
T(AM )=
%+AR 0E€E Ty = [Q201)

WO -8 AR O To= /200 P+ ) (7
WM + AR, 0€ Ti= [P+ M, o)
PSS M,

(8)
TL(AM )=
g . _
46+AR 0C€ 7, = [Q 2P)
Lﬂe‘—f&m 0€ T = [2P, P+ O )
W;M+Ni 66T23=[1;+M,°°)
(8)
t viam)
(tt+ dt) i+ de

VIAM) = Tde+ E[V(0+ dOM )e™] (9)
" (9). di—Q
(10)
L2 dVAM) G oV(AM)
2 90” 90
QM )+ T(QM ) = 0 (10)
(10)
VAM ) 1y =B )6 +B] 01 )6 + Vi (OM )
i=12/=123 (1
BiM) B{M) M Vi (QM)
B B,
0.50°B(B- 1)+ aB- P= 0 B>18,<0
(1) B{M )8 B/M )0
0 (Q o)

, (1) (8)

P> a1,
Vi(@M) =

ug , AR
48(P- 2a-0°) " P
0E€E T, = [0 20 )
uy - Bar’
P—a_ P
0CTn=/[2M, P+ M )

(. 0E€ETu= [P+, =)

PV,

I_/H(GM) =

Vi (QM) = +

o[

(12)




2009 10

T/z(eM):
- ug’ AR
(M) = o 200 TP
0€ Ty = [Q 20 )
P P AR
sz(QM)—m——p+—p, (13)
GET22:[2<M,P+ )

0€ Tyu=[P+ ¥, o)
e ’

0= 28, P+ M, 2P

Vy(e/,M)=V/+1(9/];4)a }]Z 12 (14)
SR = T M ij= 12 (1)
AR
o
Vi(QM ) =A—§, i= 12 (16)
0 , 0
JinV o (QM) = Vs i= 12 (17)
(14)—(17),
VQM ).
0
M .
max= [V(AM) - 1] (18)
[(viam ) - 1j ,
M (0).
0. F(P)
, F(P) t
F(0)d=E[d(0)] (19)

0.50°0F"(0) + aVF (0) - @(0) = 0 (20)

F(P) =A,0" +4,0" (21)

B> 1B <0

F(0)=0 (22)

0 M,

F(O )=vd .M (6 ))-1M (6 ))

(23)
F'(8 )=Vv@ .M (6 ))-1I'M (8 ))
(24)
(22)—(24) M (0),
0 M.
2 MATLAB

a=0.2/1206 = 0.2/

J12 P=0.1/12 ( 0202
01,P = 400( MWh,P; = 0( MWh),
§=1k= 6000 000( MW) Y= 09LU=
0.3u r.a = 0.9 , MATLAB
. (
) (
)
21
a 0 008 3
0.016 7( 01 02,
0 6 62MW h/ , 76(MW h /
s Q 788 MW, 1 449 IMW (
3 ) 1
x 10°
35
30 @=0.0167 VaY
R 25 \//l
| 51l / /
B - «=0.0083_
T3 4l
< 19 /4
//,/
0.5 //{/ :
T 6% 6.7

0 100 200 300 400 500 600 700 800
6 (Bfi. MWh B )

1 a

Fig 1 Invesment decisiomrmak ing under different value ofa

1 )



5 — 57 —
, ) ) D ixit
) Pindyck( 2002)
22
2, 0 0 026 93 L :
0 057 7( Q1 02), R
6 6 RMWh/ , 76MWh/ , .
0 228 MW, 1.449 MW. ,
x 1) B
3.0 o=0.0577
> & A X l()"‘v
2 () };
. 3.0f price cap=400
— 1 o
: 1.0 ; 25 price cap=300 ¥
o=0.0289 B 2.0
0.5 - 3
74 2} I L.5;
|le 100 200 300 400 500 600 700 800 \’ 1.0}
0 (Hfi: MWh/ A
) 5 0.5
‘ B °Fo.
Fig 2 Investmentdecisiorm aking under different value of0 % 100- 200 300 400 500 600 700 800
6 (Hfi. MWh/ H )
’ 3 P
’ ’ Fig 3 Investmentdec siomrm ak ng under different value of P
’ 24
9 9 4 , PC
! 2 ’ 40 MWh 50 MW h
0 0 83MW h/ , 59MWh/
’ ’ 1 185 2MW, 1 449 IMW.
x 10/
23
30, P 30 MWh B o
400 MW h 9*1 9*2 25 Pe=60
703MWh/ , 7T6(MWh/ r_ ’0 >
1. 152 MW, 1. 449 IMW. _ L5
P 200 /MWh = 10
55 MWh , 0.5
l)l) 100 Jill) 300 400 500 600 700 800
6 (HA7. MWh/ J

