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Abstract : The adoption of EVs has been accelerating worldwide with rapid advancements in electric vehicle (EV)
technologies. Among the various factors influencing EV performance, ambient temperature and payload are considered
critical, especially for electric freight vehicles. This study quantitatively evaluated the impact of ambient temperature and
payload on the energy efficiency and driving range of a small electric freight vehicle under controlled conditions. Chassis
dynamometer tests were conducted under four combinations: ambient temperatures of 25 °C and -7 °C, and unladen and fully
loaded (1,000 kg) states. The results show that under low-temperature and full-payload conditions, the driving range
decreased by up to 48.8 % compared to the certified range. Battery energy consumption increased by nearly 100 % in cold
weather, and regenerative braking efficiency decreased by over 40 %, mainly due to limitations in battery charging
acceptance. Payload also increased motor energy demand by up to 21 % while partially improving energy recovery. These
findings emphasize that ambient temperature and payload significantly affect EV range and efficiency. They provide
valuable insights for EV operators to accurately predict range and plan operations based on seasonal and loading conditions.

Key words : Electric freight vehicle(7] SF&A5%}), Ambient temperature(2]7|2%), Load weight(ZA] %3F), Driving
range(Z23JA &), Energy efficiency(o]| X A H]E-E)
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Table 1 Specification of test vehicle

Vehicle
Type Small electric truck
Fuel type Electric
Model year 2023

Motor Max. torque 395 Nm

Motor Max. power 135 kW
Battery Lithium ion battery (58.8 kWh)

Battery voltage 327V

Weight 1,925 kg
Certified Urban 3.1 km/kWh
consjm;l)tli‘:)n i:lgirc%zncy Motorway 3.6 k/kWh
Combined 2.7 km/kWh

Certified range 211 km

Table 2 Specification of CAN equipment

Category Specification
Network interface 2x CAN FD channels
Dimensions (W x D x H) 51 x33 x 13 mm
Weight 80¢g
Power (Consumption) USB (240 mA, 10 W)
Voltage range 5V DC
Temperature range -40 to 85 °C
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(a) Diagram of test vehicle and equipment connection

(b) Chassis dynamometer test setup

Fig. 1 Experimental setup for electric freight vehicle’s
driving range and energy efficiency evaluation
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Fig. 2 Velocity profile of multi cycle test (MCT) mode

23 OJlR ADY U FWH| A WY
ASE AE dolH e o uy L wE e o
YA AR 247 AEeer) BE T U B

| 42 F#AH2| Sdo| 25t

I’_Q

__'l.

Bo) 8059} E2 vl B % Bgate] 4 ()=, W
AU Hekat A5 HlolEE #gsle] 4] 2 AR
soiek. olu, W B2 wi e AF S5 &
48 T HAAIEe] A5H Aow J&%o}aiaua,
S AIE o3 35 oLl MER ARSI,

Emm‘w = f
0

o% 7] }\:'5 ETHOTOK‘E_ E

27[ X Nma}m (t)

thor (t) dt
60

(M

Ef ol U A] 220 [W, Nigiori= 52E]

3| AL [RPM], Troor = 2E] B2 [Nm], = 53 A7}
[sec]= LFERATE
Ebattery = _/(; ( pack(t) X pack(t))dt (2)

71 A, Boateryi= BNEIE] oIFA] 285 [Wh], Ve
W g A V], L WEIE] 2 A F [A]1S YE
e

7} FY Alo] 2 oA AR
A ARFE F

&2 2 3)H 2ol sE

Apol el % YA o] A
sick.

‘Edccyclc
ECdCLycle D (3)

cycle

714, ECdeqae= % 3 AtolZe] vre] a7
2 DC A olHA] 2H] = [kWh/km], EdCcycleJL:.‘ Gl
3l Abo] 2ol A ©] DC W oL 4] [kWh], Deyere e 3%
Apol 2ol 2] & Fa A g [km] S o] ).

SAE J1634 %329 u}e}, x}eko) %G%Eﬁoﬂﬁ R
= UDDS; 77kl kA& F-ef8kglal, UDDS,s
HWFET -3tel| &= 7t2te] 7h2) & @%ok’% kel &
3} AT AFEo] vt 2 L7hE 7] Ak
224 @) - (ol AA BT

Edc UDDS,

UDDS, - UBE (4)

>

o] 7]A, Kuppsi= UDDS AlolZe 2-8¥ BA Al
(Scaling factor), UBET A8 7}a gt wiE| 2] 8-5F [kWh]
<= Yehdeh

- - -~ 1- KUDDSI 5
K uDDS, — K UDDS, — K uDDS, — 3 ®)

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 10 2025 843



Gwangryeol Lee - Jinhee Lee - Seokjoo Kwon - Youngho Seo - Suhan Park

Elc,,, = <KUDDS1 X EGc L'DDSI) + (Kypzm x Elc L'DDSZ) ©)
+ <KU171753 X ECHCUDDSJ) + <Kz,f17175A X E GZCUDDS)
B E‘Ca’cHWFET1 + ECchWFETZ .
ECdChighway - ( )

2

& ALLE ol Ux] ARSI Al A=) HiE e &
SHFE &85l 13 T Al T3 753 A”E A (8)
I o] Attt I A7 R sA) Q1 7]l whet
BE Zg A= T4 55%, AET R 45 %] U&= 7}
FTH sl 2] (9= E=ESITh

UBE
Rc_z/de = ECdCcyclc (8)
Rmmb 0.55 x RLzM/ +0.45 % R]—ﬁghway (9)
3714, Ryt A3 X12] 52884 2] [km]E UERATE

3.AY a4
3.1 8 AlO|2Y o4z AH| &4
H oo A= UDDS W HWFET Alo] S RE AR
A sZ, MEHE] AEFS BA% 9r|2E Y

o= W

&

A2 st Ws7b 7] sHERFsAEY] ol U X] M) 54
o] M 2= Fe AFA o= FrFsl3itt Fig. 300+
&) Alo] 2 RLEje} miE g o] S| AAlE R AR A
£ A em, 7teXE 488t =% UDDS %
HWFET Z3}-= Table 39 2]&}3ith Fig. 3 2 Table 3
off AAE 3] WAE A= BE e} uiE ] 7]Fo s
Z} 7} AbEekelth H 9 3| AAlE A= SA 1
o) B3 9 I HFE 7|Hko 7 AALS by Eko] | viE
g 7|2 ARV R SAE e A9 AR g
2, A g glol] S oA E WERATE S 2=
AT AR ] A 55 9 &4 EAS | 7S
st

EH AR 2 A g2 ek 231014 += ubDs
1.527 kWh, HWFET 3.270 kWh= WER ) H o 4 A A]
o= 242} 1.955 kWh, 3.665 kWh= S7}51o, &7 5%
7kl wet 2Y -E A a0] 21.9 %(UDDS
715%) S7F8keleh A2 F3F 2741 UDDS 1.776
kWh, HWFET 3.771 kWh3i o™, A& H )2 2] =710
1= UDDS 2.425 kWh, HWFET 4.446 kWh= Z7}5}%3
th 53], A& 7oA A A et% 57F Al UDDS 71
26.8 %, HWFET 715 15.2 %9] AU A] 77 F712 2
TE, T 2] TS B o R von FUF £
U AR = A& skl

Table 3 Comparison of motor and battery energy consumption and recovery under UDDS and HWFET cycles
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Fig. 3 Motor and battery energy consumption and regeneration by driving cycle (UDDS 1-4 and HWFET 1,2)
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Conditions on the Driving Range of Small Electric Freight Vehicle
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