A New Approach to Calculation of the Components of Locational Marginal Price

R /R B o TN

IR OE BT -4 B &

(Ki-Song Lee - Yun-Won Jeong - Jong-Bae Park - Joong~Rin Shin - Jin-Ho Kim)

Abstract - This paper presents a new methodology to draw the components of locational marginal price (LMP) in
electricity market. Recently, the changing environments surrounding electricity industries resulted in the unbundled
services provided by electricity market players, which may require the new pricing mechanisms based on the LMP. The
changed pricing mechanisms will provide the price signals of time and location to the market participants. Most of the
existing studies of LMP are based on the Lagrangian multipliers as shadow prices to evaluate the equivalent values of
constraints or factors for security, reliability and quality. However, the shadow prices cannot provide enough information
for components of LMP. In this paper, therefore, we proposed a new approach that LMP is divided into three
components. To do this, we first present the method for shadow prices calculation and then break down LMP into a
variety of parts corresponding to the concerned factors. The proposed approach is applied to 5-bus and modified IEEE

14-bus sample system in order to verify its validity.
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Fig. 3 Modified IEEE 14-bus sample system
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Table 9 Bus data of modified IEEE 14-bus sample system

; Z7] AtA oF H3F
22N g [Hy [ 32 | MW | MVar
1 106 0 | 105 | 09 0 0
2 | 1065 | 0 | 105 | 09 | 217 127
3 101 0 | 105 | 09 | 942 19
4 1 0 | 105 | 09 | 418 39
5 1 1 0 | 105 | 09 76 16
6 107 0 | 1056 | 09 | n2 75
7 1 0 [ 106 | 09 0 0
8 109 0 | 156 | 09 0 0
9 1 0 | 105 | 09 | 295 | 166
10 ] 0 | 105 | 09 9 58
1 1 0 | 105 | 09 35 18
12 1 0 | 105 | 09 61 16
13 1 0 | 106 | 09 | 135 58
14 1 0 | 1065 | 09 | 149 5
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Table 10 Line data of modified IEEE 14-bus sample system

Az | =4 A3 e 2 (SHEEAY
W% |From| To ° g A [AAE A MAX | MIN
1 1 2 | 001938 | 005917 00528 | 45 | -45
2 | 2 3 | 004699 | 0.19797 0.0438 45 | -45
3 | 2 4 | 005811 | 017632 0.0374 45 | 45
4 1 5 | 005403 | 022304 00492 | 45 | -45
5 | 2 5 | 00569 | 017388 | 0034 45 | -45
6 | 3 4 | 006701 | 0.17103 00346 | 45 | -45
7 ] 4 5 | 001335 | 004211 00128 | 45 | -45
8 | 5| 6 0 0.25202 0 5 | -45
9 | 4 7 0 0.20912 0 45 | -45
101 7 8 0 0.17615 0 45 | 45
1 | 4 9 0 055618 0 45 | -4
1217 ) 0 0.11001 0 5 | -45
131 91 10 | 003181 | 00845 0 45 | -45
140 6 ] 11 | 009498 | 01989 0 45 | -45
15 | 6 | 12 | 0122091 | 025581 0 5 | -4
16 | 6 [ 13 | 006615 | 013027 0 45 | -45
17 | 9 | 14 | 012711 | 027038 0 45 | -45
18 | 10 | 11 | 008205 | 0.19207 0 5 | -45
19 | 12| 13 [ 022002 | 0.19988 0 5 | -45
20 | 13 | 14 | 017093 | 034802 0 45 | -45
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Table 11 Generator data in modified IEEE 14~bus system

WUz o= 71AdolE H 2] A OF
ward | A of 1ai] ueﬂ—.*ll)il | ;];‘H];m]
Gi 1 18.28 0.0082 10 100
G2 2 1828 0.00%6 20 100
G3 3 1828 0.0059 10 150
G4 6 186 0.006 20 100
G5 8 1828 0.0087 10 120
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Table 12 Results of generation at each generator

wasly | = 2%
MW Mvar
Gl 1 39.822 -0.627
G2 2 41.504 14.774
G3 3 86.448 19.468
G4 6 47.564 16.667
G5 8 45.000 18.549
£ 138 47) ERAT U@ HZZFT 2AE Uehy
o, A2-g79 4 Ach SRS BALA TEY)

