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power and apparent power
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Table 1 Calculation results of ICRP-DC pricing model

AYThE BIMIE BUYE LY

Y o B L) L
1 —4, 41 0 —153 231 0 —153 231
2 —5.41 0 —132 983 0 —132 983
3 0.50 0 20 095 0 20 095
4 —5.70 0 —117 969 0 —117 969
5 —1.33 0 —27 951 0 —27 951
6 2.81 0 91 498 0 91 498
7 5.70 0 462 807 0 462 807
8 4. 66 0 478 666 0 478 666
9 4.68 0 139 524 0 139 524
10 1.48 0 45 140 0 45 140
11 6. 54 0 48 411 0 48 411
12 1.63 0 12 706 0 12 706
13 20. 89 0 675 856 0 675 856
14 22.39 0 584 379 0 584 379
15 8.79 0 134 411 0 134 411
16 3.04 0 73 056 0 73 056
17 1. 30 0 20 736 0 20 736
18 15.02 0 250 867 0 250 867
19 0.01 0 161 0 161
20 7.27 0 84 794 0 84 794
21 5.58 0 64 113 0 64 113
22 5.65 0 182 334 0 182 334
23 5.63 0 962 217 0 962 217
24 5.65 0 321 765 0 321 765
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Table 2 Calculation results of ICRP-AC pricing model
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2 —5.37 0.61 —132097 10644 —121 454
3 0.92 —2.47 36 701 —16 353 20 348
4 —5.42 —3.37  —112173 —27 601 —139 775
5 —1.09 —2.09  —22869 —12 767 —35 636
6 3.12 —1.06 101 621  —3 203 98 418
7 5.72 0.51 464 431 13779 478 209
8 4.28 0.75 439 051 27 139 466 190
9 4. 30 0.74 128 051 6 455 134 506
10 1.71 —1.36 52 216 —13 620 38 596
11 6.11 1.02 45 184 1529 46 713
12 1.70 —0.95 13283 —1517 11 767
13 19. 43 9.33 628 431 112 637 741 068
14 20. 87 11.44 544 811 74 341 619 152
15 8.53 0.10 130 509 624 131 133
16 3.07 0.12 73 752 1093 74 845
17 1.27 0.51 20 288 2703 22 991
18 14. 42 2.57 240 864 16 982 257 846
19 0.03 0.11 621 0 621
20 6. 34 4.39 73999 60 975 134 974
21 5.47 0.29 62 905 1316 64 221
22 5.35 2.20 172 805 23 310 196 115
23 5.33 1.83 911 772 102 687 1014 459
24 5.35 2.15 305 007 40 262 345 269
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Real and Reactive Power Pricing for Distribution Networks

WANG Ji', LI Furong®, FENG Changyou®, WANG Xi fan®
(1. North China Grid Company Limited, Beijing 100045, China;
2. Bath University, Bath, UK; 3. Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Distributed generators (DGs) are expected to play an important role in the future power supply. The appropriate
planning of DGs would potentially benefit network operators by reducing power loss and deferring or delaying the necessity for
network upgrading and expansion. At present, the cost or benefit of DGs to the network operators is not properly reflected by
the major distribution network charging model. The objective of this paper is to extend a well established economic pricing
model, i.e., investment cost related pricing based on DC power flow (ICRP-DC) model, to distribution network. This model
has been successfully used by the UK’ s transmission networks. According to the characteristics of distribution network, the
investment cost related pricing based on AC power flow (ICRP-AC) model is proposed. The proposed model is adapted to the
distribution network investment pricing, and can consider the effects of injected/absorbed nodal active power and reactive power
as well. Compared with other models, the proposed model can provide the relevant economic signals to appropriate locations of
DGs. The simulation results validate the effectiveness of the presented model, and the comparison analysis with ICRP-DC

model is carried out.

Key words: investment cost related pricing; distribution network; power flow calculation
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Table A1 Nodal data of the test system

e g HHL R 254 HY)jHh% yRVIDIES WAETh %
kV) (MW) (Mvar) (MVA)
1 Load 33 34.77 3.47 34.94
2 Load 33 24.59 17.42 30.14
3 Load 33 40.11 6.61 40.65
4 Load 11 20.70 8.20 22.26
5 Load 11 21.00 6.10 21.87
6 Load 33 32.55 3.01 32.69
7 Load 33 81.18 27.07 85.57
8 Load 33 102.63 36.33 108.87
9 Load 11 29.80 8.70 31.04
10 Load 11 30.50 10.00 32.10
11 Load 11 7.40 1.50 7.55
12 Load 11 7.80 1.60 7.96
13 Load 33 32.35 12.07 34.53
14 Load 11 26.10 6.50 26.90
15 Load 11 15.30 6.00 16.43
16 Load 11 24.00 9.50 25.81
17 Load 11 16.00 5.30 16.85
18 Load 11 16.70 6.60 17.96
19 Load 11 23.00 0.00 23.00
20 Load 33 11.67 13.88 18.13
21 Load 11 11.50 4.60 12.39
22 Gen 11 -32.30 -10.61 -34.00
23 Gen 11 -171.00 -56.20 -180.00
24 Gen 11 -57.00 -18.73 -60.00
Fff% B
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Table B1 Pseudo generator scenarios

