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Abstract—There are several figures used to promote the 

energy efficiency of battery electric vehicles (BEVs). A critical 

analysis of the energy consumption of BEV systems is presented 

here. A typical approach to estimate the efficiency of BEVs is to 

use fixed values for each component. Often the best possible 

value is taken in use. In practice, the efficiencies vary as a 

function of the operation point of the device and ambient 

conditions where the EV is used. It is also important to 

remember that propulsion is just part of the energy 

consumption in a modern EV and other consumers like air 

conditioning may use a high share of energy. The range of 

efficiency of each stage of an EV system is presented and the 

influential factors are discussed. 

Keywords—battery electric vehicle, charging, energy 

efficiency, power conversion, tank to wheel, well to tank  

I. INTRODUCTION (HEADING 1) 

Building an electric vehicle, especially its battery, is a 
highly CO2-intensive process and using them can be regarded 
as green as the electricity source that is used to power them. 
The literature has shown different kinds of figures that are 
used to evaluate the efficiency of EV systems [1]-[3]. 

The main components of a typical EV are an on-board 
charger, a battery as electric energy storage, power electronic 
converter, electrical machine, step-down gear and a 
transmission system. An EV also has a set of auxiliary systems 
the most important energy consumers of which are heating, 
ventilation and air-conditioning (HVAC) systems. Typical 
EVs also have a high-power charging port to be used with an 
external fast charger.  

An electrical machine can work as a motor, or a generator 
and it converts electrical energy to mechanical energy or vice 
versa. The electric power control unit is based on power 
electronic circuits, and it controls the power flow between the 
main components. Typically, the power electronic converter 
is a two-level voltage-source three-phase converter, nowadays 
realized with Silicon semiconductors in typical models and 
wide band gap (WBG) power switches like SiC switches in 
premium electric vehicles.  

The transmission system is typically a reducer or step-
down gear with a high gear ratio to enable higher and higher 
rated rotational speed of the propulsion electrical machine. 
The rotational speeds of an electrical machine used in EVs are 
typically much higher than what is used in the industry. 
Depending on the design and resources used an electrical 

machine can be manufactured to deliver a very high efficiency 
in a wide operation range.  

The efficiency of industrial electrical machines has been 
pushed to higher and higher levels during the latest decades 
and the loss modelling and loss minimization have become 
popular research topics. Traditional electric motor loss 
components are resistive losses (I2R) in the conductors, iron 
losses in the magnetic parts, mechanical losses including 
ventilation and friction and these loss components can be 
determined well experimentally. The modelling accuracy of 
these losses is at a high level. One of loss components in 
converter-fed electrical machines is the additional high 
frequency losses induced by the PWM supply. The behaviour 
of this loss component is well understood [4], but it cannot be 
yet modelled with high accuracy. However, it can be 
determined from experimental results with frequency domain 
harmonic power method as explained in [5]. When direct-on-
line supply is in focus the research interest has been aimed on 
determining the machine efficiency at a single operation point 
and maybe additionally in a few partial load points. In 
frequency converter driven machines, a wider operation area 
is used and efficiency maps instead of efficiency points are 
preferred.   

However, as EVs are getting more and more popular, 
demands for material efficiency are given by different 
regulatory officials. Both US and EU are demanding highly 

 

 
Fig. 1. Breakdown of the energy efficiency of the different fuel systems.   
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resource-efficient low-cost electrical motors with minimum 
usage of scarce materials for EV propulsion [6],[7]. Avoiding 
e.g. rare-earth materials and trying to reach as high material 
efficiency as possible increases the electromagnetic stresses in 
a machine and as a result efficiency may start suffering. In 
fact, the benefit of using permanent magnet excitation cannot 
be mitigated with any other known design feature and 
therefore the PM-machine efficiency is superior compared 
with other electrical machine technologies.  

