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ABSTRACT

Energy Reclamation Application (E.R.A) makes use of the exhaust energy which is

considered as waste and converts the kinetic energy into electricity. It provides

cleaner, greener & smarter energy. E.R.A. is applicable to all vehicles, by which cleaner

& greener vehicle driving is possible. This paper discusses the device to make use of

the exhaust gas produced to generate electricity so as to run the electronic equipment

present in the car such as HVAC units, music player, power windows, power seats,

power door locks, horns, wipers & washers, ignition systems, starting systems and

many other components. Today's car exhaust converters rely on the high catalytic

power of the transition metals Pt., Pd or Rh for a reduction of the NO
x,

CO content in

the emission. Unfortunately, the performance of these materials is substantially

reduced under highly oxidizing conditions (as e.g. in diesel engines), presumably

through oxide formation. Ru, on the other hand, does not seem to suffer from this

drawback displaying remarkable conversion rates (CO + 1/2 O
2

- > CO
2
) even with high

oxygen concentrations at the surface. The Platinum or Rhodium as per the

specifications of the vehicle can be replaced by the use of Ruthenium (Ru) to achieve

higher efficiencies of catalytic conversion at lower cost. Studies for the

(mCO+ nO)/Ru(0001) system show that for the systems that form in nature where CO

occupies the top site, with increasing oxygen coverage, the adsorption energy of CO

can remain practically unchanged or even exhibit a slight increase. Chemical reactions

at surfaces lead to CO oxidation, Co- adsorption of CO and O, CO oxidation: surface

reaction and finally Laser- induced CO2 formation. The position of the catalytic

converter is shown in the diagram.
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1 INTRODUCTION

The energy need of the world is getting more and more consumption of fossil fuels which will become

extinct in near future. The environmental matters are also getting the alarming situation and hence

there is a greater concern for eco- friendly fuels so that there is a greater demand for newer fuels and

technologies to find the answer to these problems.

The first problem is that the fossil fuels are depleting in a rapid rate and are harder to retrieve.

The second problem is that the fossil fuels that are widely used today are harmful for the

environment. Another problem lies in the development of small economies. Because the energy prices

for crude oil are going through the roof, these countries suffer even more. Many of these countries

need crude oil for their electricity and means of transportation. These high oil prices have their effect

on almost everything.

Fuel consumption for transportation accounts for a considerable portion of total energy

consumption. The efficiency of conventional powered vehicles has been estimated at less than 10%

based on energy delivered to the drive train wheels. Vehicle efficiency is further reduced by

mechanical energy losses dissipated as heat from exhaust gases, braking, aerodynamic drag and road

resistance. For urban driving conditions, it is estimated that as much as 30% of drive train energy is

lost in vehicle exhaust gases and between 30- 50% of drive train energy is lost to road resistance &

vehicle braking. It is estimated that the combination of road resistance and exhaust gases

approximately account for 20- 30 kW of power for conventional passenger vehicles and as much as

125 kW of power for heavy trucks at moderate highway speeds.

The solutions are many but our attempt is to make complete use of the energy produced in an

automobile, thereby increasing the efficiency as well as reducing the operating cost. Through the

introduction of innovative vehicle designs and technologies, fuel efficiency may be improved and

mechanical energy losses recovered.

Turbocharger principle is used here in our project. Owing to the sharp rise in the cost of fuel oils

and a strong demand for cutting CO
2

emissions in recent years, attention is riveted on how to wrestle

with reducing the fuel consumption of the engine. The entire exhaust gas discharged out of an engine

is normally forwarded to turbochargers. On the other hand, a new power generating system has been

come up, in which for the sake of energy recovery a part of the exhaust gas is fed to a turbine to drive

an electric generator instead of being fed to the turbocharger. This system is called the Energy

Reclamation Application, where the exhaust gases pass through the turbine generator and recovered

as electric power.

2 LITERATURE STUDY

2.1 The Internal Combustion Engine (I.C. Engine)

The internal combustion engine is an engine in which the combustion of fuel and an oxidizer (typically

air) occurs in a confined space called a combustion chamber. This exothermic reaction creates gases at

high temperature and pressure, which are permitted to expand. The defining feature of an internal

combustion engine is that useful work is performed by the expanding hot gases acting directly to

cause movement of solid parts of the engine, by acting on pistons, rotors, or even by pressing on and

moving the entire engine itself. This contrasts with external combustion engines, such as steam

engines, which use an external combustion chamber to heat a separate working fluid, which then in

turn does work, for example by moving a piston or a turbine. The term Internal Combustion Engine
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(ICE) is almost always used to refer specifically to reciprocating piston engines, Wankel engines and

similar designs in which combustion is intermittent. However, continuous combustion engines, such as

jet engines, most rockets and many gas turbines are also internal combustion engines.

