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Abstract

Tamil Nadu is one of the states in India that has an excellent
transportation system. In the recent past, there is a wide gap in the
development of Public and Personal commuting system. The daily
usage ratio of these two modes is 0.2:99.8. This leads to an inefficient
and ecologically degrading system of transportation. A study on the
daily commuting pattern of people and their intention for a modal shift
was done. Based on their intention, it is attempted to find a possible eco-
friendly change in the road transportation for Tamil Nadu. The results
are encouraging. The study is done with a survey on modal shift
intention in select districts of Tamil Nadu and is evaluated with an
adopted simulation for the carbon emission reduction along with
economic and environmental benefits. The outcomes are significant for
the entire country as it evidences a favourable economic and eco-
friendly road commuting with a considerable reduction in the fuel
consumption.
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1. INTRODUCTION

Tamil Nadu, a state in India has one of the best road transport
systems in India catering to the need of the people of Tamil Nadu
with a total road length of 1,32,320.20 km [1]. There are nearly
35000 buses in service for the daily commuting of passengers [2].
The state being the hub of the automobile industry, there are
nearly 17 million two wheelers on road used by the people for
their conveyance in addition to the personal usage of 18, 61,057
cars as on May 2015 as seen in Table.1 [2]. Thanks to the liberal
policies of the Indian government and the State government, this
growth in terms of number of vehicles for people, help them travel
comfortably.

On the flip side of the liberal policies related to automobiles,
the rapid growth in personal vehicle density [3] has brought in
its wake a range of serious socioeconomic impact [4]. It has
resulted in more congestion on roads [5], increase in the
pollution level [6] [7], enormous demand for fuels [8] [9], high
demand for foreign exchange and it is reflected on the domestic
inflationary pressure [10].

With all these vehicles on road, the quantum of carbon
emission for the entire transit distance of these vehicles is very
high. It is estimated in this study that there is an emission of
17,174 kilograms of carbon just for a kilometre run of these
vehicles (Table.4). The United Nations estimated that over 600
million people in urban areas worldwide were exposed to
dangerous levels of traffic-generated air pollutants [11]. It is also
established that motor vehicles are a major source of
environmental and noise pollution in urban areas [12]. Among all
other externalities, this excessive carbon emission seems to be an
alarming one and may cause serious consequences on the health
perspective rather than the economic perspective [13], [14]. Air
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pollution adversely affecting human health is established in
numerous studies [15] - [17].

Keeping this in view, this research attempts to reorient the
road commuting in Tamil Nadu as an economic and eco-friendly
system by trading off between public transport mode and personal
transport mode.

1.1 PROLIFERATION OF PERSONAL VEHICLES
AND PROBLEMS THEREOF

There are many issues pertaining to the proliferation of
personal vehicles on road. Traffic congestion is a problem in
many cities of the World, both in developed and developing
countries and it is predicted that it will get worse in the future
[18],[19]. In India, the public sector road transport occupies an
important position in the economy and the buses are the very
popular mode of transportation because of its low cost [20]. The
State Road Transport Undertakings (SRTUS) in India, with 58
members, forms the backbone of mobility for urban and rural
population across the country. They ply over 1,15,000 buses,
serving more than 65 million passengers a day and also providing
employment directly to 0.8 million people. The SRTUs are facing
tremendous challenges in achieving sustainable transportation
issues such as energy consumption and environmental pollution
[21]. Two wheelers are considered as the main component of the
existing traffic congestion [22].

Carbon emission due to increased vehicle pollution causes
health related problems such as respiratory disease, risk of
developing cancer and other serious ailments etc., [23] and also
contributes to tremendous economic loss by way of giving
medical assistance to the affected people [5].

Of late many countries have tried to limit the utilization of
personal transport mode favouring public transport mode [5]. The
poor utilization of the public transit in most of the Indian cities
results in numerous consequences of rising personal vehicle (two
wheelers) population [5], [24] and it accounted for the share of
72.4 percent of India’s total vehicle population [25]. The total
number of registered two wheelers increased at a rate of 13.3
percent during 2011-12 [25] and in 2013-2014, the sales of the two
wheelers in India reached multi fold growth [3]. If the personal
vehicle users go for a modal shift to public transportation, then the
problems may be mitigated [26]. The United States Environmental
Protection Agency (USEPA) has initiated many countries to make
changes in their public transportation policies to maximize the
public transport utility [13].