Besides the drivetrain of a BEV, the so-called well-to-tank 
and tank-to-wheel efficiencies are also important indicators 
for evaluating different vehicle technologies as shown in Fig. 
1. Figure 1. studies three alternative paths from totally 
renewable electricity to the wheels of a vehicle in case of a 
BEV, a fuel-cell EV or a traditional internal combustion 
engine vehicle. The figure shows optimistic values for the 
BEV and results in 73% efficiency from well to wheel. This 
can be regarded to be close to the maximum possible 
efficiency for a BEV ecosystem.  

In case of a BEV the efficiency of power generation and 
transmission to a charger and the efficiency of the charger and 
battery need, however, more careful assessment. The paper 
presents the numbers of efficiency from the well to wheel 
including all the stages to illustrate and discuss how efficient 
a modern BEV ecosystem can be. 

II. POWER CONVERSION AND LOSSES IN AN EV SYSTEM 

 Electrical power is generated in a power station, 
transmitted through the power grid, delivered to the charging 
station and used for charging the battery of an EV. According 
to IEA Coal supplies over a third of global electricity 
generation even though it is the most carbon-intensive fossil 
fuel [8]. In 2022 the CO2 emission from coal power plant even 
increased by 2%. After generation, transmission, distributing 
and charging an electric car battery the electrical power is 
converted into mechanical power driving the wheels via a 
transmission of the EV. The section from power generation to 
the battery is also called well to tank for an EV system. The 
section from the battery to the wheels is also called tank to 
wheel. The term tank is used for internal combustion engine 
(ICE) vehicles but can also be used for EVs for comparison of 
energy conversion. In this section we break down the process 
and analyze the efficiency of each component or stage 

A. Electricity transmission and distribution system 

After a generator has converted mechanical energy into 
electricity its power is supplied via a block transformer to the 
transmission grid. The transformer energy efficiency is in the 
range of 99% and therefore does not contribute to a large 
energy loss. According to Fingrid the share of losses in the 
Finnish main grid is 1.2 – 1.4 TWh per year, which 
corresponds to approximately 1.5 percent of the electricity 
consumption in Finland as a whole. Transmission line 
efficiency, therefore, is in the range of 98.5%. The distribution 
losses in Finland are about 2.5 – 3% and the distribution 
system efficiency therefore about 97%. As a result, the EV 
battery charger can reach 95% of the generated electricity. In 
many countries, however, the transmission and distribution 
losses can be very much higher. According to statistics of IEA 
[9], it is shown that the electric network efficiency e.g. in 
Germany is 96%, United Kingdom 92%. The OECD average 
is 94% and the World average is 92%. The low average 
efficiency value of the world is largely explained by the non-

technical losses i.e. the electricity consumption that is not 
billed.   

B. Charger 

The batteries of EVs can be charged using an AC or a DC 
charger and typically both charger types are utilized from time 
to time depending on the location and usage of the vehicle.  
One of the problems related to charger efficiency is that a 
galvanic isolation is demanded. Therefore, a charger must 
always have a transformer. Fig. 2 illustrates a typical charger 
topology. Conventionally the charger is divided into two 
conversion stages: AC/DC rectifying the grid AC voltage and 
an isolating DC/DC converter to control the power flow and 
voltage level. There are numerous different topologies to 
implement both conversion states, and these depend mainly on 
the nominal power of the charging system [10].  

Regardless of the topology or the peak power of the 
system, the converter will generate losses while it converts the 
electrical power to the different from. In practice, all power 
electronics components have conduction and switching losses. 
For example, if the charger has first an AC/DC rectifying 
converter realized with PN diodes and is supplied from 400 V 
AC grid the diode-bridge forward threshold voltage is 
typically 1.55 V (SEMIPAC 1200 V, 85 A). This corresponds 
to 0.6% loss, i.e. 99.4% efficiency. If the rectification 
demands for improved power quality, a power factor 
correction (PFC) method is required. Again, this feature can 
be implemented with various topologies, yet each of these use 
active semiconductor switches, for example using a three-
phase two-level inverter as illustrated in Fig. 2. The cost of 
improving the power quality drawn from the AC grid comes 
with increased power losses in the conversion, mainly due to 
the switching losses of the converter. Soft-switching isolating 
DC/DC converters have become the most viable solution for 
implementing the isolation. A comprehensive list of converter 
topologies and their power and peak efficiencies can be found 
in [10]. 

