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Abstract. This paper aims to discuss and differentiate conventional engines such as gasoline and
diesel driven engines versus electric motor and hybrid engines. In the modern-day, various concepts
are introduced to produce and invent automobiles that will lessen the impact on the environment and
implement sustainability. To understand their differences, this paper will tackle all the basic
components of each engine concerning their working principle, efficiency, capacity, and the
characteristics of power and torque. The entire project is based on comparison to determine the
benefits of various engines. Through various research and investigations, it can be found that electric
motors have more advantages than internal combustion engines, such as higher than 90% efficiency,
zero environmental pollution or small pollution, more powerful power, lower use and maintenance
costs. However, while electric vehicles are full of advantages, disadvantages cannot be ignored. The
mileage is limited, and there are fewer charging stations and fewer models to choose from on the
market. Because of various advantages and disadvantages, diesel locomotives and electric vehicles
will coexist in a short time, but in the future electric vehicles will dominate and lead a more efficient
life.
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1. Introduction

1.1. General Introduction

This essay analyses the characteristics of traditional engines, electromotors and the concept of
hybrid vehicles. The whole project is based on comparisons and finally concludes the advantage of
different engines, which may lead to a more efficient lifestyle in the future.

1.2. Introduction of internal combustion engine

Electric vehicles once occupied a large market a hundred years ago, but they were gradually
replaced by internal combustion engines. The internal combustion engine appeared at the beginning
of the automobile industry. Automobiles have gradually become popular in society. People want to
travel by car instead of just being used as a means of transportation in the city for short distances. The
internal combustion engine has no distance limitation and has attracted countless people, and it has
gradually become the primary source of power for passenger cars. At the same time, the discovery of
many oil resources has made oil prices very cheap, so the shortcomings of internal combustion
engines such as low efficiency, high noise, and environmental pollution have been ignored by people.
However, as society has paid more and more attention to environmental pollution and energy
consumption in recent years, electric vehicles have become the future development direction.

1.3. Introduction of electric motor

As a new type of engine, electric motors have attracted a lot of attention. Compared to traditional
internal combustion engines, electric motors are more efficient, lower cost of use and more
environmentally friendly. In the era of environmental protection, these advantages meet the needs of
consumers and society. New electric cars companies such as Tesla have created a huge competitive
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pressure on some giants in the traditional auto industry. Some countries will completely replace their
existing traditional fuel cars with electric vehicles in the future. This article will start from the
principle of electric motor, working efficiency and other aspects, a detailed analysis of electric motors
compared with the advantages and disadvantages of traditional engines. Let the reader fully
understand and have a new view of electric motors. In the future, electric vehicles will overcome
some of the current shortcomings and become the leader of the engine industry.

2. Mechanism

Systematic use of quantitative methods to describe the unique characteristics of petrol, diesel,
electric and hybrid engines is best and sustainable by collecting published research and literature. The
data in the charts are interpreted and selected by reference to reliable published research papers and
organizations relevant to the topic. So, this is a more acceptable way of doing research because the
engineers in the automotive industry are ahead and the data comes from them.

3. Discussion

3.1. Basic principles and some background

Two hundred years ago, when the steam engines appeared, human beings started to use the
power of thermodynamics to produce work and boost the efficiency in every field. From the steam
engine to the internal combustion engine used contemporarily, although the efficiency has increased
from only 10% to 40%, it cannot even reach 50%. First, the concept of efficiency needs to be stated.

Figure 1. Four stages of IC engine

More precisely, the “efficiency” is composed of thermal efficiency, mechanics efficiency and
combustion efficiency. As both mechanics and combustion efficiency can reach 90%, the main
element affects the thermal efficiency. Equation (1) defines it:

— Wour
n= Qin (1)

It means that, only one-thirds of heat can be transferred to output work; and the total efficiency

can be defined as:

Ntotal = NenMmechMcom (2)

So where is the other heat? Some is taken away by the cooling water and other is wasted when
being exhausted. The efficient work be used is only 30%-40%.

We have the concepts to explain why there is a limit of percent conversion: the second law of
thermodynamics. When transferring energy of low quality like heat to energy of high quality like
mechanical energy, the efficiency is impossible to be 100% and what gives the certain value of this
limit is the Carnot cycle efficiency.
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Here 1 will just use the conclusion of Carnot cycle:

Tiow

1 Thign (3)

The internal combustion engine can reach 2500K and the normal temperature is 300K so the
maximum efficiency is about 85%. But the answer is far larger than the actual efficiency. The reason
is that the internal combustion engine cannot be expressed by the Carnot cycle, but by Otto cycle.
The air standard Otto cycle is an ideal cycle that assumes heat addition occurs instantaneously while
the piston is at top dead centre. It is composed of four stage, which we can find on the p-v diagram.

