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Abstract— One of the largest source of pollution in 

environment is automobile exhaust. Where engine emitted 

nitrogen oxides (NOx) which are dangerous for human life, 

because while increasing percentage of NOx where large 

increases in smoke density was observed. Now the world has 

faced negative effect from the fossil fuel like global warming, 

acid rain and so many others. Where biodiesel was introduced 

with increasing role in fulfilling the world’s energy 

requirement. With the increase in consumption of biodiesel, 

its impact on environment has raised a discussion around the 

world. Madhua oil is used to prepare the biodiesel in this 

present work. Contains low aromatics and sulphur and hence, 

is environment friendly. The addition of biodiesel fuel 

increases formaldehyde emission. Various methods are used 

to reduce the NOx emission. In the present work Exhaust gas 

recirculation (EGR) concept is used the diesel engine with 

B20 biodiesel as fuel. Experiments are conducted in a single-

cylinder, four-stroke, water-cooled, direct-injection diesel 

engine coupled to an Eddy current Dynamometer with EGR 

and without EGR at various level (10% and 20%). The aim 

of the paper to shows results of biodiesel combustion 

emission on the environment with use of EGR concept where 

NOx emission is reduced using EGR for diesel and bio diesel. 
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I. INTRODUCTION 

Diesel is a liquid fuel that is used in compress ignition diesel 

engines. Now a days running with automation diesel engine 

play a wide role. Diesel engine widely applicable for 

agricultural, automobile sectors. Fuel diesel is commonly 

derived from crude oil, but there are also alternatives that are 

not derived from distilling petroleum fuel oil that’s called as 

biodiesel. Diesel has approximately 35.6 MJ/litter of energy 

content and produces 2.75 kg of CO2 per kilo of diesel used. 

It has a calorific value of 45.8 MJ/kg and has a boiling range 

of 250°C to 350°C. Diesel is a popular alternative to petrol 

because of its ability to provide a better fuel economy and has 

less CO2 emissions. Diesel is a popular source of fuel and is 

believed to be better for cars that have a high consumption. It 

is also significant cheaper compared to petrol and provides 

more torque at low speeds. As transport is one of the few 

industrial sectors where emissions are still growing and this 

fact has made transport a major contributor of greenhouse 

gases [2]. 

Fuel developed from vegetable oil or animal fat and 

works in a diesel engine we can say that is biodiesel. These 

fuels are made as greener and cleaner alternatives to petrol 

and diesel. Biodiesel is composed of long-chain alkyl 

(methyl, ethyl, or propyl) esters. It is made by combining 

chemically reacting with an alcohol producing fatty acid 

esters. Biodiesel is made in a way that it can be used in diesel 

engines. They can be used pure or as 100% biodiesel or can 

be combined in different percentages with diesel. 100% 

biodiesel may require making minor modifications to the 

engine to avoid maintenance and performance problems. 

There are four different blends that are commonly used: 

B100, B20, B5 and B2. B100 is 100% biodiesel, B20 is 20% 

biodiesel with 80% diesel, B5 has 5% biodiesel and 95% 

diesel and B2 has 2% biodiesel and 98% diesel. Many more 

automobile industry have started providing diesel cars that 

allow up to B20 limits. Biodiesel is meant to be used in 

standard diesel engines and is thus distinct from the vegetable 

and waste oils used to fuel converted diesel engines. 

Biodiesel can be used alone, or blended with diesel in specific 

proportions. In internal combustion engines, exhaust gas 

recirculation (EGR) is a nitrogen oxide (NOx) emissions 

reduction technique used in. diesel engines. EGR works by 

recirculating a portion of an engine's exhaust gas back to the 

engine cylinders. This dilutes the O2 in the incoming air 

stream and provides gases inert to combustion to act as 

absorbents of combustion heat to reduce peak in-cylinder 

temperatures. NOx is produced in a narrow band of high 

cylinder temperatures and pressures. In a diesel engine, the 

exhaust gas replaces some of the excess oxygen in the pre-

combustion mixture. Because NOx forms primarily when a 

mixture of nitrogen and oxygen is subjected to high 

temperature, the lower combustion chamber temperatures 

caused by EGR reduces the amount of NOx the combustion 

generates Gases re-introduced from EGR systems will also 

contain near equilibrium concentrations of NOx and CO. the 

small fraction initially within the combustion chamber 

inhibits the total net production of these and other pollutants 

when sampled on a time average. Most modern engines now 

require exhaust gas recirculation to meet emissions standards. 

