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Abstract - Air pollution is one of the serious environmental concerns of the Bengaluru City, where majority of the 
population is exposed to poor air quality. Emission from vehicles especially automobiles is responsible for about two third of 
air pollution in the urban area. The major pollutants emitted by motor vehicles including CO, NOx, sulphur oxides, (SO), 
HC, lead (Pb) and suspended particulate matter (SPM), have damaging effects on both human health and ecology. The 
internal combustion engines need a mixture of air and fuel to burn and produce energy to propel the vehicle. These burnt 
gases which come out of the exhaust are responsible for pollution. In petrol engines, the gases comprise a mixture of unburnt 
hydrocarbons (HC), Carbon Monoxide (CO) and Oxides of Nitrogen (NOx). If these gases are in excess quantities, vehicular 
pollution is caused. Emissions of Diesel vehicles are the concentration of CO and unburnt HC in the diesel exhaust are rather 
low, both of which are compensated by high concentration of NOx and CO2. There are smoke particles and oxygenated HC, 
including aldehydes and odour-producing compounds.  
This paper initially presents various types of pollution emitted by vehicles in Bengaluru city, challenges and mitigation 
measures by the use of various new technologies of Automobile Engineering and Alternative fuels.  
 
Keywords - Emissions. Air Pollution; I.C Engines; Mitigation; Alternative Fuels, Integrated Rail-Road Transport.  
 
I. INTRODUCTION 
 
Bengaluru is located in the state of Karnataka about 
920 meters above mean sea level on the Deccan 
Plateau of South India. It covers an area of 741 sq. 
km. Bangalore, officially called as Bengaluru, is one 
of the three (other two Delhi and Mumbai) finest 
metropolitans in India. It is the most important and 
busiest part not for only Karnataka but also in total 
southern India. It serves as the capital city of 
Karnataka as well as industrial capital also. 
Bangalore also refers to as Garden City of India due 
to its wide range of gardens and parks throughout the 
city. Today, Bangalore is a home of many well-
recognized colleges and research centres, private 
industries, software companies, telecommunications, 
defence organizations, aerospace, etc. Bangalore is 
also called as the Silicon Valley of India due to its 
nation leading position in IT Market. 
Bengaluru is home to the second highest number of 
vehicles in India. New Delhi tops the list with 1.01 
crore vehicles. In contrast, Hyderabad accounts for 
48.70 lakh vehicles (as on October 31), Chennai for 
47.57 lakh (as on April 2016) and Mumbai for 30.69 
lakh (as on March 2017). 
Experts say BMTC's depleting fleet of buses and high 
fares, poor last-mile connectivity, high parking fee 
at Metro stations and elusive suburban trains are 
pushing more and more people to opt for private 
vehicles. The rising number of vehicles is leading to 
congestion on roads, bringing down average speed 
and causing pollution levels to rise. 
Bengaluru is in the grip of rising air pollution. 
Official ambient air quality monitoring has already 
shown 57% increase in particulate matter in just 4 
years (201-14) and 23% in one year (2013-14-2014-

15). In more than 85% of monitoring locations the 
levels have exceeded standards. 
With growing vehicle numbers and resultant 
congestion and dieselisation, air pollution is a 
growing concern in the city. The city is losing its 
inherent advantage of dominant commuting practices 
– use of bus and walking at the cost of clean air and 
public health. 
It may be noted that the official ambient air quality 
monitoring indicates the overall air quality of the city 
and change over time. This is different from exposure 
monitoring that captures the level of pollution that 
people are exposed to due to closeness to different 
pollution sources in their immediate surroundings. 
This has a direct influence on public health. This has 
thrown up stunning results.  A recent draft report of 
the Union Ministry of Health and Family Welfare on 
air pollution and health has emphasized on the 
importance of addressing direct exposure to air 
pollution in micro environment. 
 
