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Fig.1 Diagram of 3-bus power system
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Table 1 Line parameters of 3-bus power system

il v oo AL

LA E /(MV-A)

1-2 0.2 126
1-3° 0.2 250
2-3" 0.1 130

HE bhi s FOoR RS
R2ITERRAZRENASH

Table 2 Generator parameters of 3-bus power system

L KW JI/MW /N 1/ MW S BR A/ [($ - (MW -h) ']

G, 140 0 7.5
G, 285 0 6
Gs 85 0 10

RI3ZTRRFEHTHIE
Table 3 Load data of 3-bus power system

RED=S 1455/ MW R B far/ MW
1 50 3 300
2 60




E 58

INAR T A5 HL 0 R R TR I A ] ) 228 5 ) 28 e L vk

@

LT R T 1-2 WY 156 MW, i
830 MW, 5 WL S s v AT v, 0 ST 474 A% i 75 i) 29
B A PRI 7 TR S, R I TE 45 5 H A
T S A e U B R A5 SR I 2 B | [ rho
Sk SFRCT RN LN 100 MV - Ay D 3R E(E 1 D) R A
28, B2 FronJi s RLSA N 2835 $ /h, Hfe 2
Gr IR 77 N T 187.5 $ /h, T LRI 2 LG
RAZTREGREFEFEHEAK
Table 4 Most economic pattern of source-

balancing for 3-bus power system
LAl gk Mw| MLAL AT Mw

G, 125 Gs 0
G, 285

B2 3 TREAGZLREEFAEEXETE
Fig.2 Operational chart of security-constrained
economic dispatch pattern for
3-bus power system
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Table 5 Semi-definite relaxation matrix M,(y) of Case 1

1 P P, P; P, P Py Z1-2 Z13 223 0, 05
1 1.000 1.250 2.850 0 1.176 2.424 0.576 0.967  0.985 0.764 14416 -7.492
P, 1250 2291879 22926 45.872 18.654 5439 -14.454 1.210 1.233 0.966 20413 -11.223
P, 2850 22926 2291833 29.850 18.287 12559 -8.699 2.758 2.811 2.197 45.255 -24.061
Py 0 45.872  29.850 229233.7 22933 1.955 -23275 -0.002 0 0.009 3.763 -4.374
P, 1.176 18.654 18.287  22.933 229220.2 5.229 -9.552  0.078 1.158 1.109 589.288 —124.001
Py 2424 5439 12.559 1.955 5.229 2291963 7.355 2.348 2.936 1.766  -20.038 257.616
P,; 0576 -14.454 -8.699 -23.275 -9.552 7355 2297334 0.839 0.704 -8.662 -5872.97 5809.23
z1. - 0.967 1.210 2.758 -0.002  0.078 2.348 0.839 0.967 0.952 0.734 -0.016 4416
zi.s - 0.985 1.233 2.811 0 1.158 2.936 0.704 0.952  0.985 0.750 12.805  -0.587
25 0.764 0.966 2.197 0.009 1.109 1.766 -8.662 0.734 0.750 0.764 104.166 -97.783
0, 14416 20413 45255 3.763  589.288 -20.038 -5872.97 -0.016 12.805 104.166 294831.9 -59621.7
6, -7492 -11.223 -24.061 -4374 -124.001 257.616 5809.23 -4.416 -0.587 -97.783 -59621.7 290527.4
*o6 B 1 —MERERE M(y)
Table 6 Second-order moment matrix M,(y) of Case 1
1 Py P, P; P, Py P 212 Z1-3 223 0, 05
1 1.0000  0.7500 2.8500 0.5000 0.6000 2.5000 O 1.0000 1.0000 0 -0.1200 -0.5000
P, 07500 0.5625 21375 03750 04500 1.8750 O 0.7500 0.7500 0 -0.0900 -0.3750
P, 28500 21375 8.1225 14250 1.7100 7.1250 O 2.8500 2.8500 0O -0.3420 -1.4250
Py 05000 03750 14250 0.2500 0.3000 1.2500 O 0.5000 0.5000 0O -0.0600 -0.2500
P, 0.6000 04500 1.7100 03000 0.3600 1.5000 0O 0.6000 0.6000 0 -0.0720 -0.3000
P 25000 1.8750 7.1250 1.2500 1.5000 6.2500 0O 2.5000 2.5000 O -0.3000 -1.2500
Py 0 0 0 0 0 0 0 0 0 0 0 0
zi» 1.0000 0.7500 2.8500 0.5000 0.6000 2.5000 O 1.0000 1.0000 0 -0.1200 -0.5000
zi.s 1.0000  0.7500 2.8500 0.5000 0.6000 2.5000 O 1.0000 1.0000 0 -0.1200 -0.5000
Z23 0 0 0 0 0 0 0 0 0 0 0 0
0, -0.1200 -0.0900 -0.3420 -0.0600 -0.0720 -0.3000 0 -0.1200 -0.1200 0  0.0144  0.0600
0 0

