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Abstract

In the age of motorization vehicular pollution is the
greatest evils to the health of humans, animals, and
plants. Nitrogen dioxide is one of the major air
pollutant produced by automobiles. Direct exposure to
nitrogen dioxide leads to increased susceptibility to
respiratory infection, increased airway resistance in
asthmatics, and decreased pulmonary function.
Therefore, this paper projects the growth of vehicles
and to estimate the subsequent level of nitrogen dioxide
emission in different scenarios in Delhi. Based on the
data from 1965-66 to 2009-10, a long-term trend in the
growth of petrol, diesel and compressed natural gases
vehicles is projected up to the year 2020-21 by using S-
curve growth model. It is found that the total number of
vehicles will increase from 80 thousand in 2005-06 to
nearly 147 lakhs in 2020-21, with increasing share of
compressed natural gases vehicles; however, the share
of petrol vehicle will be decreased marginally. If the
present trend will continue the concentration of
nitrogen dioxide will be decreased 9 per cent to the
present level (50.9 ug/m®, 2008). The further
conversion of petrol vehicles into compressed natural
gases vehicles will reduce the nitrogen dioxide
emission level significantly ie. 40 ug/m*® by 2021.
Therefore, government should encourage use of
cleaner technology and alternate fuel for personal
vehicles, which in turn will reduce the Nitrogen dioxide
emission in future.

1. Introduction

A striking feature of all kinds of mechanized road
transport is the total domination of the internal
combustion engine. At present, every type of vehicle
running on roads today, from the fragile moped to the
heavy duty bulldozer, uses three kinds of internal
combustion engines i.e. petrol, diesel and CNG
(compressed natural gases). A petrol engine is a
specialized form of an internal combustion engine in
which power is obtained by burning a mixture of petrol
vapour and air, which is ignited electrically by a spark
plug. The petrol engine was originally selected for
automobiles because it could operate in a more flexible

and over a wide range of speeds and is used as a readily
available, moderately priced fuel, petrol. A diesel
engine differs from a petrol engine, principally, in that
it relies on heat generated by compressing air in the
cylinder to ignite the fuel. To generate the required
heat, the diesel engine must produce higher
compression than the petrol engine, making it heavier,
bulkier, more expensive and capable of being operated
only at slower speeds. But it can operate on cheaper,
less highly refined fuel, which gives it an advantage in
many heavy transportation and construction equipment,
such as trucks, buses, trailers, bulldozers etc. [1]. To
overcome some known disadvantages of the petrol and
diesel engine basically due to expensive fuel and
pollution, the government of Delhi substituted CNG for
petrol or diesel fuel as mandatory for the public
transport system in Delhi. The order was directed
towards replacement of all pre-1990 autos and taxis
with new vehicles using clean fuels and the entire city
bus fleet to be steadily converted to single fuel mode on
CNG by March 31, 2001 [2]. It is considered to be an
environmentally "clean™ alternative to those fuels. It is
made by compressing methane (CH,) extracted from
natural gas.

Vehicular pollution has become a growing problem in
mega cities and large urban areas throughout the globe.
The major vehicular pollutants are sulphur dioxide
(SOy), nitrogen oxides (NO,), carbon monoxide (CO),
lead and other toxic matter such as suspended
particulate matter (SPM) [3]. The different types of
vehicle consume different types of fuels such as petrol,
diesel, etc. and emit different types of pollutants.
Pollutants are released when fuel is burnt in the internal
combustion engine and the air/fuel residuals are emitted
through the tailpipe. Heat generated by hot day-time
temperature, engine warming and refueling at the
service station, causes fuel to evaporate into the
atmosphere [4]. These pollutants in the atmosphere are
one of the greatest evils to the health of humans,
animals, and plants [5].

Therefore the objective of the paper is to project the
long-term growth of motor vehicles, and subsequently
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based on the projected growth of motor vehicles;
estimate the level of nitrogen dioxide emission in
Delhi. The S-curve growth model will be fit for
projection of three different types of fuel consuming
vehicles viz. petrol, diesel and CNG using annual data
from 1965-66 to 2009-10. The level of nitrogen dioxide
emission will be estimated by ordinary least square
method under different scenarios e.g. as usual growth
scenario and promotion for use of CNG vehicles
scenario.

