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Study on LMP pricing method in distribution networks based on energy conservation
and emission reduction of DG using market game behavior

WANG Zheng, WANG Jiawei, ZHAO Haibo, GUO Jing, SHEN Zeyuan, XING Yahong
(Economic and Technical Research Institute of State Grid Shanxi Electric Power Company, Taiyuan 030000, China)

Abstract: Under distribution businesses orderly opening, the market behavior of Distributed Generation (DG) operators
further increase the uncontrollability of their output. Distribution network operators need to use electricity pricing and
other means to implement a certain degree of intervention and scheduling control on DG output to reduce the
uncontrollability caused by the access of distributed power. This paper proposes a Locational Marginal Price (LMP)
pricing method in distribution networks based on gas emission reduction allocation of DG using market cooperative game
theory. Based on the priority of gas emission reduction and distribution network operators' benefit, the proposed pricing
policy requires decision maker to simply apply its best response strategy to the LMP calculating, so as to carry out price
compensation for the DG units participating in energy saving and emission reduction. The example result shows that the
method can determine the price of DG nodes based on the completion schedule of emission reduction task. And the
performance of this method is superior to the traditional method in the aspect of promoting energy conservation and
emission reduction. With the tightening of energy conservation and emission reduction constraints in the future, the
proposed method has high reference value and practical significance for the formulation of LMP and the efficient and safe
operation of distribution system.
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Fig. 1 Calculation steps of iterative algorithm
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Table 1 DG unit characteristics

Bl IR R MAS L COy/ SO,/ NOx/
0o
MW a/(JL/MW?) BICLMW) xt (g/kWh) (g/kWh) (&/kWh)
1 1.5 41X107° 343 857 378 0 0
2 1.5 3.9%X107 366 984 386 0 0
3 1.5 3.8X107° 451 1299 757 2.89 241
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Table 2 Game analysis of DG units based on emission

reduction allocation

NI/ OL/MWh)  HLALAL AT O RYGHBUKF/kg
240 18&2&3 5 1,2,3 5.1x10*
360 1,2&3 9.5%x10*
1,2,3 5 1&2&3 5%,
480 1&2,3 B 1&3,2 B 1.7X10°

1,2&3

A AE H, ST A K 240 JT/MWh 1,
BN AKCFRT 3 28 DG HL4List b briAs, 3
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Table 3 Impact of y, on the DG unit's output for various market prices

DIEZ LN DG HLALF 7 5 B/kW

#/(Ot/ 2 DG DG DG DG DG DG DG DG DG DG DG DG DG DG DG

MWh) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0.6,02,02 7695 1074 8745 9225 1500 6135 8805 8385 615 9555 762 630 6165 525 5625
0.4,03,03 8085 1053 894 9315 1500 696 9225 8865 699 981 705 609 597 5265 558

360  02,04,04 8505 1027.5 9135 9405 1443 7905 963 936 792 1005 651 5865 5775 528 5535
0.1,04,05 891 993 9285 9435 12105 894 999 9825 8955 10245 5955 561 555 528 5445
0,04,06 933 954 9405 9435 993 1009.5 1032 1029 1011 1038 5385 5325 531 5265 5295
0.6,02,02 1500 1500 1500 1500 1500 1461 1500 1500 1497 1500 1500 1489.5 14535 12765 1425
0.4,03,03 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1452 1431 1327.5 14145

480 0.2,04,04 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1429.5 1410 13155 1395
0.1,04,05 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1473 1398 13875 1335 13785
0,0.4,06 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1398 1384.5 1383 13725 13815
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Table 4 Impact of y, on the system emission for various market prices
i M (G/MWh) 7 CO, kg SO, HFiivke NOx #HFjf/kg RYE I kg

