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Development of the ELDC and Reliability Analysis of Composite Power System
by Monte Carlo Method
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Abstract - This paper presents a method for constructing composite power system effective load duration
curves(CMELDC) at load points by Monte Carlo method. The concept of effective load duration curves(ELDC) in power
system planning is useful and important in both HLI and HLIO. CMELDC can be obtained from convolution integral
processing of the probability function of unsupplied power and the load duration curve at each load point. This concept
is analogy to the ELDC in HLI1. And, the reliability indices (LOLP, EDNS) for composite power system are evaluated
using CMELDC. Differences in reliability levels between HL1 and HLIO come from considering with the uncertainty
associated with the outages of the transmission system. It is expected that the CMELDC can be applied usefully to
areas such as reliability evaluation, probabilistic production cost simulation and analytical outage cost assessment, etc. in
HLI, DC load flow and Monte Carlo method are used for this study. The characteristics and effectiveness of this
methodology are illustrated by a case study of the IEEE RTS.

Key Words : Effective load duration curve, Composite power system, Reliability evaluation, Monte Carlo method, DC
load flow
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Fig. 1 Concept diagram for Constructing the
Composite Power System ELDC
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BuUS 12 a Table 2. Transmission line data
BUS 17 k BUS 21
B Bus 22 From |1 £ W | ARZRARE ] ATASAE
e bus [1© PUS Plitnax [occ/yrl fhr]
% 1 2 200 0.24 16
1 3 100 0.51 10
1 5 150 0.33 10
2 4 100 0.39 10
2 6 100 0.48 10
3 9 100 0.38 10
3 23 200 0.02 763
4 9 100 0.36 10
5 10 150 0.3 10
6 10 200 0.33 35
7 8 200 0.30 10
8 9 100 0.44 10
8 10 150 0.44 10
9 11 150 0.02 768
9 12 150 0.02 768
0 1 150 0.02 763
10 | 12 200 0.02 768
11 13 250 0.40 11
11 | 14 200 0.39 11
1Y 4 242 M [EEE A% A gEA% 12 13 250 0.40 11
Fig. 4. IEEE reliability test system 24buses 12 23 250 0.52 11
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Table 1. Generator data 543 ﬂ[{f’w-?‘;f} iﬂﬂ A &lpul
() (Ley) (\_)\6/1) AR (an) | FAL(a) | D E(aw)
DAL Pomax [MK] / AL & 1 108 1.0 0.4 0.3 0.3
A 2 97 1.0 0.4 0.3 0.3
WAyl 4| REY) g2 eRs] s3|wE) sl ea 5|8l e 3| 180 1.0 0.4 0.3 0.3
4| 74 1.0 05 0.3 0.2
1 | 20/0.02 | 20/0.02 | 76/0.02 | 76/0.02 5 71 1.0 05 03 0.2
6 | 136 1.0 0.4 0.3 03
2 | 20/0.05 | 20/0.02 | 76/0.02 | 76/0.02 e n oa 03 03
7 | 100/0.04 | 100/0.04 | 100/0.04 8 | i7l 10 04 0.3 03
9 | 15 1.0 05 03 02
13 |197/005 | 197/0.05 | 197/0.05 0] 195 1.0 05 03 0.2
- 13| %5 1.2 03 0.3 0.4
15 | 12/002 | 12/0.02 | 1270.02 | 12/0.02 | 12/0.02 | 155/0.04 1 o 12 02 03 05
16 | 155/0.04 15| 317 1.2 0.2 0.3 05
’ 16| 100 1.2 0.3 0.3 0.4
18 |400/0.12 18| 333 1.2 0.2 0.3 05
19] 181 1.2 02 0.3 05
21 | 400/0.12 20| 178 12 02 0.3 05
22 | 50/0.01 | 50/0.01 | 50/0.01 | 50/0.01 | 50/0.0t | 50/0.01
. - P N
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¥ 47 R3AAY A=A
Table 4. Reliability indices at Load Points

BAHE LOLP[pu] EDNSI[M¥h]
1 0.5008E-01 441.65
2 0.3384E-01 359.52
3 0.4986E-01 803
4 0.4044E-01 307.33
5 0.5048E-01 317.91
6 0.8026E-01 777.45
7 0.3173E-01 359.89
8 0.5018E-01 908.85
9 0.2496E-01 416.1
10 0.2193E+00 2653.95
13 0.3423E-02 3274
14 0.7459E-01 1135.15
15 0.1282E-01 2847
16 0.2266E-01 174.47
18 0.1663E-01 233.96
19 0.2564E-01 379.6
20 0.3040E-01 190.53
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Table 5. Comparisions of the LOLPs under the one
cct contingency and phase angle constraint of
the transmission two ccts between bus #15

and bus #21
e @ unrestricted @-10<6;, <05

LOLP [pu] | EDNS[\¥] { LOLP {pul | EDNS[\W]

1 0.5008E-01 1.21 0.1406E+00 3.14

2 0.3384E-01 0.985 0.1525E+00 3.17

3 0.4986E-01 2.20 0.2374E+00 6.67

4 0.4044E-01 0.842 0.9245E-01 1.68

138 5| 05048E-01 0.87 0.4047E+00 3.96
[kvl1| 6 | 0.8026E-01 213 0.8388E+00 16.1
7 0.3173E-01 0.986 0.7571E-01 1.78

81 05018E-01 2.49 0.1469E+00 6.07

91 0.2496E-01 1.14 0.1431E-01 0,459

10 0.2193E+00 727 0.3985E-01 1.68

13 0.3423E-02 0.897 0.3120E-02 0.855

14| 0.7459E-01 3.11 0.6077E-01 239

930 | 15| 0.1282E-01 0.780 0.1092E-01 0.794
16| 0.2266E-01 0.478 0.2815E-01 0.447

V) s C1e63E-01] 0641 | 01041E01] 0838
19| 0.2564E-01 1.04 0.1227E-01 0.358

20| 0.3040E-01 0522 0.2013E-01 0.917

3 27.592 51.308

$RAMZ #15~#21 134 AA

=4 ® unrestricted @-10 < 8, <05
LOLP [pu] | EDNS{W] [ LOLP [pu]l | EDNS{\¥]

1| 05008E-01 1.21 0.1406E+00 472

2 0.3384E-01 0.985 0.1525E+00 371

3] 0.4986E-01 2.20 0.2374E+00 10.8

4| 0.4044E-01 0.842 0.9245E-01 1.64

138 | 5 0.5048E~01 0.871 0.4047E+00 445
[kv1| 6 | 0.8026E-01 213 0.8888E+00 272
7| 03173E-01 0.986 0.7571E-01 1.14

8 0.5018E~-01 2.49 0.1469E+00 5.83

9| 0.2496E-01 114 0.1431E-01 0.443

10| 0.2193E+00 721 0.3985E-01 0.866

13| 0.3423E-02 0.897 0.3120E-02 0.816

14 0.7459E-01 3.11 0.6077E-01 353

930 |15 0.1282E-01 0.780 0.1092E-01 0.955
16| 0.2266E-01 0.478 0.2815E-01 0.457

(k) 18| 0.1663E-01 0641 0.1041E-01 1.16
19| 0.2564E-01 1.04 0.1227E-01 0.858

20 0.3040E~01 0.522 0.2013E-01 1.08
g 82.776 172.271
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Fig. 23. Reliability level zones by the LOLP(®)
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Table 6. Criteria level of the reliability level zones for
Fig.22 and Fig.23

zone L.OLP
1 0~0.01
2 0.01~0.301
3 0.3010) 4
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