IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 02, 2018 | ISSN (online): 2321-0613

Utilization of Solar, Wind & Sound Energy (Renewable Resources) in Self
-powered Eco-Friendly Hybrid Locomotive Train with Regenerative
Braking System

Rohit Dev
B. Tech Student
Department of Electrical Engineering

Abstract— In railways, presently most of the locomotive
(diesel and electric) trains are being supplied for traction
purpose by conventional energy resources i.e. petroleum
(diesel) and coal, which are limited in amount and increases
carbon emission and air-pollution. Even in electrified
railway tracks lines are being fed by thermal power plant
where coal is used as a fuel to generate electricity. The main
purpose of this paper is to introduce the innovative
implication of renewable resources in railways for traction
purpose and design a train which runs on self-generated
electric power. This power required for traction and
electrification of Eco-friendly Hybrid Locomotive Train is
being supplied by solar energy, wind energy and sound
energy and in absence of solar light it can also be able to run
by electrified lines which uses here as only a standby
medium of power source. The aim of the paper is to
amalgam the renewable energy resources and presents a
model of the innovative train concept with regenerative
braking system.
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I. INTRODUCTION

The concept of this Eco-friendly Hybrid Locomotive is to
enhance the utilization of renewable energy resources for
railway transportation and reduce the dependency of
consumption of conventional resources of energy like
petroleum and coal etc.

A study shows that Indian railway spend 28,500
crore (about 22%) on fuels of the total expenditure of 1.27
lakh crore within a year and Indian railway consume over
17.5 billion kWh of electricity for traction and electrification
during year which is almost 1.8% of India’s power
generating capacity during 2013-2014.

It has shown by a research that through solar panels
which were used for lighting in train compartments can
reduce the diesel consumption by up to 90,000 liters per
year and also bring down the carbon di oxide emission by
over 200 tones in Indian railway. Therefore, it is important
to reduce the consumption and conservation of non-
renewable energy resources and cut down the carbon
emission in environment. [1]

This paper presents an idea to design a Eco-
friendly Self-powered Locomotive Train supplying only by
renewable energy resources and present as an alternative of
conventional locomotive trains.

In Hybrid locomotive, three types of renewable
energy resources are being combined viz. Solar energy,
Wind Energy and Sound Energy. The regenerative braking
system is also added in this Locomotive for harnessing of
electric energy in form of heat energy which emits during
braking of trains.

Mainly, Hybrid locomotive can be categorized in
four major parts which are solar energy system, wind energy
system, sound energy system and regenerative braking
system.

1. DESCRIPTION

Solar energy from sun can be converted by solar panels and
wind energy from wind turbines in to electrical energy.
Combined both electric power can be fed to the locomotive
for hauling purpose of train through battery banks. [2]
Whereas, sound energy from train wheels can be converted
into electrical energy using piezo-electric transducer and this
power can be used for electrification of the train
compartments. Each part of concept is explained below in
detail.

A. Block Diagram of Eco-Friendly Hybrid Locomotive
Train
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Fig. 1: BLOCK DIAGRAM OF TRAIN

B. Explanation of Block Diagram
1) Sor Energy Sstem
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Fig. 3: Solar panels mounted over train

If we utilize the free surface space available over
the train compartments by installing of solar panels, consist
of photovoltaic cells, a type of transducer which converts
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solar energy into electric energy, over the top as well as on

both sides of every train compartments, so these solar panels

mounted on free space can generate enough amount of
electric power from solar energy which can be fed to
traction motor for traction purpose.

We cannot directly supply this power to DC
traction motor, therefore we need a battery bank for uniform
power supply, which can store electric power using charge
controller as shown in block diagram.

— Calculation: If we calculate the average available space
over the train compartment, so we can get the average
generated amount of electric power from solar panels.
The following data is taken from Indian railways.
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Fig. 3: Size of Train Compartments
Surface area of two sides and the top of one train

compartment
=(23.54m*3.24m) + 2 (23.54m*4.366m) = 76.2696 +
205.55128
= 281.82088 square m.

Moreover, Windows and doors on the outer body
cover almost half of the area of one side of compartment.

Therefore, Available surface area over one train
compartment for mounting of solar panels is equal to
Mathematically,

Available area = {(area of both sides)/2 + area of roof top}
=76.2696 + (23.54*4.366)
=179.04524 square m.
= 180 square m. (approx.)

So, the available area on compartment is 64% of
total surface area. By thumb rule, solar panels over 10 sg.m.
or 100 sq.ft generates 1kW. Therefore, 18kW electric power
can be generated by solar panels mounted in only one
compartment.

If we consider 10 compartments train, so total
electric power from solar panels will be equal to 180kW.
This generated power is enough for supplying a DC traction
motor of 10 compartments train.

