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ABSTRACT

This study selected two electric vehicles and compared the energy efficiency
data under three different scenarios: The New European Driving Cycle (NEDC),
the World Light Vehicle Test Cycle (WLTC), and real-world driving on the urban
road. For laboratory tests, we also considered the experimental factors: air
conditioning usage (off or on at largest load) and regenerative braking
(maximum or normal). Finally, compare the results of laboratory tests with road
test values under peak and off-peak conditions to understand the discrepancies
and the influencing factors of energy efficiency between laboratory and road
tests on EVs. The results show that the impact of turning on the air conditioning
during the NEDC test is greater on energy efficiency compared to WLTC.
Moreover, if the vehicle's air conditioning is set to maximum after start or as the
proportion of high vehicle speed increases, there are lower energy efficiency
values. The energy efficiency on real roads during urban peak hours is lower
than during off-peak hours. This result shows the test values of WLTC are
relatively closer to the real-world values compared to NEDC. For the proportion
of regenerative braking while driving, the value of the real road is
approximately 4% higher than the lab test. Furthermore, avoiding setting the air
conditioning to the largest load can increase 4.7% in the proportion of
regenerative braking. This shows that braking behavior is one of the key factors
influencing the energy consumption of EVs. The impact of setting the air
conditioning to the maximum on energy efficiency is significantly greater than
when the air conditioning is turned off. On the other hand, there is no significant
difference in energy efficiency between regenerative braking settings (maximum
and normal). However, when the regenerative braking level is set to the
maximum, it can reduce comfort. This study suggests that drivers should
maintain the suitable regenerative braking setting while driving on the road,
avoid excessive use of air conditioning, and keep the speed below 50 km/h on
urban roads. WLTC is more suitable for domestic electric vehicle energy
efficiency testing compared to NEDC.

Key Words: Electric Vehicle (EV) ; Energy Efficiency ; Air Conditioning ;
Regenerative Braking
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7.69 (km /&) ; Model (B) RIERFREIFFRCE 73Rk 6.18 K 6.21 (km /) ~ HflHF Ry 6.62 J
6.50 (km /1%) » #AFG S » Model (A) MR BBt BB S EIREIRRCR 3 7l Ry 7.58 (km /
) K 6.30 (km /) ; HH (B) SEIIREIRSER 3R Ry 6.56 (km /) Kz 6.19 (km /) » SH/REE
IS EREVR R S R AR B IR RIEA TR - PRy E Ra SR -

Lt NEDC Hi RSB (UDC) » WLTC AP EE (Low) Eil i E IR SR 72

%maaﬁfﬁﬁiﬁiﬁ%f**liﬁﬂﬁ Z%ﬁ@mﬁ/\%ﬁﬂhﬁﬂiﬁx Eﬁ@ﬂ‘” T E S d?xﬁl""@ﬁﬁi

(Low) ZHIF{HE (3%~20% ’ ¥i’3n’:’3 12%) » ﬁﬁl%%@ﬁ%ﬂ%‘%ﬁ% E@E%(R&ﬁﬂ%ﬁ%ﬁ
PR L2 EARE -

4.2 BEEFHIGHREFLEE
75 BEREREGTERE » WLTC kb NEDC G 7B RRE R =i TR -
AR RE B 2 SRR AREIRE - BIREIEIFE (oK) 1Y T SRR (n/s2) , &R ERER 7

) L BUFAEL S BB 8 e 9 B IR AU RE BB RE I T R RHIRIIRF - 22385 (k) BT Bf
IEIE‘EJ:WJ (%) 1 CV#3 18.1%) SRR 22305 L HIEFR (P9 22.8%) -

SRR IS =AM - EBIRIRE - Z2EHBAR - EhRElI T © IRIARHTFEHIE
ﬁiﬁﬁlﬁﬂi@mu NEDC #HHRE SR BRI RRE - o T BB = R R T EY
PR MR 2 NEDC fiky 5L -

