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Evaluating Reduction of Greenhouse Gas Emission by Magnetic Resonance Coupled
Dynamic Wireless Power Transfer of Electric Vehicles Considered with Vehicle Production
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Short cruise range is a major issue of electric vehicles. Dynamic wireless power transfer (DWPT) is proposed to

solve this problem as it can reduce batteries on electric vehicles. Thus, well-to-wheel is improved by the reduction of

drive resistance due to lighter weight of vehicles. Moreover, greenhouse gas emission via the manufacturing of batter-

ies is also reduced. This work evaluates the reduction of lifetime greenhouse gas emission by DWPT from production,

generation, and driving by simulation with actual measurement data. It is revealed that compared to conventional elec-

tric vehicles, DWPT can not only realize a 14% reduction of greenhouse gas by generation and driving but also 90%

reduction via the manufacturing of batteries.
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Z 2T R e T 3 iR EOMRIRKRTH B
LDEV ¥ DWPTEV OFRES X7 4 Y, HBMIEICHH
T RHEMFERT 2 BMERICOVTRRS, RFFETIE
LDEV ¥ DWPTEV OEWEFHES 27 4 L BHARD A
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Table 1. Nomenclature of calculation parameters

symbol unit parameter
a N/kg rolling resistance coeflicient
b N/(m/s) viscous resistance coefficient
c N/(m/s)? air resistance coefficient
Leoit m coil length
lease m coil case length
Mpasic kg vehicle mass
Mpassenger kg passengers mass
Mipas kg additional battery mass
Vdrive m/s vehicle velocity
Wpart g part weight
Char kWh battery capacity
Cy kWh battery capacity change

COxiife 2-CO,

CO2ppart g-CO,
D ryise km
Dyear km/year

GHG emission by driving
GHG emission by production
cruising distance

annual mileage

Dayive m running distance

Erive J driving energy

Farive N driving force
ECyrive Wh/km energy consumption

ECuy Wh/km alternating current energy consumption

EFD 2-CO,/km
EFG g-CO,/Wh emission factor of generating and transmission
EFPpan g-COy/g

emission factor of driving

emission factor of production

Parive w battery output
Pimax w maximum output of transmitter
Yiige year life year of vehicle
@, m/s? acceleration of vehicle
Tchg - charging efficiency
Tdrive - driving efficiency
1DCDCmax - masximum DC to DC efficiency of transmitter
Ndwpt - DC to DC efficiency of DWPT
LPhbar kWh/kg battery mass density

FBHAREE LTW5, REMITEETTERN e A ER
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LDEV ¥ DWPTEV OHHEY ¥ 2 Hjljld 5 AFEDH DEX
HENE OO ThHo, HHEY FRHMTD T X —XEIHEH
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WMREEMT 5, HEL T 2HEOFETE Table 2 13R T,
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HBr LT, BHOEELALX—HE pp, Z TR DK
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Obat = Coutypes = Coatypes (1)
Mpasicypes — Mbasicypen

F7z, FRENE nay 13X Q) TREIN D, KRFR T
JEITEIC X % LDEV OFEERHE % 0.841 ¥ LT, DW-
PTEV O FRE#MHEIZ 0.841 12 DWPT @ DC-to-DC %1% %
FHEHLZDBDL T3, DC-to-DC %1% ¥ 1& Fig. 1(b) IR L
7235 E[/D ACDC a > N—ROHHh o, ZER O RE
OHNETOMETH %, HWEFITBEOMBRIITE N RFED
5D ACDC R )& T\ 572, DWPTEV 0%
ERERIZ DC-to-DCHFEDAEEET %,
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Nehg = Mdrive )
Nalt
- ECdrive
Ndrive Ecalt

LDEV ¢ DWPTEV O &EithFR&FE &ML ZN T D
EBHTDH S,

(1) LDEV !X Worldwide harmonized Light Vehicle
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Fig.1. System Configurations of Chargers.

WX TIIBEBREFEDOL—YF LY 7 4 D—D2TH Bk
Bt PUPASRE BB v RS e U % 72912 LDEV
PR RIS oA Y LT GHG BEH R Z2HAE T %,
Z LT, BIGEEIC X DR R DEIERRD & 30m D
BEREENE XN TWE Z ks, EREEIZE-T
ZEAANPEBIAND ENPS TS Z 2K 22EK
ZEIAEBBOT A TE 270, BERKME EREL
LTW3, XA THET$ 2 DWPTEV 2308 55
EMA R 220km OTHIFHETICL S I 2L - a >
DFERTH Y, BIRAACE OBEREIRELBEMIRI, KIEFE
DETORBEEFEETETOARY, FEHZMKRLTH Y
FY)—UNEZEIIRVWI AT LT AEDICSIalL—
avilkoTR LN BERBEMERD 25U EE L
TW3,