The distribution of the losses through a cost-effective 
charging-system can be as follows: high-frequency (HF) SiC-
FET inverter efficiency can be 99%. The resonance bank HF 
inductor easily creates 1% losses and therefore offers 99% 
efficiency. The best efficiency of the HF transformer is 98% 
and the rectifier and the filter combined efficiency can be 
99%. The total efficiency of the charger at best is therefore, 
95%. However, this peak efficiency value can be obtained 
only in optimum operation point. Typically, the charger must 
be able to charge the EV batteries with different DC – voltage 
levels e.g. 400 V and 800 V and therefore it can only operate 
in the optimum point with specific vehicles. Both the desired 
output voltage and current flowing through the system have 
an effect on the charger efficiency. The rated current can only 
be applied for a limited time period during the charging period 
and therefore the charger is typically operating with partial 
load and not at its best efficiency point.  

 

 
Fig. 2. A typical EV charger topology.   



There is evidence that in many cases, especially, the on-
board chargers have a very poor efficiency. In some cases, the 
low-power charger can have an efficiency of just 60% but 
typical efficiency values vary between 75% and 95% [11].  A 
charger can have significant no-load losses and therefore it is 
clever to use a high charging current from the charger point of 
view [12]. Regardless of the topology or nominal power, the 
efficiency of the charger is conventionally at its lowest at the 
low end of the operational power [13],[14]. 

C. Battery 

All batteries have losses [15]. Electrical energy from the 
charger is converted into chemical energy in a lithium-ion 
battery. The travelling of lithium ions in the battery causes 
heat and results in power losses. Batteries typically built of 
small cells also include lots of wiring that creates its own Joule 
losses. In modern cars there is a thermal management system 
to reduce energy loss while trying to keep the battery 
temperature at an acceptable level. When simplified, it is 
possible to say that the power loss takes place in an internal 
resistance of the battery. As a result, the battery charging and 
discharging takes place more effectively when a low charging 
or discharging power is used. Battery temperature, however, 
has a big impact on the charging capability. At low 
temperature batteries do not accept charge and have to be 
heated to be charged in a proper way.  

Charging an electric car battery at a low power is 
beneficial if we just observe the battery but please remember 
that the charger efficiency may be low at the same time 
deteriorating the energy efficiency of the system. It seems to 
be that the charger and the battery build up the most vulnerable 
components of the whole system from the energy efficiency 
point of view. 

We measured the efficiency of an NMC cell as an 
example. The following values were measured for the 
discharge efficiency of a 18650 NMC cells at room 
temperature compared to 24 h discharge (0.04 C): The results 
were the following: At 0.5 C current the battery discharge 
efficiency was 95%; at 1.0 C, 90%; at 2.0 C, 80%. Roughly 
speaking, these can also be used for charging, although the 
charging losses may be slightly higher. 

These numbers coincide well with the idea that the cell has 
a per-unit internal resistance of R = 0.1. With this it is easy to 
calculate the energy loss at 2C current: Per-unit time to total 

discharge is theoretically 0.5 and the per-unit I2Rdt energy 
loss W is now 

 W = 0.5  22  0.1 = 0.2 

This matches with the 80% discharging efficiency of the 
battery at 2C current. Let us now use the same value for 
charging the battery, i.e. 80% charging efficiency. 

Present day cars do not constantly need 2 C current for 
driving conditions but with e.g. a 100 kWh battery 0.2 C 
discharging is acceptable. This would result in 98% 
discharging efficiency during driving at 20 kW input power to 
motor. Let us now assume that the battery is fast charged at 
2C current and discharged at 0.2 C current, its best possible 
energy efficiency is 78%. 