BIZRAEIRUCRINE - ¥ NEDC BIRE S - PR R GEIRECRAYE Ry 15~23% - ﬁﬁ
SRR TR ER WLTC » HBHZZ B REISCRATZ B Ry 9~14% - FRILAIRD > E 225
AROE Ry e K IR » BIREIR RIS B A R B RIRE AN E] - ¥ NEDC HUsZ % (IEI
SVEE R 21%) it WLTC (TUESEHE Ry 129) -

%

anp
(R4

—233—



=t B F 7

#3+a%

H=8 RE——ZFLA

x4 FARABESREHFHEERAAGR

" o | o | sy | PED | TET | M |TBER | RERE | fER
HiRTE an, BUE iy | L | FEEEBT | (WH | (kny/
A (km) [ (43) | (km/h) @) | @) | @) | ) | km) | ®)
UDC(NEDC) | —fi% 4] 79 | 26.0 18.3 0.67 | 0.68 | 303 [ 295 |116.6| 8.57
Low(WLTC) | —fi ] 6.0 | 19.5 18.4 0.70 | 0.59 | 264 | 364 |118.6| 843
Model FfEIEE(1) —fi% | BH() [ 29.6 | 67.7 | 262 | 0.72 | 0.69 | 26.1 | 359 |133.9]| 747
(A) HEE(2) s | BT | 309 | 68.8 | 27.0 | 0.71 | 0.70 | 284 | 373 |130.0| 7.69
A1) —f% | BE() | 31.3 | 1049 | 17.9 0.71 0.68 | 38.8 | 36.7 |147.9| 6.76
RAE(2) —f% | BA(d) | 31.3 | 104.0 | 18.0 0.75 0.65 | 397 | 31.2 |171.1| 5.84
UDC(NEDC) | —fi i 7.8 | 26.2 17.8 0.57 | 0.57 | 309 | 285 |130.0] 7.69
Low(WLTC) | —#i% [ 6.0 | 19.6 18.2 0.53 044 | 263 | 32.1 |146.4| 6.83
Model B —fi¢ | BE() | 302 77.2 | 23.5 0.56 | 0.51 | 274 37.6 |[1509] 6.62
(B) I (2) —f% | BA(d) | 303 | 672 | 27.0 0.56 | 0.53 | 246 | 383 |153.8] 6.50
AE(1) By | 306 | 1153 | 159 | 056 | 048 | 363 | 37.1 |161.9] 6.18
RE(2) —f% | BH(H) | 30.6 [ 95.8 19.2 0.58 0.53 | 345 | 38.6 |161.0| 6.21

xRS AMREEBHSEEEEAHAERZR
wit | me |, |78 | 78 | e | st | s | 0 | PR | B
i e | zee CEHBOE | W | R | O :EB%; :EL&; fH e FLEB | (W | (ks
- (km) | (93) |(km/h) | (m/sT) | (m/s") (%) %) | km) | F)
NEDC | —fii ] 215 | 393 | 328 | 0.60 0.71 23.4 215 | 1347 743
NEDC | fk ] 21.1 | 394 | 320 | 058 0.80 229 236 | 137.7| 7.26
WLTC | i} 5 455 | 598 | 456 | 0.64 0.65 13.3 220 |151.2] 6.62
Model | WLTC | 5k B 456 | 59.8 | 457 | 0.64 0.68 12.6 215 | 1514 6.61
(A) | NEDC | % | PGSR | 214 | 393 | 327 | 0.59 0.72 23.3 158 | 171.3 | 5.84
NEDC | gk | BHORA) | 213 | 39.8 | 322 | 0.58 0.79 23.5 174 [ 1798 | 5.56
WLTC | —f% | BHOEEA) | 45.5 | 59.8 | 457 | 0.64 0.65 13.1 179 |172.5] 5.80
WLTC | Ak | BHGRAR) | 454 | 60.0 | 454 | 0.63 0.68 13.0 175 | 1733 | 5.77
NEDC | i} B 212 | 392 | 324 | 047 0.60 23.1 212 | 1477 6.77
NEDC | ok R 210 | 392 | 322 | 047 0.60 23.1 254 | 1487 6.72
WLTC i ] 448 | 60.0 | 449 | 046 0.47 13.3 209 |168.5| 593
Model | WLTC | A 4 448 | 60.0 | 448 | 0.46 0.48 12.9 262 |159.4| 627
(B) | NEDC #% | BAGRA) | 211 | 394 | 322 | 047 0.59 23.7 149 | 1924 520
NEDC | ek | BHGEA) | 211 | 393 | 322 | 047 0.64 228 217 1751 5.71
WLTC | —ffe | BI(RK) | 448 | 60.0 | 44.8 | 0.46 0.47 12.9 166 [1957] 5.11
WLTC | fA | BAGEA) | 447 | 60.0 | 447 | 0.46 0.48 12.9 227 [ 1759 5.68
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AR RACE PR TR WA EEAZH AR

