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Development of a New Numerical Analysis Method for Nodal Probabilistic
Production Cost Simulation
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Abstract - This paper illustrates a new numerical analysis method using a nodal effective load model for nodal
probabilistic production cost simulation of the load point in a composite power system. The new effective load model

includes capacities and uncertainties of generators as well as transmission lines.

The CMELDC(composite power system

effective load duration curve) based on the new effective load model at HLII(Hierarchical Level II) has been developed
also. The CMELDC can be obtained from convolution integral processing of the outage capacity probabilistic distribution
function of the fictitious generator and the original load duration curve given at the load point. It is expected that the
new model for the CMELDC proposed in this study will provide some solutions to many problems based on nodal and
decentralized operation and control of an electric power systems under competition environment in future. The CMELDC
based on the new model at HLII will extend the application areas of nodal probabilistic production cost simulation, outage
cost assessment and reliability evaluation etc. at load points. The characteristics and effectiveness of this new model are
illustrated by a case study of MRBTS(Modified Roy Billinton Test System).
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Table 3. Nodal Probabilistic Production Energy [MWh/day]

Order Bus2 Bus3 Bus4 Bus5 Total
Table 1. Operating Cost Function[$/h] G5 | 96.4897 [410.0811]241.2242[192.9793] 940.7742
G6 | 39.5422 |205.8407121.0827 | 96.8662 | 4633318
Order| Loading order [Bus; Operating cost functions[$/h} G7 326218 | 205.2442 | 120.7001 | 96.5838 455.15
1 Gs 2 1141 + 05P G8 | 32.3583 | 205.374 | 118.358 | 96.6433 | 452.7336
2 G6~G9 |2 5.71 + 0.5P G9 | 32.0804 [204.5079] 98.5591 | 96.2342 | 431.3815
3 |Gl-Gg1112 1.43 + 05P G10 871 | 56.0661 [ 22.3108 | 26.3136 | 113.4005
4 Gi~G2 |1 90.18 + 12.0P Gll 8.6002 | 55.3818 | 22.0531 | 25.9896 | 112.0247
5 G3 1 77.63 + 12.25P Gl 42722 [346.6604 | 118.9391 | 158.593 | 666.9145
6 G4 1 68.49 + 12.5P G2 | 16.1018 | 86.2321 | 35.0018 | 37.7334 | 175.0691
G3 0.5901 | 3.6587 | 1.3966 | 1.6357 7.2811
¥ 2. HLIO|A e sg&x wduge 23 G4 0.0719 | 04297 | 0.1728 | 0.1835 0.8579
Table 2. Probabilistic Production Cost Simulation Result on HLI Total |309.8884|1779.476|899.7982|829.7558 | 3818919
Order Energy [MWh/day] Production cost [$/day] ¥ 4. 7 B3 ¥y 524w 8[$/day]
gz 46934.3'8895 175; 53.'780512 98 Table 4. Nodal Probabilistic Production Cost [$/day]
G7 457.6766 724.4361 Order Bus2 Bus3 Bus4 BusS Total
G8 455.291 720.7602 G5 | 316.608 | 473.4037[388.9753 | 364.8529 | 1543.84
G9 435.6782 685.9007 G6 118.576 [237.9047 | 195.5258 [ 183.4175 | 735.424
G10 114.3693 163.9180 G7  |106.9567237.6065 | 195.3345]183.2763| 723.174
Gll 112.9748 158.0789 G8 |106.3233]237.6422]191.9528(183.2769| 719.1953
Gl 663.4555 13875.1686 G9  [103.29521237.1517] 160.4438 | 183.0149| 683.9057
G2 169.5025 4087.8563 GI0 | 20.9681 | 61.9667 | 33.5579 | 47.0904 | 163.5831
G3 5.4827 137.0111 GI1 | 193717 | 61.3115 | 31.8083 | 453029 | 157.7944
G4 0.3592 14.5220 Gl |1349.895|6217.4212612.259]3751.869| 13931.44
Total 3819.479 22846.9066 G2 |481.1944 | 1765.479 | 892.0556 | 1054.198 | 4192.927
G3 18.7786 | 80.5927 | 36.1937 | 45.9196 | 181.4846
V . i G4 33244 | 13388 | 6.1618 | 7.3835 | 30.2577
oA EE HLIO AMe) FENF3NYEE o83l Total |2645.29119623.868 | 4744.268 | 6049.601 | 23063.03
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Table 5. Nodal Probabilistic Production Cost Per Unit Energy

[$/MWh]

