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Abstract— In thermodynamics, exergy of a system is the 

maximum useful work possible during a process that brings 

the system into equilibrium with a heat reservoir. In case the 

surrounding is the reservoir, exergy is the potential of a 

system to cause a change as it achieves equilibrium with its 

environment. Exergy, in other words, is the energy that is 

available to be used. As energy analysis is based on the First 

law of Thermodynamics, it has some inherent demerits like 

not accounting for properties of the system environment, or 

degradation of the energy quality through dissipative 

processes. Also, it doesn't characterize the irreversibility of 

the processes within the system. In contrast, it characterizes 

work potential of the system. This is when the exergy 

analysis comes into play. It represents a good standard to 

estimate the maximum obtainable work from a given form 

of energy using the state of the surrounding as reference 

point. Exergy analysis, however, isn't a substitute for first 

law analysis. Rather, it is a supplement. Various researchers 

have conducted a thermodynamic analysis of a subcritical 

boiler-turbine generator under varying parameters of 

pressure, temperature and flow rate, in order to determine 

the ways to enhance plant efficiency. Also, the data on 

exergy loss distribution manifests that boiler and turbine 

irreversibilities account for the highest exergy losses in the 

power plant. Therefore, efforts at improving the power plant 

performance should be directed at improving boiler 

efficiency, since this will lead to maximization of plant 

efficiency. Another scholar, in his research, found that 

sliding pressure operation is better than constant pressure 

operation at part loads due to reduced throttling losses at 

part-load operation. Also, a large reduction in rate of exergy 

destruction has been observed for turbine. Hence, turbine 

should be operated at varying pressure at part load in order 

to maximize its efficiency. 
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I. INTRODUCTION 

Power generation industry plays the major role in the 

economic growth of the any Country. Now, 80% of total 

electricity in the world is approximately produced from 

fossil fuels (coal, petroleum, fuel-oil, natural gas) fired 

thermal power Plants. The total power generating capacity 

of India are 163304.99MW (Feb 2014), out of that coal fired 

thermal power plants have the generation 

capacity140723.39MW and natural gas fired thermal power 

plants have the generation capacity of 20359.85MW and 

reaming 22580MW include Gas and Diesel plant[CEA- 

2014] [2]. 

The general energy supply and environmental 

situation requires an improved utilization of energy sources. 

Complexity of power generating units has been increased 

considerably. There is increasing demand of strictly 

guaranteed performance, which requires thermodynamic 

calculation of high accuracy. The most commonly used 

method for evaluating the efficiency of an energy 

conversion process is the first law analysis. The First Law of 

Thermodynamics deals with the amounts of energy of 

various forms transferred between the system and its 

surroundings and with the changes in the energy stored in 

the system. It treats work and heat interactions as equivalent 

forms of energy in transit and offers no indication about the 

possibility of a spontaneous process proceeding in a certain 

direction. The first law places no restriction on the direction 

of a process, but satisfying the first law does not ensure that 

the process can actually occur. This inadequacy of the first 

law to identify whether a process can take place is remedied 

by introducing another general principle of second law of 

thermodynamics. However there is increasing interest in the 

combined utilization of the first and second laws of 

thermodynamics, using such concept as exergy analysis, 

entropy generation and irreversibility (exergy destruction) in 

order to evaluate the efficiency with which the available 

energy is consumed [3]. 

The method of exergy analysis is based on second 

law of thermodynamics and the concept of irreversible 

production of entropy. The fundamentals of the exergy 

method were laid down by Carnot in 1824 and Clausius in 

1865. The energy related engineering systems are designed 

and their performance is evaluated primarily by using the 

energy balance deduced from the First law of 

thermodynamics.  Engineers and scientists have been 

traditionally applying the First law of thermodynamics to 

calculate the enthalpy balances for more than a century to 

quantify the loss of efficiency in a process due to the loss of 

energy. The exergy concept has gained considerable interest 

in the thermodynamic analysis of thermal processes and 

plant systems since it has been seen that the First law 

analysis has been insufficient from an energy performance 

stand point [4]. 

To assist in improving the efficiency of boiler, their 

thermodynamic characteristics performances are usually 

investigated. Boilers are normally examined using energy 

analysis but better understanding is attained when a more 

complete thermodynamic view is taken, which uses the 

second law of thermodynamics in conjunction with energy 

analysis via exergy methods. Efficiency is one of the most 

frequently used terms in thermodynamics, and it indicates 

how well an energy conversion or process is accomplished.  

