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Fig.1 Flowchart of DLMP iterative calculation model
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Table 3 Reduced power loss of A-S method
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Table 4 DG’s benefit and power loss/emission of three
pricing methods under different market prices
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Fig.2 Total power loss of three pricing methods

under different market prices
LR LIk AT B PR AR L BT A-S {H
SrPEDT B AE B DLMP RESH 45 DG #2450 A 20
FLAT DAl , DR i T B A PR b/ 2R 4 I 458 AT
R e S Y B G O
4 £Hik

XA DG L HL R, AR SCHE H — R Y
DLMP AR 2R F B A5 2 i, — 2
i A-S AETR AT 3 R HE RO 0 e, O ik
15 DG By A& H it J7F1 DLMP 1B,

% DLMP (AR 5| A A-S B4 D77, v
R T Shapley {EL434E 7 32 A 20 A kg K RIS, %o F42 A
W2 DG BYELH M HA — 2 B93E T, % DLMP 31
SRR AL ASAS i (7] B 020 X 8 AHE i, 38 R e R
W I8 S BRC R 28 WX DG H 7 i A R
S5 A H %A B B R BR JE X 4% DG ik
FT L, U8 2R S8 R AR

P S LA B 25 0% (hitp : // www.epae.cn) .
S E LHK

[ 1] 58K, el BUWSE, 5. /A U IR B2 AL e M 2 H AR
FRIL)]. ) A3k ,2014,34(1) :6-13.
LI Ran,MA Huizhuo,ZHU Jinyao,et al. Multi-objective optimization
for DG integration into distribution system[ J]. Electric Power Auto-
mation Equipment,2014,34(1) ;6-13.

[ 2] PhER, X ZEE. BT HERMRES 25 i
MR AR 1], M H 3k ie#%,2018,38(12) :39-45.

SUN Huijuan, LIU Jun, PENG Chunhua. Multi-objective DG plan-
ning based on classified probability integration multi-scenario
analysis[ J]. Electric Power Automation Equipment,2018,38(12) :
39-45.

FSFAE, XU, 5K £ DG AN E P AR X T H I iR
TR [ T]. AL E B4k ,2018,38(10) : 1-6.

WANG Shouxiang, LIU Xiang,ZHANG Ying. Uncertainty modeling

of multiple DGs and their influence on harmonic power flow in dis-

[3

[i—

tribution network[ J]. Electric Power Automation Equipment 2018,
38(10) :1-6.

[4] HU Z C,CHENG H Z,YAN Z,et al. An iterative LMP calculation
method considering loss distributions [ J . IEEE Transactions on
Power Systems,2010,25(3) :1469-1477.

[ 5] PENG J C,JIANG H,XU G,et al. Independent marginal losses with

application to locational marginal price calculation[ J]. IET Genera-

tion , Transmission & Distribution,2009,3(7) ;:679-689.

SOTKIEWICZ P M, VIGNOLO J M. Nodal pricing for distribution

networks ; efficient pricing for efficiency enhancing DG [J]. IEEE

Transactions on Power Systems,2006,21(2) :1013-1014.

SOTKIEWICZ P M, VIGNOLO J M. Towards a cost causation-based

tariff for distribution networks with DG[ J]. IEEE Transactions on

Power Systems,2007,22(3) :1051-1060.

SHALOUDEGI K,MADINEHI N,HOSSEINIAN S H,et al. A novel

policy for locational marginal price calculation in distribution

[6

[—

[7

[—

—
oo
[

systems based on loss reduction allocation using game theory [ J].
IEEE Transactions on Power Systems,2012,27(2) :811-820.
FARSANI E A,ABYANEH H A ,HOSSEINIAN S H. A novel policy

for LMP calculation in distribution networks based on loss and emis-

[9

[

sion reduction allocation using nucleolus theory[ J]. IEEE Transac-
tions on Power Systems,2016,31(1) ;143-152.

[10] LIU G Z,YU C W,LI X R,et al. Impacts of emission trading and
renewable energy support schemes on electricity market operation
[J]. IET Generation, Transmission & Distribution, 2011,5(6) :
650-655.

[11] MOLINA Y P,SAAVEDRA O R, AMARIS H. Transmission network
cost allocation based on circuit theory and the Aumann-Shapley
method[ J]. IEEE Transactions on Power Systems,2013,28(4) .
4568-4577.

[12] JUNQUEIRA M,COSTA L C,BARROSO L A,et al. An Aumann-
Shapley approach to allocate transmission service cost among network
users in electricity markets[ J]. IEEE Transactions on Power Sys-
tems,2007,22(4) :1532-1546.

