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The main aim of the paper is to estimate the denfandoad-based passenger mobility in
India and subsequently project the energy demarai @6, emissions resulting from the
same. Based on a data set of the four major ma&drinodes of transport — buses, cars
(including jeeps and taxis), two-wheelers, and aitkshaws from 1950-51 to 2000-01,
long-term trends in motorized traffic volume anddalosplit are projected up to the year
2030-31. It is found that the road-based traffidwoe in India will increase from 3079
billion passenger-kilometers in 2000-01 to 1254kidri passenger-kilometers in 2030-31.
Between 2000-01 and 2030-31, the aggregate shapriwdte- and para-transit modes is
projected to increase from 24.3% to 55.3% wherdé@sshare of public transport mode is
estimated to decrease from 75.7% to 44.7%. Basetherprojected values of aggregate
traffic volume, modal split, and modal intensitfes energy demand and G@missions, the
paper then estimated the level of energy demand@@gdemission from the road-based
passenger transport sector in India. If there is maluction in modal intensities, energy
demand is projected to increase from 954 peta piie2000-01 to 5897 peta joules in 2030-
31 whereas C@emission is estimated to increase from 17.27 t@2D#&illion metric tons of
carbon equivalent during the same period. Even wherassume a reduction of 1% per year
in energy and C@intensity of all modes of transport, energy demand CQ emission is
projected to increase by a 4.6- and 4.0-fold resipety from 2000-01 to 2030-31.
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1. Introduction

Road-based passenger mobility in India has incceésgnendously over the years. From
1950-51 to 2000-01, passenger mobility increasednfi36 billion passenger-kilometers
(BPKm) to 3079 BPKm due to more than 30-fold ineee@ annual distance traveled by the
people (from 100 in 1950-51 to 3021 Kms in 2000-8a) a 2.84-fold rise in population
(from 359 million in 1950-51 to 1019 million in 20D1). It is interesting to know that
between 1980-81 and 2000-01, in light of a 50% fatpmn growth, motorized mobility by
road in India has risen by 425% (from 585 to 30PKB1). Analysis of per capita mobility
(i.e., passenger-kilometers per capita; PKm/capg gaows that the average annual distance
traveled by the people quadruples in every two desaFor example, between 1980-81 and
2000-01, per capita mobility increased from 863@@1 Kms (table 1).

Although large proportion of mobility need is stdhtered by the buses, there is a rapid
increase in reliance on automobiles particularlyirdy recent years. For example, during
1990s, per capita mobility by two-wheelers, autkshaws and carsncreased by 124%,
130% and 97% respectively against the corresporidorgase of 60% for buses. Due to this,
mobility share of private- and para-transit mddaesreased from 19.4% in 1990-91 to 24.3%
in 2000-01.

Rapid increase in motorized mobility during thet lago decades or so is primarily due to
increase in household income, increase in commeandhindustrial activities, availability of
motorized transport, and improvement in road trarsipfrastructure. Per capita income and
Gross Domestic Product (GDP) in India has incredsgdl00% and 200% respectively
between 1980-81 and 2000-01. Latest figures fromti@k Statistical Organization (CSO),
New Delhi reveals that per capita income in India ncreased at the rate of 4.1% per annum
from 1994-95 to 2004-05 whereas GDP has increas#teaate of 5.8% per annum during
the same period. Besides rapid increase in incamleegonomic activities, there has been
significant change in automobile sector duringltist two decades. Due to the liberalization
of Indian economy during late 1980s and early 1990sny new firms entered the
automobile market to produce variety of cars and-wheelers. Availability of variety of
product and financing of durable product purchadewa interest rate has increased the sale
of private vehicles substantially during 1990s aftérwards’ For example, during the year
2004-05, more than one million cars and six millimo-wheelers were sold in the country.

As far as road infrastructure is concerned, tataldrnetwork and National Highway (NH)
increased by 67% and 55% respectively between 23%nd 2000-01. Presently, India has a
vast road network of about 3.3 million km of whitie national highway and the state
highways together account for 195000 km length.ufiimothe 65569 km long NH constitutes
only 1.98 per cent of the total road length in ¢bentry, it carries around 40 per cent of road
traffic. Recently, the central government has @eat dedicated fund, called Central Road
Fund (CRFj from the collection of cess on petrol and die3éle fund is distributed for

! Ccars include jeeps and taxis. This will be follatroughout this paper.

2 private- and para-transit modes include cars,vilieelers, and auto-rickshaws.

% 60% of the cars bought in the last decade weritfir finance.

* The Central Road Fund Ordinance, 2000 was prortedgan November 1, 2000 to give statutory effedhto
creation of Central Road Fund from the collectiéress on petrol and diesel. 50% of the cess csethieill be
allocated for the development of rural roads. Takatce of amount of 50% on diesel and entire ceksocted
on petrol will be allocated for the development amaintenance of national highways (57.5%), for traresion
of road over/under bridges and other safety wotksananned rail road crossing (12.5%) and developraed
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development and maintenance of NH, state roadstuaatiroads. From last five years or so,
the government has embarked upon a massive Natldighiways Development Project
(NHDP) in the country. The main aim of NHDP, Indidargest ever highways project, is to
build high quality roads with uninterrupted trafflow.

Although all these have contributed for change indal-split structure where share of
private- and para-transit modes is increasingethelly important reasons are to be found in
the public transport system itself. Speed, sendelity, convenience, flexibility and
availability favor adoption of private mode as thein mode of transport. Given the
opportunity, people reveal widely divergent tramsgeferences, but in many places in the
country transport authorities favor a basic stathddrpublic transport services. Government
regulation and control have exacerbated the poeratipnal and financial performance of
publicly owned transport undertakings, which am tain provider of bus transport services
in the country. It is increasingly becoming veryffidult for loss making transport
undertakings to augment and manage their fleetchwhi turn leading to poor operational
performance and deterioration in quality of sersicks a consequence, those who can afford
private vehicle are successively leaving publiagport.

The main aim of the paper is to estimate the l@ngittrends in motorized traffic volume and
modal split and subsequently, based on the prajectkies of traffic volume and modal split,
estimate the level and growth of energy demandG@g(carbon dioxide) emission from the
road-based passenger transport sector in hBtiequired data from 1950-51 to 2000-01 are
used to estimate the long-term trends in motorieadfic volume and modal split. These data
account for the four major modes of passenger p@hsiamely cars, two-wheelers, auto-
rickshaws, and buses. Appendix summarizes the stateces and their estimation methods.
The statistical program Limdep version 8.0 is uk®dhe required regression analysis. The
paper projected the level and growth of energy aehend CQ emission from passenger
transport sector in India using a scenario approdgo scenarios, business as usual and
efficiency gain, are discussed in the paper. Inbili@iness as usual scenario, both energy and
CO; intensities of all transport modes are assumedrt@in at 2000-01 levels whereas in the
efficiency gain scenario, intensities are assunoeckdluce at the rate of 1% per year in one
case and 2% per year in another case from 2000v@&rads.

The paper is organized into the following sectiddsction 2 deals with the model to project
future per capita mobility, model estimation, amdjgction of passenger mobility up to the
year 2030-31. Section 3 presents estimation anggiron of modal split changes. Using a
scenario approach, Section 4 describes the enengyamd whereas G@mission estimates
are presented in Section 5. Section 6 discussestithtegies to reduce energy demand and
CO, emissions from the transport sector. The papartirfgs are summarized in Section 7.

maintenance of state roads including roads of emimanportance (30%). The fund will be non-lapsaaiel
will be used to fund the development of the toialdrchy of roads, right from national highwaysotigh state
highways to rural roads.

