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Abstract: In the last decade, a number of research works in electrified vehicles have been devoted
to the analysis of the electric consumption of battery electric vehicles and the evaluation of the
main influencing factors. The literature analysis reveals that the electric motor size, efficiency, and
driving condition substantially affect the electric energy stored in the vehicle battery. This paper
studies the degree of sensitivity of energy consumption to electric motor size and to its efficiency
map characteristics. In order to accomplish this task, three electric motors whose parameters are
re-scaled to fit the maximum power torque and speed with different efficiency maps are simulated
by installing them on two commercially available battery electric vehicles. This allows for isolating
the influence of the efficiency map on electricity consumption. The original characteristics of the
motors are then used to evaluate the influence on the electricity consumption of both the size and the
efficiency characteristics. The results of the simulation revealed that the influences of the efficiency
map and the electric motor size can be around 8–10% and 2–11%, respectively. When both factors are
taken into account, the overall difference in electricity consumption can be around 10–21%.

Keywords: battery electric vehicle; electricity consumption; electric motor; efficiency map; maximum
power point; motor re-scale

1. Introduction

Battery Electric Vehicles (BEVs) are considered one of the main solutions for the
reduction of the environmental impact of the transportation sector [1]. In the context of
banning internal combustion engine-powered vehicles starting in 2025, the BEVs seem
to be the main solution for private mobility to long distances [2]. This type of vehicle
can achieve carbon-neutral mobility provided that the electricity they utilize is generated
from renewable sources [3]. However, the wide customer acceptance of BEVs is still
limited due to the drivers’ range anxiety [4,5], comparably longer recharge time [6] and
higher cost [7]. Chakraborty et al. have investigated the possibility of using sustainable
mobility solutions to reduce the negative impact of the transportation to the environment.
Furthermore, they have highlighted different aspects limiting the wider implementation
of such means of mobility [8]. A wide range of technologies are being implemented to
reduce the charging time by using fast charging methods and to optimize the cost of
the electric components [1,3–7]. The issue related to the drivers’ range anxiety is being
addressed by researchers in two ways: (1) by increasing the battery energy density using
different chemistry and production technologies and (2) by improving the efficiency of
energy utilization acting on the main influencing factors [9]. In this context, a majority
of literature covers studies on the modeling of the electric energy consumption of BEVs
to determine the main factors influencing overall energy efficiency. Mruzek et al. [10]
investigated the influence of drive cycle (speed and acceleration), vehicle weight and
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body shape, battery size, and electric motor (EM) size and efficiency on the BEV range.
Considering two electric motors with peak powers of 30 kW and 60 kW, they concluded that
the BEV with a smaller EM size can achieve a 25% longer range on real driving cycles. The
main reason is that EM with smaller power works at higher efficiency regions compared to
the larger motor. As the work considered real driving scenarios, the comparison of these
two cases was not performed in the same driving condition. Koch et al. [11] used the
Dynamic Programming method to optimize the efficiency of EM by constructing a driving
speed profile that allows for reducing the electric energy consumption while following the
homologation cycles. However, for each drive cycle, the efficiency map has to be different.
This approach can be used in the design phase of electric motors. The powertrain size
for an electric bus was defined by Pathak et al. [12] using the realistic driving speed and
road profiles. The energy consumption reduction was achieved by powertrain topology
optimization using two electric motors. Similarly, Yildirim and Kurt [13] considered the
powertrain configuration with two electric motors combined with the multi-speed gearbox.
They studied the influence of the number of speeds in the gearbox and operation modes of
two electric motors on the electricity consumption. The results showed that 7% less energy
can be consumed for the multi-speed gearbox compared to the fixed ratio configuration.
This improvement is mainly linked to the flexibility in operating at higher efficiency
regions when the multi-speed gearbox is used. Moreover, they discussed the possibility
to improve the performance using the powertrain in multi-mode operation including the
load shifting mode where the second electric machine is used as a generator. However, this
feature is peculiar to two motors configuration, which cannot be used with single-motor
configurations. Pume-Benavides et al. [14] studied the influence of the final gear ratio
on the electric energy consumption for commercial vehicles. Ramakrishnan et al. [15]
proposed a model to scale the geometry and consequently the performance of the electric
motor while optimizing energy efficiency. The electric motor geometry with the lowest
energy consumption on a given cycle was chosen based on the iterative method. The
approach to design the electric motor size and efficiency map using the working points on
a driving cycle was presented by Pastellides et al. [16]. Around 1.6% energy consumption
reduction was achieved by properly designing the EM efficiency map in order to have
higher values in the frequently used regions during the operation on drive cycles. The
required EM efficiency map was obtained by modifying the geometry of the rotor and
the stator of the interior permanent magnet machine. Stipetic et al. [17] analyzed six
motors, three having the same rated power outputs, however, having different maximum
torque values, and the remaining three having the same rated torque but with different
powers. The efficiency maps for these motors were created by using a finite element
analysis approach. The variation of the efficiency map for considered electric motors
is widely discussed. Nevertheless, the change in energy consumption over the driving
cycle is not highlighted. Analysis of the existing literature reveals that the reduction of
the energy consumption of the BEVs can be achieved by acting on the electric motor in
such ways as (1) reducing the size of the electric motor, (2) designing its efficiency map
based on driving cycles and (3) using the multi-speed gearboxes. Although, in all these
scenarios, the reduction is mainly achieved by allowing the electric motor to operate at
higher efficient regions in most of the operation period. Nevertheless, the available works
do not evidence the degree of sensitivity of the BEV electric energy consumption to the
changes in EM efficiency maps that possess the same power and torque. Furthermore, there
is a gap in the analysis of using different electric motors on the same vehicle using the same
transmission. To analyze the influence of the electric motor size and efficiency on electricity
consumption, electric motors with various power and efficiency maps are required to be
used. Due to the lack of a wide range of data on electric motors, the re-scaling of the
parameters of available motors is performed. Obviously, this procedure might not carry
physical meaning; however, it allows for understanding the sensitivity of the electricity
consumption on such EM parameters. Therefore, the present work aims to assess, both
qualitatively and quantitatively, the influence of the efficiency map of the electric motor on
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BEV energy consumption. For this purpose, the original characteristics of commercially
available electric motors such as BMW i3 EM, Kia Soul EM, and YASA 400 EM are used
to investigate the influence of EM parameters (maximum power and efficiency maps)
on energy consumption. These electric motors are re-scaled to have the same maximum
power and maximum torque during the simulations. The simulation results are validated
by comparing them with the experimental results of publicly open data from Argonne
National Laboratory [18] available online for BMW i3 and Kia Soul.

