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Table 3 Comparative analysis of different routing
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Three-phase harmonic power flow algorithm of distribution network based on
matrix paradigm
LIN Jinrong',ZHANG Yi',LI Chuandong®,SHAO Zhenguo', LI Kuanhong’
(1. College of Electrical Engineering and Automation, Fuzhou University , Fuzhou 350108, China;

2. Electric Power Research Institute of State Grid Fujian Electric Power Company, Fuzhou 350007, China;

3. Fuzhou Power Supply Company of State Grid Fujian Electric Power Company,Fuzhou 350009, China)
Abstract: The traditional power flow algorithm of distribution network is mainly based on the forward and
backward algorithm,the complexity of the algorithm increases sharply and it is difficult to expand new model
when the harmonics and three-phase imbalance are comprehensively considered,and the convergence of the
algorithm is not good enough when the type of source changes. Based on three-phase fundamental wave
power flow of Newton-Raphson method and three-phase harmonic admittance matrix, a three-phase power
flow paradigm algorithm of distribution network is proposed, which comprehensively considers power quality
problems and is suitable for various network structures. The efficient generation and random access method
of three-phase harmonic admittance matrix and three-phase fundamental wave power flow matrix of Newton-
Raphson is constructed by comprehensively using matrix transformation operations such as matrix inner pro-
duct, matrix index and incidence matrix. On this basis, the structure of three-phase harmonic admittance
matrix is updated combining with transformer and other models, and a flexible and efficient three-phase
harmonic power flow algorithm is established. OpenDSS is used to verify the accuracy and validity of the
proposed algorithm in TEEE 14-bus system. The proposed algorithm and the traditional forward and backward
algorithm are compared in IEEE 123-bus system,it is verified that the proposed algorithm can improve the
efficiency and deal with the ring network.

Key words: distribution network ;three-phase harmonic ;power quality;power flow calculation; matrix operation
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Hierarchical energy optimization based on electric energy router for

distribution network in stable operation and fault recovery

DU Yunfei', YIN Xianggenl,LAI Jinmu®>, WANG Zhen',HU Jiaxuan',YU Ji'

(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,

Huazhong University of Science and Technology, Wuhan 430074, China;

2. School of Electrical Engineering,Zhengzhou University,Zhengzhou 450001, China)
Abstract: To solve the problem of lack of research on fault recovery and excessive loss of energy routing
in distribution network energy optimization based on EER (Electric Energy Router) ,the hierarchical energy
optimization strategy of distribution network based on EER is proposed considering both stable operation
and fault recovery operation conditions,which includes energy optimization in lower-layer E-LAN(Energy Lo-
cal Area Network) and energy routing optimization in upper-layer E-WAN (Energy Wide Area Network).
For stable operation condition, the E-LAN energy optimization strategy to minimize the total operation cost
is proposed, together with the E-WAN routing optimization strategy using for minimum loss local consump-
tion, thus ensuring the local consumption of renewable energy and minimizing the power loss. For the fault
recovery condition, the E-LAN energy optimization strategy to maximize the accumulated power on the grid
is proposed, together with the E-WAN routing optimization strategy with minimum loss and multi-source co-
operation is proposed, which can minimize the power loss and improve the load survival rate after fault
while giving priority of power supply to the key load. Finally,the feasibility, effectiveness, and superiority of
the proposed energy optimization strategy are verified through the simulation analysis and comparison based
on the hierarchical distribution network model.
Key words:eleciric energy router;stable operation;fault recovery;hierarchical distribution network;energy op-

timization ; routing optimization; key load
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Table B1 Basic parameters of objective function and constraint condition
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Col[$+ (KWHT  Cu[$+ (KWHY]  Coaf$ » (KW h]
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BRAZH
Vo Vier SOC ¥I#h1H
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% B2 A[E] E-LAN P3RBT R AL
Table B2 Number of PV and wind turbines connected in different E-LANs
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Fig.B1 Light intensity, temperature, and wind speed curves for a given location within one day
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Fig.B2 Pool purchase price and retail power price for a given location within one day
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Fig.B3 Simulative results of energy optimization in E-LAN managed by prosumer EER
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Fig.B4 Simulative results of routing optimization in E-WAN managed by power dispatching center
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Table B3 Resistance value of each line within E-WAN

&k PBHME | Bk PEMH | ZeBk  PHAH | ZkBx  PHMH | ZkBx  PHME | &Pk MM
1-2 0.4930 7-8 1.0300 | 13-14 0.1910 | 2-20  0.1512 || 25-26 0.8042 | 31-32 0.6078

2-3  0.3660 8-9 1.0443 | 14-15 0.2463 | 20-21 0.2980 | 12-27 0.5075
3-4 03811 | 9-10 1.8966 | 15-16 0.1890 | 21-22 0.2960 | 27-28 0.9744
45 08190 | 10-11 13744 | 2-17 0.1640 | 7-23  0.7030 | 28-29 0.6105
5-6 01872 | 11-12 14680 | 17-18 1.5042 | 23-24 0.2842 | 12-30 0.8544
6-7 07114 | 12-13 0.2416 | 18-19 0.4095 | 8-25 1.0590 | 30-31 0.6774

%% B4 E-WAN A& EER i 0% %
Table B4 Efficiency of each EER port within E-WAN

EER | ikl 2% | EER | ¥ % | EER | @l & | EER | WM %&E | EER | Wil HE
1-0 098 76 099 1312 097 20-2 097 2712 0.98
EER; | 11 097 | EER, | 77 096 | EERy;; | 13-13 099 | EERyp | 20-20 0.95 | EERy | 27-27 097
12 099 78 098 13-14 098 2021 0.99 2728 0.99
221 097 87 097 1413 095 2120 098 2827  0.98
22 098 | EERg | 88 098 | EERy | 14-14 096 | EERy | 2121 098 | EERs | 28-28  0.99
EER, | 2-3 099 89  0.99 14-15  0.99 2122 097 28-29 0.9
2-17 099 98  0.96 15-14 098 2221 097 29-28  0.96
EER2 EER29
220 099 | EERy | 99 096 | EERys | 15-15 0.97 22-22  0.96 2929 098
32 098 910 098 15-16 0.98 237 0.98 30-12 095
EER; | 33 099 109 098 16-15 098 | EERx | 2323  0.98 | EERs | 30-30  0.96
3-4 097 | EERy | 10-10 0.98 FERus 16-16  0.99 23-24 097 30-31  0.99
43 097 10-11 097 172 096 2423 096 3130 097
EER, | 44  0.95 11-10 096 | EERy; | 17-17 0.96 FERu 24-24 099 | EERy | 31-31 0.98
45 096 | EERy | 11-11  0.96 17-18 097 258 0.98 3132 096
54 095 1-12 097 18-17 098 | EERs | 25-25  0.97 3231 097
EERs | 55 097 12-11 096 | EERy | 18-18 0.96 2526 097 FERe: 32-32 099
56 098 1212 098 18-19 097 26-25 096
EER2
65 098 | EERp | 12-13  0.97 19-18 0.98 26-26 097
EER; | 66 099 1227 096 | EERy | 19-19 0.9
67 097 1230 0.96
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