2. Motor Vehicle Growth

2.1. Vehicle with Fuel Specification

The increasing dependence on road transportation has
been the prime contributing factor to the phenomenal
growth in motor vehicles especially the private vehicles
in India. In contrast to Mumbai, Chennai and Kolkata,
the travel demand in Delhi has been predominantly
dependent on road transport system. The highest
number of vehicles with largest road network compels
this city to consume more petroleum energy and emit
more pollutants in the atmosphere. Only with the
commencement of metro rail, public transport in Delhi
has witnessed a changing scenario. At present, buses
are the primary mode of transport, which constitute
only about 1 per cent of the total motor vehicles
whereas, private vehicles account for 94 per cent, out of
which two-wheelers are 63 per cent and four-wheelers
are 31 per cent. The other mode of transport includes
taxis, auto rickshaws and goods vehicles whichare 5
per cent of the total motor vehicles [6].

Table 1. Vehicle With Fuel Specification

vehicles, 3 per cent are diesel vehicles and the rest 6
per cent are CNG vehicles. In 2001-02, Delhi has only
26 thousand CNG vehicles, but at present, the entire
public transport vehicle such as bus, taxi, auto rickshaw
and few private cars are run by CNG fuel. From 1965-
66 to 2005-06, the number of registered motor vehicles
has increased more than 80 folds, while population rose
about 6 folds. In the same period, the petrol vehicle
increased from 69 thousand to 45 lakhs, while diesel
vehicles increased from 11 thousand to 1.7 lakhs.
However, CNG vehicles increased exponentially from
26 thousand to 36 lakhs in the last decade (Table 1).
The high growth in CNG vehicle is basically due to the
implementation of several directives issued by the
Supreme Court of India for the control of vehicular
pollution in the years 1998, 2000 and 2001. These
directives are such as the phasing out or ban on plying
of old commercial passenger vehicles and conversion
of commercial passenger vehicles into single fuel mode
i.e. CNG [2]. Therefore, the period between 2000-01
and 2005-06 shows an average negative growth rate in
diesel vehicles. Although large proportion of mobility
need is still catered by public transport vehicles, there
is a rapid increase in reliance on private vehicles such
as car, jeep, motorcycle, scooter and moped in the
recent years. This may be primarily due to increase in
household income, increase in commercial and
industrial activities, availability of motor vehicle
product and improvement in road infrastructure. Beside
these, there have been significant changes in motor
vehicle sector during the last two decades. After
liberalization of Indian economy during late 1980s and
early 1990s, many new firms entered motor vehicle
market to produce variety of cars and two-wheelers.

Years | Population | Petrol | Diesel |} CNG - Total Availability of motor vehicle and its financing at low
Vehicle | Vehicle | Vehicle | Vehicles interest rate increased the sale of petrol vehicles
1965-66 | 3140214 68942 | 11478 0 80420 .
@.08) 23.13) | (14.90) (21.94) substfmtlally_ after .1990. Though all these have
1970-71 | 4065698 | 181445 | 22633 0 204078 contributed in the increase of the share of petrol
(4.25) (14.07) | (10.84) (13.72) vehicles, equally important reasons are to be found in
1975-76 | 5006283 | 341950 | 36968 378918 public transport system itself. Speed, service quality,
(4.25) (837) | (7.80) (8.32) convenience, flexibility and availability favour
1980-81 Gfﬂ‘ge ?fgigg’ (5131%22) 0 ?1631_72%;3 adoption of petrol_ vehicl_es as.the mai_n mode of
1085-86 | 7622810 | 990237 | 85249 0 1075486 transport at present in Delhi [7]. Finally, using the trend
(4.15) (13.41) | (10.65) (13.19) of motor vehicles growth per 1000 persons, the
1990-91 | 9420644 | 1787638 | 136149 0 1923787 forecasting model will be developed in the next section.
(3.85) (7.68) (6.14) (7.57)
1995-96 11(?:;36 222&339 1(83:_3%;3 0 223%%())5 2.2. Model Formule_ltion for Projection _
2000-01 | 13782976 | 3238242 | 218337 0 3456579 The growth of vehicles per 1000 persons over time
(3.09) (724) | -(7.99) | (39.53) | (6.91) typically follows a sigmoid or S-shaped curve. There
2005-06 | 16021000 | 4523439 | 169823 | 115748 | 4809010 are a number of different functional forms that can
(2.86) (6.84) (3.69) | (33.92) | (7.63) describe S-shaped curves, for example, logistic,
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Source: Transport Department, Govt. of N.C.T of Delhi
Delhi Statistical Hand Book, From 1970 to 2010