® Refer Singh (2006) for another study on passetrgesport sector in India. Singh (2006) focusedaor-
based (i.e., rail plus road) passenger transporntadind its impact on energy demand and carbon dboxi
emission. Traffic mobility forecasting model in §m(2006) uses GDP and population as the main eafday
variables rather than time trend. Also, time period which forecasting has been done is relatisgrter.
Unlike Singh (2006), this paper also examines thegegjies to reduce energy demand and @fissions from
road-based passenger transport sector in India.
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Table 1. Absolute aswell as per capita mobility in India

BPKm PKm/cap BPKm PKm/cap
U pam B P (o (rwo BT TSI o (hu
wheeler) wheeler) rickshaw) rickshaw)

1950-51 36 100 29 81 - 1 6 18 - -
1955-56 59 151 51 129 - 1 8 21 - -
1960-61 94 216 80 185 1 2 12 29 - 1
1965-66 145 298 123 254 2 4 18 38 1 2
1970-71 240 443 205 379 5 10 27 51 2 4
1975-76 353 581 307 506 10 17 31 51 5 8
1980-81 585 862 506 745 25 36 47 68 8 12
1985-86 908 1202 758 1003 59 78 71 95 20 26
1990-91 1487 1773 1198 1428 134 160 118 141 36 43
1995-96 2278 2455 1830 1972 220 237 168 182 60 64
2000-01 3079 3021 2330 2286 364 358 283 278 102 100

Note: All figures are rounded off to zero decimige and (-) indicates negligible quantity.

2. Estimation of future road-based passenger mobility in India

2.1 Themodel to forecast per capita mobility

The growth in per capita mobility over time typigafollows a sigmoid orS-shaped curve.
There are a number of different functional formattiban describé&-shaped curves, for
example, the logistic, Gompertz, logarithmic logistog reciprocal, ett.Among these, the
logistic and Gompertz functions are the two mostely used functional forms. Therefore, it
is decided to use these two functions to model fanecast the development of per capita
mobility in India. The logistic model can be writtas:

PKm a

t

) = . +é& (1)
cap 1+ yexpEp4(time),)

Whereﬁq is passenger-kilometers per capita (representargcapita mobility),a is the
cap

saturation level ane is an error term at period t. All the parameter3 andy are positive.
Parametery andf3 determine the location and shape of the curveectely. The logistic
function ranges from 0 ta astime ranges fromoe to +0. The logistic curve reaches its

maximum growth ratex[3/4 whenw:%, that is, at half of the saturation level of per
cap

capita mobility. Thus, the logistic curve is rotatally symmetric about its inflection point
(the point at which maximum rate of diffusion takdace).
Similarly, the Gompertz model can be written as:

® An overview of such functional forms is given in &tk and Islam (1998), see also Tanner (1978), Beavid
Fiebig (1988), Meade and Islam (1995), Ramanatli®9§g), Dargay and Gately (1999), Ramanathan and
Parikh (1999), Singh (2000), Franses Philip Ha®922, and Mohamed and Bodger (2005).
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P = rexpjexpA(time),) + &, 0
cap

where all the variables and parameters have theuigus meaning angl is an error term at
period t. The Gompertz function also ranges froto @ astimeranges fromeoe to +e. In this

. . . PKm «a . .
case, maximum growth ratep/e is achieved when—— =—, that is, when per capita
cap e

mobility reaches around 37% of its saturation level.

Both logistic and Gompertz models can easily bénesed using non-linear least square
method. These two models can be estimated oncedoyrang no restriction on the saturation
level and then by imposing restrictions on the rsdion level. This should be done primarily
because there is no guarantee that the final estiofahe saturation leved, is close to the
global optimum (Heij C. et al., 2004). Therefore eistimate the models, it is essential to get
a reliable estimate of the saturation level of papita mobility. Taking into account the
saturation level in developed countries and theioseconomic characteristics (such as
population density, rapid increase in teledendigom in information technology, high fuel
prices, etc.) of India, 11000 PKm per capita appdarbe the most appropriate saturation
level.

Here, it would be useful to examine road-based Ri¢mcapita in the United Kingdom (UK)
from Europe and the United States (US) from AmeiiR@ad-based per capita mobility in the
UK has been relatively stable since 1990. Accordimghe data published by the ECMT-
Eurostat, it was around 11000 PKm per capita duttmgyear 2000 which implies that the
saturation level for the UK may be somewhere betwEH00 and 12000 PKm per capita.
The Bureau of Transportation Statistics, USA datas that during the year 2000, PKm per
capita by road in the United States was around @300e US is also approaching to its
saturation level since growth in per capita mopilg slowing down over the recent years.
There are many factors which explain the differeimcthe saturation level between the US
and UK. Public transport is far more important passenger travel in the UK than in the US.
The US has far more extensive motorway networksgchmeheaper fuel, and longer trip
distances both within and between cities which arage private vehicle use. Since transport
availability characteristics (such as greater nel@aon public transport, high fuel prices, etc.)
in India is more close to the UK, we expect that shturation level in India would be around
11000 PKm per capitaBesides these, deterioration in air quality pattidy in urban areas
has forced Indian government to take various measincluding adoption of market based
instruments to reduce the usage of private vehiddE=masures such as cess on petrol and
diesel, parking fee, congestion pricing, etc. &tigg accepted in the country. Assuming that
government policy will discourage the usage of gevvehicles in forthcoming years due to
environmental consideration, we expect that theiltyplper capita in India will not follow
the pattern of the US. Due to these reasons, aungstion about the saturation level of
11000 PKm per capita in India appears to be reddenadowever, both logistic and
Gompertz models can be estimated for differentratin levels (e.g., 7000, 8000, 9000,

" This is close to what has been estimated by Si2§i9Q). In his paper, Singh (2000) estimated thet th
saturation level for land-based (i.e., road andl tedien together) passenger mobility in India vbié around
20000 billion PKm. Assuming that the Indian popigatwill saturate at 1.65 billion and rail will sply
between 8 and 10% of the total land-based travelashel, saturation level for road-based per capitailito
would be around 11000 Kms.
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10000, 11000 and 12000 PKm/capita) not only tcsitate the different possible paths of per
capita passenger mobility but also to find outrtiest appropriate saturation level. The Mean
Absolute Percentage Error (MAPE)ver the sample period can be used to find outrtbst
appropriate model and saturation level.

2.2 Model estimation

Both the models, logistic and Gompertz, are estohdbr six different saturation levels
(7000, 8000, 9000, 10000, 11000, and 12000 PKm/abp)g with without imposing any
restriction on the saturation level using the ewoeatvic software Limdep version 8.0. Since
we are interested in long-term forecast, it wasiddzt to use five-yearly data of PKm/cap
from 1950-51 to 2000-01 for the estimation of thedels. The variablémeis taken as 1 for
1950-51, 2 for 1955-56, 3 for 1960-61,...... , and 1t 2000-01. Table 2 reports the
estimation results. According to thé ®alues, models fit the data very well. All theiestted
parameters have the expected sign and most ardy lsigimificant. The MAPE, reported in
table 2, is in the range of 3.13 to 7.99 for thgidic models and 9.81 to 32.13 for the
Gompertz models. According to botlf Bnd MAPE, logistic models fit the data better than
the Gompertz ones. Among the logistic models, the associated with 11000 PKm/cap
saturation level is the best model since it haddhest MAPE. As illustrated in the previous
sub-section, this is in line with our expectatidoat the saturation level of road-based per
capita mobility in India. Further analysis in thpgper will primarily be based on the
estimated logistic model at saturation level of AA®Km per capita as shown in equation

3).
PKm _ 11000
cap —-0.3748time)

3)
1+157.021%

wheretimeis 1 for 1950-51, 2 for 1955-56, 3 for 1960-61,...and 17 for 2030-31.

