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Abstract: The vigorous development of electric vehicles (EVs)
has become an important component of the “green” energy and
power transformation in China. As mobile power loads with
energy storage capability, EVs have dual attributes of load and
power, and the design of an appropriate business model for EV
participation in an electricity market that efficiently absorbs
renewable energy is a challenging technical problem. To address
this question, this paper analyses the relationship between
renewable energy and the output of EVs in the electricity
market, explores the characteristics of EVs, designs a basic
framework of EV participation in the electricity market, and
analyses the participation of EVs in the electricity market from
three perspectives: the operator of a power grid, an electricity
retailer, and the operator of a virtual power plant. A typical
urban scenario in China is selected for a comparative economic
analysis of the three business models. The simulation results
show that the proposed method can encourage EVs to participate
actively in electricity market transactions, and EV charging and
discharging can mitigate the impact of wind and photovoltaic
fluctuations on the power grid. Thus, this study offers important
insight that can be leveraged to improve the capacity of
renewable energy absorption.

Keywords: electric vehicle; electricity market; market framework;
business model
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Fig. 1 Power load, traffic flow of EV, wind and PV power
output curve

P, 7E51 B A P SR I R A LS &
LA R TS A . KOG K R RS B B
FPRBL, e & PR SRR I e, LU 8R4 S
AR REIR A PR A R S R e A R s TR
SRAEI 6] 73435 E IR A B E AR o SXAUA] g HL BIA
BRI 7 P S5 BT AT B R AR S, BT AT R
A BEIRIF: WK T K R R AR HE R, i REA RERTT
FEL )5 5 1 P 1) LA L Bl o

1.2 HBAHH FEMNSENEM

HLEIAG 25 i) E 2R G A
SRR o B AREER i3y AR U1
AFAFEG HHARATRR, R B A )4
PABIR BNl REE . BTl 28 =7 SRR
BER SRR AR R, 50057 i A
SR REMITXEAL. 28T B aii g
Z 5 TR N E 2R -

RS 5 W Hne, al kAR
A1) A4 i AR 0 S P = — 75 1 A P Ak 60 R A 2
RIDKE S 2B 5 TG SR AR AN B Ty sl i sl 4=
PLSEM AT P AR REIR TR, AT B/ 22 ¢ b R AL BILAL
AR fSEAS s SRl A RE RN 94K S5 — 7T
T FL PO Aok T B A R T, R e LA T KBl L 3R
B 2R, AR R R,
R BB AT A



518 SEKEERE XM

2k HSW

2 BHRESSENTIHERIELR
Fig. 2 Basic framework of electric vehicle participation in
electricity market
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Fig. 3 Direct participation of electric vehicle in business model of
electricity market
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Fig. 4 Interprovincial wholesale-distributed retail business model
for renewable energy
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Fig. 5 Indirect participation in electricity market business model
with virtual power plant as carrier
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Table 2 Peak-cutting and valley-filling demand
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Fig. 8 Charging and discharging sequence of electric vehicle
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Table 3  Electric vehicle properties
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