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ABSTRACT  
Internal combustion engines are established as the main power source for the automobile vehicles. At present emission 

norms becomes strict for any I.C. Engine. The main pollutant are CO, HC, NOx, PM, soot, etc from which NOx are one of 

the most harmful component.  It is possible to limit the negative effect of NOx on the environment by various methods like 

exhaust gas recirculation (EGR), catalyst and water injection. The aim of this work is to review the effect of exhaust gas 

recirculation (EGR) to reduce the NOx emission from tailpipe of homogeneous charged C.I.engines. Cooled exhaust gas 

recirculation (EGR) is a common way to control the NOx generation in engine cylinder. It was found that adding EGR to the 

fresh air charge to homogeneous charged engines will beneficial to reduce the NOx emission substantially. Substantial 

reductions in NOx emission are achieved by previous investigators with 10% to 30% EGR. However, EGR has other effects 

on combustion and emission production that are increase of intake charge temperature, delay in heat release, decrease of 

peak cylinder temperature and decrease in O2 concentration in cylinder charge and decrease the air-fuel ratio. 
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I. INTRODUCTION 

Air pollution can be defined as an addition of any 

material to the atmosphere which will have 

threatening effects on existence of mankind. In recent 

year due to globalization and industrial development, 

transportation industries are flourishing very fast. 

Such industries are very much responsible for 

atmospheric pollution which is detrimental to human 

health and environment. Internal combustion engines 

are the main power source for the automobile 

vehicles which is used by transportation industries. 

Mostly all the diesel engines have high thermal 

efficiencies because of their high compression ratio 

and lean air-fuel operation. The high compression 

ratio produces the high temperatures required to 

achieve auto ignition and the resulting high 

expansion ratio makes the engine discharge less 

thermal energy in the exhaust. Due to lean air-fuel 

mixture, extra oxygen in the cylinders is present to 

facilitate complete combustion [1, 12]. Increasing 

diesel consumption increases the pollutant that 

pollutes the atmospheric air [12]. Thus good efforts 

are being made to reduce the pollutants emitted from 

the exhaust system without loss of power and fuel 

consumption [1, 12]. Recent concern over 

development in automotive technology is the low 

environmental impact. In fact, partial recirculation of 

exhaust gas, which is not a new technique, has 

recently become essential, in combination with other 

techniques for attaining lower emission levels. 

Several reasons can be used to explain for this 

interest.  

• The proposal of the future Bharat Stages 

directive establishes separate and even more 

stringent limits for NOX emissions. 

• The reductions in NOX emissions have probably 

become the most difficult target to attain, owing 

to  the  associated reverse effect of other recently 

used techniques, such as high supercharging, an 

improved mixing process by more efficient 

injection systems etc. 

• The development of a new generation of exhaust 

gas recirculation (EGR) valves and 

improvements in electronic controls allow a 

better EGR accuracy and shorter response time 

in transient conditions. 

• The most common operating conditions, mainly 

the passenger cars are operating at lower engine 

loads in urban font density, and it must be 

considered that it is mainly at partial loads where 

EGR is indicated because of its higher oxygen 

content.  

Pollutants are because of the incomplete burning of 

the air-fuel mixture in the combustion chamber. The 

major pollutants emitted from the exhaust due to 

incomplete combustion are [12], 

1. Carbon monoxide (CO) 

2. Hydrocarbons (HC) 

3. Oxides of nitrogen (NOx) 

If, combustion is complete, the only products being 

expelled from exhaust would be water vapour which 

is harmless, and carbon dioxide, which is an inert gas 

and, as such it is not directly harmful to humans.  

II.  MECHANNISM OF FORMATION OF 

POLLUTANT 

A. Mechanism of formation of Carbon Monoxide 

(CO)  

Carbon monoxide is a colourless poisonous gas. 

Small amounts of CO concentrations, when breathed 

in, slow down physical and mental activity and 

produces headaches, while large concentration will 

kill. CO is generally formed when the mixture is rich 

in fuel. The amount of CO formation increases as the 

mixture becomes more and more rich in fuel. A small 

amount of CO will come out of the exhaust even 

when the mixture is slightly lean in fuel because air- 

fuel mixture is not homogenous and equilibrium is 

not established when the products pass to the exhaust. 

At the high temperature developed during the 

combustion, the products formed are unstable and 

following reactions take place before the equilibrium 

is established [12]. 

2C+O2 = 2CO 

As the products cool down to exhaust temperature, 

major part of CO reacts with oxygen to form CO2. 

However, a relatively small amount of CO will 

remain in exhaust. 

