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 ABSTRACT 

The more and more worldwide downside concerning speedy economy development and a relative shortage of 

energy, the interior combustion engine exhaust waste heat and environmental pollution has been a lot of 

stressed heavily recently. Out of the overall heat equipped to the engine within the sort of fuel, around, thirty to 

four-hundredth is born-again into helpful mechanical work; the remaining heat is expelled to the atmosphere 

through exhaust gases and engine cooling systems, leading to entropy rise and high environmental pollution, 

therefore it's needed to use waste heat into helpful work. The recovery and utilization of waste heat not solely 

conserves fuel (fossil fuel) however additionally reduces the number of waste heat and greenhouse gases 

damped to atmosphere. The study shows the supply and risk of waste heat from combustion engine, additionally 

describe loss of exhaust gas energy of an indoor combustion engine. Many ways to recover the waste heat from 

combustion engine and performance and emissions of the interior combustion engine. Waste heat recovery 

system is that the best thanks to recover waste heat and saving the fuel. 

 

Keywords: Efficiency, Emission, Waste heat from I. C. Engine, Waste heat recovery system for I. C. 
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I. INTRODUCTION  

 

Recent trend about the best ways of using the deployable sources of energy in to useful work in order to reduce 

the rate of consumption of fossil fuel as well as pollution. Out of all the available sources, the internal 

combustion engines are the major consumer of fossil fuel around the globe. 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 to entropy 

rise and serious environmental pollution, so it is required to utilized waste heat into useful work. The recovery 

and utilization of waste heat not only conserves fuel, usually fossil fuel but also reduces the amount of waste 

heat and greenhouse gases damped to environment. It is imperative that serious and concrete effort should be 

launched for conserving this energy through exhaust heat recovery techniques. Such a waste heat recovery 

would ultimately reduce the overall energy requirement and also the impact on global warming. The Internal 

Combustion Engine has been a primary power source for automobiles and automotives over the past century. 
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Presently, high fuel costs and concerns about foreign oil dependence have resulted in increasingly complex 

engine designs to decrease fuel consumption. For example, engine manufacturers have implemented techniques 

such as enhanced fuel-air mixing, turbo-charging, and variable valve timing in order to increase thermal 

efficiency. However, around 60-70% of the fuel energy is still lost as waste heat through the coolant or the 

exhaust. Moreover, increasingly stringent emissions regulations are causing engine manufacturers to limit 

combustion temperatures and pressures lowering potential efficiency gains [1]. As the most widely used source 

of primary power for machinery critical to the transportation, construction and agricultural sectors, engine has 

consumed more than 60% of fossil oil. On the other hand, legislation of exhaust emission levels has focused on 

carbon monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOx), and particulate matter (PM). Energy 

conservation on engine is one of best ways to deal with these problems since it can improve the energy 

utilization efficiency of engine and reduces emissions [2]. Given the importance of increasing energy conversion 

efficiency for reducing both the fuel consumption and emissions of engine, scientists and engineers have done 

lots of successful research aimed to improve engine thermal efficiency, including supercharge, lean mixture 

combustion, etc. However, in all the energy saving technologies studied. Engine exhaust heat recovery is 

considered to be one of the most effective. Many researchers recognize that Waste Heat Recovery from engine 

exhaust has the potential to decrease fuel consumption without increasing emissions, and recent technological 

advancements have made these systems viable and cost effective [3]. This paper gives a comprehensive review 

of the waste heat from internal combustion engine, waste heat recovery system and methods of waste heat 

recovery system. 

 

 II. HEAT RECOVERY POSSIBILITY AND AVAILABILITY  FROM I.C. ENGINE  

 

Waste heat is heat, that is generated during a method by means of fuel combustion or chemical change, and so 

“dumped” into the surroundings although it may still be reused for a few helpful and economic purpose. This 

heat depends partly on the temperature of the waste heat gases and mass flow of exhaust gas. Waste heat losses 

arise each from instrumentation inefficiencies and from thermodynamical limitations on instrumentation and 

processes. for instance, think about burning engine just about thirty to four-hundredth is born-again into helpful 

mechanical work. The remaining heat is expelled to the surroundings through exhaust gases and engine cooling 

systems [4]. It means that just about sixty to seventieth energy losses as a waste heat through exhaust (30% as 

engine cooling system and thirty to four-hundredth as surroundings through exhaust gas). Exhaust gases like a 

shot going the engine will have temperatures as high as 842-1112°F [450-600°C]. Consequently, these gases 

have high H, carrying away as exhaust emission. Efforts are often created to style additional energy economical 

engine with higher heat transfer and lower exhaust temperatures; but, the laws of natural philosophy place a 

lower limit on the temperature of exhaust gases[5]. Fig. 1 shows total energy distributions from burning engine. 
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Fig. 1 Total Fuel Energy Content in I. C. Engine 

A. Primary Procedure  

Generating power from waste heat typically involves waste heat utilization from internal combustion engine to 

generate mechanical energy that drives an electric generator. Electricity generation is directly from heat source 

such as thermoelectric and piezoelectric generator. A factor that affects on power generation is thermodynamic 

limitations for different temperature range. The efficiency of power generation is heavily depended on the 

temperature of the waste heat gas and mass flow rate of exhaust gas.  

