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ABSTRACT: [Objectives] With the access of high-
penetration  distributed photovoltaic to the distribution
network, the problems of power back-feeding and voltage
overrun become more and more serious. Therefore, an
optimization scheme of electrical energy router based on
improved black hole algorithm is proposed. [Methods] A
unified model of the high-penetration photovoltaic
distribution network with multi-port electrical energy router is

established by port steady state modeling of electrical energy
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router. The optimization objectives of voltage deviation and
network loss minimization are proposed for the model. Under
the simplified model of the distribution network in a certain
area of Gansu province, the improved black hole optimization
algorithm is used to optimize the solution, and the data of the
distribution network system before and after the addition of
the electrical energy router are compared and analyzed.
[Results] When the photovoltaic output power are 0%, 50%
and 100%, the voltage min/max values are improved/reduced
by 10.86%, 3.16% and 9.64%, respectively. The voltage
amplitude at each node is controlled within the range of 0.93-
1.07 pu. The average line loss is decreased by 57.94%-81.56%.
[Conclusions] The tidal optimization of the distributed
photovoltaic distribution network is achieved by incorporating
electrical energy router and performing the corresponding
optimization strategy. The research results are of great significance
to improve the penetration of distributed photovoltaic in the
distribution grid.

KEY WORDS: new energy; photovoltaic power generation;
photovoltaic distribution network; electrical energy router;
steady state modelling; tidal optimization; improved black

hole optimization algorithm; voltage overrun
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Fig. 1 Structure diagram of multi-port electrical energy

router
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energy router
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Tab. 2 Distribution network impedance parameters
EIAT AL Ul Al REEBHBUQ | IR A KT AL REHBUQ

1 2 0.922+j0.470 16 17 1.289+1.721
2 3 0.493+j0.251 17 18 0.073+j0.574
3 4 0.366+j0.186 3 19 0.164+j0.156
4 5 0.381+j0.194 19 20 1.504+j1.355
5 6 0.819+j0.707 20 21 0.410+j0.478
6 7 0.187+j0.618 21 22 0.709+j0.937
7 8 1.174+j1.235 8 23 0.451+j0.308
8 9 1.030+j0.740 23 24 0.898+j0.709
9 10 1.040+j0.740 24 25 0.896+j0701
10 11 0.197+j0.065 25 26 0.203+j0.103
11 12 0.374+j0.124 26 27 0.284+j0.145
12 13 1.468+j1.155 27 28 1.059+j0.934
13 14 0.542+j0.713 17 29 0.804+j0.701
14 15 0.591+j0.526 29 30 0.508+j0.256
15 16 0.746+j0.545

R3 RBEFHREAEMNSH
Tab.3 High proportion photovoltaic distribution

network parameters

ZH il
R STV 10
B AEMV-A) 1
1200
1020
HeARZE =2 /AW 650
610
2770
I 4b4
b
% 27 A:
bp) 26 |HLAERHS A
25 .
20 | EEFIEE%EH%%
19 6 23 |17 )18
1 2 3 45 7 8 9 10 111213 14 15 16
30

s

etk
14

etk
T3

etk
T2

Stk
[t

|
i:\:r—:— @
2] (o]

B10 A XICRIHME
Fig. 10 Low voltage side distributed photovoltaic grid-

connected diagram

B & RERE AR R B ORI N 4514
Fig. 11 Structure of high proportion photovoltaic

distribution network with electrical energy routers
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Tab.4 Comparison of node voltage and line loss at

different photovoltaic outputs

FeARfr 5K HLE/pu /N /pu LR TR MW
dmtboe  dofEr  SolbE soler SulE doar sodE
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