B. Mechanism of formation of Hydrocarbons (HC)  

Hydrocarbons, derived from unburnt fuel emitted by 

exhausts, engine crankcase fumes and vapour 

escaping from the carburetor are also harmful to 

health. Hydrocarbons appears in exhaust gas due to 
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local rich mixture pockets at much lower temperature 

than the combustion chamber and due to flame 

quenching near the metallic walls. A significant 

amount of this unburnt HC may burn during 

expansion and exhaust strokes if oxygen 

concentration and exhaust temperature is suitable for 

complete oxidation [12]. 

C. Mechanism of formation of nitric oxide (NO)  

Oxides of nitrogen is produced in very small 

quantities can cause pollution. While prolonged 

exposure of oxides of nitrogen is dangerous to health. 

Oxides of nitrogen which occurs only in the engine 

exhaust are a combination of nitric oxide (NO) and 

nitrogen dioxide (NO2). Nitrogen and oxygen react at 

relatively high temperature. NO is formed inside the 

combustion chamber in post-flame combustion 

process in the high temperature region. The high peak 

combustion temperature and availability of oxygen 

are the main reasons for the formation of NOx. In the 

present of oxygen inside the combustion chamber at 

high combustion temperatures the following chemical 

reactions will takes place behind the flame [12]. 

  N2+O2 = 2NO 

  N2+2H2O = 2NO+H2 

Calculation of chemical equilibrium shows that a 

significant amount of NO will be formed at the end 

of combustion. The majority of NO formed will 

however decompose at the low temperatures of 

exhaust. But, due to very low reaction rate at the 

exhaust temperature, a part of NO formed remains in 

exhaust. The NO formation will be less in rich 

mixtures than in lean mixtures [1, 12]. The 

concentration of oxides of nitrogen in the exhaust is 

closely related peak combustion temperature inside 

the combustion chamber.  

III.  CONTROL OF OXIDES OF NITROGEN 

(NOX) 

Many theoretical and experimental investigation 

shows that the concentration of NOx in the exhaust 

gas is closely related to the peak cycle temperature 

and available amount of oxygen in the combustion 

chamber. Any process to reduce cylinder peak 

temperature and concentration of oxygen will reduce 

the oxides of nitrogen. This suggests a number of 

methods for reducing the level of nitrogen oxides. 

Among these the dilution of fuel-air mixture entering 

the engine cylinder with an inert or non-combustible 

substance is one which absorbs a portion energy 

released during the combustion, thereby affecting an 

overall reduction in the combustion temperature and 

consequently in the NOx emission level. The 

following are the three methods for reducing peak 

cycle temperature and thereby reducing NOx 

emission [1, 12]. 

1. Water injection. 

2. Catalyst 

3. Exhaust gas recirculation ( EGR) 

A. Water injection 

Nitrogen oxides NOx reduction is a function of water 

injection rate. NOx emission reduces with increase in 

water injection rate per kg of fuel. The specific fuel 

consumption decreases a few percent at medium 

water injection rate. The water injection system is 

used as a device for controlling the NOx emission 

from the engine exhaust. 

B. Catalyst 

A copper catalyst has been used to reduce the NOx 

emission from engine in the presence of CO. 

Catalytic converter package is use to control the 

emission levels of various pollutants by changing the 

chemical characteristics of the exhaust gases. 

Catalyst materials such as platinum and palladium are 

applied to a ceramic support which has been treated 

with an aluminium oxide wash coat. This results in as 

extremely porous structure providing a large surface 

area to stimulate the combination of oxygen with HC 

and CO. This oxidation process converts most of 

these compounds to water vapour and carbon-

dioxide.  

C. Exhaust gas recirculation (EGR) 
EGR is commonly used to reduce NOx in S.I. 

engines as well as C.I. engines. Fig (1) shows the 

arrangement of exhaust gas recirculation (EGR) 

system. The principle of EGR is to recirculate about 

10% to 30% of the exhaust gases back into the inlet 

manifold where it mixes with the fresh air and this 

will reduces the quantity of O2 available for 

combustion [1,12]. This reduces the O2 concentration 

and dilutes the intake charge, and reduces the peak 

combustion temperature inside the combustion 

chamber which will simultaneously reduce the NOx 

formation. About 15% recycle of exhaust gas will 

reduce NOx emission by about 80%. It should be 

noted that most of the NOx emission occurs during 

lean mixture limits when exhaust gas recirculation is 

least effective. The exhaust gas which is sent into the 

combustion chamber has to be cooled so that the 

volumetric efficiency of the engine can be increased. 

