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ABSTRACT 
 
Energy and exergy analyses of Barapukuria 2x125 MW coal-based thermal power plant have 

been carried out in order to evaluate the energetic and exergetic efficiencies and losses of 

different components and the overall system of the plant. This coal fired power plant, 

consuming about 2,000 metric tons of coal, generates about 170 MW to 180MW of electricity 

every day against the installation capacity of 250MW. 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 The First Law of thermodynamics only. The real useful energy 

loss cannot be justified by The First Law of thermodynamics, because it does not differentiate 

between the quality and quantity of energy. So, this  present study deals with the comparison 

of energy and exergy analyses of coal based thermal power plants. The entire plant cycle has 

been split up into three zones for the calculation: (1) only the turbo-generator with its inlets 

and outlets, (2) turbo-generator, condenser, feed pumps and the regenerative heaters, (3) the 

entire cycle with boiler, turbo-generator, condenser, feed pumps, regenerative heaters and the 

plant auxiliaries. The analyses have been done considering  design data (50%, 80%, 100% 

and 106%  loading condition) and operation data (57% and 67%  loading condition) of this 

power plant. The overall energy efficiencies of the plant were 35.48%, 56.77%, 70.96% and 

75.67% and the overall exergy efficiencies were 44.25%, 33.31%, 30.78 % and 30.21% for 

50%, 80%, 100% and 106% (above 100%) loading condition for the design data. But the 

overall energy and exergy efficiencies of the power plant at operation data are 39.2%, 46.6% 

and 27.9 %, 27.2% for 57% and 67% loading condition which are lower than the design 

value. The environmental impact of the power plants is also studied by using specific 

emissions of CO2, SOx, NOx and particulates. The distribution of the exergy losses in power 

plant components has been assessed to locate the process irreversibility. The comparison 

between the energy losses and the exergy losses of the individual components of the plant 

shows that the maximum energy losses of 49.92% occur in the condenser, whereas the 

maximum exergy losses of 68.27% occur in the boiler. The analyses have been also 

performed by inactivating heater one by one. Exergy analysis can be particularly effective in 

identifying ways to optimize the performance of existing operations and designing the plant 

while energy balance gives heat transfer between the system and its surrounding.  Operation 

and maintenance decisions based on exergy analysis have proved to be more effective in 

reducing inefficiencies in operating power plant.  
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NOMENCLATURE 
Symbols  

B Boiler 
C Condenser 
D Dearetor 
G Generator output power (kW) 
P Pump 
h Specific enthalpy (kJ/kg) 
s Specific entropy (kJ/kg K) 
m Mass flow rate 
M Molecular weight 
n Mass fraction 
P Power(kW) 
T Temperature (K) 
e Specific exergy(kJ/kg) 
Cp Specific heat of the fluid at constant pressure 
En Energy flow(kW) 
Ex Exergy flow(kW) 
• Energy efficiency 1 
• Exergy efficiency 2 
I Irreversibility rate (kW) destroyed 
W Work done(kW) 
Q Heat transfer  
Mpa Mega-pascal 
n Mass fraction of carbon in coal C 
M Molecular weight of carbon C 
  
Abbreviation  
HPT High pressure turbine 
IPT Intermediate pressure turbine 
DFLP Differential low pressure turbine 
CW Cooling water 
CEP Condensate extraction pump 
BFP Boiler feed pump 
HTR Heater 
BPDB Bangladesh Power Development Board 
LHV Lower Heating Value 
MW Mega Watt 
Nm3/h Normal cubic Meter per hour   
  
Subscripts  
g Flue gas 
in Inlet 
j Species /stream identification 
out Outlet 
o Reference state 
Superscripts  
a air 
f fuel 
g Flue gas 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 GENERAL 
 
 

Energy consumption is the most important indicator showing the development stages of 

countries and living standards of communities. Population increment, urbanization, 

industrializing and technological development result directly in increasing energy 

consumption. This rapid growing trend brings about the crucial environmental problems 

such as contamination and greenhouse effect.  Currently, approximately 80% of electricity 

in the world is produced from fossil fuels (coal, petroleum, fuel-oil, natural gas) fired 

thermal power plants, whereas 20% of the electricity is compensated from renewable 

sources such as hydraulic, wind, solar, geothermal and biogas [1]. The rate of depletion of 

fossil fuel reserves has necessitated the operation of power plants in the most efficient 

manner.  

 

The general energy supply and environmental situation requires an improved utilization of 

energy sources. Therefore, the complexity of power-generating units has increased 

considerably. Plant owners are increasingly demanding a strictly guaranteed performance. 

This requires thermodynamic calculations of high accuracy. As a result, the expenditure for 

thermodynamic calculation during design and optimization has grown tremendously. 

 

Energy and exergy analysis has increasingly attracted the interest to achieve the above goal. 

Generally, the performance of thermal power plants is evaluated through energetic 

performance criteria based on The First Law of Thermodynamics, including electrical power 

and thermal efficiency. In recent decades, the exergetic performance based on The Second 

Law of Thermodynamics has found as useful method in the design, evaluation, optimization 

and improvement of thermal power plants. The exergetic performance analysis can not only 
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determine magnitudes, location and causes of irreversibilities in the plants, but also provides 

more meaningful assessment of plant individual component efficiency. These points of the 

exergetic performance analyses are the basic differences from energetic performance 

analysis. Therefore, it can be said that performing exergetic and energetic analyses together 

can give a complete depiction of system characteristics. 

 

Energy is always conserved in every device or process. Unlike energy, exergy is not 

generally conserved but is destroyed. The majority of the causes of thermodynamic 

imperfection of thermal processes are not accounted for by energy or The First Law 

analysis. It is the exergy or second law analysis that accounts the irreversibilities like heat 

transfer through a finite temperature difference, chemical reactions, friction, mixing, and 

unrestrained expansion. The Second Law analysis of a power cycle enables us to identify the 

major sources of loss and shows avenues for performance improvement. Practical devices 

involving energy conversion and transfer always observe energy conservation law, but the 

quality of energy degrades i.e. work potential is lost or exergy is consumed (i.e., destroyed).  

Degradation of energy is equivalent to the irretrievable loss of exergy due to all real 

processes being irreversible. The loss of exergy or irreversibility provides a quantitative 

measure of process inefficiency [2]. 

 

The exergy consumption during a process is proportional to entropy creation, which 

accounts for inefficiencies due to irreversibilities. The potential for improvement in a given 

component is determined by its irreversibility rate under a given set of conditions in relation 

to the intrinsic irreversibility rate within the limits imposed by physical, technological, 

economic and other constraints. 

 

The exergy consumption or order of destruction is a form of environmental damage. By 

preserving exergy through increased efficiency (i.e. degrading as little exergy as possible for 

a process), environmental damage is reduced [3]. Therefore, exergy analysis is as important 

as energy analysis for design, operation and maintenance of different equipment and systems 

of a power plant. It is important that the performance monitoring of an operative power 
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station includes exergy analysis besides the conventional energy analysis. However, 

elaborate exergy analysis has not yet been practiced widely in power stations because of a 

lack of clearly defined codes and standards for this. 

 

1.2 DEFINITION OF ENERGY AND EXERGY 

 

Total energy consists of available energy plus unavailable energy. Considering flows of energy in a 

system, total energy is simply called energy and available energy is called exergy. Exergy flows to 

and from components however do not balance indicating a disappearance or “consumption” 

of exergy. This disappearance is really a conversion from available energy to unavailable 

energy. Consumption is a descriptive term indicating the loss of available energy. 

Components consume exergy by virtue of the ineffectiveness of their ability to transfer 

available energy. In order to compare the quality levels of various energy carriers, e.g. fuels, 

it is necessary to determine the equivalents of each energy quantity at a particular grade 

level. This can be done by using exergy concept, which overcomes the limitations of the first 

law of thermodynamics; and is based on both The First and The Second Laws of 

thermodynamics . 

 

An exergy analysis can identify locations of energy degradation and rank them in terms of 

their significance. This knowledge is useful in directing the attention of process design, 

researchers, and practicing engineers to those components of the system being analyzed that 

offers the greatest opportunities for improvement. In order to perform the exergy analysis of 

the plant, the detail steam properties, mass, energy and exergy balances for the unit were 

conducted. The exergy values of each component are calculated by assuming that the 

component is in an open (control volume) system and there are only physical exergy 

associated with the material streams. 

 
1.3 BACKGROUND 

 

At present times, coal fired thermal power plants meet the growing energy demand with 

least fuel (coal) consumption. Electricity in particular, plays a vital role in developing the 



4 

 

status of life. Coal plays a vital role in electricity generation worldwide. At present the 

electricity production by coal is about 41% of global electricity (Source: IEA 2011). But in 

Bangladesh the electricity production by coal is about 2.5% of total electricity production 

(Source: BPDB). Bangladesh has up to 2.7 billion short tons of high-quality coal reserves 

[4] and thus coal-based thermal power plants can play an important role for Bangladesh.  

