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Abstract 

 

The present paper investigates the effectiveness of the power plant to offset 

the increasing demand of power. Energy and Exergy analysis has been carried 

out to determine the efficiency of each componet and the overall efficiency of 

the plant, Further evaluation of energy and exergy loss and destruction has 

been analysed. This has been done in order to identify the component where 

useful energy loss can be recoverd by making the necessary arrangements to 

the system components so that it improves the efficiency of the component 

and the plant thereoff. Boiler and turbine are the sources of maximum exergy 

loss which needs to be redesigned. 

 

 

Introduction 
The use of various energy by humans in a range of activities has dominated the scene 

for several centuries. However, in last two centuries, the per capita consumption of 

energy has assumed great importance. Demand of energy is increasing day by day. To 

meet this demand there are two ways one is to generate more energy and the second 

one is to tap the otherwise waste energy. First one requires huge amount of money 

whereas the second one can be easily achieved by changing the strategy to generate 

universal energy namely Electrical energy. Most of the power/energy is generated by 

burning fossil fuel namely coal. To reduce the rate of consumption of fossil fuel for 

same amount of energy in a coal fired power plant is one of the important aspects, 

with rapid growth of civilization and increasing consumption of energy. 

Researchers such as Evans, 1962; Tribus et al., 1960; Tribus and Evans, 1963,El-

Sayed and Aplenc, 1970; El-Sayed and Evans, 1970, Darwish, Al-Najem and Al-

Ahmad, 1993; El-Nashar,1993 Al-Sulaiman and Ismail, 1995; Hamed et al., 1999; 

have been striving for generating more power using all resources but the thermal 
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plants based upon coal, gas and liquid fossil fuels are still in vogue rather in 

predominant use.Needless to say that energy in form of electricity, has become one of 

the most important aspect of human life. Most of the activities of time rely upon 

electrical emergy and its breakdown simply perturbs all of them. It would not be an 

exaggeration to say basic need for human beings next to food, clothing and shelters is 

electrical energy. 

Generation of electrical power/energy seems to be simple however it a formidabale 

task. Its generation necessitates high investment and a sound technical know- how. 

Besides, it poses several hazards. Effiecient advanced, and a proven technical know-

how is essential for economical generation of electrical power/energy. 

The generation process of electrical power/energy being complex energy system can 

be analyzed in terms of its economics and efficiency as a function of resource 

consumption. Thermoexergetics, and its applications to energy systems, can help us to 

formulate improved and effcient designs. 

Energy analysis is based on first law of thermodynamic where irreversibility of the 

systems is not distinguished which means degradation of energy quality is not 

considered. So the first law of thermodynamics does not differentiate between the 

quality and quantity of energy. Therfore the justification of real useful energy loss 

cannot be predicted by the first law of thermodynamics, though it is the starting point 

of any thermodunamic analysis. 

So in order to achieve higher efficiency an analysis which could take into accout the 

irreversibilities of the system is necessary. Exergy analysis based on second law of 

thermodynamics is appropriate ome to take care of the possible irreversibilities in the 

system or system components. 

Exergy (an energetic property) analysis locates and quantifies irreversibilities(losses) 

in a process and hence tells us about the quality of energy. Exergy based 

thermoeconomic methods are also referred to as “exergoeconomics” (Tsatsaronis and 

Winhold, 1985). 

Destruction in exergy is proportional to entropy generation, which accounts for 

inefficiencies. The exergy analysis identifies the area where and how much the loss or 

destruction occurrs. It also analyses the components where there is a possibility to 

improve the efficiency of the power plant. 

In the present work Energy and Exergy analysis has been carried out to determine the 

efficiency of each componet and the overall efficiency of the 122 MW Steam Power 

plant. 

 

 

Methodology 
Major components of steam power plant were listed. Terminal points were selected in 

order to measure the thermodynamic parameters such as temperature, pressure, mass 

flow rate etc. Readings were recorded at each entryand exit of components of the 

system. 

At full load condition parameter reading were recorded. 

Enthalpy and entropy values at these terminal points were computed from the steam 

tables. Energy and exergy analysis was computed for each components of the system. 
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The Exergy destruction at each terminal point was computed and the loss was 

determined with location and magnitude. The energy and exergy efficiency was also 

computed and in order to identify the loss occurring in power plant components. 

 

 

Energy and Exergy equations of steam power plant 
Figure 1 shows the schematic diagram of steam power plant and Figure 2, describes 

the Temperature Entropy diagram for the plant. 

