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Stackelberg game and greedy strategy based optimal dispatch of active distribution
network with electric vehicles
ZHANG Xiao,LI Ran,MA Tao,HUI Xu,LIU Yingpei
(School of Electrical and Electronic Engineering,North China Electric Power University, Baoding 071003, China)

Abstract: With increasing penetrations of electric vehicles, both the grid-side impact and cost of disorderly
charging and discharging should be taken into account, which contributes to achieving a win-win situation
between the power grid and electric vehicle owners. Hence,a Stackelberg game model between the active
distribution network and electric vehicle owners is established. The upper layer aims at minimizing the
operating cost of the distribution network, and guides the charging and discharging of electric vehicles
through reasonable electricity price and incentive strategy. At the same time, the dispatch of distributed
generators and energy storages are coordinated. The lower layer performs a two-stage dispatch based on
greedy strategy. Firstly, the charging and discharging strategy is optimized with the goal of minimizing cost
under the time-of-use electricity price. Then, without reducing the revenue,the strategy is adjusted to maxi-
mize the grid’s incentive revenue for reducing load fluctuations. Numerical results of a modified IEEE 33-
bus system indicate that the proposed model greatly reduces the peak-to-valley difference while maximizing
the revenue of both parties. In addition, the new demand peaks caused by charging of a large number of
electric vehicles are avoided.

Key words:active distribution network;electric vehicles;Stackelberg game;greedy strategy; two-stage optimiza-

tion; peak-to-valley difference
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Coordinated frequency control based on electric vehicles and heat pumps
considering time-delay
LI Xiaomeng,JIA Hongjie, MU Yunfei, WANG Mingshen,DONG Chaoyu, YU Xiaodan, WANG Lei
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)

Abstract: A coordinated frequency control strategy under time-delay circumstance is presented,in which EVs
(Electric Vehicles) and HPs (Heat Pumps) are coordinated as two types of demand response resources.
The individual and aggregative models of EV and HP are established, and their operational characteristics
are considered. Then, a dynamic frequency regulation model including time-delay loops is built. Further-
more, this model is utilized to analyze the time-delay stability margin of controllable aggregated demands,
and the control priority of EVs and HPs that participate in the frequency control is determined by their
time-delay stability margins based on the stability margin-maximum criterion.

Key words:renewable energy;electric vehicles;heat pumps;frequency control ;time-delay
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Table A1 Micro-turbine parameters
PLALKE R EL
M4l K IIKW /N JIKW BYERI(KW « b 384 R Buoe - kwh
a;/(JC *+ kKW?) bi/(7G « kW) C/JG
MT, 0.005 0.8 0 500 25 100 0.03
MT, 0.005 0.8 0 500 25 100 0.03
MT; 0.0075 0.75 0 1000 50 200 0.08
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Table A2 Storage parameters

FHEIE  JREIIE {ifi TEERA S/ D W
[ BR /KW [ BR/kW tEfR/a 1776 + KW RBUGTE kW)
500 450 15 2.7 0.0028

F A3 BETE M
Table A3 Time-of-use price

i B i B A A HANIE « (KW . h)™Y]
01:00—07:00 B 0.49
08:00—17:00. 23:00—24:00 P 0.74
18:00—22:00 g P 0.99
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Fig.A3 Output scene of loads,wind turbine and
Photovoltaic

F A4 EV NRUR 7SR T

Table A4 Access grid status preference of different EVs

i B EVi EV, EV; i B EVi EV, EV;
07:00—08:00 0 1 0 19:00—20:00 1 1 1
08:00—09:00 0 1 1 20:00—21:00 1 1 1
09:00—10:00 0 0 1 21:00—22:00 1 1 1
10:00—11:00 0 0 1 22:00—23:00 1 1 1
11:00—12:00 0 0 1 23:00—24:00 1 1 0
12:00—13:00 0 0 1 24:00—01:00 1 1 0
13:00—14:00 0 1 1 | 01:00—02:00 1 1 0
14:00—15:00 0 1 1 | 02:00—03:00 1 1 0
15:00—16:00 1 0 1 | 03:00—04:00 0 1 0
16:00—17:00 1 0 1 | 04:00—05:00 0 1 0
17:00—18:00 1 0 1 | 05:00—06:00 0 1 0
18:00—19:00 1 1 1 | 06:00—07:00 0 1 0
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Fig.A5 ADN purchase and sale strategy in Case3-Caseb
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Fig.A6 Charge and discharge power curves of EV in Case3-Case5
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Fig.A7 Equivalent load curve in Case3-Case5
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Table A5 Load indicator in Case3-Caseb

- R AR U7} Rz R
3

T IkW kW ZEIKW K% 1%
Case3 3163 2115 1048 33.13 83.65
Case4 3449 1729 1721 49.90 76.72
Case5 3259 1992 1268 38.91 81.19
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