D. Motor converter 

The task of the motor converter is to correctly control the 
electric motor of the EV. If the converter is equipped with a 
modern WBG power bridge it can have 99% rated point 

efficiency. The efficiency also remains high at a wide 
operating range. However, at the lowest power levels the 
efficiency rapidly drops down [16]. The motor converter is a 
four-quadrant device enabling accelerating and regenerative 
braking in both directions. Kinetic energy regeneration is 
extremely beneficial in city driving with frequent starts and 
stops. 

E. Motor 

When observing the development of commercial vehicle 
electric propulsion motors, it is easy to see that generation 
after generation the motor rotational speeds have increased. 
Present-day electric vehicle motors spin close to 20 000 rpm 
maximally. 

The electric motor can be built very efficient. However, at 
least EU and US officials want that the EV electric motors 
should be as material efficient and as cheap as possible. To 
achieve such targets a high-speed motor is needed and no or 
very limited mass of rare-earth materials can be used. 

For example: EU is presently running research projects 
where the targets set for an EV motor are: Specific power 
7 kW/kg, power density 23 kW/litre, cost less than 6 €/kW, 
usage of permanent magnet material 60% lower than in state-
of-the-art car propulsion motors. LUT researchers are 
designing a PMaSynRM for this purpose. In case of a 120 kW 
constant power motor the mass can be 17.2 kg and the volume 
5.2 litres. The mass of NdFeB magnets allowed is 300 g per 
motor. With such limitations the cost target can be reached but 
the efficiency of the motor will be lower than in the best state 
of the art EV motors that can reach 97 – 97% efficiency at 
their best operating point. The motor developed can now reach 
almost 94% efficiency at its best operating point, but the high-
efficiency area of the motor is wide offering at least 93% 
efficiency on the practical operating points of the motor, as 
illustrated in Fig. 3. 

F. Reduction gear  

The above-mentioned motor is spinning at 12000 rpm at 
its rated point and maximally close to 30 000 rpm. If the top 
speed of the car is about 200 km/h its 225/60R17 wheels have 
to spin about 1500 rpm maximally. Such numbers result in a 
need of a step-down gear that has a gear ratio of 30000/1500 
= 20:1. Such a gear ratio typically needs at least three shafts 
to reduce the speed down to a suitable level. We can estimate 
that the gearbox efficiency is 0.9853 = 0.956 as there typically 
is 1.5% per cogwheel contact.  

 

 
Fig. 3. Efficiency map of a PM motor for EVs. (Figure produced by Dr. Ilya 
Petrov, LUT University) 

 

 



G. Final drive 

The final drive includes constant-velocity joints, protection 
rubber seals, drive shafts, wheel bearing hubs and finally 
wheels. The mechanical efficiency before wheels is 99%. 
Therefore, the efficiency of the final drive without wheels is 
99%. In principle, the efficiency of the wheels should be the 
same in an ICE car as in an and EV. However, electric vehicles 
are typically 500 kg heavier than their ICE-car counterparts 
because of the large battery packs. Therefore, the tire friction 
in an electric car is higher than in an ICE car. 

A tire's rolling resistance refers to the energy consumed in 
the tire's deformation during road contact. This covers about a 
fifth of the car's energy consumption, making it a significant 
part of the costs and environmental impact of driving as 
well [17]. A premium electric vehicle consumes 20 kWh 
energy when driving 100 km. If 20% of this is coming from 
the friction, it means 4 kWh/100 km. As said above, the 
electrical vehicles are typically 500 kg heavier than ICE 
counterparts. Let us assume that a traditional ICE car has mass 
of 1535 kg (VW Passat) while its EV counterpart has mass of 
2000 kg (VW ID7). That is 30% more. This also transfers to 
30% more rolling friction in case of an EV increasing the 
rolling friction from 4 kWh to 5.2 kWh per 100 km. If we 
convert these into efficiency numbers, we could say that ICE-
car wheel efficiency is 0.8 while the EV tire efficiency is 
around 0.74. 