 

 
 

Figure 1: Steam power plant 

 
 

Figure 2: T-S diagram of steam cycle 
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Operating conditions of the power plant 
Feed water inlet temperature to boiler= 494.15 K 

Steam Flow rate (100%: 311.5 ton/h) (75%: 225 ton/h) (50% 198 ton/h) 

Steam temperature 811K 

Steam pressure 166.4 bar 

Power output 122 MW max 

 

 
 

Figure 3: Boiler and its components 

 

 

(a) Furnace: 

Energy analysis:- 

Ei = ṁfhf + ṁpahpa + ṁsahsa 

Eo = ṁghg 

Eloss = Ei - Eo 

ηI = Eo/Ei 

 

Exergy analysis:- 

Xi = ɛf + ɛpa + ɛsa 

Xo = ɛg 

I = Xi - Xo 

ηII = Xo/Xi 

 

Where- 

Ɛ pa= ṁpa (hpa - Tospa) 

Ɛ sa = ṁsa (hsa - Tossa) 

Ɛ g = ṁg (hg - Tosg) 

Exergy of fuel is given by the equation proposed by Shieh and Fan for calculating the 

Exergy of fuel 

Ɛ f =34183.16(C) +21.95 (N) +11659.9 (H) +18242.90 (S) +13265.9 (O) KW 
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(b). Heat Recovery System- 

Energy analysis:- 

Ei = ṁg (Δhi-o) g 

Eo = ṁsup (Δhi-o) sup + ṁw (Δhi-o) w + ṁpa (Δhi-o) pa + ṁsa (Δhi-o) sa 

Eo =ṁsup (ho - hi) sup + ṁw (ho - hi) w + ṁpa (ho - hi) pa + ṁsa (ho -hi)sa 

Eloss = Ei - Eo 

ηI = Eo/Ei 

 

Exergy Analysis:- 

Xi = Ɛ gi – Ɛ go = ṁg (hg - Tosg) i - ṁg (hg - Tosg) o 

Xo = (Ɛ sup (o) – Ɛ sup (i)) + (Ɛ w (o) – Ɛ w (i)) + (Ɛ pa (o) – Ɛ pa (i)) + (Ɛ sa (o) – Ɛ sa (i)) 

Xo = [ṁsup (hsup - Tossup) o - ṁsup (hsup - Tossup) i] + [ṁw (hw - Tosw) o - ṁw (hw - Tosw) i] + 

[ṁpa (hpa - Tospa) o - ṁpa (hpa - Tospa) i] + [ṁsa (hsa - Tossa) o - ṁsa (hsa - Tossa) i] 

I = Xi - Xo 

ηII = Xo/Xi 

 

Analysis of Turbine: 

(a) Energy analysis: 

For adiabatic turbine- 

Ei = ṁsh1 

Eo = ṁsh2 

Energy balance 

Ei = Eo+ W 

ηI = 1- Eo/ Ei 

(b) Exergy analysis: 

Xi = ṁs(h1 - Tos1) 

X0 = ṁs(h2 - Tos2) 

Exergy balance 

Xi – I - Wo = X0 

ηII = 1 – I / (Xi - X0) 

 

 
 

Figure 4: Steam Turbine TURBINE 
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Table 1: Exergy destruction rate and the exergy efficiency plant 

 

COMPONENTS EXERGY DESTRUCTION EXERGY EFFICIENCY 

1.PUMP IP = X3 + WP – X4 

 
2. CONDENSOR Icon = (X2 – X3) – (X3’ – X2’) η = 1-  

3. TURBINE It = Xi– Xo – Wt 

 
 

 

Results and discussion 
The energy losses at various components of power plant were analysed and the results 

computed for energy as well as exergy analysis were as under 

 

Table 2: Comparision of Energy and Exergy analysis 

 

 I Law (Energy Efficiency(% )) II Law (Energy Efficiency(% )) 

Boiler 76 42 

Turbine 87 65 

Condenser 18 13 

Condenser Pump 90 84 

Low Pressure Heater 91 86 

Deaerator 68 66 

Boiler feed Pump 98 96 

Economizer 85 72 

Air Pre Heater 75 71 

 

 
 

Figure 5: Comparision of Energy and Exergy analysis 
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The Exergy analysis of major components were carried out, where from the above 

graph we can identify the useful energy loss that is taking place in the plant are 

determined through various components as listed above. Boiler and turbine show 

major losses are in boiler and turbine both in energy and exergy estimatation. 

So there is need to redesign the Boiler as well as turbine is in order to reduce the heat 

loss and better heat transfer in boiler and turbine. 

 

 

Conclusion 
The following conclusions have been drawn from the drawn from the site study at 

thermal power plant, 

 The exergy analysis of the power plant components identifies that useful 

energy is less in almost all the components of the power plant as computed 

from the energy analysis. This 

 Boiler and turbine of a power plant are the major sources of useful energy 

loss. 

 Only negligible amounts of useful waste energy can be recovered through 

implementing some heat recovery system. 

 In order to achieve significant improvement of energy efficiency the boiler 

and turbine systems need to be redesigned. 

 

 

Nomenclature- 
ṁ mass flow rate (kg/sec) 

h specific enthalpy (kJ/kg) 

To surrounding temperature (Kelvin) 

s specific entropy (kJ/kg K) 

I exergy destruction (kJ/sec) 

X exergy rate (kJ/sec) 

W power (KW) 

e specific exergy (KJ/Kg) 

x mole fraction of constituents 

 

Suffix- 

f fuel 

pa primary air 

sa secondary air 

g hot gas stream 

i input 

o output 

sup superheated steam 

t Turbine 

p pump 

con condenser 

cc combustion chamber 
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com compressor 

t turbine 

ph physical 

ch chemical 

 

Greek symbols- 

ηI first law efficiency 

ηII second law efficiency 

Ɛ  exergy associated with individual’s component (kJ/sec) 

X exergy rate (kJ/sec) 
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