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Abstract— Two-wheelers form an integral part of Indian 

roads. Ranging from affordability to passion to style 

statement, reasons for buying a two-wheeler are many for 

Indian customers. The number of two-wheelers in India is on 

the rise annually in an exponential manner. As a matter of 

fact, over 70% of vehicles on Indian roads are two-wheelers. 

In the operation of vehicles with handlebars where the 

operators are exposed to lower temperatures and wind chill 

because of the moving cold air, the operator’s hands typically 

get cold first. The cold handlebars and grips also transfer heat 

away from the hands and combined with the cold air can 

make it very uncomfortable and even create a hazardous 

conditions. The idea of this paper is to utilize the waste heat 

energy being generated in automobiles. It involves the 

trapping of heat energy being generated from the heat source 

in vehicles and use this heat for personalized heating in two-

wheelers. The basic principle of working for this arrangement 

is transferring heat energy of waste exhaust gas which is 

anyways going waste to the handlebar, which will maintain 

the temperature around the handlebar. 
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I. INTRODUCTION 

The number of two-wheelers in India is on the rise annually 

in an exponential manner. As a matter of fact, over 70% of 

vehicles on Indian roads are two-wheelers. [1] 

 In the operation of vehicles with handlebars where 

the operators are exposed to lower temperatures and wind 

chill, because of the moving cold air, the operator’s hands 

typically get cold first. The cold handlebars and grips also 

transfer heat away from the hands and combined with the cold 

air can make it very uncomfortable and even create a 

hazardous condition. Riders are often found looking for 

traffic signals to warm their hands with the engine heat. [2] 

 Many heated grips have been utilized to address the 

problems related to keeping the hands warm and this heated 

grip technology is well known. But these heated grips are way 

too expensive and relay on a separate source of energy i.e. it 

requires a battery for its operation. 

 
Fig. 1.1: Change in Vehicle Population in India (2013-15) 

 Viewing from the socio-economic perspective, as 

the level of energy consumption is directly proportional to the 

economic development and the total number of population in 

a country, the growth rate of population in the world today 

indicates that the energy demand is likely to increase. Waste 

heat is heat which is generated in a process by way of fuel 

combustion or chemical reaction, and then “dumped” into the 

environment even though it could still be reused for some 

useful and economic purpose. The essential quality of heat is 

not the amount but rather its “value”. 

 The internal combustion engine exhaust waste heat 

and environmental pollution have been more emphasized 

heavily recently. Out of the total heat supplied to the engine 

in the form of fuel, approximately, 30 to 40% is converted 

into useful mechanical work; the remaining heat is expelled 

to the environment through exhaust gases and engine cooling 

systems, resulting in entropy rise and serious environmental 

pollution, so it is required to utilized waste heat into useful 

work. The latest developments and technologies on waste 

heat recovery of exhaust gas from internal combustion 

engines (ICE) include thermoelectric generators (TEG), 

organic Rankine cycle (ORC), six-stroke cycle IC engine and 

new developments on turbocharger technology. [3] 

A. Present Day Technology used for Heating of Handlebars 

Most heated grips have the heaters incorporated into the grip 

or the heating element adheres to the handlebar under the 

grip. There are many patents related to this prior art in the 

heated grip area. These patents cover many aspects of heated 

grips from the position for mounting the heaters, the assembly 

of the heaters into the grips, the method of manufacturing the 

heated grips, the electronic controls that are used with the 

heated grips, and even methods of locking the heated grips to 

the handlebars. [1] 

 
Fig. 1.2: Heated Grip 

 There is only one patent, U.S. Pat. No. 3, 667, 315, 

[4] that references placing the grip heater on the inside of the 

handlebar and that design utilizes a cartridge style of heater. 

This design is simple but not desirable because the rigid 

cartridge diameter has to be smaller than the inside diameter 

of the handlebar and when inserted only allows for a line of 

contact to transfer the heat to the handlebar. This results in 

one side of the handlebar being hot and the other side quite 

cold along with areas of the hands. 
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II. PROBLEM STATEMENT 

In the operation of vehicles with handlebars where the 

operators are exposed to lower temperatures and wind chill, 

because of the moving cold air, the operator’s hands typically 

get cold first. The cold handlebars and grips also transfer heat 

away from the hands and combined with the cold air can 

make it very uncomfortable and even create a hazardous 

condition. Riders are often found looking for traffic signals to 

warm their hands with the engine heat. 

 Many heated grips have been utilized to address the 

problems related to keeping the hands warm and this heated 

grip technology is well known. But these heated grips are way 

too expensive and relay on a separate source of energy i.e. it 

requires a battery for its operation. 

