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Abstract: In order to deal with the problem of net load fluctuation due to access of large-scale distributed PV to the
distribution network, a kind of bi-level energy storage planning method considering demand response is proposed.
Firstly, the flexibility requirements of distribution network under different photovoltaic permeability and the opera-
tion characteristics of various flexibility resources are analyzed. Then, the typical scenarios of distributed photovolta-
ic and load are obtained by principal component analysis method and hierarchical clustering algorithm. After that, a
bi-level planning model for distribution network energy storage considering demand response is set up. The upper
planning layer optimizes the energy storage planning scheme with the goal of minimizing the comprehensive cost. The
lower operating layer minimizes the operating cost target, and considers the controllable objects such as energy stor-
age, price-based demand response and interruptible load to solve the operation strategy of each typical scenarios. At
the same time, for effectively solving the bi-level planning model, the double-layer model is converted into a single-
layer model by using the approach of upper and lower level correlation and solved by Gurobi solver. Finally, the
IEEE33 node system is used to analyze the different photovoltaic permeability of the distribution network and the ef-
fectiveness of the proposed method is verified.
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Fig.1 Netload curve under different PV permeability
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Table 2 Time-of-use electricity prices
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Table 3 Price demand elasticity matrix

AF B IEE T Bt B
UERT B -0.100 0.016 0.012
St B 0.016 -0.100 0.010
FaNingEy 0.012 0.01 -0.100

AR USRS ] 3l A 4 ] Al D T H AR B 5 2%
Yo oA MR FH FE B3 0 Ak 3o Iy s Sl ey K 1A
REAE , Cf B 4ERC S RRIEOR B AR C R LA 6,

1.0p

0.9F

it
B oogl

0.50 ;1 é 1I2 1I6 ZIO 2I4 2I8 3I2 3I6 4I0 4I4 4IS
FROE4E %L
Ee6 RBEHSHITERBEEXR

Fig. 6 Relationship between retention dimension and

feature retention degree
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Table 4 Probability of typical scenarios
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Table 5 ESS optimization configuration results for option 2

ERAPE RN ETE RO RIS VEA RGN s 20808 BEERGW-h)  BERAW
JE] , I 224 B — R 18 R 30 M O DR Re v 2 T L VX)) S 0 18 80.00 40.00
o DIt . 58 2 Y ESS 5 A Bl 43 A O 32 80.35 40.00
N S SiOE =N Te DRI = SrE St A 18 84.51 40.00
T L AL 2 1Y ESS SR HE =y e H I 119 28 36 14 1 19 e 60 20 191.18 46.07
Jio SRR, R 28N T ESS K A, 4 31 37224 6220
514 33.56.106.75.152.12 Ji 76, fHAEFIE ESS 5 17 14776 40.00
P PR IR0 F T 45 A D P AR B BT S A LA 50 2l 12449 7997
A A SEAAT I, FUrh A AR 43 5k 2 073 7156
x6 ARIMAR2MKAEIILL
Table 6 Cost comparison between option 1 and 2
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Table 7 Cost option between options 1-4
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Table 8 ESS optimization configuration results for

option 2—4
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Fig. 9 Equivalent load curve of option 2
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Fig. 10 Equivalent load curve of option 2 and 3
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Fig. 11 Flow chart of hybrid optimization algorithm
3 52K F SCHR SR A R 2 AR S AR SR T
J7 5 2 HOGRIBIBTE 80% I HCHEL I 4 T A LA Kok
FERE ], S5 R 022 9, ESS HUI 7 48 L3 10,
R TREEERBER
Table 9 The results of different algorithms
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Table 10 ESS optimization configuration results for

different algorithms
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