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dP = aPdt + oPdz (1)
Ao HEBRSEL, o WITESEL, de NAEGLIFRY)
& H—HHEPAFEMNR B TH R #™ EHY
AERFFZR (utilization rate) . | BIAEFFHR
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H . sriangular (+) £ Riskoptimizer 441 P 5 i
W) = AREEE A R AR — B2 % BT
HRARENKE S|, BKH S;, HABAIGEN S,. 1Y
A A SURBEF AR R DREEHC, TRZL
M T I PR 5 () A2« E U EE BEATLAN B 8 R R Y
SHEERAT, BERMBEENIC, X kILmE
G B R AN A

2 REIE
2.1 MBE—MANESRARATER

SRR SR — f s B] (PRSI AR RS R T,
RIGHE—FEYLLRR (A CF Bl s A2 A

e 6.

I e 0 B ME R RV R ) IR —
EH b W R, KRB ELN T, =
inf {¢=0; V(¢) =0}.3XF, v(e) HFEVIRLE
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Koyl =G K)e-fﬂ (4)
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PRI HARFHZE S WBEHIAR A BFFREHE,
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e EEN, A LR T EoREERCIE R R 2R
ANAIRERY, R MIASCHE B TEUERRE . SR - RI%
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PR 2R XS S AT AL L3R4 Riskoptimizer
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FA Riskoptimizer KA SCH— IR BED 5K
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R (4) 1A X R AR B AR A ah e B AR T
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R RRAER N, 7= A 3 i e R R B TT 2R BT
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. BESEORENT M E—K T HEBUE, 5%
FIEHBHL 1 000 REL 1L, AR — MRk ; §—
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4 HOEIRSH

HEE MRS E o IR —
SBHEIRRE N . 4 o € [0, 1], HMSE HRTiiE
Py = 20, OB EA €, = 20, AT A
C, =500, HARE K = 2 000, I5EBLR p = 0.04;
S, =0.5,5, = 0.8.1,5; = 1; FEHERMA
L = 104, Fiil A 2 HarN 20 5. £ 1.2 71 4
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#* 1 EFHT.POE SHMEFMEY o( R+ A Sigma R7R, TH): S, = 0.8
Table 1 EFHT, POE and price uncertainty(Sigma in Tables): S, = 0.8

Sigma 0.10 0.15 0.20 0.30 0.35 0.40 0.45 0.50
EFHT 0.52 2.33 3.30 3.95 4.19 4.33 4.40 4.40
POE 0.998 0.975 0.890 0.780 0.617 0.517 0.467 0.408
Sigma 0.55 0.60 0.65 0.70 0.80 0.90 1.00
EFHT 4.37 4.30 4.25 4.13 4.03 3.9 3.90
POF 0.375 0.350 0.333 0.308 0.282 0.264 0.267

Riskoptimizer {24t T 524% - R .H T #5777 (Latin Hypercube) BIFCREEIT I HE 6 2 8 —BOA NG E BRI/ A B B B
B R B ) B R 22 0 L 45 SR B3 Sy BRI RIS F(P, S) EAT05 B, J5 E LA 884 IS LR 5 M-C U7 B84 1 000 R AR B9
iR IR TR D FRTE  HAG Rl T B R B R R A A TR
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2 EFHT.POE S EARTHEM 0:5, = 1.0
Table 1 EFHT, POE and price uncertainty; S, = 1.0
Sigma 0.10 0.15 j70.20 0.30 0.35 0.40 0.45 0.5
EFHT 0.58 2.80 3.71 4.30 4.60 4.72 4.70 4.64
POE 1.000 0.982 0.940 0.844 0.667 0.573 0.512 0.461
Sigma 0.55 0.60 0.65 0.70 0.80 0.90 1.00
EFHT 4.57 4.42 4.28 4.13 3.96 3.77 3.53
POF 0.414 0.396 0.378 0.356 0.318 j 0.297 0.285
50 WZ BT RET  EFHT 5 o MR NIE R . AU
:g | BEBFENRS, A S ERRARHEAR
15 HEMET , Sudipto FIZEIEATHR L A (SEFR L Sudipto
0 BT T LA T A R 2 2 4 R R 4
%Z » 8- kRIS 100% FRYRFRIEIE) 5 B S, MK, X Ah e S Ae
=l o TS FHMR IS . HIRE AT & B AR A TR
Lo} o 2R POE [ o W3 HITIRER. XU , AN E PR R
0~3 &, ZE RSB RN (B REE S, 1K,

0.1 0.150.2 0.30.350.4 0.450.50.550.6 0.650.7 0.8 0.9 1.0

B 1 EFHT.POE '——'Jmﬁﬂﬁ%;&g?a(lﬁq:m Sigma F 7, TH):
S, = 0.8.1.0
Fig. 1 EFHT,POE and price unceriainty(Sigma): S, = 0.8,1.0
. FERGTFH S2BAEL2P S, UTH.
H SRR T, S — ol SR E] EFHT 3R ABE o
) B SR T 2 PR A B R 5 4 G VA, T
el — AN AR, TS SR . A —
M o B, EX— G FEFEZAT, EE LR
HREF; MAERIGAEZS , R EHRITRE
e, Wt R UL, HA KA, Mg AT E R
EREMAA SR F B S, BTG
. Sudiptol 8 &3 BA7E RUTFTE 7Y 8 4 B T LA A