Chemical properties of different fuels limit how much EGR 

may be used. Shorter delay period which contributes to better 

combustion of fuel resulting in low emission of HC. Other 

reason can be the oxygen molecules present on the structure 

of biodiesel which helps in complete combustion of the fuel 

and hence decrease in HC emission [8]. 

II. EXHAUST GAS RECERCULATION (EGR) 

Exhaust gas recirculation is an advanced concept for 

reduction of NOx. Also emission consisting inert carbon 

dioxide, nitrogen and possess high specific heat. EGR 

concept is that the engine exhaust gas again recirculated and 

put into the combustion chamber with intake air. At this time 

of recirculation it reduce oxygen concentration. That is the 

exact reason for reduction of NOx emission in internal 

combustion engine. At low-load conditions, use of high EGR 

rates at constant boost pressure is a way to drastically reduce 

NOx and PM emissions but with an increase of brake-specific 

fuel consumption and other emissions, whereas EGR may 

drastically reduce NOx emissions without important penalty 

on BSFC and soot emissions but is limited by the turbo 

charging system[5]. Biodiesel contains no petroleum, even 
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though it can be used in pure form in the compression ignition 

engine with little or no engine modification, or it can be used 

in blend with petroleum diesel at any level [9]. 

The use of biodiesel in diesel engines does not 

require any hardware modification [4].  EGR is one of the most 

effective techniques currently available for reducing NOx 

emissions in internal combustion engines. However, the 

application of EGR also incurs penalties. It can significantly 

increase smoke, fuel consumption and reduce thermal 

efficiency unless suitably optimized. The higher NOx 

emission can be effectively controlled by employing EGR [3]. 

A. Functions of Exhaust Gas Recirculation (EGR) 

1) Decrease Throttling Losses 

The addition of inert exhaust gas into the intake system means 

that for a given power output, the throttle plate must be 

opened further, resulting in increased inlet manifold pressure 

and reduced throttling losses. 

2) Decrease Heat Rejection 

Lowered peak combustion temperatures not only reduces 

NOx formation, it also reduces the loss of thermal energy to 

combustion chamber surfaces, leaving more available for 

conversion to mechanical work during the expansion stroke. 

3) Decrease Chemical Dissociation 

The lower peak temperatures result in more of the released 

energy remaining as sensible energy near TDC (Top Dead-

Center), rather than being bound up (early in the expansion 

stroke) in the dissociation of combustion products. This effect 

is minor compared to the first two 

 EGR (in percentage) can measure with the help of 

formula 

 

III. ACTUAL PRACTICAL 

A. Engine Specification 

The four stroke, single cylinder, direct-injection (DI), vertical 

diesel engine at a rated speed of 1500 rpm. 

 
Fig. 1: Block Diagram of Exhaust Gas Recirculation on CI 

Engine 

This experiment emphasis on the two ways, where 

first to analysis the performance, combustion and emission of 

diesel and biodiesel engine without EGR studied. And second 

way is totally with EGR is using diesel and biodiesel are 

studied. The emissions like HC, CO, NOx are measured in 

the DI gas analyser and the exhaust gas temperature is 

measured using thermocouple. Combustion analyser used to 

measure combustion parameter such as cylinder pressure, 

heat release and cycle to cycle variation are with pure diesel 

and bio-diesel also smoke density is measured by smoke 

meter. 

