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Fig.1 Schematic diagram of source-load characteristics
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Fig.2 Structure diagram of planning model
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Fig.3 Schematic diagram of PIRV risk value
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4 618 22 131 0.62
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Fig.5 Temporal upward imbalance risk
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Collaborative zoning planning of distribution network considering
power imbalance risk
LI Hongzhong, CHEN Xifeng
(College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China)

Abstract:In the process of achieving carbon peaking and carbon neutrality goals,a large number of distri-
buted renewable energy sources are randomly connected into the distribution network. Due to the fluctua-
tion of distributed energy source output, the power imbalance conditions such as power abandon or load
shedding may happen in distribution network. A collaborative zoning planning method for distribution net-
work is proposed considering the power imbalance risk. A time-series source-load characteristic affine model
based on nonparametric estimation method is constructed to describe the time-series fluctuation and uncer-
tainty of source-load characteristics,and the Wasserstein distance index is used for clustering to reduce the
number of probability distribution of time-series forecasting error. The A* algorithm is employed to calcu-
late the distance between load points under the condition of limited power corridor,and a distance matrix
between load points and a power characteristic matching matrix are constructed to divide the feeder
blocks. A calculation method of power imbalance risk value is proposed to quantify the relationship be-
tween the flexibility resource level and the power imbalance risk. On this basis, a bi-layer collaborative
planning model of distribution network is constructed, the upper layer takes the minimum investment cost
of lines and energy storage devices as the object, while the lower layer aims at the minimum operation
cost and the power imbalance risk cost of distribution network. A real distribution network in a region of
Northwestern China is taken as an example,which verifies the effectiveness and superiority of the proposed
method.

Key words: source-load characteristics; feeder block ; source-grid-load-storage ; uncertainty ; distribution network

planning
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Cable specifications and model parameters

Lk s BREAAE  PARA

YJV22-3*400 8.2MW 60 J3st/km
YJV22-3*240 6.4AMW 40 J37t/km
YJV22-3*185 5.4AMW 30 Jist/km
YJV22-3*95 AMW 10 Jjsi/km
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Electricity purchase price curve diagram
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Fig.B1  Wind power output interval scenario set
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Clustering results of forecast error probability distribution for wind farm scenario set 1
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Table C1  Results of the planning for each feeder line block
BERX  RKERZE BRHE MEAVED MRERNIER | AKX BORERE BRHAE WREEY MRIAER
g (kw) (%) 2 (kW) (kwh) Pt 5 (kw) (%) (kW) (kwh)
1 1483 45.6 560 1200 13 1667 41 615 1230
2 1188 374 250 500 14 1723 406 560 1120
3 1842 48.9 400 800 15 1957 42.8 640 1280
4 1348 49.4 445 890 16 1060 40.8 280 560
5 958 38.8 365 730 17 880 36.1 215 430
6 2184 416 625 1250 18 2208 49.8 1250 2500
7 2200 493 1100 2200 19 2101 452 1100 2200
8 1755 49.8 1160 2320 20 1899 46.2 585 1170
9 1213 45.9 385 770 21 1388 38.6 435 870
10 1121 435 425 850 22 2379 48 1225 2450
11 1562 39.4 475 950 23 1425 47.8 545 1090
12 1913 473 625 1250 24 2023 434 760 1520




BB /km

0 * g
rrs— — — mestiss —anizrsa() e I vl

B C3 /5% 4 EF BB LM kERE
Fig.C3  Method four main trunk and link line wiring result diagram
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Fig.C4  Flexibility resource control strategy diagram
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