2. Electric Vehicle Modelling

This section describes the complete model of the BEV for evaluation of energy con-
sumption based on the backward modeling approach [19,20] shown in Figure 1. This model
determines the amount of energy consumed during the homologation driving cycle using
the maps and the characteristics of the powertrain components obtained experimentally.

Figure 1. BEV model data flow for energy consumption computation.

To validate the model, the experimental data for two commercially available BEVs
as BMW i3 2014 and Kia Soul 2015 are used. The detailed experimental data for the
complete vehicles generated at the Advanced Powertrain Research Facility (APRF) at
Argonne National Laboratory are publicly available at [18,21,22]. The data are obtained in
a dynamometric test bench [23] on different driving cycles [24–26] and varying auxiliary
loads. The vehicles’ technical specifications are given in Table 1.

Table 1. Technical specification of two considered BEVs [18,21,22]

Vehicle Specifications Value (BMW i3) Value (Kia Soul) Unit

Vehicle weight 1443.3 1663.8 kg
Frontal area 2.38 2.418 m2

Aerodynamic drag coefficient 0.3 0.3 -
Motor operating range 0–11,470 0–10,360 rpm

Max power 125@ 4778 81@ 2715 kW@rpm
Max torque 250@ 0–3897 285@ 0–2654 Nm@rpm

Transmission type Single speed AT Single speed AT -
Final gear ratio 9.7:1 8.2:1 -

Tire radius 0.33 (150/60 R20) 0.30 (205/60 R16) m
Battery type Lithium-ion Lithium-ion -

Number of cells 96 96 -
Nominal cell capacity 60 75 Ah
Nominal cell voltage 3.7 3.7 V

Nominal battery pack voltage 355.2 355.2 V
Nominal battery pack energy 22 27 kWh

The inputs to the model are the speed profile, vehicle specifications, powertrain
components’ maps, and the time history of the accessory loads. The main monitored model
outputs are the battery current, voltage, and SOC. The model accounts for the regenerative
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braking energy which increases the overall efficiency of the powertrain [27]. The value of
auxiliary power is mainly derived from the power requirement of the air conditioner.

