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Fig.1 Architecture of two-stage energy management
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interaction mode
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Coordinated and interactive energy management strategy for low-voltage distribution
network adapting to high proportion of residential photovoltaics
ZHAO Qinglin',CAI Yongxiang’, CHEN Xiangping', FANG Yang’, YANG Angian®,
ZHANG Sihong' ,HE Xiaomeng’, WANG Zufeng’
(1. College of Electrical Engineering,Guizhou University , Guiyang 550025, China;
2. Guizhou Power Grid Co.,Ltd.,Guiyang 550002, China)

Abstract: In order to study the coordinated and interactive method between distribution energy management
system and home energy management system,a two-stage energy management sirategy of low-voltage distri-
bution network and user coordination interaction is proposed. In the first stage,a method for setting active
and reactive power regulation based on steady-state security domain and chance-constrained programming is
proposed to ensure network security and clear regulation rights and responsibilities of low-voltage distribu-
tion network and users. In the second stage,in order to maximize the benefits of distribution network and
users, an independent and privacy-isolated interaction strategy between the low-voltage distribution network
and users is established in the energy management system. The distribution network takes the optimal opera-
tion economy as the objective function and feeds the incremental operation benefit back to the users as an
extra reward,so as to further improve the users’ income while avoiding the investment of power network
adjustable resources. The simulative results show that the proposed strategy can effectively ensure the secu-
rity of the network,and improve the operation economy of distribution network and the electricity consumption
economy of users.

Key words: low-voltage distribution network; high proportion of residential photovoltaics; two-stage energy

management ; responsibility regulation;coordination and interaction
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Table A1 Impedance parameters of unit length line
FEBT/(Q/km)
LRI T v
2 A 2B 2C 2N
1A 0.65000+j0.41200 0.00650+j0.00412 0.00650+j0.00412 0.00650+j0.00412
1B 0.00650+j0.00412 0.65000+j0.41200 0.00650+j0.00412 0.00650+j0.00412
1C 0.00650+j0.00412 0.00650+j0.00412 0.65000+j0.41200 0.00650+j0.00412
I N 0.00650+j0.00412 0.00650+j0.00412 0.00650+j0.00412 0.65000+j0.41200

e kPN A o

FA2 2 TREERBREEAEES
Table A2 Base load of 21-bus low-voltage distribution network
" So—— — Gt SEHE(E/Q
P, Oa Py Ob P Oc Pn On
1 0 1 2.0045 0.8018 0.9450 0.3780 1.6400 0.6560 0 0
2 1 2 1.7871 0.7148 2.3520 0.9408 1.4400 0.5760 0 0
3 2 3 1.5456 0.6182 1.3020 0.5208 1.7000 0.6800 0 0
4 3 4 1.3524 0.5410 1.7640 0.7056 2.3400 0.9360 0 0
5 4 5 0.0000 0.0000 0.0000 0.0000 4.6800 1.8720 0 0
6 5 6 3.2844 1.3138 4.0320 1.6128 2.9000 1.1600 0 0
7 6 7 0.0000 0.0000 2.5410 1.0164 2.9600 1.1840 0 0
8 7 8 0.0000 0.0000 2.5830 1.0332 3.1200 1.2480 0 0
9 8 9 2.9946 1.1978 1.4280 0.5712 1.7000 0.6800 0 0
10 4 10 2.1252 0.8501 2.1000 0.8400 2.4800 0.9920 0 0
11 10 11 0.0000 0.0000 2.3730 0.9492 3.0000 1.2000 0 0
12 11 12 2.0769 0.8308 1.4070 0.5628 1.9600 0.7840 0 0
13 12 13 1.8596 0.7438 0.7770 0.3108 3.3400 1.3360 0 0
14 13 14 0.0000 0.0000 2.1000 0.8400 1.7000 0.6800 0 0
15 14 15 3.4293 1.3717 2.2260 0.8904 0.0000 0.0000 0 0
16 12 16 1.2800 0.5120 2.0790 0.8316 1.5600 0.6240 0 0
17 16 17 0.0000 0.0000 1.1550 0.4620 0.9200 0.3680 0 0
18 3 18 0.0000 0.0000 3.6750 1.4700 3.1000 1.2400 0 0
19 18 19 1.8596 0.7438 3.0240 1.2096 3.9800 1.5920 0 0
20 19 20 3.2120 1.2848 2.0790 0.8316 2.8800 1.1520 0 0
R A3 2 BRIEERENS AR ARG EEFfikge LR
Table A3 PV rated power and energy storage type of 21-bus low-voltage distribution network
i FONT i 5 IO REUE R B /AW FNT i 5 e Y
| 4 7 9 10 12 13 14 16 18 20 4 7 12 13 14 20

A 4 — 6 — — 4 5 6 5 6 ESS1 — — ESS1 ESS2 ESS2

B 4 5 6 — — 5 6 5 6 ESS1 ESS2  ESS1 — ESS2 ESS2

C 4 5 6 5 4 5 6 5 — ESS1 ESS2 — ESS1 ESS2 —
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Table A4 Time of use pricing tariff

i B W L A B /[ 78/ (kW -h) ] A B RS/ [ 78/ (kW -h)]
VI BE(08:00—11:00, 18:00—23:00) 1.59 1.38
“Fi Bt (07:00—08:00, 11:00—18:00) 0.74 0.51
23F Bt (00:00—07:00, 23:00—24:00) 0.53 0.32

T AS EHHIHEXSH

Table A5 Related parameters in study case

SRR SRR ZHNE
REDENNEED o4 e i 0.93~1.07p.u.
24 WRSHEHBIE Ipu
S IR A VY -100A~100A
N R 5 1
TR LR a. b. ¢
I ESS 23 A 306W-h
o/ IR IR 5kW
E YNNIt A2 11
AL SVG S5 EINiYi a. by ¢
AR BUE far 100kvar
HRRAE A 16kW-h
R ESST 23 BRI E LR 4kW
FORRCE 92%
HRRAUE A 20kW-h
F N ESS2 231 AT LR SkW
FOBRRCE 95%

fBEER SOC B%

SOC ¥t

10%~90%

1.2+ 3. 5. 6+ 8. 114 15,

PR 7RI s

17. 19, 21
E / =BT
TR R 2 “HLE T 9. 10, 16+ 18
“He B3 s 4, 7. 12, 13, 14, 20
1.1r
Botier i1 -afH
1.07fp======= Ry e e -
07 P ) -biH
ﬁ él.' "Q ~cAH
E 1.0} _ J! B
‘EJ __a-"‘ﬂ.:-....-:;’ ‘\‘\ ~ o -
Vet St
: =T 093f------ccon-- L
0.9 : : - 0.9 : : - -
0:00 6:00 12:00 18:00  24:00 0:00 6:00 12:00 18:00  24:00
e 21 el
(2)EMS-0 (b)EMS-1
1.1r
1.07 .
dm
1.0} £
' o A B e 1S l_ﬂ
e e
093f--------------------
0.9 i ' i 1 .9 A A A 1
0:00 6:00 12:00 18:00  24:00 0:00 6:00 12:00 18:00 24:00
i 21 1 %1
(c)EMS-2 (d)EMS-3
A4 16 P EHBEIRERMZ

Fig.A4 Voltage amplitude curve of Bus 16
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