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Fig.1 Evaluation index system of risk bearing capacity

for regional distribution network
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Fig.2 Distribution diagram of importance and
satisfaction of indexes for township

regional distribution networks
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Table 2 Upgrading cost of lines in different

planning years with different planning methods
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Grid planning method considering difference in risk bearing capacity among
regional distribution networks
XTAO Bai',GUO Bei*,JI Shuai’,SHI Yonggang®,JTIAO Mingxi’, WANG Yao’,SUN Degiang®
(1. School of Electrical Engineering,Northeast Electric Power University,Jilin 132012, China;
2. Changchun Power Supply Company,State Grid Jilin Electric Power Co.,Ltd.,Changchun 130021, China;
3. Siping Power Supply Company,State Grid Jilin Electric Power Co.,Ltd.,Siping 136000, China;
4. Tonghua Power Supply Company,State Grid Jilin Electric Power Co.,Ltd.,Tonghua 134001, China)

Abstract: Aiming at the problems that the difference among township regional distribution networks and the
large fluctuation of township area load are generally not considered in distribution network transformation
projects, the chance constrained programming theory is introduced, and a grid planning method that takes
the load uncertainty and the difference in risk bearing capacity among regional distribution networks into
account is presented. Firstly,the load uncertainty model is established by the nonparametric kernel density
estimation method. Secondly, considering the difference in risk bearing capacity among different township
regional distribution networks, the risk bearing capacity evaluation index system is established according to
the characteristics of township regional distribution network,then the risk bearing capacity is evaluated by
the combined weight method. Finally,the chance constrained programming model of line upgrading is estab-
lished, and confidence level of the model is selected based on the previous assessment results,to determine
the type of upgraded lines. Example analysis shows that the proposed method can improve the refinement
level of planning, and harmonize the risk bearing capacity with investment cost to some extent, so that
enhancing the adaptability of grid planning scheme.

Key words: distribution network; grid planning; combined weight method;risk assessment; chance constrained

programming
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Medium- and long-term coordinated operation model and method for

multi-energy system
WANG Yanan,SHAO Chengcheng, FENG Chenjia, WANG Xiuli, WANG Xifan
(State Key Laboratory of Electrical Insulation and Power Equipment,Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: Medium- and long-term operation is an important part of power system operation,which can effec-
tively deal with the seasonal contradiction of energy supply. In view of the increasing coupling among mul-
tiple energy forms,such as electric power, natural gas,and so on,a medium- and long-term operation model
and method for multi-energy system are proposed. Considering the seasonal characteristics of renewable energy,
the fluctuations of natural gas price and the system operation constraints, the weekly operation model of
multi-energy system is established, and the annual unit maintenance plan,the power distribution of hydro-
power and the purchase and storage plan of natural gas are optimized uniformly. Taking the adapted TEEE-
RTS79 system as an example,the correctness and validity of the proposed model and method are analyzed
and verified. The results show that the coordinated arrangement of the medium- and long-term operation for
multi-energy system can give play to the complementary benefits of different energy forms and improve the
system’s operation economy. The introduction of gas storage device can relieve the air supply tension in
winter and reduce the system’s operation cost.

Key words: medium- and long-term operation; multi-energy system;unit maintenance;fuel planning;coordinated

operation ; models
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Fig.A2 Geographical wiring diagram of each township regional 10 kV distribution lines
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Table A2 Parameters of 10 kV lines in each township area in base year

10KV Z 2 it 47 3 2R AT 201 1 BE fkm

EZ . . . . .
240mm 185mm 150mm? 120mm? 95mm? 70mm 50mm 35mm
1 1 0 0 0 23.62 26.5 0 0 0
2 0 0 9.2 0 0 0 6.95 0
3 0 0 5.05 0 0 5.94 0 0
2 4 0 0 3.66 0 0 0 3.18 0
5 0 0 0 0 0 4.26 0 0
6 0 0 10.06 0 0 0 7.82 0
3 7 0 0 2.83 0 0 0 0 0
8 0 0 0 0 0 0 185 14.3
4 9 0 0 0 0 16.25 0 11 0
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Table A3 Historical sample data of load prediction error in base year
%

