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Abstract: At the beginning of the work on the effects of global warming and climate change in 
the international area, there are efforts to reduce exhaust emissions. Because fossil fuel is 
depleting and exhaust emission gases emitted to the atmosphere are rising rapidly, energy 
efficiency is on the agenda in transportation. Therefore, automotive developers and scientists have 
undertaken new research in the automotive sector. Hybrid electric vehicle technology is one of the 
important studies that these researchers continue. In the hybrid electric vehicle technology, the 
hybrid engine is aimed to give the best results in terms of exhaust emission, fuel consumption and 
maintenance costs compared to other internal combustion engines, and at the same time the 
hybrid engine is aimed to perform better than other internal combustion engines. General 
information about the hybrid electric vehicle technology as one of the new and alternative 
technologies in these study is provided. In addition, information was given about exhaust 
emission, emission standards and fuel consumption. Comparisons were made between the hybrid 
engine and other internal combustion engines. 

Keywords: hybrid electric vehicle, hybrid drive systems, hybrid engine, exhaust emissions, fuel 
consumption, emission standards,  

 

1. INTRODUCTION 

Today, global warming and depletion of fossil 
fuels are on the agenda. At the top of these problems is 
the transportation sector. These problems have 
appeared because of an increase in the amount of fuel 
used in transportation and an excessive release of 
pollutant gases and CO2 gas. Therefore, greenhouse 
gas and global warming that may be dangerous to our 
world is continuing. In order to solve these problems, 
alternative fuels and different engine types have been 
used. One of the alternative engine types is the hybrid 
engine [1-4]. 

The hybrid engine includes both an internal 
combustion engine and an electric engine, so by using 
the hybrid engine the aim is to have less fuel 
consumption, a lower release of pollutant gases and 
CO2 gas, smaller maintenance costs, higher 
acceleration and higher performance [2, 5-7]. Because 
of the advantages of the hybrid engine, these, the 

hybrid engine is better than another vehicle engines 
(the petrol engine, the diesel engine etc.). 

In this article, general information about the 
hybrid engine was given. Information about the 
working principle, components, using charge unıts, 
types (serial, parallel, and complex), advantages and 
disadvantages of the hybrid engine were given [2]. More-
over, information about exhaust emission, emission 
standards and fuel consumption were given, and the 
hybrid engine was compared with other engine types. 

The aim of the study is to examine hybrid motor 
vehicles, one of the alternative technologies that 
provide less pollution and improved fuel economy and 
provide energy efficiency. 

2. HYBRID DRIVE IN VEHICLES 

The first of the studies related to hybrid drive were 
started that included both the internal combustion 
engine and the electric engine at the end of the 19th 
century [8]. 
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 For the hybrid drive vehicle to move, it needs 
internal combustion engine in addition to an electric 
engine. 

A typical hybrid drive consist of a batter
internal combustion engine, an electric engine
electric generator, a power split unıt, and a power split 
device that uses a special type of gearbox to smoothly 
distribute power from the two types of engine
a generator (Fig. 1) [2]. 

Fig. 1. The components of hybrid engine on vehicle 

2.1. Working principle of the hybrid drive 
When the vehicle starts to move, only the electric 

engine runs. During this time, the internal combustion 
engine is off. The electric engine produces high torque 
at low rotation according to the internal combus
engine, so owing to the electric engine soft start
obtained[2, 8]. 

In terms of energy, the internal combustion engine 
is not efficient when driving at low and medium 
speeds. On the other hand, the electric engine is more 
efficient ın that condition. So at low and medium 
speeds, the vehicle uses energy stored in the battery to 
use its electric engines [2, 8]. 

When the vehicle is driven at a constant speed, 
internal combustion engine runs. Power produced by 
the internal combustion engine is used to drive 
wheels. At the same time, some of the generated 
power is collected in the generator. The energy in the 
generator is either used to charge the batteries, or
provides energy directly to the electric motor [2, 

In the case of accelerating, the energy that 
stored in the batteries is used to run the electric engine
and the electric engine is used to drive the wheels 
together with the internal combustion engine [2, 

During braking and deceleration, the wheels are 
used as a regenerator and it is utilized from kinetic 
energy of the vehicle. Normally, this energy that is 
turned to friction and heat is stored in the batter
being used again at slowing. Moreover, the i
combustion engine cannot run during braking and 
deceleration [2, 8]. 