[1 to 2] isentropic compression, when the piston moves from the bottom dead centre to the top
dead centre;

[2 to 3] constant volume heat transfer to the air from external source when the piston is at the top
dead centre

[3 to 4] isentropic expansion, when the piston does work.

P

Ncarnot =

3

| |
a b v

Figure 2. P-v diagram of Otto Cycle [8]
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Figure 3. Structure of engine [8]

[ 4 to 1] constant volume heat transfer when heat is rejected from the air when the piston is at the
bottom dead center. [8]

These four stages are just an approximate expression of the stages of the internal combustion
engine, and some realistic problems have not been considered, which we need to be careful about.
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Leaving out the derivation, which can be found in books about thermodynamics, the efficiency
equation of Otto cycle is:

1
Notto = 1 — -1 4)

In which “r” represents the compression ratio, about one-tenths and “y”’represents the specific heat
ratio, about 50%. Using the data, we know that the theoretical value of the engine is about 50%, far
away from the Carnot efficiency.

Carnot efficiency is the theoretical maximum value of an engine, so through research and
thousands of experiments, theoretically, the efficiency of traditional engine could be higher. To
increase the efficiency, based on the knowledges above, human beings need to figure out the way to
organize a perfect process of combustion or redesign the constructure of the engine to increase the
efficiency. All in all, however, we cannot expect the efficiency to be increased enormously because
of the characteristics of heat, a kind of energy of “low quality”, which we have mentioned before.

Internal combustion engines are divided into two major types, which can be distinguished from
the kind of fuel and the way of ignition. SI (Spark Ignition) engine uses gasoline, due to homogeneous
combustion, gasoline engine makes less harmful emission, less vibration, and more range of RPM,
which can run higher speed. So, it usually installs on the passage car. Another type is the CI
(Compression Ignition) engine, it uses diesel as the fuel. Diesel engines are usually installed on semi-
truck, heavy duty machine, and marine, principle is to compression the fuel to ignition. Although
gasoline engines have the advantages of being lightweight, low emissions, and high engine speeds,
they have lower thermal efficiency than diesel engines. The thermal efficiency of a diesel engine is
30% higher than that of a gasoline engine, so the average MPG is 30% higher. At the same time,
diesel engines can burst out powerful torque at low engine speeds, at lower cost, and can run under
full load for a long time, so they are widely used in heavy-duty, trucks, marines.

The principle of an electric motor is not complicated. You can think of it as an electric machine
that converts electrical energy into mechanical energy.[3] When a wire is placed in a magnetic field
and an electric current is applied to the wire, the current enters the coil and produces a magnetic field.
A device that uses the magnetic effect of the current to make the electromagnet rotate continuously
within a fixed magnet can convert electrical energy into kinetic energy. The basic structure of an
electric motor is mainly composed of stator and rotor. The stator is stationary in space, while the rotor
rotates on an axis and is supported by bearings. There is a certain air gap between the stator and rotor
to ensure that the rotor can rotate freely. There are two ways to power an electric motor, one is direct
current such as batteries or rectifiers, the other one is alternating current sources such as a power grid.

Electric .

Figure 4. These two pictures show the basic internal structure of a motor
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3.2.1 Efficiency
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Figure 5. The energy conversion process of an internal combustion engine

As we know from the previous introduction of the internal combustion engine, the output
efficiency is only 30% to 35% of the input efficiency due to the loss of energy in cooling, exhaust
and also friction. Electric cars convert more than 85% of energy into mechanical energy. At the same
time, electric vehicles can transfer 59%-62% of energy from the grid directly to the wheels for the
vehicle to run, while traditional fuel vehicles can only transfer 17%-21% of energy.[1] Electric motors
are at least three times more efficient than internal combustion engines. Electric motor efficiency
tends to drop sharply below 50% of the load. However, the range of good efficiency varies by
individual motor and tends to expand to a larger motor range.
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Figure 6 the efficiency range of electromotors [1]
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As shown in Figure 6. A motor is considered underloaded when its efficiency decreases
significantly as the load decreases. As can be seen from Figure 7, as the load decreases, the power
factor decreases faster, but more slowly than the efficiency. [4]
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Figure 7. The speed and torque graph of electromotor

The efficiency of the electric motor as a function of the torque and speed. For positive torques, the
EM operates in motoring mode; when the torque is negative, the EM operates as a generator and
produces an electric energy that is stored in the battery. [5]

3.2.2 Equation and Goodness factor

2 P =JIV
P, P, =Tuw ()

Here is the equation of electric motor’s efficiency. In this equation, Pe is electrical input power,
Pm is mechanical output power. During my search, there is an equation to calculate the Goodness
Factor of an electric motor.