Air pollution due to personal vehicles is one of the serious
environmental concerns of the urban Asian cities including India,
where majority of the population is exposed to poor air quality
[7], [13]. The link between the growth of personal vehicle
population and enormous demand of fuel and carbon emission is
an accepted fact [13], [10]. The transportation sector consumes 21
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percent of primary energy and account for 20 percent of
greenhouse emissions worldwide [20], [27].

Most of the Indian cities are also experiencing rapid
urbanization which may continue for the next two decades leading
to a tremendous increase in the number of motor vehicles [27].
Modal shift from personal transport to public transport is
recognized as one of the key strategies for reduction of energy
consumption [28] and carbon emission reduction in transport
sector [21], [29]. Promoting public transport mode as a choice for
the daily commute is a requirement to meet the future mobility
demand. [30] have evidenced the effects of service quality and
perceived value of public transit on the behavioural intention of
passengers. On contrary to the exponential growth of personal
vehicles, public transport system has not improved significantly
in Tamil Nadu [31], [32]. Due to the degradation of bus service
quality and insecurity of bus transport, the motor cycle is
preferred as the primary mode of transport by students and
employees with its convenience and flexibility nature [33]. The
cumulative side effects of this proliferation of personal vehicles
need attention and demand an alternate means.

1.2 PRESENT SYSTEM OF ROAD TRANSPORT IN
TAMIL NADU

The road transport system considered for the study has been
confined to the public transport vehicles (MTS - Mass Transit
System) which includes Buses (MTSb) with a maximum seating
capacity of sixty passengers and Minibuses (MTSm) with a
maximum seating capacity of twenty five passengers and to the
personal transport vehicles such as Motor bikes, Scooters and
Mopeds (PeTS). The number of vehicles in each category as on
May 2015 in Tamil Nadu is presented in Table.1.

Table.1. Number of personal and public transit vehicles in Tamil

Nadu
Number of Personal Transit vehicles
Motor Cycle 1,00,55,630
Scooter 2,2,10,534
Mopeds 48,35,281
Total 1,71,01,445
Number of Public Transit vehicles
Buses 30,571
Mini Buses 3,980
Total 34,551

Source: Tamil Nadu State Transport Authority

Travel demand has grown historically as the income level of
people has risen. This has been the case for both personal travel
and freight transport [34]. The personal mode of commuting has
increased in the recent past as purchasing power of people has
improved and wide choices of vehicles are available for them to
choose. Because of this, commuters’ personal travel comfort
would have become better. But the socio environmental effect of
this multiple growth of personal vehicles is becoming a concern
on environmental and health aspects in the state. The change in
number of public transport vehicles for the past five years in
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Tamil Nadu is presented in Table.2.

Table.2. Growth of Public Transport vehicles in Tamil Nadu

Buses Mini buses
Year Percentage Percentage
Number| Change in a [Number| Change in a
year year
2010 27205 4003
2011 27690 1.78 3989 -0.35
2012 27583 -0.39 4051 1.55
2013 30114 9.18 4125 1.83
2014 30190 0.25 4009 -2.81
2015 30571 1.26 3980 -0.72
5 Year Growth
rate in 12.37 -0.57
percentage
5 Year
Average
Annual 247 -0.11
Growth rate in
percentage
Source: Tamil Nadu State Transport Authority
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Fig.2. Change in number of Mini buses in Tamil Nadu in the
past five years
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Table.3. Growth of Personal vehicles in Tamil Nadu

Motor cycle Mopeds Scooters Total
Years Annual Annual Annual Annual
Number Change in | Number | Changein | Number | Changein | Number | Changein
percentage percentage percentage percentage
2010 51,00,133 - 35,61,118 - 13,08,347 - 99,69,598 -
2011 59,97,158 17.59 37,89,581 6.03 14,20,599 7.90 1,12,07,338 11.04
2012 70,47,160 17.51 40,56,399 6.58 15,56,369 8.72 1,26,59,928 11.47
2013 80,83,395 14.70 43,47,724 6.70 17,19,254 9.47 1,41,50,373 10.53
2014 90,66,777 12.17 45,97,982 5.44 19,30,381 10.94 1,55,95,140 9.26
2015 1,00,55,630 10.91 48,35,281 491 22,10,534 12.67 1,71,01,445 8.81
5 Year Growth 97.16 35.78 68.96 71.54%
rate in %
5 Year Average
Annual Growth 19.43 7.16 13.79 14.31%
rate in %

It is observed from Table.2 that the Public road transport
system in Tamil Nadu has witnessed an average annual growth
rate of 2.47 percent in bus category (MTSb) and has a negative
average annual growth rate of - 0.114 percent in the minibus
category (MTSm). The total growth of public transport vehicles
(MTS, mass transit system includes both MTSb and MTSm) was
around 12 percent in the last 5 years. The Fig.1 shows the change
in number of buses for the past five years in Tamil Nadu.

