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Fig.1 Distributed optimization framework
based on two-stage DRO
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Distributionally robust optimization configuration of photovoltaic-energy storage
coordination in flexible distribution network based on adaptive step size ADMM
WU Han,OUYANG Sen, LIANG Weikun, HUANG Yi
(School of Electric Power,South China University of Technology,Guangzhou 510640, China)

Abstract: Aiming at the significant zoning characteristics of flexible distribution network and the uncertainty
characteristics of photovoltaic output,a method of inter-regional distributed optimization and intra-regional two-
stage optimization is proposed,and the distributionally robust optimization configuration model of photovoltaic-
energy storage coordination based on adaptive step size alternating direction method of multipliers (ADMM )
is established. Based on the coupled branch method, the flexible interconnection devices are decoupled, the
boundary conditions among regions are coordinated through consistency constraints, and the global iterative
distributed optimization is realized by using the adaptive step size ADMM. In order to minimize the total cost
of investment and operation of flexible distribution network, the data-driven-based two-stage distributionally
robust optimization model of each sub-region is established with the minimum total investment and operation
cost of flexible distribution network as the optimization objective,and an AC / DC hybrid convex relaxation
method is proposed to deal with the nonlinear non-convex model for quick solution. Based on the improved
relative entropy, the uncertain probability distribution fuzzy sets of typical photovoltaic output scenarios are
constructed and the two-stage distributionally robust optimization model is solved by using the column and
constraint generation algorithm. An improved actual 293-bus flexible distribution network is used as the
example to verify the effectiveness of the proposed model.

Key words: flexible distribution network ; coordinated configuration of photovoltaic-energy storage; distributed

optimization ; uncertainty ; distributionally robust optimization ;alternating direction method of multipliers
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Low carbon economic dispatch of power system with energy storage and
wind power based on parametric programming
LU Qi',LI Mingxuan', WEI Wei',CHEN Laijun"?,MEI Shengwei'
(1. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;

2. New Energy(Photovoltaic) Industry Research Center,Qinghai University, Xining 810016, China)
Abstract: In order to achieve the “dual-carbon” goal and adapt to the rapid development of new energy,a
multi-objective low carbon economic dispatch method of power system with energy storage and wind power
is proposed based on parametric programming and engineering game theory. The multi-objective optimization
model is constructed with the system power generation cost,the carbon emission and the energy storage life-
time loss as the goals. The model is transformed into a parametric linear programming model by using the
coefficient constraint method,and the exact analytic expression of Pareto frontier can be obtained by solving
the parametric programming model,so as to further construct the engineering game problem and refine the
unique Pareto optimal solution that is fair to multiple objectives, providing reference for decision makers.
The example analysis results show that the proposed dispatch method can fully take into account the optimi-
zation degree of each objective,ensure the environmental protection and economy of power system dispatch,
and can be effectively applied to the low carbon economic dispatch of power system with new energy.

Key words: eleciric power systems; energy storage ; wind power; carbon emission ; economic dispatch ; multi-

objective optimization; parametric programming;engineering game theory
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Table Bl Distributed two-stage distributed robust algorithm parameters

2 E
PIF /% 7
PV Fr P /a 15
[ 5 BN ao/(JTT6/) 10
K 225 B F a1/(J T6/MW) 200
PR 0/% 5
F i fi/a 10
ESS _
i 52 22 BE M ao/(JTIGIAY) 5
FE 22285 3% ] an/(J3 76/ MWh) 200
/25 PSR ¢ob/(F3 76//MWh) 0.12/0.04/0.08
FEHLIE S AN ¢/ 75/ MWh) 0.075
) BV T P A L B V5C4C 0.05
RO SR 1% 2 B (o 0.5
[ 38 B 25 K ADMM 157 B8 Ty 1000
S BAS A 0
FY GRS 0.95
174 L i i ) R B 0.1

® B2 ARG RTERAEBIREBIEARXTEE

Table B2 Comparison of cost objective function indicators under different optimization schemes

& FUMATE  ERATIE B gk o PRI e
HRIRRA, -FaARBND
BT 0 150.768 8833.953 74.516
HiiFM 1 0 57.202 0 -266.824
Case 1 BT M 2 0 24.936 0 -47.605 9086.767
BT M 3 0 19.908 0 239.913
st 0 252.814 8833.953 0
BT 0 150.819 9990.871 -388.021
HLTM 1 0 44.847 0 -66.237
Case 2 BRTM 2 0 37.240 0 214.345 10243.685
BT M 3 0 19.908 0 239.914
st 0 252.814 9990.871 0
BT 0 150.820 9612.869 -236.923
HLTM 1 0 40.547 0 -115.899
Case 3 BT 2 0 41.539 0 112.908 9865.683
BT M 3 0 19.908 0 239.914
st 0 252.814 9612.869 0