An A,
G- w _ wpo ©)

resistance x reluctance hrestls

From this equation we know that the most efficient motors are likely to have relatively large
magnetic poles. This equation directly relates to non-PM motors.
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3.2. Data and image analysis (thermodynamic)
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Figure 8. The efficiency range of electromotors and IC engines [6]

These two graphs respectively show the efficiency range of the electromotor and IC engine. The
IC engine can reach the maximum (40%), but only at a certain engine speed. However, compared
with the IC engine, the electromotor is far better. When the rotational speed is around 6000rpm and
torque is about 60Nm, the efficiency reaches the maximum 94%. That is similar to the situation when
the vehicle is starting. Actually, no matter in which range, the efficiency of the electromotor is
extremely high. Even by using the speed change box, the IC engine still cannot achieve even half of
the efficiency of an electric motor. [4]
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3.3. Well-to-wheel comparison
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Figure 9 Comparison chart of pollutants discharged [2]

All-electric vehicles are zero-emission vehicles because they produce no direct exhaust or tailpipe
emissions.

Traditional fuel vehicles produce a lot of pollution and greenhouse gases every year. A typical
passenger vehicle emits about 4.6 metric tons of carbon dioxide per year. Transport accounts for a
fifth of global carbon dioxide emissions each year, and three-quarters of that come from traditional
fuel vehicles. However, electric vehicles (EVSs) and Plug-in hybrid electric vehicles (PHEVs) will not
produce any pollution during running. But when using the ICE, PHEVs also produce tailpipe
emissions, their direct emissions are typically lower than those of comparable conventional vehicles.
But that doesn't mean all electric cars are 100% environmentally friendly. Electric cars are pollution-
free on the road, but they can be powered in many ways. For example, thermal power generation,
which is the most common and simplest power generation method at present, requires the use of coal
mines and a large amount of water, and the combustion of combustible materials will produce a large
amount of waste gas, which will also cause great pollution to the environment. To sum up, electric
vehicles can achieve 100% zero emission, but the source of electricity cannot be completely zero
pollution. [2]

3.4. Top pros and cons of electric cars and social opinion about electric cars

As an emerging vehicle in recent years, consumers have also taken a keen interest in electric
vehicles. Governments are also encouraging people to buy new energy vehicles. Compared with
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traditional fuel vehicles, electrical vehicles have the following advantages: Energy efficient, better
for the environment, lower cost of use and maintenance is less frequent and less expensive. But at the
same time, some disadvantages of electric vehicles should not be ignored: Can’t travel as far as gas
cars, takes longer to fuel, sometimes it’s hard to find a charging station and right now there are not
too many options for consumers. We believe that with the future development, these shortcomings
will be overcome. [7]

3.5. Hybrid Power Transmission Configuration Classification
3.6.1 Parallel hybrid system:

Battery

Reservoir

Figure 11. Parallel hybrid system [16]

Picture 13 shows the structure and power connection of the Parallel hybrid system. In the picture,
we find that the internal combustion engine and electric motor of the Parallel hybrid system are
separate and independent of each other. [14] This means that under this system, the electric motor
and internal combustion engine can drive the vehicle independently. The power output by the internal
combustion engine and the electric motor are transmitted through the mechanical transmission system
to push the wheels. Both are controlled by a computer at the same time to achieve coordination. This
parallel hybrid power system cannot be driven by electricity alone. Because the battery capacity of
the parallel hybrid system is small, the main space and structure are still composed of traditional
internal combustion engines.[12] The internal combustion engine is the main power source, the
electric motor is the auxiliary power system, and the two are coupled through the mechanical
transmission system. When the vehicle starts at a standstill or travels at a low speed, the driving mode
of the vehicle will change to a pure electric mode, and the internal combustion engine will stop
operating. When the vehicle is above the set speed or operating at high speed, the pure electric mode
will be turned off, and the driving mode will be changed to pure internal combustion engine drive.