Efficiency is also one of the most frequently misused term 

in thermodynamics and often source of misunderstanding 

this is because efficiency is often used without being 

properly defined first (Cengel and Boles, 2006) [2]. 

Exergetic analysis is a useful tool for more efficient 

use of energy because it enables the locations type and true 

magnitude of wastes and losses to be determined. Another 

term describing the same is Available Energy or simply 

Availability. “Exergy is maximum useful work obtained 

from the system at a given state in a specified 

environment”.Exergy is based on second law of 
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thermodynamics which has proved to be very powerful tool 

in optimization of complex thermodynamic system. For any 

thermodynamic system energy supplied is equal to work 

done plus heat rejected ,in this work done term is referred as 

the Exergy (available energy) and heat rejected is referred as 

unavailable energy. An exergy analysis usually aimed to 

determine the maximum performance of the system and 

identify the sites of exergy destruction. Exergy analysis of a 

complex system can be performed by analyzing the main 

sites of exergy destruction shows the direction for potential 

improvements [3]. 

A. Types of Exergy 

The exergy efficiency of the boiler may be defined in two 

ways. The first one is the physical exergy and the second 

one is the chemical exergy. In this study the kinetic and 

potential part of exergy are negligible. The chemical exergy 

of fuel is computed from the stoichiometric combustion 

chemical reactions. The chemical exergy is associated with 

the departure of the chemical composition of a system from 

its chemical equilibrium which is important in processes 

involving combustion. 

 
Fig. 1: Types of exergy [2] 

B. Different between Energy and Exergy [2]: 

1) Energy is ability to produce motion. 

2) Energy is always conserved in a process. 

3) Exergy is always conserved in a reversible process, 

but is always consumed in an irreversible process. 

4) Energy is never destroyed during a process, it 

changes from one form to another. 

5) Exergy is destroyed by irreversibilities. The destroyed 

exergy has been called Anergy. 

6) Exergy can be regarded as property of the system 

environment combination because it is measure of 

the departure of the state of system from that of 

the environment. 

7) Energy is find out using first law efficiency. 

8) Exergy is find out using second law efficiency. 

II. LITERATURE REVIEW 

The literature on various investigations using exergy 

analysis based on second law analysis high pressure steam 

boiler. 

Mehmet Kanoglu et al. In 2007 [5] conducted the 

“Understanding energy and exergy efficiencies for improved 

energy management in power plants” in which various 

energy and exergy-based efficiencies used in the analysis of 

power cycles. Vapor and gas power cycles, cogeneration 

cycles and geothermal power cycles are examined, and 

consideration is given to different cycle designs [5]. 

S.K.Som et al. In 2008 [6] “Thermodynamic 

irreversibility and exergy balance in combustion processes.” 

pointed out that, in almost all situations, the major source of 

irreversibility is the internal thermal energy exchange 

associated with high temperature gradients caused by heat 

release in combustion reactions and the primary way of 

keeping the exergy destruction in a combustion process 

within a reasonable limit is to reduce the irreversibility in 

heat conduction [6]. 

R. Saidur in 2010 [7], “Energy, exergy and 

economic analysis of industrial boilers” Conceptualized 

about Energy, exergy and economic analysis of industrial 

boilers,  Energy and Exergy efficiencies are found to be 

72.46% and 24.89%,combustion chamber is major source of 

exergy destruction and major losses through flue gases. 

Variable speed drive (VSD) used in boiler fan motor for 

energy saving [7]. 

P. Regulagadda et al, in 2010 [8], “Exergy analysis 

of a thermal power plant with measured boiler and turbine 

losses” conducted thermodynamic analysis of a subcritical 

boiler–turbine generator for a 32 MW coal-fired power plant 

and concluded that the boiler and turbine irreversibility yield 

the highest exergy losses in the power plant compare with 

highest energy losses in condenser. Plant is designed to 

operate with an air cooled condenser that shows 

environmental benefits since the water consumption is 

reduced and also the water rejection from the power plants 

is reduced [8]. 

Ankit Patel et al, in 2012 [9] Energy And Exergy 

Analysis Of A Boiler With Different Fuels Like Indian 

Coal, Imported Coal And L.S.H.S. Oil Compare different 

types of coal like Indian coal, Imported coal, Mixture of 

both(60% imported+40%indian) and L.S.H.S Oil and 

conclude that first law efficiency is 76.54%, 83.03%, 

80.60%, and 88.20% respectively and as well as Exergetic 

efficiency of the Boiler Plant are 37%, 37.7%, 37.8% and 

40.1% respectively [9]. 