During stopping, the internal combustion engine, 
the electric engine and the generator are off, so that 
energy conservation is provided [2, 8]. 
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2.2. Types of the hybrid drive  
In this system, according to the connection type of 

the electric engine with the internal combustion engine
are classified as a series hybrid system, a parallel
hybrid system and a complex hybrid system [8, 10]. 

2.2.1. Series hybrid drive system 

In a series hybrid drive system (Fig. 2.), the 
internal combustion engine drives a generator, which 
in turn powers the electric engine from the converted 
electricity of the generator to drive the wheels. The 
internal combustion engine and the electric engine 
perform approximately the same amount of work
[10-12]. 

 

Fig. 2. Series hybrid drive system [11] 

2.2.2. Parallel hybrid drive system 

In this system, the internal combustion engine and 
the electric engine, which are parallel to each other, 
drive the wheels. In contrast, in the series hybrid drive
system mentioned earlier, only the electric engine
would be driving the wheels. The internal combustion 
engine in a parallel system, however, is the main 
power source and it is used much more than the 
electric engine, which is used mainly to provide 
acceleration. (Fig. 3.) [10-12]. 

Fig. 3. Parallel hybrid drive system [11] 
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2.2.3. Complex (series/parallel) hybrid drive 

system 

Lastly, the most efficient system is the complex 
(series/parallel) hybrid drive system. (Fig. 4.) This 
system combines both of the previous systems to 
maximize the benefits of both, which in turn delivers 
drivers the best fuel efficiency available. In this case, 
since the electric engine can run on electricity as it is 
generated, it is used more than the internal combustion 
engine [10, 11]. 

 

Fig. 4. Complex (series/parallel) hybrid drive system [11] 

3. COMPONENTS OF THE HYBRİD 

ELECTRIC VEHICLES 

As already mentioned, one hybrid electric vehicle 
consists of a battery, an internal combustion engine, an 
electric engine, an electric generator, a power split 
unit, and a power split device. The most important of 
them are battery and electric engine [2, 10, 13]. 

3.1. Electric engine types of using in hybrid 

electric vehicles 
The electric engine is worked as the driving 

engine, the alternator and the starter engine. (Fig. 5.) 
One electric engine with the power of 54 HP generates 
the maximum 210 Nm torque [8]. In reality, these 
values can change according to the types of the 
electric engine. If we examine electric engine types, it 
is as follows.  

The types of the electric engine are DC engine, 
brushless DC engine, asynchronous engine, 
synchronous engine, and brushless synchronous DC 
engine. The most useful of them is the brushless DC 
engine. Because, according to others, the brushless DC 
engine is lighter, less volume and it provides high 
power density, high efficiency and a high moment but 
its cost is high [13, 14]. 

As a result, the electric engine provides impressive 
starting and acceleration performance in almost all 
driving conditions. 

 

Fig. 5. Electric engine in hybrid electric vehicle [8] 

3.2. Battery types of using in hybrid electric 

vehicles 
In generally, as the battery in hybrid electric 

vehicles, Li-ion, NiMH batteries are used. Other than 
these, also super capacitors  as energy storage units. 
Super capacitors have longer life than battery systems 
and can store high energy in a short time. But the 
prices are high. So the best solution for hybrid electric 
vehicles is Li-ion batteries, cf. the Table 1 [13-15]. 

In general, the specific power, specific energy of 
the batteries to be used in hybrid electric vehicles must 
be high, long lasting and low cost [8, 15]. Hence, 
according to Table 1, in terms of all of rates Li-ion 
battery is the best selection.  

