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ABSTRACT 

Conservation of natural resources has set off a necessity in today’s globe, generally in the elevated technology. The 

major thermal heat supplied to an engine does not achieve as work output, but expelled as waste heat. If this expelled 

heat is used and converted to usable energy like electricity, the net efficiency of an engine may be improved. The 

approximate percentage of energy which may be recouped is approximately 30-40% of the energy supplied by the fuel 

depending on the engine load. In this project we are concerned with the rail engine especially diesel engine and the 

generator vans placed in high end rails. It aims to harvest free energy for rail bogies by exhaust heat energy loses from 

the rail engine. The project is based on the thermo coupling temperature difference principle. 

The arrangement of  thermoelectric module is connected such a way that it receives hot engine exhaust on one side to 

provide a high temperature heat source and the other side is oriented in such a way that they are exposed to environment 

or free air flow which acts as low temperature source. The difference in temperature of the heat sources powers the 

thermoelectric module to convert waste heat into useful electricity which may be used for power generation the rail 

bogies. The thermal heat rejected by the rail engine recovered may reduce environment pollution, conserve fossil fuels 

and generate electric power which may be used for lightning in rail bogies, power fan and charging ports in bogies. 
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1. Introduction 

Background of Research 

As we enjoy in our lives by development of the world, the demand for energy is also increasing 

simultaneously with the changes in our lifestyle. As a consequence, nonrenewable resources of power like 

fossil fuels are being depleted at a faster rate.So, to avoid depletion of these sources of power alternative ways 

should be adopted to meet increasing globe power demands; sustainable renewable resources have to be 

industrialized. The technological development has encouraged the usage of alternative renewable sources like 

solar, wind, hydroelectric, and thermal. The automotive design should however much to improve in the area 

of energy utilization. From the previous research it is evident that 70% of the energy released from the fuel by 

an engine is lost, generally in the formof heat. There is approximate 25–30% of the energyengines produce 

dissipating in the form of exhaustloss energy [1].Even highefficiency present engines have merely 25 ~ 

50%thermal efficiency and the rest 50 ~ 85% of the fuel’s low heating values are dissipating into 

theenvironment in the form of heat transfer and exhaustgas enthalpy [2]. The heat is a good source of energy 

which is readily available, it has many applications. In the case of diesel locomotives when diesel undergoes 

combustion, large amount of heat is dissipated. However some percentage of heat is used in powering the 

engines where as rest liberates through the exhaust system, cooling system and other mechanical parts. 

Energy Type Power output 

(kW) 

Waste Heat 

Small air cooled diesel 

engine 

35  

 

30-40% of energy waste 

loss from IC engine 

Water air cooled engine 35-150 

Earth moving machineries 520-720 

Marine applications 150-220 

Truck and road engines 220 

Table-1 
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The researchers searched for ways to utilize this waste heat for useful energy. While working on it, they 

observed that on a daily basis, people use mechanisms that generally transform electricity into heat which 

deteriorate the disaster of globe warming. From this researchers emphasized on conversion of heat into 

electricity, From that technology of thermoelectric result was selected to be the methodology of this discover 

because of its principle that, if a closed route is made of two disparate metals and one junction is provided at a 

higher temperature than the other metal, the charge flows in motion constituting electric current that will flow 

as long as the difference of temperature is kept. This is named as the “Seebeck effect” [3]. 

Several studies tested and proven that thermoelectric mechanism can be utilized on transportation vehicles. 

With this, application of the thermoelectric module devices becomes a resolution for this problem. From those 

studies, they believed of applying the thermoelectric device on transportation vehicle was proven viable. 

 

2. Literature Review 

Seebeck Effect 

According to Seebeck finding, if you positioned a temperature difference across the junction of two different 

conductors, electrical current would flow. The effect is shown below in the Fig.2.1  

 

                                                              Fig.2 Seebeck effect 

The most important fact while discussion of thermoelectric impacts and gadgetsis the Seebeck impact [4]. 

Seebeck impact is the change of temperature differenceinto an electric current. 

The potential difference V however may be represented as mathematically, 

V=αT …..(1) 

  T=  -  ….. (2) 

α – Seebeck coefficient (µ V/K) 
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The sign is sure if the electromotive power tends to drive an electric current through a wire from the hot 

intersection to the cold intersection.  