2.2 Sources of Auto Emissions

The power to move a car comes from burning fuel in an engine. Pollution from cars comes from by-

products of this combustion process (exhaust) and from evaporation of the fuel itself.

2.2.1 The combustion process

Gasoline and diesel fuels are mixtures of hydrocarbons, compounds which contain hydrogen and

carbon atoms. In a “perfect” engine, oxygen in the air would convert all the hydrogen in the fuel to

water and all the carbon in the fuel to carbon dioxide. Nitrogen in the air would remain unaffected. In

reality, the combustion process cannot be “perfect,” and automotive engines emit several types of

pollutants.

2.2.2 Exhaust pollutants

Hydrocarbon emissions result when fuel molecules in the engine do not burn or burn only partially.

Hydrocarbons react in the presence of nitrogen oxides and sunlight to form ground- level ozone, a

major component of smog. Ozone irritates the eyes, damages the lungs, and aggravates respiratory

problems. It is our most widespread and intractable urban air pollution problem. A number of exhaust

hydrocarbons are also toxic, with the potential to cause cancer.

Under the high pressure and temperature conditions in an engine, nitrogen and oxygen atoms in the

air react to form various nitrogen oxides, collectively known as NOx. Nitrogen oxides, like

hydrocarbons, are precursors to the formation of ozone. They also contribute to the formation of acid

rain.

Carbon monoxide (CO) is a product of incomplete combustion and occurs when carbon in the fuel

is partially oxidized rather than fully oxidized to carbon dioxide. Carbon monoxide reduces the flow of

oxygen in the bloodstream and is particularly dangerous to persons with heart disease.

In recent years, the U.S. Environmental Protection Agency (EPA) has started to view carbon dioxide,

a product of “perfect” combustion, as a pollution concern. Carbon dioxide does not directly impair

human health, but it is a “greenhouse gas” that traps the earth’s heat and contributes to the potential

for global warming

2.3 What Has Been Done to Control Automobile Emissions?

The Clean Air Act of 1970 gave EPA broad authority to regulate motor vehicle pollution, and the

Agency’s emission control policies have become progressively more stringent since the early 1970’s.

EPA standards dictate how much pollution autos may emit but automakers decide how to achieve the

pollution limits. The emission reductions of the 1970’s came about because of fundamental

improvements in engine design, plus the addition of charcoal canisters to collect hydrocarbon vapors

and exhaust gas recirculation valves to reduce nitrogen oxides. The advent of “first generation”

catalytic converters in 1975 significantly reduced hydrocarbon and carbon monoxide emissions. The

use of converters provided a huge indirect benefit as well. Because lead inactivates the catalyst, 1975

saw the widespread introduction of unleaded gasoline. This resulted in dramatic reductions in ambient

lead levels and alleviated many serious environmental and human health concerns associated with lead

pollution. The next major milestone in vehicle emission control technology came in 1980- 81. In

response to tighter standards, manufacturers equipped new cars with even more sophisticated

emission control systems. These systems generally include a “three- way” catalyst (which converts
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carbon monoxide and hydrocarbons to carbon dioxide and water, and also helps reduce nitrogen

oxides to elemental nitrogen and oxygen), plus an on- board computer and oxygen sensor. This

equipment helps optimize the efficiency of the catalytic converter. Vehicle emissions are being further

reduced by provisions of the 1990 Clean Air Act. Mobile source provisions include even tighter tailpipe

standards, increased durability, improved control of evaporative emissions, and computerized

diagnostic systems that identify malfunctioning emission controls.

3 PROJECT DESCRIPTION

3.1 Principle

The principle is that whenever there is a change in electric or magnetic field there will be a current

induced in the circuit. Here we use a radial in- flow turbine coupled with a generator which uses the

same principle. The input to the radial in- flow turbine is the hot combusted air from the automobile

engines. Suppose if the kinetic energy of the air is insufficient to make up the speed, then Rankin’s

cycle is introduced. As we know about Reheat Rankin’s cycle, the input air is initially expanded,

reheated and then used as the input of the radial in- flow turbine.