HE 1 2 ESX
KA o T HIY) = Ry E HINY*E Ry E
BIIHMW) (Mvar) MW) (Mvar) MW) (Mvar)
ik 26.10 6.50 26.10 6.50 26.10 6.50
HLe 220 0 -20 10 -20 -10

pupviEs 6.10 6.50 6.10 16.50 6.10 -3.50




AT ANAY 1 14 ARG, %1 U A SCAl LR DA b SR B, ICRP-DC SE firii
R S WAL AR T 2R N KR A O 1 55T B E AN S TE D AR X %715 m 2 A 1
SN, R =Fh 5 2 T RS ICRP-DC FT 45 2 (K149 KON A (R 2% BEBE AR AR AATF] - W13 B2 P
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Table B2 ICRP-DC with pseudo generator scenarios

ER Y HE3
A HY)Py5 Ty HYThE LI Iy # Ty
(£/kW/a) (£/kvar/a) (E/kW/a)  (£/kvara)  (£kW/a)  (£/kvar/a)
1 -4.41 0 -4.41 0 -4.41 0
2 541 0 -5.41 0 -5.41 0
3 0.50 0 0.50 0 0.50 0
4 -5.70 0 -5.70 0 -5.70 0
5 -1.33 0 -1.33 0 -1.33 0
6 2.81 0 2.81 0 2.81 0
7 5.70 0 5.70 0 5.70 0
8 4.66 0 4.66 0 4.66 0
9 4.68 0 4.68 0 4.68 0
10 1.48 0 1.48 0 1.48 0
11 6.54 0 6.54 0 6.54 0
12 1.63 0 1.63 0 1.63 0
13 20.79 0 20.79 0 20.78 0
14 22.12 0 22.12 0 22.12 0
15 8.78 0 8.78 0 8.78 0
16 3.04 0 3.04 0 3.04 0
17 1.29 0 1.29 0 1.29 0
18 15.02 0 15.02 0 15.02 0
19 0.01 0 0.01 0 0.01 0
20 7.25 0 7.25 0 7.25 0
21 5.57 0 5.57 0 5.57 0
22 5.65 0 -5.65 0 5.65 0
23 5.63 0 -5.63 0 5.63 0
24 5.65 0 -5.65 0 5.65 0

K B3ILHT 3N E N ICRP-AC SR nTLUEH, TR | N RG T % e i
AN, S NHIAR PG i 14 B U 550 13 BiAs 2 F e K1 e fi o

%2 T, HTHEARNS AL RIETEN RGP 10Mvar BTG EhE, FEACT &H i &)
DNEREL, BT RGIBAT A FETASCEMBIAY, 4555 13,14 BT WK H RS 2 Te 0 D) 24 740
MM BETE A, 1K D0 R A 2 B A B AR 20T R SR AR N T D AME RS, AT % R 4
(B AT 44, DARRAR AR I e 2 B 0 o

J5 % 3 iz s A 2 F R R I AT DA TC D SCRE, AU T %705 s AR G Bl 1)1 Dh Al oD D 2,
I B R G et 3.5Mvar 0L, &M T RGO R, #m T REDHFE, ek T HIs T B
FITRGEAT, BT SURIHR A D D)2 A 2 FH i 11.44£/ Mvar/a [#{K% 5.26£/Mvar/a.
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Table B3 ICRP-AC with pseudo generator scenarios

LED! UEY) UEX]
17 B T D% B T D% HYY2% TIN5
(£/kW/a) (£/kvar/a) (£/kW/a) (£/kvar/a) (£/kW/a) (£/kvar/a)
1 -4.04 -2.80 -4.04 -2.80 -4.04 -2.80
2 -5.37 0.61 -5.37 0.61 -5.37 0.61
3 0.92 247 0.92 2.47 0.92 2.47
4 5.42 337 -5.42 3.37 5.42 3.37
5 -1.09 -2.09 -1.09 -2.09 -1.09 -2.09
6 3.12 -1.06 3.12 -1.06 3.12 -1.06
7 5.72 0.51 5.72 0.51 572 0.51
8 428 0.75 428 0.75 428 0.75
9 430 0.74 4.30 0.74 4.30 0.74
10 1.71 -1.36 1.71 -1.36 1.71 -1.36
11 6.11 1.02 6.11 1.02 6.11 1.02
12 1.70 -0.95 1.70 -0.95 1.70 -0.95
13 18.44 11.20 16.41 15.08 19.94 6.52
14 19.35 12.15 16.91 17.61 21.03 5.26
15 8.51 0.06 8.51 0.13 8.52 0.03
16 3.06 0.07 3.06 0.14 3.06 0.03
17 1.25 0.47 1.26 0.53 1.25 0.44
18 14.41 2.52 14.41 2.57 14.41 2.50
19 0.01 0.07 0.02 0.13 0.01 0.03
20 5.92 5.00 5.41 5.85 6.38 411
21 5.46 0.25 5.46 0.30 5.46 0.22
22 5.35 2.20 5.35 2.20 5.35 2.20
23 5.33 1.83 5.33 1.83 5.33 1.83
24 5.35 2.15 5.35 2.15 5.35 2.15
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Fig.B1 Comparison of the marginal cost at Bus 14 under different scenarios
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