II. THE CHALLANGES 
 
1. Health Concerns: It may be noted that over the 
last two decade efforts have been made at local levels 
to assess the health impacts of air pollution. There is 
enough evidence to act urgently to reduce the public 
health risks to children, elderly, poor and all. 
Bengaluru will have to take action now to reverse the 
trend of short-term effects as well as the long-term 
toxic effects. For toxic effects to surface there is a 
long latency period therefore exposure will have to be 
reduced today.  Addressing air pollution and health 
risk has assumed greater importance after the release 
of the global burden of disease that has ranked air 
pollution as the fifth largest killer in India. Studies in 
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Bengaluru show health impacts of air pollution, 
especially on children. Stunning evidences are 
available on health impacts on traffic policemen who 
are directly exposed to traffic pollution in these cities. 
2. Avert mobility crisis and pollution: Bengaluru is 
paying a very high price for congestion. Traffic jams 
lead to fuel wastage, more pollution and serious 
economic losses. Usual commuting time has 
increased significantly during peak hours. On many 
arterial roads the traffic volume has exceeded the 
designed capacity and the service level of the road. A 
quick glance at the city development plans and other 
sources bring out the nature of mobility crisis in 
Bengaluru. 
3. Increased use of Dieselisation: In India Bengaluru 
has experienced rapid dieselisation of the car segment 
and significant increase in road based freight share. 
There are special concerns about growing use of poor 
quality diesel fuel and technology. The WHO has 
classified diesel exhaust class I carcinogen for strong 
link with lung cancer. Diesel exhaust includes a large 
number of toxic compounds that cause cancer, 
reproductive abnormalities and other toxic impacts. 
Current emissions standards allow diesel cars to emit 
three times more NOx and seven times more 
particulate than petrol cars.  
4. Clean air is non-negotiable: We need clean air for 
our lives and even for the animals also, it has become 
big challenge for the developing cities like 
Bengaluru. Today our city is suffering from Air 
Pollution, Vehicular Pollution and Smog like 
problems. Therefore, we must curb the pollution 
cause; clean air is non-negotiable for our Bengaluru 
city. 
 
III. MITIGATION MEASURES 
 
1) By the use of new and innovative technologies  
2) By the use of alternative fuels.  
First of all, the new and innovative technologies 
related to automobiles are in consideration as follows.  
1) Mitigation Measures by the Use of New and 
Innovative Technologies  
(a)Crank Case Emission  
Crank case emissions can be minimized by providing 
positive crank case re ventilation (Positive 
Ventilation system). Emission from the exhaust can 
be controlled by a combination of methods like,  
 Exhaust gas re-circulation for control of the 

oxide of Nitrogen,  
 Catalytic or non-catalytic conversion of 

hydrocarbons  
 Oxidation of carbon monoxide and unburnt 

hydrocarbons in the exhaust system by low 
pressure air injection into the exhaust port.  

 Engine modification to reduce the volume of 
contaminants released from the cylinders.   

(b) Evaporative Emission  
Emission of fuel vapour from carburettor and fuel 
tank may be reduced by installing fuel vapour 

recovery systems. For example, an Evaporative Loss 
Control Device (ELCD) having been developed by 
ESSO, can be used.  
The vapour-return line which connects the fuel pump 
to the fuel tank, allows the vapour formed in the fuel 
pump to return to the fuel tank. At the same time, it 
permits excess fuel pumped by the fuel pump to 
return to the fuel tank.  
In some cars, a vapour separator is connected 
between the fuel pump and the carburettor. The 
vapour formed in the fuel pump enters the vapour 
separator, as bubbles, along with the fuel. The vapour 
rises to the top of the vapour separator, from which it 
is forced due to the fuel pump pressure, to pass 
through the vapour returning line to the fuel tank.  
(c) Exhaust Emissions  
(i)Control of Oxides of Nitrogen from SI (Spark 
Ignition) Engine Exhaust  
There are several methods to control the oxides of 
nitrogen (NO2) present in the IC engine exhaust. 
Basically, there are two ways,  
 By controlling the formation of NOx itself 

through changing the operating or design 
parameters or by some device to reduce the peak 
combustion temperature mainly responsible for 
the formation of NOx in the combustion chamber 
and  

 By using a catalyst in the exhaust system to 
reduce NOx to nitrogen and oxygen after its 
formation.  