Model(A) Model(A) Model(B) Model(B) Hg
B (1) Bl RA) B (1) B @A) BREL] TERE

24~ _
= p—e — ==
B _—
®
[a]
8
ﬁ18-
154

BEA) B B@EA B MEA B @A B

i GRasE

B8 AMABENSEARZRRE TEIRERITLLGIRE

WLTC/NEDCHE Lk %) BfH /ATl

o —H —# Rk A L Ao
2 B A) 0 B K) B LSt
§ v 7 7 7
= 7 ’ ’ ,
- 4 |
B i . p d ) /.’ 0
S « e % L/ = Model(A)
1
= « i e . * Model(B)
[_‘ Vs i / L Vs ) Va
|
s v 7/ s s

4 5 6 7 84 5 6 7 84 5 6 7 84 5 6 7 8
NEDCHEHREE(km/E)

B9 AMABENSEMTERREFENRARERELR

10 B E B = ST TR B PHIREIRSCR I - FEMIRIBIRERITERIRCE i T
FAHIEAEEER L WLTC (2 s B (Medium) B{H = > WLTC =& B (Extra-High) #i{H
iR 5 T e RNy NEDC Tl B (UDC) fe WLTC B (Low) » 25K 2ZaRREE
ZBHlF - KRR S RE R T L 2250R0 - SCLRPEIRCZEFAOLL - B RETRICR
WRFET - BEE FIWZE E PR ARIER - M A R EE e/ ] -

MR E A S Ry 14 8 - SRR AR BB =R T - AREE R
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BETRE B

= RE——ZFAA

AIRETRSSCRAE - [ 11(a) Ry 22 3RBA P ELBIREM FE 3 E Fo—

Model(A))jﬁ Model(B)43 HI7EEEHE /A 30~40(km/h)Eil

g% 2 7GR B B B RE (0] FE Rk GE NV B BN E A R R S R A
FHE R HAME B ORE
gy eseSpesi ik liviE
EIRRCRIE AR SHEME H 0.91(km/ )RR 0.03(km/fE) »

HAURHIRE
11(d) > FIEALR
BiRElRI TR

EFSCRBUE ARG R
SREBK

fise o i < PUEAAS IR - T Th R
40~50(km/h)FE =AY

EVRSICE -

BRI - BEEIE - DL
0~50(kIWh)EF§?§ME$§H It EJE 10 off WLTC Medium s Be (P58 39.5km/h)

— 2 o BEANESPIIEEEARY 50(km/h) % -
RETR R LR TAE - Hﬁi&ﬁ el 11(a) e

MRz H

SERAIRE - BT R JTHRAKRY Model(A) K& #iign - #kEE Model(B) ST
THELHRER AT B HEHI T -

Model(A) Model(A) 4
—f A EhHE Rl FTEE
10
)
of ¥ " v
> © [ [
oV )

61 v SBEARYRE

~ : ’ v NEDC
24 e WLTC
=
2 Model(B) Model(B)
& — Bk EEE
iz 107 A
o * 5

8 - L = b e

® o *
L
6 c . o —
L Fos
4-

100 0 25 50
1 (km/h)

(IJ 215 SIO 7I5
B 10 AAREESERRESRRTEREERNRAR R AL

43 A¥XEBEEH

4.3.1 ANOVA

EFHE R =R THAURE (NEDC ) WLTC) HIEAERIE - AT EREZEH (X1) BEAH
BHEMIFERCERRIE (X2) NZARAMEM - & 6 RyEER T REOMTER - FiRBURmHEE
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BARRBREIYER TN ERAAHME AL AMKLR