Table I presents the breakdown of the estimated efficiency 
of well-to-wheel EV system. Here we see that the charger and 
the battery have a very large effect on the efficiency of the 
electric vehicle. If a high-efficiency charger and low charging 
power are used to avoid high battery losses the propulsion 
efficiency of an EV can reach 70%. If, however, fast charging 
is applied the well to tank efficiency remains at 71.4 %. The 
electric drive-train efficiency from tank to wheel hub is 87%. 
The efficiency from well to wheel hub is 62%. If we take the 
higher EV tire friction into account, we can give as a kind of 
comparing number a 58.4% efficiency for the EV from well 
to wheel. This number can of course be criticized. 

However, propulsion alone is not enough as often an EV 
needs to be heated or air-conditioned during driving. 

III. FACTORS THAT INFLUENCE THE SYSTEM EFFICIENCY 

There are multiple factors that influence the system 

efficiency, these factors are shortly discussed here.  

A. Ambient temperature – Heating 

As the location changes to cities where more hot or cold 
extremes might be observed, a wider spread of vehicle range 
throughout the year is expected. According to the study in the 
US, on the worst day of the year the average drive range of a 
fleet can be from as low as 27 km up to 45 km across the US 
due to climate differences [18]. This result implies that 
countries like Finland are significantly different from 
countries like e.g. Brazil regarding the EV efficiency, 
especially, in winter. In an EV, heating consumes a lot of 
energy from the battery as there is not enough waste heat on 
board. The most difficult situation is if a car is parked in a cold 
temperature and the battery needs to be heated first with its 
own energy. In Finland a popular magazine Tekniikan 
Maailma measured that 8% of the battery capacity of Porsche 
Taycan was needed for its own heating before the vehicle 

could be started after having stayed overnight in −30C. The 

battery had been charged full in the previous day and the car 
was started next morning without any extra help form 
network.  

During normal winter driving lots of energy is consumed 
in the heating of the vehicle passenger compartment. Present-
day passenger vehicles typically have a 6…9 kW heating 

resistor that is used in temperatures below −10C. In addition, 
many EVs have a heat pump that makes the cabin heating 

more energy efficient at temperatures higher than  −10C. The 
following table lists some examples of the reduction of the 
range in case of heating the car [19]. 

If we take the average value derived from Table II, the 
result is that when heating is needed the car range is reduced 
to 71% compared to the case where no heating or air-
conditioning is needed. This shows that if the typical value for 
propulsion is 20 kWh/100 km the total consumption during 
heating is 28 kWh. i.e. 8 kWh extra is needed to keep the car 
warm enough to make travelling comfortable. 

In case of an ICE car no extra fuel is needed for heating as 
the ICE efficiency is poor enough to deliver enough heat in 
most cases. However, TDI Diesel engines may have 
difficulties in delivering enough heat when operating at 

temperatures below −20C. When driving at −30C extra fuel-
operated heater is often needed to keep a TDI-engine vehicle 
warm. With Otto-engines there seems to be always enough 
heat available for heating the cabin. If and ICE car is regarded 
as a CHP power plant its efficiency increases clearly when 
operating in cold environment while the efficiency of EVs 
goes down as no waste heat is available for heating purposes. 

B. Ambient temperature – Air conditioning 

Air conditioning is one task that can easily be seen in the 

energy consumption of an EV. An electric motor needs to run 

a compressor that needs even 7 kW shaft power in case of the 

hottest environment. Therefore, driving in either −20C with 

heating or +30C in sunshine the car energy demand is 

increased from 20 kWh/100 km − needed for propulsion − to 

27~28 kWh/100 km to cover all the needs of motoring. 

This additional energy consumption can directly be seen 

in case of an EV while in case of an ICE the engine load is 

naturally increased let us say from 20 kW to 27 kW, Fig. 4. 
In this map adding 7 kW to the motor load at 100 km/h 

results in a small increase in the effective middle pressure of 
the engine and a corresponding increase in the efficiency will 
take place. Therefore, in case of an ICE the fuel consumption 
is not affecting as directly in the consumption as in case of an 
EV. If the car is running on its highest gear ratio at 100 km/h 

 

