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temporal changes and to develop measures for reducing the emission greenhouse gases. 
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I. INTRODUCTION 

 

Greenhouse gases are those gaseous constituents of 

the atmosphere, both natural and anthropogenic, that 

absorb and emit radiation at specific wavelengths 

within the spectrum of thermal infrared radiation 

emitted by the Earth‘s surface, the atmosphere itself, 

and by clouds (IPCC). Concentration of greenhouse 

gases (GHG‘s) in the atmosphere has increased 

rapidly due to burgeoning anthropogenic activities 

coupled with population growth resulting in 

significant increase in the temperature of the earth. 
The energy radiated from the sun is absorbed by these 

gases making the lower part of the atmosphere 

warmer leading to phenomenon known as natural 

greenhouse gas effect.  

Increase in the concentration of these greenhouse 

gases results in global warming. Among the GHG‘s, 

carbon dioxide is the most dominant gas causing 

global warming which accounts for nearly 77% of 

global total CO2 equivalent GHG emissions (IPCC). 

Because of their critical role in global warming and 

climate change, emission control of GHGs is of 
global concern.  

Estimation of carbon footprint is important worldwide 

because it enables us to visualize and quantify the 

intensity and impact of GHG emissions in terms of 

global warming potential and their relative 

contribution to regional and global climate change 

(IPCC, 2001). Bangalore being the principal 

administrative, cultural, commercial and knowledge 

capital of the state Karnataka covers an area of 741 

km2 and an estimated population of 8881,631 during 

the year 2009. The primary sources of GHG 

emissions in the city are energy generation and use, 
transport solid waste, and water and wastewater. 

 

II. OBJECTIVES 

 

 To estimate the green house gas emissions in 

Bangalore city. 

 To analyze the temporal changes in the green 

house gas emissions. 

 To develop mitigation measures for the 

greenhouse gas emissions from Bangalore city. 

 

III. METHODOLOGY 

 

The major three greenhouse gases quantified are 

carbon dioxide (CO2), methane (CH4) and nitrous 

oxide (N2O). The non- CO2 gases are converted to 

units of carbon dioxide equivalent (CO2e) using their 

respective global warming potential (GWP), which 

represents the GHG footprint for the respective 

region. The total units of CO2e then represent a sum 
total of the global warming potential of all 3 major 

greenhouse gases, which represents GHG footprint. 

The main sectors considered in this study for the 

estimation of GHG emissions are as given in the table 

below: 

 
Table 1: Sectors Considered for GHG Emission Estimation 

 

For all calculations in this study, the sector wise 

activity data in the city such as electricity 

consumption, number of vehicles registered, solid 
waste generation and collection, wastewater 

generation are obtained from government 

organizations namely BESCOM, Department of 

Transportation, BBMP and BWSSB respectively. 

 

1. GHG EMISSIONS IN ELECTRICITY 

GENERATION SECTOR 

GHG emissions from electricity use occur during the 

generation of the electricity. Earlier studies have 

estimated the emission of gases due to power 

generation Study of large point source (LPS) 

emissions from India was carried out for 1990 and 
1995 using IPCC 1996 methodology, which showed 

CO2 and SO2 emissions being the major gases from 

the power plants. Also, diverse studies have been 
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carried out to calculate the greenhouse gas emissions 

resulting from the consumption of electricity for 
which a wide variety of fossil fuels are used for 

electricity generation. 

 

2. GHG EMISSIONS IN TRANSPORTATION 

SECTOR 

Primary data on the vehicular population is obtained 

from the Department of Transportation. GHG 

emissions from the Karnataka State Road Transport 

Corporation buses and other vehicles transiting 

through the city everyday are not accounted for in this 

study. In order to represent the real stock of vehicles 

plying on the roads of Bangalore city, 2/3rd of the 
total number of vehicles registered are used (20). 