6; -0.5000 -0.3750 -1.4250 -0.2500 -0.3000

-1.2500

-0.5000 -0.5000 0.0600  0.2500
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Table 7 Line parameters of an actual
power system

. . i) . . i}

g wip A g g PR

5-6 0.028 272.45 1-7  0.032 326.94

4-5" 0.022 272.45 2-7 0.021 326.94
B3 3WRRZFEMEHENEFEERIIETE 3-4" 0.032 27245 2-8 0015 326.94
Fig.3 Operational chart of economic dispatch pattern 6-7" 0.042 272.45 -3 0.041 326.94
with source-network synergy for 3-bus power system 7-8 0.010 272.45 -2 0.021 326.94

1-4" 0.017 272.45 1-2  0.021 326.94

xS ERRRINASH
Table 8 Generator parameters of an
actual power system

Wl R I/MW /N /MW B BRI /[$ - (MW -h) ]

1 750 150 11
2 250 50 14
3 600 120 10

4 KEREEMELE

Fig.4 Diagram of an actual power system

PSR H B BT AR Sk 2

x9 TRREFGHTHIE

Table 9 Load data of an actual power system

X N L | o T Ffi/ MW T FfT/ MW
A 30 MW, 2 P U7 AP S R R O n Y
SNAHR 16 574 $ /b, AT UL HL TR 4-5 W 3R 2 254 6 154
5 DL S B v DA H I G 4 A% i 2 o T 240 e 42 O 1R A 3 219 7 242

4 129 8 192

Jra e S, I TR 4 AR S
GG STt IC AT R, o8 FLJR R Ok 26
A5 1% iy 75 1 BR o) 5 B R) — [l J o i) i R 2R B 1-7
1-2 W% LR AN BB FE 40 & 48 1 L) AL K 8,
S R 70 W P 7 s VY S N 7T A TR L= R A
AN, I, DA SCUE ] B[R] Y 28 T R A
AL DL MSDP — B 08 5th 325 5K g 3 DA 4 B, B AR
AR R ML (y) Q3R 10 s,

M2 10 ATE W, AR ML () TR E 2
T2 EAFAEAE SO R By 1, e v 1355 18
L 6 29 1 R G e s 17 0 =S 6 i, B 6

= RS R E Ne B iy . -?:—\(\—‘ngi 3“\:"" - g
AT L AR A T JF I B S—6, BERL T % L | B SRAGRERRIEHRE

. e Bl 1 12 0 I S A 1] g Fig.5 Most economic pattern of source-balancing for
2 G, KB ANMEBE ), e A B IR 7 A5 LS ER an actual power system