= 13 24 s Re MR B

Table 13 Results of line flow at each transmission line

z A Haziad
From To MW Mvar
2 3 12.310 -0.697
2 4 17.732 1.513
2 5 12.988 1.479
2 1 -23.226 -0.221
3 2 -12.245 -1.411
3 4 4.493 1.879
4 2 -17.562 ~3.017
4 3 -4.476 -3.693
4 5 -20.448 -0.779
4 7 -9.126 5.465
4 9 3811 5924
5 2 -12.897 -3.044
5 4 20.500 0.260
5 6 1.158 5.049
5 1 -16.361 -3.865
6 5 -1.158 -4.986
6 11 10.132 4064
6 12 8.173 2533
6 13 19.217 7.556
7 4 9.126 -5.243
7 8 -44.900 -14.764
7 9 35874 20.007
8 7 45.000 18.549
9 4 -3.811 -5.665
9 7 -35.874 ~18.229
9 10 2521 3.869
9 14 7.665 3425
10 9 -2.514 ~3.851
10 11 -6.436 -1.949
11 6 -10.024 ~3.838
11 10 6.524 2.038
12 6 -8.087 -2.354
12 13 1.987 0.754
13 6 -18.947 ~7.025
13 12 -1.978 -0.745
13 14 7.425 1.970
14 9 -7576 -3.235
14 13 -7.324 -1.765
1 2 23.322 -2.387
1 5 16.499 1.760
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Table 14 Voltage magnitude and angle at each bus

=4 A A% rad)

1 1.050 0.000

2 1.046 -0.013
3 1.040 -0.035
4 1.033 -0.040
5 1.035 -0.032
6 1.023 -0.035
7 1.022 -0.022
8 1.050 0.052

9 1.001 -0.061
10 0.997 -0.062
11 1.006 -0.051
12 1.007 -0.052
13 1.001 -0.055
14 0982 -0.077

ueba ® 12-14¢) ZAR2RE 47 ZRASS H2-87
AN Hd FHEFA ol TS, BA-13 -84
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Table 15 Resuits of shadow price in modified IEEE 14-bus
sample system

e R ghuby GAMS GAMS(pu) o3
- ($/MWh) ($/MWh) ($/MWh) (%)

1 18933 1893.301 18933 0.001
2 19.077 1907.696 19.077 0.004
3 19.300 1930.020 19.300 0.020
4 19.425 1942518 19.425 0018
5 19.301 1930.070 19.301 0.030
6 19.171 1917.092 19.171 0.008
7 19.492 1949.163 19.492 0,037
8 19.063 1906.300 19.063 0.000
9 19536 1953617 19536 0.017
10 19599 1959.919 19.599 0019
11 19.459 1945933 19.459 0.033
12 19508 1950.763 19.508 0037
13 19635 1963.505 19635 0.005
14 20.034 2003.415 20.034 0015

A ARy & =FdA A PAEHR GAMSHA
&3 A3 Aolst Hdl 0.038%A HA 0.001%°l B2
719 FdFe & ¢ Ak EF B =8N Ads By
29 98 £A" IEEE 424 FE2AZY FaAgqd o
g Y @A FAHLAeE e B o ER
e BA-1019, BA-11M9 FEAH g =d @
A7t L 18933($/MWh)e] €t

Trans. KIEE. Vol. 55A, No. 8, AUG, 2006
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Table 16 Components of nodal prices

A & % 4 ]

wa| &4 | &7 | Aw | @A |k oA
@Mwh) | /Mwh) | @/Mwh) | /vy | YMWR|G6)

2 19.056 0.000 0.021 19.077 19.077 | 0.039
3 19.243 0.000 0.057 19.300 19300 | 0.007
4 19.360 0.000 0.065 19.425 19.425 0.006
5 19.248 0.000 0.053 19.301 19.301 0.000
6 19.115 0.000 0.056 19.171 19.171 0.048
7 19.453 0.000 0.038 19.491 19492 1 0.058
8 19.536 -0.407 -0.066 19.063 19.063 | 0.003
9 19.437 0.000 0.099 19536 19536 0.026
10 19.496 0.000 0.103 19.599 19599 | 0.041
11 19.374 0.000 0.085 19.459 19459 | 0.009
12 19.419 0.000 0.089 19.508 19.508 0025
13 19.539 0.000 0.0% 19.635 19.635 0.038
14 19.896 0.000 0.138 20.034 20034 0.029
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