8 The MAPE is commonly used in quantitative foreaagptinethods because it produces a measure of eelativ
overall fit. The absolute values of all the peregyeterrors are summed up and the average is campute
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Table 2. Parameter estimates of the logistic and Gompertz models (with t-statistic in
par entheses)

M odel Estimate

No restriction on the saturation level
Logistic (1) a = 6852.5 (6.7)p = 0.4226 (18.8)y = 129.4445 (12.2); R= 0.9982; MAPE = 7.99
Gompertz (2) o =167763.8 (0.7)3 = 0.4226 (18.8)y = 0.0669 (3.3); R=0.9969; MAPE = 9.81

Saturation levely = 7000
Logistic (1) B =0.4196 (51.8)y = 129.8765 (12.9); R= 0.9982; MAPE = 7.66
Gompertz (2) B =0.2092 (19.1)y = 8.7228 (10.1); R= 0.9867; MAPE = 32.13

Saturation levelp = 8000
Logistic (1) B = 0.4030 (50.4)y = 134.5063 (13.0); &= 0.9980; MAPE = 5.81
Gompertz (2) B =0.1917 (21.0)y = 8.2357 (12.0); R= 0.9888; MAPE = 30.17

Saturation levely = 9000
Logistic (1) B =0.3910 (48.0)y = 141.0511 (12.7); R= 0.9978; MAPE = 4.41
Gompertz (2) B =0.1786 (22.7)y = 7.9300 (13.9); R= 0.9902; MAPE = 28.55

Saturation levelg = 10000
Logistic (1) B =0.3819 (45.7)y = 148.6936 (12.3); &= 0.9975; MAPE = 3.46
Gompertz (2) B =0.1683 (24.2)y = 7.7270 (15.6); R= 0.9913; MAPE = 27.18

Saturation levelg = 11000
Logistic (1) B =0.3748 (43.7)y = 157.0214 (11.9); R= 0.9973; MAPE = 3.13
Gompertz (2) B =0.1599 (25.5)y = 7.5869 (17.2); R= 0.9921; MAPE = 26.02

Saturation levelg = 12000
Logistic (1) B =0.3691 (42.1)y = 165.8050 (11.7); &= 0.9971; MAPE = 3.15
Gompertz (2) B =0.1531 (26.7)y = 7.4876 (18.8); R= 0.9927; MAPE = 25.01

2.3 Passenger mobility during the next three decades

Based on equation (3), road-based per capita mpolpéith has been projected (figure 1).
Mobility trends in India shows that during the y@@B0-31, average Indians will travel about
thrice as many kilometers as they traveled durivegy year 2000-01 (table 3). Due to this,
absolute passenger mobility in India at the engadr 2030-31 will be more than 12500
BPKm? The traffic volume and per capita mobility in Iads projected to increase at the rate
of 6.72% and 5.16% per annum from 2000-01 to 2013+BB% and 3.45% per annum from

°To project the absolute mobility during the nexethdecades, we require population estimates tipetgear
2030-31. Based on th&/orld Population Prospects: The 2004 Revision Pajoh Databasepublished by the
United Nations Population Division, population ofdla is assumed to grow at the rate of 1.56% paurmn
from 2000-01 to 2005-06, 1.41% per annum from 206%e 2010-11, 1.27% per annum from 2010-11 to 2015
16, 1.11% per annum from 2015-16 to 2020-21, 0.p&¥annum from 2020-21 to 2025-26, and 0.76% per
annum from 2025-26 to 2030-31.
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2010-11 to 2020-21 and 3.01% and 2.14% per annumm f@&D20-21 to 2030-31
respectively?”
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Figure 1. Projected path of road-based per cap#éagenger mobility in India

Table 3. Level aswell as growth of road-based passenger maobility in India from 1950-51
to 2030-31

Per capita  CAGRin per capita CAGR in population Absolute CAGR in absolute

Population

mobility mobi_lity (s n_cethe (million) (si n_cethe previous mobility mobi_lity (s npethe

(PKm/cap)  previous period) period) (BPKm) previous period)
1950-51 100 - 359 - 36 -
1960-61 216 8.06% 434 1.91% 94 10.13%
1970-71 443 7.45% 541 2.23% 240 9.84%
1980-81 862 6.88% 679 2.30% 585 9.34%
1990-91 1773 7.48% 839 2.14% 1487 9.77%
2000-01 3021 5.48% 1019 1.96% 3079 7.55%
2010-11 4996 5.16% 1181 1.49% 5900 6.72%
2020-21 7016 3.45% 1329 1.19% 9327 4.69%
2030-31 8673 2.14% 1447 0.85% 12546 3.01%

Note: Per capita mobility and absolute mobilityuiigs have been rounded off to zero decimal place.

0 Growth rate is calculated as compound annual graatiy (CAGR) rather than simple annual growth rate.
This is followed throughout this paper.
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3. Estimation and projection of modal split changes

Schafer (1998) shows that the time spent on tiaeeperson per day (travel time budget) are
virtually unchanged across the countries. Althougtason for this is not very clear,
Marchetti (1994) argued that a travel time buddetirmund one hour per capita per day
reflects a basic human instinct. He argued thatgpes security of the home and family, the
most durable unit of human organization, limits @re to the risk of travel. Also, traveling
is naturally limited by other activities such aseq, leisure, and work. Even when time spent
on any of these activities changes, there is eceldhat the time spent on travel remains
constant. Time-use and travel surveys from numemitiess and countries throughout the
world suggest that travel time budget is approxatyal hour per person per day (Schafer
and Victor, 2000). Stability in the travel time lyed has an important implication for the
change in modal split.

As shown in table 1, per capita motorized mobilityndia is increasing over the years. Since
the average person spends somewhat a fixed tinpeofdmately 1 hour per day) on travel,
mean travel speed has to increase with the incrgaper capita mobility. Since different
transport modes operate with different ranges @edp increase in mobility changes the
modal split towards flexible and faster transporbd@s. Thus, as per capita mobility
increases, traffic share of public transport mdugsés) decreases and share of private- and
para-transit modes increases. For example, althalgire of public transport mode in India
increased initially up to the year 1975-76 primadue to government provision of public
transport, its share started declining afterwartbemthe level of per capita mobility crossed
a critical limit (table 4):' The share of public transport mode went down frorr0% in
1975-76 to 75.7% in 2000-01 as per capita mohitigreased from 581 Km in 1975-76 to
3021 Km in 2000-01.

There is a predictable pattern in change in theahsplit over time. The pattern of change in
modal split from 1950-51 to 2000-01 and projectifrihe same up to the year 2030-31 has
been presented in figure 2. It is projected thatghare of public transport (buses) in India
would be around 44.7% during the year 2030-31 (&g8). As is the case in developed as
well as in many developing countries, India wik@lexperience greater reliance on private-
and para-transit modes in forthcoming years. lestimated that the aggregate share of

1 After independence, in view of the increasing int@oce of road transport, the Government of Indisspd
the Road Transport Corporation Act 1948, which wabsequently replaced by the Act of 1950. This Act
enables the State Governments to form corporationgrogressive nationalization of bus industrytire
country. The undertakings established under thi$, & well as others formed under other kinds of
incorporation, are usually described as State pamdJndertakings (henceforth, STUs). The STUs veeteup

by the several States, and during the last foufiv® decades some of them have grown into giamesiz
organizations. STUs are the main provider of basdport services in the country. The work cultureniost of
the STUs has become strong impediments in theithyegrowth. Continuous losses and liberal sub&igyhe
Central and State Governments never provided tHgsST chance to learn the basics of financial disep
which eventually made the STUs highly inefficiehe STUs also failed to learn from the market. @peg
schedules for eight hours according to the conveeieof the crew became more important than megkiag
actual demand of customers. Since the Motor Vetficie1988 introduced deregulation and liberalizatio the
market, STUs are finding it difficult to competetlwiprivate bus operators, intermediate public fpans and
personalized transport. Currently, bus populatiothe country is increasing at the rate of arouttdger year
mainly due to demand from private bus operatorsredeprivate- and para-transit vehicles are inargag the
rate of more than 10% per year. Clearly, transpgerhand for all modes is increasing but it's inciregsat
higher rate for private and para-transit modeis éxpected that as mobility demand (PKm per capites up,
the share of public transport mode will go down.
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private- and para-transit modes will increase fia#3% in 2000-01 to 55.3% in 2030-31
(figure 3). We also projected the share of indialdprivate- and para-transit modes up to the
year 2030-31 (figure 4). Since, the mobility shafears, two-wheelers, and auto-rickshaws
within the private- and para-transit modes is wlp unchanged from 1993-94 onwards at
38%, 48.5%, and 13.5% respectively, we assumed thataime pattern will be followed up
to the year 2030-3X. Based on this assumption, the share of indiviguistate- and para-
transit modes has been projected. It is estimditayg tluring the year 2030-31, 21.0% of the
road-based traffic mobility in India will be prowd by the cars, 26.8% by the two-wheelers,
and remaining 7.5% by the auto-rickshaws.

