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ABSTRACT

The object of this study is to develop an empirical, mathematical energy consumption
equation for the estimation of energy consumption at two highly busy commercial
corridors of Jaipur city. This equation incorporates traffic volume, average traffic speed,
passenger loading, length of roads and type of fuel used under heterogeneous traffic
flow conditions. Monitoring and modelling were carried out at both of the selected
locations. Further, a comparative study was also done by introducing a new theoretical
concept of Bus Rapid Transit System (BRTS) in the study. It was found that 80-90%
fuel consumption can be reduced, replacing personalized vehicles by BRTS.

INTRODUCTION

Transportation is the backbone of the economy of any country, and is indispensable for economic
growth and development (Zachariadis 2001). The increase in urbanization and concentration of ac-
tivities lead to higher demand in various sectors of which transport is an important one. Transport
within and between urban settlements accounts for a major share of urban energy requirements
(Sivacoumar  2000).

At present, transport sector accounts about half of the total consumption of petroleum products in
India (Sharma 2005). The number of two wheelers, mainly driven by two stroke engines, accounts
for 70% of the total vehicular population and 25% of the total energy of which 98% comes from oil
accounts for energy consumption by the road sector in India (Bose 1996).

Jaipur, the capital of the State of Rajasthan, is a metropolitan city, which has annual growth rate
of 5.6% for population and 12% for vehicles. The traffic flow condition is heterogeneous in nature,
where slow vehicles outnumber other modes of transport (Srinivas 1996).

The present study is aimed  to analyse  the abnormal increase in energy consumption on urban
road sector. In this study, two highly busy commercial corridors were selected for field studies.
Using several road parameters and vehicular characteristics, an empirical equation was developed for
calculation of energy consumption. Further, a comparative study was also carried out between en-
ergy consumption by heterogeneous traffic flow and BRTS for the similar identified intersections.

MATERIALS AND METHODS

Two highly busy commercial corridors, i.e., J.L.N. Marg and M.I. Road of Jaipur city were selected
for the estimation of energy consumption values.
Model used (Khadiyali  1985, Alnaser 1995): For the energy estimation, a straight road section is
considered, which is away from intersection as shown below.
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Q = Traffic volume of vehicles (vehicles/min)
V = Average speed of the traffic stream (m/min)
E = Fuel consumption of vehicles (litres/min)
L = Length of road section (metre)
n = Number of vehicles present in the road space length ‘L’ meter

For estimation of energy consumption of particular category of vehicles, travelling at a
particular speed, we have,
ev1 is the fuel consumption of a particular vehicle travelling at the speed of v1, (litres/min).
q1 is the traffic volume (vehicles/min) of a particular category of vehicles for a small duration of ‘t’
minutes.
v1 is the average speed of particular category of vehicles present in road space of length ‘L’ meter
n1 is the number of vehicles of a particular category, occupying the length ‘L’ of road, travelling at
speed of v1.

n1 = q1 / v1 × L ...(1)
t is the small time interval in which traffic parameters, q1, v1, n1 are maintained.

Therefore, energy consumed per min in length ‘L’ of road by n1 vehicles
= n1 × ev1 ...(2)

E1 is total energy consumption in the road space length ‘L’ meter in small time interval of t minutes
is given by

= n1 × ev1 × t                where, [n1= (q1/v1) × L]
= q1 × ev1 × L × t/v1 ...(3)
Therefore, total energy consumption of all categories of vehicle present in mixed traffic condi-

tion, in t minutes is

E = ΣE1 = t × L × (q1 × ev1/v1 + q2 × ev2/v2 + q3 × ev3/v3 + q4 × ev4/v4 + q5 × ev5/v5 ....) ...(4)
On the basis of fuel efficiency of engine, two wheelers were classified into two stroke and four

stroke vehicles with observed field ratio of 9:1. Analysing the car/jeep category, on the basis of type
of fuel used, it was observed that the ratio of petrol vehicles (car) to diesel vehicles (Tata Sumo, Jeep,
etc.) was 10:1. Energy consumption of each class of vehicles (ev1) with respect to speed, is shown in
Fig. 1.
Field Studies: The various contemporary modes of vehicles were observed and classified under five
categories are: 1. Cars/Jeep, 2. Two wheeler, 3. Three wheeler, 4. Mini bus, 5. Full size bus

All the five classes of the vehicles were counted manually in the evening peak hours (4:30 p.m.-
6:20 p.m.) for both directions of the road section. Classified average speed data were recorded using
Doppler radar speedometer. Energy consumption for each category of vehicle with speed was also
noted by field observations.
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RESULTS AND DISCUSSION

Table 1 show the total energy consumption for both the selected intersections of Jaipur city. The
result of the study indicated that at JLN Marg, almost 72% of the vehicles observed consists of two
wheelers followed by cars (21%), three wheelers (7%), while remaining 6% consisted of mini buses
and full sized buses. At MI Road, 73% of the vehicles observed consist of two wheelers, followed by
cars (20%), three wheelers (6%), while remaining 2% consisted mini buses and full sized buses. For
this, it can be deduced that two wheelers are the major contributor to energy consumption.

Now, all categories of vehicles, i.e., two-wheelers (including 2-Stroke and 4-Stroke), three wheelers,
cars/jeeps (driven by petrol and diesel) were theoretically replaced by BRTS (Bus Rapid Transit
System). The additional buses (55 seater) were introduced for catering the passengers of two wheel-
ers, three wheelers, cars and jeep. Traffic volume of mini buses and their passenger loading was

Fig. 1:  Fuel consumption of different categories of vehicles with respect to speed.
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maintained as per existing mixed traffic conditions. The estimation of energy consumption of newly
introduced buses, average speed of buses was taken as 50 kmph.

Figs. 2-3 show the comparison for energy consumption in existing mixed traffic condition and
BRTS for both the selected locations. Table 2 shows comparison of energy consumption under mixed
traffic flow conditions and BRTS at JLN Marg and MI Road respectively. It was found that the
maximum energy consumption under mixed traffic flow conditions was 390.46 litres/10min/m and
617.69 litres/10min/m at JLN Marg and MI Road respectively. While maximum energy consump-
tion with BRTS conditions was 54.15 litres/10min/m and 67.77 litres/10min/m at JLN Marg and MI
Road respectively.

CONCLUSION

Transportation sector is the major contributor of fuel consumption because about 75% vehicles con-
sist of two wheelers only. It directly influences the quality of ambient environment. In the present
study, fuel consumption values (under mixed traffic flow conditions) were calculated by a newly
developed equation, which relates the vehicular fuel consumption to various traffic parameters and
road geometry. Further, a detailed study was done by comparing these values with values calculated
by BRTS. Hence, the BRTS can  not only minimize the fuel consumption levels but can also reduce
traffic congestion problem and environmental pollution levels at all other commercial corridors hav-
ing similar traffic conditions as that of Jaipur city.
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Fig. 2: Comparison of energy consumption under mixed
traffic and BRTS traffic flow at JLN Marg.
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