Tab. 1. Comparison of the energy storage systems [14] 

Comparison 
Super 

capacitor 
NiMH Li-ion 

Voltage 125 VDC 288 VDC 324 VDC 

Max. 
Current 

750 A 
190 A 
(10 s) 

270 A 
(15 s) 

Specific 
Power 

1,7 Wh/kg 40 Wh/kg 90 Wh/kg 

HEV 
Specific 
Power 

1 Wh/kg 4 Wh/kg 18 Wh/kg 

Power 
Capacity 

100 Wh 2400 Wh 14,6 kWh 

HEV Power 
Capacity 

70 Wh 240 Wh 2920 Wh 

Weight 55 kg 88 kg 160 kg 

 
Batteries to be used in hybrid electric vehicles 

must be selected according to the vehicle's energy 
management system and vehicle configuration 
(Fig. 6.) [8]. 
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Fig. 6. Battery of the hybrid electric vehicle [16] 

4. ADVANTAGES AND DISADVANTAGES 

OF THE HYBRID ELECTRIC 

VEHICLES 

The hybrid engine in vehicles has many 
advantages over internal the combustion engine. But 
they have disadvantages since the hybrid engines are 
improved constantly [8]. 

Below are listed the main advantages of hybrid 
electric vehicles. 

1. The exhaust emission is lower, so the 
environment is less polluted [8]. 

2. The hybrid electric vehicles are more fuel-
efficient [8]. 

3. Vehicle balance is better given that the engine 
is in the center and on the sides [8]. 

4. Owing to the electric engine the vehicle is 
started smoothly and silently. Moreover, the 
electric engine produces high torque at low 
rotation compared to the internal combustion 
engine [2, 8]. 

Below are listed the main disadvantages of the 
hybrid electric vehicles. 

1. It is more expensive than an internal 
combustion engine [8]. 

2. Although these types of vehicles do not 
directly pollute air, there is an increase in the 
amount of sulfur dioxide and carbon dioxide 
emitted from the thermal power plants due to 
fossil fuels, since the energy required to 
recharge them is derived from thermal power 
plants. In short, air pollution is continuing 
indirectly [8]. 

3. Development work of the hybrid electric 
vehicle is continuing as electric engine's range 
is short, the battery life is short and the battery 
is heavy [8]. 

5. PERFORMANCE, EFFICIENCY AND 

FUEL CONSUMPTION OF THE 

HYBRID ELECTRIC VEHICLES 

Nowadays, the maximum power of most vehicles 
is 100 kW. The average power used in highway and 
urban traffic is around 7.5 kW. At this light load, the 

engine efficiency is as low as 20%, so that today the 
fuel economy of the hybrid electric vehicles is 
increased two or three times and the fuel economy of 
the vehicle is significantly increased [8]. 

As shown in Table 2, the fuel consumption of the 
hybrid electric vehicle and conventional internal 
combustion engine vehicle in the same engine peak 
power and in the same engine maximum torque are 
compared. The comparison resulted in a gain of 50 
percent in fuel consumption. 

Tab. 2. Comparison of fuel consumption of HEV and 
Conventional ICE Vehicle [17] 

Parameters 
Conventional 
ICE Vehicle 

Hybrid Electric 
Vehicle (HEV) 

Engine Peak 
Power 

38.2 kW 38.2 kW 

Engine Max. 
Torque Nm. / 

rpm. 

85 Nm. / 2500 
rpm. 

85 Nm. / 2500 
rpm. 

HEV Battery 
Pack 4×12 V 

Lead Acid type 
 150 Ah 

Passenger Mass 150 kg 150 kg 
Curb weight of 

vehicle 
1050 kg 1250 kg 

Total Test Mass 1200 kg 1400 kg 

Fuel 
Consumption 
Liters/100Km. 

4.65 2.29 
4.83 2.62 
5.05 2.19 
5.12 1.97 

 
Hybrid electric vehicles have very low fuel 

consumption levels. Hybrid electric vehicles running 
on M 85 (85% methanol and 15% gasoline) have 90% 
smaller fuel consumption than conventional vehicles. 
Today, in the tests of hybrid electric vehicles 
produced, it is reduced to 3 lt. fuel consumption at 100 
km. However, the maximum fuel economy is provided 
by reducing the weight of hybrid electric vehicles, so 
that exhaust emissions of the hybrid electric vehicles 
will also be reduced [8]. 