 

In Bangladesh, the first coal-fired power plant began commercial production at 250 MW at 

Barapukuria in Parbotipur in January, 2006. This coal fired power plant  is operating on sub-

critical steam conditions. An attempt has been made to predict the exergy, energy and 

environmental impact of this coal based thermal power plant. The environmental impact of 

the power plants is estimated in terms of specific emissions of CO2

  

, SOx, NOx and 

particulates. 

1.4 OBEJECTIVES  
 

 
The main objectives of this study are mentioned here: 
 

i. Analyze the coal fired thermal power plant based on energy, exergy, and 

environmental impact analysis under Barapukuria 2x125 MW coal fired thermal 

power plant. 

 
ii. Calculate the exergy and energy efficiency using the data from the plant at different 

loads as 50%, 80%, 100% & above 100%. 

 

iii. Study the environmental impact of the power  plant  in terms of specific emissions 

of  CO2

 

, SOx, NOx, and particulates. 

1.5 SCOPE OF THE PRESENT WORK 

 

In the present work, several visits to Barapukuria 2x125 MW thermal power plant, the only 

coal fired thermal power plant in Bangladesh, have been performed for collecting necessary 
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data. A vigorous study of different equipment, machinery, operating conditions and flow 

diagrams of this power plant has also been performed during the site visit. The entire plant 

cycle have been split up into three zones for the analysis: (1) only the turbo-generator with 

its inlets and outlets, (2) turbo-generator, condenser, feed pumps and the regenerative 

heaters, (3) the entire cycle with boiler, turbo-generator, condenser, feed pumps, 

regenerative heaters and the plant auxiliaries. The mass, energy and exergy balance 

equations have been used  to calculate energy and exergy efficiency of different parts of the 

plant. The load variation will be studied with the design data at 50, 80, 100 and above 100% 

and the operating data at 57% and 67% of full load. The environmental impact of 2x125 

MW Barapukuria Coal Fired Thermal Power Plant will also be analyzed in this study. 



 

 

6 

CHAPTER 2 

 

 

LITERATURE REVIEW 

 
 
 

 
In the literature, there exist a number of papers concerning energetic and exergetic 

performances of coal-fired thermal power plants. For instance, Datta et al. [5] presented 

work  on exergy analysis of a coal-based thermal power plant using the design data from a 

210 MW thermal power plant under operation in India. In this the exergy efficiency is 

calculated using the operating data from the plant at different conditions, viz. at different 

loads, different condenser pressures, with and without regenerative heaters and with 

different settings of the turbine governing. The load variation is studied with the data at 100, 

75, 60 and 40% of full load. Effects of two different condenser pressures, i.e. 76 and 89 

mmHg (abs.), are studied. It is observed that the major source of irreversibility in the power 

cycle is the boiler, which contributes to exergy destruction of the order of 60%. Part load 

operation increases the irreversibilities in the cycle and the effect is more pronounced with 

the reduction of the load. Increase in the condenser back pressure decreases the exergy 

efficiency. Successive withdrawal of the high pressure heaters shows a gradual increment in 

the exergy efficiency for the control volume excluding the boiler. 

 

Rosen [6] presented energy and exergy-based comparison of coal-fired and nuclear steam 

power plants. The results are reported of energy  and exergy-based comparisons of coal-

fired and nuclear electrical generating stations. A version of a process-simulation computer 

code, previously enhanced by the author for exergy analysis, is used. Overall energy and 

exergy efficiencies, respectively, are 37% and 36% for the coal-fired process, and 30% and 

30% for the nuclear process.  

 

Ganapathy et al. [7] determined the energy losses and the exergy losses of the individual  
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components of the lignite fired thermal power plant. This  paper deals with an exergy 

analysis performed on an operating 50MWe unit of lignite fired steam power plant at 

Thermal Power Station-I, Neyveli Lignite Corporation Limited, Neyveli, Tamil Nadu, India. 

The exergy losses occurred in the various subsystems of the plant and their components 

have been calculated using the mass, energy and exergy balance equations. The distribution 

of the exergy losses in several plant components during the real time plant running 

conditions has been assessed to locate the process irreversibility. The First Law efficiency 

(energy efficiency) and The Second Law efficiency (exergy efficiency) of the plant have 

also been calculated. The comparison between the energy losses and the exergy losses of the 

individual components of the plant shows that the maximum energy losses of 39% occur in 

the condenser, whereas the maximum exergy losses of 42.73% occur in the combustor. 

The real losses of energy which has a scope for the improvement are given as maximum 

exergy losses that occurred in the combustor. 

 

Suresh et al. [8] provides insight to find out efficiency improvement in various components 

of a power generating system. The results of energy and exergy analysis carried out on a 

62.5 MWe coal-based thermal power plant are presented in this paper. The performance of 

the plant was estimated by a component-wise modeling followed by a system simulation. A 

flow-sheet computer program, “Cycle-Tempo” was used for this study. The detailed break-

up of exergy losses for the considered plant has been presented. The maximum exergy loss 

was found to be in steam generation unit followed by turbine. The variation of overall 

energy and exergy efficiency with parameters such as temperature gain of cooling water 

across the condenser, excess air and condenser pressure are presented. The off-design 

simulation resulted in an overall energy efficiency of 28.5% at 40% load factor compared to 

31.5% at design rating. 

 

Kiran and Karuna [9] examined to identify the magnitude, location and source of 

thermodynamic inefficiencies in thermal power plant. It is hoped that this examination as it 

includes both energy and exergy analyses will yield new insights into the performance of 

steam power plant. Exergy analysis can be particularly effective in identifying ways to 
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optimize the performance of existing operations and designing the plant while energy 

balance gives heat transfer between the system and its surrounding. 

 

Rudra et al. [10] examined to increase coal-fired steam power plant efficiency by advance 

steam parameters. This paper presents study of coal based thermal power plant using sub-

critical, supercritical and ultra-supercritical steam conditions. 

 

Boiler efficiency therefore has a great influence on heating- related energy savings. It is 

therefore important to maximize the heat transfer to the water and minimize the heat losses 

in the boiler. Heat can be lost from boilers by a variety of methods, including hot flue gas 

losses, radiation losses and, in the case of steam boilers, blow-down losses [11] etc. To 

optimize the operation of a boiler plant, it is necessary to identify where energy wastage is 

likely to occur. A significant amount of energy is lost through flue gases as all the heat 

produced by the burning fuel cannot be transferred to water or steam in the boiler. As the 

temperature of the flue gas leaving a boiler typically ranges from 150 to 250 o

 

C, about 10–

30% of the heat energy is lost through it. Since most of the heat losses from the boiler 

appear as heat in the flue gas, the recovery of this heat can result in substantial energy 

saving [12].This indicates that there is huge savings potentials of a boiler energy savings by 

minimizing its losses. Having been around for centuries, the technology involved in a boiler 

can be seen as having reached a plateau, with even marginal increase in efficiency 

painstakingly hard to achieve [13]. 

Bejan [14] draw outlines the fundamentals of the methods of exergy analysis and entropy 

generation minimization (or thermodynamic optimization-the minimization of exergy 

destruction). The paper begins with a review of the concept of irreversibility, entropy 

generation, or exergy destruction. Examples illustrate the accounting for exergy flows and 

accumulation in closed systems, open systems, heat transfer processes, and power and 

refrigeration plants.  

 

Tapan et al. [15] presented a 500 MWe steam turbine cycle to identify the components that 
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offer significant work potential saving opportunity. Criteria of performance relevant to the 

individual components are formulated. Exergy flows, exergy consumption due to 

irreversibilities and rational performance parameters for the turbine cycle and its 

components are computed by using plant operation data under different conditions. 

 

Kaushik et al. [16] presented the comparison of energy and exergy analyses of thermal 

power plants stimulated by coal and gas. This article provides a detailed review of different 

studies on thermal power plants over the years. This review would also throw light on the 

scope for further research and recommendations for improvement in the existing thermal 

power plants. 