H 39 11 2 A 3A 4 f] 54 6 1 7H 8 H 9 10 /] 1A 12 1

1H 1.43 0.32 -6.18 1.98 1.90 5.63 7.00 5.96 11.17 5.77 9.11 3.96
2 A 5.49 3.52 -1.39 2.70 -3.75 3.18 11.43 2.16 7.50 11.37 291 -1.58
3H 7.89 6.62 -2.03 8.25 11.09 7.33 3.70 2.29 9.59 15.71 1.02 10.36
4R 0.97 12.31 8.25 11.27 10.85 7.38 3.57 10.83 8.39 3.61 3.73 8.46
5H 4.40 4.39 14.21 7.69 5.57 6.40 17.19 6.65 -1.32 -3.07 5.12 551
6 H 7.97 13.05 4.19 3.93 11.02 2.62 11.32 8.23 3.69 6.94 8.30 11.71
7H -4.23 8.66 10.54 10.56 7.04 -0.81 3.60 10.94 12.84 8.11 0.70 1.14
8 H 11.79 12.56 9.06 10.47 7.63 7.78 9.63 7.02 5.77 4.75 7.78 8.33
9H 19.54 6.72 0.15 6.68 6.64 -1.48 4.00 9.09 9.26 -0.40 6.45 7.96
10 H 11.36 2.35 8.23 9.20 8.47 0.25 9.95 9.82 0.40 17.31 13.40 7.96
11 H 4.25 -2.25 1.82 8.32 6.58 13.44 13.91 12.54 6.37 -7.15 4.82 1.94
12 H 8.40 6.88 14.47 0.51 21.56 3.68 -2.94 8.67 9.36 3.17 5.26 7.84
13 H 0.23 10.58 5.83 10.25 -0.50 5.23 11.75 13.89 -1.58 -1.36 -0.52 3.14
14 H 16.49 4.38 15.14 2.35 -4.33 11.03 14.15 6.14 7.95 2.46 -1.72 1.01
15 B 11.26 3.00 3.64 2.64 -0.35 4.34 6.28 5.75 5.00 7.79 7.74 -0.70
16 H 10.40 4.29 9.30 7.00 -0.09 11.75 15.75 15.50 0.77 6.78 4.62 11.80
17 H 113 -0.10 5.66 4.30 3.59 4.09 6.88 3.17 5.80 2.05 8.82 1.29
18 H 7.80 3.26 -5.27 5.28 5.07 11.66 -0.89 6.00 -4.57 10.35 1.03 5.05
19 H 2.90 5.00 0.53 9.33 4.79 9.52 -6.22 11.14 -5.86 9.48 16.66 -0.73
20 H 4.28 6.27 9.43 11.85 9.03 4.82 4.15 6.85 -0.55 9.62 6.69 4.36
21 H 2.83 5.66 5.71 4.91 8.18 1.18 9.99 13.85 0.49 3.64 11.85 -12.02
22 R 0.29 9.42 -0.23 7.84 10.20 0.19 7.78 11.78 -0.53 11.86 4.75 -0.05
23 H 0.94 6.62 2.52 4.68 15.93 451 8.32 7.64 -3.61 9.70 511 -1.94
24 B 4.84 16.13 7.40 7.29 12.84 3.57 2.79 1.67 7.62 20.01 9.86 0.35
25 H -3.46 7.75 0.47 8.47 -1.15 3.73 6.82 9.17 -2.88 11.94 9.11 4.82
26 H 9.40 16.08 11.45 2.57 -6.98 11.50 -3.13 -1.70 6.63 12.47 -0.24 4.20
27 H 5.36 1.98 2.44 7.55 11.04 4.35 177 7.38 10.40 6.31 -2.54 16.86
28 H 9.91 8.95 16.10 9.37 -4.23 12.39 1.44 10.52 6.00 -1.17 -0.11 2.82
29 H 7.52 - -0.01 6.53 6.38 3.05 8.91 7.20 6.53 3.94 -1.89 4.62
30H 8.77 - 7.12 15.66 6.21 11.44 5.93 10.92 3.90 1.79 6.34 -2.74
31 H -2.26 - -2.47 - 18.44 - -0.43 17.39 - 2.87 - 3.35
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Fig.A3 Probability density function curve of load forecasting error under
different bandwidth conditions
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Fig.A4 Probability distribution function curve of load forecasting error
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Table A4 Calculative results of index weight