Table 4. Change in modal split from 1950-51 to 2000-01

Traffic share of Traffic share of Road-based PKm per capita

public transport mode (%) private- and para-transit modes (%)
1950-51 81.2 18.8 100
1955-56 85.3 14.7 151
1960-61 85.5 14.5 216
1965-66 85.2 14.8 298
1970-71 854 14.6 443
1975-76 87.0 13.0 581
1980-81 86.4 13.6 862
1985-86 83.5 16.5 1202
1990-91 80.6 19.4 1773
1995-96 80.3 19.7 2455
2000-01 75.7 24.3 3021

2 This assumption is made because growth rate oftwarwheeler, and auto-rickshaw is more or lessesam
from 1993-94 to 2003-04 which is not expected tange significantly in near future. It is importaatnote that
per capita vehicle ownership in India is still argdhe lowest in the world and it can easily suskagh growth
path for these categories of vehicles for longqukri
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Figure 2. Projection of traffic share of public traport mode (buses) up to the year 2030-31
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Figure 4. Projected share of private- and para-tsg&mrmodes (cars, two-wheelers, and auto-
rickshaws) during the next three decades

4. Projection of energy demand

The road transport sector in India is a major epeansuming sector, particularly of
petroleum products such as diesel and petrol. Rgeséransport accounts for the significant
proportion of energy consumed in the sector. Thedithis section is to estimate the present
as well as future energy demand from road-baseskpgsr transportation in the country. For
this, we have to estimate the modal energy intiessif all major passenger transport modes.
The estimated modal energy intensities for 20002010-11, 2020-21 and 2030-31 are
presented in table 8.For these years, two scenarios are presented &geintensities in
the sector.

First, business as usual scenario, the 2010-11-202and 2030-31 energy intensities of all
transport modes are assumed to remain at 2000v8lklAlthough, this scenario may appear
optimistic, historically there has not been a digant change in fuel efficiency of
automobiles in many countries over the years. Iditah, it is expected that average
occupancy may decline with increase in mobility.efidfore, even if automobile fuel
efficiency improves, energy intensity of individuabdes may not change significantly.
Second, efficiency gain scenario, the energy irtiessof all transport modes are assumed to
decline at the rate of 1% per year in one case &@e& year in another case up to the year
2030-31. In other words, in efficiency gain scenamve assumed a reduction in energy
intensity of all modes by 26% in one case and 45%nisther in a span of 30 years. There is
no doubt that the government has to play a keyiroéehieving the efficiency gain scenario.

3The energy intensities by mode (in Mega JoulesRpén; MJ/PKm) in 2000-01 have been estimated by the
author. The mileage for car, two-wheeler, autosiaw, and bus has been assumed to be 12, 45, 83.%&n
kilometers per litre of fuel (petrol/diesel) respeely. The average occupancy has been assumeel 3dlB for
cars, 1.5 for two-wheeler, 1.76 for auto-rickshand 41.6 for bus. The energy equivalent value fétré of

fuel (petrol/diesel) is taken as 35.85 MJ.
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Energy efficiency of passenger transport system banimproved by tackling traffic
congestion problem particularly in urban areasofigh measures such as improvement in
traffic flow, removal of encroachment on roads,tnaat on parking in congested areas,
infrastructure improvement, etc.), introducing adstg inspection and maintenance program
for in-use vehicles, discouraging the usage ofgteéwehicles (through increasing the price of
petrol and diesel using taxation mechanism, parkéeg congestion pricing, etc.), providing
tax concession to fuel efficient vehicles, encoimggublic transportation, etc. Although it is
beyond the scope of this paper to estimate theiefiity gain potential of different measures,
we can safely assume that the government policyrednce the energy intensities of all
modes anywhere between 1% and 2% per year from 2D6®-2030-31.

4.1 Energy demand in business and usual scenario

In the business as usual scenario, average enmtggsity of the road-based passenger
transport sector in India is expected to increasarbund 52% in a span of 30 years from
0.31 MJ/PKm in 2000-01 to 0.47 MJ/PKm in 2030-&b(¢ 5). Increase in average energy
intensity of the sector is because of increaseem#gnce on automobiles to meet the travel
demand in future. Due to increase in average energpnsity and aggregate transport
demand, energy use in the sector is projectedciease from 954 peta joules in 2000-01 to
5897 peta joules in 2030-31 (table 6). Furthermenergy demand is expected to increase at
the rate of 8.0% per year from 2000-01 to 2010-11%6per year from 2010-11 to 2020-21,
and 4.7% per year from 2020-21 to 2030-31. On anages energy demand will increase at
the rate of 6.3% per year from 2000-01 to 2030-3bld 6 also presents the per capita
energy consumption from 2000-01 to 2030-31. Enegysumption per person is projected
to increase from 937 mega joules in 2000-01 to 4@éfa joules in 2030-31. It is projected
that the energy use per person for road-basedgastansportation will increase at the rate
of 6.4% per year from 2000-01 to 2010-11, 4.8% per yeom 2010-11 to 2020-21, and
3.8% per year from 2020-21 to 2030-31.

Table 5. Modal share and energy intensities from 2000-01 to 2030-31; business as usual
scenario

2000-01 2010-11 2020-21 2030-31
M ode of transport Modal  Energy Modal  Energy Modal  Energy Modal  Energy

share intensity share intensity share intensity share intensity

(%) (MJ/IPKm) (%) (MJI/IPKm) (%) (MJ/PKm) (%) (MJ/PKm)
Car 9.2 0.94 12.2 0.94 16.2 0.94 21.0 0.94
Two-wheeler 11.8 0.53 15.6 0.53 20.6 0.53 26.8 0.53
Auto-rickshaw 3.3 0.58 4.3 0.58 5.7 0.58 7.5 0.58
Bus 75.7 0.19 67.9 0.19 57.5 0.19 44.7 0.19
Total (weighted average)100.0 0.31 100.0 0.35 100.0 0.40 100.0 047
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Table 6. Transport energy demand in India; business as usual scenario

M ode of 2000-01 2010-11 2020-21 2030-31
transport
BPKm Energy Energy BPKm Energy Energy BPKm Energy Energy BPKm Energy Energy
demand useper demand use per demand useper demand useper
PJ) person (PJ) person (PJ) person (PJ) person
MJ) (MJ) MJ) MJ)
Car 283 266 261 720 677 573 1511 1420 1069 2635 2477 1217
Two-wheeler 364 193 190 920 488 413 1921 1018 766 3362 1782 2123
Auto-rickshaw 102 59 58 254 147 125 532 308 232 941 546 377
Bus 2330 443 434 4006 761 645 5363 1019 767 5608 1066 36 7
Total 3079 954 937 5900 2065 1749 9327 3731 2807 125487 58 4075

Note: Sum of modal energy demand may not be equHie total of the sector since energy intensigyries
have been rounded off to 2 decimal places. Alscstdds for peta joules (1 peta joule 2j6ules) and MJ
stands for mega joules (1 mega joule £ jbQles).

