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Abstract 
With passage of time demand of power has considerably 
increased and this has made power plants an interest for 
scientists. Earlier, most of the power plants are designed by the 
energetic performance criteria based on first law of 
thermodynamics only but loss of useful energy cannot be 
justified by the fist law of thermodynamics, as 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.  Exergy is the maximum theoretical useful work 
that may be received from energy in a system of ideal 
machines. It is clear that exergy is not stored in a single process, 
but may be destroyed due to irreversibility. In this method, it is 
possible to analyse each element of the cycle separately and to 
obtain the share of each one in total loss of the cycle. Exergy 
analysis provides a basis to estimate the degradation of energy 
during a process, the lost of opportunities to do work, the 
entropy generation, and provide a chance for improvement of 
performance of power plant. The primary objectives of exergy 
analysis are to analyze the system components separately and to 
identify and quantify the sites having the maximum energy and 
exergy losses. 

Keywords: Exergy, Energy, Boiler, Turbine, Condenser, 
Feed Pump, Power Plant. 

1. Introduction 
 
The name thermodynamics comes from the Greek words 
which mean heat in motion. These days same name is 
generally used to comprise all aspects of energy and 
energy transformations, as well as power generation, 
refrigeration, and relationships between the properties of 
matter. The First Law of thermodynamics deals with the 
amount of various forms of energy transferred between 
the system and its surroundings and simultaneously with 
the changes in the energy stored within the system. It 
treats work and heat interactions as alike forms of energy. 
It presents no idea about the chance of a spontaneous 

process happening in a certain direction. The first law 
places any restraint on the path of a process, but 
satisfying the first law does not guarantee that the process 
can actually occur. This inadequacy of the first law 
brings in a further general principle, the second law of 
thermodynamics.  The exergy method of analysis is 
based on the Second law of thermodynamics and the 
concept of irreversible production of entropy. The exergy 
methods primarily were laid down by Carnot in 1824 and 
Clausius in 1865. Z. Rant in 1956 proposed the term 
exergy, which has since been broadly accepted. Exergy  
analysis  presents  a  basis  to  estimate  the  degradation 
of energy during a process, the entropy  generation, the 
lost of opportunities to do work and offers  an  additional  
method  for  improvement  of power plant performance. 
To  evaluate  the  degradation  of  energy  during  a  
practice,  the  production  of  entropy  and  the  loss  of  
work  opportunities,  exergy  is  analyzed.  This  analysis  
provides  an  different  plan  to  make certain  superior  
performance  of  a power  plant.  
 
The design and performance of energy related 
engineering systems is estimated primarily by using the 
energy balance deduced from the First law of 
thermodynamics. First law of thermodynamics have been 
practically applied by engineers and scientists to estimate 
the enthalpy balances to quantify the efficiency lost in a 
process due to the energy loss. Since it has been seen that 
the First law analysis has been insufficient from an 
energy performance stand point the concept of exergy has 
gained considerable attention in the thermodynamic 
analysis of thermal processes and plant systems. Exergy 
analysis is based upon the second law of 
thermodynamics, which specifies that all macroscopic 
processes are irreversible. Since every irreversible 
process involves a non-recoverable loss of exergy. Every 
exergy loss causes a drop in the useful effect of a given 
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process. The analysis of exergy losses classifies 
possibilities for improving thermal processes and helps 
select a rational scheme for thermal systems. The desire 
to decrease the losses caused by friction is obvious; but 
the chances of reducing the losses due to irreversible heat 
transfer are not always obvious, since this can sometimes 
be accomplished by changing the scheme of a thermal 
plant. For example, in a combined power plant fitted with 
a coal boiler and gas turbine, the heat transfer exergy 
losses in the heat recovery boiler of the gas turbine can 
be reduced by shifting the steam superheater from the 
coal boiler to the heat recovery boiler of the gas turbine.   

2. Literature Review 
 
Exergy efficiencies are “real” or “true” efficiencies 
(Gaggioli and Petit (1977)) whether energy efficiencies 
are “approximations to real” efficiencies. Rezac and 
Metghalchi (2004) stated that the advancement in this 
direction began more or less in the 1930s. After   that 
many researchers have put their suggestion on exergy 
analysis (for e.g., Gaggioli and Petit 1977; Ahern 1980; 
Kotas 1985; Szargut et. al. 1988; Moran and Sciubba 
1994; Moran and Shapiro 2003; Szargut 2005 etc.). 
Presently,  a  number  of  researchers  such  as  Cengel  
and  Boles (2011);  Jones  and  Dugan (1996);   have 
selected the issue of “exergy analysis in thermal design” 
and have provided substantial quantity of literature on it. 
Bejan (2002) describes the fundamentals of the methods 
of exergy analysis and entropy generation minimization. 
The paper includes a review of the concept of 
irreversibility, entropy generation, or exergy destruction.  
 
