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Fig.1 Energy flow structure of distributed
network with IES
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Fig.2 Typical daily load curves of an area in summer
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Fig.3 Schematic diagram of IES refrigeration operation

W 13 TES iz 47 77 20 2118 2 B s /9 1
i gy st R OR od B I8 4 frzs o L
AR B, B e BC Ve Hh ) LA I AT v i 7R3 2 1%
TR SR 4% 2 A8 BEAF AR A CS b RN BUH
PR Z 5 FH F i W BB, CS R0V fi Tl A2 3 0
v G e SR DT AR v FH R, EL bl T eI R AR S

RN RS N i CHP (GB i 7, 7= Hi
AE ARERY [F] I T I AC T v8 , 7 CS BEve el i —
AR PR OR T 22 A BABE A Al A ] P R
FEAEAE HS Hf o bl I IR v W B4 2043 rit s
Fe R AR I B, P W T i L BE I 2k, 3R B e fi i
HLz A7 TR JT B F Y

s Z1
- - - BRI AITC A R 2k, —— BRI e R LR it 2%
O 7E AR I B TES il v F i D LU AMIE LIRS
@ 7 JH v 5 W) B A B TR A R R e AR v L Tl A R e

E4 BorREMARE f i ER IR E
Fig.4 Schematic diagram of power supply curve

regulation for distribution network
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Table 1 Comparison of planning results for modified IEEE 33-bus system example
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Table 3 Comparison of planning result base on Load B
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Table 4 Switching actions of distribution network
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Table 5 Comparison of planning and operation

results between with and without distribution

network reconfiguration
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Multi-stage planning method for urban distribution network considering
flexible regulation of integrated energy station
LI Yunman',GAO Hongjun',LI Haibo’,ZHONG Lei',TANG Zao',LIU Junyong'
(1. College of Electrical Engineering,Sichuan University, Chengdu 610065, China;
2. Sichuan Energy Internet Research Institute Tsinghua University,Chengdu 610213, China)

Abstract: With the development of urban economy and the popularization of electrified end-use energy, the
demand for electric load,led by refrigeration electricity,continues to increase and the peak-to-valley difference
becomes more and more serious, which causes gradual increasing operation burden of the existing distribu-
tion network. In this context, taking IES(Integrated Energy Station) as a multi-energy flow coupling node,
the multi-energy coordination and complementary function and power storage peak load shifting function are
introduced into distribution network. Taking multi-period load development and characteristics of multi-type
loads into account, a multi-stage planning method for distribution network under the regulation of IES is
proposed. Based on energy flow structure of IES and its operating mechanism,a two-layer multi-stage plan-
ning model of distribution network under multiple load simulation scenarios in different climatic regions is
established , which takes optimal investment and operation economy during the total planning period as the
objective, takes lines, substations and IES as decision objects. The planning and operation layer model
achieves integrated collaborative solution through associated decision variables. The effectiveness and genera-
lity of the proposed method are verified by modified IEEE 33-bus distribution network system. Furthermore,
the proposed method is applied to an actual 152-bus distribution system in a certain place,the benefit of dis-
tribution network planning operation,load peak-valley difference adjustment and TES operation under different
load characteristics are analyzed,by which the practical conclusions of the urban distribution network plan-
ning method considering IES are obtained.

Key words: distribution network planning;integrated energy station; multi-stage planning; coordination optimi-

zation;; flexible regulation
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Fig.Al Distribution network planning framework

A2 &35 H9 IEEE33 5 s R G M B 454
Fig.A2 Structure of modified IEEE 33-node system

A3 152 T5 R R G SR EEH
Fig.A3 Structure of 152-node system

R AL TR AGEAIRIELEER
Table Al Information of candidate feeders in 152-node distribution network

frmims 1 2 3 4 5 6

R TREDY 1 1 1 2 54 100
AU 1 45, 2 54 100 12 55 103




= A2 HEFREBSSH
Table A2 Parameters of candidate feeders

HA RRERAS (km - e BHUES (Q - kmT)  RKHIIA
1 17.53 0.8+j0.4 150
2 24.91 0.65+0.4 170
3 28.25 0.45+0.4 215

& A3 IES REIRFBAREEH
Table A3 Parameter of energy conversion equipment in IES

W MY FEMW AR RS BAEAIIE | W MBS FEMW O BEBRERSL BTG
I 1.0 Hi: 028 #4. 055 49.36 I 3 35 50.275
il 0.85 f: 024 #. 052 44.2 il 2 31 40.25
CHP EC
i 0.66 H: 022 #4048 40.31 I} 15 2.7 37.45
v 0.42 Hi: 020 #4. 045 34.25 v 0.8 24 32562
1 1.7 0.88 21.08 1 2 1.45 15.46
I 15 0.72 18.24 I 1.75 1.44 12.29
GB AC
1" 0.84 0.75 16.8 1" 1 1.40 9.87
v 0.6 0.69 14.25 v 0.85 1.41 8.243
IES k45 4. 2, 25, 43, 55, 74, 109, 124, 142
= A4 IES EREIREEBH
Table A4 Parameter of energy storage equipment in IES
WA
I il 1 1 I 1
HRE YIFRIMW 1.0 0.75 05 1.0 0.75 05
Bzl (MW - h) 45 3.0 2.0 16 12 8
PR FREL 0.005 0.004 0.003 0002 0.0015 0.001
EHRERCE 065 065 065 0.65 0.65 0.65
JichERCE 065 065 065 065 065 065
AN EMNAE T I 1.04 0.9 0.74 6.7 43 3.06
H A RN AT TG 104 09 074 67 43 3.06

&R A5 IES REHABMEMIIER
Table A5 Planning scheme of IES equipment configuration

LFLA MW

HE

CHP GB AC EC CS HS

1 08 07 175 3 1 0.75

2 0.66 1 1 15 075 05

3 042 084 08 2 0.5 0.5

# A6 GUROBI K52
Table A6 GUROBI solving information

SRAEL
IEEE 33 Wi si RGHH 152 WS RGEH A
Y4 2 4 2 4
PAARTE AR 56946 71326 66542 83843
Skt ] /min 11.34 28.79 69. 83 167. 25
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