4.2 Energy demand in efficiency gain scenario

In the efficiency gain scenario, it is assumed #rargy intensity of all modes will decrease
at the rate of 1% per year in one case and 2% peliry@aother case from 2000-01 to 2030-
31. When we assume 1% per year reduction in enatggsity of all modes, energy intensity
of the sector is expected to increase from 0.3PKdi in 2000-01 to 0.35 MJ/PKm in 2030-
31 due to increase in share of automobiles andrgeiri share of buses in forthcoming years
(table 7). In this case, energy requirement in 2BBQ0s estimated to be 4391 peta joules,
around 1500 peta joules less than that in the basias usual scenario. When we assume 2%
per year reduction in energy intensity of all modgs to the year 2030-31, energy
requirement during the year 2030-31 is projecteloet@262 peta joules, 2635 peta joules less
than that in the business as usual scenario. $msainly because there will be reduction in
energy intensity of the sector from 0.31 to 0.26Km in a span of 30 years when energy
intensity of all modes is getting reduced at the od 2% per year.

Similarly, per capita energy consumption in 2030i8projected to be 3036 mega joules in
1% per year case and 2255 mega joules in 2% percgsarrather than 4075 mega joules in
the business as usual case. One should note tbatveven there is a reduction in energy
intensity of all modes by 2% per year, road-basesgrager transport energy demand in India
will increase at the rate of 4.2% per year from 200Qo 2030-31. If we assume 1% per year
reduction in energy intensity of all modes, whishmore achievable than the 2% per year
case, transport energy demand will increase atvarage rate of 5.2% per year during the
next three decades.
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Table 7. Transport energy demand in India; efficiency gain scenario

2010-11 2020-21 2030-31
1% per year 1% per year 1% per year
2000-01  reductionin Ezguﬁo):]eia; reductionin rzzﬁuﬁoﬁﬁ reductionin rzzguiﬁoﬁeﬁ:
energy ) .. energy ; . energy ; :
intensity of all SNETQY INtENSILY oy ity of all SNETOY INENSY - onsity of al ENErQY Intensity
of all modes of all modes of all modes
modes modes modes
Ene intensit
(MJ/rgfér'n) S 0.31 0.32 0.29 0.33 0.27 0.35 0.26
BPKm 3079 5900 5900 9327 9327 12546 12546
(E;Je)rgy demand oz 1888 1711 3078 2518 4391 3262
Energy use per g7 1599 1449 2315 1894 3036 2255

person (MJ)

5. Projection of CO, emissions

This Section presents G@missions from road-based passenger transportatimalia from
2000-01 to 2030-31. To estimate the present as agefuture CQ@ emissions, we have to
estimate the C@emission intensity of the sector. Based on the @dission intensities of all
the major modes, CCemission intensity of the sector is computed fr2000-01 to 2030-
311 In this case also, two scenarios are discusséderwith the scenarios presented in the
previous section. First is business as usual sigeimawhich 2010-11, 2020-21 and 2030-31
CO; intensities of all passenger transport modes asemaed to remain at 2000-01 levels.
Second is efficiency gain scenario in which mod&k, @htensities are assumed to decline at
the rate of 1% per year in one case and 2% per yeardather case up to the year 2030-31.

5.1 CO, emissionsin business and usual scenario

Table 8 presents the estimated O@tensities for 2000-01 and their projected valéms
2010-11, 2020-21, and 2030-31 in the business aal is&enario. In this scenario, €0
intensity (in grams of carbon equivalent per PKmjhe sector is projected to increase from
5.61 in 2000-01 to 6.07 in 2010-11, 6.68 in 2020-&1d 7.43 in 2030-31. This increase in
CO; intensity is happening primarily due to changeniodal split towards private- and para-
transit modes. In the business as usual scenaBg e@ission is projected to increase from
17.27 to 93.22 million metric tons of carbon eqleva in a span of 30 years between 2000-
01 and 2030-31 (table 9). It is projected that #verage annual rate of growth in £0
emission will be 7.6% from 2000-01 to 2010-11, 5.#&nT 2010-11 to 2020-21, and 4.1%
from 2020-21 to 2030-31. If we consider the pefimin 2000-01 to 2030-31, G@&mission
from road-based passenger transportation in Iredexpected to grow at an average rate of
5.8% per year up to 2030-31. figure 5 presents #recapita CQ@emission from road-based
passenger transportation from 2000-01 to 203081hé business as usual scenario, CO
emission per person is projected to increase attieeof 4.5% per year from 16.95 kilograms
of carbon equivalent in 2000-01 to 64.44 kilograshsarbon equivalent in 2030-31.

“Based on the data provided by Ramanathan and P@9€9), modal C@intensities for 2000-01 have been
estimated by the author.
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Table 8. Modal share and CO, intensities from 2000-01 to 2030-31; business as usual
scenario

2000-01 2010-11 2020-21 2030-31
co, co, co, co,
Modal intensity Modal intensity Modal intensity Modal intensity
Mode of transport share  (gramsof share  (gramsof share  (gramsof share  (gramsof
(%) carbon (%) carbon (%) carbon (%) carbon
equivalent equivalent equivalent equivalent
per PKm) per PKm) per PKm) per PKm)
Private- and para-transit
modes (car, two-wheeler24.3 10.05 32.1 10.05 42.5 10.05 55.3 10.05
and auto-rickshaw)
Bus 75.7 4.19 67.9 4.19 57.5 4.19 44.7 4.19
Total (weighted average) 100.0 5.61 100.0 6.07 .006.68 100.0 7.43

Table 9. The level of CO, emission from road passenger transport in India; business as
usual scenario

2000-01 2010-11 2020-21 2030-31
CO, emission CO, emission CO, emission CO, emission
Mode of transport (million metric (million metric (million metric (million metric
BPKm tons of carbon BPKm tons of carbon BPKmM tons of carbon BPKm tons of carbon
equivalent) equivalent) equivalent) equivalent)
Private- and
para-transit
modes (car, two-749 7.53 1894  19.03 3964 39.84 6938 69.73
wheeler, and
auto-rickshaw)
Bus 2330 9.76 4006 16.79 5363 22.47 5608 23.50
Total 3079 17.27 5900 35.81 9327 62.30 12546 93.22

Note: Sum of modal COemission may not be equal to the total of themesince intensity figures have been
rounded off to 2 decimal places.

5.2 CO, emissionsin efficiency gain scenario

In this scenario, once again, it is assumed thatethwill be continuous efforts to improve
efficiency to reduce the CQintensities of all modes. It is important to ndbat energy
efficiency improvement measures, as discusseddtid®e4 and 6, will have huge potential to
reduce modal CQintensities since C£emission is directly linked with energy consumptio
In particular, we assumed that the {@tensity of all modes will decrease at the rdté%
per year in one case and 2% per year in anotherfoa®se2000-01 to 2030-31. When we
assume 1% per year reduction in Jd@ensity of all modes, COntensity of the sector will
virtually be same from 2000-01 to 2030-31 due toréase in share of automobiles and
decline in share of buses in forthcoming yearsthis case, C®emission in 2030-31 is
estimated to be 69.00 million metric tons of carleguivalent, around 24 million metric tons
of carbon equivalent less than that in the busirmesssisual scenario (table 10). When we
assume 2% per year reduction in £@tensity of all modes up to the year 2030-31,,CO
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emission during the year 2030-31 is projected to50631 million metric tons of carbon
equivalent, around 42 million metric tons of carteuivalent less than that in the business
as usual scenario. This is mainly because thetdeileduction in C@intensity of the sector
from 5.61 to 4.05 grams of carbon equivalent pemPiK a span of 30 years when £0
intensities of all modes are getting reduced atale of 2% per year.