 

 

 

Keeping in view the facts stated above, it can be expected that performing an analysis based 

on the same definition of performance criteria will be meaningful for performance 

comparisons, assessments and improvement for thermal power plants. Additionally, 

considering both the energetic and exergetic performance criteria together can guide the 

ways of efficient and effective usage of fuel resources by taking into account the quality and 

quantity of the energy used in the generation of electric power in thermal power plants. The 

purpose of this study presented here is to carry out energetic and exergetic performance 

analyses, at the design conditions, for the existing coal fired thermal power plant in order to 

identify the needed improvement. For performing this aim, thermodynamic models for the 

considered power plant have been summarized on the basis of mass, energy and exergy 

balance equations. The thermodynamic model simulation results are compared. In the 

direction of the comprehensive analysis results, the requirements for performance 

improvement are evaluated. 
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CHAPTER 3 

 

 

DESCRIPTION OF THE PLANT 

 

 

In this chapter a brief description of the process flow system of Barapukuria 2x125 MW coal 

fired thermal power plant has been given. Barapukuria power plant site is located at about 

32 km southeast of the district headquarter of Dinajpur, about 9 km southwest of Fulbari 

upazila, over 11 km south of  Parbatipur  upazila and about 1 km north of the coal mine. The 

project is located at 88°57•2.4• E longitude and 25°33•18.2• N latitude. The area is situated 

at approximately 30 m above sea level. The schematic arrangement of equipments of this 

power plant is shown in figure 3.1. Coal fired thermal power plant generally operates on 

Rankine cycle. 

 

The main components of the power plant are high, intermediate and low pressure turbines 

(HPT, IPT and DFLP), a boiler (B), number of pumps (P), a dearetor (D), a generator (G), a 

condenser (C), low and high pressure feed water heaters. The thermodynamic models of this 

power plant are based on fundamental mass, energy and exergy balances. Using the mass, 

energy and exergy balance equations for each component of the power plant, it is possible to 

compute energy and exergy flows at each node of the plants, energy and exergy efficiencies 

and irreversibilities of the component and so on. 
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Figure 3.1 Flow diagram of 2x125 MW Barapukuria coal based thermal Power Plant 
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3.1    DESCRIPTION OF THE FLOW SYSTEM  OF THE PLANT 

 
 
 
Figure 3.1 describes the total cycle arrangement while Appendix B1 and Appendix B2 

summarizes the salient flow and pressure, temperature and mass flow rate of design and 

operating data at different loading condition. The Power Plant has three turbines: high, 

intermediate and low pressure (HP, IP and LP) and is connected to the generator. The energy 

and exergy flows are computed using the plant operation design and operating data at 

different unit loads (electrical power output at the generator terminal). Steam flows to HP 

Turbine (point 1) with high energy and high exergy, after producing work on expansion in 

HP turbine, cold reheat steam (point 12) with low energy and exergy flows back to boiler for 

reheating, hot reheat steam (point 3) with high energy and exergy flows to IP Turbine and 

then LP Turbine, where further expansion takes place and work is produced. Wet steam 

(vapor fraction = 0.92) is exhausted from LP Turbine to condenser at a very low pressure, of 

the order of 86 kPa (abs). A large quantity of circulating water (CW) flows to the condenser 

(point 13) almost at ambient temperature, takes away heat of condensation and flows back to 

the river (point 14). The condensate exits the condenser (point 15) with low energy and 

almost negligible exergy and is pumped by the condensate extraction pump (CEP) to the 

deaerator through LP heaters (HTR1 to HTR4). Deaerator feeds (point 17) to BFP, which 

raise the pressure of feed water (flow 18) to sufficiently high value to flow through high 

pressure heaters (HTR6 and HTR7) and back to the boiler (point 11) for generation of steam 

and the cycle continues.  

 

Thus, energy and exergy flows associated with the flow of the working fluid to the control 

region of the turbine cycle through three streams (point 1, 3 and 13), and from the control 

region through three streams (point 11, 12  and 14). Heat rejection to the environment is 

made possible at a low temperature by maintaining a low back pressure at the condenser. 

Final feed water (point 11) temperature rises across feed heaters by transferring heat from 

turbine extraction steam and facilitates high temperature heat addition in boiler. 
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Figure  3.2: Overall view of the Power Plant 

 

 

3.2  THE STEAM GENERATION SECTION 
 

 
This section includes furnace to burn the coal, boiler to produce high pressure steam at 

desired temperature, an economizer, and a superheater. Safety valves are also located at 

suitable points to avoid excessive boiler pressure. Heat produced due to burning of coal is 

utilized in converting water contained in boiler drum into steam at suitable pressure and 

temperature which is then passed through superheater. This  boiler is a super-high pressure 

water tube reheat type boiler. Some salient features of this boiler are given below: 
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Model SG-400/14.42-M772 

Max. Cont. Rating (MCR) 400 t/h 

Main Steam Outlet Press 14.42 mpa 

Main Steam Outlet Temp. 5380

Reheated Steam Flow 

C 

325 t/h 

Reheated Steam Press (in/Out)  2.31/2.21 mpa 

Reheated Steam Temp (in/Out) 290 oC/538o

Fuel 

C 

Bituminus Coal 

Combustion 4 corner firing 

Feed Water Temp 248 o

Rated Power 

C 

125 MW 

Manufacturer Shanghai Boiler Works Ltd. 

 

 

 

 
 

Figure 3.3: Boiler sub-section 
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3.3  THE POWER PRODUCTION SECTION 
 
The steam produced in the Steam Generation section is passed through a series of turbines 

(High pressure (H.P), Intermediate pressure (I.P) and Low pressure (L.P)) which are 

attached to a generator. Extraction steam from several points on the turbines preheats feed 

water in several low and high-pressure heat exchangers and one  open deaerating heat 

exchanger. Then the  low-pressure steam goes to the condenser. 

 
 
 

 
 

Figure 3.4: Turbine sub-section 
 
 
 
3.4 THE CONDENSATION SECTION 
 
Cooling water from deep tube-well condenses the steam exhausted from the turbines. The 

flow rate of cooling water is adjusted so that a specified temperature rise in the cooling 

water is achieved across the condenser. 
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3.5 THE PREHEATING SECTION 
 
Air taken from the atmosphere is first passed through the air pre-heater, where it is heated by 

flue gases. This hot air is then passed through the furnace. The flue gases after passing over 

boiler and superheater tubes flow through dust collector, economizer and air pre-heater 

before their exhaust to the atmosphere through chimney. 

 

3.6 THE FEED HEATERS SECTION 
 
A feed water heater is basically a heat exchanger where heat is transferred from the steam to 

the feed water either by the two fluid streams (open feed-water heaters) or without mixing 

them (closed feed-water heaters). Feed heaters in the turbine cycle do not involve the 

production or the input of work. For such systems the definition of second-law efficiency or 

exergy efficiency or rational efficiency refers to the accomplishment of the goal of the 

process relative to the process input, in terms of exergy changes or transfers. Loss of exergy 

in heat exchangers is caused by different forms of irreversibilities due to: heat transfer over a 

finite temperature difference, pressure loss, thermal interaction with the environment (which 

is neglected in this case), and stream wise conduction in the walls of the heat exchanger. 

 
3.7 THE DEAERATOR SECTION 

 
The primary purpose of deaerator, an open type feed heater is deaeration of feed water. 

Steady flow mixing process takes place in it, involving heat exchange with streams of water 

and steam. The irreversibilities are due to energy transfer between streams which initially 

are not in thermal or mechanical equilibrium, heat transfer with finite temperature gradients 

and viscous dissipation during mixing which results pressure drop between the inlets to the 

mixing space and the outlet. 

 

3.8 ANALYSIS OF COAL: 
 
 

The considered coal for this paper represents the typical coal of Bangladesh (Baropukuria 

coal mine) with lower heating value 22.7 MJ/Kg .(Source: Boiler Operation and 

Maintenance Manual of  2x 125 MW Barapukuria coal based Thermal Power Plant) 
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Proximate analysis (Source: BPDB) 
 
 

Fixed Carbon   :             48.4% 
 
Volatile Matter :             29.2% 
 
Ash                     :          12.4% 
 
Total Moisture  :           10.0% 

 
Total  Sulpher  :          0.53% 
 

Ultimate analysis (Dry ash free basis) (Source: BPDB) 
 
Carbon:             83.0% 
 
Hydrogen:           5.1% 
 
Oxygen:              9.4% 
 
Nitrogen:             1.7% 
 
Sulpher:               0.77% 
 
Total:                   99.97% 

 
 

3.9 DATA COLLECTION 
 
 
In this analysis design and operating data of the power plant have been used. At 50%, 80%, 

100% loading condition of design data are collected from BPDB Officials which are 

supplied by the Consultant FICHTNER of the Power Plant . Operating data of 67% and 57% 

loading condition are collected from the site visit on 13/04/2013 and 14/04/2013.  

 

3.10 ENVIRONMENTAL IMPACT ASSESSMENT STUDY 
 

The project consists of a coal fired power plant with two units of 125 MW each and two 

forced draft cooling tower stations of the wet type and two stacks of 100 m each. There is 

an ash pond of about 250 m3. This ash pond is located within the area of the power plant 
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site. The coal for firing the power plant come from the neighbour coal mine and is  

transported by conveyor belts of a length of about 1 km. The cooling water comes from 

deep wells (30-80 m). 