Except for a small increase in the number of buses in 2013,
there is no significant increase in the number of buses in the last
three years.

The change in the number of minibuses for the past five years
in Tamil Nadu is depicted in Fig.2. The Fig.2 indicates a drastic
decrease in the number of mini buses for the past two years, which
might have forced commuters to choose PeTS. This view is
supported by the results of the survey among the commuters as
part of this study. The growth of Personal vehicles in Tamil Nadu
is shown in Table.3 and illustrated in Fig.3.
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Fig.3. Change in number of Personal Vehicles in Tamil Nadu in
the past five years
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In contrast to the low growth of mass transport vehicles, the
number of personal vehicles has grown with its peak value of
71.54 percent totally in the last 5 year period. All categories of
personal vehicles have seen a positive growth with an annual
average growth of 19.43 percent in motor cycles, 7.16 percent in
mopeds and 13.79 percent in scooters during 2010 to 2015. There
seems to be an exorbitant growth and also an unbalanced growth
in the personal vehicles in the state. This unprecedented growth
in personal vehicles might have given a more convenient travel
for the people but the cost effectiveness of personal
transportation, health aspects and environmental impact are
questionable. This unbalanced policy approach on the road
transportation system needs to be addressed.

1.3 CURRENT ECONOMIC ISSUES IN ROAD

COMMUTING

India is spending its foreign exchange of Rs.7090 billion per
annum on importing crude oil for meeting its energy demand for
transportation [35]. In using this import of crude oil for
transportation purpose, conservation may be possible by use of
most efficient transportation mode in place of less efficient mode
for the regular transit of the people. It is estimated that a saving of
Rs.80 billion to Rs.100 billion can be done just by a possible and
viable change of mode of transport and that savings will be a result
of mere 2 to 2.5 percent conservation of petroleum products [36].
The public transportation system can be replaced for personal
transport system in order to create an efficient and eco-friendly
road commuting system [28] [37]. Both the systems are going to
use the same petroleum products but are different in terms of
usage, efficiency, effectiveness and the residual effects on the
environment. Car use for commuting causes pollution and
congestion, thus policies aimed at reducing car use will be more
effective when commuters are willing to reduce it [38]. Lea and
Trinh [33] have confirmed the preference of public transport by
students and employees who presently use motorbikes,
understanding the negative effects of personal vehicles in
Vietnam. This is true with the case of Tamil Nadu also which is
revealed in this study.
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2. MEANS FOR ECONOMIC AND
SALUBRIOUS ROAD COMMUTING
SYSTEM

The argument of this research is that if the public
transportation system is deployed more in the State of Tamil
Nadu, there seems to be a possibility of commuters moving from
personal vehicles to public vehicles, which has its own advantages
for the economy (Survey Results), economies of individuals and
of course on environment [4], [39]. This requires a significant
modal shift among the commuters of Tamil Nadu. This modal
shift is the means for an economic and salubrious road commuting
system. The simulation results of the current study made,
evidences a positive effect in economic and health perspectives.

The economies behind this is that, a proportionate modal shift
leads to petroleum conservation for the state and personal cost
savings on fuel to the commuters. This is revealed from the study,
that just lpercent increase in the public transport vehicles
replacing the personal vehicles saves 522.12 liters of petrol per
kilometer run and saves fuel cost for the commuters (Table.8).

Also it is a known fact that the petroleum products are the
largest sources of carbon emission brought into the environment
through transportation vehicles [36]. The envisaged modal shift
will result in the reduction of carbon emission too, caused by the
transport sector.

Based on the number of vehicles available in Tamil Nadu, the
amount of carbon emission per kilometre run of these vehicles is
estimated and it is given in Table.4.

