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Coupling Electricity and Transportation Networks to Achieve Dynamic Wireless Charging:
Review and Prospects

LYU Si, WEI Zhinong
(College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, Jiangsu Province, China)

Abstract: Transportation electrification is the main goal of
future transportation systems development. One key feature of
these systems is road electrification, whereby charging stations
could be substituted with a dynamic wireless charging system
that powers electric vehicles (EVs) as they are driven. This
coupling between the transportation network (TN) and the
electricity network (EN) will enhance charging convenience
and thereby encourage EV uptake by consumers. Tight TN-
EN coupling would not only maximize social welfare, but
would also maintain transportation operations that are secure,
economic, and efficient. Based on the highly electrified TN,
we first introduce the research framework that has been
applied to TN-EN cooperation. The traffic assignment model
is then summarized and different approaches to this model are
categorized based on how they handle the relevant problems.
We then review and analyze the existing literature on these
coupled networks, and consider several prospective directions
for future research.
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Fig. 1 Theory graph of dynamic wireless charging
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Fig. 2 Integrated TN-EN system
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Fig.3 Research framework of TN-EN cooperation
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Fig. 4 Classification of the traffic assignment model
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Fig. 5 Difference of the three traffic assignment models

3 BRUXBERTHEAN-ZEMIHENL
HiE1T

X H A RS T T B - 2838 M R R LAk
IEATIREL,  SCHR[12150 3R B B LA (direct-
current optimal power flow, DCOPF) #HEIF1SOMEN|

TR 53 A0 RSB A, BT PSRRI 5l
T EAR SR AN MR S . X TR,
B HL ) RGNS R G 58— th BUM R 145 BLis 1T
HFAH I 3 AT A5 AL Bk B P B H 3fe ¥ GUPR %D
I3 HWE R RGN I L A%, R /MBS R GE Y
SOEATI R LA R ) RGN B L A, IR B2y
AR . XWTHE AR, RSl R M &
GiAc QST As s, AT TR st s B A AR R
HL, FFRARE MR IR 20 Sz 25 A e LT K 1 HL 5l
R4, X R B E A i I B AR R AL
WA, P MEASE RGN E A CERIKE
AT IS TE] AR I L AR )

SCHR[ 1314 EV 38 HL 57 £ 1 4% Bl R 1 2% I R
W5 T DWCTH 5 T HL 313 % 50 HU 0 9 32 B i fr
(locational marginal price, LMP) 50, & HDCOPF
X B, O] (14 2% 55 081 ) LSS, SR P HE A T 45 2% i
PSP RO I AN 5 SEBR LA Y
KNP e A A, HorO PR Y I Y
SOCEMMK. HHAREN, EVEERNIET &
AR T A RILMPHE K, HORIR]T 2 A LMPAR ki
Ao A T W NESR T S LMP Y 22 57 91 5 KAkt 2534
i, & R TR H A (R AL T 8 4 8 fL 7 r 1 0 A
XFLMPHE 5 5 S 5 e A L, /DA £
FeHL G, R NS HA Y SILMPI)2E 5

SCHR[14TRFEVAT Rt 72 b Y FE R A 5 ik
PILMPYE R SR B, #E57 TH JRAUERIAL, Jf45
RN DCOPFRLRL, #F5Y T M R GETEAR
s (AL T AfEETT. AR T HHEMZE. &
fEiztT B2 EMFHZE) TSI RE. HTMRSEZ
[ AE RS EREAMR, FIFHADMMIESSH K i A2
G B [ AR e L 1P, A5 BEDW C Y FE L i 5K
ERILEEE . DT RERY, PRGAS A MY
SUUER G R MIBATIRE B E A . IR SCERYY
2 e R 5 22 RS, FL IR FIDCOPF
B, MR A2 2R FBURZBR A 2R, HLMPAE
RNARAT S S I A BHZRIR L, T 25 5 8 AN R
T BEHRHT 2 FH R 45 S8 30 I 1 A3 A, TR B 9% i
HL I PHLZE . B RS T E B . X T RCHL I 5 38
I RS A FSE, SCER[ 1S 1R F SRS i 1) 28 i Fe 0
i (alternating-current optimal power flow, ACOPF)
R XS T H, P A5, I SR Y UE 8 DU 220 1) 52 5 ¥t 70
fii, BE RN NS EHE, HREMIZER
(independent system operator, ISO) %% & Bt 45 %%



488

EIREERE N

2k HSW

* 1 BA-ZEMHEIEITEEE
Table I Comparison of literatures on cooperation of TN-EN
) 4 A Y MAEHLE
XS AL F e i B T
ZEN X ZEN L
[12] STA-SO DCOPF TLMP/Retail Price ELMP 150/ BT TR
Independent
[13] Queuing Network DCOPF Retail Price ELMP IS0 P TR
[14] STA-UE DCOPF — ELMP Independent Z Wi
[15] STA-UE ACOPF Toll — I1SO LT T
[16] STA-UE ACOPF — — — LT T
Mo IR T, SEE R G0 BT A B/ P o DAHL AN BT T 1) B ] 2 () 4 5% o Ry 48], A

D5 EAE TR, Fh 10 R PR A i 1 A5 A R K % ) S
B AT S Ry P, R % S L D W C
B2 AU 5 ) S BB A B % P A P At 42 o 70 L B
WP L N %2 49517
SCHR[1610F5T T 38 F 55 1) 5 B A 7 25 ik 32 B Isf
Xof S AL L RIS AT 52, 5 FLES SRR, #hil
AT R 1Y) B B B 2 4 5 SO Tl It AR AR A T
] SN, XA R G MR R s FEIEAT KA
Btk i PH 28 I S50 DR A S 79 a5 6T 07 1) % B 2 1 b
T, SRR b o e Rk RIS, X e R T 5 )
R RGBT A RGN PG HA T8 T8 X
IR SCHER A B ZE A LR WL 1. X T AR RS 8
“%TM%ﬁ;&;HWH%%LﬁML,ﬂﬁM%
TR AP A RN, SR HSTAR 455U
SOME ) >k Z1 ) 22 38 37t 4313 mmmmwﬂmmwﬁ
TR A FL A 20 A o PRI O 1 2 4 T B
Wit CREML A3 =R 7 R s A0 4% B