Average distance travelled by a category of vehicle in 

a day or year is collected from the estimations of 

Central Pollution Control Board, India (2005) are 

used. Considering these emission factors, the GHG 

emissions for driving conditions are calculated as 

follows: 

Emissions = Number of vehicles × VKT × Emission 

factor (g/km) 

Where:  

Emission is the CO2 emission (Gg/yr) 
VKT is the number of kilometres travelled by the 

vehicle (km/yr) 

The formula used to calculate emissions during idling 

conditions is as follows: 

Emission = No. of vehicles x average idling time x 

fuel consumption during idling x fuel efficiency x EF 

x 365 /60 

Where average idling time is in terms of minutes/ day 

Fuel consumption during idling in terms of L/hr 

Fuel efficiency in terms of km/L 

365 = no. of days 

60 = conversion factor (min to hr) 
 

3. GHG EMISSIONS FROM WASTE SECTOR 

Methane (CH4) is the major greenhouse gas emitted 

from the waste sector. Two major categories are 

considered in this study: Municipal solid waste 

disposal and domestic waste water. 

a. EMISSIONS FROM MUNICIPAL 

SOLID WASTE DISPOSAL 

For disposal on land, based on the availability of data, 

mass balance approach is the convenient method that 

can provide representative CH4 emission estimate 
even though actual yearly emission estimation is not 

possible.  

CH4 emissions from solid waste disposal system is 

calculated by Eq. below, 

Emissions CH4 = {(MSWT x MSWF x MCF x DOC 

x DOCF x F x 16/12)-R} x (1-OF) 

Where, MSWT is the total MSW generated (Gg/yr);  

MSWF = Fraction of MSW disposed to solid waste 

disposal site 

MCF = Methane correction factor  

DOC = Degradable organic carbon  

DOCF = Fraction of degradable organic carbon which 

decomposes (fraction);  
F = Fraction of CH4 in generated landfill gas  

(default-0.4)  

R = Methane recovery (Gg/yr);  

16/12 = Molecular weight ratio CH4/C (ratio);  

OF = Oxidation factor (fraction).  

Methane correction factor (MCF) accounts for the 

fact that unmanaged SWDS produce less CH4 from a 

given amount of waste than anaerobic managed 

SWDS. MCF of 0.4 is used in this study for 

unmanaged and shallow landfills.  

DOC = Ʃi (DOCi x Wi) 

Where  DOC = fraction of degradable organic 
carbon in the bulk waste (fraction Gg C/Gg waste) 

DOCi = fraction of degradable organic carbon in the 

waste type i 

i = type of waste present in MSW (food, paper, plastic 

etc) 

Wi = fraction of waste type i by waste category. 

 Since the global warming potential (GWP) of 

methane is 25, the CH4 emissions are multiplied with 

25 in order to express the emissions in terms of CO2 

equivalent (CO2 eq). 

b. EMISSIONS FROM DOMESTIC 

WASTEWATER 

The equation used to estimate CH4 emissions from 

domestic wastewater is given by Eq. below, 

CH4 emission = Q x BOD x EF x 365 x 10-6 

EF = B0 x MCF 

Where  Q = quantity of wastewater treated 

anaerobically (MLD) 

BOD = biochemical oxygen demand (mg/L) 

EF = emission factor (kg CH4 / kg BOD) 

10-6 = conversion from mg to kg 

B0 = maximum CH4 producing capacity (kg CH4 / kg 

BOD) 
MCF = methane correction factor 

Average BOD in the influent is considered as 216 

mg/L (20). Default value for B0 is 0.6 kg CH4 /kg BOD 

and MCF is 0.8 for anaerobic treatment plants (IPCC 

2006). 

EF = 0.48 kg CH4/kg BOD. 

 

IV. RESULTS AND DISCUSSIONS 

 

1) EMISSIONS FROM ELECTRICITY 

SECTOR 
 The various sectors considered are residential and 

commercial lighting, industrial use, water supply and 

sewage pumping, street and public lighting, irrigation 

pump sets etc 

1) The GHG emissions due to electricity 

consumption accounts for 28 % of the total GHG 

emissions from Bangalore city i.e. 6836.6638 Gg 

of CO2. 

2) The results show that the residential lighting 

sector is the largest CO2 emitter among the 

considered sectors with an emission ranging from 

1167.9 Gg/yr to 2518.5 Gg/yr along the 
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consecutive years between 2005 and 2016. This 

is followed by the commercial lighting sector 
with an emission ranging from 842.2 Gg/yr to 

2113.1 Gg/yr. The industrial sector is the third 

sector emitting high amounts of CO2 ranging 

from 1131.2 Gg/yr to 1644.1 Gg/yr. The 

emissions from residential lighting sector 

accounts for 34 % , commercial use accounts for 

31 %;  industrial use accounts for 26 %, water 

supply and sewage pumping accounts for 4 %;   

street and public lighting accounts for 2 %;  and  

irrigation pump sets accounts for 1%.  