TABLE II.  BREAKDOWN OF EFFICIENCY ESTIMATION OF WELL-TO-
WHEEL OF EV SYSTEMS 

SYSTEM COMPONENT VALUE 

OECD Network  94% 

Battery charger 75 – 95% 

Battery 78 – 96%  
(so far 55% - 85.7%) 

Motor converter 99% 

Motor 93% 
Reduction gear 95.6% 

Final drive 99% 

EV tire efficiency/ICE tire efficiency 94%* 
EV total 45 – 70%  

*Because of the heavier vehicle mass the tire friction in an EV is higher 

than in an ICE vehicle 

 

 



its effective mean pressure is 5 bar. To increase the power 
from 16 kW to 23 kW the mean pressure needs to increase 
close to 7 bar. The corresponding specific consumption lowers 
from about 290 to 270 g/kWh partly compensating for the 
increased power demand. The fuel consumption would 
increase from 5.8 L/100 km to 7 L/100 km. This corresponds 
to a 20% increase while in an EV there is a need for 40% 
increase in electric power consumption. 

A typical EV, therefore, needs 27 kWh net energy per 100 
km when driving in a hot environment at 100 km/h. In the 
worst case the energy taken from the network supplying 
generator is using the worst or the best efficiencies found in 
table 3 20 kWh/0.45 + 7 kWh/0.55 = 57 kWh or in the best 
case 20 kWh/0.7 + 7 kWh/0.857 = 37 kWh. 5.7 kWh 
corresponds to 5.7 litres of gasoline and 37 kWh 3.7 litres. 
Therefore, a VW Golf with a TSI engine at its best with 5.8 
L/100 km is very close to the consumption of the EV. 

The generating emissions vary strongly depending on a 
country’s electric energy generating system. The estimates of 
the carbon intensity of electricity show that in the EU27, the 
emissions associated with gross electricity production reached 
296 g CO2eq/kWh electricity in 2022. Using this value for the 
previous 37 kWh or 57 kWh/100 km results in 110 g or 170 g 
CO2eq/km for the electric vehicle. 

A VW Golf with a TSI engine runs 100 km with 5.8 L of 

petrol resulting in 5.8 L  2.34 kg CO2/L = 13.6 kg CO2/100 
km corresponding to 136 g CO2/km. If there is a significant 
share of biofuel blended in petrol the fossil emission of the 
vehicle will drop down from this figure.  

Obviously, in EU an electric vehicle emits about the same 
amount of CO2 per km as a modern ICE-vehicle. Therefore, 
there is a strong need to get the electricity emission down 
before the EVs can improve the environment from their CO2 
emissions point of view. 

In Finland, the average electricity generation emissions are 
low. Statistics Finland publishes coefficients for the CO2 
emissions of Finland's average electricity generation. The 
average calculated from these for the last three statistical years 
(2019-2021), where cogeneration is divided by energy 
method, is 77 g CO2/kWh. So, in Finland using the EV emits 
between 29 and 44 g CO2eq/km. To reach similar values, our 
example ICE vehicle would need 70 … 80 % biofuel in the 
tank. The most efficient way of achieving this would be using 
biomethane. Its promotion, however, has ended in the EU in 
practice. 

Manufacturing so-called liquid e-fuels is technically 
possible but has not so far been done in a wide scope and many 
regard this route so energy-inefficient that it is not regarded 
feasible for passenger vehicles. One of the easiest possible 
liquid e-fuels is synthetic methanol. The problem related to e-
fuels is that the efficiency from generator to tank is low, in the 
range of 50% [20]. Therefore, an ICE car consuming liquid 
fuels needs about double amount of electricity compared to a 
battery electric vehicle. 

C. Load 

Load of the drivetrain or engine of a vehicle affects the 
efficiency. Based on a large dataset including many different 
vehicles, it is estimated in [21] that an EV’s efficiency drops 
with increasing loading. For example, the efficiency can be 
85% at 10% load and 68% at full load. In [22], analysis based 
on a simulation tool provide calculation results for one 
specific vehicle. The highest efficiency of 82% occurs at 55% 
load while the full load gives an efficiency of 75% and 10% 
load gives an efficiency of 65%.  