In an experimental setups diesel engines, the EGR 

gas is cooled with a heat exchanger to allow the introduction 

of a greater mass of recirculated gas. Unlike spark-ignition 

engines, diesels are not limited by the need for a contiguous 

flame front furthermore, since diesels always operate with 

excess air, they benefit from EGR rates as high as 50% (at 

idle, when there is otherwise a large excess of air) in 

controlling NOx emissions. Exhaust recirculated back into 

the cylinder can increase engine wear as 

carbon particulates wash past the rings and into the oil. 

EGR does not lower throttling losses in the way that 

it does for SI engines. Exhaust gas—largely nitrogen, carbon 

dioxide, and water vapour has a higher specific heat than air, 

so it still serves to lower peak combustion temperatures. 

However, adding EGR to a diesel reduces the specific heat 

ratio of the combustion gases in the power stroke. This 

reduces the amount of power that can be extracted by the 

piston. EGR also tends to reduce the amount of fuel burned 

in the power stroke. This is evident by the increase in 

particulate emissions that corresponds to an increase in EGR. 

Particulate matter (mainly carbon) that is not burned 

in the power stroke is wasted energy. Stricter regulations on 

particulate matter (PM) call for further emission controls to 

be introduced to compensate for the PM emission increases 

caused by EGR. The most common is a diesel particulate 

filter in the exhaust system which cleans the exhaust but 

causes a constant minor reduction in fuel efficiency due to the 

back pressure created. The nitrogen dioxide component of 

NOx emissions is the primary oxidizer of the soot caught in 

the diesel particulate filter at normal operating temperatures. 

This process is known as passive regeneration. Increasing 

EGR rates cause passive regeneration to be less effective at 

managing the PM loading in the DPF. This necessitates 

periodic active regeneration of the DPF by burning diesel fuel 

in the oxidation catalyst in order to significantly increase 

exhaust gas temperatures through the DPF to the point where 

PM is quickly burned by the residual oxygen in the exhaust. 

By feeding the lower oxygen exhaust gas into the 

intake, diesel EGR systems lower combustion temperature, 

reducing emissions of NOx. This makes combustion less 

efficient, compromising economy and power. The normally 

"dry" intake system of a diesel engine is now subject to 

fouling from soot, unburned fuel and oil in the EGR bleed, 

which has little effect on airflow. However, when combined 

with oil vapour from a PCV system, can cause build-up of 

sticky tar in the intake manifold and valves. It can also cause 

problems with components such as swirl flaps, where fitted. 

Diesel EGR also increases soot production, though this was 

masked in the US by the simultaneous introduction of diesel 

particulate filters. EGR systems can also add abrasive 

contaminants and increase engine oil acidity, which in turn 

can reduce engine longevity. 
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IV. PERFORMANCE PARAMETERS 

A. Brake Power 

Brake power is defined as the power developed by 

an engine at the output shaft. 

The brake power (briefly written as B.P.) of an IC 

Engine is the power available at the crankshaft. The brake 

power of an I.C. engine is, usually, measured by means of a 

brake mechanism (prony brake or rope brake). 

B. Specific Fuel Consumption 

Specific fuel consumption is a measure of the fuel 

efficiency of any prime mover that burns fuel and produces 

rotational, or shaft, power. It is typically used for comparing 

the efficiency of internal combustion engines with a shaft 

output. It is the rate of fuel consumption divided by the power 

produced. A vehicle's specific fuel consumption is more or 

less independent from its nitrogen oxide emissions per 

kilometre. The specific fuel consumption of an engine is the 

rate of fuel burnt to produce a unit of thrust. Improvements in 

fuel efficiency mean that the specific fuel consumption per 

kilometre driven decreased by more than 30 percent [6]. 