R HAERZ p-value £y 0.698 » Stk AR AR e (G - 420 ELEE El‘;’ﬁﬁﬁl%?ﬁ]t,mxﬁf’ﬁﬁﬁ °
HAEPEER FIE » p-value < 0.05 » #ifEAERE ftFRE - 22T ER T Gl/A) M8
A - AR AIER] » RoRAZ iR %?ﬁﬁﬁﬁ#ﬁﬁ?ﬁ%ﬂ%ﬁﬁ%kﬁ“@% SR 5 HEhEE
EFEECER TS » H p-value > 0.05 » WA TEARMR fERGER - BIRERIFEEER T (oA

— i) MAERAE R -

75 (B ) L EhEE B3R (—A%) 75 58 (1) R BhRE D FE(—AR)
o]
o = P $ $
B B & L
E | El i £ =il
i?l—a = ™ Wodel(A) 47\-4 = =] = = Model(A)
E $ T e | BT Modei®) E r 3 Model®)
@, & @,

=
1
B

=

=

i (km/h) s (kmih)
(2)2ZERI(BARA) B BlREM] Fa st E (— %) (b)ZZFRI(BHR S B REIRI FEa% & (— %)
TR (RR) R ENRE O (R A) TR ()R ERE IR (R A)
] s $ - 3
% $ 5 : by
é‘ = él 2] i é:u— E| i
%I—’ $ " Model() B e Model(A)
i T | E2 Modei®) # El £ Model(®)
| é 5205 -
'z"{r;\”(;mf;) -
(0)Z=ERI(BARA) B BlREMI FE 3 E (B R) (d)ZZFRI(BHRR) S B REIRI FERRE (oK)
At s SHEEE/MA 1(km/h)ZE TRy 0(km/h) 5 [ (2)(b)(e)(d) R BIEA AT

B 1l BERETEEEAFRERBREFEHNRELE

2. BfREll 7B T EAURE

6 RBEEEAFBIREMNIFERE (X2) B THRIRE (X3) AVEEIRl T SR BTG R - &R
HEURTT AR B RE R R R K T MR A EH - HERER R ER TS - &
p-value > 0.05 » FIRBIRERIFERE R T~ (A B —fi) W MBI 25 5 BT RURE K 1
5 p-value <0.05 » FI/RFITTEAIRE (NEDC Jz WLTC) HyAREE 25
3. ZZiRE T HAURE

Het
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6 Ry EE=ZEIEGE (X1) e AR TEHAIRE (X3) L BEIA T 8 REUMATHE R - BUR
W B A EHZ p-value Ty 0.049 (< 0.05) - #ubf@mE MY » (AT HEERAIE -
WMEZEIRBGE R T (B/ECK) et T S B THAUREIA ¥ (NEDC/WLTC) B =% (FE
TR R BRI - SNZERRRCE IR TS » H F {H = 48.568  p-value < 0.05 > #{iEfER
IefiEs - FoRZEIECERT (F/ERK) P IEAMEE - AR ANEH - FoR2Zifla e rk
e BT A RE GRS R -

®O6 T - TRPEEFTRERITERE ANOVA STHEER

S : REJRSICR | ERAEN - RETRSICR BB « RETRSICR

F{E | p-value | F{H | p-value | F{H | p-value
X122 3 € (B 28.501 | <0.001 - - 48.568 | <0.001

X2:FREEFeER E(—i/E )| 0.296 0.596 0.296 0.596 - -

X3 ATEERIRE(NEDC/WLTC) - - 28.501 | <0.001 | 4.418 0.057
X1%X2 0.159 0.698 - - - -
X2*X3 - - 0.159 0.698 - -
X1*X3 - - - - 4.805 0.049

4.3.2 ¥t E(Bootstrap)

ARWTFEREAR IR BIFF G i - 533%H Bootstrap 1A DAE#EHHIN ~ #HERKIEIAY /5
X EERISEE N N AR 4.3.1 fEE T4 - DUE SRR
A AR AR A B B o ATAs RAUSE B