 

Figure 3.5: Stack of the Power plant 

 
The power plant authority operates 14 deep tube wells installed in Sherpur village adjacent 

to plant site for withdrawing the required water from the underground aquifer. The 

continuous withdrawal of huge amount of water from the ground water system, the water 

lable may fall. Naturally, the crisis becomes acute during the dry spells of the year when the 

precipitation rate is very low or absent. 

 

During power plant operation, the following parts of the process could substantially 

influence the environment: 
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• Flue gas / turbine exhaust emissions 

• Waste water discharges 

• Residues from cleaning equipment and from operating supplies in the form of slude. 

• Solid wastes 

• Chemicals/consumables 

• Oil deliveries in open water 

 
Table 3.1: Some baseline data of the 2x 125 MW Barapukuria coal based Thermal Power 
Plant (Source: BPDB) 
 
 

Coal flow 55 t/h  
Ash production 6.6 t/h  
Flue gas flow 700,000 Nm3/h  
Flue gas temperature 150 oC  
Emission SOx on average 0.600 t/h  
Emission SOx max 0.735 t/h  
Emission NOx max 500 mg/Nm3  
Particulate matter 50 mg/Nm3  
Stack height 95m  
Circulating cooling water 14,000 m3/h 

 
 
 

3.10.1 EMISSION ASPECTS 
 
 
Sources of the emission of the power plant that have a major impact on the environment are: 
 

• Flue gas 
• Waste Heat 
• Noise 

 
The following major substances are generally contained in the flue gas of a power plant: 

H2O, N2, O2, CO2, CO, SO2

 

, SOx, NOx and particulate matter. 
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The combustion process of the pulverized coal in the boiler is a complicated non-linear 

phenomenon. The pollutants emitted from thermal power plants depend largely upon the 

characteristics of the fuel burned, temperature of the furnace and actual air used. 

 

Carbon dioxide (CO2) 

 
Emissions 

 
CO2

 

 emissions are estimated based on the carbon content as obtained from the elemental 

analysis of the coal and the excess air used at the power plants. A small percentage of the 

carbon in the coal remains un-burnt due to factors, such as reactivity of the coal particles, air 

to fuel ratio, flame turbulence, fuel residence time etc. A small portion of the un-burnt 

carbon goes with the fly ash and the remaining un-burnt carbon goes in the bottom ash. 

Exact portion of un-burnt carbon can only be determined by experimental measurements.  

Sulfer dioxide (SO2) 

 
Emissions 

 

SO2 emissions from coal combustion mainly depends on the sulfur content in the coal unlike 

the emissions of CO2

 

 and NO which depends on the operating conditions and the design of 

the plant.  

Emissions of oxides of Nitrogen 
 
 
The formation of NO is influenced by the concentration of oxygen (which depends on the 

excess air) in the system and the flame temperature. NO emissions are estimated based on 

equilibrium reaction calculated at an average gas temperature of 1200 K. This is a 

theoretical ideal. In reality the gas temperature in the boiler varies from 1000K to 2500 K 

and the reaction also occurs in several phases. The estimates take into account the excess air 

used at the individual power plants. These estimates may be of limited value in describing 

details of NO formation but useful in establishing a baseline for NO emissions. 

 

. 
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3.10.2 AIR QUALITY 
 

The most harmful substances which are emitted by a coal fired power plant are  SOx, 

NOx and particulate matter. The emission limit values of SOx, NOx and particulate 

matter are given in Table 3.1 which are not to be exceeded by the power plant. The stack 

heights has been calculated according to the Bangladesh Environmental Conservation 

Rules as (Source: Study report on Environmental Impact Assessment of Barapukuria 

2x125 MW coal based thermal power plant, BPDB) 

 

 

 

As shown in Table 3.1 the average SOx emission will be on average 600 kg/h. From that 

a stack height of 

 

 

 

 

In order to determine the ground level concentrations of  SOx, NOx and particulate matter a 

propagation calculation has been studied on the basis of the meteorological situation 

prevailing at the sites within a radius of 1,425 m. The stack height was 95 m and the 

baseline data for calculation are shown in Table 3.1 (Source: Study report on Environmental 

Impact Assessment of  Barapukuria 2x125 MW coal based thermal power plant, 

BPDB).The Bangladesh Air Quality Standards as shown in Table 3.3 are not to be exceeded 

neither by NOx, nor by SOx nor by particulate matter concentrations. 
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Table 3.2: Standards value for air (Source: BPDB) 

 

Parameter  

 
Maximum Standard value as 
per Bangladesh Air Quality 

Standards [mg/m3] 
 

NOx 1 
SOx 2  
Particulate matter 0.5  

 

Table 3.3: The maximum average concentrations can be located in a distance of about 4 km 

away from the Power Plant site. (Source: BPDB) 

Parameter  
 

Standard value [mg/m3] 
 

NOx 0.1340 mg/m3 max. average 
concentration  

SOx 0.2300 mg/m3 max. average 
concentration 

Particulate matter 0.0075 mg/m3 max. average 
concentration 

 

3.10.3 POLLUTION CONTROL 
 

For controlling the environmental pollutions caused due to the coal fired thermal power 

plant are described below: 

 

(a) Air pollution: The air quality has been determined in the plant site at 

preconstruction phase. To conserve the same air quality, a chimney/stack of 100 

meter high has been constructed for controlling the emission of SO2 and NOx. From 

this stack, flue gas has been released at a rate of 30 metre/second. So, from 
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environmental requirement point, the stack height and emission rate has been 

controlled the SO2 and NOx

 

 emission is in the acceptable limit. 

(b) Ash Emission: In the exit of the stack, there exists 99% efficient and low 

temperature Electrostatic Precipitator. For this there does not exist any possibility to 

mix the flying ash particle with the air. Moreover, there are huge ash storage has 

been made to store the emission ash particle to make it environment friendly. In this 

storage, the ash particle has been stored under water, so the adverse effect will not 

happen. 

 

(c) Water Pollution:  The polluted water from the cooling system of power plant and 

other sources are treated in the chemical water treatment plant and discharged in the 

nearest natural Canal. Furthermore, the water has been used for agriculture and the 

local people are benefitted. 

 
(d) Sound pollution: The main source of noise in the power plant is turbine. In the plan 

to make the sound pollution beyond the standard limit, there introduce different 

sound insulator and items in the design and planning of the power plant. By taking 

this process into account, the maximum sound will be felt is 45 decibel in the power 

plant territory. Also, the equipment in the power plant has shock absorber and 

designed for resonance frequency, then it is free from the vibration effect due to the 

equipment. 
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CHAPTER 4 

 

 

MATHEMATICAL MODELING 

 

This chapter deals with the mathematical modeling of the proposed power plant for 

calculating overall and component energy and exergy efficiency.  

The specific physical exergy of the stream was evaluated from the following equation: 

𝑒𝑖𝑛 =  𝑖𝑛 − 𝑜 − 𝑇𝑜 𝑠𝑖𝑛 − 𝑠𝑜 = ∆ − 𝑇𝑜∆𝑠                                 (4.1) 

The energy rate of a stream was obtained from its specific value as: 

𝐸𝑛 = 𝑚𝑖𝑛  𝑖𝑛 − 𝑜                                                     (4.2) 

 

4.1 OVERALL ENERGY AND EXERGY EFFICIENCY  

 

For calculating the overall efficiency of the plant the control volume (3) shown in  Fig. 

4.1 is considered. Following additional considerations are made for this case, while 

including the entire plant into the control volume (3) of interest: 

(i) Total auxiliary power consumption (Paux) in the plant is considered in a 

consolidated manner as a percentage of the generated power. 

(ii) Unaccounted heat loss from the system due to radiation and convection is 

neglected. 

(iii) Exergy loss through ash is neglected. 

(iv) Atmospheric pressure and temperature are same with those for reference 

environment, i.e.25°C temperature and 1 atmospheric pressure. 

(v) The relative humidity of the ambient air is assumed to be 80%. 

(vi) The kinetic and potential exergies have been neglected. 

(vii) Incoming fuel temperature is 25°C. 

The composition of the environment (mole %) is as follows [18]: 

CO2: 0.03 

H2O (g): 3.12 

N2: 75.65 

O2: 20.30 
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Figure 4.1 Schematic diagram of Control volume 3  

 

 

4.1.1 OVERALL ENERGY EFFICIENCY 

 

Considering the control volume 3, fuel (coal), air and circulating water comes into and  

circulating water and flue gas comes out the control volume 3 (Fig 4.1).The considered 

coal for this power plant represents the typical coal of Bangladesh (Barapukuria coal 

mine) with lower heating value 22.7 MJ/Kg  (Source: BPDB). 