A brief description of the simulation model is given below. More detailed information
about Matlab/Simulink implementation of the backward model can be found in [28].

2.1. Longitudinal Vehicle Dynamics Model

The longitudinal vehicle dynamics model computes the resistance forces (aerodynamic
resistance Fa, rolling resistance Fr and inertia) acting on the vehicle and the required traction
force Ft on the wheels to overcome these resisting forces [19,20,28,29]. Then, the traction
force is:

Ft(t) = Mveh ·
dVveh

dt
+

1
2
· ρ · A f · Cx · V2

veh + fr · Mveh · g (1)

where ρ—air density, [kg/m3]; A f —vehicle frontal area, [m2]; Cx—aerodynamic drag
coefficient, [-]; fr—rolling resistance coefficient, [-]; Vveh—vehicle speed, [m/s]; Mveh—
vehicle mass, [kg]; and g—gravitational acceleration, [m/s2].

The required torque Treq on the wheels can be evaluated by multiplying the traction
force Ft to the wheel radius Rw:

Treq = Ft · Rw (2)

Hence, the mechanical power Pmech on the vehicle wheels is computed as follows:

Pmech = Treq ·
Vveh
Rw

(3)

2.2. Speed Reducer

In modern BEVs, single-ratio speed reducers are widely used. The speed reducer
model is used to change the value of input angular speed ωgb, angular acceleration ω̇gb and
torque Tgb at the wheels to the outputs at EM input shaft level (see Figure 1). These outputs
i.e., the angular speed ωem, angular acceleration ω̇em and motor torque Tem are calculated
taking into account the final gear ratio U f and gear efficiency ηgb of the speed reducer.

ωem = ωgb · U f (4)

ω̇em = ω̇gb · U f (5)

The value of Tem depends on the sign of Tgb (i.e., on the mode of operation) and is
calculated by using the following equation [19,20,28,29]:

Tem =


Tgb
U f

· 1
ηgb

− Traction mode, (Tgb >= 0)
Tgb
U f

· ηgb − Braking mode, (Tgb < 0)
(6)

2.3. Electric Machine

The electric machine model converts the mechanical torque and speed requirement
(hence, the power Pem) to an electrical energy requirement from the battery by means of
its efficiency map. The input parameters of the EM block are outputs of the transmission
model, and the output is the power required from the battery Pbat, which is positive in
traction mode and negative in braking. The EM’s mechanical power is calculated as follows:

Pem = ωem · Tem (7)

The maximum torque characteristics and efficiency maps of three EMs (BMW i3 [30],
Kia Soul [31], and YASA [32]), used in commercially available BEVs, are depicted in Figure 2.
The left column of the figure shows the original characteristics of the motors, while the right
column contains the set of normalized ones. The normalization of the torque and speed is
performed using the maximum power points P (ωem,Pmax, Tem,Pmax) of the characteristics.
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The coordinates of these points for each motor are given in Table 2. The normalization of
the EM characteristics allows for re-scaling it using maximum power points of other EMs.
Therefore, the analysis of the influence of different efficiency maps of the EM on the electric
energy consumption can be performed, keeping the maximum power point coordinates
unchanged. The EM’s efficiency ηem can be represented as a function of ωem and Tem or their
normalized values ωn,em and Tn,em. A polynomial equation of two variables (Equation (8))
is used to define the efficiency contour lines shown in Figure 2.
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Figure 2. EM characteristics in motor mode. Original characteristics: (a) BMW i3; (c) Kia Soul;
(e) YASA EM and normalized characteristics: (b) BMW i3; (d) Kia Soul; (f) YASA EM.