EGR ratio is defined as the ratio of mass of recycled 

gases to the mass of engine intake. Also %EGR is   

 
From above three methods, EGR is the most efficient 

and widely used system to control the formation of 

oxides of nitrogen inside the combustion chamber of 

I.C. engine. The exhaust gas for recirculation is taken 

through an orifice and passed through control valves 

for regulation of the quantity of recirculation [3]. 

Normally exhaust gas recirculation is shut off during 

idle to prevent rough engine operation. 

   
Fig. 1. Exhaust Gas Recirculation [3]. 

IV.  EXHAUST GAS RECIRCULATION 

SYSTEMS 

A. Low pressure EGR system 

The implementation of EGR is straightforward for 

naturally aspirated engines because the exhaust 

tailpipe backpressure is normally higher than the 

intake pressure. If portion of turbine outlet exhaust 

gas is delivered to compressor inlet through the flow 

control valve then it called low pressure EGR loop. 

In low pressure EGR system, a flow passage is a 

devised between the exhaust of super charger turbine 

and the intake manifolds connected to the super 

charging compressor. The flow of EGR regulated 

with a throttling valve showing in Fig (2). The 

pressure differences generally are sufficient to drive 

the EGR flow of a desired amount except during 

idling [3]. If the exhaust gas is recycled to the intake 

directly, the operation is called hot EGR. If the 
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exhaust gas is recycled through EGR cooler, the 

operation is called cooled EGR [3]. 

 
Fig.  2.  Low Pressure EGR loop [3]. 

For turbocharged I.C. engine modification is done in 

EGR system because a positive differential pressure 

between the turbine outlet and compressor inlet is 

generally available (p4-p1)>0. Furthermore, tailpipe 

pressure p1 can be elevated by partial throttling that 

ensures sufficient driving pressure for the EGR flow. 

The low pressure EGR loop is not applicable as the 

conventional compressor and inter–coolers are not 

designed to ensure the temperature of exhaust gas. 

This type of loop can be used by directing exhaust 

from the turbine outlet to the inter-cooler outlet 

directly bypassing the compressor [3]. 

      
 Fig.  3.  High Pressure EGR Loop [3]. 

B. High pressure EGR system 

Another method of EGR is high pressure EGR loop. 

In high pressure EGR system, a flow passage is a 

devised between the exhaust of engine (up-stream of 

the turbine) and the intake manifolds of engine 

(downstream of the super charging compressor). In 

this system the exhaust gas is recirculated from up-

stream of the turbine to downstream of the 

compressor or the downstream of the inter-cooler as 

shown in Fig (3). The compressor and inter-cooler 

are therefore not exposed to the exhaust gas. Such 

high pressure loop EGR system is only applicable 

when the turbine upstream pressure is sufficiently 

higher than the boost pressure (compressor 

downstream pressure) i.e. if (p3-p2)>0. 

V. SCHEMATIC DIAGRAM OF ENGINE SETUP 

USING EGR 

The EGR flow components, ducts and valves, need to 

withstand the boost pressure. The section of duct 

from the engine exhaust to the inter-cooler should 

also be resistant to exhaust temperatures that are 

commonly in a range of 200-600 
°
C. In order to 

absorb the thermal expansion and to tolerate the 

mechanical vibration, the duct should be made with a 

flexible stainless steel bellows. When EGR system is 

applied, the engine intake consists of fresh air and 

recycled exhaust gas. Exhaust gases were tapped 

from exhaust pipe and connected  

to inlet airflow passage. An EGR control valve was 

provided in this pipe for EGR control. The exhaust 

gases were regulated by this valve and directly send 

to the inlet manifold, upstream of compressor or 

downstream of compressor. Sufficient distance for 

through mixing of fresh air and exhaust gases were 

ensured. The percentage of recycled gases is 

commonly represented by an EGR ratio i.e. the mass 

ratio of recycled gases to the whole engine intake [3]. 

Fig.  4.  Schematic Diagram of Engine Setup Using 

EGR [6]. 

VI. EFFECT OF EGR ON NOX EMISSION 

FROM VARIOUS ENGINES 

A. Effect of EGR on NOx emission from engine 

fueled with a JETROPHA bio-diesel 

Some cetane improving additives are capable of 

reducing NOx, the amount of reduction is inadequate. 

Exhaust gas recirculation is an effective method for 

NOx control. The exhaust gases mainly consist of 

inert carbon dioxide, nitrogen and posses high 

specific heat. When exhaust gas recirculated to 

engine inlet, it can reduce oxygen concentration and 

act as a heat sink. This process reduces oxygen 

concentration and peak combustion temperature 

which mainly responsible for NOx generation [2]. 