=

q=’

4 P,

4 Investment decisiorm ak ing under different value ofP .



— 8 — 2009 10

55 MWh | , ,
2
’ ”
’ 2
2
2
b
2
b
2 2
. A ndrew Ford
’ [28]
. 2
b
[27]
) A-] . , ’
’ , , ’ s
2 . 2
25 )
” 2
[89]
, 5 6
4
/
2500, { iy
/ >
~. 2000 ; )
‘\g 1 500 ,
121000
< |
B
x o4
- ik < 3 D)
5507 ; : ¢ o :
Q _-'.‘H‘fl‘o‘_g() .
40(15();.__ e o '5;20'5 5 N
3 300 5. 03530 " ) .
Hris IR (I8 MWh) 250075045 40 2 litifh (55 /MWh) ;
B5 AEEHERTHFHRHM , s
Fig. 5 Average tariff under different regulation variables , ,
2
x 10* ’
2
5 ’ ’
2
2
. s ’ >
51510
i B (G MWh ) " FEHRH (GE/MWh) 5

He AEEHERTHBRMNEZHNTE ’

Fig. 6 Price fluctuations variance under different regulation variables

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



[ 1] Joskow P Can petitive E kctricity M arkets and Invesm ent in Nev G enerating C apaciy[ M |. Bostorr Oxford Un ivesity Press
2007

[2]VazquezC RiverM, PérezArraga l ] A marketapproach to bng tem security of supply[ J]. EEE Transactons on Pow-
erSystans 2002 17(2): 349— 357

[3] . [J]. , 2003 36(11): 1—a
Zhu Chengzhang Inflience of power crsis n California and blackout nUS and C anada on world power ndustry[ J|. Chna
Electric Powey 2003 36(11): 1—6a ( in Chinese)

[ 4]Botterud AM. Kowpés M odeling of Pov erGeneration Invesm ent Incentives under Uncertainty in L beralzed E kctricity M ar
kets| C]. The 6th IAEE European Con ferencg 2004

[ 5]R ichard Green Nodal pricing of ekctricity H ow much does i cost to get itwwong [ J]. Joumal ofR egulatoty E conom ics
2007 31(2): 125— 149

[6]Dek Bunn Issac Dyner Systems simulation © support ntegrated energy analys & and lbemlzed planning[ J|. Int Trans
Opl Res 1996 3 105— 115

[ 7] Shayne Gary Erk Remer Lasen Inpoving fim performance in outofequilibrum deregu bied makets using feedback
smu htion modek[ J]. Energy Policy 200Q 28(12): 845— 855

[ 8]Hobbs E 6n J StoftS Installed capaciy requirements and price caps O ilon the water or fuelon the fire[ J]. The E lec
tricity Joumal 2001, 14(6): 23— 34

[9]Hobbs B Kén ] StoftSE Installed capaciy requirements and price caps O il on thewater or fuelon the fird [ J]. The

Electricity Journal 2001(b), 14(6): 23— 34

[ 10] Littlechild S Reflections on incentive regu htion[ J|. Review of Nework Economivs 2003, 2(4): 289—315

[ 11] Littdechild S Regulaton of Britsh Telcanmunicatons Pwfitabilityl M]. London Deparment of Indusiry 1983

[ 12]D xit A. Trrevers ble nvesmentw ih price ceilings[ J]. Joumal of Politcal Econany 1991, 99(3): 541—557.

[13]DxtA R, Pindyck InvesmentunderUncertamty[M |. Princetor Princeton Unwewsiy Press 1994 (

, 2002).

[ 14]Kahn A E. The adequacy of prospective retums on generation nvesm ents under price controlmechan ams| J|. Eleciricity
Journal 2002 15(2): 37—4a

[ 15]M Donald R I, Siegel DR, Invesim ent and the valuaton of fim s when there & an option to shut dow[ J|. International
conom c Review, 1985 26 331— 349

[ 16] ; . [J]. . 2001 4(1): 38—43
AnY ing hui ZhangW ei Analysis and developm ent of the m ethod and model of opton gane theory[ J]. Joumal of M &
negem ent Sciences i Ching 200L 4(1): 38— 43 ( i Chese)

