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Table 1 Parameters of the photovoltaic generators

PRAET AL AE/MW R % SN AR
9 26.0 96 0.9
19 20 96 0.9
33 13.6 96 0.9
14 12 96 0.9
16 10 96 0.9

*x2 HBEINASE
Table 2 Parameters ofthe units to be restored
W EgE P/MW P/MW K, /MW  T,/h T,/h

30 350 17.5 127.3 0.67 2.75
31 400 30.0 160.0 0.5 3.75
32 250 13.0 108.2 0.67 2.31
33 250 13.0 154.0 0.67 1.62
34 300 15.0 179.6 1.10 1.67
35 250 13.0 149.7 0.83 1.67
36 330 16.5 120.0 1.10 2.75
37 320 16.0 160.0 1.00 2.00
38 300 15.0 200.0 0.83 1.50
39 300 15.0 179.6 0.83 1.67

TR T T RAHIIE O, A Ok i ol HURE & i
BUE A4 60% (1) L, B AR ZK BRI IR ] 9 10 min,
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Table 3 Results of phase | solution

BUREIBLAL MR RS

WEAS  WIEWARET W/
33 19, 33 2.61
35 16, 19 3.62
34 16, 19 3.57
32 14, 16, 19 4.5
36 14, 16, 19 5.05

S5RRH, UL 33 5 R ML B B — Bl
LN B — R 3 R, REAE S BB LA 3,
FHRL AR R HLA S ST 2 033 — 36 — 34 — 35
— 30 — 37 — 39 — 38 —32 — 31, HAMKE 3%
B 4 Fios,

Fk4 BRREFR
Table 4 Optimal restoring strategy of this case

wrsmoy oI et B Gt
1 36 33—19—-16—-24 —23—-36 3.41
2 34 19—20—-34 3.89
3 35 36—23—22—-35 4.37
4 30 16—17—18—3—2—30 5.49
5 37 30—2—-25—-37 5.97
6 39 2—1-39 6.45
7 38 37—25—26—29—38 7.09
8 32 14—13—10—-32 8.21
9 31 10—11—6—31 8.85
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A Two-phase Integral Optimization Strategy for Network

Restoration with Photovoltaic Generation

XIANG Tianchun, LI Guodong
(State Grid Electric Power Research Institute of Tianjin, Tianjin 300010, China)
Abstract: Compared with traditional generation technology, photovoltaic generation, which is widely spread and easily
connected to the grid, has an excellent ability of self-starting, making it a promising alternative of black-start sources. Given
the difference between PV and traditional black-start sources, a two-phase network restoration strategy was presented. In phase
1, PV units are used to restart the first traditional unit within the network, with the objective to maximize the possibility of
starting successfully. In phase 2, the one generator started in phase 1 is used as the main power source, while PV units as the
auxiliary source, to finish the whole restoration procedure, with the objective to maximize the power generated and minimize the
time needed during the restoration. Taking the objectives of the two phases into consideration, an integral optimization method
was proposed, which could fix the disadvantages of PV systems such as low inertia and relatively poorer starting ability, while
guaranteeing the restoration efficiency. The case study of IEEE 30-bus system has proved the practicability and the effectiveness
of the method proposed.

Key words : restoration; photovoltaic generation; two-phase; integral optimization
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