The rate of energy entering the control volume with fuel: 

 

𝐸𝑛𝑖
𝑓

=  𝑚𝑖𝑛
𝑓
∗ 𝐿𝐻𝑉                                                              (4.3) 

 

where 𝑚𝑖𝑛
𝑓

  is the mass flow rate of coal at the inlet and LHV is the Lower Heating  

Value of coal. 

The total energy flow rate entering the control volume 3 is written as 

𝐸𝑛𝑖𝑛 =  𝐸𝑛𝑖𝑛
𝑓

+ 𝐸𝑛13                                                          (4.4) 

 

Considering the energy input with fuel and circulating water.  
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The following composition (by mass) of coal has been considered for the analysis  

(Source: BPDB): 

 

83% C, 5.1% H2, 9.4% O2, 1.7% N2, Ash 12.4%, H2O 10%    

                         

 

Considering the complete combustion of the coal in oxygen and that the hydrogen in coal 

(as H2) is fully oxidized during combustion, The stoichiometric equation becomes as 

follows, 

C + 0.37H2 + 1.18 O2= CO2 + 0.37H2O                                                            (4.5) 

 

The mass flow rate of flue gas can be written as (Neglecting the ash in flue gas) 

   

𝑚𝑔 =  (0.876 𝑚𝑖𝑛
𝑓

+  𝑚𝑖𝑛
𝑎 )                                              (4.6) 

 

 𝑚𝑖𝑛
𝑎  is the designed value of the plant corresponding to different boiler loading. 

Mass flow rate of moisture in flue gas:  

 

 𝑚𝑔 
𝐻2𝑂= moisture from coal + moisture from combustion of hydrogen in coal+ moisture 

from air = (moisture % in coal) x  𝑚𝑖𝑛
𝑓

 + ( % of H2 in coal x  𝑚𝑖𝑛
𝑓

) + moisture in air 

 

Considering the air temperature and the relative humidity, the mass flow rate of moisture 

in air is calculated from the psychrometric chart. 

 

Mass flow rate of dry flue gas: 

 

 𝑚𝑔 
𝑑𝑟𝑦

=  𝑚𝑔 −   𝑚𝑔 
𝐻2𝑂                                                               (4.7) 

 

The oxygen and carbon dioxide percentages at the air-heater inlet are used for calculating 

the mass flow rate of oxygen and CO2 in the flue gas as 

 

 𝑚𝑔 
𝑂2 =   𝑛𝑔 

𝑂2𝑋  𝑚𝑔
𝑑𝑟𝑦

                                                                    (4.8) 

 

 

 𝑚𝑔 
𝐶𝑂2 =   𝑛𝑔 

𝐶𝑂2𝑋  𝑚𝑔 
𝑑𝑟𝑦

                                                                  (4.9) 

 

The mass flow rate of N2 ( 𝑚𝑔 
𝑁2 ) in the flue gas is obtained by the difference between the 

equation 4.7 to summation of equation 4.8 and 4.9. 
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The energy flow rate leaving the control volume with flue gas is 

 

 𝐸𝑛𝑜𝑢𝑡  
𝑔

=    𝑚𝑗  
𝑔
𝑗  
𝑔

                                                                    (4.10) 

 

In the equation (4.10), Energy summation is obtained from all the components of the flue 

gas (O2, CO2 and N2). 

Specific enthalpy calculation of flue gas respectively O2, CO2 and N2 can be made by the 

following equation 

 = 𝑚𝑐𝑝∆𝑇                                                              (4.11) 

The total energy flow rate leaving the control volume 3 including that with circulating 

water 

𝐸𝑛𝑜𝑢𝑡 =  𝐸𝑛𝑜𝑢𝑡
𝑔

+ 𝐸𝑛14                                             (4.12) 

 

The net power output from the control volume is 

 

𝑃𝑛𝑒𝑡 = 𝐺 −  𝑃𝑎𝑢𝑥                                                          (4.13) 

The energy efficiency or The First Law efficiency of the control volume 3 is written as 

follows 

 

η1 =
Pnet

𝐸𝑛 𝑖𝑛−𝐸𝑛𝑜𝑢𝑡
                                                 (4.14) 

 

 

4.1.2 OVERALL EXERGY EFFICIENCY  

 

Considering the control volume 3, fuel (coal), air and circulating water comes into and  

circulating water and flue gas comes out the control volume 3 (Fig 4.1).  

 

The exergy of coal comprises of both chemical and thermo-mechanical components and 

is defined on the basis of a single step irreversible reaction in consideration of the 

ultimate analysis of coal. The following composition (by mass) of coal has been 

considered for the analysis (Source: BPDB): 

 

83% C, 5.1% H2, 9.4% O2, 1.7% N2, Ash 12.4%, H2O 10%                            
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Considering the complete combustion of the coal, the stoichiometric equation can be 

written as equation (4.5). By using the stoichiometric equation, the specific exergy of 

coal per mole of carbon (neglecting thermo-mechanical component) can be evaluated as 

follows,                                                       

 

 

 

 

 

                                                                                                                                                          

(4.15) 

Where, the fuel is assumed to enter the system at room temperature. 

       

The variables with bar (e.g. 𝑔 ) designate the Gibbs functions of formation of the 

respective substances. The variables (e.g. e) represent the molar values of the respective 

quantities. For the specific molar entropy calculations in the above equation, the 

reference mole fractions of O2, CO2 and H2O are taken from Moran and Shapiro [17]. 

Each term in the equation (4.15) has been explained in Moran and Shapiro [17]. 

 

The rate of exergy entering the control volume with fuel: 

𝐸𝑥𝑖𝑛
𝑓

=  𝑚𝑖𝑛
𝑓
𝑛𝑐

𝑒𝑖𝑛
−𝑓

𝑀𝑐
                                                                      (4.16) 

where 𝑚𝑖𝑛
𝑓

  is the mass flow rate of coal at the inlet, nC is the mass fraction of carbon in 

coal and MC is the molecular weight of carbon. 

 

Exergy entering the control volume with air at reference temperature is zero. Considering 

the exergy input with fuel and circulating water, the total exergy flow rate entering the 

control volume is 

𝐸𝑥𝑖𝑛 =  𝐸𝑥𝑖𝑛
𝑓

+ 𝐸𝑥13                                                        (4.17) 

 

By using the equation (4.6) ,( 4.7), (4.8) and (4.9) the mass flow rate of flue gas, mass 

flow rate of moisture in flue gas, mass flow rate of dry flue gas and mass flow rate of O2, 

N2 and CO2 in the flue gas have been calculated. 

 

The exergy flow rate leaving the control volume with flue gas is 

 

 𝐸𝑥𝑜𝑢𝑡  
𝑔

=    𝑚𝑗  
𝑔
𝑒𝑗  
𝑔

                                                          (4.18) 
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Where, the summation applies over all the components of the flue gas (O2, CO2 and N2). 

In the equation (4.18), specific enthalpy and specific entropy calculation of flue gas 

respectively O2, CO2 and N2 can be made by the following equation 

   

𝑗 = 𝑚𝑗𝑐𝑝∆𝑇                                                           (4.19) 

𝑒𝑗 =  𝑗 −  𝑜 − 𝑇𝑜(𝑠𝑗 − 𝑠𝑜)                                     (4.20) 

 

The total exergy flow rate leaving the control volume including that with circulating 

water 

𝐸𝑥𝑜𝑢𝑡 =  𝐸𝑥𝑜𝑢𝑡
𝑔

+ 𝐸𝑥14                                                (4.21) 

 

The net power output from the control volume is 

 

𝑃𝑛𝑒𝑡 = 𝐺 −  𝑃𝑎𝑢𝑥                                                         (4.22) 

 

The exergy efficiency or The Second Law efficiency of the control volume 3 is evaluated 

accordingly using the following Equation 

η2 =
Pnet

𝐸𝑥𝑖𝑛−𝐸𝑥𝑜𝑢𝑡
                                                              (4.23) 

 

 

4.2   ENERGY ANALYSIS FOR THE COMPONENT 

 

 

In an open flow system there are three types of energy transfer across the control surface 

namely work transfer, heat transfer, and energy associated with mass transfer and/or 

flow. The First Law of thermodynamics or energy balance for the steady flow process of 

an open system is given by: 

 

 𝑄𝑘 + 𝑚 𝑗 +
𝐶𝑖

2

2
+ 𝑔𝑍𝑖 

 
= 𝑚 𝑜 +

𝐶𝑜
2

2
+ 𝑔𝑍𝑜 +  𝑊          (4.24) 

 

 

where  Qk is 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. 
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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. 

 

To calculate specific enthalpy and specific entropy, thermodynamic property tables are 

used for water and steam. 