In electricity generation, an electric generator is a device that converts mechanical energy to

electrical energy. A generator forces electric charge (usually carried by electrons) to flow through an

external electrical circuit. The principle is that whenever there is a change in electric or magnetic field

there will be a current induced in the circuit. Here we use a radial in- flow turbine coupled with a

generator which uses the same principle. The input to the radial in- flow turbine is the hot combusted

air from the automobile engines. Suppose if the kinetic energy of the air is insufficient to make up the

speed, then Rankin’s cycle is introduced. As we know about Reheat Rankin’s cycle, the input air is

initially expanded, reheated and then used as the input of the radial in- flow turbine.

3.1.1 Why Ruthenium?

Ruthenium comes under platinum group metals (abbreviated as the PGMs), which consists of six

metallic elements clustered together in the periodic table. These elements are all transition metals,

lying in the D- block (groups 8, 9, and 10, periods 5 and 6) as highlighted in green in Table 1. The price

list of different Platinum group metals along with their mass abundance is shown in the Table 2.

Tab. 1: Periodic Table highlighting the Platinum group metals.
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Tab. 2: The price list of different Platinum group metals along with their mass abundance

4 DESIGN OF E.R.A

The final design of E.RA is as shown in figure 1, which contains an assembly of turbine, turbine

housing, bearing, shaft & magneto generator. The model was created by NX 6.0 software.

Fig. 1: Final E.R.A. model design.

Exhaust air from the engine enters the turbine housing from the pipe as shown by the red arrow

mark in figure 2. This inlet pipe also acts as a nozzle to the turbine.
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Fig. 2: The Inlet assembly for the E.R.A.

Figure 3 shows the assembly of rotor and stator of magneto motor. The turbine rotates by using

the kinetic energy in the exhaust gas. Generator converts this mechanical energy into electrical energy.

Fig. 3: Rotor & Stator assembly of the E.R.A.

Figure 4 shows the usage of bearing to reduce the friction while transmitting the power.

Fig. 4: Bearing Assembly of E.R.A.



Computer- Aided Design & Applications, PACE (2), 2012, 77- 87

© 2012 CAD Solutions, LLC, http://www.cadanda.com

83

Figure 5 shows the assembly of radial inflow turbine in the system, with 12 blades with an angle

of 25⁰ between each other.

Fig. 5: Radial In- Flow Turbine Assembly.

4.1 Positioning of E.R.A.

In Figure 6, the representation of where the Energy Reclamation Application device is being placed in

an automobile is shown.

Fig. 6: Positionong of E.R.A.

4.2 Performance

The net output power will be equal to the cycle power minus viscous losses, such as bearing friction,

seal drag, and disk wind age (viscous drag other than in the bearings and seals), as well as ohm losses

in the generator and power electronics. While using radial in- flow turbine we have an efficiency of

about 12% which is the efficiency of micro turbine. But when we introduce Rankin cycle the output

power increases drastically but the size of the equipment increases slightly. As we are using waste

heat as input, we are practically investing no raw materials.
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4.3 CO Oxidation: Surface Reaction - Understanding Heterogeneous Catalysis

The main question to arrive at the optimum design can be decided by asking, “Why is Ruthenium so

much more efficient catalyst than conventional exhaust converting materials?”. This can be answered

by analysing the following reactions as shown in the Figure 7 (a) – 7 (c).

Fig. 7: (a) The process of how a gas- phase CO molecule adsorbtion, (b) The process of how an

adsorbed CO molecule interacts with neighbouring O molecule, (c) The process of how a adsorbed CO

molecule desorbs as a CO
2
molecule (C in green, O in red, the catalyst in grey).

Today's car exhaust converters rely on the high catalytic power of the transition metals Pt, Pd or

Rh for a reduction of the CO content in the emission. Unfortunately, the performance of these

materials is substantially reduced under highly oxidizing conditions (as e.g. in diesel engines),

presumably through oxide formation. Ru, on the other hand, does not seem to suffer from this

drawback displaying remarkable conversion rates (CO + 1/2 O
2

- - - - - > CO
2
) even with high oxygen

concentrations at the surface. Notwithstanding, the fact that during this process also the volatile and

toxic RuO
4

may be formed impedes the practical use of Ru in open catalytic reactors.

