
IJSRD - International Journal for Scientific Research & Development| Vol. 2, Issue 03, 2014 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 769 

Energy And Exergy Analysis Of Boiler In Thermal Power Plant 
Piyush D Dudharejiya

1
 Professor  H. A. Vaidya

2
 

1
PG Student 

2
Assi. Professor 

1,2
Mechanical Department G.E.C 

1
Valsad 

2
Surat 

 
Abstract---In industries, Engineers are continuously being 

asked to improve the processes and to increase Efficiency. 

These requests may arise as a result of the need to increase 

profitability or to accommodate capital limitations. This 

work provides methods for increasing efficiency of power 

plant and industry that generate electricity from coal, gas or 

crude oil. It is very well conversant that all these energy 

sources are conventional kind and to be depleted in near 

future. In India, the most of electricity generation is from 

coal based power plant. Energy analysis is a part of solution 

to save losses in energy and maximize available work.  

I. INTRODUCTION 

The efforts are put up in this work to optimize the 

performance of component, recover maximum amount of 

work using energy and exergy analysis. Exergy analysis can 

help to detect where the Exergy losses occur. Exergy 

analysis provides mean to evaluate the degradation of 

energy during process, entropy generation, the lost of 

opportunity to do work and thus provides an alternative 

approach for improvement of power plant performance. The 

Energy and Exergy analysis of Wanakbori thermal power 

station is taken up. The total generating capacity of this 

plant is 1470 MW. The plant consists of seven units each 

unit having capacity to produce 210 MW. The data for 

energy and exergy analysis is collected from plant. The 

results of exergy analysis show that maximum exergy losses 

occur in boiler, turbine and heater while the maximum 

amount of exergy loss is found in boiler. Possible causes of 

losses are identified and conclusion is made on state of each 

component and that by overall plant. 

II. ENERGY ANALYSIS 

In thermal power plant, energy conservation is one of the 

most important works to do in plant of most of industry 

which are dealing with generating energy or first low 

efficiency of the plant. By energy analysis, one can estimate 

the flow of energy in the plant and so of to balance the 

energy of the system. Balance of energy means input and 

output of energy from particular component of the power 

plant, by energy balance one can find that which component 

of the plant is more efficient and in which component 

consumption of more energy is occurring. So from energy 

analysis, one can rectify the component efficiency in which 

maximum losses are calculated. In case of thermal power 

plant, there are three main components which are boiler, 

turbine, and condenser. By energy analysis of these 

components, one can recover maximum losses of energy in 

the system. Boiler is a component where water gets 

converted into the steam. Now this steam is extracted in 

turbine from which one the power is generated. There are 

three types of turbine namely High Pressure Turbine (HPT), 

Intermediate Pressure Turbine (IPT), Low Pressure Turbine 

(LPT). Condenser is also an important component where the 

low pressure steam is converted into water by the help of 

cooling tower. The analysis of energy consumption or first 

law efficiency of the plant is discussed here. 

III. CALCULATION PROCEDURE 

The theoretical basic cycle for simple steam turbine power 

plant is the Rankine cycle which is closed loop cycle. 

Modern power plant uses the Rankine cycle modified to 

include superheating, regenerative feed water heating and 

reheating. In this study, plant there is also reheat; 

regenerative type of system is in working. In T-S diagram as 

per the plant, there are six time extraction of steam, two 

extraction from HPT and four extractions from LPT. From 

figure, one can do easily mass as well as enthalpy balance 

and the extraction of mass. This is calculated in this chapter 

later. 

 
Figure 1.1 Feed Water & Steam Flow Diagram 

Figure 1.1 shows schematic representation of plant from 

coal pulverization to electricity Generation, in which there is 

flow of main stream, reheated steam and bled steam is 

indicated with red, pink and blue dotted line respectively. 

From this diagram, it can be seen that the flow of feed water 

from boiler and steam from turbine and condenser. The 

green line indicates feed water flow and violet indicate 

condenser cooling water. For energy analysis we have use 

cycle tempo software from which we found energy balance 

of system and input and output energy of particular 

component as well as efficiency of the each main 

component like boiler, turbine, condenser etc. as well as 

overall plant efficiency. 