Table.4. Amount of carbon emission per kilometre run of
different vehicles in Tamil Nadu

Carbon Emission Standard Per Vehicle
Public Transit VVehicle 2.1 gm/km
Personal Transit Vehicle 1 gms/km
Carbon emission per kilometre
Personal Transit Vehicles gm/km run
Motor Cycles 1,00,55,630.00
Scooters 22,10,534.00
Mopeds 48,35,281.00
Total 1,71,01,445.00
Public Transit Vehicles gm/km run
Public mass transit vehicles 47,552.40
Private mass transit vehicles 16,646.70
Mini Buses 8,358.00
Total 72,557.10
Total carbon emission: 1,71,74,002.10 gms/km run

Source: Central pollution control Board of India, 2015 [41]

The total carbon emission per kilometre run is found as 17174
kg of carbon of which 99.58 percent of the emission is from the
personal transit vehicles and only 0.42 percent is attributed to the
public transit vehicles. If the same emission is calculated per
person’s transit, it amounts to 1gm per kilometre for personal
vehicle like motorbike, scooter, moped and just 0.035gm and
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0.084 gms per kilometre for bus and minibus respectively. The
basic assumption of this trade off logic is that when one MTSh
vehicle is introduced, sixty PeTS users switch over to that MTSh
and when one MTSm vehicle is added, twenty five PeTS users
switch over to that MTSm. The effect of this switch over is that if
one MTSDb is added to the system and in turn 60 personal vehicle
users are switching to the public transport system (bus), there is
going to be a net reduction of 57.9 gms of carbon emission per
kilometer (2.1 gms for one MTSb less 60gms for 60 PeTs).
Keeping this kind of transport modal shift by commuters in mind,
the following propositions are formulated.

e Proposition 1: increasing both MTSb and MTSm by 1
percent step from 1 percent to 20 percent and thereby
shifting of PeTS passengers to MTS proportionally

o Proposition 2: increasing only the MTSh by 1 percent step
from 1 percent to 20 percent and thereby shifting of PeTS
passengers to MTS proportionally

o Proposition 3: increasing only the MTSm by 1 percent step
from 1 percent to 20 percent and thereby shifting of PeTS
passengers to MTS proportionally

2.1 MODAL SHIFT INTENTION - AN ASSESSMENT

To ascertain the reality of the above assumption of modal shift
fromPeTs to MTS, a survey was conducted among the commuters
from select places of Tamil Nadu to know their intention and
preference towards the public transport system for a possible
modal shift. The results are encouraging and strengthening the
modal shift viability. The major findings from the survey are:

o Of the total respondents of personal vehicle users, 80.17
percent of them are in favour of public mode of transport and
43.94 percent of them are commuting on a fixed path daily.

o People who commute daily on a fixed path using own
personal vehicle (43.94 percent of total) expressed their
willingness to go for a transport modal shift, provided the
public transport system is improved. They expect additional
bus services, good maintenance of the buses, reasonable
fare, good road condition and additional routes introduction.

® 57.64 percent of the personal vehicle commuters very
strongly expressed their modal shift intention, if additional
bus services are provided.

o Most of those who use personal vehicles are currently using
it for two primary reasons namely inadequate bus services
and peak time overcrowding in the public buses.

o Respondents who belong to middle and low middle class are
ready for a modal shift for the purpose of cost saving if
additional services are provided.

o All the respondents are fully aware that the modal shift will
definitely benefit their living in terms of cost, health, safety
and will reduce the pollution to the environment. Also, they
are aware of the economic benefits to the nation.

o The average distance travelled by PeTS commuters per day
is 22.63 kms.

A profile of the survey conducted among the commuters from
various parts of Tamil Nadu is presented in Table.5 and Table.6.
The Table.5 shows the places where the survey was conducted.
The Table.6 gives the demographic profile of the respondents.
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Table.5. Profile of commuters from various places of Tamil

Nadu
Transport mode for daily commute | No of Respondentg
Public transport commuters 170
Personal transport commuters 170
Total 340
1. Madurai
2. Virudhunagar
Districts covered 3. Chennal )
4. Tirunelveli
5. Erode
6. Kanyakumari