Nevertheless, this anomalous behavior compared to all other transition metals (e.g. the efficiency

enhancement by a factor of about 50) makes Ru an interesting candidate for fundamental research

aiming to understand the ongoing catalytic reactions on a microscopic level. Corresponding Surface

Science experiments are typically performed in Ultra High Vacuum (UHV) hoping that the conclusions

drawn may be extrapolated towards the high pressure regime of working catalysts. Yet, until recently

Ru seemed to contradict this general rule exhibiting extremely poor catalytic activity under UHV

conditions, thus preventing a further elucidation of the high pressure results. This discrepancy

between real world and laboratory (the so- called "pressure gap phenomenon”) could now be overcome

with a theoretical study employing first- principles calculations.

It could be shown in the Figure 8, that the high conversion rates may only be obtained in presence

of more than one adsorbed oxygen monolayer, the formation of which was kinetically hindered in the

previous UHV experiments. With this result, which has in the meanwhile been confirmed by recent

experiments using higher partial O pressure, which indicate that surface oxides form which in fact

lead to the enhanced performance, the door has been opened to systematically investigate the

involved catalytic reactions under controlled conditions.
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Fig. 8: O- Ru bond weakening due to partially occupying a previously unoccupied anti- bonding orbital

through laser- induced increase in the electronic temperature.

5 MATHEMATICS

To arrive at optimized design the following calculations were carried out using the right angled

triangles shown in the Fig 9 (a) and 9 (b). A detailed calculation has been carried out to arrive at the

various specifications of the turbine.

Total work done by the turbine

The blade tip speed is

ܷଶ = ܦܰߨ
60ൗ �ൌ ͳͷǤͲͻ�݉ Ȁݏ

Fig. 9: (a) Velocity triangle for the Radial In- Flow Turbine, (b) Velocity Triangle at the maximu input.
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The fractional inputs from each of these 3 terms are, for U terms 0.8338, for the W terms 0.352 and C

terms is 0.407

Finally as a numerical check the specific work, ∆W ≈  U22 

ܷଶ
ଶ = 24673.8133 ݉ ଶ

ଶݏ
ൗ

Force, F = P/A

Distance from nozzle to the turbine blade, d = 35 mm = 0.35 mm

Torque generated, T = 2902.83 N- mm

Power generated, P =  2πNT/ (60× 1000) =  7.6 KW 

Electrical power generated, p = 9.499 KVA

Electrical power generated P = V× I

 I = 33.04 A

6 CONCLUSION

E.R.A may start a new era in the automobile industry. We analyzed the pressure at the exhaust valve of

a car, it was found to be 1 – 2.2 bar 1930 crank angle. Then we designed a radial inflow turbine in order

to convert this energy into rotational energy. This rotational energy can be converted into electricity by

using a Magneto generator. Also the application will make use of the waste heat generated. This can

also be installed in large machinery which liberates heat during working. Thus it also provides eco-

friendly power generation with an efficiency of 10 – 30 %.

Ruthenium is a versatile catalyst. Carbon monoxide (CO) can be converted by using a laser

beam on the surface of RuO
2
. This may be useful in the removal of CO from the exhaust of a car. The

anomalous behavior compared to all other transition metals (e.g. the efficiency enhancement by a

factor of about 50) makes Ru an able candidate for the usage of the catalytic convertor as the research

done under microscopic level using laser induction. Car exhaust converters rely on the high catalytic

power of the transition metals Pt, Pd or Rh for a reduction of the CO content in the emission.

Unfortunately, the performance of these materials is substantially reduced under highly oxidizing

conditions (as e.g. in diesel engines), presumably through oxide formation. Ru, on the other hand, does

not seem to suffer from this drawback displaying remarkable conversion rates (CO + 1/2 O
2

- > CO
2
)

even with high oxygen concentrations at the surface.

The behavior of Ru and Ru- Pt catalysts supported by ZrO
2

used for NO oxidation was studied

in the presence of C
3
H

6
and O

2
. A qualitative correlation between physicochemical properties of the

catalysts and their activity and selectivity in the NO oxidation is discussed. A high NO oxidation

potential of the catalysts was encountered to give NO
2
, CO

2
, and H

2
O as the main products. The

observed activity is directly related to the catalyst Ru content as well as to the Ru- Pt interaction.
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