ηem = f (ωn,em, Tn,em) =

p00 + p10 · ωn,em + p01 · Tn,em + p20 · ω2
n,em + p11 · ωn,em · Tn,em + p02 · T2

n,em + . . .

+ p30 · ω3
n,em + p21 · ω2

n,em · Tn,em + p12 · ωn,em · T2
n,em + p03 · T3

n,em + . . .

+ p31 · ω3
n,em · Tn,em + p22 · ω2

n,em · T2
n,em + p13 · ωn,em · T3

n,em + p04 · T4
n,em + . . .

+ p32 · ω3
n,em · T2

n,em + p23 · ω2
n,em · T3

n,em + p14 · ωn,em · T4
n,em + p05 · T5

n,em

(8)

where pij is the coefficient of polynomial equation with i = 3 and j = 5. The simulation data
were approximated by a 5th-degree polynomial fit carried out employing the MATLAB
Curve Fitting Toolbox. The choice of degree of the polynomial is based on having a
coefficient of determination close to unity (with R2 = 0.9981) while keeping the nature of
change of the efficiency contour lines.
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The maximum torque line of the EM Tem,max is calculated using the polynomial equa-
tion of the 6th order as given in Equation (9). The polynomial coefficients ai are derived
using the normalized values of the torque and the speed. Hence, it is obvious that, by
multiplying the equation by Tem,Pmax, the re-scaled characteristics can be obtained. The
polynomial coefficients of efficiency maps and maximum torque characteristics are found
for each motor separately:

Tem,max = Tem,Pmax·(a1 · ω6
n,em + a2 · ω5

n,em + a3 · ω4
n,em + ω3

n,em + . . .

+ a4 · ω2
n,em + a5 · ωn,em + a6)

(9)

Table 2. Main parameters of EMs used in different commercial BEVs.

EMs Pmax, [kW] EM Speed ωem,Pmax
at Pmax, [rpm]

EM Torque Tem,Pmax
at Pmax, [Nm]

BMW i3 125 4778 250
Kia Soul 81 2715 285
YASA EM 160 4132 372

2.4. Electric Battery

The electric battery is modeled using Thevenin’s equivalent circuit model shown in
Figure 3. Open circuit voltage (OCV) E, charging Rchg and discharging Rdchg resistances
are expressed as functions of the state of charge (SOC). The expressions are derived by
analyzing the experimental data made publicly available online by the Advanced Vehicles
and Infrastructure team of Idaho National Laboratory (INL) [33] for lithium-ion batteries.

Figure 3. Electric battery equivalent circuit model.

The polynomial functions E = f (SOC), Rchg = f (SOC) and Rdchg = f (SOC) derived
from the experimental data are described in Equations (10)–(12).

The simulated values of E are obtained from experimental values [34,35] and approxi-
mated with a 5th-degree polynomial (Equation (10)). The higher degree of the polynomial
equation causes some oscillations in the range of SOC 0.1 and 0.5 (Figure 4a). However,
it does not influence the results and guarantees an accurate fit in the range where the
characteristics are nonlinear:

E =b1,Vbat · SOC5 + b2,Vbat · SOC4 + b3,Vbat · SOC3 + b4,Vbat · SOC2+

b5,Vbat · SOC + b6,Vbat

(10)

Rchg =c1,bat · SOC4 + c2,bat · SOC3 + c3,bat · SOC2+

c4,bat · SOC + c5,bat
(11)

Rdchg =d1,bat · SOC4 + d2,bat · SOC3 + d3,bat · SOC2+

d4,bat · SOC + d5,bat
(12)
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where bi,Vbat , ci,bat and di,bat are the coefficients of polynomial equations of corresponding
order.
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Figure 4. Variation of battery cell parameters as functions of battery SOC [34,35]: (a) Open circuit
voltage E; (b) Rchg; and (c) Rdchg.