3) The emissions due to electricity consumption 

from sectors like residential, commercial and 
industrial use have increased steeply during last 

10 years where as emissions due to electricity 

consumption from sectors like water supply and 

sewage pumping, street and public lighting and 

irrigation pump sets are at constant rate. 

4) From the year 2007-08, the emission from 

electricity use in commercial sector has 

superseded the emissions from industrial sector 

due to electricity use. This may be due to growth 

in commercial establishments throughout the city 

since 2008. 

 
Graph showing CO2 emissions from electricity sector for 

the year 2015-16 

 

2) EMISSIONS FROM 

TRANSPORTATION SECTOR  

The emissions from the transportation sector are 

calculated in two conditions- driving and idling. 

 

A. DRIVING CONDITIONS 

 
The various types of vehicles are classified under the 

following categories namely 2 wheelers, 3 wheelers, 

passenger cars, taxies, LCV, HCV and buses. The 

emissions are expressed in terms of CO2 (Gg/yr). 

 

a. The GHG emissions due to transportation 

accounts for 35 % of the total GHG emissions 

from Bangalore city i.e. 8521.221421 Gg of CO2. 

b. The results show that the HCV are the largest 

CO2 emitters among the considered sectors with 

an emission ranging from 2836.36 Gg/yr to 

3967.08 Gg/yr along the consecutive years 
between 2004 and 2016. This is followed by the 

passenger cars with an emission ranging from 

471.97 Gg/yr to 1278.46 Gg/yr. The LCV and 

buses both are the third sector emitting high 

amounts of CO2 ranging from 224.45 Gg/yr to 
1177.738 Gg/yr. 

c. The emissions from HCV accounts for 46 % , 

passenger cars accounts for 15 %;  buses 

accounts for 14  %, LCV accounts for 13 %;   2 

wheeler accounts for 6 %;  3 wheeler accounts 

for 4% and taxies accounts for 2% of the total 

emissions. 

d.  The emissions due to transportation from sectors 

like HCV and buses have increased steeply 

during the last 10 years where as emissions due 

to transportation from sectors like 2 wheelers, 3 

wheelers, passenger cars, LCV and taxies are at 
constant rate. 

e. The increase in the amount of emissions can be 

accounted for the steep increase in the number of 

vehicles on road. The main reason for this being 

rapid urbanization and the rising per capita 

income. 

 
Graph showing CO2 emissions from driving conditions for the 

year 2015-16 

 

B. IDLING CONDITIONS 

 

The emissions are expressed in terms of CO2 (Gg/yr). 

a) The results show that the HCV are the 

largest CO2 emitters among the considered sectors 

with an emission ranging from 172.54 Gg/yr to 

327.39 Gg/yr along the consecutive years between 

2004 and 2016. This is followed by the passenger cars 

with an emission ranging from 56.65 Gg/yr to 153.47 
Gg/yr. The 2 wheelers are the third sector emitting 

high amounts of CO2 ranging from 68.38 Gg/yr to 

141.14Gg/yr. 

b) The emissions from HCV accounts for 34 % 

, passenger cars accounts for 22 %; 2 wheeler 

accounts for 20 %; buses accounts for 10 %, LCV 

accounts for 7 %;   3 wheeler accounts for 5% and 

taxies accounts for 2% of the total emissions. 

c)      The emissions due to transportation from 

sectors like HCV, 2 wheelers and passenger cars have 

increased steeply during the last 10 years where as 

emissions due to transportation from sectors like 3 
wheelers, LCV, buses and taxies are at constant rate. 

d)         The increase in the amount of emissions can 

be accounted for the steep increase in the number of 
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vehicles on road. The main reason for this is rapid 

urbanization and the rising per capita income. 

 
Graph Showing CO2 Emissions from Idling Conditions for the 

Year 2015-16 

 

3) EMISSIONS FROM WASTE SECTOR 

The emissions from the waste sector are calculated in 

two categories – municipal solid waste and domestic 

wastewater. 