 

4.2.1 BOILER SUB-SECTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Boiler Sub-section 

 

 

The energy balance for boiler: 

 

The energy balance for the combustion/boiler is give by: 

 

0 = 𝐸𝑛𝑖𝑛
𝑓
− m1 h1 − h11 − m3 h3 − h12 − Energy loss 

 

Energy loss = 𝐸𝑛𝑖𝑛
𝑓
− m1 h1 − h11 − m3 h3 − h12                      (4.25) 

 

The First Law efficiency is defined as 

 

                                     ɳ1,Boiler = 1 −   
Energy  loss

energy  Input
        

 

    =
m1 h1 − h11 − m3 h3 − h12 

𝐸𝑛𝑖𝑛
𝑓                                 (4.26) 

IP Turbine 

HP Turbine 
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4.2.2 TURBINE SUB-SECTION 

 

 

The energy balance for the Turbine cycle (Control volume 2) 

 

The energy flow rate entering the control volume 

 

Ein = m1h1 + m3h3 + m13h13                                                   (4.27) 

 
 

 

Figure 4.3 Turbine Sub-section (Control volume 2) 

 

The energy flow rate leaving the control volume 

 

Enout = m11h11 + m12h12 + m14h14                                            (4.28) 

 

En14 − En13 = 𝑄𝑘 = 𝑄𝑟𝑒𝑗 = mcCp∆T                                               (4.29) 

 

Enin − Enout = En1 + En3 + En13 − En11 − En12 − En14                                                  (4.30) 

 

Pumping power inputs to BFPs and CEPs are accounted in the net power output from the 

control volume in this case. Neglecting the changes in kinetic energy and potential 

energy, the energy balance across the pumps gives 
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Pin (CEP) = m16h16 − m15h15                                                         (4.31) 

 

Pin (BFP) = m18h18 − m17h17                                                     (4.32) 

 

The net power output from the control volume is 

 

Pnet  =  G −  Pin CEP −  Pin BFP                                                 (4.33)  
 

 η1,Turbine  cycle =
Pnet

Enin − Enout
                                                                 (4.34) 

 

 

 

4.2.3 CONDENSER SUB-SECTION 

 

 

 

 

 

 

 

                                                                                                     

 

                                                      

 

 

 

Figure 4.4 Condenser Sub-section 

 

 

The energy balance for the condenser is give by: 

 

0 = m6*(h6 − h15) − Qrej − Energy loss   

 

 

Qk=Qrej=mcCp∆T    (4.35) 

This gives: 

 

Energy loss = m6*(h6 − h15) − Qrej      (4.36) 

 

The First Law efficiency is: 

 

η1,Condenser = 1 −  
Energy  loss

m6∗  h6− h15  
                               (4.37) 
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4.2.4 PUMP SUB-SECTION 

 

 

 

 

 

 

  

 

 

 

(i) The energy balance for the low pressure pump (Condensate Extraction Pump, CEP) is 

given by: 

 

                                      WCEP = m15(h15 – h16) − Energy loss 

 

Energy loss = m15(h15 – h16) + WCEP        (4.38)  

 

The First Law efficiency is: 

 

 ɳ1,CEP = 1 −  
Energy  loss

WCEP
                

 

       =
m15 (h16 − h15)

WCEP
                                                              (4.39) 

 

Considering, S16=S15            

 

                𝑊𝐶𝐸𝑃 = 𝑉 𝑑𝑝
16

15

≈  V15 P16 − P15                            (4.40) 

 

 

(ii)The energy balance for the High pressure pump (Boiler Feed Pump, BFP) is given by: 

 

 

                                −WBFP = m17(h17 – h18) − Energy loss       

 

Energy loss = m17(h17 – h18) + WBFP    (4.41) 

 

 

The First Law efficiency is: 

  

     ɳ1,𝐵𝐹𝑃 = 1 −
energy loss

WBFP
                                                                       

 

Figure 4.5 Condensate Extraction 

Pump, CEP Sub-section 
 

Figure 4.6 Boiler Feed Pump,   

BFP Sub-section 
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=  
m17 (h18 − h17)

WBFP
       (4.42) 

 

Considering, S18=S17            

 

WBFP = 𝑉 𝑑𝑝
18

17

≈  V17  P18 − P17                                                (4.43) 

 

 

 

4.2.5 FEED WATER HEATER SUB-SECTION 

 

 

 

 

 

 

 

 

 

 

 

 

(i) The energy flow equation for the low pressure feed water heater (HTR1) system 

becomes: 

 

        0 = m28(h28 – h20) – m19(h21 – h19) -Energy loss    

 

Energy loss = m28(h28 – h20) – m19(h21 – h19)    (4.44) 

 

 

The First Law efficiency is: 

ɳ1,HTR 1  = 1 −
energy loss

m28  (h28 − h20)
 

  

=
m19 h21 – h19 

m28   h28 – h20  
                                                   (4.45)     

 

 

 

(ii) The energy flow equation for the low pressure feed water heater (HTR2) system 

becomes: 

 

Figure 4.7 low pressure feed water 

heater (HTR1) Sub-section 
 

Figure 4.8 low pressure feed water 

heater (HTR2) Sub-section 
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0 = ( m29h29 +m32h32) – m21(h22 – h21) -Energy loss    

 

Energy loss = ( m29h29 +m32h32) – m21(h22 – h21)   (4.46) 

 

The First Law efficiency is: 

 

ɳ1,HTR 2 = 1 −
energy  loss

m29 h29 +m32 h32
     

 

=
m21 h22 – h21 

m29 h29+m32 h32
                                                   (4.47)     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iii) The energy flow equation for the low pressure feed water heater (HTR3) system 

becomes: 

 

                   0 = ( m8Bh8B –m32h32+m33h33) – m23(h24 – h23) -Energy loss   

 

Energy loss = ( m8Bh8B –m32h32+m33h33) – m23(h24 – h23)  (4.48) 

 

 

The First Law efficiency is: 

 

ɳ1,HTR 3 = 1 −
energy  loss

m8B  h8B−m32 h32 +m33 h33
           

 

=  
m23 h24 – h23 

m8B  h8B−m32 h32 +m33 h33
         (4.49) 

 

 

(iv) The energy flow equation for the low pressure feed water heater (HTR4) system 

becomes: 

 

 

0 = ( m8Ah8A –m33h33) – m24(h25 – h24) -Energy loss     

Figure 4.9 low pressure feed water 

heater (HTR3) Sub-section 
 

Figure 4.10 low pressure feed water 

heater (HTR4) Sub-section 
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HTR5

A K

25

D.

30

17
34

 

Energy loss = ( m8Ah8A –m33h33) – m24(h25 – h24)   (4.50) 

 

The First Law efficiency is: 

 

ɳ1,HTR 4 = 1 −  
energy loss

m8A h8A − m33 h33
 

 

=  
m24 h25 – h24 

m8A  h8A− m33 h33
                                                     (4.51)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(v) Dearetor  sub system: 

 

It is an adiabatic mixing chamber where a hot streams 30, 34 are mixed with a cold 

stream 25, forming a mixture 17, the energy supplied is the sum of the energies of the hot 

and cold streams, and the energy recovered is the energy of the mixture. The energy flow 

equation for the dearetor system becomes: 

 

0 = m25h25 +m30h30+ m34h34 – m17h17–Energy loss   

 

where  m17 =  m25 + m30 +m34      

This gives: 

Energy loss = m25h25 +m30h30+ m34h34 – m17h17  (4.52) 

 

 

The First Law efficiency is: 

 

ɳ1,Der = 1 −
energy  loss

m25 h25 +m30 h30+m34 h34
       

Figure 4.11 Dearetor Sub-section 
 

Figure 4.12 High pressure feed water 

heater (HTR6) Sub-section 
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=  
m17 h17

m25 h25+m30 h30 +m34 h34
           (4.53)      

 

(vi) The energy flow equation for the High pressure feed water heater (HTR6) system 

becomes: 

 

0 = (m7h7+m35h35 –m34h34) –( m26h26 – m18h18) -Energy loss   

 

Energy loss = (m7h7+m35h35 –m34h34) –(m26h26 – m18h18)  (4.54) 

 

The First Law efficiency is: 

 

ɳ1,HTR 6 = 1 −
energy  loss

m7 h7+m35 h35−m34 h34
        

 

       =
m26 h26−m18 h18

m7 h7+m35 h35−m34 h34
      (4.56)       

 

 

(vii) The energy flow equation for the low pressure feed water heater (HTR7) system 

becomes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 =  m31(h31 –h35) – m26 (h27 – h26) -Energy loss   

 

Energy loss = m31(h31 –h35) – m26 (h27 – h26)   (4.57) 

 

The First Law efficiency is: 

 

Figure 4.13 High pressure feed water 

heater (HTR7) Sub-section 
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ɳ1,HTR 7 = 1 −
energy  loss

m31 h31− m35 h35
  

 

=
m26 h27 – h26 

m31 h31− m35 h35
                                               (4.58)   

 

 

 

 

4.3 EXERGY ANALYSIS 

 

 

Exergy is a generic term for a group of concepts that define the maximum possible work 

potential of a system, a stream of matter and/or heat interaction; the state of the 

(conceptual) environment being used as the datum state. In an open flow system there are 

three types of energy transfer across the control surface namely work transfer, heat 

transfer, and energy associated with mass transfer and/or flow. The work transfer is 

equivalent to the maximum work, which can be obtained from that form of energy.  