Till March 2010, total number of vehicle registered in
Delhi was 64.5 lakh, out of which 91 per cent are petrol

Gompertz, Von Bertalanffy, etc. These curves are to
forecast how and when a given growth system will
reach its saturation limit [8]. Originally these functions
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were developed to describe the self-limiting growth of
population. First use of these functions to analyze the
economic growth is attributed to the French sociologist
Gabriel Tarde [9]. Tarde’s idea is followed by other
scholars like Prescott, who obtained demand forecasts
for automobile using a Gompertz function [10].
Although the path of these growth functions can be
represented in general S-shape fashion, different types
of entities can grow different patterns. For example, the
slope may be very steep during early phases, including
rapid growth, or it may be gradual suggesting a slow
and hesitant start, but all of them will level into
saturation limit. The properties of the S-curve growth
model is such that if the growth is quite rapid at an
early phase and relatively slow when approaching the
saturation level, then the Gompertz function is the best,
on the other hand, if the growth is initially slow and
relatively rapid during the maturing phases, then the
logistic function is superior then Gompertz [11] [7].
The major problem that has to be solved first in these
functions is the saturation level. A few studies have
estimated the saturation level of the S-curve growth
function internally [12], but many provide the
saturation level externally by applying rule of thumb,

growth at time t i.e. V; and the logarithm of vehicle
density level i.e.In(S/V,). The corresponding equation is

v _ bVJn(Sj @)
dt v,

where b > 0 is the proportionality constant i.e. the
growth rate.

Integrating equation (3) over the interval 0 to t, we get
that the Gompertz function i.e. v =se=" (4)

Parameters a and b model the location and shape of the
curve. Fort =0, V= Se™ is the starting level of vehicle
growth and for t = o, V,, = S, is the saturation limit.
Unlike logistic curve, it is not symmetrical about its
point of inflection.

2.3. Model Output Analysis

Parameters are estimated by ordinary least square
methods and values of these parameters are reported in
Table 2.

Table 2. Estimated results of logistic and Gompertz models

. L2 Type of P t
e.g. one car per family [13], one driving member per ;%E?Cfg ,\%gg‘; Barame elr_na R? MSE
family [14], per capita vehicle ownership [15] [16]. < -0.06 341
Therefore, this paper assumed the saturation level s % Logistic (-30.6) (60.8) | 0.96 | 595.95
based on 1000 population per vehicle. Sg -0.03 13
Gompertz (-48.5) (88.1) 0.98 | 190.62
. . -0.02 5.16
Let V¢ be the vehicle growth per 1000 persons at.time t ,3 o Logistic (7.2) (59.9) | 055 | 9.03
and S be the saturation level of the growth. The logistic 52 -0.01 1.64
function states that the changes in vehicle growth with i Gompertz (-7.1) (89.9) | 054 | 9.14
-0.29 6.32
respect to time i.e. d;/t is proportional to the product § 9] Logistic (-14.9) (58.2) | 0.97 1.37
t =) -0.06 1.87
of the level of vehicle growth at time t i.e. V; and the © Gompertz (-30.6) (60.8) | 098 | 0.46

fraction of market untapped i.e. (S—th. Therefore,
S

%: bV, (S-V,) N
dt S

where b > 0 is the proportionality constant i.e. the
growth rate.

