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ABSTRACT 
Air pollution comprises of several contaminants existing in the atmosphere, which could be 
either in gaseous state or in the form of particles. The occurrence of air pollution in a given place 
has numerous and diverse effects on the human health that inhales it. Delhi is more affected by 
the same since vehicular air pollution is an inescapable occurrence in this city. The rapid 
urbanization has resulted in a tremendous increase in the number of motor vehicles with the 
increase in population and urban mobilization in Delhi. Since, the vehicle fleets have even 
doubled in Delhi in the last decade and the consequent congestion increases, vehicles are now 
becoming the main source of air pollution in Delhi. Therefore, there is a large impact on air 
quality due to increased traffic emissions. The results presented in this paper are based on the 
vehicle emission inventory for the main criteria pollutants, estimated through International 
Vehicle Emission (IVE) model, which includes the different driving modes of vehicles and 
meteorological parameters like temperature, humidity, wind etc. The results show that the total 
emissions of Carbon Monoxide (CO), Nitrogen Oxide (NOx) and Particulate Matter (PM) from 
vehicles in Delhi, India were approximately 509, 194 and 15 tons/days respectively during the 
year 2008-09. The vehicle’s diurnal emission pattern shows two emission peaks in a day, which 
correspond to morning and evening peak traffic hours. The emissions of CO and NOx due to 
Personal Cars (PC) are about 34% and 50% respectively, while 2W (2- Wheeler), the main 
source of CO emission, contributes about 61%. Similarly, PM emissions from Heavy 
Commercial Vehicles (HCV) are about 89%. Fuel wise emission analysis reveals that petrol is 
the main contributor of CO emissions while diesel is the main contributor of NOX and PM 
emissions. It is also observed that CO, NOx and PM emissions at a busiest traffic intersection 
namely Income Tax Office (ITO) is approximately 15, 6 and 0.5 tons per day respectively, 
which are found to be the highest followed by ISBT at Kashmere Gate, Nizammuddin etc. In the 
present study, the vehicular emissions of air pollutants are evaluated by comparing the modeled 
emission ratios and the ratios of observed concentration of the criteria pollutants in different 
years at the ITO traffic intersection in Delhi, India 
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INTRODUCTION 
Delhi is spread over an area of 
1,484 km2 (573sq mi), of which 783 km2 (302 
sq mi) is designated rural and 700 km2 (270 
sq mi) urban. The city's population is increasing 
rapidly with a consequent increase in the number 
of vehicles without a commensurate increase in 
road length. The number of vehicles registered in 
Delhi has already crossed 6 million and a 
sizeable vehicular traffic joins Delhi roads from 
the neighboring states. It has been observed that 
vehicles contribute about 64% of the pollution in 

Delhi while other sources like power plants, 
industries and domestic contribute 16%, 12% 
and 8% respectively. The maximum contribution 
of air pollution is growing rapidly from vehicular 
sources.1 The criteria pollutants emitted from 
these sources are CO, NOx and PM. Some of 
them have been observed to be much beyond the 
permissible levels governed by the Central 
Pollution Control Board (CPCB), New Delhi. 
The increasing levels of air pollutants are 
responsible for higher incidence rate of 
respiratory diseases, cancer and heart diseases. 
Delhi’s degraded air quality is held responsible 
for   about   18,600  premature  deaths  per  year.2 *Author for correspondence 
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Between 2003 and 2009, the number of 
vehicles per kilometer of road has gone up 
from 128 to 191. This, despite the fact that the 
total available road space  has increased from 
30,698 lane kilometers in 2003 to 1,373 lane 
kilometer (provisional) in 2008-09. In the last 
decade, the vehicle population growth in Delhi 
is sharply increased by an average annual rate 
7.40% for private vehicles and 9.15% for 
commercial vehicles causing severe transporta- 

tion and environmental problems.3,4 
According to Delhi Statistical Handbook5 
report, the year wise vehicles growth is 
remarkable, which is shown below in Fig 1. 
In 2008-09, there was 85 cars for every 1,000 
of its residents. Delhi is at the position of the 
world’s 5th worst city in traffic jam point of 
view.6 It has been found that irrespective of 
road classes, about 30% of time, vehicles 
travel below 20 km/h speed.   