Similarly, per capita C®emission in 2030-31 is projected to be 47.70 kdogs of carbon
equivalent in 1% per year case and 35.12 kilograinegsudoon equivalent in 2% per year case
rather than 64.44 kilograms of carbon equivalerthenbusiness as usual case (figure 5). One
should note that even when there is a reducti@@Qpnintensity of all modes by 2% per year,
CO, emission from the sector will increase around 18-fo a span of three decades from
17.27 in 2000-01 to 50.81 million metric tons oftm@an equivalent in 2030-31. If we assume
1% per year reduction in Ghtensity of all modes, which is more achievablanthhe 2%
per year case, G@mission is projected to increase by 4-fold ipansof three decades.

75
0 Business as Usual Scenario 64.44
ve] B Efficiency Gain Scenario (1% case)
K B Efficiency Gain Scenario (2% case)
% 46.87 47.70
S 45
o
IS
o
S
o 30
§
=) 16.95 16.95 16.95
'2 15 N
0
2000-01 2010-11 2020-21 2030-31
Year

Figure 5. Per capita C@emission from road passenger transport in India
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Table 10. The level of CO, emission from road passenger transport in India; efficiency
gain scenario

2010-11 2020-21 2030-31

1% per year 2% per year 1% per year 2% per year 1% per year 2% per year
2000-01  reductionin  reductionin CO; reductionin  reductionin CO; reductionin  reductionin CO;

CO;intensity intensity of all CO;intensity intensity of all CO.intensity intensity of all

of all modes  modes of all modes modes of all modes modes
CG; intensity
(grams of carbory, o) 5.49 4.96 5.46 4.46 5.50 4.05
equivalent per
PKm)
BPKm 3079 5900 5900 9327 9327 12546 12546
CO, emission
(million metric ;7 57 35 39 29.26 50.93 41.60 69.00 50.81

tons of carbon
equivalent)

6. Strategiesto reduce energy demand and CO, emissions

The transport sector is one of the fastest growexjors in terms of energy demand and CO
emissions not only in India but also in many otkeuntries. The sector is also causing
increasing environmental damage beyond emissionsCO4, including air pollution,
congestion, erosion of landscapes and land us@n$are that the transport sector makes a
contribution to climate protection and €@eduction, there is a need to find a way of
achieving a greater degree of mobility combinechviitwer levels of energy use and £0
emissions from transport. This Section presentsaekgge of different instruments and
measures which can be used to reduce energy deama@n@Q emissions from the transport
sector not only in India but also in many other mtoies facing rapid increase in transport
demand.

6.1 Promoting regional economiesto reduce the need for travel

There is a need to promote regional economiesah auway so that it reduces the need for
long-distance transport. This would involve prowglisupport for a great depth of production
within a region and promoting regional marketingpsbducts. The promotion of regional
economies should be complemented by the creaticorapact settlement structures with the
provision of shopping, services and recreationallifees and work opportunities close to
where people live, so that the trip distance istletort. In other words, wherever possible,
“towns of short distances” should be promoted.

6.2 Focusing on public transport

A comparison of different modes of transport sholag public transport has lower external
costs vis-a-vis private modes. Both energy and @@nsity is far lower in case of public
transport than private modes such as cars and tvezlers. Therefore, transport plans should
specially emphasize on public transport systemh@lgh rail based transport services in
India are available for inter-city transportatidhey hardly play any role in meeting the
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transport demand for intra-city transportation. €idaring the financial health of various
levels of governments (central, state, and locakgaments) and investment requirement to
improve the rail-based public transport systenis ievident that bus transport will have to
play a major role in providing passenger transpervices in Indian cities in the future.

There is a need for variety of public transporve®s. Given the opportunity, people reveal
widely divergent transport preferences, but in mplaces authorities favor a basic standard
of public transport services. Presently, it is @agingly difficult to achieve good market
acceptance with a single type of product. Rail ai &s bus transport operators in India still
believe that the vast majority of its users malke shme type of commuting trips everyday,
and so promotes package that essentially assurserdbularity. It may be possible that
current users of public transport have such requastiern of use, but certainly many of those
that have left it had varying mobility needs thhey felt poorly satisfied either by the
services themselves or by the price deals availdliierefore, it is required to segment the
supply of public transport system to provide difietr services for different people and even
to the same person at different occasions.

Rail- as well as road-based public transport sesvim India are mainly provided by the
publicly owned transport companies. Government leggun and control have exacerbated
the poor operational and financial performance hafse companies. As cost of operation
rises, transport system comes under financial pregs raise fares, but politicians are under
pressure to keep fares at existing levels. Unlesssystem is subsidized, it has to eliminate
some of its less profitable or loss making servi¢esdemocracy, politicians are bound to
yield to pressure from those whose services areatbned and to insist on maintaining
money-losing operations. Due to this, transport ganes find it difficult to raise their
revenue sufficient enough to meet the cost of gmeraln addition, they have to provide
concessional travel facilities to various groupshsas freedom fighters, journalists, students,
etc. besides often paying a high level of diffeddntls of taxes® It is increasingly becoming
very difficult for loss making publicly owned trgpst companies to improve operational and
financial performance. Furthermore, publicly ownednsport companies often lack the
flexibility of organization, the ability to hire anfire staff, or the financial discretion needed
to adapt to changing conditions. Therefore, ther@ni urgent need for restructuring of public
transport system in India to enhance both quamtitywell as quality of services. (Singh,
2005).

6.3 Integrating different modes of transport

There is crying need for a transportation systemickvis seamlessly integrated across all
modes. The various modes of public transport inolgchtermediate public transport have to
work in tandem. The main aim of system integratstould be to offer an attractive and
easier to use transport system, leading to a besteiof existing resources and improvement
in the efficiency of service delivery and comfoot tommuters. Integrated transport system
has potential to attract people away from the peivears and two-wheelers and thus can
contribute for congestion relief and environmeptaservation.

' During the year 2000-01, on an average, every pesated by publicly owned bus transport undertaking
India paid more than Rs. 100,000 in the form ofenethicle tax, passenger tax, etc. On the othed harivate
vehicle owners have to pay one time nominal tax.
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6.4 Encouraging green modes

Transport strategy should also encourage the raredef/elopinggreenmodes like bicycles,
cycle rickshaws, pedestrians, etc. The potentigireénmodes is often underestimated since
they are used primarily for short distances. Bargé fraction of journeys made by cars and
two-wheelers are mainly for short distances say tkan 6 km, a distance over which use of
motor vehicle does not provide significant time abage. Moreover, motor vehicle
emissions are high for short distance travel bexdusl consumption is high due to cold
engine and because the catalyst is not yet workirfgll efficiency. Due to this reason, the
use ofgreenmodes in place of motor vehicles for short distésnbas huge potential for
pollution reduction. To promotgreenmodes, first of all, the safety concerns of cysland
pedestrians have to be addressed adequately. iEgoutpose, there has to be a segregated
right of way for bicycles and pedestrians. Apaotirimproving safety, this will help improve
traffic flow, increase the average speed of trafiicd reduce emissions resulting from low
speeds. In order to enable longer trip lengthsetafdertaken on bicycles, there is a need to
improve bicycle technology. Lighter bicycles witkags and tubeless tyres would be handy
for longer trip. Government may promote the develept and commercialization of lighter
and efficient bicycles (Singh, 2005).