(2:2) LDEV OHEEMAE  Z 2T LDEV Offifi
FERER BT 2 DI BB AE R EHIH T 5, LDEV

Table 2. Specifications of the basic vehicle

symbol unit parameter Type A Type B
Mpasic kg vehicle mass 1520 1670
Mpassenger kg passengers mass 126.25
Char kWh battery capacity 40 62
Phbat kg/kWh battery mass density 6.82
ECu Wh/km  alternating current energy consumption 135 124
Druise km cruising distance 322 458
ECurive ‘Wh/km driving electric consumption 155 161
Tchg - charging efficiency 0.801 0.841
a - rolling resistance coefficient 0.0829  0.0809
b - viscous resistance coefficient 2.88 3.19
c - air resistance coeflicient 0447 0435

DEMAROEHII LD 70 —TT 5,
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FHEY U7l 3 BRI Bl EH I Tw b 720, K “)
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DObar PHRDTNB,
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THHli 3 272012, Z ZTEMEY T2 M RE a D/ E
WType B £ 3%, Type B DEMIEATTA & BREIRIZR n4pi0e %
WHETZ22 077 THBIhs, KFFETE g = 0.77
5%, ZLT, Narive = 077 £ L7228 ZIT Type B DH
WEETTZ AW T 730km ETRIRERBHIAEZH LT 2 &,
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Fig.2. Overview of W-IWM3

Table 3. Specifications of W-IWM3

symbol  unit parameter value
Plnax w maximum output of transmitter 18000
NDCDCmax - maximum efficiency of transmitter  0.952
Licoil m energy receivable length of coil 0.9
L case m case length of coil 1.09

(2-3) DWPTEV O ETHAE= Z 2Tl DW-
PTEV O EEBMARICOVWTARNS, R THRE
TEVRATLARBEELDONEI N — TDHFEL TV
3T AL YL 24 VR A —E— & (W-IWM3:3rd gener-
ation wireless in-wheel motor) ™ TH %, W-IWM3 DA
% Fig. 212" 5, W-IWM3 134 > A —LE—& IWM:in-
wheel motor) £ DWPT %A G OEEREIS X7 L TH
%, RREEBTDY AT LAWK Fig. 1| LFAETH 5753, B
AT SIC 8T —FNA ZZHOWTW 5, KRR TIZREGR
XA A—FICEEHZTEZ S, W-IWM3 O EEF#TE
Table. 3 12" T, & ZITRLZFETIEEMICTE S -HE
TH5,

BEEAANDALNT —ZAEN 1.09m THH, EEAHE
XA 09m TH 3, NUIDBEBLSHEBHEOLED 2.5m &
2 ARE L TEERHC 0.5m OEEFEREZ AT 2 & 3m i
1l BORBEIAASNVERET S R5, THL—HB0OH
FZ1BDafreizh, EED T TEELZFoTWS 2
ANDTL T, EEFHIOEERICHRI S a4 L2
HATZx%, ShD FEREIL) OBEE#EZL T2
CAEHIFICHERATERWHREAA VDIEZ 5, —F THEE
TEEHS T EHAOZEOERNWE 2 b, kit
HEXIOAMETIEIIMIZ I EOaAVEREET S L
3 5,

W-IWM3 ZEHlIZ 2 AfE#T % & L GER T 36kW,
FEBEATRE7R XA T D DC-to-DC D3 EIMEERNZ 90%
T 3m 2D % 0.9m EXEFRERXBEDTFE L L IRE S %,
9% LAZIERRAT 30m OFEIGZEEINL 9.72kW 125, F
Y32 EEI 9.72kW L LGB ICRBERBMERY, FE
T7r—22 BN EN2HBEZ AN -0 OB U, &
T8 % Fig. 3 1R T,

Battery enrgy variation [kWh]

0 50 100 150 200
Traveled distance [km]

Fig.4. Energy Consumption Simulation Result of DW-
PTEV
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BH5bo FETT— RIIFHEMICIEI L 72 GPS & #EEE!
Mo/oN LA EER, HilEE, HEILEENE N5,
BONFTET T — X ARERIE N TVR WD,
B & R, HElEET 53X (7) HWT, T
RRHICTHBI ALY %Y IaL—Yav i