[13] MOLINA Y P,PRADA R B,SAAVEDRA O R. Complex losses al-
location to generators and loads based on circuit theory and
Aumann-Shapley method[ J]. IEEE Transactions on Power Systems,
2010,25(4) :1928-1936.

[14] BAKIRTZIS A G. Aumann-Shapley transmission congestion pricing
[J]. IEEE Power Engineering Review,2001,21(3) ;67-69.

[15] #HutBl, Beik k. XGH A2 5T 2T Aumann-Shapley {ELAYBH

FEN S MINILT ST )], E LT AR 4, 2002,22(11) -
59-63.
YANG Hongming, DUAN Xianzhong. A study of the Aumann-Shapley
value based allocation method for congestion cost in bilateral tran-
saction environment[ J]. Proceedings of the CSEE,2002,22(11) ;
59-63.

[16] TAN X,LIE T T. Application of the Shapley value on transmission
cost allocation in the competitive power market environment [ J ].
IEE Proceedings of Generation, Transmission and Distribution 2002,
149(1) :15-20.

[17] STAMTSIS G C,ERLICH I. Use of cooperative game theory in power

system fixed-cost allocation[ J ]. IEE Proceedings of Generation,



£ 48

W % 3 T Aumann-Shapley (843 E R FHERO 9 DLMP HERF5E ®

Transmission and Distribution,2004,151(3) :401-406.
[ 18] ZOLEZZI ] M,RUDNICK H. Transmission cost allocation by coope-

[22] CUI Q,WANG X L,WANG X F,et al. Residential appliance direct

load control in real-time using cooperative game|[ J |. IEEE Transac-

rative games and coalition formation [ J]. IEEE Transactions on
Power Systems,2002,17(4) :1008-1015.

(191 WASHEH, HAEs  BEHRE 5. AT HLH T HLLLIE 3 9% F A 3
g 1], RS A Bk, 2004,28(20) - 1-6.
HU Zhaoyang, GAN Deqiang, HAN Zhenxiang, et al. Study on allo-
cation of unit start-up costs under power market environment[ ] ].
Automation of Electric Power Systems,2004,28(20) ;1-6.

[20] B54E, shi T, A RS A-S EMITEERTFE[T]. LT

274k ,2006,26( 14) :31-35.

GE Ju,ZHANG Lizi. Study of reserve Aumann-Shapley pricing mecha-

nism[ J]. Proceedings of the CSEE,2006,26( 14) :31-35.

ZANO R O,NERVES A C. An Aumann-Shapley approach to alloca-

tion of bilateral transmission loss cost in a gross-pool energy market

tions on Power Systems,2016,31( 1) :226-233.

EEEN

%2 & (1964—) , %, iL FRAGA,HK
BEARLESIF L EEHRT @A
RALZALE LA TY RBRETIES KRR
% % ( E-mail . xychen@hhu.edu.cn) ;

ARE = (1995—) , %, L R i@ A, AR
TRARE  Z MR T AR TG E S )
# % ( E-mail ; yuqingyun138136@163.com ) ;

OB (1979—), B, BB RA, X, X B E4E
H ERBR I @ A BN RARMAAE TS B A F % (E-mail ;
jxie@hhu.edu.cn)

[21

[

using independent marginal losses and transaction loss factors[ C] //
TENCON 2012 IEEE Region 10 Conference. Cebu, Philippines; IEEE,
2012.1-5.

DLMP calculation based on power loss and emission reduction
allocation using Aumann-Shapley method
CHEN Xingying, YU Qingyun, XIE Jun,YU Kun,GAN Lei

(College of Energy and Electrical Engineering, Hohai University ,Nanjing 211100, China)
Abstract: Since the integration of DG ( Distributed Generation ) into distribution network effects the system
operation,a DLMP ( Distribution Locational Marginal Price) calculation method with DG is proposed,which mainly
consists of two parts. In the first part,the allocation amounts of power loss and emission reduction are calculated by
Aumann-Shapley method to obtain the active power and reactive power DLMP of each DG. In the second part, the
optimal output of DG is iteratively calculated to maximize the DG profit. Case simulation and analysis show that ; the
proposed method can not only guarantee fair allocation of power loss and emission reduction among each DG but also
conquer the combinational explosion problem;compared with the traditional DLMP calculation model, the proposed
model can provide more financial incentives to each DG and reduce system power loss and emission, meanwhile it
can also realize zero sales surplus of the allocation scheme.
Key words: electricity market;distribution locational marginal price ; Aumann-Shapley method ; iterative algorithm;

power loss and emission reduction allocation
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Table Al Emission coefficients of DG and bus