 

Fig. 1 : Vehicle growth of Delhi, India 

There are several models used for vehicles 
emission estimation. The USEPA MOBILE 
model is one of them, which has been used 
widely. But in this model, the emission factors 
are conventionally based on the model years of 
US vehicle type and they are tested only on US 
fuels and driving cycles, which can lead to 
incorrect emission values in India. So this 
model cannot be used for Delhi. One another 
vehicular emission model COPERT, which is 
widely used throughout Europe. However, this 
model cannot be used in Delhi as the emission 
factors used in this model are designed to be 
applied to average speeds for different road 
types. There are many more emission models 
to estimate vehicular emissions such as LEAP 
(Long-range Energy Alternative Planning), 
VAPIS (Vehicle Air Pollution Information 
System) and Spreadsheet etc. But these models  

are not considering variations in the local 
environments such as driving behaviors and 
traffic management and also assume that 
lower vehicle speeds increase emissions. 
However, researchers have established that 
higher speeds can also increase or decrease 
emissions if conditions are not steady. In the 
present study, the International Vehicle 
Emission (IVE) model has been adopted, 
which functions as a tool to help cities and 
regions to develop emissions estimates to: 
(1) Focus control strategies and 
transportation planning on those that are 
most effective (2) Predict how different 
strategies will affect local emissions and (3) 
Measure progress in reducing emissions over 
time.7 This model is based on regional 
meteorological conditions and different 
driving modes. 

0

5

10

15

20

25

30

35

40

2000 2001 2002 2003 2004 2005 2006 2007 2008

N
um

be
r 

of
 v

eh
ic

le
s (

x 
10

5)

Years

2W

3W

PC

Buses



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                   Vol. 7 No. 4A, April-June 2013 

1695 
 

By using the IVE model, the spatial and 
temporal emissions of criteria pollutants CO, 
NOx and PM has been estimated for the year 
2008-09, which are used for preparing the 
emission inventory of Delhi due to vehicular 
traffic. The emission inventories are essential 
to our understanding of air quality because 
these catalogs and quantify all needed 
information regarding emissions of all relevant 
species in the atmosphere. The methodology of 
development of vehicular emission inventory 
has been given in the following section. 

METHODOLOGY 
Development of an emission inventory of main 
criteria pollutants CO, NOx and PM in the year 
2008-09 over the central part of Delhi is as 
follows : 
(i) A domain of the study area 26km x 30km 

(~780 km2 area) in central Delhi has been 
selected. 

(ii) The numbers of vehicles on different types 
of roads in the year 2008-2009, monitored 
on an hourly basis by Central Road 
Research Institute (CRRI), New Delhi, 
India at 27 locations in Delhi, has been 
used. It is noticeable that during the 
monitoring hours, there were no unusual 
conditions such as major processions, VIP 
visits or other activities, which could 
induce abnormal traffic characteristics in 
the selected grids during the survey.  

(iii) The diurnal variations of vehicular 
movement are observed at major traffic 
intersections. 

(iv) An emission inventory of each type of 
vehicle with respect to the pollutants CO, 
NOx and PM has been made.The diurnal 
variations of emissions during a study of 
start-up and running modes of different 
fueled vehicles have also been estimated 
through IVE model. 