D. Regenerative braking 

EVs offer regenerative braking, which increases the 

energy efficiency, especially in city driving. The US 

Department of Energy estimated the equivalent increase of 

efficiency to be 22% combining city and highway driving 

(34% for city and 6% for highway) [4]. This number was 

estimated to be 10% in [14]. The regenerative braking is, 

however, taken directly into account in the energy-

consumption measurement results of electric cars. Despite 

regenerative braking they normally consume 20 … 25 kWh 

of electricity in normal use per 100 km. 

E. Car manufacturing 

On average, around 5.6 tonnes of CO2 are released during 

a petrol or diesel car's manufacture, around three quarters of 

which are released during production of the steel body. We 

might assume that manufacturing an electric vehicle without 

battery also emits about the same amount of CO2. 

However, battery manufacturing is environmentally very 

costly. Estimates about the CO2 emissions vary strongly but 

on average we can take 100 kg of CO2/kWh of battery 

capacity. Therefore, a typical 80 kWh battery emits 8000 kg/ 

of CO2 during battery manufacturing. Therefore, a new EV 

has emitted about 14 tonnes of CO2 before it has moved a 

meter on road. 

CONCLUSIONS 

The energy consumption and CO2 intensity of EVs are a 

function of many parameters. The paper presents the possible 

efficiency range of each stage of a BEV system. One of the 

most critical parts of efficiency is the battery charging. High-

 

Fig. 4. Map of specific fuel consumption as a function of internal combustion 

engine’s rotational speed and engine pressure.  
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TABLE III.  COMPARISON OF REDUCTION OF DRIVING RANGE FROM 

HEATING (RANGE WITH HEATING OFF: 100%) 

Model Reduction (%) Remaining (%) 

Hyundai Kona Electric 10 90 

Kia Niro EV 10 90 
Tesla Model S 18 82 

Chevrolet Bolt EV 31 69 

Jaguar I-PACE 32 68 
Nissan Leaf 33 67 

Tesla Model 3 40 60 

BMW i3 94Ah 42 58 
Renault Samsung SM3 Z.E 43 57 

 

 



power charging strongly reduces the system efficiency and 

sacrifices also the lifetime of the battery. From generator to 

battery energy the efficiency can vary between 55% - 85.7% 

depending on the charger efficiency and the power of 

charging. This step can be regarded as the Achilles heel of the 

whole system. From tank to wheel the drive train efficiency 

is high. The only problem is the heavy tare of the EV which 

increases the energy consumption as a result of high rolling 

friction. Auxiliary systems burden the energy efficiency of 

EVs strongly. Heating and air-conditioning become very 

costly in EVs. There are not enough heat losses available in 

an EV contrary to ICE cars. Running an air-conditioning 

compressor also directly consumes energy from a battery. If 

an electric car is operated with average EU electricity its 

energy efficiency is on the same range as with an ICE car 

operating with fossil fuel. To win in emissions, the electricity 

supplied to an EV needs to be fossil free. A big remaining 

problem is the high emissions of battery manufacturing. This 

makes the carbon intensity of an EV a difficult issue at the 

moment. The worst case of well-to-wheel efficiency is about 

45%. One weak point of EVs obviously is the on-board 

charger. Regulation should remove low-efficiency chargers 

from EVs.  

A comparison between the BEV system and ICE vehicle 

systems was also presented. The study shows that an EV is not 

a silver bullet solving all the environmental issues in 

motoring. To get overall help from EVs the electricity 

generation must be carbon neutral. Otherwise EVs can either 

just maintain or even increase the system carbon emissions. 

With the present-day emissions in EU an EV system is not 

better than an ICE car with fossil fuels. In Finland the EV is 

clearly better from its operating emissions point of view. If we 

let the ICE car emit 136 g and the EV system average 35 

gCO2/km to cover the 8000 kg battery manufacturing burden, 

there is a need to drive about 80 Mm before the EV becomes 

more environmentally friendly than its ICE counterpart on 

Finnish roads.  
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