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ABSTRACT: In this work, a thermodynamic analysis of a coal based thermal power plant has been carried out. The 
energy supply to demand narrowing down day by day around the world, the growing demand of power has made the 
power plants of scientific interest, but most of the power plants are designed by the energetic performance criteria 
based on first law of thermodynamics only. The real useful energy loss cannot be justified by the fist law of 
thermodynamics, because it does not differentiate between the quality and quantity of energy. The present study deals 
with the comparison of energy and exergy analysis of thermal power plants. 
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I. INTRODUCTON 
 
Exergy:-Exergy is related to a work potential of any system. Exact definition of Exergy In thermodynamics is, 
“Maximum Work obtainable from a system when it interacts with surroundings and comes to dead state.”  
Broadly speaking, there are two forms of energy in nature: (1) High grade energy (2) Low grade energy High grade 
form of energy is highly organized in nature and conversion of such energy to some other high grade form (W→W) is 
not of so important in thermodynamics.  
 

 
 
On the other hand, Conversion of high grade energy to low grade energy is not desirable. However, there may be some 
conversion to low grade energy as work is converted into other useful form. This is because of dissipation of heat due 
to friction (example: mechanical work → Electricity, some losses are there due to the friction in bearing of 
machineries).  
Thus both the first and the second law of thermodynamics are to be considered for analysis. Low grade energy such as 
heat due to combustion, fission, fusion reactions as well as internal energies are highly random in nature. Conversion of 
such form of energy into high grade energy (Q→W) is of interest. This is due to the high quality of organized form of 
energy obtained from low quality energy. Second law of thermodynamics dictates that conversion of 100% heat into 
work is never possible. That part of low grade energy which is available for conversion is termed as available energy, 
availability or exergy. The part, which according to the second law of thermodynamics, must be rejected is known as 
unavailable energy. 
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Importance of Exergy Analysis:-Let us take an example. In case of coal fired power plant, the first law indicates that 
the condenser greatly affects the power plant efficiency as large amount of heat is transferred to the cooling water 
without providing any clue on the real usefulness of this relatively low temperature fluid. Also, energy balances do not 
provide information about the internal losses such as throttling valve and heat exchanger. Second law or exergy 
balance, however indicates that there is hardly 1% exergy loss in the condenser with more than 60% in the boiler. The 
contribution in the boiler exergy loss accounts for irreversibility associated with combustion and finite temperature 
differences. Hence, analysis of exergy plays a deterministic role in identification of processes and rectifying the 
components.  
 

II. METHODOLOGY 
 
Calculation for second law efficiency:- 
Parameters 
Ψ in  = Exergy in (kJ/s)       
Ψout  = Exergy out (kJ/s) 
Second Law Efficiency = શ	ܑܖ		

	શܜܝܗ		
× 100 

Exergy Destruction = Ψ in − Ψout 
Ψ = h-T0S 
Where, h = Enthalpy of medium (kJ/kg) 
            T0 = Ambient Temperature (K) 
            S = Entropy of Medium (kJ/kg K) 
 

III. EXERGY ANALYSIS 
 
BOILER:-  
Ψ in  = εf + εpa +εsa       
Ψout = εg+ εsg  
Where,  
εf       = ṁf (hf)           KJ/sec 
εpa    = ṁpa(hpa-T0spa)       KJ/sec  
εsa    = ṁsa (hsa-T0ssa)        KJ/sec  
εg      = ṁg (hg-T0sg)          KJ/sec  
εsg    = ṁsg (hsg-T0ssg)       KJ/sec  
 

 ACTUAL PARAMETERS ON 55 MW 
ṁf  ṁpa  ṁsa  ṁg  ṁsg  

43.33  84.6  108.4  204.1  204.16  

hf  hpa  hsa  hg  hsg  

12561  333.66  317.58  518.54  720.29  

sf  spa  ssa  sg  ssg  

0.03  0.4  0.38  .412  118.3  
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AIR PREHEATER:- 

 
Ψin    = ṁg[(hgi-T0sgi) - (hgo-T0sgo)]  
Ψout = ṁpa[(hpao-T0spao) - (hpai-T0spai)]+ṁsa[(hsao-T0ssao) - (hsai-T0ssai)] 
 

 ACTUAL PARAMETERS ON 55 MW 
ṁg  ṁpa  ṁsa  

204.16  302  392  

hgi  hpai  hsai  

521.63  328.6  317.3  

hgo  hpao  hsao  

369.7  464.33  462.01  

sgi  spai  
 

ssai  

3.001  2.59  2.377  

sgo  spao  ssao  

2.71  2.96  2.947  
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CONDENSER:- 

 
Ψin     = ṁh[(hhi-T0shi) - (hho-T0sho)] 
Ψout  = ṁw[(hwo-T0swo) - (hwi-T0swi)] 
 

 ACTUAL PARAMETERS ON 55 MW 
ṁh  ṁw  

46.66  7448  

hhi  hwi  

2574.4  113.1  

hho  hwo  

167.5  142.4  

Shi  swi  

8.252  0.395  

sho  swo  

0.572  0.491  
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SUPER HEATER:- 

 
Ψin    = ṁg[(hgi-T0sgi) - (hgo-T0sgo)] 
ΨOut = ṁsup[(hsupo-T0ssupo) - (hsupi-T0ssupi)] 
 

 ACTUAL PARAMETERS ON 55 MW 
ṁg  ṁsup  

204.6  52.5 

hgi  hsupi  

928.20  2868.91  

hgo  hsupo  

615.33  3343.76  

sgi  ssupi  

0.971  4.260  

sgo  ssupo  

0.854  6.011  
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IV. RESULTS AND CONCLUSION 
Results:- 

Sr. NO  COMPONENT    EXERGY LOSS 
(%) 

1.  Boiler 
(Furnace)  

65.03  

2.  Ari preheater  53.94  

3.  Condenser  52.37  

4.  Superheater  64.19  
 
 

 
 

V. CONCLUSION 
 
There is a very vast difference between 1st and 2nd law efficiency. 
Highest 1st law efficiency is found in APH which equals to 85%. 
Lowest 2nd law efficiency is found in superheater which equals to 28.91%. 
Highest exergy loss occurs in Boiler While lowest exergy loss occurs in Condenser. 
As per 1st law criteria, APH is more efficient among all. 
As per 2nd law criteria, Condenser is more efficient among all.  
As we seen that boiler has more losses so by doing soot blowing operation we can increase the heat transfer and it also 
helps in increase its efficiency and due to which coal consumption decrease. 
So economical optimization of plant can achieve. 
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