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Fig.1 Hierarchical distributed dispatch framework of

active distribution network
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Table 2 Technical requirements of frequency

regulation ancillary service varieties
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Fig.2 Flowchart of mapping DER to frequency

regulation ancillary service
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Table 3 Matching frequency ancillary service
variety of DER
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Hierarchical distributed coordinated optimal dispatch of active distribution network
considering frequency regulation reserve benefits
DONG Lu',BIAN Xiaoyan',ZHOU Bo',XU Bo',XU Zhao’,LI Dongdong'
(1. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 201306, China;

2. Department of Electrical Engineering,The Hong Kong Polytechnic University, Hong Kong 999077, China)
Abstract: The construction and development of new-type power grid with high proportion of new energy
has put forward higher demands for frequency regulation ancillary services. To solve this problem,a hierar-
chical distributed coordinated optimal dispatch method of active distribution network considering the fre-
quency regulation reserve benefits is proposed, which can provide the frequency regulation reserve capacity
for transmission network while satisfying the optimal operation economy of distribution network. The hierar-
chical distributed dispatch architecture is established,and both the coordinated dispatch layer and the clus-
ter autonomy layer adopt the distributed topology structure. Each agent communicates with the neighboring
agents and completes individual computing tasks. The flexibility characteristics are used to characterize the
ability of distributed energy resources to respond to frequency regulation ancillary service request, and the
corresponding rule of mapping between the two sets is constructed. The coordinated optimal dispatch model
is established, and a consensus algorithm is applied to solve the problem to obtain the optimal power
scheme, consensus price and clusters’ reserve capacity. An example is given to verify the effectiveness of
the proposed coordinated optimal dispatch method, and the robustness of the hierarchical distributed algo-
rithm is analyzed with typical communication fault scenarios.

Key words: active distribution network ; frequency regulation ancillary service; distributed energy resource

cluster;flexibility characteristics ;coordinated optimal dispatch ;consensus algorithm
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Low-carbon consumption method of distributed photovoltaic for
distribution network based on Stackelberg game
ZHANG Tao',YANG Jianhua',JIN Kaiyuan®,LI Jiabin’, YANG Zhijie*
(1. College of Information and Electrical Engineering,China Agricultural University, Beijing 100083, China;
2. State Grid Tianjin Electric Power Company,Tianjin 300010, China;
3. State Grid Jibei Electric Economic Research Institute, Beijing 100038, China;
4. Public Security Bureau of Puer City,Puer 665000, China)

Abstract:In order to promote the local consumption of distributed photovoltaic generation power in distribu-
tion network, and alleviate the problems of solar energy abandoning and voltage limit exceeding, a local
consumption method by using transaction electricity price and low-carbon agricultural electro-equipment is
proposed, and the bi-level optimization model for low-carbon source-load coordination is constructed. In the
upper-level model, the optimal transaction electricity price and the time-shifted consumption power of each
park are determined by the Stackelberg game model with the goal of maximizing the overall comprehensive
income of the photovoltaic generation companies and agricultural parks. The low-carbon benefit, configuration
quantity and other information of the low-carbon agricultural electro-equipment are comprehensively consi-
dered in the lower-level model. The maximum low-carbon consumption benefit is taken as the target in
different metering periods, and the local consumption default rate is controlled in the agricultural parks for
confirming the optimal control scheme of the time-shifted load and determining the maximum low-carbon
consumption benefits of different parks. The simulative results of a distribution network show that the local
consumption situation of distributed photovoltaic generation is improved when adopting the transaction elec-
tricity price and the time-shifted low-carbon load consumption model. Meanwhile,the abandoned photovoltaic
electricity quantity is reduced,the voltage quality is improved,and the overall comprehensive income of the
photovoltaic generation companies and agricultural parks are both promoted.

Key words:transaction electricity price;time-shifted load;low-carbon;Stackelberg game;distributed photovoltaic;

local consumption
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Table B1 Parameters of DG units
LS a b o B Prin/kW Pra/kW
DG2 0.0074 2.03 0.012 -1.36 93 300
DG4 0.0046 5.78 0.0084 -0.9 65 250
DG~ 0.0031 6.61 0.016 -1.5 74 200
DGs 0.0051 5.1 0.013 -1.249 73 250
DGis 0.0069 6.22 0.018 -1.8 84 180
DGao 0.0041 4.59 0.012 -1.355 92 300
DGai 0.0038 7.84 0.018 -1.81 85 220
#= B2 fEgEBETSH
Table B2 Parameters of energy storage units
BT x y Prnax/kW Enmax/(kW-h) Emin/(kW-h)
ES; 0.0057 5.68 250 540 60
ESo 0.015 6.11 90 198 22
ESi2 0.0063 4.87 220 450 50
ESis 0.0045 6.25 250 585 65
ESio 0.0093 5.79 110 225 25
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Table B3 Parameters of flexible load units

LV / m Prnin/kW Punax/kW

FL3 0.0217 13.96 -147.29 25

FLs 0.034 13.45 -100.53 -10

FLs 0.0283 12.9 -116.08 -15

FL1o 0.0461 11.86 -77.96 -5

FL1i 0.035 12.08 -84 -5

FLi3 0.0493 13.06 -118.35 -15

FLis 0.0535 14.66 91.79 -10

FLi6 0.041 13.75 -146.46 20

FL17 0.026 13.85 -110.32 -15

F< B4 SKHEIEM DER 1H)
Table B4 DER conditions of clusters

T L REpA] Wiy 2 1] MR ESE AN i 77 30
ES; +/- 10~20 s 15min~1h Al H SRRt
DG> +/- 1~5 min 15min~1h A A zhiz i
FL; +- 10~15 min 15min~1h AT H Fah
DGy +/- 1~5 min 15min~1h A A zhiz i
FLs +- 5~10 min 15min~1h AT H Fah
FLs +/- 5~10 min 15min~1h A Fahizi
DG +- 1~5 min 15min~1h AT H SRkt
DGs +/- 1~5 min 15min~1h A A zhiz i
ESo +- 0~10s 15min~1h AT H SRkt
FL1o +/- 0~10's 15min~1h A H 3% ]
FLi +- 30s~1min 15min~1h AT H SRkt
ESi2 +/- 10~20s 15min~1h A H 3% ]
FL13 +- 10~15min 15min~1h AT H Fah
DG4 +/- 1~5min 15min~1h A A zhiz i
FLi5 +- 30s~1min 15min~1h AT H SRkt
FL16 +/- 10~15min 15min~1h A Fahizi
FL17 +- 5~10min 15min~1h Al H Fah
ESis +/- 10~20s 15min~1h A H 3% ]
ESio +- 0~10s 15min~1h Al H SRRt
DGao +/- 1~5min 15min~1h A A zhiz i
DGa +- 1~5min 15min~1h A H SRkt
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