2) Wind Energy System

The wind turbine generators can also mounted on roof
surface of each and every compartment with rigid support
which will cover very less area on top. Wind turbines are
able to transform the kinetic energy of wind into electric
energy. Using of Vertical axis wind turbine (VAWT) is
better option rather than horizontal axis wind turbine
because of its shape and size and it has better optimization.

(3]

When train will move, the turbine will rotate and
this rotational energy would be converted into electrical
energy which can store in same battery banks and this power
can give contribution in traction motor supply system during
in motion of train.

In addition to reduce interference and the drag on
the train, three blade turbine vertical axis wind turbines are
better option.

—

Fig. 4: VAWT
Calculation: We can estimate the generated power
from VAWTSs mathematically as follows,
Blade length (L) = 1m.
Wind speed (v) = 60 km/hr = 16.7 m/sec.
Air density (d) = 1.23 kg/sg.m.
Power coefficient (CP) = 0.4
L=r=1m.
A=mr"2
A =3.14*1*1 = 3.14 sq.m.
P = d*A*v3*CP/2
P =(1.23*3.14*16.7*16.7*16.7*0.4) / 2
P =3579.61 W
P =3.58 kW
This is the power produced by one windmill. So the
amount of power that will be produced equals to n*3.58 kW.

[4]

According to the size of compartment we can
install approximately 8 VAWTSs of 1m. blade length on one
train compartment and arrange them in periodically as
shown in figure below..
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Fig. 5: Arrangement of VAWTSs on roof of the compartment
So electric power through 8 VAWTSs in one
compartment will be 8*3.58 = 28.64 kW
For 10 compartments the total power through wind
energy equals to

=28.64*10 = 286.4 KW
So total average power from one compartment
through solar and wind energy will be equal to,
=180+286.4 = 466.4 kW
This amount of power is surplus to feed DC
traction motor which may haul a 10 compartments train. The
above calculated power is just a estimated data the actual
data can be varied practically.
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C. Sound Energy System

Sound energy is a mechanical energy which travel in the
form of wave, mechanical wave that is an oscillation of
pressure which need medium to travel. For the conversion
from sound energy to electric energy piezoelectric material
can be used as medium. [6] Piezo-electric material is a
transducer which converts mechanical strain or vibration
into electrical energy and the working principle of this
crystal is based on the third law of thermodynamics.[7]

Piezo-electric transducers can be mounted near the
train wheels at the distance of 2cm for effective noise. Train
wheels generate 118db sound during motion. This sound
energy in form of mechanical energy can be converted into
enough amount of electrical energy which can be stored in
rechargeable batteries for the power supply of light and fans
installed in train compartments. [6]

D. Regenerative Braking System

Regenerative braking is the type of braking arrangement
which generate power during the braking of the train.
Actually, train covers a long distance during braking and all
the power get waste in form of heat energy. So we can
convert the Kkinetic energy of train wheels during braking
into electrical energy by switching the motor into a
generator in which the flow of power get reversed and for
that we placed a two way switch between traction motor and
battery banks, which feed this power back to the battery
banks. Regenerative braking increases the efficiency of the
overall system of the train and reduced wear of mechanical
brakes.

A study shows that energy saving achieved in
Delhi Metro through regenerative braking is an average of
about 20%. So, in this case this will be helpful in increment
of overall efficiency of this train. [8]

I1l. SOME DESIGN ASPECTS

Fig. 6: Design of Train
—  The design of train locomotive should be aerodynamic
as shown in above figure which reduce the drag on the
tran.
— The weight of train should be very less as much as
possible, somehow similar to metro train.
— The solar panels should be mounted over as much as

possible available free over the train
compartments.

— The vertical axis wind turbine should have only 3
blades for low interference.

— Parallel and series configuration will be required for

battery banks arrangement.

space

— Batteries can be placed under the seating births of the
compartments.

— Piezo-eletric material will be mounted 2cm near to
every train wheels.

—  Traction motor will be designed in such way that it can
also be fed by electrified lines as well as battery bank.
Because in absence of solar light battery will not be
charged so electrified lines will helpful option in this
case. It means external power system can be used as a
standby system.

IV. FUTURE SCOPE

In future, all the fossil fuels definitely will be exhausted
completely because they are limited so from this point of
view our eco-friendly hybrid locomotive train can become
an alternative in railways for transportation purpose.

The future developments in the field of
photovoltaic cells of solar panels can increase the overall
efficiency of this project.

V. CONCLUSION

This concept requires only one time investment for initial
setup and has very negligible running cost after installation
of the whole system in trains. Moreover, this hybrid train is
also able to run even in absence of solar energy using
electrified lines.

Furthermore, this train is environment friendly and
reduces the carbon emission. Hence, it can be proved a
better alternative of conventional locomotive trains.
Efficiently conversion of renewable resources could help us
to reduce the scarcity of electricity globally at some extent
and helpful in the development of mankind.
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