III. LITERATURE REVIEW OF EXHAUST HEAT RECOVERY 

This subsection reviews the research that is being conducted 

in the field of recovery of rejected heat from internal 

combustion engines. 

 During engine run time, there are different places in 

the engine’s structure where significant amounts of heat are 

dissipated into the atmosphere. The rejected heat includes 

heat from the cooling fins, the exhaust. This heat can be used 

for domestic or commercial purposes by using a recovery 

process, although this requires the addition of significant 

hardware which adds to the expense of the installation. 

 
Fig. 3.1: Utilization of Fuel Energy 

 In the past, fuel was cheap and it was very difficult 

to justify the cost of the heat recovery hardware. Furthermore, 

high sulfur fuel results in corrosive condensates, requiring 

either expensive alloys for heat recovery from exhaust 

systems or expensive replacements. Previously, when the 

idea of heat recovery was not considered, the engine cooling 

system was used only for running the engines to prevent 

overheating. When fuel economy became important due to 

the energy crisis, especially in the early 1970s, different ways 

to recover an engine’s unused heat for useful purposes 

became a practical research area. [5] 

 After the 1970s energy crisis eased, heat recovery 

research activities dropped accordingly, until the recent surge 

in fuel prices. From previous research, it was found that 

engine cooling systems and exhaust had abundant amounts of 

heat. The utilization of this energy would result in an increase 

in the efficiency of the system. Experimental studies focused 

mainly on the recovery of exhaust heat, which is one of the 

heat-carrying sources. 

A. Heat Recovery Applications 

The idea of using waste heat from an engine to heat a space 

is not unique to this project, but there are fewer applications 

of heat recovery from the exhaust. During the literature 

search, I came across various projects that involved heat 

recovery in different aspects but could not find any 

documents that are directly related to this project. Some of 

the heat recovery projects that are similar to this project are 

documented. 

B. Thermoelectric Power 

The Thermoelectric power is the power obtained by the 

conversion of the generated heat energy into electrical 

energy. It works on the principle of the See beck effect, which 

can be stated as, “When two ends of the conductor are held at 

different temperatures, the electrons at the hot junction at 

higher thermal velocities diffuse into the cold junction.” 

 
Fig. 3.2: Thermocouple Principle 

 This defines that the thermal electrons move from 

the junction in the hot region to the junction in the cold 

region. Therefore, the e.m.f. produced in the thermoelectric 

module is proportional to the temperature difference. The 

potential difference can be obtained as 

V = αΔT 

 Where, temperature difference ΔT = Th – Tc and α 

is the Seebeck coefficient or thermo-power expressed in μV. 

The sign of α is positive if e.m.f tends to drive an electric 

current through the wire from the hot to the cold junction and 

is negative vice versa. [6] 

C. Thermoelectric Generator 

The Thermoelectric Generator, also known as TEG, is a 

device that works on the principle of the Seebeck effect, 

which is stated above. The TEG module consists of two 

semiconductor materials, also known as the Seebeck cells or 

thermoelements. [7] This module has semiconductor 

thermoelements that are connected electrically in series in 

order to elevate the resulting voltage and due to the 

temperature difference between the walls of the plate; the 

energy that is captured from thermally excited electrons. A 

single thermocouple comprises of two thermoelements 

namely p-type and n-type elements. The thermoelements of 

the n-type and p-type semiconductors are connected 

thermally in parallel and electrically in series. [8] 
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Fig. 3.3: TEG Module 

 The TEG module can be used for the generation of 

electric power, in case of the dearth of power. The efficiency 

of the thermoelement depends on the value of load resistance 

and the property of the semiconducting material. Most of the 

TEG modules are made up of Bismuth Telluride (Bi2Te3) 

semiconductor. The heat flowing from one face of the module 

involves three effects: heat associated with Seebeck effect, 

the half of Joule heating and thermal conduction of the 

semiconductor materials. The heterogeneous material 

composition of the thermoelements and the dissimilar 

geometry introduces dissimilarity in both p-type and n-type 

materials. Hence the analysis of dissimilar elements is 

considered during calculation. The electric circuit defining 

the Seebeck coefficient of the p-type and n-type is given as 

α = αp – αn 

 Where, αp and αn are the Seebeck coefficients of p-

type and n-type material respectively. [7] 

D. Working OF TEG 

The EMF caused by the temperature gradient across the 

junctions of two dissimilar conductors, which form a closed 

loop is Seebeck effect shown in fig 3.2. 

