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Abstract: Renewable energy is most preferable method in the world to produce electrical power
because of its low cost and eco-friendly characteristics. Wind and solar are the most significant source of
renewable energy. By using those renewable energy in train, fuel consumption and carbon dioxide
emission will be reduced. The amount of power which will be produced from those two types of
renewable energies in train is shown by theoretical analysis. In this paper, rate of producing energy,
economic benefits are shown.
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1. INTRODUCTION

As days pass, due to the massive growth in world population and the demand for energy growing relentlessly. To keep
up with the increasing demand for energy the fossil fuels are being used vastly which are pretty costly, limited and
most importantly harmful for the environment. Global warming, a major threat, leading the world to be doomed
according to the governments as well as the researchers is being caused by the burning of these fossil fuels. One of
the eye catching fact about the fossil fuels is they are being exhausted at a faster rate which is threating about their
availability. So, the conservation of these energy sources and producing energy from eco-friendly sources are
considered as a much needed step all over the world.

People all over the globe are also considering these facts seriously. That’s why bio fueled, electricity driven and hybrid
vehicles can be seen in a greater number now than the past few years. In addition, these options give the consumers a
chance to decrease their dependency over the fossil fuels. By producing renewable energy like wind and solar from
the train, dependency on fossil fuels in train can be reduced and carbon dioxide emission can be mitigated.

Wind and solar energy are the two most recognized renewable energy. Velocity of a train can be used for producing
energy by using wind turbine, but its main drawbacks is air drags. [1] But in a high speed train the net energy from
wind turbines is mostly satisfying. On the other end, solar panel can give an amount of energy by setting it on the roof
of the train. But the output from the solar panel depends on solar radiation period and weather. [2] If the wind and
solar energy producing system can be combined together in a train, the output is most significant. It will be possible
to get more energy if mechanical strength of wind blade can be increased so that the blade can survive in high velocity
of the train and also increase efficiency of solar panel.

The rest of the paper is categorized as follows. In section Il basic theory of Wind and solar power and their formula.
Proposed model is shown in section Il and the power of wind and solar of the train is calculated in section 1V. In
Section V, discussion about the economic benefits and amount of CO, mitigation are presented.

2. THEORY

Wind Power: One of the most eco-friendly method of conversion of energy is to convert the air into energy. But
most of the energy of air remain uncaptured by the turbine. Conversion of the energy follows the Betz law. The Betz
law provides power co-efficient, which is called the Betz limit. It shows that how much energy a turbine can absorb
from air. Theoretically the maximum value of Betz limit is 0.593. And practically the value range is 0.35 to 0.45. The
available wind power of a turbine is equated by,
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Pa=1/2pAV3C, (1)

Where, p is the air density, A is sweeping the area of air by wind turbine, V is the velocity of the air, Cp is power
coefficient.[1]

p=n 0

Here, p refers to air pressure in kPa, T is the value of temperature in Kelvin, R means gas constant and its value is
0.287.The value of air density is varied with places and session. Air density range is 1.14-.1.22kg/m? [8] in the
perspective of Bangladesh.[8]. Here the density is assumed to be 1.2kg/m?.

Air Drag is the most formatting obstacle for wind turbine energy. When the train is moving, air drag opposes it to go
forward. But the value of air drag energy is a little bit than wind energy which convert into electrical energy. The
formula of air drag force is given by,

Fo=1/2pAV2C, @)

In this equation Cp refers to drag co-efficient, which depends on shape of structure. The turbine in air design as half
streamline blade. So Co efficient of the turbine is 0.09 [6].

Power from the drag is,

Po=FpV 4)
Net power from wind turbine is,

Pw=Pa-Pp 5)

Solar Power: Solar energy is the source of all energy which is received from the diffusion of sunlight. It is the most
renewable and eco-friendly energy source fall from the sun. It is well known by the people that solar radiation produces
electricity by using solar panels. That’s why in the developed country, appreciated the solar energy as the source of
electrical power. If solar panels are placed on the roof of the train then it will produce electrical energy.

The solar power is calculated mathmathically as [2]
Ps=Ins (t) * As*Eff(pv) (6)

Here Ins (t) refers to isolation at time t (kw/ m?) of solar, As is area of single solar panel (m?) and Eff(pv) means
overall efficiency of the solar panels. Overall efficiency is given by,

Eff(pv)=H *PR @)
Here, H is Annual average solar radiation on tilted panels and PR is Performance ratio, coefficient for losses [2].
Total power from wind turbine and solar panel of train is shown below:

Pr=Pw+Ps (8)

3. PROPOSED TRAIN’S MODEL

Now a days, the train are designed to be as aerodynamic as possible to overcome air drag force. The wind turbines on
the roof of train with face air drags also, so that it is necessary to design the turbines aerodynamically. On the other
end, strong mechanical strength of turbines should be ensured to protect from unwanted weather. The area of a wagon
is 36m? [7]. A single turbine is set on the roof of each wagon and solar panels are placed on 34m?area.
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Figure 1.1t has been shown that wind turbine is covered with circular fence which protects it. Roof of train is
covered up with solar panel.

Basically, there has two types of wind turbine and those are VAWT and HAWT.HAWT has some more benefits over
VAWT.HAWT can provide high wind speed, less aerodynamic losses so that it is highly efficient. Cost to power ratio
also lower. The wind turbine comprises of blade, gearbox, break and generator. But it should be careful that
mechanical strength of blades is must be strong. Otherwise it has a possibility to yet damage.

Battery will not be used because of most of the stopping time, train cannot produce energy from both solar and wind.
Although, solar don’t depend on train’s velocity but at steady moment, train stay at station or doc yard which has shed.
So solar panel can’t get any power from sun generally. That’s why battery is not much needed for this project. Further
if battery will be used then its installtaion and maintanance cost will also be added.

