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Distributed Resource Aggregation and Aggregate Optimization Operation Method of
Multi-virtual Power Plant in New Power Distribution Network

XU Zekai', LIU Zhao!, HE Jinghan', SI Fangyuan?, WANG Xiaojun'

Abstract: With the continuous advancement of the construction of the new power system, the distributed resource ag-
gregation and aggregate optimal operation of the distribution network side have become the key technologies for the
support of the balance capacity improvement of the power grid. In order to quickly and accurately characterize the power
regulation ability of distributed resource aggregate, we first solve the feasible domain of virtual power plant considering
the uncertainty of power output. Further, to solve the problem of economic optimal operation of multiple virtual power
plants, we design a binary consistency algorithm for active power-reactive power and prove the convergence of the pro-
posed algorithm;moreover, we correct the equation based on the feasible domain boundary and binary consistency
variable to meet the power and voltage constraints,and obtain the algorithm process of multiple virtual power plant. The
example analysis and comparative verification are adopted to verify the feasibility of the framework of the proposed op-
timization operation of resource aggregation and aggregation, and its advantages over the traditional consistency
algorithm. Through the full use of the active-reactive power regulation capacity of distributed resources, the flexibility of
distributed resources to participate in the power grid operation is improved.
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Fig.1 Schematic diagram of flexible resource aggregation

VPP participating in optimal scheduling
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Fig.5 Schematic diagram of multi-period operation of re-

source aggregation and aggregate optimization
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Table 2 Binary consistency algorithm is compared with the
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Table 4 Comparison between the proposed method and the

centralized optimization
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Table B1 VPP internal network topology line parameters

# B2 VPP ABHENCE
Table B2 Resource configuration in VPP

VPP A IR RIS BEIR
UTAACIES) UTAACIES) UDAKEIE LS )]
92 MW) 22 MW),5(1 MW) 72 MW/4 MWh)
3(3 MW),92 MW) 8(2 MW) 5(2 MW/4 MWh)
82 MW) 2(2 MW/4 MWh)

23 MW)

1
2
3 33 MW).92 MW)
4
5 22 MW)3(3 MW)

5(1 MW),922 MW)
7(2 MW),9(1 MW)

3(3 MW/6 MWh)
5(2MW/4 MWh)

RPN iD=y r x
1 2 0.022 0.0116
2 3 0.0547 0.0282
3 4 0.3212 0.1654
4 5 0.0949 0.0488
4 8 0.574 0.2959
5 6 0.1292 0.066
6 7 0.0871 0.045
6 9 0.5329 0.2744

2(2 MW/4 MWh)
6 9(3 MW) 22 MW)
7(1 MW/2 MWh)
7 3(3 MW),9(2 MW) 7(2 MW) 5(3 MW/9 MWh)
# B3 & VPP A RY
Table B3 Each VPP cost factor
VPP Pdaown Pup 4 B Y ¢ ¢
— —1.6587 0.2080 1.8180 36.5000
—1.6587 —0.6106 0.0095 1.1597 35.9540
—0.6106 0.8990 0.2080 1.4020 36.0280
1 0.8990 29952  0.0095 1.7588 35.8676 33.6245 2.1910
2.9952  4.7115 0.2080 0.5700 37.6480
47115 5.2532  0.1108 1.4861 35.4898
5.2532 — 0.2370 0.1600 38.9730
— —0.1010 0.2080 1.818 34.7000
—0.1010 1.9952  0.0095 1.7779 34.6980
) 1.9952  3.7115 0.2080 0.9860 35.4880 20,9500 2.1830
37115 45063 0.0755 1.9696 33.6626
4.5063 8.0000 0.1185 1.5820 34.5360
8.0000 — 0.2370 —0.3140 42.1200
— —1.6587 0.2080 1.8180 35.9000
—1.6587 0.4375 0.0095 1.1597 35.3540
3 0.4375 3.7115 0.2080 0.9860 35.3920 32,0724 2.1700
3.7115 45063 0.0755 1.9696 33.5666
4.5063 8.0000 0.1185 1.5820 34.4400
8.0000 — 0.2370 —0.3140 42.0240
— —1.6587 0.2080 1.8180 36.5000
—1.6587 —0.6106 0.0095 1.1597 35.9540
—0.6106 0.8990 0.2080 1.4020 36.0280
4 0.8990 29952  0.0095 1.7588 35.8676 32.1540 2.1990
2.9952  4.7115 0.2080 0.5700 37.6480
47115  7.1308 0.1108 1.4861 35.4898
7.1308 — 0.2370 —0.3140 41.9080
— —1.6587 0.2080 1.8180 44.6000
—1.6587 —0.6106 0.0095 1.1597 44.0540
—0.6106 0.8990 0.2080 1.4020 44.1280
5 0.8990 29952  0.0095 1.7588 43.9676 309704 2.1950
29952 47115 0.2080 0.5700 45.7480
4.7115 55063 0.0755 1.8186 42.8065
5.5063  9.0000 0.1185 1.3450 44.1105
9.0000 — 0.2370 —0.7880 53.7090
— —2.0000 0.2080 2.2340 36.8160
—2.0000 —0.2019 0.1040 1.8180 36.4000
—0.2019 1.9904 0.0091 1.7797 36.3961
6 1.9904 4.0000 0.1040 1.4020 36.7720 34.1231 2.1400
4.0000 4.7115 0.2080 0.5700 38.4360
47115 5.2532  0.1108 1.4861 36.2778
5.2532 — 0.2370 0.1600 39.7610




— —1.6587 0.2080
—1.6587 0.4375  0.0095
0.4375  3.7115  0.2080
3.7115 72616  0.0755
72616  9.0000 0.1185
9.0000 — 0.2370

1.8180 35.9000
1.1597 35.3540
0.9860 35.3920
1.9696 33.5666
1.3450 35.8345
-0.7880 45.4330

29.3700 2.2100

MisR D

BT TS IE R BIR RS

B4 13 T R TSN ML SR

Table B4 Line parameters of 13-node active distribution

network
Wi W r x

1 2 0.3664 0.1807

2 5 0.0547 0.0282

2 9 0.5416 0.2789

2 3 0.1930 0.0990

3 4 0.7431 0.3827

4 10 1.3110 0.6752

5 6 0.0598 0.0308

6 11 0.2905 0.1496

6 7 0.0547 0.0282

7 8 0.6750 0.3481

8 12 0.0547 0.0282

8 13 0.3942 0.2030

B C
*C1 HHIN1 RGYILhE
Table C1 Calculation example N1 system initial value

%5 BIAGTE/(MW, MVA) %5 BIGHE/ (MW, MVA)
VPP1 (3.8000,1.2490) VPP5 (3.7000,1.2161)
VPP2 (3.2000,1.0518) VPP6 (5.4000,1.7749)
VPP3 (5.3000,1.7420) VPP7 (5.9000,1.9392)
VPP4 (3.3000,1.0846)

B g — S BRI

E ey R

1= 1IN 20 R 38 AT AR o 2 Al 0 B 26 SR
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BB B T T

i Th A AR,
45 A VPPIs AT /i

KDl T —rn— BRI R SR T AR R
Fig.D1 Flow chart of the aggregate optimization operation

algorithm based on the unary consistency algorithm
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Fig.E1 Iterative convergence process of each VPP
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Fig.E2 Convergence process of the output power sum
of each VPP
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Fig.E3 VFR and operating point of each VPP
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