The study area over the map of Delhi has been 
shown in Fig.2, which divided into 195 grids 
of 2km x 2km size. The IVE model is used to 
estimate the emissions due to vehicles in each 
grid of the study area. The CRRI and CPCB‘s 
air quality monitoring stations in Delhi, India 
are used in the present study, which are also 
shown in Fig.2.   
The input data of the model is prepared 
according   to   the  format of the model, which  

are fleet characteristics, vehicular activity, 
emission factors, based on local conditions i.e., 
meteorological  variables. This model has been 
applied in several cities worldwide including 
Beijing and Shanghai, China.8 The basis of the 
emission prediction process of the IVE model 
begins with a base emission rate and a series of 
correction factors of meteorological variables, 
which are applied to estimate the amount of 
pollutants for different types of vehicles. There 
are three critical components that are used in 
the IVE model to create an accurate emissions 
inventory: (1) Vehicle emission rates (Base 
Emission Factor and Correction Factors) (2) 
Vehicle activity (Location Input Data) and (3) 
Vehicle fleet distribution. A data collection 
methodology has been designed to collect a 
large amount of data with the help of the 
resources typically available in Delhi, India. 
The vehicle data at 27 different locations of 
Delhi have been collected from CRRI. The 
roads are chosen as the representative of 
residential streets, arterials and freeways. The 
fleet files contain the information’s of vehicle 
activity mainly the information’s of 
location/time, temperature, road grade, 
gasoline/ diesel information and driving 
pattern distribution. While vehicle emission 
rate files contain the information of base 
emission factor and correction factors. 
The basis of the emission estimation process of 
the IVE model is to apply a base emission rate 
with a series of correction factors to estimate 
the amount of pollution from a variety of 
vehicle types. Eqn 1, as given below, estimates 
the adjusted emission rate by multiplying the 
basic emission rates by each correction factor. 
Eqn 2 weights the adjusted emission rate by the 
travel fraction for each technology and the 
amount of each driving type for each 
technology. The final step in Eqn 2 is to 
multiply these results by the ratio of the 
average velocity of the LA4 driving cycle (The 
EPA has developed the IVE model using 
comprehensive set of emissions data from 
dynamometer tests over the FTP, LA4 and 
other cycles for a wide variety of technologies 
and conditions) and the average velocity of the 
modeled cycle and multiply by the distance 
travelled   (for     running     emissions     only).
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(Source- www.mapmyindia.com) 

Fig. 2 : Delhi study area (CRRI monitored station (   ) and CPCB monitoring station (    ) 

The result is the overall fleet running 
emissions for the allocated distance (in grams). 
There are two types of base emission rates, one 
for running emissions and one for start 
emissions. The definition and data for both 
types of base emission rate is described below. 
Q[t]=B[t]*K(Base)[t]*K(Tmp)[t]*K(Hmd)[t]*K(IM)[t]*K(Fu

el)[t]*K(Alt)[t]*K(Cntry)[t]*K(d)[t]                                       (1) 
Qrunning= ŪFTP*D/ŪC*Σt{f[t]*Q[t]*Σd [f[dt] *K[dt]]}                         
Qstart=Σt{f[t]*Q[t]*Σd[f[dt]*K[dt]]}                     (2) 
where, Q[t]: adjusted emission rate for each 
technology  (start (g) or running (g/km), B[t]: 
base emission rate for each technology  (start 
(g) or running (g/km)), K(Base)[t]: adjustment to 
the base emission rate, K(Tmp)[t]: temperature 
correction factor,  K(Hmd)[t]: humidity 
correction factor, K(IM)[t]: inspection/ 
maintenance correction factor, K (Fuel)[t]: fuel 
quality correction factor, K(Alt)[t]: altitude 
correction factor, K(Cntry)[t]: country correction 
factor, K[dt]: driving or soak style correction 
factor (also accounts for other load effects 
from air conditioning usage and road grade), 
ŪFTP: average velocity of the LA4 driving 
cycle (a constant (g/kph)), D: Distance 
traveled as input by user in Location file 
(km), ŪC: Average velocity from the specific 
driving cycle, as input by user in Location file  