 

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 ei  and eo   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 

 

 (1 −  
𝑇𝑜

𝑇𝐾
)𝑄𝑘 +  𝑚𝑖𝑛 𝑒𝑖 = 𝑒𝑤 +  𝑚𝑜𝑢𝑡 𝑒𝑜𝑢𝑡 +  𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑                 (4.59) 

 

 

Where Idestroyed = To[Sgen],  ei  and eo   are exergy associated with mass inflow and 

outflows respectively, ew  is useful work done on/by system, and Idestroyed is irreversibility 

of process. 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.   
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To analyze the possible realistic performance, a detailed exergy analysis of the coal fired 

thermal power plant has been carried out by ignoring the kinetic and potential energy 

change. For steady state flow the exergy balance for a thermal system is given as below 

𝑒𝑤 =  (1 −  
𝑇𝑜
𝑇𝐾

)𝑄𝑘

𝑛

𝑘=1

+  [(𝑚𝑒)𝑖 −

𝑟

𝑘=1

(𝑚𝑒)𝑜  ]𝑘 −  𝑇𝑜𝑆𝑔𝑒𝑛                  (4.60) 

 

 

where ew  represents the useful work done and/or by the system, the first term on the 

right hand side (1 −  
𝑇𝑜

𝑇𝐾
)𝑄 𝑘   represents the exergy summation supplied through heat 

transfer, while changes in the exergy summation of the working fluid is represented by 

the second term [(𝑚𝑒)𝑖 − (𝑚𝑒)𝑜  ]𝑘  where i and o refers the inlet and outlet states. On 

the other hand, the exergy destruction and/or the irreversibility in the system is given by 

the last term on the right hand side, 𝑇𝑜𝑆𝑔𝑒𝑛  . The other notations such as, Q is the heat 

transfer rate, m is the mass flow rate of the working fluid, 𝑒 is the exergy flow rate per 

unit mass, 𝑆𝑔𝑒𝑛  is the entropy generation rate, 𝑇𝑜  is the ambient air temperature, 𝑇𝑘   is the 

temperature of the heat source/sink at which the heat is transferred/rejected. The 

component wise exergy balance of the coal fire thermal power plant system is given as 

below. 

 

4.3.1 BOILER SUB-SECTION 

The exergy balance for the combustion/boiler is given by: 

 

0 = mp ei − eo − m1 e1 − e11 − m3 e3 − e12 − 𝑇𝑜𝑆𝑔𝑒𝑛                  

 

Where, mp   = mass flow rate of products after combustion 

 

This gives  

 

𝑇𝑜𝑆𝑔𝑒𝑛 = [{mp hi − ho − m1 h1 − h11 − m3 h3 − h12 } − 𝑇𝑜{mp si − so −

m1 s1 − s11 − m3 s3 − s12 }]                      (4.61) 
 

The Second Law efficiency is: 

 

ɳ2,Boiler = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

mp  (ei−eo )
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                                    =
m1 e1 − e11 + m3 e3 − e12 

mp (ei − eo)
 

 

=
m1 e1 − e11 + m3 e3 − e12 

𝐸𝑥𝑖𝑛
𝑓

                   (4.62) 

 

4.3.2 TURBINE SUB-SECTION 

 

The exergy balance for the turbine cycle is given by: 

 

The exergy flow rate entering the control volume 

 

Exin =  Ex1 +  Ex3 + Ex13                                                               (4.63) 

 

The exergy flow rate entering the control volume 

 

Exout = Ex11 + Ex12 + Ex14                                              (4.64) 

 

 

Because of the unavailability of required data for the calculation of exergy destruction in 

the condenser under all the operating conditions, the present study neglects the exergy 

destruction inside the condenser considering that the heat transfer in the condenser takes 

place with a very low temperature difference. Therefore, an exergy balance gives 

 

Ex14 − Ex13 = Ex6 − Ex15                                                                      (4.65) 
 

The above equation is used to take care of the net exergy transfer rate with the cooling 

water 

Exin − Exout = Ex1 + Ex3 + Ex13 − Ex11 − Ex12 − Ex14                (4.66) 

 

Pumping power inputs to BFPs and CEPs are accounted in the net power output from the 

control volume in this case. Neglecting the changes in kinetic energy and potential 

energy, the energy balance across the pumps gives 

 

Pin CEP = m16h16 − m15h15                                           (4.67) 

 

 

Pin BFP = m18h18 − m17h17                                         (4.68) 

 

 

The net power output from the control volume is 
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Pnet  =  G −  Pin CEP −  Pin BFP                              (4.69) 

 

ɳ2,Turbine  cycle =
Pnet

Exin − Exout
                               (4.70) 

 

 

 

 

 

4.3.3 CONDENSER SUB-SECTION 

 

The exergy balance for the condenser is given by: 

 

0 = m6 e15 − e6 −   (1 −  
𝑇𝑜
𝑇𝐾

)𝑄𝑘

𝑛

𝑘=1

−  𝑇𝑜𝑆𝑔𝑒𝑛                            

 

Qk = Qrej = mcCp∆T and Tk = Trej 

 

This gives: 

𝑇𝑜𝑆𝑔𝑒𝑛 = m6 e15 − e6 −  (1 −  
𝑇𝑜
𝑇𝑟𝑒𝑗

)𝑄𝑟𝑒𝑗                          (4.71) 

 

The Second Law efficiency is: 

 

ɳ2,Condenser = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

m6 (e15 − e16)
                                        (4.72) 

 

 

4.3.4 PUMP SUB-SECTION 

 

(i) The exergy balance for the low pressure pump (Condensate Extraction Pump, CEP) is  

given by: 

 

 

−WCEP = m15(e15 – e16) − 𝑇𝑜𝑆𝑔𝑒𝑛                                                                         

 

This gives, 

 

𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑    =  𝑇𝑜𝑆𝑔𝑒𝑛= m15(e15 – e16) + WCEP                                          (4.73) 

                                   
  

Considering, S16 = S15 

 

𝑊𝐶𝐸𝑃 = 𝑉  𝑑𝑝
16

15
  ≈ V15 (P16 - P15)                                                   ( 4.74) 
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The Second Law efficiency is: 

 ɳ2,CEP = 1 −  
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

WCEP
  

 

=
m15 (e16 − e15)

WCEP
                                                (4.75) 

 

(ii) The exergy balance for the High pressure pump (Boiler Feed Pump, BFP) is given 

by: 

 

 

−WBFP = m17(e17 – e18) − ToSgen                                         

 

This gives, 

 

𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  =  𝑇𝑜𝑆𝑔𝑒𝑛   = m17(e17 – e18) + WBFP                      (4.76 ) 

 

The Second Law efficiency is: 

 

 ɳ2,BFP = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

WBFP
     

 

   =  
m17   (e18 − e17

)

WBFP
                                               (4.77) 

 

Considering, S18=S17 

 

WBFP = 𝑉  𝑑𝑝
18

17
≈ V17 (P18-P17)                                                 (4.78) 

 

 

 

4.3.5 FEED WATER HEATER SUB-SECTION 

 

(i) The exergy flow equation for the low pressure feed water heater (HTR1) system 

becomes: 

 

 

0 = m28 (e28 – e18) – m19(e21 – e19) – 𝑇𝑜𝑆𝑔𝑒𝑛                                             (4.79) 

 

The irreversibility = exergy loss is 

𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  =  𝑇𝑜𝑆𝑔𝑒𝑛  

 

The Second Law efficiency is: 

ɳ2,HTR 1 = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

m28 (e28 − e20 )
    

  

=
m19   (e 21 − e 19 )

m28   (e 28 − e 20 )
                                            (4.80) 
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(ii) The exergy flow equation for the low pressure feed water heater (HTR2) system 

becomes: 

 

 

0 = ( m29 e29 +m32 e32) – m21(e22 – e21) – 𝑇𝑜𝑆𝑔𝑒𝑛                                            (4.81) 

This gives, 

 

The irreversibility = exergy loss is 

𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  =  𝑇𝑜𝑆𝑔𝑒𝑛  

 

The Second Law efficiency is: 

 