At full load without EGR 

Diesel =0.2779 (Kg/kw-hr) 

Biodiesel =0.2794 (Kg/kw-hr) 

Brake Power (kw) 1 2 3 4 

Specific Fuel Consumption 

Diesel with hot EGR 

(kg/kw-hr) 

Diesel without EGR 

Biodiesel B20 without 

EGR 

EGR 10% 

EGR 20 

0.55 

0.60 

0.55 

0.54 

0.35 

0.39 

0.35 

0.34 

0.30 

0.32 

0.30 

0.29 

0.28 

0.30 

0.28 

0.29 

Specific Fuel Consumption 

Biodiesel B20 with hot EGR 

(kg/kw-hr) 

Diesel without EGR 

Biodiesel B20 without 

EGR 

EGR 10% 

EGR 20% 

0.59 

0.59 

0.57 

0.56 

0.38 

0.37 

0.37 

0.37 

0.33 

0.33 

0.33 

0.34 

0.30 

0.30 

0.32 

0.33 

Table 1: 

C. Nitrogen Oxides (NOx) 

Table 2 indicate the variation of nitrogen oxide with brake 

power. NOx value was found to be 736 ppm for diesel and 

796 ppm for biodiesel without EGR at full load condition. To 

reduce NOx emission various method are used now a day’s 

most popular method is exhaust gas recirculation. One of the 

reasons of the ground level formation of ozone is NOx, which 

cause serious respiratory problem. NOx, also contribute to the 

formation of acid rain. Particulate present in the exhaust is a 

complex mixture of organic and inorganic substance[1]. 

1) There are Three Main Causes of NOx Emissions 

 High Temperature Combustion of Fuels 

Where the temperature is hot enough (above about 1300°C/ 

2370°F) to oxidise some of the nitrogen in air to NOx gases. 

This includes burning hydrogen, as it burns at a very high 

temperature. Comments on diesel engines are shown below. 

 Burning Plant Material 

Releases nitrogen oxides, as all plants contain nitrogen. 

Chemical and industrial processes which use nitric acid, 

nitrates or nitrites will release NOx gases. 

Brake Power 

(kw) 
1 2 3 4 

Oxides of nitrogen 

(ppm) 

Diesel B20 With EGR 

Diesel without EGR 

Biodiesel B20 without EGR 

EGR 10% 

EGR 20 

230 

220 

150 

120 

390 

370 

200 

150 

510 

500 

230 

190 

650 

640 

300 

160 

Oxides of nitrogen 

(ppm) 

Biodiesel B20 With EGR 

Diesel without EGR 

Biodiesel B20 without EGR 

EGR 10% 

EGR 20% 

230 

220 

120 

120 

330 

310 

200 

150 

520 

460 

250 

140 

650 

660 

260 

130 

Table 2: 

V. RESULTS & DISCUSSION 

Thus the present experimental analysis on a single cylinder 

diesel engine with diesel and biodiesel blend has proved 

minimized pollution and improved performance. EGR 

technique is used for reduction of NOx concentration, 

Compared to diesel operation without EGR. Biodiesel blend 

ratios have little effect on the NO/NOx ratio at medium and 

high engine loads. CO emissions for biodiesel, from B5 to 

B100, increase at low engine loads, and remain unchanged or 

decrease at high engine loads. The HC emissions show a 

continuous reduction with increasing biodiesel blends at all 

test operating conditions. Smoke emissions have a consistent 

decreasing trend with increasing biodiesel blends. Smoke 

reduction shows a good correlation with biodiesel blend level, 

which indicates that the biodiesel blend level has a direct 

effect on engine smoke emissions. 

VI. CONCLUSION 

According to experimental result following conclusion made. 

 Specific fuel consumption was lower with Exhaust Gas 

Recirculation as compared to without Exhaust Gas 

Recirculation. 

 Brake thermal efficiency of biodiesel was found to be 

comparable with diesel at all load with and without 

Exhaust Gas Recirculation. 
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 The Exhaust Gas Recirculation level was increased HC 

emission also increased for biodiesel. 

 NOx   Level was reduced with increases in Exhaust Gas 

Recirculation. 

 In Exhaust Gas Recirculation CO emission increases. 
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