(kph); f[t]: Fraction of travel by a specific 
technology and f[dt]: Fraction of each type of 
driving or soak by a specific technology. The 
basic running emission rates (Brun[t]) are 
defined in the IVE model as emissions 
accrued during the running LA4 cycle (g/km) 
while start emission rates (Bstart[t]) are defined 
in the IVE model as the emissions accrued 
from a cold start in grams. These emissions 
rates (Brun[t], Bstart[t]) are basically designed to 
be representing the average emissions of a 
specific technology and mileage group. The 
methodology for estimating the average basic 
emission rate may vary from technology to 
technology. The EPA has developed the IVE 
model using a comprehensive set of emissions 
data from dynamometer tests over the FTP, 
LA4 and other cycles for a wide variety of 
technologies and conditions. In addition, the 
EPA has performed analysis and refined 
approaches to estimating the emissions from 
each of these technologies, including the 
effect of vehicle aging on emissions. 
Therefore, it is advantageous to use this as the 
basis for developing base emission rates as a 
function of technology. The disadvantage of 
this approach is that it requires a significant 
number of assumptions.  
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RESULTS AND DISCUSSION 
The emissions of CO, NOX, and PM from 
all types of vehicles in Delhi in the year 
2008-2009  are  found  to  be approximately  

509, 194 and 15 tons /day respectively as 
shown in Table 1, which reveals that 2W 
and PCs are the main contributors of CO 
and NOX emissions respectively. However, 
the PM is contributed by HCVs 

Table 1 : Emissions from each type of vehicle in tones/day 

Fleet CO NOx PM 

2W 311.2 5.8 0.40 
3W 14.4 34.5 0.15 
PC 173.5 98.2 0.12 
Bus 4.5 11.8 0.15 
LCV 6.7 3.2 0.60 
HCV 3.26 40.2 13.48 
Total 509.6 193.7 14.62 

 
The estimated emissions of criteria pollutants 
CO, NOx and PM at ITO are found to be as 15, 
6 and 0.5 tons/day respectively, which are 
highest in Delhi and followed by the places as 
ISBT, Shazadabagh, Sirifort, Nizamuddin, 
Shahdara etc. The emissions of different 
criteria pollutants are varying differently into 
the different operational conditions of vehicles, 
e.g., CO emissions are higher during idling and 
decelerating than cruising. While it is observed 
that NOx and PM emissions are lower during 
idling and decelerating than cruising. 
Therefore, shutting down the engine and 
restarting it, will result in reduced emissions 
compared to allowing it to idle. So, we can say 
that the longer the shutdown period, the greater 
the emission benefits. The diurnal variation of 
emissions of criteria pollutants CO, NOx and 
PM at ITO junction are shown in Fig 3. 
Approximately two emission peaks during the 
day in each of these plots are evident, which 
indicates the peak traffic hours are 8:00–10:00 
in the morning and 17:00–19:00 in the 
evening. These peak emissions coincide with 
the starting and closing hours of the most of 
the offices in Delhi. A quantitative analysis of 
emissions of air pollutant at peak hours 
indicates 56% to 62% of total emissions. This 
figure also shows the graphs of vehicular 
emission in two different modes namely start-
up and running emissions modes. The 86% of 

CO is emitted at start-up mode while NOX and 
PM are emitted 27% and 71% respectively. 
The peaks of start-up emissions always appear 
between 8:00 am and 10:00 am, which is 
consistent with morning vehicle starts and 
more than half of the starts are cold starts. (At 
start-up, especially during cold start, the 
temperature in the engine is low and fuel 
condensation is formed on the inner surface of 
the cylinder causing it to operate in the rich 
mode (high fuel-to-air ratio). This results in 
incomplete combustion of the fuel). Also, the 
catalysts are not operating when the 
temperature is not conductive to NOx 
formation. Therefore, the proportion of NOx 
emission is not as large as the other pollutants 
of vehicular emissions. PM, in general is less 
in amounts compared to CO and NOx 
emissions.  
The parameters, determine vehicular emissions, 
are (1) Vehicular technology, (2) Fuel quality, 
(3) Inspection and maintenance of In-use 
vehicles and (4) Road and traffic management. 
However, each one of them has direct 
environmental implications. The vehicle and fuel 
systems have to be addressed as a whole and 
jointly optimized in order to achieve significant 
reduction in emission. It was formally notified 
fuel specifications by Ministry of Environment 
and Forests (MoEF), India in 1996,. In place      
of phase-wise up-gradation of fuel specifications,  
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there appears to be a region-wise introduction 
of fuels of particular specifications. The high 
levels of pollution have necessitated 
eliminating leaded petrol throughout the 
country. To address the high pollution in 4 
metro cities, 0.05% sulfur petrol and diesel has 
been  introduced  since  2000-2001. There  is a  