Order Bus2 Bus3 Bus4 Bus5 [$/MWh]
G5 3.2813 1.1544 | 1.6125 1.8906 | 1.6401
G6 2.9987 | 1.1558 | 1.6148 | 1.8935 | 1.5873
G7 3.2787 1.1577 | 1.6183 1.8976 | 1.5889
G8 3.2858 1.1571 1.6218 | 1.8964 | 1.5886
G9 32199 | 1.1596 | 1.6279 | 19018 | 1.5854
G10 24074 | 1.1052 | 1.5041 1.7896 | 1.4425
Gll1 2.2525 1.1071 1.4423 | 1.7431 1.4086
Gl 31.5972 | 17.9352 | 21.963 | 23.6572 | 20.8894
G2 29.8845 | 20.4736 | 25.486 | 27.938 | 23.9501
G3 31.825 | 22.0277 | 25.9161 | 28.0725 | 24.9254
G4 46.224 | 31.159 | 35.667 | 40.2305 | 35.2695

[$/MWh] | 8.5363 | 5.4083 | 52726 | 7.2908 | 6.0392

HLII - HLI

[Mwh/day]

a9 5.z #d7]e] HLIF HLIS 8883 wdze i
Fig. 5. Probabilistic Production Energy Difference between HLII
and HLI each Generators.

Al ole] wHu| &) XE Hold 1Y 63 skl

HLII-HLI

15

95

75 F

55

[$/day])

3 r

S Gas @ & & o8 Glo G Gl G a3 4 ¥oreen

a3 6 7 EA79) HLIZ HLIe SE83 wAu g 2
Fig. 6. Probabilistic Production Cost Difference between HLII

and HLI each Generators.

436

olsh, ole) wnwskel AE wolw 12y 73 skoh

HLII - HLI

G5 G6 G7 G8 Gg Gto Gn Gi

[$/MWh]

9 7. 7 @dyle) HLIS HLIS) S§8% 2Hvste 3
Fig. 7. Probabilistic Production Cost Per Unit Energy Difference
between HLII and HLI each Generators.

o5 Y ARE oz Ay FRANE £AY A}
Azt FAY SdE2A oY SEAYA 4 AN AgAE
HE dohy 2Au &3 $AF oy 93FE 2L AU
Zhel gt AR E HAHoz motd £ dod AF olyF
HEE AgAHe nt g &9 2 F Aoz
Atz g

N
of
)
rx

»
X
rx
Hu
Kk

Al o} At2E2 24 7t
X7 & x| 2et EF)

6.2 case 2:

L

4
Lo

FEA4E F9 AHEY] Y3d 7
2d) F7tetd B e E 62 7 3

€% 29 FUtNeue 7 RExHdE BEEH
< Yeed 71£22 3 Casele] A9 wjms) &
A2 g9 F/HE A% dgoz Zk REHAH

&
-
ged wAF] FIEULL T 4 AT

ﬂf, 2

i £ oAk ok oof

B 6 Z FaAxdd HEEH THF [MWh/day]
(FH44E A3g 28E7h
Table 6. Nodal Probabilistic Production Energy [MWh/day]

Order Bus2 Bus3 Bus4 Bus5 Total
G5 96.4817 | 410.0472 | 241.2043 | 192.9634 | 940.6966
G6 39.5007 | 205.5799 | 120.9294 | 96.7435 | 462.7535
G7 32.4427 | 204.1025 | 120.0285 | 96.0466 | 452.6204
G8 32.1755 | 204.2084 | 117.6861 | 96.0948 | 450.1648
G9 31.7616 | 202.4758 | 97.5855 | 95.2779 | 427.1008
G10 8.635 55.5875 | 22.1255 | 26.0884 | 112.4363
Gl1 8.5266 | 54.9124 | 21.8714 | 25.7687 | 111.0791
Gl 43.0424 | 347.9343 [ 120.1551 | 159.2372 | 670.369
G2 16.4632 | 89.0079 | 36.0846 | 39.0301 | 180.5858
G3 0.6843 4.5989 1.7227 2.0591 9.0651
G4 0.1073 0.6869 0.2752 0.2901 1.3596

Total 309.821 | 1779.142 | 899.6683 | 829.5998 | 3818.231
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Table 7. Nodal Probabilistic Production Energy [MWh/day]

Order Bus2 Bus3 Bus4 Bus5S Total
G5 96.4916 | 410.0895 | 241.2291 | 192.9833 | 940.7936
G6 39.5622 | 205.9676 | 121.1574 | 96.9259 | 463.6132
G7 32,7113 | 205.8145 | 121.0356 | 96.8522 | 456.4136
G8 32.4494 | 205.9549 | 118.6928 | 96.9167 | 454.0138
G9 32.2402 | 205.5268 | 99.0472 | 96.7137 | 433.5279

G10 8.7477 | 56.3062 | 22.4038 | 26.4266 | 113.8843
Gl1 8.6371 | 55.6173 | 22.1443 | 26.1004 | 112.4992
Gl 425622 | 346.0224 | 118.3307 | 158.2704 | 665.1856
G2 159196 | 84.8354 | 34.4575 | 37.0798 | 172.2923
G3 0.543 3.1838 1.2336 1.4233 6.3838
G4 0.0543 0.3015 0.1218 0.1306 | 0.6082