 

Fig. 1.2: H-s diagram 
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Figure 1.2 shows water/steam property diagram of the system 

we can also see in this graph enthalpy and entropy value at 

various temperature and pressure in the plant. As we have use 

the cycle tempo and EES software above figure 4 is obtained 

from cycle tempo which is used to energy and exergy analysis 

of thermal power plant. Figure 5 shows T-s diagram of our 

plant in which at various temperature we can see entropy and 

enthalpy value in the system. Here our plant is running on 

Rankine reheat regenerative cycle so for it first low efficiency 

can be found as follows. Energy balance for a system with 

steady state yields, Ein = Eout + E loss  

Availability equation shall yield,  

Availability in = (Availability output + Availability 

loss + Availability destruction due to Irreversibility) 

Mathematically (by first law)  

Efficiency η = Energy out (= Output) / Energy in 

                  η = (Energy input – Energy loss) / 

Energy input 

                 ηB=ms(hghf)/mf*G.C.V.....(1) 

Equation (1) gives boiler efficiency by inserting subsequent 

data in equation. Fig 4 and 5 shows H-s and T-s diagram of 

simple Rankine reheat regenerative cycle. In which we can 

easily see compression and expansion process of the system. 

A. Boiler Efficiency: As earlier defined in equation 1 boiler 

efficiency can be calculated by equation 1 

ηB  =  ms(hg – hf) / mf *G.C.V  =  82.3 % 

Figure 1.3 T-s Diagrams 

Table. 1.1: Efficiency of Boiler 

Component Boiler 

Inlet temperature 283 

Inlet pressure 164.7 

Outlet temperature 360 

Outlet pressure 164.7 

Efficiency 82.3 

Figure 1.4 shows sankey diagram of energy losses in 

wanakbory thermal power plant. From this figure we can 

easily show that maximum energy losses occur in condenser 

which is found near about 34 to 38% while cycle losses and 

boiler losses are 15.4% and 9.3% and other losses are 

friction losses and other losses occur which is found 5% 

found and net electric output is found 30 to 37% found by 

calculation.  

 

Fig. 1.4: Sankey diagram 

The Wanakbori thermal power plant is analyzed 

using the above relations noting that the environment 

reference temperature and pressure are 298.15 K and 1 

atmospheric, respectively. The energy balance of the power 

plant is presented in Table 1.1. It is seen that boiler 

efficiency is 82.3%. While overall plant energetic efficiency 

is found 30.67%.  Other losses of energy occur in heater and 

other auxiliary component which are negligible.  The energy 

balance also reveals that two thirds of the fuel energy is lost 

in the condenser and carried out into the environment. Thus 

it is concluded that the efficiency of the plant can be 

increased by reducing energy losses mainly in condenser by 

taking proper step in plant. 

IV. EXERGY ANALYSIS 

Exergy, which enables us to articulate what is consumed by all 

working systems, whether they are  man-made  systems  such  

as  thermo-chemical  engines  and  electricity-driven  heat 

pumps or biological systems such as microbes, plants, and 

animals including the human body.  This  article  focuses  

especially  on  its  application  to  describing  building  heating 

and cooling systems. When  we  use  such  expressions  as  

"energy  consumption",  "energy  saving",  and  even "energy 

conservation", we implicitly refer to "energy" as intense energy 

available from fossil fuels or from condensed uranium. But, it is 

confusing to use one of the most well-established  scientific 

terms,  energy,  to  mean  "to  be  conserved"  and  "to  be  

consumed" simultaneously.  This is  why  we  need  to  use  the  

thermodynamic concept, Exergy, to articulate what is 

consumed. The  use  of  the  Exergy  concept  in  describing  

various  heating  and  cooling  systems, whether they are 

passive or active, would enable us to have a better picture of 

what low-temperature-heating and high-temperature-cooling 

systems are.  

So the general definition “Exergy is the maximal work, 

attainable in given reference state without generalized friction. 

In the closed system energy is conserved but Exergy is 

destroyed due to generalized friction.” 

V. DESCRIPTION OF A SYSTEM AS AN EXERGY-ENTROPY 

PROCESS 

Let us assume a building environmental control system such as 

lighting, heating, or cooling systems. Energy and matter are 

supplied into the system so that it works. The 10 inputs are 

exactly the same as the outputs under steady-state conditions. 

This is due to the law of energy and mass conservation. If it is 

so, why do not we reuse the energy and matter as output 

directly? This very fundamental question in terms of life was 

once asked by Schrödinger some fifty years ago (Schrödinger, 

1945). If we could have used the wasted energy and matter, 

most of the so-called energy and environmental problems would 

have been already solved. 

 

 

 

Fig. 1.5: Energy, Exergy and Entropy concept 
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Fig.1.5 Energy, exergy, and entropy flow in and out a 

building envelope system. The amounts of energy flowing in 

and out are the same under thermally steady-state condition 

according to the law of energy conservation; on the other 

hand, the amount of entropy flowing out is larger than 

flowing in according to the law of entropy increase. The 

amount of exergy flowing out is smaller than flowing in, 

since exergy is consumed within the system to produce 

entropy. 