need for a holistic approach so that up-
gradation in engine technology can be 
optimized for maximum environmental 
benefits. The vehicle-wise emissions of criteria 
pollutants are shown in Fig. 4, which reveals 
that CO is contributing 61% by 2W and 34% 
by PC. It is justified as 2W is a petrol vehicle. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 : Vehicle daily emission pattern at ITO 
Therefore, one can say that petrol is the main 
contributor of CO emissions. Similarly NOx 
emissions are contributing mainly by PC’s as 
50%, clearly is at second position in most 
frequently running category of vehicles. 
Hence, in general PC and 2W are considered 

the main contributor of air pollutants in 
Delhi. However, 3W and buses are 
contributing very low air pollutants, which 
seems to be negligible as they use CNG 
(Compressed Natural Gas) in most of the 
vehicles.  
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Fig. 4 : Vehicle-wise emissions of criteria pollutants 

However, the fuel-vehicle wise emissions of 
main criteria pollutants in Delhi for the year 
2008-2009 are shown in Fig 5. The CO 
emissions from different fueled as petrol, 
diesel and CNG vehicles are 77%, 20% and 
3% respectively. Similarly decreasing order 
of NOx emissions is 48%, 28% and 24% 

from diesel, petrol and CNG fueled vehicles. 
The PM, emissions are approximately 76% 
and 24% from diesel and petrol fueled 
vehicles respectively and PM emissions from 
CNG fueled vehicles are negligible, which is 
also comparable with past study done by 
Goyal.9  

 

    
Fig. 5 : Fuel wise emissions of pollutants from vehicles 

Evaluation of estimated vehicular emissions 
In general, it is always difficult to evaluate 
accurate emissions of air pollutants, since the 
primary data on emissions are not available. 
However, in the present study, the vehicular 
emissions of air pollutants are evaluated by 
comparing the emission ratio and the 
concentration ratio of the criteria pollutants in 
different years at the ITO traffic intersection in 
Delhi, India 
In the present study, vehicular emission 
inventory is evaluated by a method as used by 
Mellios et al.10,11 The Air Quality (AQ) 

concentration data of CO, NOx and PM at ITO 
are collected from CPCB for the years 2006 to 
2010. Traffic emission ratios are calculated by 
the IVE model for the years 2006 to 2010. 
These emission ratios have been compared 
with the observed concentration ratio. Fig.6 to 
Fig. 8 shows a graphical representation of the 
IVE model emission ratios and average, 
minimum and maximum AQ concentration 
ratios of respective pollutant at ITO for the 
year 2006 to 2010. Fig.6 shows the modeled 
CO over NOx emission ratios with the AQ 
value ratio.  
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Fig. 6 : Comparison between measured and modeled CO over NOx ratios for 
ITO station. Average (AQ average), maxima (AQ max) and minima (AQ min) 

versus values calculated with IVE model 

The modeled CO over NOx emission ratios are 
in the near proximity to min AQ ratios of the 
respective years. Thus the modeled emissions 
are underestimated with average AQ ratios. 
Similarly, NOx over PM emission ratios are 

calculated through IVE model and shown in 
Fig.7. The modeled NOx over PM emission 
ratios are showing near proximity with average 
AQ concentration ratios and overestimated for 
all the study year.  