6. EXHAUST EMISSION IN THE 

VEHICLES 

The gases that are appear with the combustion of 
fuel - air mixtures in internal combustion engines and 
emitted to atmosphere are called exhaust gases. The 
release of these pollutant gases are called exhaust 
emissions [18, 19]. 

The parameters required for the combustion 
process to occur are as follows: the fuel - air mixture 
must be in a certain amount and the fuel must be at the 
ignition point temperature. 

As shown in Figure 7, HC (hydrocarbon), and S 
(sulphur) as fuel and O2 (oxygen), N2 (nitrogen), H2O 
(hydrogen dioxide) as air enter the reaction. The gases 
N2 (nitrogen), O2 (oxygen), H2O (hydrogen dioxide), 
CO2 (carbon dioxide), CO (carbon monoxide), NOX 
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(nitrogen oxides), SO2 (sulphur dioxide),
(hydrocarbon) are released as post-reaction exhaust 
gas [18, 19]. 

Fig. 7. The exhaust gases as result of the fuel-air mixture
[18] 

These exhaust gases are caused due to the fact that 
the combustion is not fully realized, fuel - 
is rich mixture or poor mixture. Moreover
advances, compression ratio, air / fuel ratio,
factor, fuel quality, flame velocity, engine friction
combustion chamber design, vehicle design
aerodynamics affects exhaust emission [18-20

6.1. Exhaust emission gases that are emitted due 

to the vehicles 
As previously described, the resulting exhaust 

gases occurred because of the reaction of the fuel air 
mixture. These are the most important exhaust gases

CO2 (Carbon dioxide) 

CO2 (Carbon Dioxide) is the least harmful gas 
among the emission gases resulting from combustion. 
Carbon dioxides are converted to oxygen 
photosynthesis by plants. Furthermore, carbon dioxide 
causes greenhouse effect in the atmosphere 

CO (Carbon monoxide) 

The main reason for the presence of CO among 
combustion products; fuel is reacted by 1 oxygen 
instead of 2 oxygen, so that CO gas occurs. The CO
gas is a poisonous gas [18, 19]. 

HC (Hydrocarbon) 

HC (hydrocarbon) occurs when the fuel does not 
burn completely and the fuel evaporates (at fuel tank 
or during fuel filling) [18, 19]. 

NOX (Nitrogen oxides) 

At high temperatures reached by combustion, due 
to the fact that oxygen combines with nitrogen in air, 
nitrogen oxides occur. Two important parameters 
affecting NOX formation are combustion chamber 
temperature and air / fuel ratio. The chemical reaction 
rates and the amount of oxygen are also important here 
[18, 19].  

In addition, especially in diesel engines, SO
particulate matter and soot occur [18, 19]. 
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Fig. 8. Exhaust emission gases in gasoline engines [21

As shown in Figure 8, the N2 is 72,1 %, the H
13.8 %, the CO2 is 12.3 %, O2 and noble gases are 0
% and detrimental substances are 1.1 % in gasoline 
engines. The detrimental substances include CO, HC, 
PM (particulate matter), NOX. [21]. 

Fig. 9. Exhaust Emission Gases in Diesel Engines [21

As shown in Figure 9, N2 is 73.8 %, H2O is 9 %, 
the O2 is 9 %, the CO2 is 8 %, and detrimental 
substances are 0.2 % in the diesel engines. The 
detrimental substances include NOX, CO, HC, PM 
(particulate matter), SO2 [21]. 

7. EUROPEAN EMISSION STANDARDS

Nowadays, the increase in the number of vehicles 
causes environmental pollution. To prevent this 
environmental pollution, exhaust emission values have 
been standardized in vehicles. Since many countries 
have ratified the Kyoto Protocol aimed at reducing 
emissions, automakers and scientists work to 
air pollution, so that it has been decided that each 
vehicle will give exhaust gas to the surrounding area 
in a certain standard. These standards are classified 
according to years and exhaust emission values are 
gradually being reduced [22]. 

The first regulations on emissions in the world 
began in California in 1968, and the first limitation 
began in 1972 with the Regulation ECE R 15.00 and 
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Regulation EEC 72/220 in the European Union 
countries [22]. 