Figure 4 shows the dependence of the main battery parameters on SOC for one battery
cell of two different electrified vehicles, Kia Soul BEV [34] and BMW i3 BEV [35]. Figure 4a
depicts that the open circuit voltage in the usable region of the battery SOC (0.1–0.9) for
both batteries has similar behavior. The battery cell resistances in charging (Figure 4b) and
discharging (Figure 4c) modes have relatively constant behavior over the working range of
SOC.

2.5. Electric Motor Re-Scaling Method

To analyze the influence of the motor characteristics and efficiency maps on electric
energy consumption, three previously mentioned EMs were utilized. The simulations were
performed for two BEVs using re-scaled and original characteristics of three EMs. The
combination used during the simulation is shown in Table 3. It shows that, for the BMW
i3 BEV, five sets of EM characteristics are used, such as Kia Soul EM re-scaled to BMW
i3 EM maximum power, YASA EM re-scaled to BMW i3 EM maximum power, and three
motors with their original characteristics. A similar task is performed for Kia Soul BEV,
however, re-scaling the other motors to Kia Soul EM maximum power. This action can be
considered as using five different motor characteristics installed in one vehicle. It should
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be mentioned that the re-scaling of the motors does not comprise any physical meaning;
however, it allows for obtaining three electric motors of the same maximum power but
with different efficiency maps.

Table 3. Combination of the electric motors used in the simulation

Electric Vehicle Electric Motors

BMW i3

BMW i3 EM original BMW i3 EM original

Kia Soul EM re-scaled to BMW i3 EM Kia Soul EM original

YASA EM re-scaled to BMW i3 EM YASA EM original

Kia Soul

Kia Soul EM original Kia Soul EM original

BMW i3 EM re-scaled to Kia Soul EM BMW i3 EM original

YASA EM re-scaled to Kia Soul EM YASA EM original

Re-scaling the electric motor characteristics to certain maximum power can be ac-
complished in two steps. Firstly, the original characteristics of the EMs are normalized
with respect to their own maximum power point P (ωem,Pmax, Tem,Pmax) (Figure 2). Then,
the normalized maps are re-scaled using the coordinates ωem,Pmax and Tem,Pmax of the EM
originally installed on the vehicles (i.e., BMW i3 or Kia Soul). In this way, the maximum
torque characteristics of the motor and the efficiency map are stretched to new torque speed
data. Therefore, a motor with different torque-speed characteristics and the efficiency map
is obtained, while having the same maximum power point with the original EM installed
on the simulated BEV. A graphical representation of the re-scaling procedure is shown in
Figure 5. The normalized characteristics of the EMs shown in Figure 2 are used for this
purpose.

Figure 5. Graphical representation of the re-scaling procedure of the motor maximum torque charac-
teristics.

3. Sensitivity Analysis for Electric Energy Consumption

The vehicle models are simulated over various driving cycles and with different
electric motors in order to define energy consumption. The working points of the electric
motor on a given driving cycle are composed of the required angular speed ωreq and the
torque Treq points. For certain vehicle parameters set (mass, transmission, etc.) and drive
cycle, the working points are the same. However, these working points are performed at
different efficiency values for various EMs.

Figure 6 demonstrates the simulation results of two re-scaled EMs installed on BMW
i3 BEV. In this case, the normalized maps of Kia Soul and YASA EMs are re-scaled with
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respect to the maximum power point of BMW i3 EM. Moreover, the working points on
UDDS driving cycle are overlapped on the plot to demonstrate the working efficiency
zones. The right column plots show the distribution of efficiency working points. The
choice of UDDS driving cycle is determined by the availability in the literature of extensive
experimental results in this driving cycle used for validation of the developed simulation
models.

Figure 6. Working points on the UDDS cycle with different EMs installed on BMW i3 BEV. Character-
istics of EMs re-scaled to BMW i3 maximum power point (right column) and distribution of their
efficiency working points (left column) for: BMW i3 EM (a,b); Kia Soul EM (c,d); YASA EM (e,f).