By and by, one infrequently measures the outright Seebeck coefficient in light of the fact that the voltage 

meter dependably peruses measures the total Seebeck coefficient between wires A and B. The outright 

Seebeck coefficient must be ascertained from the Thomson coefficient [5]. 

With present day procedures, thermoelectric "modules" can now be created utilizing semiconductors that 

convey productive strong state heat-pumping for both cooling and warming. A down to earth thermoelectric 

Peltier module for the most part comprises of two or more components of n-and p-sort doped semiconductor 

material, which are associated electrically in arrangement and thermally in parallel [6]. A significant number 

of these units can be utilized to create DC power in extraordinary circumstances, for example, transformation 

of waste warmth into helpful power. New and regularly superb utilizations for thermoelectric keep on being 

produced every day [7].  

 

Figure 4 

Figure 4 above outlines how n-and p-sort semiconductors sandwiched in the middle of warmth and cooling 

sources, used to make the Seebeck impact [8]. The warmth would push both the negative and positive charges 

being conveyed descending, and make an electric current moving in a clockwise bearing through the 

semiconductors around the circuit [9]. 

Peltier Effect 

Peltier, then again, discovered that on emitting current through two disparate electrical conduits, brought 

about warmth to be either discharged or consumed at the intersection of the materials. 

 

 

 

 

 

 
 

 

 

 

 

Fig 5 Peltier effect 
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Significance of the study: 

By the end of study, the thermoelectric arrays can share the current generation in the rail bogies which may be 

used for operation of different electrical components like fan, lights and mobile charging port. Hence the load 

can be minimized of the existing power generation systems such as generator vans in high end trains and 

rating of the alternators may also be reduced. 

Also this study will determine that thermoelectric system may reduce the load of power generation system like 

generator and alternators which further reduce the load of the engine thereby making the fuel consumption of 

engine more efficient. With these applications of thermoelectric we may conclude that thermoelectric system 

is an alternative to power generation which is renewable and an opportunity to observe that potential energy 

that may be harvested from waste heat. 

Gaurav Gupta et al in their paper “style for a mechanical device less system” designed and tested a star 

hopped-up space air conditioning. to make a thermoelectrical cooler, hot junction is placed outside and cold 

junction is placed within. varied parameters of thermoelectrical module like hot face ttemperature, cold facet 

temperature, quantity of warmth to be absorbed, and in operation temperature distinction should be thought of. 

This paper helped America in heat load calculations. [10][11]. The proposed systems disadvantage is the high 

initial cost. The initial cost of the system should be low in comparison to other commercial air conditioning 

systems as it should be economical to public. 

Thermoelectric generator (TEG) is one innovation that has a colossal potential with regards to using parts of 

this waste warmth vitality source [11]. A TEG is a strong state gadget that changes over a warmth stream 

straightforwardly into electric vitality with no moving parts. It is additionally effectively adaptable to any size, 

and can be used likewise for lower temperature waste warmth recuperation purposes. On the negative side, 

TEG innovation is still not completely created and today arrangements have entirely low productivity (~5%) 

and are yet extremely costly. Yet, this is going to change.  

The thermoelectric business sector overall is accepted to be a multibillion USD industry inside 2023 [12], 

where three fundamental regions of utilizations is seen; waste warmth recuperation frameworks in autos, 

remote sensor applications and other shopper applications. The fundamental test now is up-scaling the 

generation procedures of known thermoelectric materials to bring down the cost. It is trusted that this 

development will likewise open up different regions advantageous for thermoelectric vitality reaping, 

particularly for waste warmth recuperation purposes. 

Waste heat from engines 

Waste heat is only unused heat that is generated as a byproduct of combustion or chemical reaction, and then 

“exhausted” into the nature however it could yet be reused for a little functional and economic purpose. 

Across engine run period, there are four sources of available unused heat from a reciprocating engine: exhaust 

gas, engine jacket cooling water,and turbocharger cooling aredissipated to the atmosphere.Some of the arena 

of an internal combustion engine from where heat flows into the environment are shown in the fig 1. 