CHERE BB R FURE B CRETRUE
Al 0.4437 0.0691 0.37445
A 0.5714 A2 0.2218 0.0749 0.24475
A3 0.2218 0.0903 0.20314
B1 0.0555 0.1030 0.06976
B 0.2857 B2 0.0277 0.2012 0.06816
B3 0.0139 0.1467 0.02485
c1 0.0069 0.0688 0.00583
c2 0.0035 0.0890 0.00377

C 0.1429
c3 0.0035 0.0930 0.00394

C4 0.0017 0.0641 0.00136
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Table A5 Actual index value of each township regional distribution network

fiks 281 282 283 284
Al 46.48 51.22 36.39 64.41
A2 27.43 16.53 12.73 0.00
A3 189.00 141.30 115.70 208.00
B1 0.00 42.96 62.75 75.61
B2 4.00 2.00 2.33 2.00
B3 100.00 0.00 33.33 100.00
C1 76.80 82.75 82.47 71.30
Cc2 18.80 8.93 13.33 16.50
C3 85.40 89.38 84.37 89.70
C4 8.20 6.90 5.80 11.50

F A6 & ZRIX T LR I (1 FE bR SE B
Table A6 Actual index value of distribution line in each township area

e Sh11 42 413 SH4
ffibx 2 1 4k 2 % 3 4k 4 % 5 4% 6 %7 4% 8 4% 9
Al 46.48 32.91 55.70 38.88 32.93 29.11 23.69 37.95 56.82
A2 27.43 0.00 29.82 15.79 0.00 32.22 45.45 0.00 0.00
A3 189.00 109.00 192.00 166.00 98.00 111.00 102.00 134.00 208.00
Bl 0.00 60.55 50.78 40.53 20.00 67.01 39.09 82.15 75.61
B2 4.00 2.00 2.00 2.00 2.00 3.00 2.00 2.00 2.00
B3 34.10 13.20 8.56 6.33 4.26 14.33 2.83 21.40 16.65
C1 76.80 80.10 79.70 84.50 86.70 78.40 89.80 79.20 71.30
Cc2 18.80 14.30 10.80 9.10 1.50 17.90 1.70 20.40 16.50
C3 85.40 88.20 86.90 90.10 92.30 83.60 89.80 79.70 89.50
C4 8.20 5.50 10.10 6.70 5.30 5.90 5.10 6.40 11.50

F AT % Z I L TR AR G B S I
Table A7 Dimensionless index value of each township regional distribution network

ELA) 21 ZH2 ZH3 ZHL4
Al 0.63990 0.47074 1.00000 0.00001
A2 0.00001 0.39738 0.53591 1.00000
A3 0.20585 0.72264 1.00000 0.00001
B1 1.00000 0.43182 0.17008 0.00001
B2 1.00000 0.00001 0.16500 0.00001
B3 0.00001 1.00000 0.66670 0.00001
C1 0.19325 0.93996 0.00001 1.00000
c2 0.00001 1.00000 0.55420 0.23303
C3 0.48035 1.00000 0.97555 0.00001

C4 0.57895 0.80702 1.00000 0.00001
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Table A8 Load forecasting results of each lines in different planning years

. . B PRy R Btar TRAE/ MW
s omy S DR

1 1 90 3 243 3.56 4.10 4.70
2 2 2.68 3.61 3.96 4.33
3 2 4.53 6.10 6.69 7.32

2 90
4 2 3.17 4.27 4.68 5.12
5 3 1.21 1.77 2.04 2.34
6 3 2.37 3.42 3.94 4.53

3 7 80 3 1.93 2.78 3.21 3.69
8 5 1.09 1.89 2.38 3.00

4 9 95 3 1.84 2.73 3.14 3.60
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Table A9 Upgrading scheme of each township regional distribution lines in different planning years

