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A Power Purchase Model for Distribution Company Containing Distributed Power
Generation in Electricity Market with Transmission Separated from Distribution
WEI Ling, YANG Ming-hao
(Information and Electric Engineering Institution, ChinaAgriculture University, Haidian District, Beijing 100083, China)

ABSTRACT: Based on optima power flow, a power purchase
model for distribution company in day-ahead electricity market
in which power transmission is separeted from power
distribution is built. In this model the condition that distributed
power generation participates electric energy market and the
possible load interruption are considered. By use of the built
model, the proportions of electricity that the distribution
company purchases from power pool and distributed generation
company in day-ahead market respectively can be obtained.
Because distribution company considers not only the minimum
power purchase cost, but aso the impact of distributed
generation within distribution network on network loss of
distribution network, thus the impacts of different optimal
objectives on power purchase scheme are compared and
analyzed. The effectiveness of the built model is validated by
calculation results of |EEE 33-bus radia distribution network,
and the features of the built model are analyzed.

KEY WORDS: distributed generation; electricity market;
transmission separated from distribution; day-ahead electricity
market; power purchase model
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Fig. 1 Sructure of electricity market with DG

P FL 2 R ITAT o AT o)A 3K R R AT LS G L8 ]
RATROLA T, AL AT AL R TR) 3 42 £k FL e SR
h DRTIE AT f Vg S Ay I 1) R e e A FAGLE , I LS )
LSRR YR s P T LT S b 5 R, (e
WA B o AL (14 674 o BT A3E o M 2
AL A AR 2 5 BT 7 11
DL, [ALEANT R84 B M 55 H ri s AT 42 1 BT 25K
RIFRRAS S0, T FOHE LA D ) v R SR 20 AR A AR A
EQE?ﬁﬁﬁ&%m%ﬁﬁﬁﬁ,l%Tﬁﬁm
LT3 I3 Do A SCHBOE L L 24 W) S5 ST A1
KA S T 3R .

1 ERARMEERE

1.1 UMeHERAsNABR

EHFTT Y, BCHL A w20 g HE D) 32 S LA
B HA o DR NS PSS, A
PSP AR L RS R AL it PR A )
1 40 B RS 2 T L T S A

(1 HERA A, B T A TR
SRR, Al R L 24 ) MK P 1
W, IR AL HL A T RE RN A B )

(2) 434 BRI . B 7 )
R FILE DG K L I SR A I A 3 1 )
OPEF . ST A BT L, OO ™ i 3417
KT AR IRBOR, BRBOR R B, JF
SIAFA ARG o P ) 231 2 5 P D L
AL RN

a (Rn +Qq) @)

X A RRBALM AR BRE S P Al Q XoR
INEB T AL A AR R PTIA R R p A g
I3 S T AL AT 2 R W AT DRI E T
I o
e PR 2 ) B e A 2O R PR AR R B8R
R, W
é.(aiFi)z+biFi)+gi+kiQ) (2

X BRORIHA R PR AT IR IS a
by A g A5 1 AR BT ARG th T
X TE I A AT HET R T35, DX B R ]
ALK Uk R R s AT S o0 A1 UK R AT R T
AL, Bk AT RAS R AL R AT Q R s M
| ANC FL 2 ) BT o A 2 R A5 1) PR

(3) fafar P T AMa2 B o R 83T [l
W7 DAy 5 ) T K R R s

PDF SC{H{# ] "pdfFactory Pro" i A4 smw. Fineprint.com.cn



http://www.fineprint.com.cn

%R B8l HOMOEOAR 73
a dP?+t.P, +s, (3 NP
o N -"-tanf s S
Softs Un BT T TS0 £ 00 045 8 pent g
i P S0 AN S TP b Qu (12
B 24 7 WA A0 L A T L i >