Solar Wind Turbine

L | | |

Charge Controller

]

Electrical Load

Figure 2.1t has been shown the flow chart of power consumption both solar panel and wind turbine. Power from both
sources comes to charge controller and then charge controller distribute it to the load.
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4. POWER CALCULATION

At first, the power generation from wind turbine in different velocity of train has be calculated. To calculate the wind
turbine power, we assume the length of blade is 0.5m and shape is half streamline. So the area of the turbine is 0.785m?.

At low velocity (40Km/h):
Pa=0.5%1.2x0.785%(11.11)3x0.4=258.35W=0.258kW
Fp= 0.5x1.2x0.785x%(11.11)?x0.09=5.23N
Pp=5.23x11.11=58.13W=0.058 KW

Pw =0.2KW

At medium velocity (70Km/h):

Pa =0.5%1.2x0.785%(19.44)3x0.4=1384W=1.38KKW
Fp= 0.5x1.2x0.785x(19.44)?x0.09=16.01N
Pp=16.01x19.44=311.42W=0.311KW

Pw =1.069KW

At High velocity (100km/h):
Pa=0.5x1.2x0.785%(27.77)%x0.4=4034.6 7TW=4.03W
Fp= 0.5x1.2x0.785x(27.77)?x0.09=32.69N
Pp=32.69%27.77=907.80W=0.907KW

Pw=3.123KW

Figure 3 is the graph of power generation from wind turbine in different velocity. Power increases exponentially
with respect to velocity.
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Analysis of the power generation for Suborna Express train of Bangladesh: Route is Chittagong to Dhaka
and travelling period is 7.00am-12.00pm [11]. Travelling time is 5 hours or 18000s. Distance between Chittagong to
Dhaka is 268km. So average velocity= (268/5)=53.6km/h.

Table 1. It has been shown the analytical result of solar power got from Subarna Express in tabular format.

Available Drag Net Pw for 15 Pw for total
Power Pa Power Po | Power Pw wagons travelling
(KW/h) (KW/h) (KW/h/ (KW/h time(KW)
wagon)
0.62 0.14 0.48 7.20 36

Table 2. It has been shown the solar power which is gotten from Subarna Express in tabular format and on this table
longitude and latitude are taken for Chittagong region because most of train path are covered by this region .Taking
average daylight hours ins(t) value (isolation value) with respect to the respective month and efficiency has been
taken as average value which is 20% [10]. Then calculated power for solar panels in KWh/day/wagon by the

equation-6 .

Longitude | Month | Average Ins(t) Efficiency | Area Of | Power | Power | Power( | Power(Ps)
and Daylight Kwh/ [10] the panel (Ps) (Ps) Ps) (kwh) of
latitude (hours) m?/ (m?)/ Kwh/ | kwh/ (kwh) | 15wagon

[5] [5] day wagon Day/ | Wago of 15 in5.6

[5] wagon n wagons Hours

/h

Jan 10.8 4.72 32.09 2.97 44,57 252.26

Feb 11.4 5.24 35.63 3.12 46.88 265.34

Mar 12.0 6.05 41.14 3.42 51.30 287.28

Apr 12.7 6.48 44,06 3.46 52.04 291.42

May 13.2 6.49 44,13 3.34 50.15 280.84

23.777and [ Jun 13.5 6.98 4746 | 351 | 5273 295.28

90.399 Jul 134 7.08 4814 | 359 | 53.88 301.72

Aug 12.9 6.78 20% 34 46.10 | 357 | 53.60 300.16

Sep 12.3 6.07 41.27 3.35 50.32 281.79

Oct 11.6 5.33 36.24 3.12 46.86 262.41

Nov 11.0 4.68 31.82 2.89 43.39 242.98

Dec 10.7 4.46 30.32 2.83 42.50 238.00

Average 12.12 5.86 39.84 3.28 49.31 274.95

Total obtaining power from wind turbine and solar panels of 15 wagons in 5.66 hours (Table 1 & 2)

Pt =Pw+Ps(avg)

=36+274.95
=310.95KW
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5. ECONOMIC BENEFITS AND IMPACT ON ENVIROMENT

The proposal design has some economic and environmental profit from the proposed design. It will reduce the fuel
consumption and co emission. Fossil fuels has a bad effect on environment for some reasons. When fossil fuels are
burn, some gases are released like carbon dioxide, nitrogen, and sulfur dioxide. This gases causes climate change,
Green House effect and air pollution. So many researchers are doing research to find ways of mitigating the use of
fuel energy.

Table 3. It has been shown the economic benefit of the system. Per liter diesel can give 10KW power and price of
per liter diesel is 1.07 3.

Obtaining Diesel Profit/per | Annual
Power Consum- | trip(Diesel | Profit
(KW) ption(L) | consumpti $

(10KWI/L) on*1.07
[12] $[15])
310.95 31.09 33.27 10414

Further, 3.78541 liter is equal to 1 gallon diesel [13]. And 10.15kg CO; are emitted from 1 gallon diesel [14].

Table 4. It has been shown the amount of carbon di oxide is mitigates by minimizing the use of diesel in train.

Saving Carbon di oxide Decreasing
amount of reduce amount of
diesel[gl] (10.15*amount of COz
diesel) (KG) annually(KG)
8.21 83.37 26095

6. CONCLUSION

Producing green energy has become one of the major source of energy. Train consume huge fuel or electricity to
generate energy. So, by establishing the proposal, it will possible to mitigate the demand of fuel in train. So, emitting
CO; from train will also mitigate. The amount of power is very encouraging to be used in utility services of train. The
system has some limitations that are harse can be a threat for wind turbine and sunlight does not present all time,
statical analysis on the system is future work.
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