. . RN 10 4E FARIAERR 15 4 FURIAFERR 20 4F
2 it — = — - = ”
Bt s E+ ia F+ L
JL/G1A- JL/GIA- JL/GIA- JU/GIA- JL/GIA- JL/GIA-
1 1 150/20mm? 120/20mm? 185/25mm? 150/20mm? 240/30mm? 185/25mm?
- JLGIA- JL/GIA- JUGIA- JUGIA- JL/GIA-
2 70/10mm? 185/25mm? 95/15mm? 185/25mm? 95/15mm?
2*JLIG1A- JU/GIA- 2*JL/G1A- JL/GIA- 2*JL/G1A- JL/GIA-
3 150/20mm? 95/15mm? 150/20mm? 120/20mm? 150/20mm? 120/20mm?
2
JL/GIA- JLGIA- JL/GIA- JUGIA- JUGIA- JL/GIA-
4 185/25mm? 95/15mm? 240/30mm? 120/20mm? 240/30mm? 120/20mm?
5 J— J— _ J— JR—
- JLGIA- JL/GIA- JLGIA- JLGIA- JL/GIA-
6 70/10mm? 185/25mm? 95/15mm? 185/25mm? 95/15mm?
3
B B . JLGIA- -
7 185/25mm?
JL/G1A- JU/GIA- JL/GIA- JL/GIA- JL/GIA- JL/G1A-
8 70/10mm? 50/8mm? 95/15mm? 70/10mm? 120/20mm? 70/10mm?
JL/GIA- JL/GIA- JL/GIA- JLGIA- JLGIA- JL/GIA-
4 9 120/20mm? 70/10mm? 120/20mm? 70/10mm? 150/20mm? 95/15mm?

e RN ERB AT RIGE; 2% R R AR Rk s L

& AL0 RIS gt
Table A10 Line type and cost

JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A-

445 ke ) 2

e 50/8mm?  70/10mm?  95/15mm?  120/20mm?  150/20mm?  185/25mm?  240/30mm?  300/25mm?
=) \‘]KIL

Zj(i“ L 195 240 285 355 410 520 570 710
A7y

A 1.8 2.8 5 6.7 9.8 125 14.7 17.1
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Fig.A5 Power flow simulation results of bus I in 10 planning years
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Fig.A6 Power flow simulation results of bus Il in 10 planning years

i

B
5| 85 BT

G s ey

B> B2

s ous o

B A7 MXIERA 15 £ 10kV | BBENSBRFELER
Fig.A7 Power flow simulation results of bus | in 15 planning years
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Fig.A8 Power flow simulation results of bus Il in 15 planning years
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Fig.A9 Power flow simulation results of bus I in 20 planning years
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Fig.A10 Power flow simulation results of bus Il in 20 planning years
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Table All Load forecasting results in different planning years with different planning methods