Source: Primary Data

Table.6. Demography of Respondents

Public | Personal
Demographic Classifications mode | mode
(%) (%)
18-30 years 59.80 | 40.20
30-40 years 29.79 | 70.21
Age 40-50 years 34.48 | 65.52
50-60 years 38.46 | 61.54
Above 60 years 80.00 | 20.00
Upper Class 38.89 | 61.11
. Upper Middle Class | 50.00 | 50.00
Economic class -
Middle Class 51.34 | 48.66
Lower Middle Class | 55.17 | 44.83
Regular Fixed path 56.06 | 43.94
commuting .
pattern Variable path 28.95 | 71.05

Source: Primary Data

There are many factors identified in the survey that motivate
the people to choose public mode over personal mode of transport.
The response of the respondents on the motivating factors to
choose MTSb and MTSm is shown in Table.7. Prime motivator is
found to be additional bus services. This aligns with the focal
point of this research.

Table.7. Motivating Factors to choose MTSbh and MTSm

Motivating Factors to choose MTSb Maximum
and MTSm Response (%)
Additional buses are provided 57.64
Additional routes are provided 41.17
Good time keeping of Public mode
X 47.05
transport is ensured

Good Bus maintenance is done 44.11
Bus fare is reasonable 48.23

Road conditions are improved 44.70

Source: Primary Data
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3. POLICY APPROACH FOR AN ECONOMIC
TRANSPORTATION SYSTEM

A simple framework relating the commuter’s intention and the
transport policy change by the policy makers is presented in Fig.4.
If the Government decides to improve the Public transportation
system (MTS) and in turn the personal mode commuters’ shift to
public mode, the effects would be definitely positive. The
externalities of the present transportation system will get reduced
to a greater extent. Among the various impact of fuel
conservation, carbon emission reduction, lesser global warming,
better traffic and other personal health benefits for commuters, the
effects of modal shift on carbon reduction and fuel conservation
are estimated through the simulations and those results are given
in Table.8 to Table.10.
Changes in the Tamil

Nadu Transport
Policy

v Effects of Modal Shift
Fuel Conservation
Reduction of Carbon Emission
Reduction of Global Warming
Reduction of Traffic Congestion

Introduction of

Additional Bus [

Personal Vehicle A
Commuters

v

Public Vehicle
Commuters

Fig.4. Approach for an Eco-friendly Transportation System

The Transport policy can be used as a powerful tool to reduce
the carbon emission drastically by capitalizing the modal shift
intention of commuters. A model on carbon emission pattern
developed in this line of thinking has revealed very healthy and
effective outcomes for the people, economy and environment.

3.1 ECONOMIES OF MODAL SHIFT

With the background information on the willingness of the
people for a modal shift from the survey, simulations have been
done on the three propositions discussed above using the
expression for Level of Carbon Emission (LoCE) developed by
Balamurugan, et al. [31]. The outcomes of the simulations include
Level of carbon emission added to the environment on road for a
kilometer operation of vehicle in terms of grams per passenger
served, Carbon reduction per kilometer operation in kilograms,
Total fuel savings per kilometer in liters, and total Carbon
reduction for an average run of a commuter per day in kilograms.
Those outcomes of the simulations are presented in Table.8,
Table.9 and Table.10.

From Table.8 it can be observed that the level of carbon
emission in total reduces by 2.26 percent for a mere one kilometer
run if additional 20 percent MTS vehicles are introduced. The fuel
savings are found to be more than 10,000 liters per kilometer run
and if the same is extrapolated for the total run of the vehicles
there will be a huge savings for the country and also for the
individuals.

Considering the average run of commuters (22.63 kms
through PeTS), an individual contribution to the carbon reduction



ISSN: 2395-1664 (ONLINE)

by their modal shift is ranging from 437.29 kilograms for 1
percent change in MTS to 8745.84 kilograms for 20 percent
change in MTS. This is also a significant phenomenon which will
have a positive effect on the environment and economy.

The results in Table.9 show that the level of total carbon
emission is getting reduced by 2.15 percent for a mere one
kilometer run if additional 20 percent MTS vehicles are
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introduced. The fuel savings are found to be nearly 9,900 liters
per kilometer run. The individual contribution to the carbon
reduction by modal shift is at the maximum of 8308.85 kilograms.
This is also found to be very significant.

The outcomes of the simulation for proposition 3 shown in
Table.10 are not substantial when compared with the previous
propositions in terms of expected results.