Total | 3099188 | 1779.62 | 899.8539 | 829.8228 | 3819.216
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+ oz FzZHF WA’} bidding orderel wh&e}
3 7MHE ASol dEly AT E sl Bt JFEem
Aol Qo] 2HEHY M BHIE WA BYP oy,
Case4oll M= gto]l vld 1yl 2HVEE 94 FYsle 2k
ot F 82 TAve RIEd FHAEHAE A ¥e H
ol e FEEH dAFE JEhR gled VEe §
Case 19 Z 9o vaslE of EE2Q TdF YoM E
9 zpe]E Holx ghou, E 99 ol FEEA LA L
AAAE Cased?d 7 %71 71§22 3 Caseld F$ET A
o] 3w} HRA UtEE & F Ak RNFAR 2% F
g FHHoZ Yolry) AEF WP wAn g A
7}, EENS, LOLEE #|mste] ®10] velol Bgtch w4,
7} A9d AR X5E s 2Y HLIgG $3429 £
Z Aok 2 AlmL S 2% Case 1~49) EENSSt LOLES)
M RAY $AATE 1stA %& HLIY A=EFe] £A
Usgton, 7jgez § Case 13 AH2g& 28 F7HAZ
Case 29 A% 4488 Al E§E 50% 22217 Case 39)
A-xet Azt vins B o AR Ange 24 FHA

% PSXMY NBEN YHHIE AHE A FAMMN ol Ny
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Mzl Amgol 7H8 Case2s] A9 BHFo] s1Zoz
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= dFstdsel 2HrY Rary «dE nasA e
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Table 8. Nodal Probabilistic Production Energy[MWh/day]

Order Bus2 Bus3 Bus4 Bus5 Total
G1 95.5051 | 405.8966 | 238.7627 | 191.0101 (931.1744
G2 7138 | 405.8957 | 238.7622 | 191.0097 | 907.0476
G3 32.4204 [ 203.9911 | 117.6426 | 95.9958 |450.0499
G4 18.0415 | 115.9811 | 56.3529 | 54.439 2448146
GS 61.3591 | 410.9959 | 161.0576 | 189.1288 | 822.5413
G6 13.8888 | 142.6289 | 49.5628 | 66.9545 | 273.035
G7 12.7797 | 69.2047 | 28.1675 | 29.7439 |139.8959
G8 3.6038 | 20.2708 7.596 9.4667 | 409373
G9 0.7472 3.7912 1.5784 1.6279 7.7445
G10 0.1617 0.7152 0.2837 0.3336 1.4944
Gl11 0.0196 0.1122 0.0415 0.0524 | 0.2256
Total 309.9069 | 1779.483 | 899.8078 | 829.7625 |3818.961

E 9. 7 RapAHy SEEH wuu S [$day]
(LH71e RHEES FAE A9
Table 9. Nodal Probabilistic Production Cost [$/day]

Order Bus2 Bus3 Bus4 BusS§ Total
Gl 3245.451 | 6970.149 | 4964.543 | 4391.512 | 19571.65
G2 2398.999 | 6970.139 | 4964.537 | 4391.507 | 18725.18
G3 1615.064 | 4315.433 | 3228.448 | 2992.491 | 12151.44
G4 1268.313 | 3060.649 | 2036.786 | 2291.373 | 8657.12
G5 180.5663 | 468.9372 | 277.3476 | 358.0037 | 1284.855
G6 40.2049 | 161.7954 | 78.2655 | 115.9962 | 396.262
G7 25.2334 | 82.4646 | 44.7222 | 542052 | 206.6253
G8 6.9676 | 28.8465 | 12.3671 | 16.0879 | 64.269
G9 1.507 4.9346 2.6612 3.1453 12.2481
G10 0.1574 0.6364 0.2681 0.3258 1.3877
G11 0.0406 0.1452 0.0708 0.0927 0.3492
Total | 8782.504 | 22064.13 | 15610.02 | 14614.74 | 61071.39
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Table 10. Result comparison of Case Study

HLII
HLI Case 1 Case 2 Case 3 Case 4
uA 7] 9f
$AA5E = FAAE ARS | £AHAZ Ang |, .
wag e F 2 %7} s gra | TIEH SRS
- 223 A g A
g [MWh/day] 3819.479 3818.919 3818.231 3819.216 3818.961
wAe g [$/day] 22846.907 23063.030 23278.967 22954.993 61071.390
igalaods [$/MWh] 5.982 6.039 6.097 6.010 15.992
Bulk System EENS  [MWh/day] 0.5208 1.0812 1.7691 0.7846 1.0395
Bulk System LOLE [hrs/day] 0.0223 0.0449 0.0696 0.0333 0.0375
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