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Abstract— For the Effective energy utilization and its 

management to minimizing irreversibility has made human 

to look for efficient energy consumption & conversion. 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 aim of this research 

work is the comparison of energy and exergy analysis of 

cogeneration power plants. In this thesis work calculation of 

energy loss and exergy destruction of various components of 

Indian Glycol cogeneration thermal power plant has been 

done. And also first law efficiency and second law 

efficiency is shown. The first law efficiency of boiler is 

calculated by means of direct method proposed by Shieh and 

Fan and it is observed that the boiler has the maximum 

energy loss among all the components of power plant. There 

is a future scope of improvement in boiler to increase the 

overall efficiency of Indian Glycol Cogeneration Thermal 

Power Plant. 
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I. INTRODUCTION 

Essentially, the energy can be well-defined from three 

axioms, at any given rate of population total energy 

consumption will grow at greater rate, desire for abundant 

energy on demand and a clean and safe environment, and 

finally the future of humanity will continue to follow a one-

way and irreversible path [1].The three axioms describe how 

fast the demand of energy is going to rise in the near future 

by increasing populations and the urgent problems of 

finishing current energy resources rapidly in the near future. 

In addition, the problem is not only limited to the energy 

crisis, but also the emissions. The report of energy, 

environment and sustainable , represents the matter of global 

demand for energy service is expected to increase by as 

much as an order of magnitude by 2050, while primary 

energy demands are expected to increase by 1.5±3 times. 

Simultaneously, concern will likely increase regarding 

energy related environmental concerns such as acid 

precipitation, stratospheric ozone depletion, and global 

climate change development(F. Sebastián, J. Royo, M. 

Gomez , ―Co-firing versus biomass-fired power plants: 

GHG [2]. In the recent years, the cogeneration systems are 

receiving more attentions to generate power and process 

heat. In the view of global cogeneration capacity, number of 

countries has specific CHP targets, and many have 

undertaken studies assessing their CHP potential. Germany 

intends to double its current share of CHP from 12.5% to 

25% of national power generation. Japan has identified that 

around 11% of its power generation could come from CHP 

plants. In the USA, the share of CHP could rise from 8% to 

12-21% by 2015 [3]. 

Energy in the form of heat was transformed to the 

working fluid to derive work output. In many devices, heat, 

called the process heat is required as the direct energy input 

for example chemical, textile, paper, oil production, food 

processing industry heavily on process heat. 

In these industries process heat is generally 

supplied by steam at about 5 atm and 150-200oC. Yong-Ho 

Kwon, 2000[12] Studied A thermodynamic for the effect of 

the annualized cost of a component on the production cost in 

1000 kW gas-turbine cogeneration system by utilizing the 

generalized exergy balance and cost-balance equations. 

Khaliq, 2009 [13] proposed a novel industrial waste heat 

recovery based cogeneration for the combined production of 

power and refrigeration. The system is an integration of 

Rankine power cycle and absorption refrigeration cycle. 

Adriano V. Ensinas, 2006[14] presented the analysis of the 

different configurations of cogeneration systems in sugar 

cane industry. The analysis has been focused in the 

evaluation of the process steam demand reduction and its 

relation with the possible surplus of electricity that could be 

produced with the utilization of cane bagasse, an energy 

resource generated at the process. A. Ganjeh Kaviri, 2011 

[18]has presented an exergy analysis of a Cogeneration heat 

and Power (CHP) system in which after general analysis of 

the cycle, the effect of the number of feed-water heaters, 

condenser pressure, main-steam temperature and pressure, 

and re-heat temperature e on exergy destruction in major 

components are studied, too. 

Indian Glycol cogeneration thermal power plant 

has been taken for the study. All the collected parameters of 

various components shown in the table 1.1. 
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-1

) 

1 400 42 3375 6.9 5.54 

2 250 3 2975 7.5 5.54 

3 45 1.8 490.7 1.49 17.17 

4 - 60 496.85 1.48 17.17 

5 400 42 3304 6.875 16.62 

6 250 4.5 2962.6 6.875 9.64 

7 45 0.11 2189.24 6.875 6.84 

8 45 0.11 188 0.674 6.64 

9 - 9 200.59 0.692 6.64 

Table 1: Process parameter of the Indian Glycol 

Cogeneration Cycle 

II. ENERGY ANALYSIS 

In an open flow system there are three types of energy 

transfer across the control surface namely working transfer, 

heat transfer, and energy associated with mass transfer 

and/or flow. The first law of thermodynamics or energy 
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balance for the steady flow process of an open system is 

given by: 

 
Where Qk heat transfer to system from source at 

temperature Tk, and W is the net work developed by the 

system. The other notations C is the bulk velocity of the 

working fluid, Z, is the altitude of the stream above the sea 

level, g is the specific gravitational force.  

The energy or first law efficiency η1 of a system 

and/or system component is defined as the ratio of energy 

output to the energy input to system component i.e. [16]. 

 
To analyze the possible realistic performance, a 

detailed energy analysis of the coal fired thermal power 

plant system has been carried out by ignoring the kinetic and 

potential energy change. 