Integrating equation (1) over the interval O to t, we get

the corresponding equation is

Note: Figures in the parenthesis are values of t-statistics

Based on the R? and mean square error (MSE) value,
the better models are selected. According to R? value,
the models fit the data very well. All the parameters
have the expected sign and most are highly significant
as observed from t statistic. The petrol and CNG
vehicle growth provides higher R and lower MSE

ot ian S values in Gompartz model, whereas, the growth of

that the logistic function Le. v Tlrae ™ @) diesel vehicle is fit well in Logistic model. Substituting
Parameters a and b model the location and shape of the the value of saturation level and the selected parameters
S . . a and b (Table 2) in equations (2) and (4), the

curve. Fort =0, v, ~1:a is the starting level of the forecasting models for the petrol, diesel and CNG

vehicle growth and for t = «, V., = S is the saturation

limit.

Similarly, the Gompertz distribution states that the

change in vehicle growth with respect to time i.e. ave
dt

is proportional to the product of present level of vehicle

vehicles per 1000 persons as given below.

PV, =1000e %% """

B 1000
Y 1+174.76e7%%%

®)
(6)

www.ijert.org

1067



International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 9, September - 2013

_ —6.47¢700% but also due to the rise in the consumption of major
= 7
CNGV, =1000e ™ auto fuels such as petrol and diesel. Then up to 1995, a

. . rapid increase in the level of NO, was seen and after
Equations (5), (6) and (7) project the growth of petrol, that there are many ups and down in the level of NO,.

diesel and CNG vehicles per 1000 persons for the years In twenty years, the absolute increase is found to be
1010-11, 2015-16 and 2020-21, by substituting t = 46, two and half times, whereas the increase of motor
51 and 56 respectively. Projected population and types vehicles is more than three times in the same period.
of fuel consuming vehicles are reported in Table 3. First ten years the average growth rate of NO, level is 8

per cent annually and next ten years is 2 per cent (Table

Table 3. Projected growth of population and vehicle with fuel types 4)

in Delhi :

Population Petrol Diesel CNG Table.4 Mean concentrations of NO; in Delhi (in pg/m3)

Year # Vehicle Vehicle Vehicle
2010-11 18451000 6432082 307550 494725 Year | NO, | Year | NO, | Year | NO, | Year | NO,
2015-16 21285000 8478927 398411 1421119 40.0
202021 | 24485000 | 10958951 | 514526 3234337 1989 | 19.0 | 1994 | 335 | 1999 — 2004 | 57.0
Note: # Population figures are estimated by Registrar General of India 1990 | 23.0 | 1995 | 35.0 | 2000 ' 2005 | 49.0
Note: The figures in the parenthesis are percentage to personal vehicle 1991 | 265 | 1996 33.0 2001 42.0 2006 | 55.9

The total number of vehicles in Delhi will rose to 147 1992 | SLO | 997 jgg zo02 | 00 | 207 | 402
lakhs in the year 2020-21, which is marginally less than ég% | 335 _19398 - |h'202%3;)8 026'0 2008 | 509
half of the projected population at that time. In the ource: Economic Survey of Delhi, i

projection period, the number of petrol and diesel
vehicle will be 5 times more than what we had in 2010-
11, while that of CNG vehicle it will be 21 times. On
the other hand, the share of petrol and diesel vehicles
will be decreasing with a significant increasing in the
share of CNG vehicle. These projected growth of
different types of vehicle help in estimating the level of
nitrogen dioxide emission in Delhi in the next session.

Now, Delhi has been showing signs of improvement in
the pollution level for the past one decade [19] [20].
This could be attributed to the stringent implementation
of vehicular emission norms, fuel quality up-gradation,
mandatory fitting of catalytic converters in April 1995
and better maintenance of engines through all possible
measures. This achievement could be linked to
conversion of all buses/taxis/autos into CNG engines.
Introduction of CNG buses in Delhi was initiated after
April 1998. In September 1999, an amendment to
Motor Vehicle Act brought CNG vehicles under permit
and tariff jurisdiction of government. Finally, by 31%
March, 2000 all pre-1990 autos and taxis were replaced
with new vehicles using clean fuel CNG. Subsequently,
the conversion of entire bus fleets into CNG fuel mode
was completed in November 2002. The conversion of
all auto rickshaws to CNG engine took place in the year
2002-03, while that of taxis and buses in 2003-04 [21].
On the other hand, the conversion of private cars to
CNG engine was very low. The problem being faced in
the mega cities is how to reduce the adverse
environmental impacts from vehicle growth without
giving up the benefits of mobility. This dilemma
becomes more pressing under conditions of rapid
growth of petrol vehicles [22].