Idehai O. Ohijeagbon et al, in 2012 [10], 

“Methodology for the physical and chemical exergetic 

analysis of steam boilers” energy and exergy efficiencies 

obtained for the entire boiler was 69.56% and 38.57% at 

standard reference state temperature of 250ᵒC for an 

evaporation ratio of 12 all the calculation were based on the 

analytical method [10]. 

Sarang j gulhane et al. In 2007 [11] “Exergy 

Analysis of Boiler In cogeneration Thermal Power Plant” 

concluded that boiler has exergy destruction at home load 

1.1 mw is around 83.35% and as load increases for highest 

load 5.6 mw the exergy destruction found to be 76.33% thus 

efficiency of 1st law and 2nd law increases with load, we 

have to work on the peak load for reduce the irreversibility 

[11]. 

Isam H. Aljundi (2009) [12] – is studied that the 

energy and exergy analysis of Al-Hussein power plant 

(396MW) in Jordan is presented. The performance of the 

plant was estimated by a component wise modeling and a 

detailed break-up of energy and exergy losses for the 

considered plant has been presented. It was found that the 

exergy destruction rate of the boiler is dominant over all 
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other irreversibility in the cycle. It counts alone for 77% of 

losses in the plant, while the exergy destruction rate of the 

condenser is only 9%.The real loss is primarily back in the 

boiler where entropy was produced.  Contrary to the first 

law analysis, this demonstrates that significant 

improvements exist in the boiler system rather than in the 

condenser. Exergy analysis provides the tool for a clear 

distinction between energy losses to the environment and 

internal irreversibility in the process. Exergy analysis is a 

methodology for the evaluation of the performance of 

devices and processes, and involves examining the exergy at 

different points in a series of energy conversion steps. With 

this information, efficiencies can be evaluated, and the 

process steps having the largest losses (i.e., the greatest 

margin for improvement) can be identified [12]. 

Kiran Bala Sachdeva and Karun (2012) [13] are 

determined that the magnitude, location and source of 

thermodynamic inefficiencies of thermal power plant. The 

first law of thermodynamics introduces the concept of 

energy conservation, which states that energy entering a 

thermal system with fuel, electricity, flowing streams of 

matter, and so on is conserved and cannot be destroyed. In 

general, energy balances provide no information on the 

quality or grades of energy crossing the thermal system 

boundary and no information about internal losses. By 

contrast, the second law of thermodynamics introduces the 

useful concept of exergy in the analysis of thermal systems. 

Exergy is a measure of the quality or grade of energy and it 

can be destroyed in the thermal system. The second law 

states that part of the exergy entering a thermal system with 

fuel, electricity, flowing streams of matter, and so on is 

destroyed within the system due to irreversibility. The 

exergy losses in the turbines are due to the frictional effects 

and pressure drops across the turbine blades as well as the 

pressure and heat losses to the surroundings. Hence the First 

law analysis (energy analysis) cannot be used to pinpoint 

prospective areas for improving the efficiency of the electric 

power generation. However, the Second law analysis serves 

to identify the true power generation inefficiencies occurring 

throughout the power station.  This paper has presented the 

results of energy and exergy analysis performed in a steam 

power plant.  From the energy analysis, the overall plant 

energy losses are calculated as 68%.The results of the 

exergy indicate that the boiler produces the highest exergy 

destruction [13]. 

M.A. Ehyaei, A. Mozafari and M.H. Alibiglou  

(2011) [14] are presented that the exergy, economic & 

environmental analysis of Shahid Rajaee gas turbine power 

plant in Iran. Also a new function is proposed for system 

optimization that includes the social cost of air pollution for 

power generating systems. The new function is based on the 

first law efficiency,  energy cost and the external social cost 

of air pollution for an operational system. In the present 

paper, the following specific contributions could be 

considered from this study results obtained in Shahid Rajaee 

power plant: 

 Entropy production, exergy and economic analysis of 

gas turbine power plant with inlet air cooling. 

 Development of a computer program code in 

FORTRAN language which can be applied for 

simulation of any type of gas turbine with and without 

fogging system in the inlet 

air cooling. 

 Calculating electricity production costs for two cases of 

with and without fogging system, with considering the 

cost of 

environmental impacts from economical view point. 

 Economic activity and environmental conditions are 

related. Production and consumption may pollute the 

environment, and at the same time the state of the 

environment may affect the production capacity. Thus, 

studying external cost of air pollution should be handled 

within an integrated model. So that, in economic 

analysis of these systems, external cost of air pollution 

is considered.  The economic aspect of these effects is 

called internalized external cost of air pollution [14]. 