 The other possible methods to control NOx 
emissions at the sources are  

 Recirculation of the part of the exhaust gas  
 Water injection into the inlet manifold.  
 Charge dilution with some gas like carbon-

dioxide, helium, argon, etc.  
(ii) Exhaust Gas Recycling (EGR)  
 It is proved from the experiments that EGR is a 

promising method to control NOx emission. 
EGR controlled 81-88% of NOx at 30% 
recycling.  

 With 30% recycling, there is a fuel penalty of 
23.1% to 28% considered to minimize bsfc value 
increased from 3.85% to 28% when the 
percentage recycling increased from 10% to 
30%.  

 With 30% recycling, as the speed increased from 
1200 rpm to 1800 rpm, the loss is maximum 
power output increasing from 9% to 13.5% and 
from 1.88% to 13.5% in the recycling range of 
10% to 30%. Even with 20% recycling, the loss 
is maximum and power is high as 31.8% with 
running at 2400 rpm.  

 The rate of reduction of NOx emission is much 
faster at higher speeds with increase in percent 
recycling.  

 The peak exhaust temperature increases with the 
rise in percent recycling as well as speed.  
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 Exhaust gas recycling helps in the reduction of 
carbon monoxide emission as well.  

(iii) Diesel Smoke  
 Black Smoke: It is a suspension of spot particles 

in the exhaust gases and results from incomplete 
combustion of fuel.  

 Blue Smoke: The blue smoke is usually due to 
excessive lubricating oil consumption and its 
emission indicates a very poor condition of the 
engine, such as worn out piston rings or valve 
guides, etc.  

The factors affecting Diesel smoke are Fuel Factors, 
Engine Design, Effect of engine life and 
maintenance.  
(iv) Fuel factors are Cetane Number, Volatility, 
Viscosity and Chemical Composition.  
Considerable success has been achieved in recent 
years on diesel smoke problems by means of fuel 
additives; of which certain additives containing 
barium effectively reduce the exhaust smoke density.  
(v) Engine Design: The type of combustion system is 
the most important engine design features, which 
affects exhaust smoke density. An indirect injection 
engine releases less smoke than a direct injection 
engine for large part of the operating range of loads, 
due to high rate of air swirl resulting in better air 
utilization.  
(v) Effect of Engine life and maintenance: From the 
engine maintenance point of view, the condition of 
the fuel injection system has the greatest influence on 
exhaust smoke density. To perform the functions of 
engine satisfactorily throughout the engine service 
life, all the components of the fuel system must be in 
good mechanical condition and must be correctly 
assembled and tuned. As the wear of these 
components with increasing use is inevitable, and as 
deposit build up takes place on some of the critical 
components, periodic maintenance is essential to 
keep the smoke level low.  
 
IV. MITIGATTION MEASURES BY THE USE 
OF ALTERNATIVE FUELS  
 
The vehicular pollution can be reduced by the use of 
alternative fuels, which is given as below.  
 LPG  
 CNG  
 Bio-Diesel Blends  
 Battery operated  
 Hydrogen  
 Solar operated  
 By using Integrated Public Transport System 
 LPG: Liquefied Petroleum Gas is mixture of 

gases, chiefly propane and butane, produced 
commercially from petroleum and stored under 
pressure to be kept in a liquid state. The LPG is 
an attractive fuel for internal combustion 
engines; because it burns with little air pollution 
and little solid residue, besides that, it does not 

dilute lubricants, and it has a high octane rating. 
The international research experience in this area 
indicates that there is 90% reduction in toxic 
emissions as compared to reformulated gasoline, 
in addition, it also reduces the CO2 22-24% as 
compared to gasoline. (Source: Book-Gupta R, 
“Automobile Engineering” Satya Prakashan, 
New Delhi, 2009, page No.979)  

 CNG: Compressed Natural Gas is composed of 
Methane, Ethane, Propane, Butane and other 
contaminants. The main constituent of CNG is 
Methane which will be up to minimum of 90%. 
Due to its low energy density, it is compressed to 
a pressure of 200-250 kg/cm2 and the name is 
Compressed Natural Gas. It reduces CO to 97%, 
HC to 20 to 25% as compared to gasoline fuel.  