B. Secondary Procedure  

The exhaust pipe contains a block with thermo electric materials that generates a direct current, thus providing 

for at least some of the electric power requirements. In which two different semiconductors are subjected to a 

heat source and heat sink. A voltage is created between two conductors. It is based on the seeback effect. The 

Cooling and Heating is done by applying electricity. It is low efficiency approximately (2 to 5%) and high cost. 

 

Fig. 2 Thermoelectric Generator 

Fig. 2 shows thermoelectric generator and its components. Thermoelectric devices may potentially produce 

twice the efficiency as compared to other technologies in the current market [20]. Thermo Electric Generator is 

used to convert thermal energy from different temperature gradients existing between hot and cold ends of a 

semiconductor into electric energy This phenomenon was discovered by Thomas Johann Seebeck in1821 and 

called the “Seebeckeffect”. The device offers the conversion of thermal energy into electric current in a simple 

and reliable way. Advantages of Thermo Electric Generator include free maintenance, silent operation, high 

reliability and involving no moving and complex mechanical parts. Recycling and reusing waste exhaust gas can 

not only enhance fuel energy use efficiency, but also reduce air pollution [21]. Thermal power technology such 

as the Thermo Electric Generator arises, therefore, significant attention worldwide. Thermo Electric Generator 

is a technology for directly converting thermal energy into electrical energy. It has no moving parts, is compact, 

quiet, highly reliable and environmentally friendly. Because of these merits, it is presently becoming a 

noticeable research direction. The mathematical model of a Thermoelectric Generator device using the exhaust 
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gas of vehicles as heat source, and preliminary analysis of the impact of relevant factors on the output power 

and efficiency of Thermo Electric Generator .Analysis of model simulates the impact of relevant factors, 

including vehicles exhaust mass flow rate, temperature and mass flow rate of different types of cooling fluid, 

convection heat transfer coefficient, height of PN couple, the ratio of external resistance to internal resistance of 

the circuit on the output power and efficiency. The results of analysis shows that the output power and 

efficiency increase significantly by changing the convection heat transfer coefficient of the high-temperature-

side than that of low-temperature-side. Pilot program is made to investigate the applicability of thermoelectric 

generators to the recovery of medium-temperature waste heat from a low-power stationary diesel engine. 

Experimental investigation to the optimum operating conditions to achieve maximum power outputs from the 

waste heat recovery system [23]. Study on waste heat recovery system by using thermoelectric generator from 

internal combustion engine reviews the main aspects of thermal design of exhaust-based thermoelectric 

generators (ETEG) systems [24]. Analysis of thermoelectric generator for power generation from internal 

combustion engine shows results as 20% of energy releasing for the waste heat from engine. It is able to 30-40% 

of the energy supplied by fuel depending on engine load [25]. 

 

III. TWO STROKE PETROL ENGINE TESTING PROCEDURE 

 

The waste heat recovery system consists of  

(i) Two stroke petrol engine, 

(ii) Gas turbine,  

(iii) Dynamo,  

(iv)  Battery,  

(v)  Inverter and  

(vi)  Thermoelectric generator. 

The specification of the two stroke petrol engine is shown in the Table 1. 

 

 

Table 1. Specification of the two stroke petrol engine 
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A. Batteries 

In an isolated system, batteries are used for storage of excess energy converted into electrical energy. It is 

necessary that the overall system be optimized with respect to available energy and local demand pattern. Li-ion 

batteries are used in the system for energy storage. 

 

B.  Inverter 

An inverter has been used to convert the DC power into AC power. 

C. TE-Generator 

TEGs are made from thermoelectric modules which are solid-state integrated circuits that employ three 

established thermoelectric effects known as the Peltier, Seebeck and Thomson effects. Their construction 

consists of pairs of p-type and n-type semiconductor materials forming a thermocouple. These thermocouples 

are then connected electrically forming an array of multiple thermocouples called as thermopile. They are then 

sandwiched between two thin ceramic wafers. When heat and cold are applied this device then generates 

electricity. 

 

 

Fig. 2: Thermoelectric generator mounted on exhaust system. 

 

IV. RESULTS AND DISCUSSION 

 

The waste heat recovery is done using the velocity and the temperature on the surface of the primary exhaust 

pipe. The power is generated instantaneously since the turbine and the generator are coupled together. In 

accordance with throttle input, the velocity of exhaust gases varies directly. This energy is used to run the 

turbine and the output is 

Measured and tabulated in Table 2. 
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V. CONCLUSION 

 

The combined heat and power system offers additional benefits like reduction in the emission of carbon dioxide 

(CO2), sulphur dioxide (SO2) and oxides of nitrogen (NOx) for the same power and heat generation. This is 

achieved by using the waste heat recovery system and can be installed on any equipment which generates heat 

and needs heat dissipation to reduce the pollution during the operation of machines in addition to the auxiliary 

power generation. This auxiliary power can be utilized for the operation of main mechanism. The efficiency of 

the equipment increases considerably since the waste heat is being utilized for the useful work. This system 

reduces the cost of operation by reducing the consumption of fuel. The size of all the flue gas handling 

equipment such as fans, stacks, ducts, burners, etc., is reduced. The consumption of auxiliary power is also 

reduced since the reduction in size of all the auxiliary equipment. The experimental performance testing has 

shown that the overall efficiency of two stroke petrol engine installed with and without the waste heat recovery 

system is 29.67% and 29.2% respectively when the power extraction was 90W. It is also observed that the 

consumption of fuel decreased by 4%. This experimental study has revealed that the use of waste heat recovery 

system is more efficient for extracting the energy wasted in various process industries. 
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