Mali Sanjay D and Dr. Mehta N S (2012) [15] are 

observed that the energy and exergy analysis method for 

thermal power plant and analysis carried out on 125 MW 

coal base thermal power plants is presented.  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. Energy analysis presents 

only quantities results while exergy analysis presents 

qualitative results about actual energy consumption. In this 

analysis shows exergy efficiency is less at each and every 

point of unit equipments. Also presents major losses of 

available energy at combustor, super heater, economizer and 

air-pre heater section. In this article exergy efficiency, 

exergy destruction and energy losses comparison charts are 

also define. The definite value of thermal energy can only be 

obtained by a qualitative or exergy analysis of its 

conversion, transport and distribution. 

 It has been observed that Exergy efficiency is lower 

than Energy efficiency it has been observed that APH, 

Super heater and economizer (heat exchanger) are main 

parts that contributed loss of exergy. 

 It has been found that 47.43% exergy loss occur in 

combustor (furnace) which shows combustor is not 

fully adiabatic and combustion may not be complete. It 

is due to the irreversibility within the combustion 

process. This study pin points that the combustor 

requires necessary modification like refractory 

(insulation) modification to reduce exergy destructions 

thereby plant performance can be improved. 

 The major energy destruction occurs in the heat 

recovery system which leads to inefficient heat transfer 

between hot stream (flue gas) and cold stream (water & 

air).It indicates heat exchanger system need to be 

carefully inspected [15]. 

Marc A. Rosen, Ibrahim Dincer and Mehmet 

Kanoglu (2008) [16] are studied that the use of exergy is 

described as a measure for identifying and explaining the 

benefits of sustainable energy and technologies, so the 

benefits can be clearly understood and appreciated by 

experts and no experts alike, and the utilization of 

sustainable energy and technologies can be increased. 

Exergy can be used to assess and improve energy systems, 
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and can help better understand the benefits of utilizing green 

energy by providing more useful and meaningful 

information than energy provides. Exergy clearly identifies 

efficiency improvements and reductions in thermodynamic 

losses attributable to more sustainable technologies. Exergy 

clearly identifies efficiency improvements and reductions in 

thermodynamic losses attributable to green technologies. 

Exergy can also identify better than energy the 

environmental benefits and economics of energy 

technologies. Thus, exergy has an important role to play in 

increasing utilization of green energy and technologies [16]. 

III. EXERGY ANALYSIS OF BOILER [3] 

Exergy of fuel is given by the equation: 

Ԑf = 34183.16(C) + 21.95(N) + 11659.9(H)
+ 18242.90(S) + 13265.9(O) 

Exergy of feed water can be calculated by the relation 

Ԑw = (Cpw × (Tw − T0) − T0 × LN(Tw/T0)) 

Exergy of air supply can be calculated by the relation 

Ԑa = (Cpa × (Ta − T0) − T0 × LN(Ta/T0)) 

Exergy of steam formed can be calculated by the relation 

Ԑs = ((h − h0) − T0 × (S − S0)) 

Exergy of flue gases can be determined by 

Ԑg = (Cpg × (Tg − T0) − T0 × LN(Tg/T0)) 

Total irreversibility in the steam boiler is given by 

Ib = (Ԑa + Ԑw + Ԑf) − (Ԑs + Ԑg) 

Where, CCp  Specific heat at constant pressure in KJ/Kg-K 

Cpg  Specific heat of gas in KJ/Kg-K 

Ԑf  Exergy of fuel in KW. 

Ԑw  Exergy of water in KW 

Ԑa  Exergy of air in KW 

Ԑs  Exergy of steam in KW 

Ԑg   Exergy of flue gas in KW 

Tw  Temperature of feed water 

T0   Reference temperature. 

Ta Temperature of air 

Tg Temperature of flue gas 

h Enthalpy of steam 

Ib  Irreversibility in boiler. 

IV. CONCLUSIONS 

Energy analysis give only quantities result while energy 

analysis presents qualitative result about actual energy 

consumption. Exergy analysis gives entropy generation, 

irreversibility percentage exergy loss and second law 

efficiency.  Exergy is maximum theoretical useful work at 

dead state that may be received from energy in a system of 

ideal machines. In addition, exergy methods are useful in 

assessing which improvements are worthwhile, and should 

be used along with other pertinent information to guide 

efficiency improvement efforts for steam power plants. 

The second law analysis, on the other hand, 

concludes that combustion chamber is the main source of 

irreversibility, thereby making maximum exergy destruction 

in the boiler. This may owe to the factors such as improper 

insulation,entropy generation and incomplete combustion in 

the subsystem. Thus exergy loss or irreversibility is 

maximum at boiler. As a result, efforts at improving the 

performance of the power plant should be directed at 

improving the boiler performance, since this will lead to the 

largest improvement to the plant’s efficiency. 