Table.8. Simulation for Proposition 1- Increasing MTS (both MTSh and MTSm) by 1 percent step from 1 percent to 20 percent and
thereby shifting of PeTS passengers to MTS proportionately

Percent LoCE Carbon reduction per km Total fuel Total Carbon reduction for average
increase in MTS (ka) operation (kg) savings/km(ltrs) run .of a commuter/ day *(kg)
17102.84931 0 0 0

1 17083.52575 19.32355695 522.1152 437.2920938
2 17064.20219 38.6471139 1044.2304 874.5841876
3 17044.87863 57.97067085 1566.3456 1311.876281
4 17025.55508 77.2942278 2088.4608 1749.168375
5 17006.23152 96.61778475 2610.576 2186.460469
6 16986.90796 115.9413417 3132.6912 2623.752563
7 16967.58441 135.2648986 3654.8064 3061.044656
8 16948.26085 154.5884556 4176.9216 3498.33675
9 16928.93729 173.9120125 4699.0368 3935.628844
10 16909.61374 193.2355695 5221.152 4372.920938
11 16890.29018 212.5591265 5743.2672 4810.213032
12 16870.96662 231.8826834 6265.3824 5247.505125
13 16851.64306 251.2062403 6787.4976 5684.797219
14 16832.31951 270.5297973 7309.6128 6122.089313
15 16812.99595 289.8533542 7831.728 6559.381407
16 16793.67239 309.1769112 8353.8432 6996.6735

17 16774.34884 328.5004682 8875.9584 7433.965594
18 16755.02528 347.8240251 9398.0736 7871.257688
19 16735.70172 367.147582 9920.1888 8308.549782
20 16716.37817 386.471139 10442.304 8745.841876

*Average distance run of commuters = 22.63 km (PeTS)

Table.9. Simulation for Proposition 2- Increasing only the MTSb by 1 percent step thereby shifting of PeTS passengers to MTS
proportionately

Percent LoCE Carbon reduction per km Total fuel Total Carbon reduction for average
increase in MTSh (kg) operation (kg) savings/km (Itrs) run of a commuter/day*(kg)
17102.84931 0 0 0
1 17083.99417 18.85513615 509.4252 426.6917311
2 17065.66227 37.1870363 1004.6754 841.5426315
3 17047.33037 55.51893645 1499.9256 1256.393532
4 17028.99847 73.8508366 1995.1758 1671.244432
5 17010.66657 92.18273675 2490.426 2086.095333
6 16992.33467 110.5146369 2985.6762 2500.946233
7 16974.00277 128.846537 3480.9264 2915.797133
8 16955.67087 147.1784372 3976.1766 3330.648034
9 16937.33897 165.5103373 4471.4268 3745.498934
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10 16919.00707 183.8422375 4966.677 4160.349835
11 16900.67517 202.1741376 5461.9272 4575.200735
12 16882.34327 220.5060378 5957.1774 4990.051635
13 16864.01137 238.837938 6452.4276 5404.902536
14 16845.67947 257.1698381 6947.6778 5819.753436
15 16827.34757 275.5017382 7442.928 6234.604337
16 16809.01567 293.8336384 7938.1782 6649.455237
17 16790.68377 312.1655385 8433.4284 7064.306137
18 16772.35187 330.4974387 8928.6786 7479.157038
19 16754.01997 348.8293388 9423.9288 7894.007938
20 16735.68807 367.161239 9919.179 8308.858839

*Average distance run of commuters = 22.63 km (PeTS)

Table.10. Simulation for Proposition 3- Increasing only the MTSm by 1 percent step thereby shifting of PeTS passengers to MTS
proportionately

Percent LoCE Carbon reduction per km Total fuel Total Carbon reduction for average
increase in MTSm (kg) operation (kg) savings/km (ltrs) run of a commuter/day* (kg)
17102.84931 0.00 0 0
1 17101.85765 0.99 27 22.44119
2 17100.86599 1.98 54 44.88239
3 17099.87433 2.97 81 67.32358
4 17098.88268 3.97 107 89.76477
5 17097.89102 4.96 134 112.206
6 17096.89936 5.95 161 134.6472
7 17095.90771 6.94 188 157.0884
8 17094.91605 7.93 215 179.5295
9 17093.92439 8.92 242 201.9707
10 17092.93274 9.92 269 224.4119
11 17091.94108 10.91 296 246.8531
12 17090.94942 11.90 322 269.2943
13 17089.95777 12.89 349 291.7355
14 17088.96611 13.88 376 314.1767
15 17087.97445 14.87 403 336.6179
16 17086.98280 15.87 430 359.0591
17 17085.99114 16.86 457 381.5003
18 17084.99948 17.85 484 403.9415
19 17084.00783 18.84 510 426.3827
20 17083.01617 19.83 537 448.8239