6.5. Promoting car sharing

Car sharing is when two or more people share andrtravel together. It allows people to
have the convenience of the car, but at the same tielps to reduce congestion and
pollution through reduction in vehicle kilometeSar sharing may be organized through
affinity groups, large employers, transit operatmesighborhood groups, or large car-sharing
businesses (Shaheen et al., 1998). Car sharingdpsothe potential to reduce the costs of
vehicle travel to the individual as well as socielty order to promote car sharing, it is
important to ensure that sufficient parking plaees allocated to vehicles belonging to car
sharing groups at nominal or no parking fee.

6.6 mplementing demand side management measur es

In general, India has not made much progress imeim@nting the demand side management
measures, such as congestion pricing, parkingetee Although policy measures that involve

restraining the use of private cars and two-wheedee likely to be unpopular, a gradualist

approach of progressively introducing restraints road use, while at the same time

improving public transport, is more likely to le#ml greater acceptance. It is believed that
improved public transport and more efficient mamaget of demand would help to combat

the trend away from public transport vehicles taigagreater use of personalized modes.

6.7 Restraining the use of polluting vehicles and fuels

A large fraction of the two- and three-wheelersindia operate with two stroke engine,
which creates more pollution in terms of Particalldtatter (PM), Hydrocarbons (HC), and
COQO.. Similarly, many new diesel cars have come uphararket primarily because diesel
price in India is far less than the petrol pricev&nment encourages this price differential
primarily to help farmers and bus and truck opegatdhis price benefit is not meant to be
available for personal cars. Diesel fuel has highkmergy content per liter than petrol and

European Journal of Transport and InfrastructuresBarch



Singh 267

during combustion generates approximately 13% higt@r emissions® Diesel cars have
serious impact on public health due to their higheel of Particulate Matter (PM) emissions
particularly in densely populated metropolitanesti Government should use market based
instruments to promote cleaner technology and feet. example, a relatively high annual
motor vehicle tax, which may be increasing with #ge of vehicle, may be imposed on two
stroke two-wheelers and all vehicles that are noa® say 10 years old. Similarly, cars that
use diesel could be discouraged in million plugsiby levying cess on diesel in those cities.
Congestion pricing, parking fee, fuel tax, etc. |[doeffectively be used to restrain the usage
of all personalized modes.

6.8 Tightening vehicle emissions standar ds and inspection and maintenance programs

Appropriate vehicle emissions standards for newiange vehicles and a well-designed and
operated Inspection and Maintenance (I/M) prograe important elements of an overall
strategy to reduce vehicle emissions and air polutStringent emission regulations and
their effective implementation have produced goedults in many developed countries.
However, emission standards in India are very ampgared to current Euro standards. At the
present time, India lags behind the European néucleestandards and fuels requirements by
approximately a decade (table 11). Hence, thesenised to review the emission standards of
India and make them more stringent. It is requiceslet a goal to achieve parity with Europe,
United States or Japan by the year 2010 at thstlate

It has been estimated that at any point of timey mehicle comprise only 8 to 10% of the
total vehicle population in India. Currently, orthansport vehicles, that is, vehicles used for
hire or reward are required to undergo perioditefis certification. The large population of
personalised vehicles is not yet covered by anyh smandatory requirement. Modern
vehicles equipped with advanced pollution contrae even more dependent on properly
functioning components to keep pollution level lavinor malfunctions in the air, fuel, or
spark management system can increase the emissgmgcantly. Therefore, tightening of
new vehicle emissions standards should be follolyed similar tightening of in-use vehicle
emission standards.

The inspection and maintenance system, comprisingpeiction, maintenance, and
certification of vehicles, is crucial for regulagirpollution for the large fleet of in-use
vehicles. At present in India, there is no regti@ess checking program for in-use private
vehicles. Simple Pollution Under Control (PUC) dkecame into existence in 1991 for all
on road vehicles. Commercial vehicles are requieedindergo simple fitness checks in
addition to PUC checks. However, these are isolelbedks and are grossly inadequate.
Government needs to consider (i) whether it hasptdbthe appropriate in-use vehicle
emissions standards and test procedures on whibage I/M, (ii) whether the institutional
capacity and willingness to enforce an I/M prograxists, and (iii) whether the repair sector
is sufficiently trained to carry out repair work gahicles which fail the tests. If any of these
aspects are found to be deficient, government shialile appropriate measures to rectify the
problems. To ensure the public acceptance and gaaticipation in I/M program, public
awareness campaign should be strengthened by treengoent. (Asian Development Bank,
2003).

16 Reducing CO2 Emissions in the Transport Sectortatus report by the Federal Environmental Agency,
Umweltbundesamt Berlin, Berlin, Sept. 2003, pp. 250 available at http://www.umweltbundesamt.opdff
1/2607.pdf.
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Table 11. Emission standards for new vehicles (light duty) in selected countries

Country 2000 2001 [ 2002 [ 2003 | 2004 | 2005 | 2006 | 2007 |2008 | 2009 | 2010
India (entire Euro 1 Euro 2 Euro 3
country)

India (Delhi Euro 2 Euro 3

and other

cities)

Thailand Euro 1 Euro 2 Euro 3 Euro 4
Hong Kong, | Euro 2 Euro 3 Euro 4

China

European Euro 3 Euro 4 Euro 5

Union

Source: Asian Development Bank, (2003), “VehiclHamissions Standards and Inspection and Maintenance”
Asian Development Bank, Manila, Philippines.

6.9 Adopting supply side management measur es

It is desirable to introduce supply side managemmeptisures as well, if the ultimate
objective is to secure improved levels of air gyaéind reduction in COemission. They
range from simple traffic engineering interventiofmme way traffic system, coordinated
signals, traffic engineering improvement measucgsdad network and inter-sections, etc.)
and traffic restraints (parking controls, excluspedestrian zones, bus priority lane, etc.) in
the short-run to road infrastructure improvementasuges (new road alignments, hierarchy
of roads, provision of service roads, bye passeg roads, bus bays, wide medians,
intersection improvements, construction and repdirfootpaths and roads, removal of
encroachments, good surface drainage, etc.) imdg@ium-run. In the long-run, technology
upgradation and introduction of high speed, higbacity public transport system particularly
along high-density traffic corridors can be taksersapply side management measures.

6.10 I ntroducing public awar eness program

Public attitudes influence politicians and policyakers and increase the political will to
tackle problems. The adverse health effect of alupon and climate change due to
vehicular emission need to be better understooccananunicated as a means of influencing
public attitudes. Media, NGOs and research ingimst should be encouraged to highlight the
issues, conduct independent analysis, and advpossgble solutions to policy makers and
implementing agencies. At the same time, fair adtable procedures for public complaints
should be instituted. These can enhance awaremessurderstanding, influence public
attitudes and public support, and create the naceg®litical will to tackle the problem of
air pollution and climate change.

At the same time, public awareness programs shalglal be initiated to communicate the
benefits of public transportation, efficient veleigland fuels, economical driving, etc. One
should remember that an economical driving alomeleang about fuel savings of up to 25%
per vehicle. The fact that fuel consumption caririfielenced by economical driving is not
widely communicated to the public. The public slibbé given better information about the
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same. To promote economical driver training forivithals as well as companies,
government should positively think to provide fical subsidies to driver training schools.

6.11 Strengthening institutions

India is struggling to address the transportatiosbfgem in general and vehicular emission
problem in particular mainly because of lack of mympiate institutional capacity. The
functional responsibilities for transport are fraged among central, state and local level
governments where no one seems to be in chargeveyhlb coordination. For example,
management of urban areas is primarily a respditgibif the state governments in India.
However, several key agencies those play an importde in urban transport planning work
under the central government, with no accountattititthe state or local government. Central
government is directly involved in the provision sdiburban rail service through Indian
Railways in mega cities. Ministry of Road Transp&rHighways, Government of India, is
responsible for the national highways, including #tretches within urban areas, and local
governments have no role in the operations and gement of these stretches though they
are heavily used for urban transport. State govemsiindependently control local land use
policies, motor vehicle and sales tax rates, baissport systems, policies for private sector
participation, etc. Although, Urban Local BodiesL@$) in India have been empowered by
the Constitution (74 Amendment) Act, 1992 to assume responsibilitiesdfevelopment of
urban transport, but most of them have failed tsdalue to the lack of financial resources.
Therefore, there is an urgent need to strengtheneiisting institutions and to establish
linkages among them for an effective communicatioough say setting up of an apex body.

