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1. Introduction

An electric vehicle(EV) is propelled by an electric 

motor, having a battery as the power source. The 

battery is charged by the electricity produced from a 

power plant. Thus, energy consumption and energy 

generation can be separated. Under this separation, 

zero emission driving in an EV can make the air in 

urban areas cleaner than what it is now. Furthermore, 

the electric power for the EV can be generated by 

using renewable energy, such as wind, solar or 

biomass energy[1]. Many studies have been conducted 

to maximize the performance of the EV. To design a 

robust battery system, real world battery duty profiles 

and the relationship between battery state of  charge 

(SOC) and motor efforts have been studied[2-3]. Also, 

the costs of 100, 75 and 50 mile range EVs were 

compared and the 50 mile range EV was considered 

the most cost effective vehicle[4]. For the above 

reasons, Nissan released in 2010 the EV “Leaf” 

showing 160km driving range under normal driving 

mode and up to 200 km driving range under ECO 

driving mode[5]. To maximize EV performance under 

limited battery performance, the small EV or hybrid 

EVs are developed[6-9]. The above researches showed 
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that the limited range driving EV with its small size 

battery can satisfy current daily driving patterns, and 

its less driving power can provide higher EV 

efficiency and longer battery life. But, some analysis 

studies are required to know why the limited driving 

range and less driving power lead to better 

performance. 

Thus, in this paper, the component losses and 

efficiencies of the EV are investigated. An EV 

component loss model is developed to analyze EV 

component losses in terms of driving velocity and 

battery SOC. Also, an internal combustion engine 

vehicle(ICEV) loss model is developed, and the 

component losses and efficiencies of the ICEV are 

compared with those of the EV. 

2. Powertrain loss models

The EV is propelled by the electric motor, with 

the electric energy supplied by the battery. When 

power passes from the battery to the vehicle, power 

losses occur. The first power loss at the battery can 

be calculated by using the internal resistance and 

open circuit voltage of the battery, which change 

according to battery SOC. Fig. 1 shows the 

equivalent electric circuit of battery. Considering the 

electric circuit of the battery in Fig. 1, the battery 

output voltage is expressed by equation (1).

    ∙ (1)

where Vout is the battery output voltage, VOC(SOC) is 

the open circuit voltage, Rint(SOC) is the internal 

Fig. 1 Equivalent electric circuit of battery

Fig. 2 Open circuit voltage and internal resistance curve

resistance, and i is the current of the battery. The 

battery input and out power can be calculated by 

multiplying the battery current i to equation (1), as 

given in equation (2).

    

 ∙   ∙ ∙ (2)

And, the battery input, output, and loss power are 

expressed as

 ∙   (3)

 ∙  _ (4)

 ∙  _ (5)

where Pbattery is the battery output power, Pbattery_in is 

the battery input power, and Pbattery_loss is the battery 

loss power. Thus, equation (2) is expressed as

                

  _ _ (6)

by using equations (3) ~ (5). The internal resistance 
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decreases and the open circuit voltage increases when 

the battery SOC increases as shown in Fig. 2. The 

higher open circuit voltage leads to lower current, 

and lower current and lower internal resistance results 

in small battery loss power. Thus, if the battery SOC  

increases, the battery loss power decreases. Because 

of the battery internal resistance, the battery input 

power is reduced as much as the battery loss power.

And the second loss occurs when the battery 

output power is delivered to the electric motor. The 

electric motor power loss can be calculated by 

considering the electric motor efficiency. In this 

paper, the motor power loss includes the inverter 

power loss. The inverter means the electric device 

which operates the electric motor. Electric motor 

efficiency varies with the operation point, which 

consists of the electric motor torque and speed. In 

the Fig. 3, the efficiency curve of the electric motor 

is shown. Using this efficiency curve, the electric 

motor output power and loss power are calculated as

   ∙  (7)

_   ∙  (8)

where Pmotor is the electric motor output power, ηmotor

is the electric motor efficiency, and Pmotor_loss is the 

electric motor loss power. The final electric motor 

output power is used to propel the vehicle.