Figure 7 illustrates the simulation results for the UDDS cycle when the original char-
acteristics of three EMs are used. Similar plots for the case when the EMs are installed on
Kia Soul BEV are reported in Figures 8 and 9. The EMs are re-scaled with respect to the
maximum power point of Kia Soul EM.
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Figure 7. Working points on the UDDS cycle with different EMs installed on BMW i3 BEV. EMs
with original characteristics (right column) and distribution of their efficiency working points (left
column) for: BMW i3 EM (a,b); Kia Soul EM (c,d) ; YASA EM (e,f).

Figure 8. Working points during the UDDS cycle with different EMs installed on Kia Soul BEV.
Re-scaled characteristics to Kia Soul and distribution of re-scaled EMs working points. Kia Soul EM
(a,b); BMW i3 EM (c,d) ; YASA EM (e,f).
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Figure 9. Working points during the UDDS cycle with different EMs installed on Kia Soul BEV).
Real characteristics to Kia Soul EM: (a) Kia Soul; (c) BMW i3; (e) YASA EM; and Distribution of real
characteristics EMS working points: (b) Kia Soul; (d) BMW i3; (f) YASA EM.

4. Results

The distributions of efficiency points for the considered four cases are shown on the
right columns of Figures 6–9.

Figure 6 shows that, when the BMW i3 EM is used as a traction motor, the efficiency
points have an even distribution in the range of values between 0.75 and 0.9 (Figure 6b).
Simulation with the re-scaled Kia Soul EM results in distribution within a narrower range
of 0.83–0.9 (Figure 6d), indicating that the same mechanical energy requirement is provided
from the battery to wheels in a higher efficiency region. This range is wider and flat
for the re-scaled YASA EM (0.65–0.0.92) as shown in Figure 6f. When the EM original
characteristics are used, the working region of Kia Soul EM shifts towards higher efficiency
ranges, while the remaining two have similar behavior. (Figure 7). Similarly, for the Kia
Soul BEV, the highest efficiency region during its operation is reached while using its own
EM. The working points of the other two motors are spread in wider efficiency ranges.

The data of experimental results for the BMW i3 2014 and the Kia Soul 2015, publicly
available online [18] by Argonne National Laboratory, are used to validate the simulation
results. Figure 10 shows the battery SOC variation over the UDDS drive cycle with different
EMs installed on the BMW i3 BEV. The auxiliary power (Paux) time history in the simulation
is tuned such that the results of experiments and simulations with BMW i3 EM original
characteristics overlap. In this way, all the un-modeled factors are included in the auxiliary
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loads. As shown in Figure 10, the solid blue line (BMW i3 exp) represents the experimental
data overlaps with the dotted red line (BMW i3 sim) obtained during the simulation. The
dash-dot yellow line (Kia Soul sim) is the result of simulation using the re-scaled Kia Soul
EM, which has higher final SOC due to higher efficiency points during the operation. For
the re-scaled YASA EM (YASA EM sim, dashed purple line), the consumption is slightly
more with respect to others, hence the final SOC is lower.

0 200 400 600 800 1000 1200 1400
86

88

90

92

S
O

C
, 

[%
]

a) 

BMW i3 exp

BMW i3 sim

Kia Soul sim

YASA EM sim

0 200 400 600 800 1000 1200 1400
86

88

90

92

S
O

C
, 

[%
]

b) 

BMW i3 sim

Kia Soul sim

YASA EM sim

0 200 400 600 800 1000 1200 1400
0

10

20

30

V
el

o
ci

ty
, 

[m
/s

]

c) 

0 200 400 600 800 1000 1200 1400

Time, [s]

-100

-50

0

50

100

E
M

 t
o

rq
u

e,
 [

N
m

]

d) 

Figure 10. Variation of battery SOC during the UDDS driving cycle for different EMs installed on
BMW i3: (a) with re-scaled characteristics of EMs; (b) with original characteristics of EMs; (c) vehicle
speed profile variation over UDDS cycle; (d) EM Torque variation over the UDDS cycle.

Figure 10b shows the results of the simulation with the original characteristics of the
considered motors. It shows that the energy consumption over the cycle decreases with the
reduction of EM nominal power while following the required speed profile of the drive
cycle. The Kia Soul EM with 81 kW power installed on the BMW i3 vehicle results in the
lowest energy consumption. Figure 10c shows the speed profile of the UDDS drive cycle.
The variation of traction torque requested from EM is depicted in Figure 10d. Figure 11
demonstrates similar results as Figure 10 for the case when all the considered EMs are
installed on the Kia Soul electric vehicle.