VI. WHERE EXERGY IS LOST? 

Have a look at the Sankey-Grassman diagram for Exergy 

flow in the conversion of coal into electricity at an ordinary 

coal-fired power plant. The Exergy of coal in the depth is 

assumed as 100%. It is a national reserve, which should be 

consumed most efficiently. In a coal mine with the work 

expenditure to crash and elevate coal, first 6% of Exergy are 

lost. Then the coal should be enriched, i.e. the rest of the 

rocks should be separated. Here some work is needed and 

some coal is lost, which forms the Exergy losses of 4%. 

Enriched coal is delivered to the power plant; next 3% of 

Exergy are lost due to mechanical friction in transport. 

When the coal is burnt at the power plant we see the greatest 

Exergy losses 43% is lost in combustion and thermal 

friction, when heat is transferred from combustion gases by 

1600 °C to steam at 600 °C (temperature drop of 1000 °C) 

Expanding steam drives the turbine coupled with the 

electrical generator, which produces electrical power. Here 

10% of Exergy are lost due to mechanical friction in turbine 

(steam over a wall, journal bearings) and electrical friction 

in the generator. Exergy losses in the steam condenser are 

also present, they are small because the temperature of 

condensed steam is very close to ambient (reference point). 

In an electric line then about 3% of initial Exergy are lost 

entirely due to electrical friction. In total, only 31% of coal 

Exergy is delivered to a consumer of electricity. Here the 

power plant efficiency (34%) refers to the coal in depth. If 

relate it to the amount of coal, delivered to the site of power 

plant, it is 0.34/0.87 = 0.39. Exergy losses are disguised 

indeed, especially its destruction due to thermal friction. 

Total Exergy consist of four types of Exergy chemical 

Exergy, physical Exergy, kinetic and potential Exergy.                  

Ε = εKE+εPE+εPh.+εCh. 

Where, εKE and εPE are Exergy due to velocity (or) kinetic 

energy and Exergy due to potential energy respectively. εph 

is physical Exergy i.e. Exergy due to temperature difference 

and pressure difference with respect to the reference point 

and εch is chemical Exergy (i.e. due to reactions). In the 

present analysis, it is assumed that the Exergy due to kinetic 

energy and potential energy are negligible. 

A. Reversible work and irreversibility: 

1) The surrounding work:  

Word done by or against the surroundings during a process 

.It cannot be recovered or utilized.  It is equal to: 

Wsurr = P0 (V2 – V1) 

2) The useful work:   

Is the difference between the actual and surroundings work: 

Wu = W – W surr = W – P0 (V2 – V1) 
 

Work done by (gain) or against (loss) atmospheric pressure 

has significance only for systems whose volume changes 

during the process 

3) Reversible Work (Wrev) :   

The maximum amount of useful work that can be produced 

(or minimum work that need to be supplied) during a 

process. When the final state is the dead state, the reversible 

work equals exergy. 

4) Irreversibility (I):   

Difference between reversible work and useful work 

expressed as: 

I = Wrev.out – Wuout  

Irreversibility can be viewed as wasted work potential or 

lost opportunity.  The performance of a system can be 

improved by minimizing the irreversibility associated with 

it. The first law does not take into consideration the quality 

(makes no reference to the best possible performance). To 

overcome this deficiency, a second law efficiency  II  is 

defined as:  

η   
                

             
 

CALCULATION PROCEDURE 

As explained in above section we are going to calculate 

Exergy at various state of the plant figure below indicate the 

schematic representation of the plant and also we indicated 

point where we have to find out Exergy of the system. As 

we discussed earlier total Exergy consist of physical Exergy 

as well as chemical Exergy. There are some fundamental 

equations which are very useful to calculate the physical and 

chemical exergy of the system are 

Ech = ∑ Xk ek(ch) +־ŘT0 ∑ Xk ln Xk 

Also it’s given by                     

 Ech = m ech/M 

      ∑    
    ̅  ∑           

Where Ech = Chemical Exergy in kJ/kmol 

Xk= Component  percentage in substance  

ek(ch) = Std. chemical molar Exergy kJ/kmol 

Ř = gas constant 

T0 = atm. temperature in Kelvin 

  = percentage of component in substance 

Physical exergy is given by  

Eph = m [ ( h1-h0) – T0 (s1 – s0) ] /M    

Where  

m = mass flow rate of stream in kg/s 

h = enthalpy of substance kJ/kg 

s = entropy kJ/kmol k  

M = molecular weight of substance  

Etotal = Eph + Ech  

Physical Exergy of Water Stream  

Enthalpy and Entropy of water can be obtained by 

hw (T,P) = hf(T) + vf(P- Psat) 

Sw (T, P) = Sf (T) 
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5) Physical Exergy of Steam Stream 

a) Superheated steam:                

hs (T) = hf + L +cps(Tsup – Tsat)    

   

Ss (T) = Sf + (Sg – Sf) +cps loge (Tsup / Tsat)   

   

b) Saturated steam:                      

hs (T) = hf + L      

    

Ss (T) = Sf + (Sg - Sf)     

   

c) Wet steam: 

hs (T) = hf + xvL     

   

Ss(T) = Sf +xv (Sg - Sf)    

  

By calculating h, h0, S, S0 and putting in equation 

of physical and chemical exergy of a particular stream at 

any location can be obtained. By using cycle tempo software 

we have found exergy at various points of this plant and also 

optimization done by EES software as we earlier explained 

about it. Here we are going to discuss exergy calculation 

procedure of some component like coal, air etc. which are 

made of many composition. So exergy of this component is 

calculated by different method using JANAF table. 