In this study, the power losses of the EV are 

compared with those of the ICEV. Thus, an ICEV 

loss model is developed. The ICEV consists of an 

engine and transmission. In this study, the gasoline  

Fig. 3 Motor efficiency curve

Fig. 4 Gasoline engine efficiency curve

Fig. 5 Six speed automatic transmission efficiency curve

engine is considered; thus, the engine input power 

comes from the gasoline. As the gasoline power 

passes through the engine, power loss occurs, which 

can be calculated by considering engine efficiency.

Engine efficiency varies with the engine operation 

point, which consists of the engine torque and speed. 

In Fig. 4, the efficiency curve of the ICEV engine is 

shown, from which the engine output power and 

power loss are calculated as

   ∙  (9)

_   ∙  (10)
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where Pengine is the engine output power, Pgasoline is 

the gasoline power, ηengine is the engine efficiency, 

and Pengine_loss is the engine power loss. And the 

second loss occurs when the engine output power 

passes through the transmission. The transmission 

power loss can be calculated by considering the 

transmission efficiency. The transmission is connected 

to the engine directly. Thus, the transmission input 

speed and torque are same as the engine speed and 

torque. The transmission efficiency varies with the 

transmission operation point, which consists of the 

engine torque and speed. In this speed, the six speed 

automatic transmission is considered. In Fig. 5, the 

efficiency curve of the transmission is shown, from 

which the transmission output power and power loss 

can be calculated as

   ∙ (9)

_   ∙  (10)

where Ptransmission is the transmission output power, 

ηtransmission is the transmission efficiency, and 

Ptransmission_loss is the transmission power loss. The final 

transmission output power is used to propel the 

vehicle.

3. Analysis of EV and ICEV 

powertrain losses and efficiencies

In this study, the power losses of EV and ICEV 

are compared. Thus, the specifications of both the EV 

and ICEV are shown in table 1. Both vehicles have 

the same weight and aerodynamic parameters, which 

allow for a fair comparison. The EV has an 80kW 

electric motor and a 345 voltage lithium ion battery.  

The ICEV has a 91kW gasoline engine and a 6-speed 

automatic transmission, which can yield similar 

performance to that of the EV. Using these 

parameters, the powertrain losses of EV/ICEV are 

analyzed. The analyses are performed by changing  

Table 1 Vehicle specifications

EV ICEV

Motor Engine

Type AC synchronous
Gasoline

(4 Cylinder, 1.8L)

Max. 

Power

80kW 

@2,730-9,800rpm
91kW @6,000rpm

Max, 

Torque

280Nm 

@0-2,730rpm
152Nm @4,600rpm

Max RPM 10,390 RPM 6,000 RPM

Battery Transmission

Type
Laminated Lithium  

 Ion

6 speed Automatic 

Transmission

Voltage 345 V

Gear 

ratio

1st 4.212

2nd 2.637

Capacity 24 kWh
3rd 1.8

4th 1.386

Number 

of Cells
192

5th 1.0

6th 0.772

Final 

Drive 

Ratio

7.9377 3.32

Driven 

Wheels
Front

Tire Size 205/55R16

Weight
1,525kg (Kerb   Weight),

 1,965kg (Gross Vehicle Weight)

Cd 0.29

Frontal 

Area
2.27m2

driving velocity to changing driving power. 

Fig. 6 shows the loss powers of the EV 

powertrain. The battery loss power varies with the 

battery SOC, but the motor loss power remains 

unchanged. The loss powers of both the motor and 

battery increase as the EV velocity increases. When 

the EV velocity is less than about 100 km/h, the 

battery power loss becomes smaller than the motor 

power loss. But, the motor power loss increases in 

the form of a first order, and the battery power loss 

increases in the form of a second order function. 