 

Power
38%

Air after cooler
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FIG.1: AMOUNT  OF HEAT DISSIPATED FROM ENGINE
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The Table 2 explains that the temperature of waste gases from different process equipments is in the medium 

temperature range. Many of the unused or the waste heat of reciprocating internal combustion engine lies in 

this temperature range.[13] 

Type of Device Temperature,  

Steam boiler exhaust 230-480 

Gas turbine exhaust 370-540 

Reciprocating Engine exhaust 315-600 

Reciprocating Engine exhaust 

(turbo charged) 

230-370 

Heat treating furnaces 425-650 

Drying and baking ovens 230-600 

Catalytic crackers 425-650 

Annealing furnace cooling system 425-650 

Table 2: Typical waste heat at medium temperature range from various sources. 

 

4. Persistent problem 

The rail network is growing day by day and number of the passenger is also increasing hence the rail engines 

are also increasing. However the earlier design of the rail is becoming inefficient and unacceptable due to 

depletion of the fossil fuels.From the research of [14], modern internal combustion engines have maximum 

efficiency of 40% and the remaining 60% of the energy obtained from the burning fuel is believed to be 

unused energy. Also the exhaust gases coming from the engines are contributing to global warming. To 

combat with the future problems,an intensive research and experimental study on waste heat recovery from 

vehicles using thermoelectric modules wasdeveloped concentrating on the investigation on its power 

generation so that it may reduce load of the rail and cut down its pollution in environment. 

Objectives: 

1. This project tried to design the thermoelectric array in the rail engine, which is capable to provide free 

energy to rail bogies. 

2. Locate the optimal place of the placing thermoelectric modules in order to provide maximum energy 

generation. 

3. Conservation of fossil fuel by cutting down the load of the existing generators and alternators in the 

engines. Thereby, increasing the fuel mileage of rail engines. 

4. Minimizing the environmental pollution 

Scope and Delimitations: 

This study during the project covers following only: 

1. Designing of thermoelectric array but not creating the said thermoelectric device. 

2. Power generation illustration by a project model by the running of 1.5 V fan and simultaneously showing 

the voltage reading in a multimeter. 

3. A subsequent calculation is made for applying the thermoelectric module setup on other systems. 

4. The environment condition was fair during the recording of the readings. 

 

5. Methodology - design 

As we know that train travels at a significant speed, by running of train there is exhaust heat or waste heat 

from the engine and due to power supply in the high end trains like Rajdhani, Shatabdi, and etc generator vans 
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are used. By generator vans also there is much of waste heat or exhaust heat. We are placing thermoelectric 

modules at such places and illustrating that this waste heat is transformed into useful heat.  

The project is on utilization of waste heat for useful energy. We have incorporated this idea in a rail engine 

and generator vans in the high end rails. We focused on the rail engine and placed thermoelectric modules on 

the rail engines. We developed a prototype of rail engine with wooden board. The heat source is supplied with 

the help of iron and fan is used to produce the cooling effect. We demonstrate by running of 1.5 Volts fan; 

however we have also placed multimeter which shows how many voltage of electricity is produced.  

The design is made such a way that maximum waste heat is extracted. The placement of the thermoelectric 

modules is on the exhaust fins of the rail engine. The temperature near the exhaust fins of the rail engine is 

high enough to heat the hot side of thermocouple. An aluminum cage fins is used in our prototype for 

increasing the cooling temperature.  

Heat Losses Sources from the rail engine: 

 

 

            Fig 2 

In figure 2  

A,B,C shows the exhaust of the diesel engine. 

 

Fig 3 

In figure 3 the working diesel engine and with  arrow indicate waste heat 
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Thermoelectric module placement on the engine: 

 

Fig 4 

The figure 4 shows the outline where the thermocouple will be placed.  

Thermoelectric Module must be placed in such a way that it receives proper thermal heat from the engine 

exhaust side and cool air from the other side. In figure 12 placement of a thermoelectric module is illustrated. 

 

      Fig 5 

The thermocouple receives the heat from the engine and cool effect from the passing air, the passing air has 

lower temperature in comparison to the other side of the thermocouple. The orientation of thermocouple is 

illustrated in figure 5. 

