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Fig.1 Transmission power characteristic of
HVDC system
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Fig.4 Topology structure of multi-infeed DC power grid

based on IEEE 30-bus system

R1 IEEE30TWRRENEASH
Table 1 Parameters of generators in

IEEE 30-bus system

g Poco/ PES/ PSS/ r/ QR QL AP/
MW MW MW (MW-h") Mvar Mvar MW
1 19.5 70 20 35 60 =20 —
2 33 60 30 40 60 -20 —
5 15 40 20 35 447 15 —
11 15 60 4 — 60 -60 [5,20]
13 23 40 3 — 40 -40 [5,20]

R2 MEFEIL

Table 2 Comparison of recovery schemes

N L -
UES 5 WA/ e/ EE
G, G, Gs MW min min
1 2426 3843 19.76 128.73 8.15
U4l 2 29.08 43.94 2458 15229  8.26
WA 3 33.64 4915 29.14 17455 781  38.50
B 4 3686 52.83 3236 189.92 551
5 4198 58.68 37.48 209.81 8.77
1 2050 34.14 16.00 128.60 1.71
5Efi 2 2151 3529 1701 15170 172
i%ﬁ 3 2300 37.00 1851 173.52 257 2248
(s 4 2628 4073 2178 18879 5.60
5 3263 4799 28.13 208.75 10.88
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Fig.5 Power allocation results of generators and infeed

HVDC systems at corresponding nodes
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Table 3 Optimal results of generator output power
considering operation characteristic of DC systems

. WL T / MW

1 2 3 7 8
10 21552 24427 277.60 300.00 300.00
12 39.24 3924 5322 101.07 113.15
25 12805 158.05 188.05 308.05  320.00
26 14156 141.56 169.53 265.23  289.39
46 1278 1278 22.10 54.00  62.05
49 14587 17587 205.87 295.87 295.87
59 88.43 8843 10241 15026  162.34
61 85.15 8515 99.13 146.98 159.06
65  202.59 202.59 233.66 340.01 366.85
66  202.83 202.83 233.90 34025  367.09
69  307.03 357.03 407.03 607.03  657.03
80 4023 4023 71.30 177.64 204.48
89  359.12 409.12 459.12 656.85  656.85
100 143.48 143.48 17145 267.15 291.31
31 — — — 2425 3230
87 — — — 2425 3230
54 — — — 1574 23.79
103 — — — 1574 23.79

1 — — — 9.19  17.24
AR Py 1—8 KA S TR
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Table 4 Optimal results of generator output power
without considering operation characteristic of

DC systems
5 LA J) / MW
1 2 3 7 8
10 238.85 272.18 300.00 300.00 300.00
12 39.24  39.24  48.78 9191 103.57
25 128.05 158.05 188.05 308.05 320.00
26 141.56  141.56 160.65 246.89 270.22
46 12.78 12.78 19.14 47.88  55.66
49 145.87 175.87 205.87 304.00 304.00
59 88.43 8843 9797 141.09 152.75
61 85.15 8515  94.69 137.81 149.47
65 202.59 20259 223.80 319.62 345.54
66 202.83 202.83 224.04 319.86 345.78
69 327.03 397.03 467.03 747.03  805.20
80 40.23  40.23  61.44 157.26  183.18
89 309.12  375.79 442.46 653.99 645.91
100 143.48 143.48 162.57 248.81 272.14
31 — — — 21.70  29.48
87 — — — 21.70  29.48
54 — — — 14.34 2212
103 — — — 14.34  22.12
111 — — — 9.22 17.00
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Fig.6 Change curves of DC tie line power at bus 89
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Table 5 System recovery results of time step 1

SR W e s AR PREFRE FUREH R
B KOF B /MW /MW B/ min B/ MW

0.9 LGNS 29.8 8 245 5.79

) THZY 29.9 8 1.00 30.63

0.8 UESENAZSE  29.8 8 245 5.79

) THRZY 30.7 8 1.00 19.81

0.7 LGNS 29.8 8 245 5.79

) THZSY 31.2 8 1.00 26.00

0.6 LA ZSS 378 23 6.40 12.10

) SHRSS 44.1 23 1.00 24.53
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Coordinated optimization of multi-infeed HVDC system power regulation and
generator output restoration
WANG Hongtao', LIN Chengqgian®, YANG Dong’,ZHAO Yanjun',LONG Fei’, WANG Qian’
(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,
Shandong University, Jinan 250061, China;2. State Grid Materials Co.,Ltd.,Beijing 100120, China;
3. State Grid Shandong Electric Power Research Institute,Jinan 250003, China;
4. Electric Power Research Institute of Guangdong Power Grid Co.,Ltd.,Guangzhou 510080, China;

5. Electric Power Dispatch and Control Center of Guangdong Power Grid Co.,Ltd.,Guangzhou 510600, China)
Abstract: After the blackout of the receiving-end power grid with multi-infeed HVDC (High Voltage Direct
Current) system,it is an important means to speed up the load restoration process to give full play to the
regulation ability of HVDC system after its startup. At the same time, higher requirements are put forward
for system recovery control. In this context,a coordinated optimization method of multi-infeed HVDC sys-
tem power regulation and generator output restoration in the receiving-end power grid is proposed. Firstly,
the power regulation characteristics of multi-infeed HVDC system are analyzed from two aspects, namely
the power regulation characteristics of HVDC system inverter station and the interaction effects between
multi-infeed HVDC system and sending- / receiving-end AC systems,and the corresponding power regulation
constraint model is established. Then,aiming at minimizing the generator climbing time and the power regu-
lation time of HVDC system,the power adjustment model of multi-infeed HVDC system is set up by com-
prehensively considering the constraints of HVDC system, sending- / receiving-end systems and operation re-
covery of conventional generators, and the generator output optimization model of receiving-end system is
constructed by considering the constraints of power balance, voltage and frequency security, spinning reserve
and so on. On this basis, the problem is modeled as a bi-level mixed integer linear programming model,
which realizes the coordinated optimization of traditional generator output and the tie-line power of HVDC
system, minimizes the adjustment time of generator output regulation, and achieves the scheduling goal of
avoiding small adjustment of HVDC system. Finally,the validity of the proposed model is verified by exam-
ples of IEEE 30-bus and 118-bus systems with multi-infeed HVDC system and IEEE 30-bus system with
multiple wind farms.

Key words: HVDC power transmission; multi-infeed HVDC; restoration of power system;network reconfigura-

tion;black start;load restoration