7. Concluding remarks

This study estimated the future traffic mobilitypeegy demand, and GCGemission from
road-based passenger transport sector in Indiatréffee mobility in India increased at the
rate of 7.55% per year between 1990-91 and 2008R01s expected to increase at the rate of
6.72% per year between 2000-01 and 2010-11, 4.69%egaerbetween 2010-11 and 2020-
21, and 3.01% per year between 2020-21 and 203@@34.to this, the traffic volume is
projected to increase from 3079 BPKm in 2000-0112646 BPKm in 2030-31. As is the
case in developed world, India will also experiegoeater reliance on private- and para-trasit
modes in forthcoming years. It is estimated thatnduthe year 2030-31, 26.8% of the road-
based traffic mobility will be provided by the tweheelers, 21.0% by the cars, 7.5% by the
auto-rickshaws, and rest by the buses. Increasaffic mobility and adverse modal split will
have huge implications for energy demand and @@issions.

In the business as usual scenario, energy demandtfre sector is projected to increase at
the rate of 8.0% per year from 2000-01 to 2010-11%6per year from 2010-11 to 2020-21,
and 4.7% per year from 2020-21 to 2030-31. Ovemdtrbased passenger transport sector
energy use in 2030-31 is projected to be 5897 jmeties. When we assume 1% per year
reduction in energy intensity of all modes, enemgguirement in 2030-31 is estimated to be
4391 peta joules. Even when we assume 2% per ydactien in energy intensity of all
modes, energy requirement will increase from 953262 peta joiles between 2000-01 and
2030-31. Assuming that the refined oil will contously fuel the road-based passenger
transport sector, CQOemission will grow more or less in the same prtiporas energy
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demand. In the business as usual scenarig,eB@ssion is projected to increase from 17.27
to 93.22 million metric tons of carbon equivalerdgtween 2000-01 and 2030-31. £0
emission in 2030-31 is projected to be 69.00 miilloetric tons of carbon equivalent when
CQ;, intensity of all modes is assumed to decline atrtte of 1% per year from 2000-01
onwards and 50.81 million metric tons of carbonieajent when decline in intensity is
assumed to be 2% per year. One should note thatwken there is a reduction in @O
intensity of all modes by 2% per year, £€mission from the sector will increase around 3-
fold in a span of three decades.

India’s ability to protect environment will depewa its success in promoting policies that
keep the economy growing while fulfilling the emgrdemand in a sustainable manner.
Policy should be designed in such a way that iticed the need to travel by personalized
modes and boosts public transport system. Thisdcoelachieved by enhancing quantity as
well as introducing variety of public transport\gees. At the same time, there is a need to
integrate different modes of public transport, segtrsupply of public transport system to
provide different services for different group ofgple, enhance productive efficiency of
public transport system, and adopt optimal prigt@tegies. Since public transport services
in India are mainly provided by publicly owned tsport companies, there should be an
effort to restructure the functioning of these camigs. Improving public transport system in
isolation may not be very effective tool to redueeergy demand and thus vehicular
emission. Demand as well as supply side managemeasures should be used in such a way
so that it encourages people to use public trahs@@mvernment needs to use market based
instruments to promote cleaner technology and feebple should also be encouraged for
walking and cycling and government should suppovestments that make cycling and
walking safer. Global warming and health impact af pollution need to be better
understood and communicated to the people to inflegublic attitude. One should note that
public attitudes influence politicians and policyakers and increase the political will to
tackle the problems holistically.
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Appendix: Data descriptions

Time series data of road-based passenger traffimein India from 1950-51 to 2000-01
has been estimated on the basis of transport sergiovided by cars (including jeeps and
taxis), two-wheelers, auto-rickshaws, and busebleTAl reports the population of these
vehicles from 1950-51 to 2000-01. The traffic mitpiprovided by these vehicles has been
computed after making reasonable assumptions reggttteir average annual utilization and
average occupancy. These assumptions are basdaddiesslike National Transport Policy
Committee Report (1980), Planning Commission, NeshD) Road Development Plan 1981-
2000 (1984), Indian Road Congress, New Delhi; Esiiom of Road Transport Passenger and
Freight Demand (1986), Study Report of Ministry Sdirface Transport, New Delhi; and
Report of Steering Group on Transport Planning 7)9Blanning Commission, New Delhi.
Annual utilization of cars, two-wheelers, and aritdkksshaws are assumed to be 12600, 6300,
and 33500 Kms respectively. Average occupancy odra two-wheeler, and auto-rickshaw
are assumed to be 3.18, 1.5, and 1.76 respectidelyordingly, the level of passenger
mobility provided by these modes has been compatetipresented in the main text (see,
table 1). Estimation of traffic mobility provided bhe buses requires data on bus population,
average annual utilization, occupancy ratio (rasfonumber of passengers to the seats
offered), and average seating capacity. These r@septed in table A2. Assuming that the
average seating capacity is 52, the level of paggemobility provided by the buses has been
computed and presented in both table A2 and tabldHe main text.
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Table Al. Passenger vehicle population in thousand and its compound annual growth
ratein % age since previous period (in parentheses)

Year Cars Two-wheelers Auto-rickshaws Buses
1950-51 159.3 (+) 26.9 (-) 1.7 (-) 34.4 (-)
1955-56 203.2 (5.0) 41.0 (8.8) 2.5(8.8) 46.5 (6.2)
1960-61 309.6 (8.8) 88.4 (16.6) 6.2 (19.9) 56.8)4.
1965-66 455.9 (8.0) 225.6 (20.6) 16.1 (20.8) 78.2)
1970-71 682.0 (8.4) 576.0 (20.6) 36.7 (17.9) 94.8)(
1975-76 779.0 (2.7) 1057.0 (12.9) 59.4 (10.1) 114.8)
1980-81 1160.0 (8.3) 2618.0 (19.9) 142.1 (19.0) .95%8.2)
1985-86 1780.0 (8.9) 6245.0 (19.0) 336.9 (18.9) .228.1)
1990-91 2954.0 (10.7) 14200.0 (17.9) 617.4 (12.9) 31.B(7.8)
1995-96 4204.0 (7.3) 23252.0 (10.4) 1009.0 (10.3) 49.@(6.3)
2000-01 7058.0 (10.9) 38556.0 (10.6) 1725.4 (11.3) 560.0 (4.5)
Source: Statistical Abstract India, various isstshlished by CSO, GOI, New Delhi.
Table A2. Growth of Indian busindustry; 1950-51 to 2000-01
Year Bus population Average annual utilization Occupancy ratio BPKm
(thousand) (Kms) (per cent)
1950-51 34.4 36000 45 29
1955-56 46.5 41000 51 51
1960-61 56.8 46000 59 80
1965-66 73.2 54000 60 123
1970-71 91.4 59000 73 205
1975-76 114.2 68000 76 307
1980-81 153.9 79000 80 506
1985-86 227.6 80000 80 757
1990-91 331.1 87000 80 1198
1995-96 449.0 98000 80 1830
2000-01 560.0 100000 80 2330

Note: BPKm figure is rounded off to zero decimalqsd.
Source: Data compiled and estimated by the autian f/arious sources such as: (1) Singh and Kadi$880),

(2) State Transport Undertakings: Profile and Rerémce published by the CIRT, Pune, India; variesses,
and (3) TERI Energy Data Directory & Yearbook (TE®Dpublished by the TERI, New Delhi; various issues
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