 

6. Design modules 
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7. Calculation 

We have employed a formula for finding out the seeback coefficient of a couple as : 

    N =  
∝ or  Seeback  Coefficient

Seeback  coeeficient  of  a couple
      …… (3)   

Where : 

 ∝ = Seeback Coefficient of a single thermoelectric module  

 N = Total couples present in thermoelectric module 

According toTEC1-12706 datasheet, there are 127 couples in one module 

For Bismuth Telluride, 

Seeback coefficient of p-type = 80𝜇𝑉 𝐾  

Seeback coefficient of n-type = -80𝜇𝑉 𝐾  

Note : The negative sign depicts the n-type semiconductor. 

So, for a couple of p-type and n-type, 

TheSeeback coefficient would come out as : 

      = ( 80𝜇𝑉 𝐾  +  80𝜇𝑉 𝐾)  

      = 160 𝜇𝑉 𝐾  

Now, if a module of 127 couples have a Seeback coefficient of 160 𝜇𝑉 𝐾 , 

What will be the Seebackcoeeficient of a single couple of p-type and n-type. 

From equation number, we could derive that 

 Total number of couples of module = 
𝑆𝑒𝑒𝑏𝑎𝑐𝑘𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑜𝑓𝑠𝑖𝑛𝑔𝑙𝑒𝑐𝑜𝑢𝑝𝑙𝑒 (𝛼)

𝑆𝑒𝑒𝑏𝑎𝑐𝑘𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑜𝑓𝑡 𝑒𝑚𝑜𝑑𝑢𝑙𝑒
 

So, for the value of α, i.e. Seeback coefficient of a couple : 

α = Total number of couples ×Seeback coefficient of the module 

  α = 127 × (1.6 × 10
-4𝑉 𝐾)  

  
α = 0.02032 𝑉 𝐾  

To find the potential difference for a single thermoelectric module, we have used Equation No. 3    , 

Voltage supplied by a thermoelectric module =  

Seeback Coefficient of a single thermoelectric module × Temperature difference between the two surfaces, 

i.e. cool and hot 

      𝑉 =  𝛼 ×  ∆𝑇   …… (1) 

By convention we have assumed the ambient temperature = 27℃ 

In thermal science, actual ambient temperature is 25 ℃, but we have taken in our calculations ambient 

temperature as 27 ℃ : 

 Since the application of our model is around heat exhausts, so the surrounding temperature would be 

little above the rest of the atmosphere. We have taken ± 2℃, considering it. 

 This 27℃ will help in our calculations very effectively as most of see back coefficients are given in 

absolute temperature terms. So, to get absolute ambient temperature in Kelvin scale we have to add 

27+273=300K. 

For Prototype Voltage Calculations 

 

   V = (SB – SA) (TH – Tc)           ……. (4) 

Where : 

 V= Potential difference supplied by the prototype 
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 SA=Seeback coefficient of one surface in contact 

 SB= Seeback coefficient of second surface in contact 

 TH = Temperature of the hotter side in Kelvin scale 

 TC = Temperature of the cooler side in Kelvin scale 

First, we are considering our model without any additional metal strips. These additional metal strips will 

increase the see back coefficient of the whole prototype. So we are thus eliminating the Sa part of above 

equation. 

Since only material involved is just Bi2Te3we would consider the Seeback coefficient of only Bi2Te3, which is 

equal to 20mV/k ≈ 0.02𝑉/𝐾. 

Temperature of our Exhaust (Iron Plate) = 197℃ = 470K 

Temperature of ambient = 27℃ = 300K 

So, 

    V = (SB – SA) (TH – Tc)  …… (4) 

V = 0.02032 (470-300) 

V = 3.4544 V 

Secondly, by employing different metallic strips which will increase the see back coefficient of the whole 

model. 

Proposed Metallic Strips to Be Installed In Actual Model 

We are considering some metals and metalloids. Depending upon the research and findings we would approve 

the usage of it in the actual model. So, let’s start with the metals and metalloids which form a thermoelectric 

compound Bi2Te3. 

Bismuth 

An atomic number of 83 post transition metal, melting point of approximate 270℃.Its property of low 

conductivity adheres it to be a nice recommendation as well as the physical state changes beyond 260℃ ++ 

temperatures. 

