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ABSTRACT
In present scenario, developing countries like India, whose energy majority demand is being generated by regular
conventional coal based thermal power plant. Coal based thermal power plant solely accounts 76.5% of total energy
generated in India as per commissioned capacity of power plant till 31st December 2017. Due to hike in prices of coal, its
high carbon foot print and limited coal stocks, it is necessary to restrict the consumption of coal in order to tackle the
rising power needs of the nation. However in India having a huge population load, the use of coal as the primary source
of energy cannot be ignored. In order to achieve sustainable development, the best way is to increase the efficiency of
present thermal power plant. In general, loss of energy in thermal power plant is nearly about 45-55% of total energy
generated, out of which major losses occurs as thermal loss. Thermal loss that occurs through flue gases accounts to
41.76% of total energy generated by a 210MW plant running at load of 189MW, which is equal to 78.94MW. The aim of
this paper is to investigate a method to recover a major portion of this wasted energy, which otherwise goes unused via
hot flue gases by the use of Thermoelectric Generator. Another objective of this paper is to suggest a suitable position to
install thermoelectric generator inside the thermal power plant. As thermoelectric generator requires a hot junction
along with a cold junction, which itself needs energy to maintain its cool temperatures. So the installation of
thermoelectric generator has been suggested in this paper at a place inside thermal power plant, as it would be provided
with a continuous temperature gradient without use of any extra energy sources to maintain the temperature difference.
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INTRODUCTION TO THERMAL POWER PLANT
Normal thermal power plant works on the principle of conversion of heat energy to Electricity. This
conversion includes so many intermediate stages of processes. Thermal power plants are of many types
depending on the type of fuel it is using. This paper mainly concentrates on the power plant, which uses coal
as fuel. The real time data is taken in this paper is from a 210MW unit of a power plant. Coal based power
plant is mainly classified in three basic types. First is subcritical thermal power plant, second is critical
thermal power plant and third is supercritical thermal power plant. This classification is basically based on
pressure of steam on which the turbine is working. This paper concentrates on subcritical type of thermal
power plant. Basic ideology of its working is that coal gets burnt into a boiler, which is the closed chamber
with lots of water filled tubes in presence of forced air. Water in the tube gets converted into steam with high
pressure. Those small tubes combined to one big tube called main steam pipe. That main steam pipe opens to
the turbine and in result turbine blades rotates. Turbine blades is coupled with generator shaft, so as in result it
also gets rotated and electricity is generated.

Coal in the boiler needs air, which is forced inside it by primary air fan. Burnt fuel in the presence of air
turned into flue gases along with fly ash. Flue gases get induced by induced-air fan via air-preheater and get
blown into the chimney. Primary air fan pumps fresh air toboiler, which also get passed via air-preheater.

Air-preheater transfer residual heat of flue gases to the fresh air going inside boiler.
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Fig 1: Flue-Gas scheme and water

INTRODUCTION TO THERMOELECTRIC GENERATORS
Thermoelectric generator works on the principle of Seebeck effect in which heat is directly converted into
electricity. Best benefit of thermoelectric generator is that it can be used with low-grade heat source of even
on temperature less than 200oC.

The thermoelectric generator currently available is designed for working of life of more than 20 years. The
main reason of its long life is that it doesn’t have any moving parts so there are no chances of mechanical
failure.

Basic principle behind thermoelectric generator is Seebeck effect, which was discovered in 1821 and as stated
as: “whenever there is temperature difference between two junctions in a loop, made up of two dissimilar
conductors, thermal electromotive force is produced in the loop”. Such a loop is known as thermoelectric and
shown in the figure below. The effect is more pronounced in thermocouple formed with P type and N type
semiconductor materials. In N type material, current flows in the direction of heat flows E.M.F. produced is
proportional to temperature gradient between two junction the power produced P is;

P = Qh – QL = I2RL

Where QH = Heat flow rate into hot junction

QL= Dissipated heat flow rate to cold junction.

TH= Temperature of hot junction

TC= Temperature of hot junction
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Fig 2: Energy flow diagram of thermoelectric generator.
OBJECTIVE
Energy conversion efficiency of conventional coal based thermal power plant is very low of around 33% to
48% as in every type of heat engine; efficiency is limited and governed by laws of thermodynamics.
Remaining energy is lost in thermal power plant. Losses of energy in thermal power plant are of many types.
Amongst them the major is of heat losses. Heat losses also occurred at many stages of processes in thermal
power plant like heat losses in condenser, heat losses in cooling tower, heat losses in flue gases etc. Majority
of heat losses is from flue gases and this paper concentrate on the recovery of some part of that heat losses
only.