- P2 EET] 9.72kW
- BEAREREDAMNE Type B DHEFjFEIC % FEHE
- Bi{fEEIX 8kWh OEBEME B EEE L, 1492kg

YIal—Ya ViER%E Fig. 4 1R Y, ZEATAE A2 R
X, FETT—RCEENIHEMMET — X L FE5OME
F— R 5RO FAF LR D S 30m [X [ PN E T oD i A R RS
YLTW3, RMETHEHLT 2 BMWEEZ 4kWh LIFTH
b, LEEStE 2723729 DWPTEV OE A EIX 8kWh
3%, UEOER»S, K@) DFWS, Type B EAE
& 62kWh 2»5 DWPTEV O&EMAREZL(LE C, XD HH
D7=-54kWh £ 725,

3. GHG #iE&

Z ZTIXLDEV ¥ DWPTEV @ 1 %7 Y ® GHG HEH
BOHEZT 5, HRICK > GETHEROEVWD D 2720,
Z ZTIEEBH & R U CETIEBED W E RO~ 4
H—r LTOMEHZRE L THRAEERIT S, ik % GHG
DOHHEIZHTORES X7 LDENDADF M 21T S 7=
D HAPERBIAEE S D EEIC X 5 GHG HiH B FES R
TAZEoTE LW ET B, //

(3:1) RBr#ETICLS GHG O#HE LDEV ¢

IEEJ Trans. IA, Vol.xxx, No.xx, 201x



DWPT 12 & % GHG HEHHEDHI (EKE, )

DWPTEV D% ¥ E1TI1IC & % GHG HfHED > I 21—
Ta VI T 5,85 X — &% Table. 4 127”5,
¥ ETIC L 5 GHG HEFH & % 3l 3 2 BT % — >
¥ WLTC £— F¥2 3%, LDEV O L ¥ —HERIA
(8) IZk o Tkd B, DWPTEV D3 L¥ —HERIZX
@) WEITHREO BN RERA L, X9 ICLoTK
HHND, T I T Dyige V& Parive CETLI-HHBETH 2,
" Parive(t)
ECarive = NawpiMchg I) Dar(l)
Z UCETIZ X % GHG #FRE EFD i3 = 3 L ¥ —HE
Ry BHOYEHBRE EFG o XA TRkD BN 3,
EC grive
3600EFG
Z 2T 360013 ] 55 WhADOZEFRMTH 2, 2L T, H
i 1 A2ETIC & o THEE S %2 GHG HE & COspife 1T
ATkDON 5B,

Afeevevnenennenns 9)

EFD = — =4 (10)

COsife = DijfeEFD -+ vevveeeiiaiee an
Dlife = DyearYlife

Table. 4 IR L22E/lizEC 2 (8), R (9), X (10), KX
(1) 2 &b WLTC £— FEETLEROETICEE 74 7
#4 2L GHG #EHi 813 LDEV %3 7730kg-CO,, DWPTEV
73 6670kg-CO, ¥ 7% %,

(3-2) HEICL D GHG D E Z ZTiZ LDEV
¥ DWPTEV O#ia35#E12 X 5 GHG OHHEOZ Ly LT

DZE AL HREEGEN » BAEOZ(KI X 5 GHG
PHBEOZ(COF 21T 5, ZEa AL, HIRERE, Eib
DORERERIC X 2 GHG HEHEDHE IR T 287 X —
X% Table. 5 \Z/RT, ZEIAANMTER, 7=74 b+, #i
R — AT X A, HIREIRIGERE 2> 709, Fi
ayF U TRHREIN S, EROPEHFREUX 15W 24 v
F v ZBFOHHEBTRE LT3, BROPEHAREIX
R ZOVEIRDBLEF BT 0 ¥ 34 PE DAL D 2 DI
DTEELTEHE LT3, BRERIZANZENTH 5720
HOMHEIIEROERZE L LTV

aLﬁ%ZDWVF®@ﬁﬁW@%ki%GHG%&E
BAE LTIZITREETRY, FLEEXRECHNS 0

Table 4. Simulation Parameters of CO, Emission by
Driving

symbol unit parameter LDEV DWPTEV
Mpasic kg basic vehicle and passengers mass 1796.25
Cy kWh battery capacity change 73 -52
Pbat kg/kWh battery mass density 5.82
Tchg - charging efficiency 0.841
Ndwpt - DWPT DC to DC efficiency - 0.9
a N/kg rolling resistance coefficient 0.0809
b N/(m/s) viscous resistance coefficient 3.19
c N/(m/s)? air resistance coefficient 0.435
EFG g-CO2/Wh emission factor of generation 0.47 1
Dyeor  kmjyear annual mileage 6590 (10
Yiife year life year of vehicle 13507

