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Fig.1 Block diagram of charging and discharging
dispatch control of EV
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Fig.2 Participation mode of EV in frequency

regulation ancillary service
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Fig.3 Load curves before and after cluster EVs’
participation in peak load regulation
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Fig.9 Reduction of CO, emission with large-scale
development of EVs
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Potential regulation ability and economy analysis of auxiliary service by V2G:
taking Shanghai area for an example
ZHOU Chungi',XIANG Yue',ZHANG Xin’,ZHANG Shenxi’,LIU Youbo',LIU Junyong',HU Shuai’
(1. College of Electrical Engineering,Sichuan University, Chengdu 610065, China;
2. School of Water,Energy and Environment, Cranfield University, Bedfordshire MK43 OAL, UK;
3. Key Laboratory of Control of Power Transmission and Transformation,Ministry of Education,
Shanghai Jiao Tong University, Shanghai 200240, China;4. Economic and Technological Research Institute of
State Grid Ningxia Electric Power Co.,Ltd.,Yinchuan 750004, China)
Abstract: The rapid development and large-scale application of EVs(Electric Vehicles) in China has provided
a foundation for the implementation of V2G(Vehicle to Grid) technology to regulate cluster EVs to participate
in the auxiliary service. Based on the economic regulation model of EV charging and discharging with
V2G technology participating in auxiliary services,the regulation ability and potential economic value of clus-
ter EVs participating in auxiliary service and the environmental benefits brought by large-scale development
of EVs are analyzed by using relevant statistical data of Shanghai area. Simulative results show that cluster
EVs’ participation in auxiliary service can not only reduce user cost, but also provide peak load shifting
service for the local power grid, and the large-scale development of EVs can effectively reduce local CO,
emissions. Further analysis shows that, with the increase of EV charging and discharging power and peak-
valley electricity price ratio and the decrease of battery cost,the economic benefits of V2G application will
increase.

Key words:electric vehicles; V2G;auxiliary service;regulation ability ; economy ; environmental benefits
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Table B1 Behavioral data of various types of EVs
By T
MK 4 LIRS
I %)
NTotl NC NP NTotl NC NP
01:00 14.62 0 0 4.165 0 0
02:00 14.62 0 0 4.165 0 0
03:00 14.62 0 0 4.165 0 0
04:00 14.62 0 0 4.165 0 0
05:00 14.62 0 0 4.165 0 0
06:00 14.62 0.86 4.3 4.165 0 0
07:00 11.18 0.86 2.58 4.165 0 0
08:00 9.46 0.86 5.16 4.165 0.147 0.49
09:00 5.16 10.32 1.72 3.822 0.343 2.45
10:00 13.76 3.784 1.72 1.715 1.96 0.245
11:00 15.824 2.064 4.128 343 0.49 0.98
12:00 13.76 1.72 0.86 2.94 1.225 0.49
13:00 14.62 1.72 0.86 3.675 0.98 0.49
14:00 15.48 2.58 1.72 4.165 0.735 2.45
15:00 16.34 2.58 1.72 2.45 0.735 1.47
16:00 17.2 1.72 3.44 1.715 1.225 0.49
17:00 15.48 3.44 10.32 2.45 1.96 0.735
18:00 8.6 6.88 1.72 3.675 0.98 0.49
19:00 13.76 1.72 3.44 4.165 0 0
20:00 12.04 1.72 2.58 4.165 0 0
21:00 11.18 3.44 2.58 4.165 0 0
22:00 12.04 2.58 1.72 4.165 0 0
23:00 12.9 0.86 0 4.165 0 0
24:00 13.76 0.86 0 4.165 0 0
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Table B2 Unit price of frequency regulation

WA/ LB Xiive TSN/
i B B B
[JE-(MW-h)"] [JE-(MW-h)"] [JG-(MW-h)"]
1 35 9 84 17 240
2 35 10 105 18 210
3 35 11 140 19 168
4 35 12 161 20 126
5 50 13 168 21 112
6 63 14 190 22 105
7 50 15 200 23 84
8 70 16 220 24 50

& B3 LB DETEMN

Table B3 Time-of-use electricity price in Shanghai

N AN/ G- (MW-h)']
WIS B 06:00—22:00 677
A B 22:00 X H 06:00 337
#F B4EV HHXEH
Table B4 Relevant parameters of EV
B Vg 5 Vg B g B g
n° 0.9 m, 12 A 0.95 B 100 7€
n® 0.9 ® 0.67 B 0.063 kg/km
u 0.5 n 74.5% 7, 0.9
Mo, 44 A 0.32 T 0.2
LT (Bass) ¥y HU A an R
b
n(t)y=a(m—-N(t))+—N(@)(m—N()) (BI)
m

He, n() At EHWHEVEE; NORNFFERTEVEE: m NHERKEN: o NEHT R SN
W), b NG RN, RS 2015—2019 FRRMIRZE LK EV S8R g H g s, a3
a=0.01, b=0.08. 53] 2025 H1 EV T &~ 82 Ji%k, 2030 H1 EV T &N 155 JifH.

10 ; RIS =
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Fig.B1 Revenue and expense of electric business car users
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Fig.B2 Revenue and expense of electric business car users under different charging modes
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Fig.B3 Charging expenses under different peak-valley electricity price ratios
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Fig.B4 Charging expenses under different battery costs
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Fig.B5 Comparison of CO; emission between EV and oil-fueled automotive
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