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Table 1 Influence of construction state of transmission

grid on load shedding quantity in Day d
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Joint optimization model of power grid unit commitment and
technical transformation plan considering transmission and
distribution coordination
CAI Jie', WANG Tingtaoz,XU Xiaoqgin', XIONG Wei',GUO Ting',MIAO Shihongz,LlAO Shuang1
(1. Economic and Technological Research Institute of State Grid Hubei Electric Power Company,Wuhan 430011, China;
2. Hubei Electric Power Security and High Efficiency Key Laboratory,State Key Laboratory of
Advanced Electromagnetic Engineering and Technology,School of Electrical and Electronic Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The joint optimization of power grid unit commitment and technical transformation plan conside-
ring transmission and distribution coordination is of great significance to improve the overall renewable
energy consumption rate of transmission and distribution and ensure the medium- and short-term reliable
and economic operation of the system. The joint optimization models of unit commitment and technical
transformation plan of transmission network and distribution network are constructed respectively. Aiming at
the problem of large randomness of renewable energy in medium- and short-term optimization,the opportunity
constrained programming is adopted to transform the constraints into deterministic ones. The feasibility of
discrete optimization, centralized collaborative optimization and distributed collaborative optimization of trans-
mission and distribution is analyzed,and the distributed collaborative optimization algorithm based on objec-
tive cascaded analysis method is used to realize the transmission and distribution decoupling and parallel
calculation of the model after comprehensive comparison. Case analysis shows that the proposed model can
reasonably arrange the unit start-up and shutdown states of transmission and distribution grids and the cons-
truction plan of technical transformation project,and the effectiveness of target cascaded analysis method in
solving the transmission and distribution collaborative optimization problem is verified.

Key words: transmission and distribution coordination; unit commitment; technical transformation plan; ATC;

chance constrained programming
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Fig.B1 Topology of transmission and distribution grid
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# Bl e Ty = fafar bk £5)
Table B1 Load proportion of nodes in transmission grid

iR A Dy bk LLssil% B A Db Ll v
1 10.0 9 7.3
2 9.0 10 9.0
4 8.5 11 7.8
5 8.4 12 5.6
8 7.7 13 6.7

# B2 ECEB T = fafar bk 5
Table B2 Load proportion of nodes in distribution grid

PiE HL IR A A Db Lutsilive TR
2 2.4 0.946
3 36 0.877
4 45 0.946
5 4.3 0.951
6 22 0.917
8 3.0 0.951

%= B3 NiRBER S HEH

Table B3 Probability distribution parameters of wind speed

FL S N e . L .
TEIRZ L RIEZH RS REZH

1 2.385 20.434 2.326 18.512
2 2.269 20.200 2.092 18.304
3 2.381 19.773 1.986 19.329
4 2.110 19.203 2.393 18.767
5 1.935 20.140 2.181 18.231
6 2.270 19.526 1.863 19.036
7 1.970 20.450 1.930 19.149
8 1.909 19.048 2.019 18.183
9 1.996 20.649 2.017 19.918
10 1.969 19.511 1.979 18.597
11 2.222 19.079 2.288 18.558
12 1.972 19.869 2.031 19.224
13 2.367 20.360 2.230 19.632
14 2.390 20.523 2.068 19.132
15 2.242 20.281 2.269 18.560
16 2.384 19.066 1.986 18.729
17 2.144 20.617 1.818 18.786
18 2.246 19.827 2.078 18.662
19 2.231 19.869 2.181 18.731
20 2.414 20.235 1.836 18.047
21 2.378 19.105 1.937 19.962
22 2.183 19.577 1.862 18.128
23 2.116 20.905 1.939 19.344
24 2.353 19.091 1.975 19.700




& B4 NEIZSH

Table B4 Parameters of wind farm

K HLI% S5 i HL IR C. Ha, Y
PIARGHE/(m ™) 5 5
WiE R (m s ™) 20 20
P X/ m ™) 40 40
BE V)R IMW 400 150
2 Z2=50% 20 20
I RURA RZES - (MW H) 7] 200 200
UIESPREe 0.95 0.95
% B5 M MIAINEH
Table B5 Transmission grid topology parameters
v L 2 B R KA BT i FRIMW
1 1 2 0.102 6 300
2 1 3 0.0839 300
3 1 4 0.0991 300
4 1 5 0.1109 300
5 2 5 0.103 2 300
6 3 4 0.1020 300
7 4 5 0.124 2 300
8 4 8 0.1389 300
9 5 7 0.146 1 300
10 5 11 0.1190 300
11 6 7 0.1208 300
12 7 11 0.1102 300
13 8 9 0.092 6 300
14 8 12 0.0899 300
15 8 13 0.0999 300
16 9 10 0.116 6 300
17 10 11 0.1234 300
18 11 14 01351 300
19 12 13 0.105 4 300
20 13 14 0.146 9 300

I YU L {E .