3. Nitrogen Dioxide Emission

3.1. Concentration of Nitrogen Dioxide

Nitrogen oxides are colorless and odourless gas [1].
The concentration of nitrogen oxide in exhaust gas is
found to depend mainly on the peak temperature and
pressure and the supplied air-fuel mixture composition
[4]. Nitrogen oxides react chemically with
hydrocarbons to form ozone and other highly toxic
pollutants. It is the most prominent pollutant
contributing to acidic deposition. The common
pollutant nitrogen dioxide (NO,) can often seen
combined with particles in the air as a reddish-brown
layer over many urban areas. It is formed when the
oxygen and nitrogen in the air react with each other
during combustion [1]. Nitrogen oxide emissions from
vehicles produce a variety of adverse health effects
such as the direct exposure to nitrogen dioxide leads to
increased susceptibility to respiratory infection,
increased airway resistance in asthmatics, and
decreased pulmonary function [17] [18].

3.2. Scenarios for Nitrogen Dioxide Emission

In scenario approach, the nitrogen dioxide (NO,)
emission is assumed to be a function of petrol and
diesel vehicles (PDV), and CNG vehicles (CNGV)
under different scenarios. This relationship is generally
established by regression technique [23]. The
regression technique is rather common in establishing a

In the past, several times Delhi has been listed amongst
the ten most polluted cities of the world. This is not
only due to an exponential growth of motor vehicles,
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functional relationship between air pollution and its
factor [24] [25]. Starting from 1989, twenty annual
mean NO, level are gathered from Economic Survey of
Delhi, 2008-09. The responsibility of data collection
rests on Central Pollution Control Board, Govt. of
India, which has been monitoring the air quality
regularly at various locations in Delhi. The growth of
petrol plus diesel and CNG consumption vehicles are
taken from the previous section (section 2). The general
form of the above model is

NO, = f (PDV, CNGV)

(8)
The parameters and significance level of these [
functions are estimated by ordinary least square 60 -
method. In general, in the models of the above form, 50 -
there are some fundamental assumptions that must be
fulfilled so that the ordinary least square estimates the 40 1
parameter that have optimal statistical properties. The 30 -
assumption should be that no multicollinearity and 2 50 |
autocorrelation in the model are tested by Durbin gv
Watson (DW) statistic [26] and Klein’s rule of thumb 10 1
[27]. From equation (9), it is observed that the 0
estimated DW of NO, model is found to be 2.05, 1990 1995 2000 2005 2010 2015 2020
indicates that the data are not autocorrelated. Klien’s
rule of thumb, free the NO, model from Year
multicolinearity problem. Figure 1: Projected Level of Nitrogen Dioxide

NO, = -3.76 + 0.00002 PDV — 0.00009 CNGV 9)
(7.32) - (3.84)
R?=84 DW =2.05

Figures in the parentheses are values of t statistic of
PDV and CNGV. From t values, it is observed that both
PDV and CNGV of NO, models are significant at 95
per cent confidence level. The coefficient of the growth
of petrol and diesel vehicles is expected to have the
positive value in accordance with the fact that it is
highly correlated with NO, concentration. On the
contrary, the coefficient of CNG vehicle has a negative
sign, which indicates that conversion of vehicle from
petrol and diesel into CNG engine stating it’s
preventing to NO, concentration. R?, the coefficient of
determination of NO, model is equal to 0.84, indicates
that 84 per cent of the variation in concentration of NO,
is due to the growth of petrol plus diesel and CNG
vehicles, while the rest 16 per cent may be due to some
other reason, which is not taken into account here.