The detailed results for battery state of charge for re-scaled and original motor charac-
teristics are summarized in Tables 4 and 5, respectively. As Table 4 shows, when motors
with the same rated powers are used, due to the difference in the efficiency maps, the
electricity consumption varies 8% for Kia Soul and 9.6% (±4.8%) for BMW i3. Moreover,
due to the differences in the EM maximum power and in the efficiency maps, the electricity
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consumption can vary 10% for Kia Soul and 20.6% (+11% and −9.6%) for BMW i3 (see
Table 5). Hence, the influence of the electric motor size on the electricity can be assumed to
be between 2–11%. This encourages the use of smaller power electric motors, which does
not decrease the performance of the BEVs. Currently, their power is higher than the one
required during the drive cycle [36].
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Figure 11. Variation of battery SOC during the UDDS driving cycle for different EMs installed on Kia
Soul: (a) with re-scaled characteristics of EMs; (b) with original characteristics of EMs; (c) vehicle
speed profile variation over the UDDS cycle; (d) EM torque variation over the UDDS cycle.

Table 4. SOC results for re-scaled EMs at different ambient temperatures.

BEVs EMs

23 ◦C −7 ◦C 35 ◦C

SOCstart,
[%]

SOCend,
[%]

Diff.exp
[%]

SOCstart,
[%]

SOCend,
[%]

Diff.exp
[%]

SOCstart,
[%]

SOCend,
[%]

Diff.exp
[%]

BMW

BMW 91.8 86.7 0 91 77.4 0 92.3 86.1 0

Kia 91.8 86.9 +3.9 91 77.8 +2.9 92.3 86.4 +4.8

YASA 91.8 86.5 −3.9 91 77.2 −1.5 92.3 85.8 −4.8

Kia

Kia 37.5 29.5 0 30.5 25.5 0 95 88.5 0

BMW 37.5 29.3 −2.5 30.5 25.3 −4 95 88.2 −4.6

YASA 37.5 29.1 −5 30.5 25.1 −8 95 87.9 −8
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Table 5. SOC results with original EMs at different ambient temperatures

BEVs EMs

23 ◦C −7 ◦C 35 ◦C

SOCstart,
[%]

SOCend,
[%]

Diff.exp
[%]

SOCstart,
[%]

SOCend,
[%]

Diff.exp
[%]

SOCstart,
[%]

SOCend,
[%]

Diff.exp
[%]

BMW

BMW 91.8 86.7 0 91 77.4 0 92.3 86.1 0

Kia 91.8 87.2 +9.8 91 78.1 +5.1 92.3 86.8 +11

YASA 91.8 86.3 −7.8 91 77 −2.9 92.3 85.5 −9.6

Kia

Kia 37.5 29.5 0 30.5 25.5 0 95 88.5 0

BMW 37.5 29 −6.25 30.5 25.1 −8 95 88 −7.7

YASA 37.5 28.8 −8.7 30.5 24.9 −10 95 87.7 −10

5. Conclusions

The electric motor size (maximum motor power) and its efficiency map are the main
factors that influence the overall electricity consumption of the electric vehicle. This paper
is devoted to the quantitative assessment of this influence. To analyze the influence of
the electric motor size and efficiency on electricity consumption, electric motors with
various power and efficiency maps are required to be used. Due to the lack of a wide
range of data on electric motors, the re-scaling of the parameters of available motors is
performed. Obviously, this procedure might not carry physical meaning; however, it allows
for understanding the sensitivity of the electricity consumption on such EM parameters.
The results of the simulation revealed that, for the UDDS driving cycle, the influences of
the efficiency map and the electric motor size can be around 8–10% and 2–11%, respectively.
The overall difference in electricity consumption when both factors are taken into account
can be around 10–21%. These values indicate the difference in electricity consumption of
the BEVs with similar weight in real-world applications.
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