® 7 R L ERENFER (03 (1)) 72 BETTHEBEAECR 10 ~ 30~ 50 ~ 100 257
AR > FHOMATAER AT - ZEREE (XD AN AE AR A AR B S B & 1 i A
T 5 MfTEAURE (X3) fEARA B —E R - RIEIRBEEE - BIREmIERE (X2) fEA
[FEIAEREAC - B RIS R /KYE - 2R E B THAURE A A/ (X1* X3) » EAERAR
Bk 50 Iy - BT /KAE -

ZERRRGE (X1) B THIRURR (X3) PRMEAA ARG SR B 4.3.1 fii—20 BRI RgE BT 6E
TERCRINMER B - BIREINITEERGE (X2) #EAE 4.3.1 BRI E R ke - HAEHR
Bk TG R E EHRGT IR § B A re g InE et - g
W o ZEIRRBCERUTHAREAR A AEH (X1* X3) 1E 4.3.1 {i 2RI R RER - SHE TS
RATE - WA AMFRISCRIEERRE — P W5E -
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EHARRBAELPER TR EPAMEE AL AN AR

R7 ZEH - FRENEEEFTERE K ITEERIRE Bootstrap EHHATR

SR« EEREIHRE R SRR - EREHRERE
F{H p-value F{H p-value
10 72315 € (B/EK) 7.355 0.007 4.390 0.036
X2 Fe S (— iR A)| 0294 | 0588
X3 ATHAIFE(NEDC/WLTC) 3.321 0.069 2.244 0.134

PR A g

X1*X3 0.088 0.767
30 ZeERE E (R/ER) 13.379 <0.001 13.379 <0.001

X2:BHEE TS E (— A 2.030 | 0.154
X3ATHMAEENNEDC/WLTIC) | 2437 | 0.119 | 2.030 | 0.154

X1*X3 2.437 0.119
50 ZeERE E (/A R) 13.269 <0.001 13.269 <0.001

X2:BEEE T E (— AR A)| 2.632 | 0.105
X34 THHMAEEINEDC/WLTC) | 2.815 | 0.093 | 2632 | 0.105

X1*X3 2.815 0.093

100 ZeERE E (/A R) 24.785 <0.001 15.058 <0.001

X2 BIHEE TS E (— A 2.596 | 0.107
X34THMAEENNEDC/WLIC) | 6.168 | 0.013 | 4.729 | 0.030

X1*X3 0.350 0.554

T IR
5.1 MRiER

i BAIK NEDC 17 HiAURRER FHHSHER A TRIM TS SR UE A A - 2 2017 FREA

WLTC - B HiA ﬁﬂ*—‘%éﬁi&@%ﬁ%&ﬁ”iﬁ;ﬂ;ﬁ ZZ(EJWTZ??E’*”QEﬁ NEDC &

WLTC it - HEBSHJL NEDC SRR RS R 28 (10 70%) ) - B B e s

HEHEABURE M REIRCRIEAY A2 FGEARS - BrE R EHE BB REIRICRIER 000 - the
TR B AEIRSCRBCR Y R g

Fo ¥ AR P R B E e B P B TR B B A A2 5 - M 2 B AG EH

EAFIREBIAIRE - ByREnlFesR K 22 FBHR - B E PR IE R AREEIR R E N B REIRCRAVE
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s
=

1.

» BFERGREUR -

SHEHIEABA TBIRF n SIS RVEDREIT FELEBT (%) - F 7T e E R A = B E
HIEAERT s BB EHEEEL - H 2R A e B KR G iR ENRE R e LB B &
N - SEHEST TRIRRI B BIRE [ FELEBT RN B BEURERY 4% - R IR R i KA
TR EhREIR FELLBT AT Tt 4.7% » EESHIEAVERERETICRRIER NEDC & WLTP
HhalE (A HBRE e — iR Ta%E) - (g TRl < A S BRE M 7E LA
(36%) = EEERIRE (32%) - BURAIHIT RS BB B RE IR BUE KRR L BB A 7~