B THER A BRI N e 2

THEEE=ARSAT S, KBS HE
F—hlSBTE . A4S o = 0.1 6 =
0.3.0 = LOEMFE TFTHZRER. HREERK
LIEE R Z R R R, A SRR IS Py iR
BERT 10%, BABFERAREBERERK 10%,
Bl Py = 22,C, = 450. ALHERIFE S, € (0.5,
1.0) , AR H A SR Riskoptimizer 25 S $iX
BAL BEUTEZERNEK 3, & 2 fIE 3 25 R
SREIET , BAE 5 — il 5 B 18] S8 B AT
MEFBE S, THMGEHE. B 2 FREBLERS I
TEPEPERH L = 10FERFSRE, AR FE
TIZFEREY I B R AL

#*3 EFHT.POE STUHZERFIME(S,): 0 = 0.1,0.3.1.0
Table 3 EFHT, POE and capacity utilization rate(S,): ¢ = 0.1,0.3,1.0

50 I 55 60 65

o 8,(%) 70 75 80 85 90 93 100
EFHT ® ® 9,85 | 5.40 | 1.39 | 0.37 | 0.09 0 0 0 0
o1 POE 0 0 |/9.430 | 0.716 | 0.902 | 0.967 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
EFHT | 9.83 | 7.17 | 5.20 | 3.73 | 2.52 | 1.63 | 0.8 | 0.54 | 0.19 0 0
03 POE | 0.004 | 0.181 | 0.360 | 0.509 | 0.629 | 0.735 | 0.86 | 0.917 | 0.962 1 1
EFHT | 6.24 | 5.03 | 4.00 | 3.30 | 2.73 | 2.3 | 2.06 | 1.85 | 1.60 | 1.30 | 1.24
1o POE | 0.016 | 0.125 | 0.221 | 0.309 | 0.377 | 0.436 | 0.488 | 0.536 | 0.574 | 0.614 | 0.616
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538 BEEE, NEEIARE SR TR —REARY BRE — 4] —
- B, S, K 55% T, EFHT R T35 K, Bi4 b e A
10 WESHINASERE E L Z— KT B

—— Sigma=0.1
—a— Sigma=0.3
~—k— Sigma=1.0

S0 55 60 65 70 75 80 85 90 95 100
-2 LA

H2 FEFHT STHERFAE(S,):0 = 0.1,0.3.1.0
Fig.2 EFHT and capacity utilization rate(S,) :
o= 0.1,0.3,1.0

—&— Sigma=0.1
—&— Sigma=0.3
—&— Sigma=1.0

S0 55 60 65 70 75 80 85 90 95 100
$(26)

B3 POESTMERFAE(S,): ¢ = 0.1.0.3,1.0
Fig.3 POE and capacity utilization rate
(S;): 0 = 0.1,0.3,1.0

m & 2 AE 3 7 W, EFHT # POE B& &%
AIREARFIAZR S, B AN M EFERMER,
S, TR, 4% B 25 B ] F IR AT R Y, BT I
PATHIME RS . R A o B97383h, W o {EHi
/N, BRU A AT E R B IR, EFHT T RE R R 8
K,EFHT X} S, HIZ8 3l & BURK . [R)RE X B AT
#E2R POE M & , o {H#%/]N, POE 3 il i B ER A,
POE Xt S, H)ZAEEh#l RBUR. Z2 0 =0.1 BT HI 1

2 % X W

B, S, (YU 2 85% , EFHT st 48 4 0,
BPfs b BB AR B 5 R 3L BT s Xt b o = 1.0 B
&I it S, 75 E/RTE B A e 25 3) , EFHT (&
BALET 1, BREEUASEZME, BIfFE S, HE
100% .
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FHE AL 328 5 1) A2 4 ol 45 B 5K B P 9 3 3 )
B A SO FE T G s AT A B A AR NE
FEOLABIE H R KB 34T T A0 A
PRRERFN . (1) EFEIE A EBM AR
AEERIEE , RICETE RS s A sE R E
o MREB AR EMKERAMRKER, B
iR AR AR AR —KER.(2)
B T AL BUR T A B A R & T REfER
NERATRKR, A REA AR, B8
B TR AT, B BUR s A e B,
E—FARR AL . 3) BE PRI T REE
AR AT E TR o 33530 T2 080, FE B A B & vl
RERI R A 38 T B s FE Z B R R AR K
HSL YRR, PATHE R BRI, (B8
R o BRI/

EIS—1RAR, RIEA SCIR H BB 5 8 B
T, H— I RIE ST B AR B, AT LU
REY IKIRRY RIS EREYL. £ BB . YR
W O B AL S AN REE T AT ST s R i T
LABIA =L 32 418 2E 047, AT /= AT REAE5E 7™
P IRARL BT RV B S B, 38 TR BRI AR () SEBR R B
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Lumpy capacity expansion investment decision under bistochastic uncertainties

ZANG Bao-feng', HU Han-hui', ZHUANG Wei-gang*

1. School of Electricity Engineering of Southeast University, Nanjing 210096, China;
2. Research Centre of Industry Organization Group Economy of Southeast University, Nanjing 210096, China;
3. Jiangsu Branch of China Development Bank, Nanjing 210096, China

Abstract: Optimal investment time of lumpy capacity éxpansion investment under bistochastic uncertainties of price
and capacity utilization rate was investigated in this paper. Applying theory of real options, it developed an invest-
ment decision-making model aimed to maximize investment options based on expected first hitting time. A simulation
optimization algorithm designed by Riskoptimizer software package was used to solve the model. Numerical examples
were carried out in the end which indicated that the biuncertainties’ influences on optimal capacity expansion deci-
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Key words: lumpy capacity expansion; dual stochastic; first hitting time; simulation optimization; riskoptimizer

Misk: A Riskoptimizer #1515 B AL T2 E

Appendix: A flow chart for simulation optimization with Riskoptimizer
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