The engines produced before conforming to 
a specific emission standard before the standards 
introduced by the EU are called Non euro (pre-euro 
standards) engines. After the limitations, Euro I was 
passed between 1992-1993, Euro II between 
1995-1996, Euro III in 2000, Euro IV in 2005, Euro V 
in 2009 and Euro VI in 2014 [18]. 

The following in Table 3, Table 4, Table 5 and 
Table 6 show the exhaust emission values according to 
Euro standards, vehicle types and fuel types. When the 
tables were examined, exhaust emission values were 
reduced as the years progressed. 

Nowadays, engines are constantly being developed 
to comply with emission limits. Hybrid engines, one 
of the alternative energy technologies in the future 
"Zero Emission" target, are on the agenda [22]. 

Tab. 3. European emission standards for passenger cars 
(g/km) [22] 

Tier Date CO THC NMHC NOX 
HC+ 
NOX 

PM 

Diesel 

Euro I July 1992 
2.72 

(3.16) 
0.97 

(1.13) 
0.14 

(0.18) 

Euro 
II 

January 
1996 

1.0 0.7 0.08 

Euro 
III 

January 
2000 

0.64 0.50 0.56 0.05 

Euro 
IV 

January 
2005 

0.50 0.25 0.30 0.025 

Euro 
V 

September 
2009 

0.50 0.180 0.230 0.005 

Euro 
VI 

September 
2014 

0.50 0.080 0.170 0.005 

Gasoline 

Euro I July 1992 
2.72 

(3.16) 
0.97 

(1.13) 

Euro 
II 

January 
1996 

2.2 0.50 

Euro 
III 

January 
2000 

2.3 0.20 0.15 

Euro 
IV 

January 
2005 

1.0 0.10 0.08 

Euro 
V 

September 
2009 

1.0 0.10 0.068 0.060 0.005 

Euro 
VI 

September 
2014 

1.0 0.10 0.068 0.060 0.005 

 

Tab. 4. European emission standards for light commercial 
vehicles (1305 kg – 1760 kg) (g/km) [22] 

Tier Date CO THC NMHC NOX 
HC+ 
NOX 

PM 

Diesel 

Euro I 
October 

1994 
5.17 1.4 0.19 

Euro II 
January 

1998 
1.25 1.0 0.12 

Euro III 
January 

2001 
0.80 0.65 0.72 0.07 

Euro 
IV 

January 
2006 

0.63 0.33 0.39 0.04 

Euro V 
September 

2010 
0.63 0.235 0.295 0.005 

Euro 
VI 

September 
2015 

0.63 0.105 0.195 0.005 

Gasoline 

Euro I 
October 

1994 
5.17 1.4 

Euro II 
January 

1998 
4.0 0.6 

Euro III 
January 

2001 
4.17 0.25 0.18 

Euro 
IV 

January 
2006 

1.81 0.13 0.10 

Euro V 
September 

2010 
1.81 0.13 0.090 0.075 0.005 

Euro 
VI 

September 
2015 

1.81 0.13 0.090 0.075 0.005 

 

Tab. 5. European emission standards for light commercial 
vehicles (1760 kg – 3500 kg) (g/km) [22] 

Tier Date CO THC NMHC NOX HC+NOX PM 

Diesel 

Euro I 
October 

1994 
6.9 1.7 0.25 

Euro II 
January 

1998 
1.5 1.2 0.17 

Euro III 
January 

2001 
0.95 0.78 0.86 0.10 

Euro IV 
January 

2006 
0.74 0.39 0.46 0.06 

Euro V 
September 

2010 
0.74 0.28 0.35 0.005 

Euro VI 
September 

2015 
0.74 0.125 0.215 0.005 

Gasoline 

Euro I 
October 

1994 
6.9 1.7 

Euro II 
January 

1998 
5.0 0.7 

Euro III 
January 

2001 
5.22 0.29 0.21 

Euro IV 
January 

2006 
2.27 0.16 0.11 

Euro V 
September 

2010 
2.27 0.16 0.108 0.082 0.005 

Euro VI 
September 

2015 
2.27 0.16 0.108 0.082 0.005 
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Tab. 6. European emission standards for heavy commercial 
vehicles (g/kWh) [22] 