10 4AF TR 471 4ef MW

15 A F 5 MW

20 AE 5 A A MW

2 2 — . — — - . . — -
i1 J5i% 2 7515 3 ik 1 J5ik 2 Tk 3 ik 1 Tk 2 Tk 3
1 1 3.56 3.61 3.79 4.10 4.14 432 4.70 475 4.93
2 361 3.66 3.86 3.96 4.01 421 433 4.38 458
, 3 6.10 6.19 6.53 6.69 6.78 7.12 7.32 7.41 7.75
4 4.27 432 456 4.68 473 4.97 5.12 5.18 5.41
5 1.77 1.79 1.88 2.04 2.06 2.32 2.34 2.36 2.45
6 3.42 3.52 3.70 3.94 4.04 455 453 463 481
3 7 2.78 2.86 3.01 3.21 3.29 3.70 3.69 3.77 3.92
8 1.89 1.93 2.02 2.38 2.42 2.51 3.00 3.04 3.13
4 9 2.73 2.73 2.87 3.14 3.14 3.28 3.60 3.60 3.74
FT AL2 AN[FRI 7 A RAE BR S 10 SR 1 2k % H O R 7 &
Table A12 Line upgrading scheme in 10 planning years with different planning methods
. Jridi 1 ik 2 ik 3
EZ 2R = ” = - = -
E+ 3 A+ s T+ 93 3L
L 1 JL/IGLA- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/IG1A-
150/20mm? 120/20mm? 150/20mm? 120/20mm? 185/25mm? 150/20mm?
) JL/G1A- JLIG1A- JLIG1A- JLIGIA-
o 70/10mm? 70/10mm? 185/25mm? 95/15mm?
3 2*JLIG1A- JL/G1A- 2*JLIG1A- JLIG1A- 2*JLIG1A- JLIGIA-
) 150/20mm? 95/15mm? 150/20mm? 120/20mm? 150/20mm? 120/20mm?
4 JL/IGLA- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/IG1A-
185/25mm? 95/15mm? 185/25mm? 95/15mm? 185/25mm? 95/15mm?
5 — — — — —
6 JL/G1A- JL/IG1A- JL/IG1A- JL/IG1A-
- 70/10mm? 70/10mm? 185/25mm? 95/15mm?
3 7 — — — — —
g JL/GLA- JL/G1A- JL/G1A- JL/IG1A- JL/IG1A- JL/IG1A-
70/10mm? 50/8mm? 70/10mm? 50/8mm? 70/10mm? 50/8mm?
4 9 JL/IGLA- JL/G1A- JL/G1A- JL/IG1A- JL/IG1A- JL/IG1A-
120/20mm? 70/10mm? 120/20mm? 70/10mm? 120/20mm? 70/10mm?
R AL3 ANFEFRNJTEAE LRI AE BR 2 15 4RI (1 2R B T g 7 &=
Table Al13 Line upgrading scheme in 15 planning years with different planning methods
) . J7ik 1 ki 2 713
2 2% - N N
FT e T e T a
L L JL/G1A- JL/G1A- JLIG1A- JLIG1A- JLIGLA- JLIG1A-
185/25mm? 150/20mm? 185/25mm? 150/20mm? 185/25mm? 150/20mm?
) JL/G1A- JL/G1A- JL/G1A- JL/IG1A- JL/G1A- JL/IG1A-
185/25mm? 95/15mm? 185/25mm? 95/15mm? 185/25mm? 120/20mm?
5 2*JL/G1A- JL/G1A- 2*JLIG1A- JL/IG1A- 2*JLIG1A- JL/IG1A-
) 150/20mm? 120/20mm? 150/20mm? 150/20mm? 150/20mm? 150/20mm?
. JL/IG1A- JLIG1A- JLIG1A- JLIG1A- JLIG1A- JLIGIA-
185/25mm? 95/15mm? 240/30mm? 120/20mm? 240/30mm? 120/20mm?
5 J— p— p— p— p— —
6 JL/IG1A- JLIG1A- JLIG1A- JLIG1A- JLIG1A- JLIGIA-
185/25mm? 95/15mm? 185/25mm? 120/20mm? 185/25mm? 120/20mm?
3 7 — — — — — —
8 JL/IG1A- JLIG1A- JLIG1A- JLIGLA- JLIG1A- JLIGIA-
95/15mm? 70/10mm? 95/15mm? 70/10mm? 120/20mm? 70/10mm?
. 5 JL/G1A- JL/IG1A- JL/IG1A- JLIGLA- JLIG1A- JLIG1IA-
120/20mm? 70/10mm? 120/20mm? 70/10mm? 150/20mm? 95/15mm?
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Table Al4 Line upgrading scheme in 20 planning years with different planning methods

\ Jitki 1 Tk 2 Jiik3
£ 2R - e - - P
T 4337 T i ER N 4y
L 1 JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/IG1A-
240/30mm? 185/25mm? 240/30mm? 185/25mm? 240/30mm? 185/25mm?
) JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/IG1A-
185/25mm? 95/15mm? 185/25mm? 120/20mm? 185/25mm? 120/20mm?
3 2*JLIG1A- JL/G1A- ;Lé ?jﬁ/?ffi JL/G1A- rJnLr:] ?jﬁgf fsl JL/IGIA-
2 2 " 2 " 2
) 150/20mm 120/20mm 50/20mm? 150/20mm 50/20mm? 150/20mm
A JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/IG1A-
240/30mm? 120/20mm? 300/25mm? 150/20mm? 300/25mm? 150/20mm?
5 — — — — — —
6 JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/IG1A-
185/25mm? 95/15mm? 240/30mm? 120/20mm? 240/30mm? 120/20mm?
3 . JL/G1A- JL/G1A- JL/G1A-
185/25mm? o 185/25mm? - 185/25mm? o
8 JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/IG1A-
120/20mm? 70/10mm? 120/20mm? 70/10mm? 150/20mm? 70/10mm?
. 9 JL/G1A- JL/G1A- JL/G1A- JL/G1A- JL/G1A- JLIGIA-

150/20mm? 95/15mm? 150/20mm? 95/15mm? 185/25mm? 95/15mm?