FRI0EH 2 ZHEEEFE M,(y)
Table 10 Second-order moment matrix M,(y) of Case 2

1 Py P, Py Py Pys Ps_q Py, Z3-4 Z4-5 Z5-6 Z6-7
1 1 7.5 1.66 6 24402 244 0 -1.24 1 1 0 1

P 7.5 56.25 12.45 45 18.3015 183 0 -9.3 7.5 7.5 0 7.5
P, 1.66 1245 27556 996 4.0507 4.0504 0 -2.0584 1.66 1.66 0 1.66
P; 6 45 9.96 36 14.6412 14.64 0 -7.44 6 6 0 6
Py, 24402 183015 4.0507 14.6412 59546 59541 0 -3.0259 24402 24402 0 2.4402 ---
Ps 244 183  4.0504 1464 59541 59536 0 -3.0256 244 2.44 0 2.44
Ps_ 0 0 0 0 0 0 0 0 0 0 0 0
P, -124  -93 -2.0584 -7.44 -3.0259 -3.0256 O 1.5376 -124 -1.24 0 -1.24
234 1 7.5 1.66 6 24402 244 0 -1.24 1 1 0 1
245 1 7.5 1.66 6 24402 244 0 -1.24 1 1 0 1
Z5.6 0 0 0 0 0 0 0 0 0 0 0 0

1 6 0 1 1 0 1

267 7.5 1.66 24402 244 -1.24
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Fig.6 Operational chart of economic dispatch pattern
with source-network synergy for an actual power system
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Table 11 Computational performance of cases

F 1 N s(4) HHNGE/G A /s
1 11 1365 0.108 7.82
2 22 14950 12.59 2564.06

F 12 EO 2 it EMRERBAIE BN HTAER
Table 12 Computational performance of Case 2 for
different controllable line quantities

M ne s(4) SRIERZS SHHNAT/G TR /s

0 10 1001 pdINF 0.075 2.19

1 12 1820  pdOPT 0.227 22.79
2 14 3060  pdOPT 0.604 75.36
3 16 4845  pdOPT 1.440 307.57
4 18 7315  pdOPT 3.190 668.13
5 20 10626  pdOPT 6.530 1347.28
6 22 14950  pdOPT 12.590 2564.06
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Improvement and enhancement of carbon emission flow

theory considering power loss
FENG Xin'?, YANG Jun'
(1. College of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. State Grid Suzhou Power Supply Company,Suzhou 215004 ,China)
Abstract: With the consideration of power loss in practical power system,the equivalent transmission power
of each branch and the equivalent demand of each load node are calculated to allocate the power loss to
load nodes,which converts a lossy network into a lossless network to supplement and enhance the carbon
emission flow theory for its application to practical power system. Simulative results of IEEE 30-bus system
show that,being effective and practical,the improved carbon emission flow theory can clearly trace the
specific carbon emission flow in power system and analyze the carbon emission source of load nodes,which
provides the basis for the calculation of carbon quotas at the load demand side in the carbon trading market.
Key words: carbon emission flow theory; lossy network; equivalent load demands; carbon quotas
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Power system economic dispatch model with source-network
synergy and moment-based semi-definite programming
SUN Donglei,HAN Xueshan,ZHANG Bo
(Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,
Shandong University, Ji’nan 250061, China)

Abstract: The treatment of the relation between power source and network is the core of power system
operation and dispatch. As the contradiction between power source and network becomes increasingly
sophisticated,,an economic dispatch model with the synergy between electric power source and network is
proposed based on the original conditions of economic dispatch,which takes the status of network equipment
as a decision-making variable and expresses the operational constraints of network equipment in a
complementary form. The nonconvex polynomial optimization problem is projected into the moment space,
which is then converted into a standard semi-definite programming model by the moment-based semi-definite
programming convex relaxation method and solved by the semi-definite programming optimization solver
SDPA. Case analysis verifies the effectiveness of the proposed method.
Key words: electric power systems; economic dispatch; synergy between source and network; moment-
based semi-definite programming; complementarity; models
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