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 7 : Comparison between measured and modeled NOx over PM ratios for 
ITO station. Average (AQ average), maxima (AQ max) and minima (AQ 

min) versus values calculated with IVE model 
The PM over CO emission ratios are also 
estimated through IVE model and shown in 
Fig.8 which shows that the emission ratio of 
modeled PM over CO is underestimating against 
the maximum and average AQ ratios for all the 

study periods. The modeled emission ratios of 
CO over NOx, NOx over PM and PM over CO 
are over- or underestimated with the observed 
average AQ ratios but all are well within the 
maximum and minimum AQ ratios. The over- or 
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underestimated emission ratios from the IVE 
model may be the measuring errors as well as 
unusual meteorological and traffic conditions. 
Thus, the comparative analysis of the emission 
ratios of CO/NOx, NOx/PM and PM/CO shows 
a fair agreement with the observed AQ 

concentration ratios at ITO stations in Delhi, 
India. It can be concluded from the comparative 
analysis that AQ concentrations indeed 
dominantly originate from vehicle related 
emissions in Delhi, India  In order to investigate 
further, an analysis is made on the basis of

 

 
Fig. 8 : Comparison between measured and modeled PM over CO ratios for 

ITO station. Average (AQ average), maxima (AQ max) and minima (AQ 
min) versus values calculated with IVE model 

estimated emissions for Delhi between 2006 and 
2010. The modeled emission ratios for CO/NOx, 
NOx/PM and PM/CO at ITO are shown in Fig.9. 
It is observed that the emission ratios are 
maximum for NOx over PM and are minimum 
for PM over CO. It is observed that PM over CO 
emission ratio, decreases for first three years 

(2006-08) and increases for last two years. The 
emission ratio of NOx over PM increases 
throughout the study period. The emission ratios 
of CO over NOx decreases continually. 
Therefore one can conclude that the emissions of 
NOx and PM are increasing and emission of CO 
is decreasing.  
 

        
Fig. 9 : Evaluation of emission ratios calculated from concentration 

measurement for ITO station 
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The fair agreement between measured AQ ratios 
and modeled emission ratios strongly supports 
that emission ratios are valid from traffic related 
emissions. The large underestimation in the 
modeled emission ratio with average AQ ratios 
clearly indicates that there are emission sources 
other than exhaust from vehicles sources which 
significantly contribute to the pollutant levels in 
urban areas. 

CONCLUSION 
The purpose of this paper is to develop a grid 
based vehicular source emission inventory of 
Delhi using IVE model. The vehicle emissions 
of CO, NOx and PM are found to be 
approximately 509, 194 and 15 tons per day 
respectively, in Delhi, India for the year 2008-
09. The maximum emissions approximately 
86% of the total emissions are emitted during 
the starting-up period. The 2W is the main 
source of CO. 3W is the main source of NOX 
emissions. PC emits more than 55 % CO and 
35% NOX while LCV emits 65 % CO, 30% 
NOX  and 5% PM. Buses are the less 
contributor of NOX (72%) than 3W (75%) 
while CO contributions from buses are higher 
(35%) than 3W (28%). However, HCV is 
contributing 70% PM, 25% CO and 5% NOx. 
%. In general, there are fair agreement between 
the modeled emission ratios of CO over NOx, 
NOx over PM and PM over CO with the 
observed AQ concentration ratios with 
respective pollutants for the same study 
periods. The uncertainty in the measurements 
of CO, NOx and PM is due to unavailability of 
exact vehicles number of different fuel. The 
under-prediction of emission ratios clearly 
indicates that emissions are constantly 
decreasing due to technological improvement 
and changes in Bharat Stages. On the basis of 
increased trends of vehicle population in last 
decade, it is expected that the growth of the 
vehicle population in Delhi will continue, 
especially for passenger cars and 2W. While 
emission control technology for the in-use fleet 
will degrade as more stringent standards are 
required for new vehicles, increasing vehicle 
usage by prioritizing public transportation, 
becomes an increasingly important measure to 
control the vehicle emissions in Delhi. The 

analyses of emission inventory clearly 
establish that air quality in Delhi has degraded. 
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