Finally, using the future growth of petrol, diesel and
CNG vehicles, the NO, model projects the level of NO,
pollutant for the years 2015 and 2020 under different
scenarios as shown in Figure 1. S1 is the as usual
growth scenario that estimate the concentration of NO,

under usual growth of petrol diesel and CNG vehicles.
In this scenario, the NO, concentration will be
decreased in 9 per cent by the year 2020 as compared to
what it was in 2010. On the other hand, the scenario S2
estimates the level of NO, concentration under
conversion of 1per cent of additional petrol vehicle into
CNG engine yearly up to 2020. The above conversion
of petrol vehicles will reduce the concentration of NO,
level from 51 mg/m*® to 40 mg/m® i.e. 20 per cent
reductions in future. Thus, it is inferred that the higher
conversion of petrol vehicles into CNG will lower the
concentration of NO, level.

4. Strategies for Reduction in Nitrogen Dioxide
Emission

Nitrogen dioxide is one of the major vehicular
pollutants in Delhi [28]. Therefore, a strategy for use of
cleaner fuel, reduction in fuel consumption, efficient
maintenance of engines and installation of pollution
control devices should be adopted. In Delhi, the growth
of personal petrol and diesel vehicles is exorbitantly
higher than public transport CNG vehicles, which may
be the cause of higher NO, emission in last few years.
NO, emissions depend heavily on flame temperature.
By altering the composition of the air charge to
increase its specific heat and the concentration of inert
gases, it is possible to decrease the flame temperature
significantly. The exhaust re-circulation systems utilize
certain percent of exhaust stream to recycle into the
intake manifold with the fresh air fuel mixture. The
exhaust gas dilutes the fresh charge and thus lowers the
flame temperature. The water injection is also lowering
the flame temperature and consequently nitrogen
dioxide. Installing the copper-cobalt-aluminum catalyst
or a modified recycling system on a vehicle couple with
various exhaust manifold reactors will result in
substantially reduced emission [1]. Similarly, transport
planning of the cities should specially emphasize on
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public transport system [29]. Although rail based
transport services in Delhi are available for intra-city
transportation, they hardly play any role in meeting the
travel demand. At present, Delhi has also added 65.05
kilometers route of mass rapid transit system [30] and
the expansion of this rail based public transport system
may reduce the use of personalized petrol and diesel
vehicles, subsequently reducing the nitrogen dioxide
emission. Considering the financial health of the
government and the investment required to expand the
mass rapid transit system, it is also evident that the bus
transport services in Delhi will have to play major role
in providing passenger transport services in future.
Therefore, there is an urgent need for restructuring this
system to enhance both quantity as well as quality of
services. There is a need for an integrated transport
system, which will integrate rail, road as well as
intermediate public transport. They should offer an
attractive and easier way to use public transport system,
leading to use of existing resources and improvement in
the efficiency of service delivery and comfort for
commuters. This integrated system has potential to
attract people away from using personal petrol and
diesel vehicles which in turn will reduce NO, emission
in future. On the other hand, the government should
promote use of cleaner technology and alternate fuel
(CNG) for personal petrol and diesel vehicles. This will
again reduce the NO, emission in future.

5. Conclusion

This study estimates the future growth of petrol, diesel
and CNG vehicles and the corresponding NO, emission
in Delhi. The trends over the past forty five years helps
in projecting the growth of petrol, diesel and CNG
vehicles up to the years 2020-21 in Delhi. The
Gompertz and logistic growth model fits well in all
these three types of fuel consuming vehicles. The
projection states that the total number of vehicles in
Delhi will rose to 147 lakhs in the year 2020-21, which
is marginally less than half of the projected population
at that time. The share of CNG vehicles is gradually
increasing with marginally decreasing share of petrol
and diesel vehicles in coming years. The level of NO,
emission is estimated by regression technique with
respect to the growth of petrol plus diesel vehicles and
CNG vehicles under different scenarios. The growth of
different types of wvehicles under usual scenario
estimates the level of concentration of NO, will be
declined by 9 per cent in future. However, the further
conversion of petrol vehicles into CNG vehicles will be
reduced the NO, emission level significantly.
Therefore, the government should encourage use of
cleaner technology and alternate fuel such as CNG for
petrol and diesel vehicle users, which in turn will

reduce the NO, emission. This study is limited to the
city of Delhi only. The severe constraints on
availability of data with respect to two strokes and four
strokes engine of petrol vehicle constituted a major
stumbling block for better analysis.
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