NO emission from engine fueled with jatropha bio-

diesel was found to be comparatively higher than the 

engine fueled with diesel at full load and at part load 

with 0% EGR operation. This is due to higher 

viscosity of bio-diesel resulting in a dynamic 

injection advance apart from state injection advance 

provided for optimum efficiency and excess oxygen 

present in the jatropha bio-diesel.  With 5% EGR, the 

NO level comes down for jatropha bio-diesel and for 

diesel fueled engine but steel NO level is higher for 

jathropha bio-diesel than for diesel at full load 

operation. For jatropha bio-diesel NO levels were 

found to be increasing for load range 0-40% for 5% 

and 10% EGR operation. These values were found to 

be higher compared to both diesel and jatropha bio-

diesel without EGR because of the increased charge 

temperature due to hot EGR and dynamic injection 

advance. NO emission from jatropha bio-diesel at all 

loads for 15% EGR rate was lower compared to 

diesel without EGR condition. 20 to 25 % EGR were 

able to reduce NO level by a large amount but it will 

increases smoke, CO and HC emission. 15% hot 

EGR reduces NO emission without much adverse 

effects on the performance, smoke and other 

emissions. 15% EGR on jatropha bio-diesel was 

found to be effective in reducing NO emission to 



                            International Journal of Advanced Engineering Research and Studies           E-ISSN2249–8974 

IJAERS/Vol. I/ Issue III/April-June, 2012/ 

values lower than that of diesel without EGR at all 

loads. At full load, 15% EGR on jatropha bio-diesel 

was found to be lower than that of corresponding 

diesel NO emission with 15% EGR [2]. 

 
Fig. 5. Variation in NOx Emission in ppm with % 

of EGR for Jetropha Bio-diesel Fueled CI Engine 

B. Effect of EGR on NOx emission from constant 

speed C.I. diesel engine 

Due to strict vehicle exhaust norms, several exhaust 

pre-treatment and post-treatment techniques have 

been employed in modern engines. Exhaust gas 

recirculation (EGR) is a pre-treatment technique. 

This is the widely used process to reduce and control 

the oxides of nitrogen (NOx) emissions from diesel 

engines. EGR control the NOx because it lowers 

oxygen concentration and flame temperature of the 

working fluid in the combustion chamber [6]. The 

exhaust gas displaces fresh air-entering the 

combustion chamber and this air displacement lowers 

the amount of oxygen available for combustion in the 

intake mixture. Reduced oxygen available for 

combustion lowers the effective air-fuel ratio. 

Exhaust gases mixed with intake air increases 

specific heat of intake mixture, which results in the 

reduction of flame temp. Thus combination of lower 

oxygen quantity in the intake air and reduced flame 

temperature reduces rate of NOx formation [6]. 

Engine using EGR emit lower quantity of exhaust 

gases compared to NON-EGR engines because part 

of the exhaust gas is re-circulated. Diesel engines 

operating at low loads are generally tolerate a higher 

EGR ratio because re-circulating exhaust gases 

contain high concentration of oxygen and low 

concentration of carbon dioxide. But at higher loads, 

the oxygen in exhaust gas becomes scare and inert 

constituents start dominating along with increased 

exhaust temp. Thus as load increases, diesel engines 

tend to generate more smoke because of reduced 

availability of oxygen.  At very high EGR rate 

(around 44%) NOx emission continuously drops but 

this high EGR rate significantly affects the fuel 

economy. The degree of reduction in NOx at higher 

loads is higher with same % EGR compared to part 

load. At the part load, O2 is available in sufficient 

quantity but at high loads O2 reduces drastically, 

therefore NOx is reduced more at higher loads 

compared to part loads. The major influenence on 

NOx emission is due to change in temperature rather 

than O2 availability. About 15% EGR rate is found to 

be effective to reduce NOx emission substantially 

without deteriorating performance and emission. At 

higher loads, increased rate of EGR reduces NOx to a 

great extent but deteriorates performance and 

emissions. So higher rate of EGR can be applied at 

lower loads. 

 
Fig. 6. Variation in NOx Emission in ppm with % 

of EGR for constant speed diesel Fueled CI 

Engine 

C. Effect of EGR on NOx emission from heavy 

duty DI diesel engine 

Direct injection diesel engines are well established 

today as the main power train solution for trucks and 

other relevant heavy vehicles at the same time 

emission law particularly for NOx becomes strict. 

One efficient method for control NOx is use of high 

exhaust gas recirculation (EGR) rates accompanied 

by increased boost pressure to avoid the negative 

impact on soot emissions. The method is based on the 

reduction of gas temperature level and O2 availability 

inside the combustion chamber. The use of high EGR 

rates creates need for EGR gas cooling and decreases 

of EGR gas temperature, has a positive effect on bsfc 

[7]. 