[17] , , . [ 1. , 2004 7(1): 88—9a
XiaHuj Zeng Yong Tang X iacwa Suiwey of real option approach to analyze strategic nvesiments of technology mnova
tong| J]. Joumal ofM anagen ent Sciences in China 2004 7(1): 88—96 ( in Chinese)

[ 18] , . [J]. , 2005 24(3): 31—36
Fu Fu-long Huang Jan-ba Revievs on quantitative analyss and relevant poblen of the realoptions theory[ J]. Forecas
tng 2005 24(3): 31—36 ( in Chnese)

[19] . . []]. , 2006 9(5): 82—87
YangM ing W ang Guo-hua Analysis for effect of lin ited mvesting tine on the option valie of progct[ J|. JoumalofM arr
agem ent Sciences m China 2006 9(5): 82—87 (in Chhnese)

[20] , . [J]. , 2006 14(5): S
Huang Xue jun, W u Chongfeng Option gamemodel on R&D invesment decisbn under uncertainty[ J]. Chinese Joumal
ofM anageam ent Science 2006 14(5):, 5., ( in Chinese)



— 60 — 2009 10

[21] , , . [J]. , 2008 21(4): 10
Zhang Guoxing Guo Jr ¢ LuDong lin An asymmetric duopoly option gam e model under tin e tobuild and invesm ent
cost] J]. JoumalofM anagan entSciences 2008 21(4): 10 ( n Chnese)

[22] , . R&D [J]. , 2006 26
(4): 50—54
Wu Jianzu Xuan Huiyu Analyzingoptinaltm ngof fim’ s R&D mvesm ent under ncomp kte nomatbn n a realoptons
and game theoretic fran ewoik[ J]. Systems Engneering Theory M ethodobgy A pplications 2006 26( 4): 50—54 ( in
Ch nese)

[23]0rhs A G. Erksen P B Akhmatov V. Planning under UncertaintySecuring Reliable E kciricity Supply n L beralized Err
egyM akets[ C]. Power Engineering Sockety G eneralM eeting of IEEE, 2007 24(28): 1—6

[24] , . [J]. , 2005 29(11): 1—5
JiXngquan, Wen Fu-shuan A real option approach b generatbn nvesment decisbnm aking i ekctriciy market envt
wm ent[ J]. Autanation of Electric Power Systems 2005, 29(11): =5 ( n Chhese)

[25] ) ) s [J]. , 20053
29(19): 1—9
W ang Yong W en Fu-shuan, ChungC Y, et al Realoption based appwach Hr generation nvesim ent decision-mak ng and
genertbn capacity adequacy analyss[ J]. Automatobn of Electric Pow er Systans 2005 29(19): 1—9 ( n Chmese)

[ 26]Knittel C R, RobertsM R. An emprical exan mation of restructured electricity prices[ J]. Enewgy Econan ics 2003 27

(5): 791—817
[ 27]AverchH, Johnson L L. Behavbr of he fim under regubiory constraint] J]. American Econan icReview, 1962 52(4):
1052— 1069,

[ 28] Andrew Ford Cycls i canpetitive eleciricity matkets A smuhtion study of the western United States| J]. Enegy
Policy 1999 27(11): 637—658

E lectricity generation capacity invesmentm odel and policy analysis n con-
sideration of price caps

YE Ze¢ ZHANG Xin-hua, CAO Yong-quan
School of M anagement Changsha University of Scence and Technology Changsha 410076 Chmna

Abstract Usng the real opton theory this paper ntroduces regu lation of price cap nto the decision model of
generating capacily nvesimenf make analyss of exanples by MATLAB sofivare and hen discusses nvest
ment behavior of generaton enterprise and equilbriun effect of maiket when matket variable and regulatbn
variable change The result of the analysis shows that 1)W hen the grow th expectation of generation enterprise
on power demand is high itwill posipone its nvesment project and ncrease generatbn capacity in pw ject
2) The mpact of demand flictuatbn rate on nvesiment decisbn ismuch greater than demand ncrement rate
3) The reasonable levelof price cap has an obvbus effect on alleviation of nvesiment s fluctuation 4) W hen
the electricity capacity price is raised itnotonly reduces he nvesimentm argnal valie but also ncreases the
anountof nitial mvesm ent H owever under this condition the efficiency of resource albcation is reduced
and it & also not favorable to optin ize and ad pst the electricity ndustrial stmcturg 5) Under the uncertanty
situation of denand the regulation polcym x of higher capacity price and low er price cap is an efficient pah,
which leads to long-tem equilibrum of electricity market

Key words price cap capacity pricg generatbn capacity invesimenj real optbn