Table 5. Simulation Parameters of CO, Emission by

Production
symbol unit parameter value
EFPy,  g-COy/Wh emission factor of battery 30-140 22— @9
EFPyy 2-COy/g emission factor of board 157 0%
EFPyire 2-CO,/g emission factor of wire 0.619
EFPc, g-COy/g emission factor of copper 5.00
EFPfemire  g-COo/g emission factor of ferrite 13.61®
EFP.,.  g-COy/g emission factor of case 4.0@D
EFPcqp g-COy/g  emission factor of resonance capacitor 27918
EFPy., gCO/g emission factor of smoothing capacitor 14508
Whrd g weight of board 300
Wyire g weight of wire 1730
Wy g weight of copper 1730
W ferrite g weight of ferrite 1600
Wease g weight of case 1000
Wreap g weight of resonance capacitor 300
Wieap g weight of smoothing capacitor 500
FrRPavRI R, BRRLEERNILLT DS, Th

ZROWHOUWE & 5 GHG PRt COypy 1E TR TS
nz.,

y € {brd,wire, ferrite, case, rcap, scap}

BIRE OPEHARBUISHRIC K o TRE S B D, 3
FERICE X 25BN K E WD, AR TIISE R @~
MofEohz, Bz 4 KEDHEHFREE FWT GHG HEH
B COsppyy 28T %, K (13) 12k H LDEV, DWPTEV
FhrhoBEMEEIC L% GHGHIERZEHTE 2720
NS DERFHET 5,

COxppar = EFpaippar(62 + Cy) wvvvvvenennnnss (13)

LDEV ¢ DWPTEV O i#lEIz & 2 GHG HiHE R O
LDEV ¢ DWPTEV O #£% Fig. 5 IR T, B OWTIX
PEHRBUBICHER 2R LT W3, ZEI AT AIZOWTIE
MR RERL, OB MEZES AT LD%
a2 A U7 R % i S o HRN R IR g, Bt
DELEIC X 2 GHG HiHE X ZE S X7 2 DK HOHEH
BOLE2? S LDEV TIREMOEEN IR THZ Z L
bbb, IN(13) EDZEI AT LDOELHOELEIC X B
GHG #HHEZRD, 2 RkDZ AT L1 EYEZHOD
GHG #EHH &S 150kg-CO, TH 2 Z e 393 h %, AT
WFHE 1 BICZEI AT L2 2REBH T2 2ET S
728, Hili—H%47%= D 300kg-CO, TH 2B Z L ITH LT,
@@Lkiémﬁﬁﬁ%3%cngWhtbtﬁn,umv

EithELEIC X 5 GHG HEH & 1X 3960kg-CO, TH B Z &

I2TH 5, BtHEHRED D720 DWPTEV T 240kg-CO,
7%,

%L CLDEV ¥ DWPTEV 0#i&I12 & 5 GHG BEHHED
#2175 v, BEELEIC X 2 BEHRECE 30g-CO,/Wh &
L7354, 3421kg-CO, TH o7z, F/-EhBLEIC L 2 8E
HifREE 140g-COo/Wh ¥ L 7285E121& 17061kg-CO, 12
%5,
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(3-3) WAIME = CERE - BT WECES
GHG #EH &2 R EMICEHES 5, LDEV ¥ DWPTEV @
ST - 1T - WitC & 3 GHG BRI O Fig. 6 107 T

B HLEIZ & 5 GHG OHEHREDS 30g-CO,/Wh D5
HTH, BELEFC L 3HE GHG HRIROMD X 0 b

EBEHBEMEOHIRIC X 2RO BRKENZ BT H D
4., & =

AL TIRETHHRBEEIEH T2 22 1c&>TEOLN3
GHG DOHIIERN R Z FxE - BTG WS 2 DDA
THREL 7z, BohMmiE TidoeBhTH %,

(1) FEATHFAEIC X b Bl E AR E % HIRATHE

(2) REBETICEL T, BHEREOHEIC L

biﬁk%gaiiwﬁ—ﬁﬁ¢?ét® TG
DBEBNEENEEZER L TD GHG HEEE % 14%
EU(@THE

(3) #EICEL TR, EfTPREDY R T L% HMIC

BRI i L CEMOBHELHIRT 2 Z &
12 & % GHG BHEEOHIBEIRI K E WV, D728
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SEIOBEETIXHETE O ADBR TOMRIETH - 727280, 5
BIIFTBXMEFEDA > 7 7R HOEEIC & 5 GHG HiH &
DEWVIZOWT DAL R ED 5, F =5 EIOMKEETIZET

DEMOBIHMRIIETICHER I INF—ENSEHL
723, DB TEMERHE S MK U 7581213488
EMNBRL BN D 5720, SR EEOBEbiED %,
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