0.6,0.2,0.2 4710.8 8.5 8.2 47275
04,0.3,0.3 4669.0 8.5 8.0 4 685.5
360 0.2,0.4,04 4673.3 8.6 8.1 4690.0
0.1,0.4,0.5 4667.8 9.2 8.5 4 685.5
0,0.4,0.6 4 660.3 10.1 9.1 4679.5
0.6,0.2,0.2 33423 3.7 3.5 3349.5
0.4,0.3,0.3 33449 39 3.7 33525
480 0.2,0.4,04 33412 43 4.0 33495
0.1,0.4,0.5 33418 4.7 4.5 3351.0
0,0.4,0.6 33412 4.9 4.7 3351.0
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Table 5 LMP situation corresponding to DG units for various market prices and y,

i DG HLALX W15 s/ (OT/MW)

&/

oo DG DG DG DG DG DG DG DG DG DG DG DG DG DG DG

MWh) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0.6,02,02 315 320 316 317 323 321 328 325 325 331 338 336 334 338 339
04,03,03 315 318 315 315 320 320 326 322 323 328 331 334 330 333 336

360 02,04,04 310 312 310 310 315 315 320 318 319 323 328 329 326 330 331
0.1,04,05 310 310 310 310 314 315 319 317 318 322 324 327 325 326 330
0,04,06 310 310 309 310 314 315 318 317 317 322 324 326 325 326 330
0.6,02,02 416 418 417 418 423 418 420 418 419 425 430 433 431 432 438
04,03,03 412 415 414 414 420 414 417 415 415 422 426 430 428 428 434

480 02,04,04 406 408 406 406 415 407 410 408 408 417 419 422 420 420 430
0.1,04,0.5 405 407 405 406 413 406 409 406 407 414 418 421 418 419 427
0,04,06 405 407 405 405 413 406 409 406 406 414 418 421 418 418 427
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Table 6 LMP emission reduction situation corresponding to Table 5 for various market prices and y,

T3 (G/MWh) 2 CO, HEifUkg SO, HFiif/kg NOx ke ARG kg
0.6,0.2,0.2 4 630.1 8.3 7.9 4 646.3
0.4,0.3,0.3 4574.1 8.5 8.1 4591.0
360 0.2,0.4,04 4580.0 8.8 8.2 4597.0
0.1,0.4,0.5 4573.1 95 8.9 45915
0,0.4,0.6 4564.0 9.9 9.1 4 583.0
0.6,0.2,0.2 30474 35 33 3054.2
04,0.3,03 30509 3.6 35 3058.0
480 0.2,0.4,04 3046.6 4.1 3.8 3054.5
0.1,0.4,0.5 3048.1 44 4.1 3056.6
0,0.4,0.6 30463 49 4.8 3056.0
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Fig. 3 Variation of distribution network operators' benefit
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Fig. 4 Variation of produced gas emission during

the iterative algorithm
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Fig. 5 System structure diagram of case study 2
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Table 7 DG units' type and location in case study 2
DG #141 B W EALE DG #141 B! W EALE DG #141 EKR REPSYVACS
1 1 13 11 2 64 21 3 115
2 1 16 12 2 124 22 3 58
3 1 172 13 2 88 23 3 11
4 1 17 14 2 210 24 3 108
5 1 54 15 2 187 25 3 123
6 1 116 16 2 5 26 3 167
7 1 77 17 2 107 27 3 168
8 1 99 18 2 192 28 3 46
9 1 122 19 2 49 29 3 102
10 1 132 20 2 160 30 3 19
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Table 8 DG units' benefit, distribution network operators' benefit, and emission with different methods

Wk /(JL/MWh) J5i: e/ e eI LRUKW Helfukg
DGHLAZI 1 DGHILIZER 2 DG AR 3 BRI

Wik 0 0 0 0 2131 4069

=230 T BREA 0 0 0 0 2131 4069
AR 0 0 0 0 2131 4069

Wik 14 184 109 76 1310 3352

=360 NS RN 16 109 88 82 1200 3477

B IRLINIREN 3 14 14 129 1738 3826

Wik 422 537 571 768 462 2 684

=490 T BRE 423 537 571 768 462 2684
AR 422 537 571 768 462 2684
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