Components 

Energy 

Loss 

(KW) 

First law 

efficiency(%)  

η1 

% 

Energy 

loss 

Boiler 27319.61 50.3 84.17 

ECST 3676 72.9 11.3 

BPST 216 90 0.006 

Condenser 1227 91 0.0377 

Condenser 

Pump 
0.9124 85 0.000028 

Boiler Feed 

Pump 
14.5 86.2 0.00046 

Table 2: Energy loss and First Law efficiency of different 

components of Indian Glycol cogeneration thermal power 

plant. 

III. EXERGY ANALYSIS 

Exergy is composed of two important parts. The first one is 

the physical exergy and the second one is the chemical 

exergy. In this study, the kinetic and potential parts of 

exergy are negligible [35]. The physical exergy is defined as 

the maximum theoretical useful work obtained as a system 

interact with an equilibrium state. The chemical exergy is 

associated with the departure of the chemical composition of 

a system from its chemical equilibrium. The chemical 

exergy is an important part of exergy in combustion process. 

It is important to observe that unlike energy, exergy is 

exempt from the law of conservation. Irreversibility 

associated with actual processes cause exergy destruction. In 

order to do the exergy analysis, mass and energy balances 

on the system are required to determine the flow rates and 

energy transfer rates at the control surface [27]. 

Exergy of steady flow stream of matter is the sum 

of kinetic, potential and physical exergy. The kinetic and 

potential energy are almost equivalent to exergy. The 

physical specific exergy ψi and ψ0 depends on initial state of 

matter and environmental state. Energy analysis is based on 

the first law of thermodynamics, which is related to the 

conservation of energy. Second law analysis is a method 

that uses the conservation of mass and degradation of the 

quality of energy along with the entropy generation in the 

analysis design and improvement of energy systems. Exergy 

analysis is a useful method; to complement but not to 

replace energy analysis. The exergy flow for steady flow 

process of an open system is given by: 

; 

.
0 0 0

0
[( ) ( )],

o O
Sm h h S hT     

     ,  

Where ψi and ψ o are exergy associated with mass 

in flow and outflows are respectively, _W is useful work 

done on/by system, ˙Idestroyed is irreversibility of process and 

h0 is the enthalpy as summation of enthalpy, kinetic energy 

and potential energy. The other notations C is the bulk 

velocity of the working fluid, Z is the altitude of the stream 

above the sea level, g is the specific gravitational force. The 

irreversibility may be due to heat transfer through finite 

temperature difference, mixing of fluids at different 

temperature and mechanical friction. Exergy analysis is an 

effective means, to pinpoint losses due to irreversibility in a 

real situation. The second law efficiency is defined as 

 

 

A. Exergy Balance for Boiler: 

Exergy of fuel can be calculated by the equation proposes 

by shieh And fan for calculating the exergy of fuel Exergy 

of fuel can be calculated by using a shieh and fan formula 

[40]. 

Єf =34183016(C) +21.95(N) +11659.9(H) +18242.90(S) 

+13265.90(O) ------------4.1 

Coal Consitutent Unit Coal Sample 

C % 41.5 

H % 2.04 

N % 1.5 

O % 14.68 

S % 0.67 

ASH % 7.00 

MOISTURE % 32.4 

CALORIFIC VALUE KCAL/Kg 3500 

Table 3: Coal (F1) constituent as an input fuel for the boiler 

of Indian Glycol Cogeneration Power Plant 

Rice Husk Constituent Unit Value 

C % 0.34 

H % 0.03 

N % 0.004 

O % 0.41 

S % 0.0006 

Calorific Value KCAL/Kg 2500 

Table 4: Rice husk (F2) constituent as an input fuel for the 

boiler of Indian Glycol Cogeneration Power Plant 

Components 

Exergy 

Destruction 

(KW) 

Second Law 

efficiency ηII (%) 

Boiler 32669 39.8 

ECST 1192 89.2 

BPST 434 62.3 

Condenser 137.45 73.3 

1
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Condenser 

Pump 
2.209 68.4 

Boiler Feed 

Pump 
81.7 67.6 

Table 5: Exergy destruction and second law efficiency of 

Indian Glycol cogeneration plant. 

IV. RESULT AND DISCUSSION 

 

 

 

 
Fig. 1:  Results 

V. CONCLUSION 

The exergy analysis is very important tool to find the actual 

irreversibilities in different components of any cycle/system 

and performance based on exergy analysis gives the real 

assessment of the system. In this present work energy and 

exergy analysis of cogeneration plant is being carried out. 

The energy analysis gives the percentage energy loss and 

first law efficiency and exergy analysis gives entropy 

generation, irreversibility percentage exergy loss and second 

law efficiency. The exergy loss or irreversibility is 

maximum at boiler. Thus to know about actual flow of 

exergy in the cycle thermodynamic analysis based on 

second law is desirable. 

It is observed that except Extraction cum 

condensing turbine second law efficiency is less than the 

first law efficiency. Boiler has the maximum energy losses 

among all the components used to study in this thesis.  

Boiler has also the maximum exergy destruction 

value among all the components used to study in this thesis.  
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