(PEEEIREr 9% . see M), JEE Hbs /ML
RGBT CRBRUAR . 3838 i 38 17 ] AR |
EVFEH A

4 HIREE

4.1 BAH-ZBEMNBEEITHIERR

RIS S B R TR L ) - S I Y P R 2 5 i
11, Wz X R P RS T HLE A TR AT . G
A B X P O P ] 25 ) 8 2 ) R g — S R S
XF4 HARAB AT 1 5 B S LI 5 BT R B[Rl 47 47
TERRERGSS o B IRHLIRDT T RS S P W0 plp Rl 17 0

FIATPERLLEPE S, S M B ]2 AT Y BRI i

ST bE ) BmARGERART, BB
FERLHL A E . FERE A, 25 i R S
TR, BHIG R (BB ] A
REVRAE), A BT -2l M R tkis 1T s 78
AL TR AT, R A TS B B A 7
SRR, F BT AR AL R HA I 2= AR AR A4 FE A
G, EL IR IR 1) 32 4 v T IR A e S e
CHEDL4.47), Pz s b 42 M B 3 iy 5
FECLINRGS 5B ST A BT R

4.2 BA-REBEMNSERIPEIIGET

M EE3TE AL, Y AT IE B T R I Y
%ﬁ:&@ﬂ%ﬂm%ﬂa,*mﬁﬁmmoﬁﬂ#
R AZ I A AE B o 2T 5 45 O D] 1 28 38 Uit
SORRE AR, UGE TR — R B Y
PR, MELAHIA B N ASE T R A B AR RAE, T
P AR B B EE RO . ZEFL RO, H T £
o RV REEAT AR AR, FA TR B B B4 By £ o 22 57
F, O, WA YRCHTRER S B R AW T, R
Vit T B SR N, A% I R A YR — 7R S A4 1 I K
MRk . BRI, 7 6B I\ Z2 Wi 1Y) BE I SE L ) - 28
WM PMRLZEAT, 25 5 H PSS T KA YA 1 3 3
P, SCHURNA RGN N B 2 5 T
(EASF— LA, 22T I DI ) 9 5 O 2 AT 1

(e8] B ) ] BAMEAR . A0, S ) Hh 7 e — s 220 1
S R A — 2 REME TR LI B N IR & i, U

MAZHE P P AR 28 (g, AERTK) 8FIZ0D
F SRR (BERT, FERTK) Bf. ZEXMELT,
RS ] BB DT A 2RI W I, 2 52 ) 2 A B
BOF G 22y B AT R BB TR ] . PRI, A A



Vol. 2 No. 5

2% ETHSRLRBIEN - RBRNERLETHRGESRE 489

PR A R AT, AE X A I 40 AR R AT BT
2 B A AR A I B R AR G T LAY . Agent-
basedt& " (agent-based model, ABM) &2 i bF
FHHTRAAMRIT A2 S (ERL B, B R
) mysL Ak, AT T AR 3EUAS [ B ] W A (] ) 28 38
TAR A )

43 ERAHERRNED-TERNIDELMKL
=17

20 AT 5 TR 1) B 2R ) S SR R E R 7
7, RV BATRENE . SR S TR P %
PR R AR R AT E P . TR H i S i B
ARE G B, EIC [ A X R A%
GAZHAR, AFE AN XF PRSI
FrRLEga . 2 B ) B 2 AR DR A,

AR S BV TS N v PR 1) P2 E
AUEMENIA7 /e — DR SR A B e, R 5E0) 1 4
R MBI RS, B P R PR AR IR e e B
o AR, SEPRNE DL P B4 78 AL R DA B0 AT 3k %
LR PERATAR R A BERLIE PR A P X i R
DLBIIN AR AF 2257 00, HHLP W AR B e AR A
eI B i N N P e /N o = W R R X
TR B i L s R BN E . R, 456
DAL AN 5 P R 3 IE S v g = 5 ) B R A iz
THRV IG5 SLBRY UM R AT 58, B AR I A 2254
sk, AR —ANHEHTTT

4.4 EBH-ZERHET R

ARG IR AT, B Te L )
LA T NIEMI RS R K FPERTRIRTBL, K
FEHI N EVE SR, 5 S A A 1)
L ERAE TR RE . T i SR AT TR
SIRAXTTHEARE, 7ERTUSCETT R T, By
FEHL R VRS Z BN B, 5 Sl R R A (AN E
o WE6HTR . TEXFIEBLT ,  HL 00 IS [ 4 B
FENG UL T RERI N KA, T BEMIRSK Lkt feB 2 . L)
G AL R G it ZEAS BT B A Al LR
— 75 T PR R 0 4 4, 573 — 5 T 305 S 3 1Y R A 728
o LEZHLHIT , SSETER i WIPER ik,
LE A VK P s 1 i =11 L= O i o R R s
WA FE R OR s DS S A F SRR, e
e WA S Y el R, D EV S H 67 £ Bt B R Y

i

80 — 4 8000
qof| T EHRS 7000
6000
. 5000 £
= 4000 B
2 £
3 3000 &
2000
1000
[) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
0:00 6:00 12:00 18:00 24:00

W%
6 HAZIE T KA R 5 fe i 2%

Fig. 6 Intra-day traffic demand and electric load curve
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