Nowadays in coal based conventional thermal power plant, use of air-preheater is common in order to increase
the efficiency. It uses the heat ofoutgoing flue gases to heat up the incoming fresh air coming into the boiler.
This preheats the coal before getting ignited into the boiler and it bridges the gap of ignition temperature of
coal and normal available stocked coal. By this method less energy is required to ignite fresh coal Input and
majority of it can be used to heat water in the boiler.

There are still some flaws in the use of air preheater too.

(a) For its operation, it itself uses energy to rotate desiccant wheel with the help of motor of 11 kilowatt. It is
done in order to maintain a regulate rate of heat transfer from flue gases to fresh incoming air to the boiler as
fresh air cannot be heated above a certain level as it may pre-ignited in the pulverizeritself.

(b)Flue gases going out from air preheater are still headed to a temperature around 320oC. We can still utilize
the heat of its due to its Dew Point temperature.

Here in this paper, method of calculation of dew point temperature is done by A.G.Okkes calculation method.

Using A.G. OKKES calculation methods to calculate due point temperature.

Where,

Tsld= Flue gas acid dew point temperature

PH2O=Partial pressure of water vapour in flue gas

PSO3=Partial pressure of SO2 gas in flue gas

Reason of using this method is because it considered the amount of converted Sulfur trioxide (SO3) from
Sulfur dioxide (SO2), which ultimately reacts with water vapour present in the flue gases to formSulfuric acid
(H2SO4), which is very corrosive in nature.As in near future due to planning of installation of Selective
catalytic reactors (S.C.R.), the concentration of SO3 will change and in result the dew point Temperature will
also get changed.

tsld =10.8809 + 27.61g PH2o
+10.831g Pso3 +1.06(1g Pso3 + 2.9943)2.19
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After calculation by above method Dew Point found in 95.64oC. So the energy from 320oC to 95.64oC goes to
waste.

This paper proposes to replace the air-preheater with thermoelectric generator. There will be lots of benefits
for this as follows

(a) We do not have to supply energy in order to operate air preheater that is 11 kilowatt.

(b) For temperature regulation of air-preheater outlet, the cold primary air pipe is bifurcated before entering
into the air-preheater and rejoins the heated primary air pipe after it passes through air-preheater as shown in
figure 3. Continuous regulation of mass flow rate of air in between cold primary air and hot primary air is
maintained in order to get desired outlet primary air temperature. This is done in order to limit the temperature
of primary air so that coal does not get ignited in pulverizer itself.

Fig 3: Current arrangement of air-preheater.
Using thermoelectric generator in place of air-preheater will remove the use of cold primary air bypass line
and need of its continuous regulation of mass flow rate as shown in figure 4.

Fig 4: Replacement of Air-preheater by Thermoelectric generator.
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(c) The energy getting lost after air preheater from flue gases can also be utilized.

CALCULATIONS
(1) Calculation of flow of flue gasses
Data taken by operational unit of 210MW running at 189MW

Table 1. Mill loading

MILL NAME LOADING IN TONS PER HOUR (T.P.H.)

MILL A 0

MILL B 0

MILL C 64

MILL D 61

MILL E 63

MILL F 60

Table 2. Primary Air Fan loading
PRIMARY AIR FAN NAME LOADING IN TONS PER HOUR (T.P.H.)

P.A. FAN-A 380

P.A. FAN-B 405

By mass balance equation i.e total input is equals to output,
The mass flow rate of flue gasses = Total mass of fuel and air getting combusted in boiler
So by using this concept
Total flow of flue gasses= total coal flow+ total primary flow (data taken from table1 and table2)
= (64+61+63+60) T.P.H. + (380+405) T.P.H.=1033 T.P.H. --(1)
(2) Heat accepted by hot side of Thermo-electric leg
By Heat transfer formula
QH = M* . CP F/G . (T1 – T2)
Where
M* = Total flow of flue gasses = 1033 T.P.H. (from equation 1)
CP F/G = Heat capacity of flue gasses = 2.78933 x 10-4 MW/tonnes.oC
T1 = Temperature Of Flue Gasses After Boiler = 324 OC
T2 = Temperature Of Flue Gasses dew point = 95.64 OC
So QH = 1033 x 2.78933 x 10-4 x (324-95.64)

= 65.79914MWHrs - - (2)

(3) Heat rejected by hot side of Thermo-electric leg
By Heat transfer formula
QC = M# . CP AIR . (T4 – T3)
M# = Total flow of P.A. FAN A and P.A. FAN B = 785 T.P.H. (from table 2)
CP AIR = Heat capacity of air = 2.7989x 10-4 MW/tonnes.oC
T4 = Temperature Of Primary air which can go inside pulverizer = 263OC (design constraint)
T3 = ambient air temperature = 40OC
So QC= 785 x (2.7989 x 10-4) x (263-40)

= 48.84MWHrs - - (3)
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(4) Calculation Of Energy Available For Thermo-electric Generator
Pelec= QH-QC=65.7991-78.84 = 16.9591 MWHrs- - (4)     (equation 2 – equation 3)
Where
Pelec = energy which can be generated by thermo-electric generator (under suitable conditions)

16.9591MWHrs is the energy available for use when plant is at 189MW of load.