# B3 ARMMAFRTAEESERLERITLL
Table B3 Comparison of fixed volume results of optical storage and selection points

under different optimization schemes

ES PV &, EHF/MW

ESS i, E&/MW JEAT I A /s

16, 3; 38, 1.8; 59, 1.929;

44, 0.41; 59, 0.319;

Case 1 105
132, 1.270 207, 0.543; 239, 0.321
16, 3; 59, 2.325; 139, 0.319; 207, 0.416;
Case 2 374.65
90, 1.8; 141, 0.874 214, 0.543; 239, 0.321
16, 3; 59, 2.097; 16, 0.416; 139, 0.319;
Case 3 1013.88

90, 1.8; 139, 1.102

207, 0.543; 239, 0.321
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Table B4 Comparison of optical storage point sizing results under different energy storage capacity constraints

UES PV ithk, ER/MW ESS kil E&H/MW CRBATIL ARG A TG BRI T
16, 3; 59, 2.076;
— 154.799 9751.600 9906.399
90, 1.799; 141, 1.123
16, 3; 59, 1.6; 214, 0.480;
@ 203.812 9682.200 9886.006
63, 1.6; 90, 1.8 239, 0.321
16, 3.000; 59, 2.097; 16, 0.416; 139, 0.319;
252.814 9612.869 9865.683
90, 1.800; 139, 1.102 207, 0.543; 239, 0.321
16, 0.353; 59, 0.543;
16, 3.000; 59, 1.907;
141, 0.416; 207, 0.543; 300.602 9593.700 9894.238
103, 1.800; 141:1.292

214, 0.543

®B5 FRElo ToHR-FEMUGENN-HEELSR
Table BS Optical storage configuration results of different o distributed

hierarchical optimization methods

o PV &, EHF/MW ESS %55, E&/MW
16, 3; 59, 2.325; 139, 0.319; 207, 0.416;
=y
90, 1.8; 141, 0.874 214, 0.543; 239, 0.321
16, 3; 59, 2.231; 139, 0.319; 207, 0.543;
0.3
90, 1.8; 132, 0.968 239, 0.321; 282, 0.416
16, 3: 59, 2.097; 16, 0.416; 139, 0.319;
0.5
90, 1.8; 139, 1.102 207, 0.543; 239, 0.321
16, 3: 59, 2.091; 16, 0.416; 139, 0.319;
0.7
103, 1.8; 132, 1.108 214, 0.543; 239, 0.321
o 16, 3; 38, 1.8; 44, 0.416; 59, 0.319;
fff 2 A AL
59, 1.929; 132, 1.270 207, 0.543; 239, 0.321
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Fig.B4 Convergence process of dual residuals and original residuals of adaptive step size ADMM and traditional ADMM

#B6 SFREZESHHREZNAAERERHRUER

Table B6 Cost objective function optimization results of centralized algorithm and distributed algorithm

AT It .
M R ZE 1%
e I3 A2
LT M 9529.152 9526.766 0.025
HiiT M 339.112 338.917 0.058

Mt 9868.264 9865.683 0.026
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Fig.B5 Typical daily PV output and load power curves in each quarter

*B7 B—HAASHEHAIARVNEE S RIEE

Table B7 Comparison of configuration schemes for single typical day and quarterly typical day models

7 H AR PV ik, ER/MW ESS i, EH/MW RGBILATI G BATH /s
16, 3; 59, 1.936; 139, 0.319; 207, 0.543;

FREMAH 9788.753 9648.74
90, 1.6873; 139, 1.3767 214, 0.373; 246, 0.365
) 16, 3; 59, 2.097; 16, 0.416; 139, 0.319;

B—AH 9865.683 1013.88
90, 1.8; 139, 1.102 207, 0.543: 239, 0.321

& B8 REMRESOMIFS AR

Table B8 Effectiveness comparison of AC / DC hybrid convex relaxation methods

ES PV ik, EHR/MW ESS i/, EA/MW RGBILEA TG BATRE/s
) ) = 16, 3; 59, 2.097; 16, 0.416; 139, 0.319;
A8 HL IR B A Sty vk 9865.683 1013.88
90, 1.8; 139, 1.102 207, 0.543; 239, 0.321
: 16, 3; 63, 1.906; 139, 0.319; 214, 0.543;
i HE AN G g i 9852.622 1273.79
103, 1.8; 139, 1.293 239, 0.321; 246, 0.416
) 16, 3; 59, 2.116; 16, 0.437; 139, 0.319;
2y it 9986.694 2840.35

90, 1.8; 132, 1.083 214, 0.522; 239, 0.321
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