- FEFHFIERERITERURE el - EBE= S TR B P IREIRSCR IR - DL WLTC i

(Medium) BfEif5& - WLTC 55# (Extra-High) SRR - SR WLTC HRErh - %
B FEH - SRS - BT B R B P R BRI TR R —
PRI EE T+ R R EE W A S I GRH » Model (A) B2 Model (B) 43 BRI A A
30~40 (km/h) F 40~50 (km/h) F#57E  BETUSCRIA -

R PR « DISREEMA 30~50 (kvh) FAEIACRILIARE - (£ 74

AR 50 (kmv/h) $2 » BEIRCRAT ZMEEHEEY - SEEDBOA - RETRCRAYEM LR 1
% > ULBIEAhEE Xu et al. " HFSE—8Y o MUETHEEBRIREEIF AT T o 1T R
50 (km/h) RIHERFIRR  REIRRCRE

Z2FRHPARE - NEDC REJRSCR (knV/JEE) Bt WLTC ; b NEDC Bl WLTC Rif7 il
REZZIRERRE (B AR LR EA) SRETCRAZ AL » NEDC (15~23% » ~-£3 21%)
AR WLTC (9~14% » 735 12%) - 22 S i RV ERRZE S — 5B (UDC K Low) I
S SRAE - R B R TR L R 223 - R AR B N » S iR REIR
{H - FORHIMAENR - e 2R B N A - SR BRI -
M ANOVA B[R] 74 BB 34T & Bootstrap SEALRRT EER = AN A 223R0E ~ BhRER]
FEREE BATHAREEBIRE SRV B - 5 ANOVA FERBURZZ R E Bl TH
TIRERIA R AAF A » FoRZEE e NN - BRI SCRAY B e A R fe B U R
MBI - Bootstrap FEFEREHUERRVAIRERA & MORFHIL S BE R A FHIEL -
HEEAAF A AR BB T BT - B — (K7~ » ANOVA Eil Bootstrap SJ81S -
ANEIZEFRE R (B R BLANFITTHLAURE (NEDC B WLTC) AEHE A5 - ke
FERCERT (BeREL—iK) 1 Bootstrap 3T HGRIEE 2IBGTBAFE 2 - BIREMRITERRE
Fole KIRF &5 WIRHER ISR S - BB AN T TBLRY - nIREMT TBLAT i B ETRE TR
Ko EEHEE LERERERE -

T B L T W SN RY B AE TSR e R eI IRF B (R BP0 Ry 10%) » BLET RS
=i AR A E AL - H B2 R NEDC (UDC) 10%~32% (-39 18%) »
WLTC (Low) 3%~20% (:F-45 12%) » Bizx WLTC HEAEREAREFS NEDC SERGITIE S B
HIME - ERREI A EHAERTT NEDC BURR & 58 1 Bl B —IEARIRE (40 WLTC) & F3Ef e
&+ AFFEHIA RDE HIEAHE - RIS ERTREIRSCREUR R Hat il - feftin a2 i
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S BB EEE RS -
5.2 HiRES

PRI PR B 3 B » SRR+ ELBR AT A B AR A B i P 2
F B A 5 R RO 1T B ISR - RS B SRS IR~ BRRELAS I R (B
W) ~ BB R B RS E S IS - OB 2 GRS B T B AT -

AT AT BB L AE 2230 PG - BYREIEI Tt bR IERA T B AU RE i
BRATELMEE FRYRRIEESCR (kov/FE) 2287 - Ho 22 RaR - B BR T B BB R B AR
WER L A - FERBCRITEAL - FREMAT B TR R S e N Sl B M ST
FRSEIS TG T A HIE E - SR EENGRE R - b - R B
YRR B S SR R fERR B A FTARE TR - FEAS TR I R e B B
R ATRHTER A SR RS IS AR TR Ry 60~70 (kmvh) M) » i B B e | P A | Bl BhAE
[l BT T S s v -

BEZ P B B H 1% SRS AT FE R IR SE B AU AR S - SRS
S D 5 B A T A A P A5 e e oA I B i o P AR L B RS SR R B AR R
B - SRS IR S MR A B A R B T B AR IR (R
) BT AT - 0k B A SR R B T R 2
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