Now physical exergy of coal can be found by using 

following relation. Coal consist of C, H2,  N2, O2 and S now 

to find exergy of component we have to take enthalpy 

values from property table of coal component which is 

shown in Appendix A. 

Coal consist of  C = 44.47%, H = 3.08%, N = 

1.83%, S = 0.5%, O2 = 5.84 

Eph = m [(h1-h0) – T0 (s1 – s0)] / M 

       = 27 [4058 – 298.15(9.838)] / 12     

       = 0.2499MW 

    ∑    
    ̅  ∑            

 [     
          

         
       

       
  

          
  

    {                 
              
                    }] 

= 188.96 MW 

ETOTAL= Ech + Eph= 189 MW 

Similarly for primary and secondary air we can 

calculate physical and chemical Exergy taking data from 

property table. Primary and secondary air consist of N2 = 

77.48%, O2 =20.59%, CO2= 0.03%, H2O = 1.9% 

  Enthalpy and entropy value of primary and 

secondary air are calculated in appendix B and C from that 

value putting in equation A & B 

Eph = m [(h1-h0) – T0 (s1 – s0)] / M  

       = 14.22 MW 

Ech is zero for air so 

 ETOTAL=Ech + Eph= 14.22 MW  

Similarly flue gasses consist of O2 = 7%, CO2 = 

12%, CO = 0.002%, N2 = 77.48%, H2O = 0.4% 

From this data we can find enthalpy and entropy 

value from property table which is shown in Appendix D 

Eph = m [ ( h1-h0) – T0 (s1 – s0) ] / M 

       = 43.76 MW  

    ∑    
    ̅  ∑             

       = 0.924 MW 

 ETOTAL= Ech + Eph = 44.68 MW  

    Component Boiler 

Temperature 350 

Pressure 164.7 

Exergy destroyed 66.61 

Exergetic efficiency 52.75 

Table. 1.2: Detail of Exergetic efficiency of Boiler 

Now to calculate exergy of overall plant we have 

use EES software and Cycle Tempo software programming 

prepared using EES is as follows to get result of overall 

plant. 

In order to carry out exergy analysis detail steam 

property, mass, energy and exergy balance for unit are 

conducted. For these calculation specific enthalpy h and 

specific entropy s are due to difference between temperature 

and pressure of the streams. This means exergy input of 

each component is calculated by difference between two 

streams. The exergy of each component were calculated by 

assuming that component is in open system and there are 

only physical exergy associated with material stream. 

Table shows the result of analysis of Boiler of plant 

at 210 MW capacities. Exergetic efficiency and exergy 

destroyed in each component also calculated. Referring 

Table 4 in column 4 shows exergy destroyed in each main 

component of the plant. Exergy destroyed in turbine, 

condenser, and heater are small as compared to exergy 

destroyed in boiler. From analysis we can say that maximum 

exergy destroyed in boiler is 66.61% which is large amount 

as compared to other component. Overall plant exergetic 

efficiency was found 30.60%. The large exergy losses are 

due to combustion reaction and large temperature difference 

during heat transfer between combustion gasses and steam. 

Other factor that may be contribute to high amount of 

irreversibility tube fouling, defective burner, fuel quality, 

valve steam strap air heater fouling. Inspection of this 

equipment should carry out during boiler outage. 

Table 1.2 shows exergy destroyed in the system 

and exergetic efficiency of particular component. From 

Table 1.2 we can see the column 4 & 5 where Exergy 

destruction is indicated in percentage from which we can 

take decision that in which component Exergy losses are 

more and rectifying step should be taken in power plant to 

recover that losses. From these losses, we can draw diagram 

which indicates Exergy losses of the system, which is 

known as Grassmann diagram. Generally from Grassmann 

diagram we can understand various component losses of any 

system. We had also drawn Grassmann diagram of the 

system which is shown in fig. 
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Fig. 1.6: Grasmann diagram 

Figure shows the Grassmann diagram of the system 

in which various major losses are indicated. From 

Grassmann diagram we can see where the maximum exergy 

losses occur in the plant and how much percentage losses 

occur in the component.  
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