% B6 ECEEMAINESH
Table B6 Distribution grid topology parameters

i R ) 2 i R KT FLBH 2K IhE LR/MW
1 1 2 0.008 8 0.029 9 200
2 1 9 0.016 2 0.054 9 200
3 2 3 0.006 5 0.0220 200
4 2 6 0.0171 0.057 8 200
5 3 4 0.0135 0.045 8 200
6 4 5 0.0123 0.0415 200
7 4 9 0.0191 0.064 7 200
8 5 8 0.007 5 0.0255 200
9 6 7 0.017 3 0.058 6 200
10 7 8 0.014 4 0.048 9 200
e BB, BN LE.
< B7 KEHESH
Table B7 Parameters of thermal power unit
SHRA G, G, Gs G, Gs
BUE 1MW 200 250 300 300 350
wANAR MW 40 50 60 60 70
FEHUSAN(S K7 600 700 1100 1200 1500
SN LIl 2 3 4 4 5
&3 /(MW min™) 10.5 10 8.9 8.4 6.6
W P AR 4 ad[$ (MW h) ] 55.47 44.33 36.91 37.05 31.42
V) L A R H bI($ 0 104.04 115.95 123.09 123.33 129.00
% B8 CDG &%
Table B8 CDG parameters
SRR CDG
E 1MW 100
TR 1MW 20
JoTh LR /Mvar 75
TR fR/Mvar 0
T L A R 5 al[$ (MW h) 1] 31.51
) L A R H bI($ 0 74.20
= B9 HMEH
Table B9 Electricity price parameters
H /N $/h WL R BN (MW h) T B SR U AR/ S (MW h) T TR LR 2K B ar S A [$ (MW h) ™
1—8 57.0 57.0 77.0
9—16. 23. 24 68.4 68.4 92.0
17—22 79.8 79.8 108.0




% B10 HMImBESH
Table B10 Parameters of technical transformation project

HOOmE  BEHEE B KR H 2 TAEHBTHR($ Y TRHETHR($SdY  TIH/d
1 i L) 4 5 W7 it A OR AP U 5000 7 500 4
2 i L PP 12 13 JIESPIEE g 6 000 9000 5
3 it Fi oY 2 3 i SR EE: 3000 4500 3
4 it EEL %] 6 7 Y 2% T 5 2000 3000 2
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Fig.C1 Distribution diagram of unit startup and shutdown status
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Table C1 Wind curtailment and cost optimization results of transmission and distribution grids(centralized optimization)

i L Fic, i1 oY
7 A EIMW 6.424 FRE/MW 0
KHENLHEAT BAS 3225 445.176 CDG iz 1T A/$ 403 032.238
DGRBS 1N % NES 11 700 Vi) 8 AR S 531 425.232
A HLE /S 531 425.232 it AR $ 13 000
Jiti LA /$ 50 000 Yl At AR $ 0
VI At AR S 0 T4 SR A TS 800
SR AS 2755 719.943 SRS 948 257.470
RSN AW 3703977.413

®xC2 HOHI1-3IBHEE
Table C2 Parameter setting of Case 1to 3

=] v VA o, VIME ¥ & £ P MI{E
1 0.25(y+1) 05 15 0.01 0.001 0
2 05 0.25(y+1) 15 0.01 0.001 0
3 05 05 1+0.5y 0.01 0.001 0

E:oy=1, 2, -, 5, WEHARFHANCE 5 DEH, FF.

#F= C3 Hf 2 R HER
Table C3  Optimization results of Case 2

o, VIE EESANYS /i EARES ]/ e S A S S e A 22 1%
0.5 18 3014.05 3699 179.47 -0.1295
0.75 12 1960.70 3699 489.06 -0.1212
1 12 2005.75 3697 477.22 -0.1755
1.25 9 1513.87 3702 784.95 -0.0322
15 10 1710.87 3701 087.35 -0.078 0

T ST A 2 AR 5 R CL G S A W 2, S5 A .

FC4 BB 3MMILER
Table C4 Optimization results of Case 3

" AR AR A/ Sl A S I PR 2%
15 18 3014.05 3699 179.47 -0.1295

2 9 1487.99 3716 916.43 0.3493

25 8 132272 3712 681.05 0.2350

3 9 1497.05 372137151 0.469 6
35 7 1164.21 3715 103.88 0.300 4




#* C5 Hfjl 4 FnEHI 5 BHIZE
Table C5 Parameter setting of Case 4 and 5

45 v, WIME o, VIME 7 ~lge, -lgs, R WMAE
4 05 05 15 y 3 0
5 05 05 15 2 y 0

F C6 EHf4mmikss
Table C6 Optimization results of Case 4

-lge, BRI AR H]/s FRC S A SS P PR i 221 %
1 18 2974.00 3705 058.77 0.029 2
2 18 3014.05 3699 179.47 -0.1295
3 14 2386.34 3704 460.73 0.0130
4 16 2695.84 3707 730.01 0.1013
5 34 5 685.44 3713921.73 0.268 5

F= C7T HFI 5 MR HER
Table C7 Optimization results of Case 5

-lgs, IEARREL AR H]/s e S AS P e A 221 %
1 9 1533.41 3704 428.71 0.0122
2 16 2697.42 3700 614.16 -0.090 8
3 18 3014.05 3699 179.47 -0.1295
4 18 3057.23 3699 179.47 -0.1295
5 18 2970.18 3699 179.47 -0.1295

F C8 EHf 6 MiLsER
Table C8 Optimization results of Case 6

HFEAL IEACREL LRI E)/s e S A S S e A 22 1%
S 18 302220 3703 998.47 0.000 6
S, 12 1999.73 3708 258.48 0.1156
S 14 231277 3704 595.92 0.016 7
S, 14 235052 3708 398.25 0.1194
Ss 21 3489.64 3700 721.99 -0.087 9
Se 14 2301.27 3706 059.81 0.056 2
S 13 2135.00 3706 142.41 0.058 5

Sg 18 3014.05 3699 179.47 -0.1295
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