 Bio-Diesel Blends: To cut foreign exchequer and 
contribute towards protection of earth from the 
threat of environmental degradation, bio-fuels 
can be good alternative for diesel for most of 
developing countries. Vegetable oils have 
considerable potential to be considered as 
appropriate alternative as they possess fuel 
properties similar to that of diesel. There are 
more than 300 different species of trees in India 
which produce oil bearings.  

 If B100 i.e.100% blend of Bio-Diesel is in use, 
then the Unburnt Hydrocarbons will be reduced 
to 67%, Carbon Monoxide to 48%, Particulate 
Matter to 47% and Nitrogen Oxide may be 
minimized by two percent or it may increase.  

 If B20 i.e.20% blend of Bio-Diesel is in 
utilization, then the Unburnt Hydrocarbons will 
be reduced to 20%, Carbon Monoxide to 12%, 
Particulate Matter to 12% and Nitrogen Oxide 
may increase by 10%. But here the Nitrogen 
oxide problem may be minimized by using the 
catalytic convertors.  

 Battery Operated Vehicles: The vehicles use 
the battery power to move the vehicle. The 
batteries are recharged by conventional trickle 
charging method or alternators to charge the 
same, where as yet inventions are in progress to 
charge the battery fully on alternators. Now in 
India REVA car is popular for battery operated 
vehicle, the Vidyut and some other motors have 
launched two wheelers. As of now, these 
vehicles run with 40 to 80 km/hour. By these 
battery powers, operated vehicles exhaust 
emissions will zero, as no fuel is burned to 
produce energy.  

 Hydrogen fueled vehicles: Hydrogen is high in 
energy content as it contains 120.7 MJ/kg, which 
is the highest for any known fuel. However, its 
energy content compared to volume is rather 
low. This poses challenges with regard to its 
storage for civilian applications, when compared 
to storage of liquid fossil fuels. When burnt, 
hydrogen produces water as a by-product and is, 
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therefore, environmentally friendly. Although no 
CO2, etc. will be produced, if hydrogen is burnt 
in air, yet NOx will be formed at high 
temperatures.  

 Solar Operated Vehicles: Solar Photo Voltaic 
method is used with solar panels placed on the 
vehicles and designed as per the Aerodynamic 
necessities of vehicles. By using solar, the 
batteries can be recharged and with the battery 
power, the vehicles can operated where no tail 
pipe emissions will release. Yet more innovative 
efforts have to make to attract the people towards 
solar operated vehicles. 

 By Using Integrated Road-Rail Public 
Transport System: Bengaluru town planners 
must focus on Integrated Road- Rail Public 
Transport System, in Bengaluru Namma Metro 
has started its service, but it has to be extended 
everywhere in the city and must be clubbed with 
public Road Transport so as avoid usage of small 
private transport system. This will definitely 
reduce the congestion of Traffic and also the 
pollution. 

 
CONCLUSION 
 
Air pollution is one of the serious environmental 
concerns of the Bengaluru City, where majority of the 
population is exposed to poor air quality. The health 
related problems such as respiratory diseases, risk of 
developing cancers and other serious ailments, etc. 
due to poor air quality are known and well 

documented. Besides the health effects, air pollution 
also contributes to tremendous economic losses, 
especially in the sense of financial resources that are 
required to give medical assistance to the affected 
people. The poor are often the most affected segment 
of the population as they can’t access adequate 
measures to protect themselves from air pollution.  
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