RvR, +Q,0, (4)
A PR Qu 23 A I FEL A W) AHE R T 3 ) S (1)
HIDNZEFIC Y ThE pw Al qu 23510 ALK T3
W) AT S RN TE S I o
Pt e, 2 7 (0 B B 0 s 2 A
BT AN5T7 TR 45 L RE IR A S A B /), BRI
minF =R, p, +Q,q, +a (RR +Qq) +

iMA

& @PP+bP +g +k,Q)+ & AR+, R, +s, (5)

iiB Kl Uy
LR SAF IR
D WA R, By
aRr+ar-ar-
iiG L L
N
a V| M|y, cosla - g; - ;) =0 (6)
ij=1
aQ+aQ-aq-
iiG L L
N
é ‘VjHVi‘yi,jSin(qi -q;- fij):O @)
ij=1
A N={1,2 -} RGN A5 G L. U
PARTIDSY-aNy| Rl 2R il s e 2w A R Rl T
fr ety oy RO RPN 0 AU SN T R . R
XH) Py S IERLR TS RIAS S .
2) WA A . B LR AL AT Th I
ERAR, WA
" Yi \Vi\zcosqj +‘ViHVJ‘yiJ cos(d - d; - ¢;) <R
("i,iT N) 8
3) DR XA AR TR A
] 48 10l DX 5k Py A 1) 0 2R DR K B i1 sk i )
FRNHAHF, L9900

P. .
Pirg @0 Ci=U) O
4) LA DS B A T
tant |5 P O (10)
e I:i)n %]

A
Qrjected = Qn 19 Qrjected = Qut (11)
KN tanf A 1E 515, BRI b i 2y sRmT BAE—

f":'j Rns 0; Qm3 0; Qout£0°
TCIh Tl 2 Ax 8 A AR T (optimal power flow,
OPF) ARG L2 [ [ R RN
Ro= A [y M oosy +VV y cos(d - d, - )] (13)
il D,jl D

Qrjected = ) é [y Mzsmqj' +‘\/IH\/J‘ y;snd - d, - g)1(14)
ii D,ji D

s Pin AT Qinjected 7371 275 AT X i A\ 2L HEL XY
DI AT DA TE D5 Qin AT Qou 278 AR it A\ 1T
FLL 190 B P I i S RS R RIS 25 D RS HLIX
AR RS

5) HALW. HIEIEEL RN

Viin £V, £V (15)
KM AR
Rominj £ Ry j £ Roma (16)
Qeminj£er£Qemaxj (17)

12 FIRTEERRE DA B

F T A 2 131 B A R £
AL A AT Sy JE IR 7 ) R A AR,
1 5 PG PR A, DAL P24 WA I AN RR
LB i dMb, IS B IS M S B ER M. 5 ik
Be/ME LS FAR e U 56 T IS T 45
FEH PR, BTG L AR, B5HO
G5, T LLIHBUREA T — N HURE DT i, 4%
WO A o SEARREHAL AT B4, E
(1K R LA R SR TR, SUREAT 1
B, BEC L2 FDRUAE B ARARFE, S 2 Ut WS4t
FASE TR

minF =R, +Q,4, +a (PR +Qq) +

é @;P?+bR +g +k;Q)+
jIB
a AP +t,P, +s, +WR (19)
Kl Uy
Kb PRRN ARG M WRR AL s (T
#), ASChECkh 50USD/MWh., 3 (18) 2 4%
2 (6)~(17).
EIRARA 1)U A T IRA AR R ),
IEBATTIRA R R 2, FhlAR R h T R B LA DA

PDF SCHf# ] "pdfFactory Pro" X Hfix A% www. fineprint.com.cn



http://www.fineprint.com.cn

74 BUFSSE: lC o & Ui mh & A 3R L I C L 28 ) A H Y

Vol. 32 No.8

TCShH I b, BT Al W AT Py o L9 BR
TR LIRSS, I8N T W AT R Th
2R DRI P TN FEL 9 285 1) Th R DR B PR Al o 12
R h S5 A7 AR MR (8)(9)(13), R A SR T
1| Yk M K ¥: (sequence quadratic programming,
SQP)Kfi#. SQP 7 kL HABARAL R EARLL, HATF
Z WEMILS, H A\ R i% 28 7 o sk g
FRHELE ML SR ) R+ 20 A5 R T i
2 REEH
2.1 EHEEE

DL 2 IEEE33 71 sUBUIR L L R &8 i, R 4E
LIl 12.66KV . 7577 15 100 16, 29 AbH Ak
HAE, HRARMESHNE 1. BOERLHEAF
THOMHE IS Z0 8 T TG BR AN 4 200SD/MWh,  RI7E
ST (T R DI sk 20USD/MWh, Fi
sEH T M JUSDIMWh, 4> R GE 10 A #8254 T