Date CO HC NOX PM 

Euro I 

1992 < 85 
kW 

4.5 1.1 8.0 0.612 

1992 > 85 
kW 

4.5 1.1 8.0 0.36 

Euro II 

October 
1996 

4.0 1.1 7.0 0.25 

October 
1998 

4.0 1.1 7.0 0.15 

Euro III 

October 
1999 

1.0 0.25 2.0 0.02 

October 
2000 

2.1 0.66 5.0 
0.10 
0.13 

Euro IV 
October 

2005 
1.5 0.46 3.5 0.02 

Euro V 
October 

2008 
1.5 0.46 2.0 0.02 

Euro VI 
January 

2013 
1.5 0.13 0.5 0.01 

 

8. INTERPRETATION OF EXHAUST 

EMISSION VALUES IN HYBRID 

ENGINE VEHICLES 

Nowadays, air pollution is one of the most 
important reasons of environmental problems. One of 
the reasons for this air pollution is also due to vehicles. 
Emissions from internal combustion engines are being 
reduced by measures taken by some environmental 
standards and regulations. The combustion of fossil 
fuels in internal combustion engines results in the 
formation of pollutants. These pollutants are dispersed 
in the atmosphere and react with the effect of sunlight 
cause the formation of ozone and greenhouse gases. 
Among the gases causing global warming are methane 
and chlorofluorocarbon, especially carbon dioxide 
[2, 23-25]. 

As shown in Table 7, gasoline, diesel and hybrid 
electric vehicles are compared in terms of exhaust 
emissions [2]. 

As shown in Table 7, the amount of CO generated 
by the combustion of fuel in gasoline internal 
combustion engines (ICE) is considerably higher than 
in diesel internal combustion engines (ICE) and hybrid 
electric vehicle (HEV). In addition, gasoline internal 
combustion engines (ICE) have the highest exhaust 
emission values. It is seen that the NOX value is higher 
in diesel engines. Hybrid electric vehicles (HEV) do 
not have all zero emission values, but they have very 
low emissions compared to diesel internal combustion 
engines (ICE) and gasoline internal combustion 
engines (ICE) [2]. 

 

Fig. 10. Comparison of exhaust emission values in 
percentage according to engine types [2] 

In Table 7 the exhaust emission values of a hybrid 
bus and a conventional bus are compared [2]. 

Tab. 7. Comparison of exhaust emission values of hybrid 
bus and conventional bus [2] 

Emissions (g/km) Hybrid Bus Conventional Bus 

HC 0.433 3.622 

CO 3.466 20.566 

NOX 6.66 25.472 

PM 0.333 3.259 

 
In Table 8, the exhaust emission values of a hybrid 

diesel vehicle and a conventional diesel vehicle are 
compared [8]  

Tab. 8. Comparison of exhaust emission values of hybrid 
diesel vehicle and conventional diesel vehicle [8] 

Emissions (g/km) NOX CO HC 

Conventional 
Diesel Vehicle 

0.9 0.9 0.18 

Hybrid Diesel 
Vehicle 

0.22 0.4 0.1 

 
As shown in Table 7 and Table 8, hybrid electric 

vehicles have lower exhaust emission values than 
other internal combustion engine vehicles. 

9. CONCLUSIONS 

The development of alternative fuels, improve-
ments in internal combustion engine technology and 
vehicles with alternative drive systems are on the 
agenda in order to improve energy efficiency in land 
transport, which is an important part of the 
transportation sector. 

In European countries, North America and Japan, 
the amount of fuel used in transportation has begun to 
be reduced and renewable energy sources instead of 
fossil fuels used in transportation have begun to be 
used. However, it has become a necessity to make 
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improvements in vehicles in those countries that have 
agreed to comply with various regulations in order to 
reduce emissions of fossil fuels. 

Nowadays, R & D activities are made to comply 
with these standards in vehicles. One of these R & D 
activities is hybrid electric vehicle technology. With 
this technology, ''Zero Emission'' is targeted in the 
future, so that this work is increasing day by day in the 
hybrid vehicle sector. 
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