Wunsch (1985) reported that the maximum combined-
cycle efficiency was reached when the gas-turbine 
exhaust temperature is higher than the one corresponding 
to the maximum gas-turbine efficiency. Also the 
efficiencies of combined gas–steam plants were much 
more manipulated by the gas-turbine parameters like 
maximum temperature and pressure ratio than by those 
for the steam cycle. Cerri (1987) singled out the 
parameters which most influence efficiency of the 
combined gas–steam plant, without reheat. In his analysis 
he further reported that if suitably designed, combined 
cycles exhibit a good performance, but expensive fuel 
must be utilized if the highest gas-turbine temperatures 
are used. Habib and Zubair (1992) examine  the  

performance  of  regenerative-reheat  power  plants  in  
terms  of irreversibility  analysis. The  decrease  in  the  
irreversible  losses  with  the  addition  of backward,  
cascade-type  feedwater  heaters  and/or  a  reheater are  
compared  with  a conventional  energy-balance  
approach.  The  results  shows  that  the majority  of  the  
irreversible losses  take place  in  the  boiler  and  that  
these  losses  are  significantly  reduced  by  the 
integration  of  feedwater  heating.  The  integration  of  
feedwater  heating  results  in  a reduction  of  the  total  
irreversibility  rate  of  the  cycle  by  18% which leads an  
improvement  in  efficiency  by 12%. By  the  
incorporation  of  reheat  in  addition  to  regeneration 
these  two  results  are  supplemented  to  24  and  14% 
respectively. Exergy analysis for various systems and 
determination of exergy losses at each process in the 
system is carried out by Moran and Sciubba (1994).  

For identifying the critical plant devices, considering 
several operating conditions a semi-closed gas turbine 
combined power plant is studied by Fiaschi et.  al.  
(1998) in terms of exergy balances and efficiency. 
Badran (1999) has concentrated on the improvements of 
parameters concerned with the performances of gas 
turbines (i.e. net work output, thermal efficiency, specific 
fuel consumption turbine and compressor efficiencies, 
compressor's inlet temperature and turbine's inlet 
temperature). Bilgen (2000) presents exergetic and 
engineering analyses as well as a simulation of gas 
turbine-based cogeneration plants consisting of a gas 
turbine, heat recovery steam generator and steam turbine. 
The first law efficiency is strongly related to the power-
to-heat ratio in a cogeneration plant. The efficiency is 
reduced around 40% when the power-to-heat ratio 
increases from 1 to 20. But, the second law efficiency is 
degraded only about 2% when the power-to-heat ratio 
increases from 1 to 20. Rosen (2001) presented results of 
energy and exergy based comparisons of coal-fired and 
nuclear electrical generating stations. The losses in both 
plants have common symptoms behind them such as 
energy losses associated with emissions contribute for all 
of the energy losses, but emission-related exergy losses 
are approximately 10% of the exergy losses. The other 
exergy losses are associated with internal consumptions. 
Kwak et al. (2003) peformed an exergetic and 
thermoeconomic analysis for a 500-MW combined cycle 
plant. An exergy costing method has been applied to 
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estimate the unit costs of electricity produced from gas 
and steam turbines. Laws of mass and energy 
conservation laws were applied to individual component 
of the system. Quantitative balances of the exergy and 
exergetic cost for each component, and for the whole 
system was carefully considered. For perfect exergy and 
cost balances of components as well as of the overall 
system, the exergy losses due to heat transfer and their 
corresponding cost losses for non-adiabatic component 
were also considered. Rosen and Dincer (2003) 
performed an exergoeconomic analysis of power plants 
that operate on various fuels. A relationship between 
capital costs and thermodynamic losses investigated. 

Khaliq and Kaushik (2004) presented a theoretical 
second law approach for the thermodynamic analysis of 
the reheat combined Brayton/Rankine power cycle. 
Results indicate that the exergy destruction in the 
combustion chamber represents over 50% of the total 
exergy destruction in the overall cycle. The combined 
cycle efficiency and its power output were maximized at 
an intermediate pressure-ratio and increased quickly up 
to two reheat stages and more gradually thereafter. Sue 
and Chuang (2004) conducted exergetic analyses of the 
plant for combustion gas turbine based power generation 
systems. Results show that an ambient temperature 
change from 15 to 30˚C decreases the efficiency by 1.5% 
the airflow mass and power density are decreased. A 
concept for natural-gas (NG) fired power plants with 
CO2 capture was investigated using exergy analysis by 
Ertesvag et al. (2005). The main purpose of the study was 
to investigate the integration of the reforming process and 
the combined cycle. Exergy analysis of a coal-based 
210MW thermal power plant with different load variation 
is explained by Sengupta et. al. (2007). In India exergy 
analysis of a coal-based thermal power plant is presented 
by using the design data from a 210 MW thermal power 
plant by Datta et al. (2007). The exergy efficiency is 
calculated using the operating data from the plant at 
different conditions, viz. at different loads, different 
condenser pres-sures, with and without regenerative 
heaters and with different settings of the turbine 
governing. It is examined that, the major source of 
irreversibility in the power cycle is the boiler, with an 
exergy destruction of about 60%. Simultaneously, it is 
also examined that part load operation increases the 
irreversibilities in the cycle and the effect is more 

pronounced with the reduction of the load. Srinivas et.  
al.  (2008)  analyzed  a  dual  pressure combined  cycle  
and  investigated  the  effect  of  steam injection  on  its  
performance. Wang et al. (2008) studied a relationship 
between the efficiency of the thermal power plant and the 
total process of irreversibility in the rotary air preheater 
using exergy analysis. For this, the effects of the 
variation of the principal design parameters on the rotary 
air preheater efficiency, the exergy efficiency, and the 
efficiency of the thermal power plant are examined by 
changing a number of parameters of rotary air preheater.  