The parallel hybrid power system perfectly solves the problems of high fuel consumption and high
emissions caused by traditional internal combustion engines at low speeds, and also solves the
problem of high-power consumption caused by pure electric vehicles at high speeds. In the parallel
hybrid system, there is no generator for battery charging, so there are two main sources of charging:
One is to use a regenerative braking system to convert kinetic energy into electrical energy when the
vehicle decelerates and stops. The second is to drive the electric motor to rotate and generate
electricity when the internal combustion engine has surplus power. This system retains the fuel-saving
characteristics of the internal combustion engine at high speeds, which is beneficial for driving on
highways.
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3.6.2 Series hybrid system:
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Figure 12. Series hybrid system [16]

Picture 14 shows the connection mode and structure of the Series hybrid system. In the picture,
we find that the electric motor is directly driving the vehicle, and the internal combustion engine is
connected to the generator and battery. The only driving wheel in a car is the electric motor, and
electrical energy is used to charge the battery and power the electric motor. In this system, the internal
combustion engine is only responsible for stable operation and power generation, continuously
charging the battery. Therefore, the configuration of the internal combustion engine in the series
hybrid system is very flexible. There is no need to choose a large-displacement multi-cylinder internal
combustion engine in consideration of vehicle weight and performance, but only a small-
displacement internal combustion engine that runs stably, which greatly solves the problem of high
emissions and high pollution from traditional internal combustion engines, easier to control pollution
and improve efficiency. And due to the existence of the internal combustion engine, the problem of
insufficient battery life of pure electric vehicles in the extremely cold winter temperature is greatly
solved. The heat generated by the internal combustion engine can be transferred to the battery,
keeping the battery at the best operating temperature in extremely cold environments, extending the
mileage and battery life. Because of the push and connection of the electric motor, these benefits are
the same as those of a pure electric car. Simplifies the mechanical structure, eliminates the need for
gearboxes, and brings high transmission efficiency. The series hybrid system is suitable for use in
urban areas, but the situation on the highway is not very beneficial.

3.6.3 Series-Parallel hybrid system
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Figure 13. Series-Parallel hybrid system [16]

Picture 15 shows the structure and drive mode of the Series-Parallel hybrid system. In this system,
we find that the internal combustion engine and electric motor are connected to the drive shaft at the
same time, which means that this system is similar to a parallel hybrid, but the internal combustion
engine is also connected to a generator. Therefore, this system has both parallel hybrid and series
hybrid drive and operation modes. The driver can choose pure electric driving, internal combustion
engine driving and hybrid mode. This has all the advantages of parallel hybrid power, series hybrid
power, pure electric power, and internal combustion engine at the same time. The internal combustion
engine will push the generator to charge the battery or directly power the electric motor when needed.
When the car is starting or at low speed, the efficiency of the internal combustion engine is low, so it
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will rely on the better efficiency of the electric motor to drive it. When the car is at a high speed,
relying on the internal combustion engine will solve the high consumption caused by pure electricity.
For example, when the car is accelerating or climbing, the internal combustion engine and the electric
motor will start at the same time to bring more horsepower.[15] The system also retains the fuel-
saving characteristics of the internal combustion engine at high speeds and the high efficiency of the
electric motor at low speeds, which is conducive to highway driving and urban driving.

3.6.4 Example

m;f-'i:': E— ]
Figure 14. Hybrid double-decker bus in London [13]

The world's first hybrid double-decker bus was put into service in London in February 2007. There
are 106 gasoline-electric hybrid buses in London now. Compared with all-electric buses, hybrid buses
are more mature in technology and do not require additional charging facilities. In addition, in areas
where coal-fired power generation is used, their carbon emissions are lower than pure electric buses.
The experience of double-decker buses in the UK can reduce fuel consumption by 40% [9][10]

3.6.5 Carbon emission
Table 1. Vehicle Whole Life Carbon Emissions Analysis

Estimated life cycle Proportion of Estimated emissions in
emissions (Tones Emissions in duction (T CO?2
CO2e) oroduction production (Tones e)
Standard
gasoline 24 23% 5.6
vehicle
Hybrid vehicle 21 31% 6.5
Plug-ln_hybrld 19 3504 6.7
vehicle
Battery- 19 46% 8.8

electric vehicle

Based upon a 2015 vehicle in use for 150k KM using 10% ethanol blend and 500g/kWh grid
electricity. [11]

Although low fuel consumption does not mean that the carbon emissions of the total life cycle are
low, because the carbon dioxide produced during the manufacturing process of hybrid vehicles may
be higher than that of ordinary cars. But even considering the carbon dioxide emissions from the
production process, the total carbon emissions of hybrid vehicles are still lower than those of pure
internal combustion engines.

4. Conclusion

In conclusion, electric vehicles are the leading role in the future because of high efficiency and
environmentally friendly features, though scientists need to overcome low capacity and low
efficiency on the highway. Contemporarily, hybrid vehicles are famous around the world, but they
still rely on petrol so they are just a transition production before the technology of electric vehicles is
greatly improved. Traditional engines will also be replaced because of the characteristics of heat,
which is the energy of “low quality” due to the second law of thermodynamics. But for some of them
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like diesel engines, it is still useful and efficient to oversize vehicles so to bus or motor tractor, diesel
engine will still be their first choice.
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