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Active and reactive power coordination optimization of an active distribution network considering
a three-terminal soft open point with energy storage and demand response
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(1. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
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Abstract: There are problems of distribution network voltage over-limit, increased network loss and curtailment of wind and
solar power caused by a distributed generation (DG) connected to the grid. Thus an active and reactive power coordinated
optimization method for an active distribution network is proposed. It considers demand response (DR) and three-terminal
soft open point (SOP) with energy storage system (ESS). First, considering the uncertainty of renewable energy output,
day-ahead scenarios are generated based on conditional generative adversarial networks (CGAN). Then, DR and a
three-terminal SOP with ESS are modeled and coordinated with the DG and traditional reactive power compensation
equipment. A mathematical model is constructed with the optimization objectives of minimum network loss, minimum
voltage deviation, minimum curtailment of wind and solar power, and maximum user comfort and user economy. After that,
it is transformed into a mixed integer second-order cone programming model and analyzed by GUROBI. Finally, simulation
is carried out on an improved IEEE 33-node and IEEE 69-node distribution system. The results show that the proposed
optimization method, which takes into account the uncertainty of wind and solar power, improves the economy and reliability
of distribution network operation while giving consideration to the comfort and economy of users.
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Fig. 1 Basic network structure of CGAN
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Table A2 Equipment parameter
W& BANLE Fais W YE FIRBIE R EL EIR RENE RS IR
WT 15,25 0.5 MVA, 1.6 MVA — — —
PV 20,30 1.8 MVA, 2 MVA — — —
OLTC 0-1 0.0125%9 [0.95, 1.05] 3 12
CB 5,12 0.1 Mvarx6 [0, 0.6] Mvar 2 12
SvVC 28 — [-0.3, 0.3] Mvar — —
=¥ SOP 18,22,33 0.5 MVAX3 — — —
ESS =¥ SOP E.jifl 3 MVA [-0.5,0.5] MVA — —
= A3 HEER
Table A3 Simulation result
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VE 3! 1.166 23.029 21.31 3.026 1 0
ViE Y 0.948 22.816 10.678 3.031 1 0
E 3] 0.89 21.552 10.454 2.967 0.98 0.02
ViE X! 0.501 19.485 4.74 0.725 0.978 0.022
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Table B2 Equipment parameter
AR BNALE o3 A BRENE B LR MBERE IR
WT 24,32 1.5 MVA, 0.5 MVA — — —
PV 43,62 2 MVA, 0.5 MVA — — —
OLTC 0-1 0.0125%9 [0.95, 1.05] 3 12
CB 7,58 0.1 Mvarx5 [0, 0.5] Mvar 2 12
svC 39 — [-0.2, 0.2] Mvar — —
=i SOP 27,46,65 0.5 MVAX3 — — —
ESS =% SOP EL M 3 MVA [-0.5,0.5] MVA — —
= B3 HE&R
Table B3 Simulation result
BBl  MGSEFE/MWh ) EREMNIEERE/MWh  BERZpu. FRFEGE/MWh  HSEEE HSSRE BEEEp
VRSN 1.953 53.067 47.378 — — — 0.918~1.0
E 3! 1.709 20.285 31.584 3.884 1 0 0.928~1.035
ViE W) 1.374 19.970 26.612 3.905 1 0 0.938~1.036
T3 1.164 16911 24.952 3.907 0.944 0.058 0.945~1.036
EX! 0.575 13.801 13.628 0 0.944 0.058 0.968~1.025
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Table C1 Objective function under different weights
20 Mgk kg HE FRIE RS A
' B A Tk BMIET R/ el #E 4%
=z 15 Al MWh H#/MWh pu. MWh ¥ I
5 < @=02%0,2025 ) o oags 474 0725 0978 0022
= 10 w, =025 0,=025 : : ’ : ’
o @ =07, @ =0.1,
0.5 0.443 19.885 6.141 1.144 0977 0.021
w,=0.1, 0, =0.1
g @ =01, =07, 0.643 19.544 3.627 0.692 0978 0.021
. 24 w,=01,0,=01 ' ’ ’ ' ’
< 5 5 i)/h @=010,=0.1 0.574 19429 4766 0 0.979  0.022
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Fig. C1 Wind turbine output of typical scenarios
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Table C2 Objective function of each scenario
WS FIZIRAE/MWh ) B RS B/ MWh R R Zpu.  FRFEE/MWh HPEERE PS5
e 0.508 18.744 5.105 1.149 0.978 0.022
W2 0.552 20.164 5.044 1328 0.979 0.020
W3 0.577 16.765 5.476 2337 0.98 0.02
W4 0.529 20.709 5314 0.483 0.978 0.021
Wi s 0.577 15.800 5.600 1.581 0.979 0.022
HAEEAE 0.547 18.499 5.29 1.359 0.979 0.021
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