 A single thermoelectric couple is constructed from 

two ‘pellets’ of semiconductor material usually made from 

Bismuth Telluride (Bi2Te3). One of these pellets is doped 

with acceptor impurity to create a P-type pellet; the other is 

doped with donor impurity to produce an N-type pellet. The 

two pellets are physically linked together on one side, usually 

with a small strip of copper, and mounted between two 

ceramic outer plates that provide electrical isolation and 

structural integrity. For thermoelectric power generation, 

semiconductor material A and B joint together show in 

fig.3.3. 

 If a temperature difference is maintained between 

two sides of the thermoelectric couple (T1 and T2), thermal 

energy will move through the device with this heat and an 

electrical voltage, called the Seebeck voltage will be created. 

If a resistive load is connected across the thermoelectric 

couple’s output terminals, electrical current will flow in the 

load and a voltage (V) will be generated at the load. Practical 

thermoelectric modules are constructed with several of these 

thermoelectric couples connected electrically in series and 

thermally in parallel. [6] 

E. Types of TEG 

Thermoelectric generator materials and their temperatures 

ranges are as follows. There are a number of materials known 

to date but few are identified as thermoelectric materials. 

 
Fig. 3.4: Variation of Z vs Temp 

 The effective thermoelectric material should have a 

low thermal conductivity but high electrical conductivity. 

The thermoelectric material used in the present work is 

Bismuth Telluride. The material is selected on the basis of 

power factor, the figure of merit and melting point. The 

performance of thermoelectric materials can be expressed as. 

Z =
∝2 σ

K
 

 Where, α =Seebeck coefficient, σ = electrical 

conductivity, k = thermal conductivity. 

 The figure of merit Z describes material 

performance. It depends on the thermoelectric material 

properties. [6] 

SR 

NO. 
TEG MATERIALS 

TEMPERATURE 

RANGE 

01. 
Material based on Si-Ge 

alloys. 

Higher temperature 

upto1300K 

02. 
Materials based on alloys 

of Lead (Pb). 

Intermediate 

temperature up to 

850K 

03. 

Alloys based on Bismuth 

(Bi) combined with 

Antimony (An), Tellurium 

(Te) or Selenium (Se). 

Low temperature up 

to 450K 

Table 1: Types of TEG 

IV. SELECTION OF SYSTEM 

A. Subsystem One 

Setup to use energy from the exhaust gas. 

 
Fig. 4.1: Setup to Use Energy from the Exhaust Gas 

1) Parts Required 

An engine with an exhaust system; a turbine & generator; an 

inverter; a rechargeable DC battery; mild steel for 

constructing frames; air filter; connecting wires. 



Personalized Heating on Two-wheelers using Exhaust Gas 

 (IJSRD/Vol. 6/Issue 06/2018/103) 

 

 All rights reserved by www.ijsrd.com 440 

2) Procedure 

 The turbine is fixed to the shaft of the generator. 

Aluminum is the preferred material for the turbine, on 

account of its high heat conductivity. This aids faster 

cooling. 

 The fixture is enclosed within a mild steel frame, to 

concentrate the exhaust gas over the vanes of the turbine. 

An outlet for the gases is provided on the opposite side 

of the nozzle. 

 As the turbine spins along the shaft, the generator 

produces an Alternate Current. 

 The AC is passed through an Inverter to convert it into 

DC, which would be stored in a DC rechargeable battery 

of matching capacity (12V, 5A). 

 The entire setup is to be housed inside a tube which is 

placed below the handlebars. 

B. Subsystem Two 

Setup to use energy from engine heat. 

 
Fig. 4.2: Setup to Use Energy from Engine Heat 

1) Parts Required 

A thermocouple unit; metal clamps; battery & inverter; air 

filter; fan; connecting wires. 

2) Procedure 

 The hottest part of the exhaust system is identified. This 

would likely be on the exhaust pipe. 

 The thermoelectric generator (TEG) is clamped onto the 

spot, such that one side is exposed to heat, while the other 

side is exposed to the atmosphere. This provides the 

temperature difference required for the thermocouple to 

generate electricity. 

 Leads from the thermoelectric generator are connected to 

the battery via an inverter. 

 The battery operates the fan which directs the engine heat 

towards the handlebar. 

V. CONCLUSION 

The present study has been made to suggest and develop a 

system which will eventually be useful to a majority of two-

wheeler using population including daily commuters, food 

delivery sector, motorcycle tourers. 

A. Advantages over Present Technology 

 Utilization of waste heat. 

 Increased efficiency of the whole system. 

 Cost reduction. 

B. Future Scope of Work 

 Finding the most efficient system between the two. 

 Modification of the systems to fit on scooters and bikes. 

 Finding ways to enhance output. 
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