 

MUNICIPAL SOLID WASTE EMISSIONS 

 

The emissions from the municipal solid waste sector 

are as given in the table below. The emissions are 

expressed in terms of CO2 (Gg/yr). The year wise 

emissions are as follows: 

 

Year CO2 (Gg/yr) 

2009-10 3458.020129 

2010-11 3983.449466 

2011-12 4554.730823 

2012-13 5252.180692 

2012-14 6813.378163 

2014-15 7824.746058 

2015-16 8357.836745 

 

a) The GHG emissions due to municipal solid waste 

disposal accounts for 35 % of the total GHG 

emissions from Bangalore city i.e. 8357.836745 
Gg of CO2. 

b) The results show the steady increase in the 

amount of CO2 due to solid waste disposal with 

an emission ranging from 3458.02 Gg/yr to 

8357.83 Gg/yr along the consecutive years 

between 2007 and 2015. 

c) The steady increase in the emissions can be 

accounted for the rapid increase in the population 

and also the increase in the per capita waste 

generation. 

 

DOMESTIC WASTE WATER EMISSIONS 

 

The emissions from the domestic wastewater sector 

are as given in the table below. The emissions are 

expressed in terms of CO2 (Gg/yr). The year wise 

emissions are as follows: 

CO2 emissions from wastewater sector 

Year CO2 emissions 

2007 248.9893344 

2008 258.0338592 

2009 261.8087184 

2010 286.5581712 

2011 259.8503328 

2012 302.2063344 

2013 503.1442656 

2014 489.2747328 

 

a) The GHG emissions due to domestic waste water 

disposal accounts for 2 % of the total GHG emissions 

from Bangalore city i.e. 503.1442656 Gg of CO2. 

b) The results show the steady increase in the amount 

of CO2 due to wastewater disposal with an emission 

ranging from 248.98 Gg/yr to 503.14 Gg/yr along the 

consecutive years between 2007 and 2014. 

c) The steady increase in the emissions can be 

accounted for the rapid increase in the population. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

In terms of global emissions, India is the third largest 

CO2 emitting country with 8.95% of the total global 

emissions. In this study, the CO2 emissions from 

various sectors are calculated which reveals that 

transportation as well as solid waste disposal are the 

two sectors with the highest CO2 emissions, followed 

by electricity consumption and lastly wastewater 

disposal. 

In order to control these emissions, mitigation 
measures should be taken necessarily. The 

recommended mitigation measures for the various 

sectors are as follows: 

 

A) ELECTRICITY CONSUMPTION 

 

 The sector of electricity consumption accounts 

for 28% of the total GHG emissions for the city 

of Bangalore. 

 The first and foremost measure is the efficient 

use of energy as well as adopting conservation 

practices. 

 Also, the use of carbon free energy sources such 

as solar power, wind power, geothermal energy 

etc should be made mandatory. 

 Replacement of high carbon fuels such as coal 

with that of reduced carbon fuels such as natural 

gas. 

 Efficient adoption of carbon sequestration 

methods 

 Implementation of higher tariffs on the per unit 

price in order to reduce unnecessary wastage of 

energy. 
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B) TRANSPORTATION 

 

 The sector of transportation accounts for 35% of 

the total GHG emissions for the city of 

Bangalore. 

 Avoiding the use of private vehicles and instead 

using the public transport. 

 Reducing the need for driving through 

implementation of measures such as pedestrian 

friendly sidewalks, reserved cycle paths etc. 

 Reducing the idling of engines by turning them 

off in cases of traffic signals etc. 

 Maintaining the conditions of the roads in order 
to avoid traffic congestions. Sensible driving by 

avoiding rapid acceleration and braking, 

observing the speed limit etc. 

 

C) SOLID WASTE DISPOSAL 

 

 The sector of solid waste disposal accounts for 

35% of the total GHG emissions for the city of 

Bangalore. 

 Efficient application of the 3R concept- Reduce, 

Reuse and Recycle 

 Pre-treatment of organic wastes before land 

filling 

 Management of landfill covers soil to reduce the 

amount of methane emission 

 Controlled way of dumping waste and efficient 

compaction of waste at landfills 

 Efficient recovery of the landfill gas 

 Use of composting methods effectively to reduce 

the load on landfills 

 Effective capturing and usage of the methane 

generated 
 

D) WASTEWATER DISPOSAL 

 

 The sector of waste water disposal accounts for 

2% of the total GHG emissions for the city of 

Bangalore. 

 Optimization of the treatment processes to keep 

them aerobic 

 Extraction of energy from bio-solids instead of 

land filling them, thereby reducing the use of 

fossil fuels 

 Recycling and waste minimization 

 Effective capturing and usage of the methane 

generated 
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