In heavy duty DI diesel engines NOX emission 

decreases almost linearly with EGR rate. NO 

emissions at full load remain almost constant when 

altering EGR temp. A small NO emission increases 

only at high EGR rates. Formation of NOx is 

temperature and O2 sensitive. So that the increase of 

EGR temperature is compensate by the reduction of 

air fuel ratio. For the same EGR rate has no 

significant effect on NO for all engines speeds, but 

small NO emission increases only at high EGR rates 

with speed on the other hand. The effect of EGR rate 

is slightly higher at low engine speed. Emission of 

NO increases with increase of temperature of EGR 

(HOT EGR) compared to the cooled EGR. The 

increase of EGR temperature from 90°C to 240 °C 

results to an increase of the mean gas temperature 

and the individual zone temperature during the main 

combustion period and that create adverse effect on 

NO emission. Because of that, in heavy duty DI 

diesel engine, EGR cooling is favorable to retain the 

benefits of law NOx emissions without sacrificing the 

engine efficiency.  

D. Effect of EGR on NOx emission from LPG 

fuelled diesel engine 

Diesel engine was operated on 100% liquefied 

petroleum gas (LPG). The LPG has a low cetane 

number (<3). Therefore diethyl ether was added to 

the LPG for ignition purpose. It will improve the 

cetane number (>125) and has a low auto ignition 

temperature (160 °C) [10]. Exhaust gas recirculation 

(EGR) is one of the most effective techniques for 

reducing NOx emission from I.C. engines. EGR 

raises the total heat capacity of working gases in 
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engine cylinder and lowers the peak temperature due 

to high heat capacity of EGR [10]. 

 

 
Fig. 7. Variation in NOx Emission in ppm with % 

of EGR for LPG Fueled CI Engine 

The concentration of NOx in the case of LPG 

operation without EGR is about 60% less than NOx 

concentration in the case of diesel engine operation at 

any load. For LPG engine it is observed that for all 

EGR percentages, the NO emission is found slightly 

higher compared to LPG operation without EGR 

from no load to 40% load. This is because the 

exhaust gas mixes with intake air and raises the inlet 

air temperature slightly. This EGR will enhance the 

combustion rate and leading to increased cylinder 

peak temperature and hence higher NO emissions in 

the engine exhaust. But at higher power outputs, 

significant reduction in NOx concentration 

particularly with 10% to 20% of EGR from 80% to 

100% load. This may be due to the fact that at higher 

loads as well as with higher EGR percentages, the 

concentration of both CO2 and H2O present in the 

intake is more. These gases absorb energy released 

by combustion, which reduces the peak combustion 

temperature in the combustion chamber resulting in 

the reduction of NO emission. Also LPG with EGR 

operation exhibits lower exhaust gas temperature 

particularly with high EGR percentages at higher 

loads. 

E. Effect of EGR on NOx emission from diesel 

engine with hydrogen as a dual fuel 

Hydrogen is one of the best alternatives for 

conventional fuels. Hydrogen enriched air is used as 

intake charges in a diesel engine adopting exhaust 

gas recirculation (EGR).  

 
Fig. 7. Variation in NOx Emission in ppm with % 

of EGR for Hydrogen Fueled CI Engine 

There are various ways to reduce the emission from 

the exhaust of an engine running with hydrogen as 

fuel, but EGR is the most efficient technic to control 

the emission. The main pollutant exhausted by 

hydrogen fueled engine is NOx. NOx emission from 

hydrogen duel fuel engine without EGR is higher 

than the diesel engine. But with EGR, the NOx 

formation decreases with increase in the EGR. This is 

mainly due to the replacement of air-fuel mixture by 

inert gas, which reduces the peak combustion 

temperature [11]. 

VII. CONCLUSIONS 

EGR is a very useful technique for reducing the NOx 

emission.  EGR displaces oxygen in the intake air 

and dilute the intake charge by exhaust gas re-

circulated to the combustion chamber. Recirculated 

exhaust gas lower the oxygen concentration in 

combustion chamber and increase the specific heat of 

the intake air mixture, which results in lower flame 

temperatures. It was observed that 15% EGR rate is 

found to be effective to reduce NOx emission 

substantially without deteriorating engine 

performance in terms of thermal efficiency, bsfc and 

emissions. Thus, it can be concluded that higher rate 

of EGR can be applied at lower loads and lower rate 

of EGR can be applied at higher load. EGR can be 

applied to diesel engine fueled with diesel oil, bio-

diesel, LPG, hydrogen, etc without sacrificing its 

efficiency and fuel economy and NOx reduction can 

thus be achieved.  
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