*Average distance run of commuters = 22.63 km (PeTS)

4. RESULTS AND DISCUSSION

The results of the simulation (Table.8, Table.9 and Table.10)
show a distinct pattern in terms of carbon reduction. The level of
carbon reduction pattern for the three simulated situations is
plotted in Fig.5. Comparing the results of the simulations it can
be seen that the levels of carbon reduction is at its best when a
combination of MTSb and MTSm are operated additionally as
posited in proposition 1. There is no significant benefit on carbon

492

reduction while increasing only the MTSm (proposition 3).
However addition of MTSm will benefit the semi-urban and rural
commuters for their economic development.

Addition of more public mode of transport facilities coupled
with a modal shift by the commuters will lead to a salubrious road
commuting for the people of Tamil Nadu. The health hazards of
the air pollution due to carbon emission will reduce drastically
and this in turn will reduce the money spent on medical expenses.
This paves way towards a green transport system for Tamil Nadu.
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The economic benefit of modal shift as a means to achieve a
better road commute is the fuel savings. It is estimated in the study
that a mere one percent increase in MTS saves nearly Rs. 32000
on fuel cost for shifting commuters. If twenty percent of MTS is
introduced for regular road commuting, there will be a fuel saving
value of nearly Rs.0.625 million for commuters collectively. All
these estimations are for a kilometer run only. If the same is
extrapolated for the total travel distance of commuters, the road
transport in Tamil Nadu will become a real economic system. The
economic benefits on the fuel savings are depicted in Fig.6.

17150

17100 @
17050
17000
16950
16900
16850
16800

Kilograms/ Km Run

16750

16700 -

Level of Carbon Emission (LoCE) in

16650

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%
Percent increase in MTS

—o— Increasing both MTSbh & MTSm

—O—Increasing only MTSb & keeping MTSm Constant

—— Increasing only MTSm & keeping MTSh Constant

Fig.5. Simulation results on carbon emission after modal shift
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Fig.6. Simulation results on Fuel savings after modal shift

8Proposition 1: increasing both MTSb and MTSm by 1 percent
step from 1 percent to 20 percent and thereby shifting of PeTS
passengers to MTS proportionally

PProposition 2: increasing only the MTSb 1 percent and reducing
PeTS proportionally

°Proposition 3: increasing only the MTSm 1 percent and reducing
PeTS proportionally

From the above results it is clear that when both MTSb and
MTSm are increased, the benefits to the individuals, state and the
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nation seem to be enhanced multifold both economically and
environmentally.

The set propositions have been confirmed empirically and the
results are found to be environmentally and economically
encouraging. The inferences are just for a kilometre operation of
these vehicles in Tamil Nadu. If the same is extrapolated for the
entire travel distance pan India, the results will be immense. But
for this to happen, there is a need for major policy changes in the
related issues on the Government’s part and a little awareness on
the part of the commuters. The government needs to increase the
number of buses and mini buses between places where there are
large number of daily commuters such as students, employees
who travel in a fixed path. This may require a significant amount
investment from the exchequer. Looking at the long term
environmental and economic benefits, the investment is of value.

5. CONCLUSION

The study clearly evidences an economically efficient and
eco-friendly road commuting system possibility in the state of
Tamil Nadu, India. It indicates that a slight modification of
transportation policy can bring a remarkable positive change in
the environment and also can provide a greater economic
advantage. In a similar context, Bhuiyan Alam [40] concluded in
their investigation on factors for transit travel demand done in US
that the policy makers can attract and increase bus transit ridership
by adjusting a few significant factors specific to their transit
systems. The present study gains importance in the light of the
world grappling with the increasing carbon emission and its
outfall of global warming. Since India has also taken carbon
emission reduction as an agenda as part of the world’s concern
over climate change, the study is very relevant for today’s context.
When a sustainable transport model can bring in environmental
and economic advantages, adopting it should not be a hurdle as
the people are ready for a modal shift for their daily commute.
The study confirms the viability of an economically better road
commuting system proposed for Tamil Nadu through its positive
and favorable results.
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