20049 CHEIED|8tS] SiAIStaths] =8F 2004.7.14-16
ZHFIE2 AlE20|42 o8t XFHF5IH0{2 Mojx|Az &Y

Y2E, YUa, U5
A=oistn No|ZEnt

*HA
e M7\

Determination of Incentive Level of Direct Load Control using Monte Cario Simulation
with Variance Reduction Technique

Yun-Won Jeong, Jong-Bae Park, Joong-Rin Shin
Dept. of Electrical Eng., Konkuk University

Abstract - This paper presents a new approach for
determining an accurate incentive levels of Direct Load
Control (DLC) program using sequential Monte Carlo
Simulation (MCS) techniques. The economic analysis of
DLC resources needs to identify the hourly-by-hourly
expected energy-not-served resulting from the random
outage characteristics of generators as well as to reflect the
availability and duration of DLC resources, which results the
computational explosion. Therefore, the conventional methods
are based on the scenario approaches to reduce the
computation time as well as to avoid the complexity of
economic studies. In this paper, we have developed a new
technique based on the sequential MCS to evaluate the
required expected load control amount in each hour and to
decide the incentive level satisfying the economic
constraints. And also the proposed approach has been
considered multi-state as well as two-state of the
generating units. In addition, we have applied the variance
reduction technique to enhance the efficiency of the
simulation. To show the efficiency and effectiveness of the
suggested method, the numerical studies have been
performed for the modified IEEE reliability test system.
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Fig.1 Representation of the three-state model
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Table 2 Comparison of the simulation with/without AV
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Fig. 4 Convergence curves of the reduced energy

249 AALEE e 2} Az AAY Yoh, &
FHAZEN(NPVISE He/ml g v Z(BCRIE ALE E 49
24

A AjAdF Hog AAXNF
Cases Tests NPV NPV
gre)  BCR jmag) BCR
P 0 1.000 14,564 1.532
RIM 14,564 1516 0 1.000
Case 1 B
tC 15,660 1577 1,095 1.026
TRC 14,564 1.516 14,564 1516
P 0 1.000 31,167 1.976
RIM 31,167 1951 0 1.000
Case 2
GC 32,445 2.030 1,277 1.020
TRC 31,167 1951 31,167 1.951
P 0 1.000 49,766 2445
RIM 49,766 2410 0 1.000
Case 3

GC 51,144 2.508 1,378 1.016
TRC 49,766 2410 49,766 2410

E 3% 4014 2 wis} Zo] B EFoIA AGY PYES
AgSd 7t AHER BelEol EFHAES BE wEe
£ Aol de $2e #& & Aok ot A2 Ayele
Wgo] ofd Wdzle) 2 e B 346l mde H§she 3
£33 BWAN AIY A2E 1ol e B wEAN
A PAEe J1Ee) Auele A2l AxE RE FS
o 48 AN Rate de IHY + Yok

4.4 E

B =RdrMe EHER ABdUJAL o]t AR
Aole] AAAFE WAt = EAFL WS HE
st AlBH oA AMANE FALATII AR L FHAR
ok 7189 HPRHA ZRaPe] AAN AL ¢ dF
A&, AN Fo BHAoE A3 AL 7|
AHgEHgTh dEtd B =RdAs A FEA AU A
19 Fg EHAEE A EHNAE Agsle] FEHow
i o]E 7o 2 AojAUFE WA
g Fo2 AHH Zriel FHALY FHY ojnges
darge EdAn 7HAgSo]l +HHE PB4 3
tAo] Ade 71 aRHQ dgos AP, gatA
Ao Zzage] FJE FEdta FARs A

AdEE FEE AAse AL df FRET o
oA AL HA A da 7P E JAHE &
dRsted FH LS AAFG Ao 7jvd
gu £ d7e A3FaAe 223 AgActez
FgE A7 glenz PR AgdmnAe R Zddm
Aoj7A nEE F Ne 77 o

o 2 o rir
ol X, I 8 (v O (X

o

e

Z
Pl

of

o

Z

B

=

N e

4

#nsl 2
o) ERE VAAYRN AU AANY AXg
TANE Mdes $98 w2IUS

& 2 2 8}

(1] AR gelFd, “Fage]7Iy AT, 2000 12

[2] A A FD, “AGRsAo] Ad BAE AT AHXNYF
At A" 2002 1

[3] Az BT, “AQRaAo Ad 7, 2003

[4] G. S. Fiske, E. T. K. Law and D. Q. Seeto, “The Economic
Analysis of Load Management: The Case of Cycling Residential
Air Conditioners,” IEEE Trans. on Power Apparatus and
Systemns, Vol. PAS-100, No. 12, pp. 4725-4732, December 1981

[5] Sushil K. Nelson, Benjamin F. Hobbs, “Screening Demand -Side
Management Programs with a Value-Based Test,” JEEE Trans.
on Power Systems, Vol. 7, No. 3, pp. 1031-1043, August 1992

[6] ¥tZu of, “Ae]Xe} Hi2E 7]2g AYRA o] T2 19|
AR AMEH 2R @FouixFeex] AW A4Z, pp.
342-349, 2002

[7} Z&Y, uF, U3, “Be7IEE A BHINE o] &7 AR
sAlole} AP AAALFT AN A UL,
53A 2, pp. 121-128, 2004. 2

- 669 -



[8] R. Y. Rubinstein, Simulation and the Monte Carlo Method,
Wiley, 1981

[9] IEEE Committee Report, “The IEEE Reliability Test System,”
IEEE Trans. on Pawer Apparatus and Systems, Vol. PAS-98,
No. 6, pp. 2047-2064, Nov./Dec. 1979

[10) R. Billinton, W. Li, Reliability Assessment of Electric Power
Systems Using Monte Carlo Methods, Plenum Press, New
York, 1994

{111 M. R. Bhutyan, R. N. Allan, "Modelling multistate problems in
sequential simulation of power system reliability studies,” IEE
Proc.-Gener. Transm Distrib., Vol. 142, No. 4, July 19%

[12] A. M. Law, W. D. Kelton, Simulation Modeling and Analysis,
McGraw- Hill, 2000

{13) California Public Utilities Commission, California Energy Com
mission, “Economic Analysis of Demand-Side Management
Programs: Standard Practice Manual,” December 1987

- 670 -