Thus, the battery loss power becomes larger than 

motor loss power when the EV velocity faster than 
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Fig. 6 Powertrain losses of the electric vehicle

about 100km/h. And, the battery power loss increases 

rapidly when the battery SOC is a low value such as 

30%, and the battery power loss at 30% SOC is 

about 8 kW, which is twice the battery power loss at 

90% SOC when the EV velocity is 140km/h.

Fig. 7 shows the efficiencies of the EV powertrain. 

The motor efficiency does not change much after 

vehicle velocity of 60km/h in Fig. 7a, but remains at 

about 90 ~92 %. Thus, the motor power loss 

increases linearly with almost first order gradient in 

Fig. 6. But, the battery efficiency decreases as the 

vehicle velocity increases in Fig. 7b. Especially, the 

battery efficiency decreases in the form of a second 

order function and the slope increases as the battery 

SOC decreases. This is the reason why the battery 

power loss increases rapidly as the vehicle velocity 

increases and battery SOC decreases in Fig. 6. Fig. 

7c shows the powertrain efficiency, which includes 

  

Fig. 7 Powertrain efficiencies of the electric vehicle

Fig. 8 Power losses and efficiencies of the internal 

combustion engine vehicle
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the battery and motor efficiencies. The powertrain 

efficiency increases up to vehicle velocity of 50km/h 

because the motor efficiency increases and the battery 

efficiency does not decrease greatly. Above vehicle 

velocity of 50km/h, the powertrain efficiency is 

greatly affected by the battery efficiency, so it 

decreases with decreasing battery SOC.

Fig. 8 shows the power losses and efficiencies of 

the ICEV. In Fig. 8a, the transmission power loss 

shows a similar numerical range to those of the 

electric motor and battery power losses of the EV. 

But, the engine power loss is the biggest of all 

losses. Because the transmission efficiency shows a 

similar numerical range to that of the EV, the engine 

efficiency is about 15 ~ 32 % in Fig. 8b. This range 

is much smaller than the others, but it is typical of a 

gasoline engine. In Fig. 8b, both transmission and 

engine efficiencies increase as the ICEV velocity 

increases.

Fig. 9 shows the powertrain efficiencies of the EV 

and ICEV. The EV powertrain efficiency includes the 

electric motor and battery efficiencies, and the ICEV 

powertrain efficiency includes the engine and 

transmission efficiencies. The ICEV powertrain 

efficiency ranges 10 ~ 27%, and the EV powertrain 

efficiency ranges 73 ~ 90%, almost three times higher 

than that of ICEV. The ICEV powertrain efficiency 

increases as the vehicle velocity increases because 

both the transmission and engine efficiencies increase. 

But the EV powertrain efficiency decreases as the 

vehicle velocity increases in most of the vehicle 

Fig. 9 Powertrain efficiencies of the EV and ICEV

velocity range because of the battery efficiency 

decreases. Especially, the EV powertrain efficiency 

decreases greatly as the battery SOC decreases.

4. Conclusion

  In this study, the component loss models of the 

electric vehicle(EV) and the internal combustion 

engine vehicle(ICEV) were developed to analyze the 

losses and efficiencies of these two types of vehicles. 

The EV powertrain efficiency, which includes the 

efficiencies of the motor and battery, varied with the 

vehicle velocity and battery state of charge(SOC). The 

motor efficiency increased as the vehicle velocity 

increased. But the battery efficiency was affected by 

the vehicle velocity and battery SOC. The battery 

efficiency decreased as the vehicle velocity increased 

and the battery SOC decreased. The EV powertrain 

efficiency decreased as the vehicle velocity increased 

over most of the vehicle velocity range because the 

battery efficiency decreased. Especially, the EV 

powertrain efficiency decreased significantly when the 

battery SOC was low. But the ICEV powertrain 

efficiency, which includes the efficiencies of the 

engine and transmission, increased as the vehicle 

velocity increased. This is because the efficiencies of 

both the transmission and engine increased. 
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