This is 8.97% of total load.

CONCLUSION
Considering a thermoelectric generator, which can provide the mentioned efficiency of 8.97% at above
provided temperature difference and other external conditions can produce 16.9591MWHrs of energy, thus
increasing the overall efficiency of thermal power plant.

FUTURE WORK
In order to recover the expected energy, a future work can be performed to develop a thermoelectric material
with suitable figure of merit (ZT).
As
η = ηcarnot[({√(1+ZT)}-1)/( {√(1+ZT)}+{TL/TH})]
where
ZT = (α2T/KR)
T = (TH+TC) / 2
α= Seebeck coefficient
TH= Temperature of hot side
TC= Temperature of cold side
η = Efficiency of thermoelectric generator
ηcarnot = Carnot efficiency

REFERENCES
[1] Stecanella, P.A., Faria, M.A., Domingues, E.G., Gomes, P.H., Calixto, W.P. and Alves, A.J., 2015, June. Eletricity

generation using thermoelectric generator-TEG. In Environment and Electrical Engineering (EEEIC), 2015 IEEE
15th International Conference on (pp. 2104-2108). IEEE.

[2] Champier, D., 2017. Thermoelectric generators: A review of applications. Energy Conversion and
Management, 140, pp.167-181.

[3] Peter, A.J.D., Balaji, D. and Gowrishankar, D., 2013. Waste heat energy harvesting using thermo electric
generator. IOSR Journal of Engineering (IOSRJEN) Vol, 3, pp.01-04.

[4] Haidar, J.G. and Ghojel, J.I., 2001. Waste heat recovery from the exhaust of low-power diesel engine using
thermoelectric generators. In Thermoelectrics, 2001. Proceedings ICT 2001. XX International Conference on (pp.
413-418). IEEE.

[5] Fleurial, J.P., 2009. Thermoelectric power generation materials: Technology and application
opportunities. Jom, 61(4), pp.79-85.

[6] Dalala, Z.M., 2016, April. Energy harvesting using thermoelectric generators. In Energy Conference
(ENERGYCON), 2016 IEEE International (pp. 1-6). IEEE.

[7] Min, G. and Rowe, D.M., 2002. Recent concepts in thermoelectric power generation. In Thermoelectrics, 2002.
Proceedings ICT'02. Twenty-First International Conference on(pp. 365-374). IEEE.

[8] Liu, C., Chen, P. and Li, K., 2014, February. A 1 KW thermoelectric generator for low-temperature geothermal
resources. In Proceedings, Thirty-Ninth Workshop on Geothermal Reservoir Engineering, Stanford University,
Stanford, California.

[9] Sztekler, K., Wojciechowski, K. and Komorowski, M., 2017. The thermoelectric generators use for waste heat
utilization from conventional power plant. In E3S Web of Conferences(Vol. 14, p. 01032). EDP Sciences.

[10] Remeli, M.F., Kiatbodin, L., Singh, B., Verojporn, K., Date, A. and Akbarzadeh, A., 2015. Power generation from
waste heat using heat pipe and thermoelectric generator. Energy Procedia, 75, pp.645-650.

[11] Cheng, M.T. and T, H.Z., 2015. Calculation and analysis of acid dew-point temperature in coal-fired boi-ler gas.



626 Prashant Singh, O.P. Pandey

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

[12] Högblom, O. and Andersson, R., 2014. Analysis of thermoelectric generator performance by use of simulations and
experiments. Journal of Electronic Materials, 43(6), pp.2247-2254.

[13] Hammond, G.P. and Spargo, J., 2014. The prospects for coal-fired power plants with carbon capture and storage: A
UK perspective. Energy Conversion and Management, 86, pp.476-489.

[14] Cai, D., He, G., Tian, Q. and Tang, W., 2014. Thermodynamic analysis of a novel air-cooled non-adiabatic
absorption refrigeration cycle driven by low grade energy. Energy Conversion and Management, 86, pp.537-547.

[15] Park, J.D., Lee, H. and Bond, M., 2014. Uninterrupted thermoelectric energy harvesting using temperature-sensor-
based maximum power point tracking system. Energy Conversion and Management, 86, pp.233-240.

[16] Mohtasham, J., 2015. Renewable Energies. Energy Procedia, 74, pp.1289-1297.
[17] Coskun, C., Oktay, Z. and Ilten, N., 2009. A new approach for simplifying the calculation of flue gas specific heat

and specific exergy value depending on fuel composition. Energy, 34(11), pp.1898-1902.