Exergy analysis carried out on an operating 50 MWe unit 
of lignite fired steam power plant in India is studied by 
Ganapathy et al. (2009). The energy losses and the 
exergy losses of the each component of the plant are 
compared and results shows that the maximum energy 
losses of 39% occur in the condenser, whereas the 
maximum exergy losses of 42.73% occur in the 
combustor. Exergy analysis of a heat-matched bagasse-
based cogeneration plant of a typical 2500 tcd sugar 
factory is carried out by Kamate and Gangavati (2009), 
by using backpressure and extraction condensing steam 
turbine.  At optimal steam inlet conditions of 61 bar and 
475°C, the results show that the backpressure steam 
turbine cogeneration plant have energy and exergy 
efficiency of 0.863 and 0.307 and condensing steam  
turbine plant have energy and exergy efficiency of 0.682 
and 0.260. With energetic and exergetic viewpoint Erdem 
et al. (2009) comparatively analyze the performance of 
nine conventional reheat steam power plant fed by low 
quality coal nine thermal power plants under control 
governmental bodies in Turkey. In order to make more 
comprehensive evaluations design point performance 
analyses based on energetic and exergetic performance 
criteria such as thermal efficiency, exergy efficiency, 
exergy loss, exergetic performance coefficient are 
performed for all considered plants. Aljundi (2009) used  
exergy  analysis  to  identify  and  quantify  the 
components  having  largest  energy  and  exergy  losses  
in a steam power plant. Kamte and Gangavati (2009) 
presented an exergy analysis of a heat-matched bagasse-
based cogeneration plant of a typical 2500 tcd sugar 
factory, using backpressure and extraction condensing 
steam turbine.  The results show that, at optimal steam 
inlet conditions of 61 bar and 475˚C, the backpressure 
steam turbine cogeneration plant perform with energy 
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and exergy efficiency of 0.863 and 0.307 and condensing 
steam turbine plant perform with energy and exergy 
efficiency of 0.682 and 0.260, respectively. Aljundi 
(2009) conducted the energy and exergy analysis of Al-
Hussein power plant in Jordan. System components are 
separately analyzed to identify and quantify the sites 
having largest energy and exergy losses. The 
performance of the plant was estimated by a component-
wise modeling. Energy losses mainly occurred in the 
condenser where 134 MW is lost to the environment 
while only 13 MW was lost from the boiler system. The 
percentage ratio of the exergy destruction to the total 
exergy destruction was found to be 77% in the boiler 
system, 13% in the turbine (13%) and 9% in the forced 
draft fan condenser  

Ray et al. (2010) conducted an exergy analysis of a 500 
MWe steam turbine cycle of an operating power plant 
under the design and off-design conditions with different 
degrees of superheat and reheat sprays. It is clear from 
the analysis that how a first law-based analysis shows a 
false improvement in a feed water heater under an off-
design condition, but the actual performance degradation 
is reflected through an exergy analysis. A thermodynamic 
analysis and thermoeconomic optimization of a dual 
pressure combined cycle power plant with a 
supplementary firing unit is performed by Ahmadi and 
Dincer (2011). From results it is evident taht if a duct 
burner is added to Heat Recovery Steam Generator 
(HRSG), the first and second law efficiencies are reduced 
but combined cycle power plant (CCPP) power output 
increases. Yang et al. (2013) conducted both 
conventional and advanced exergy analysis to a large-
scale ultra-supercritical coal-fired power plant. The 
conventional analysis includes comparing the exergetic 
performances of different components, to identify 
components with the largest exergy destruction and 
losses. The focus of the advanced exergetic analysis is on 
the thermodynamic interactions among components and 
the sources for energy saving potential of each 
component. 

3. Conclusion 

Exergy analysis shown in study is able to help understand 
the performance of coal fired, gas fired thermal power 
plants. It helps logically in improving the power 
production in thermal power plants. The presented study 

demonstrates the work done in the field of power plant 
engineering by the different researchers and brings the 
exergy based analysis of a power plant as the way to 
approach the analysis of a power plant. In the study 
boiler, combustor and turbine are found out to be the 
critical components where maximum exergy losses 
occur. According to first law analysis condenser is 
having the major energy loss. The second law analysis or 
exergy analysis shows that combustion chamber in both 
steam and gas turbine thermal power plants are main 
source of irreversibility. The Irreversibility in condenser 
is insignificant, because in the condenser the low quality 
energy is lost.   
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