PO 3

HEBH T/ (gokw™)

COZ SOz NOX Cco

DG,
DG,
DG;

430 0.022 0.014 0
626 1.13 1.92 2.52
563 0.029 0.26 0.38

869 5.08 1.5 0.063
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Fig.A2 Single-line diagram of IEEE 69-bus system



% A2 DG B
Table A2 DG parameters

HIH I/ DG A HEL R KL
Byt ML
kw a/($*MW?) bi/($*MW™) cl$
1 DG;—DG4 500 15.8 21 0
2 DGs—DGg 500 15 20 0
3 DGy—DGq, 500 15.3 21 0

% A3 DG KB HMETF
Table A3 Emission coefficients of DG and bus

HEBH T/ (gokw™)

PIE A
CO, SO, NO, Cco

DG, 430 0.022 0.014 0
DG, 626 1.13 1.92 2.52
DG3 563 0.029 0.26 0.38

B4 89 508 15  0.063

® A REITIHHFNET o Mo, 3 06 AIIH S MRFIHKEHIFIT

Table A4 Impact of @, and @, on active power of DG, power loss, and emission for different market prices

H LA/ DG A Yjth J1/kw MHE, s/
($=Mw™) » DG; DG, DG; DG, DGs DGy DG, DG DGy DGy DGy DGi,  (kWeh) kg
1, 0 0 0 0 0 0 0 0 0 0 0 0 0 570 4920

075, 025 0 0 0 0 0 0 0 0 0 0 0 0 570 4920

20 0.5, 0.5 0 0 0 0 0 0 0 0 0 0 0 0 570 4920
025, 075 O 0 0 0 0 0 0 0 0 0 0 0 570 4920

0, 1 0 0 0 0 0 0 0 0 0 0 0 0 570 4920

1, 0 149 155 192 198 275 275 275 185 150 203 226 229 110 3848

0.75, 025 151 159 199 205 265 271 264 192 160 210 220 217 112 3843

25 05, 05 152 162 205 210 254 266 254 200 172 217 213 206 114 3838
0.25, 0.75 154 165 211 216 243 260 243 208 185 224 207 195 116 3833

0, 1 155 169 217 221 232 253 233 216 200 230 200 185 118 3828

1, 0 316 322 360 365 437 435 432 357 323 405 438 438 65 3227

0.75, 025 318 327 368 373 427 432 424 367 338 411 424 418 66 3220

30 05, 0.5 320 332 376 380 418 429 415 377 355 415 410 399 67 3214
0.25, 0.75 322 337 384 387 408 425 406 387 373 418 396 380 68 3207

0, 1 324 342 392 394 398 420 398 398 392 420 382 362 70 3200
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Table A5 Impact of @, and w, on active power DLMP of DG for different market prices

Hi L/ DG 1145 L)) DLMP {E/($*MW™) M HERCE,
($-Mw?) @ @ DG; DG, DG; DG, DGs DGg DG; DGy DGs DGy DGy DGp  (kWeh) kg
1, 0 20 20 20 20 20 20 20 20 20 20 20 20 570 4920

075, 025 20 20 20 20 20 20 20 20 20 20 20 20 570 4920

20 0.5, 0.5 20 20 20 20 20 20 20 20 20 20 20 20 570 4920
025 075 20 20 20 20 20 20 20 20 20 20 20 20 570 4920

0, 1 20 20 20 20 20 20 20 20 20 20 20 20 570 4920

1, 0 257 259 271 273 283 283 283 255 256 272 279 280 110 3848

0.75, 025 258 260 273 275 279 281 279 258 259 274 277 276 112 3843

25 05, 0.5 258 261 275 277 276 280 276 26.0 263 277 275 273 114 3838
025, 0.75 259 262 277 27.8 273 27.8 273 262 267 279 273 270 116 3833

0, 1 259 263 279 280 270 27.6 270 264 271 280 271 264 118 3828

1, 0 31.0 311 324 325 331 331 330 307 309 334 344 344 65 3227

075, 025 311 313 326 328 328 33.0 327 31.0 313 336 340 338 66 3220

30 05, 05 311 315 329 330 325 329 325 313 319 337 336 332 67 3214
025, 075 312 317 331 332 322 327 322 316 324 338 331 326 68 3207

0, 1 312 318 334 335 320 326 319 319 330 339 327 321 70 3200
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