We could only recommended this metal for industrial use if and only the temperature range is well below its 

melting point i.e. approximate of 260℃ 

Bismuth Sbe = -0.0734 mV/K    …… (5) 

Prototype voltage with aluminum installed on it  

SAl = -1.8microvolt/K              ……. (6) 

From (5) and (6) ,Keeping in mind the assumptions and the temperatures, 

V = 0.02050(170) 

V = 3.485 

In Diesel Locomotive, normally, the exhaust of diesel engine lies in between 540℃ –650℃, we have taken it 

to be around 600℃. According to Fedoror, the seeback coefficient of Bi2Te3increases with increase in 

temperature. Over 400℃, the seeback coefficient value rises from 0.02mV/K to 0.025mV/K, which though 

looks small in numerical terms, but gives a larger impact as it gets add up to the series battery configuration. 

At an exhaust temperature of 600℃, i.e.  800K, the potential difference given by our setup amounts to: 

S (Bi2Te3) = 0.025mV/K 

V = 0.025 (800-300) 

V = 12.5 V 

If the exhaust temperature rises to a value of 650℃, this potential difference will enormously rise upto the 

value of 15.575V. 



  
 
 
 

221 Gaurav Gupta, Syed Nasir Haider, Abhishek Tiwari, Kushagra Manas and  Shyam Krishna Kumar 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 5 

May 2016       

5. Conclusion 

The free electricity is generated, which is renewable. This project has pointed for significantly reduction of the 

diesel or fuel consumption in running of generators and therefore pollution is also reduced. This concept is 

environment friendly. The alternative form of energy helps in reduction of loads of generators and alternators 

which may lead to increase in the net average speed of the train by reduction of load. 

The arrangement of thermoelectric module is illustrated for greater output. The free form of energy helps in 

reduction in consumption of fuel and more important reduces the toicity in the environment.  

 

6. References 

1.  Z.S. Shang, P.L. Li, “Practical Technique of Heat Pipes”, Publisher of Chemical Industry, Beijing, 1988. 

2. K.T. WOJCIECHOWSKI, M. SCHMIDT and R.ZYBALA, “Comparison of Waste Heat Recovery fromthe Exhaust 

of a Spark Ignition and a Diesel Engine”,Journal of Electronic Materials, vol.39, pp.2034-2038,2010. 

3.  Rowe, M. D., Thermoelectric Waste Heat Recovery as a Renewable Energy Source, International Journal of 

Innovations in Energy Systems and Power, 1 (2006), 1, pp. 13-23 

4.  Morelli, D. T. 1997 Thermoelectric devices. In: Trigg G L, Immergut E H (eds.) Encyclopedia of Applied Physics. 

Wiley-VCH, New York, Vol. 21, pp. 339–340  

5. Lee, HoSung, “Thermal Design: Heat Sinks, Thermoelectrics, Heat Pipes, Compact Heat Exchangers and Solar 

Cells”, 2010. 

6. Ferrotec Corporation. “Thermoelectric Modules”, 2009 

7. Tellurex Corporation, “The Most Frequently Asked Questions About Thermoelectric Cooling” 2006. 

8.  Whyte, D., “Icy Hot Electricity: The Thermoelectric Effect”, 2009 

9.  Pnakovich, Alan, “ A Study of the Seebeck and Peltier Thermoelectric Effects”, American Heritage School, 

Plantation, Florida, 2009. 

10. A.K.  Yadav, Shatrughan Singh and Gaurav Gupta,(2014)“ design for a compressorless  system”,IJARI, Current 

Issue (2014 Volume 2, Issue 2). 

11. Gaurav Gupta, Gaurav Gattani , Jerin Samuel , Rakshit Ratan and Shivank Bhardwaj “unconventional energy harness 

: a review on developments of solar power based multipurpose refrigerator “, IJTESR, vol 3, issue 4, p 246-252 

12. Rowe, D.M., Thermoelectric Waste Heat Recovery as a Renewable Energy Source. International Journal of 

Innovations in Energy Systems and Power, 2006. 1(1).  

13. Zervos, H., Thermoelectric Energy Harvesting 2013-2023: Devices, Applications, Opportunities, 2013, IDTechEx.   

14. D.A.Reay, E & F.N.Span, Heat Recovery Systems,London, 1979. 

15. Stuban, Norbert et al, “Utilization of Exaust Gas Thermal Energy – Theoretical Investigation”, Budapest University 

of Technology and Economics, 2010. 