23,24 25
& DG1 ?DGZ
1,2, 3,/4 5 6 7 8§ 12,13, 14 15, 1 7&8
\’LE 2% 2# 22 ~26, 27, 23 29, 30 3# 3%1 Sj

DG3
B2 &DGCH3BHREBRE
Fig. 2 The 33 nodes distribution system with DG
x1 HHAEBHSH

T AT W A, IR E S 200USD/MWh.
22 LM ZEAR A BRE RS

LAAN 25 18 I5C P 199 T 25 [ B 20 TR 10 1 0 B AR
A, AZAC FE ) D) AR RO LA 2R 2 [ 452
M 2 P LU Y, fEIR K R LR N KN 451 0.8
I, TS AE RAANT 18 Ty R K O R 45 2R —
B B 2 RS AR AR . B G AR
G5 Dy A DAECR IR, TE A 2 ) PR U v 9l P O AR 3
e, RS EPTA OISR, DG TG
I #IEE T iR H . ARG )R 4k 8
Ko N TORIERGE IRV, AT 13
AT AR T, St HAT D> DG AT S A
REIE R R G D i IZAFIEAE D R N 0.82
2 0.9 2 [AA7 W] LI«

FER G A R ESRIE R 0.92 LU, — 7 12
15 BAC L 4 DA KSR, 5y T A Uk
et ) 2 ik B de K AH, DI AT il 40
i A BEIE B R AL & B FUE Ia4T 2R . IR G fif
R B A R R ORI A, TG R R e Bl
RERCAPSE )RR gty B Ry TN B i
ARG Dlbr e U AR, WA 4. & 3
JIT 7 Sy e BT SRR PR S R T R AR R BT £
O, BRI AL ATIR],  (E th BE U W] T ot
TN BURRE L, R AT A1 0 i B P JE D M= R

Tab.1 The parametersof DG units
W% a b g K PradMW PrdMW Que/Mvar Qud/Mvar RIFLALAE 5 o B B 2% D R HCh 0.96 B ETT
10DGl) 0 20 0 2 05 0 0.3 -0.2
o o %o a0 0 o $30 BEANTCIAMERT, 5 o AT BT
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Tab.2 Resultsof case study
5oL 0-08 082 085 083 09 092 09 096 097 098 1
2% /USD 7832 7832 7840 7874 7941 8034 8447 8937 914 11356 13940 22085
IR T A I8 T B IMW 247 247 255 282 32 357 386 353 349 333 302 091
MAER T4 T i Mvar - 155 155 155 157 159 167 156 123 099 083 061 0
05 05 042 017 002 0 0 0 0 0 0 016
DG A 1MW 03 03 03 03 03 028 0 018 013 0 0 03
05 05 05 049 03 0 0 0 0 0 0 05
03 03 03 03 02 03 03 03 03 03 03 03
DG Ly Ji/Mvar 02 02 02 02 02 02 02 02 02 02 02 02
03 03 03 03 03 03 03 03 03 03 03 03
4 IHFEIMW 008l 0081 0085 0101 0132 0171 0202 0146 0136 0125 0101 0016
A I ep i/ MW 0 0 0 0 0 0 00268 01223 02 043 077 184
JLTyeh i Mvar 0 0 0 0 0 0 00805 03670 06 151 096 075
HI AL A /((USDIMWE) - 2167 2167 2068 2040 2043 20 20 20 20 20 20 2248
T I ERHAN/(USDIMVarh) 366 366 519 633 797 2112 2001 2872 3757 18503 18584 16289
A p 35/ HU KV 1087 1087 1086 1079 1066 1051 1048 1069 1080 1090 1098 1135
R K HL KV 1155 1155 155 1155 1155 1155 1155 1155 1155 1155 1155 1155
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Tab.3 Curtailed load at the node

D% S A S B P T /MW

0.92 30 0.0268

0.94 30 0.1223

0.96 30 0.2

0.97 4,11,14,30 0.0038,0.045,0.12,0.2

098 34,11,12,13, 0.06,0.12,0.045,0.0519

14,29,30,33 ,0.06,0.12,0.0465,0.2,0.06
234578111213, 0.1,0.06,0.12,0.06,0.2,0.2,0.045,0.06,
14,23,25,29,30,33 0.06,0.12,0.09,0.3415,0.12,0.2,0.06
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Tab. 4 Increased reactive power at difference node
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D% 1A USD  (USDIMWH)  (USD/Mvarh) MW
30 7947 20,49 1344 0135

0% 304 7963 2052 14.44 0142
3011 7971 2051 14.29 0.146

3014 7977 2051 14.37 0.149
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