The material capability study and exergy study on 

various component of boiler can be the scope of the study, 

with the passage of time the technology getting matured and 

new material with higher capacity heat transfer rate like heat 

pipe and thermo sypon is used ,the data designer of the 

boiler can redesign the boiler with efficient auxiliary devices 

The exergy analysis showing that an improvement 

of the power plant efficiency leads to a meaningful 

improvement of the overall performance. 

REFERENCES 

[1] Tanya Sinha, Vipul Vibhanshu ‘Exergy Analysis of 

Coal Fired Thermal Power Plant: A Reiew" Vth 

International Symposium on “Fusion of Science & 

Technology”, New Delhi, India, January 18-22, 2016. 

[2] Vijay.D. Shimpi, Mr. Mandhata Yadav, “Energy and 

Exergy Analysis of high Pressure steam Boiler” 

International Journal of Advance Research in 

Engineering, Science & Technology(IJAREST), 

Volume No.2, Issue No. 5, May- 2015. 

[3] M. K. Pal, Anil Kumar and H. Chandra “Energy And 

Exergy Analysis Of Boiler And Turbine Of Coal Fired 

Thermal Power Plant” International Journal of 

Engineering Research & Technology (IJERT), Vol. 2 

Issue 6, June - 2013. 

[4] Adithya Rao, Anish S, Chirag Raj, Vijaykumar. G. Tile, 

“Exergy Analysis and IGCC Plant technology to 

improve the efficiency and to reduce the emission in 

thermal power plant- a review", International Journal of 

Research in Engineering and Technology, Volume: 03 

Special Issue: 03 May-2014. 

[5] Mehmet Kanoglu, “Understanding energy and exergy 

efficiencies for improved energy management in 

power plants, Elsevier, Energy Policy 35 (2007) 3967– 

3978. 

[6] S.K Som al. In 2008, “Thermodynamic irreversibility 

and exergy balance in combustion processes.” Elsevier, 

Progress in Energy and Combustion Science 34 (2008) 

351–376. 

[7] R.Saidur, “Energy, exergy and economic 

analysis of industrial boilers”, Elsevier, (Energy Policy 

– (2009) 2188–2197. 

[8] P. Regulagadda, “Exergy analysis of a 

thermal power plant with measured boiler and turbine 

losses” Elsevier, Applied Thermal Engineering 30 

(2010) 

970–976 

[9] Ankit Patel, “Energy and Exergy Analysis of a Boiler 

with Different Fuels like Indian Coal, Imported Coal 

and L.S.H.S. Oil” IJERT (Vol. 1 Issue 8, October - 

2012 ISSN: 2278-0181) 

[10] Idehai O. Ohijeagbon, “Methodology for the physical 

and chemical exergetic analysis of steam boilers” 

Elsevier, Energy 53 (2013) 153-164. 

[11] Sarang j gulhane, “Exergy Analysis of Boiler In 

cogeneration Thermal Power Plant” AJER (eISSN: 



A Review on Exergy Analysis of High Pressure Steam Boiler 

 (IJSRD/Vol. 5/Issue 08/2017/152) 

 

 All rights reserved by www.ijsrd.com 529 

2320-0847 p-ISSN: 2320-0936 Volume-02, Issue-10, 

2013, pp-385-392. 

[12] Isam H. Aljundi, “Energy and exergy analysis of a 

steam power plant in Jordan”, Applied Thermal 

Engineering 29 (2009) 324–328. 

[13] Kiran Bala Sachdeva and Karun, “Performance 

Optimization of Steam Power Plant through Energy and 

Exergy Analysis”, Current Engineering and 

Technology, Vol.2, No. 3 (2012) ISSN 2277 – 4106. 

[14] M.A. Ehyaei, A. Mozafari and M.H. Alibiglou,“Exergy, 

economic & environmental (3E) analysis of inlet 

fogging for gas turbine power plant”, Energy 36 (2011) 

6851–6861. 

[15] Mali Sanjay D and Dr. Mehta N S. “Easy Method 

of Exergy Analysis for Thermal Power Plant”, 

Advanced Engineering Research and Studies (2012) E-

ISSN2249–8974. 

[16] Marc A. Rosen, Ibrahim Dincer and Mehmet Kanoglu, 

“Role of exergy in increasing efficiency and 

sustainability and reducing environmental impact.” 

Energy Policy 36 (2008) 128–137. 