ɳ2,HTR 2 = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

m29 e29 + m32 e32 
                                                      

 

=
m21   (e22 − e21 )

m29 e29 + m32 e32 
                                               (4.82) 

 

 

(iii) The exergy flow equation for the low pressure feed water heater (HTR3) system 

becomes: 

 

 

0 = m8B e8B − m32e32 + m33e33 − m23 e24 − e23 − 𝑇𝑜𝑆𝑔𝑒𝑛                (4.83) 

 

This gives, 

 

The irreversibility = exergy loss is 

 

𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  =  𝑇𝑜𝑆𝑔𝑒𝑛  

 

The Second Law efficiency is: 

 

ɳ2,HTR 3 = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

m8B e8B  −m32 e32 +m33 e33 
  

 

=
m23 e24−e23 

m8B e8B  −m32 e32 +m33e33 
                                               (4.84) 

 

(iv) The exergy flow equation for the low pressure feed water heater (HTR4) system 

becomes: 

 

 

0 = m8A e8A − m33e33 − m24 e25 − e24 − 𝑇𝑜𝑆𝑔𝑒𝑛                     (4.85) 

 

This gives, 

 

The irreversibility = exergy loss is 
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𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  =  𝑇𝑜𝑆𝑔𝑒𝑛  

The Second Law efficiency is: 

 

ɳ2,HTR 4 = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

m8A e8A  −m33e33 
  

 

=
m24 e25 − e24 

m8A e8A − m33e33 
                                             (4.86) 

 

(v) Dearetor  sub system: 

 

It is an adiabatic mixing chamber where a hot streams 30, 34 are mixed with a cold 

stream 25, forming a mixture 17, the energy supplied is the sum of the exergies of the hot 

and cold streams, and the energy recovered is the energy of the mixture. The energy flow 

equation for the dearetor system becomes: 

 

0 = m25e25 + m30e30 + m34e34 − m17e17 − 𝑇𝑜𝑆𝑔𝑒𝑛                              (4.87) 

 

where   m17 = m25 + m30 + m34  

 

This gives: 

𝑇𝑜𝑆𝑔𝑒𝑛  = m25e25 + m30e30 + m34e34 − m17e17  

 

The Second Law efficiency is: 

 

ɳ2,Der = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

m25 e25 +m30 e30 +m34e34 
  

 

                            =
m17e17 

m25e25 + m30e30 + m34e34 
                              (4.88) 

 

 

 

 

 (vi) The exergy flow equation for the low pressure feed water heater (HTR6) system 

becomes: 

 

0 = m7e7 + m35e35 − m34e34 −  m26e26 − m18e18  − 𝑇𝑜𝑆𝑔𝑒𝑛            (4.89) 

 
 

The Second Law efficiency is: 

 

ɳ2,HTR 6 = 1 −
𝐼𝑑𝑒𝑠𝑡𝑟𝑜𝑦𝑒𝑑  

(m7e7 +m35 e35−m34e34 )
  

 

=
 m26 e26 −m18 e18  

(m7e7 +m35e35−m34e34 )
                                    (4.90)    
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(vii) The exergy flow equation for the low pressure feed water heater (HTR7) system 

becomes: 

 

0 = m31 (e31 – e35) – m26 (e27 – e26) – 𝑇𝑜𝑆𝑔𝑒𝑛                                      (4.91) 

 

 

The Second Law efficiency is: 

 

ɳ2,HTR 7 = 1 −
Idestroyed  

m31 (e31 −e35 )
  

 

=
m26 (e27 −e26 )

m31 (e31 −e35 )
                                          (4.92)        
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CHAPTER 5 

 

 

RESULTS AND DISCUSSIONS 
 

  

 
The design data of the plant components of Barapukuria 2x125 MW coal based thermal 

power plant have been used for the present energy analysis and exergy analysis to calculate 

the energy flow and exergy flow at different state points. The energy and the exergy 

efficiencies of these components have been determined using the equations given in the 

previous Chapter. Energy and exergy flow rates, for the complete power cycle are 

computed from the plant design data at approximately 100%, 80% and 50% of loading 

condition and the results are summarized in Appendix C1-C3.  

 

 

5.1 T-s DIAGRAM OF THE TOTAL CYCLE 

 

The total cycle of the power plant consists of six closed feed water and one open feed water 

heater (Dearetor) with the condensate trapped into the condenser. The T-s diagram is shown 

in Fig.5.1. For this cycle, the working fluid passes isentropically through the turbine stages 

and pumps, and there are no pressure drops accompanying the flow through the other 

components. The T-S diagram shows the principal states of the cycle. The steam does not 

expand to the condenser pressure in a single stage. The steam (Temp. 515oC, 14.00 Mpa) 

enters the HP turbine at state 1 and  expands to state 2, where a fraction of the total flow is 

extracted, or bled, into two closed feed water heater HTR6 and HTR7 (state 7 and state  

31).The steam is then reheated. After reheating, the steam (Temp. 510oC, 1.078 Mpa) enters 

the IP turbine at state 3 and  expands to state 5. A fraction of the total flow is extracted, or 

bled, into one open feed water heater HTR5 (Dearetar, state 30) and two closed feed water 
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heater HTR3 and HTR4 (state 8B and state  8A). The rest of the steam expands through the 

LP turbine to state 6.This portion of the total flow is condensed to saturated liquid at state 

15.The mass flow rates of the streams entering the feed water heater are chosen so that the 

stream exiting the feed water heater is a saturated liquid at the extraction pressure. The 

liquid at state 15 is then pumped by the condensate extraction pump. Finally, after 

increasing the temperature by the  feed water heater and increasing the pressure by the boiler 

feed pump to the steam generator pressure and enters the steam generator at state 27.The 

cycle is completed as the working fluid is heated in the steam generator at constant pressure 

from state 27 to 1. 
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Figure: 5.1 Flow diagram of total power cycle 
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Figure: 5.2 T-s diagram of total power cycle 

 

5.2 COMPARISON OF ENERGY AND EXERGY EFFICIENCY  

 

5.2.1 DESIGN DATA 

 

Energy and exergy efficiencies of the Overall power plant are derived from data summarized 

in Table 5.1 and shown in Fig. 5.3 as function of 100%, 80% and 50%  loading condition. 

The analysis shows an increase in overall energy efficiency and decrease in exergy 
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efficiency with increase in load percentage. It is evident from Fig.5.3 that operation of the 

plant below 56% of the designed capacity results in the significant increase of exergy 

efficiency and at that point energy and exergy efficiency is same. The decrease in exergy 

efficiency is attributed to the loss of exergy in the steam generation unit (Boiler) and turbine. 

There is a striking difference in the composition of the represented energy and exergy 

balances. It is noted that the exergy analysis has enabled the identification of the causes of 

process inefficiencies in detail when compared to the energy analysis. 

 

Table 5.1: Energy and exergy efficiencies of the Overall power plant at design data 

% Loading Energy efficiency Exergy efficiency 
50 35.5 44.3 
80 56.8 33.3 

100 70.9 30.8 
106 75.7 30.2 
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Figure: 5.3 Energy and exergy efficiencies of the Overall power plant 

 

5.3.1 OPERATING DATA 

 

Energy and exergy efficiencies of the Overall power plant  are derived from operating data 

summarized in Table 5.2 and shown in Fig. 5.4 as function of 57% and 67%  loading 

condition. From the comparison of design and operating data for the Energy and exergy 

efficiencies of the Overall power plant, it is found that the efficiency of the operating 

condition is low than the design condition. From the site visit, these are found on two 

different dates. Only two points data are available. 

 

Table 5.2: Energy and exergy efficiencies of the Overall power plant at design data 

% 
Loading Energy efficiency Exergy efficiency 

57 39.2 27.9 
67 46.6 27.2 
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Figure: 5.4 Energy and exergy efficiencies of the Overall power plant at operating data 

 

5.3     COMPONENTWISE ENERGY AND EXERGY  
 
 

The comparison of energy efficiency and exergy efficiency between different components  

of the power plant is given in Tables 5.3-5.5 and Fig 5.5- 5.7 for different loading 

conditions. 

 
 

5.3.1 MAXIMUM ENERGY LOSSES 

 

From the Fig 5.8 it can be observed that the maximum energy loss (49.92% at 100% load) 

occurred in the condenser. Thus the First law analysis (energy analysis) diverts our attention 

towards the condenser for the plant performance improvement. Approximately half of the 

total plant energy losses occur in the condenser only and these losses are practically useless 

for the generation of electric power. Thus the analysis of the plant based only on the First 

law principles may mislead to the point that the chances of improving the electric power 
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output of the plant is greater in the condenser by means of reducing its huge energy losses, 

which is almost impracticable. 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 (exergy analysis) serves to identify the true power 

generation inefficiencies occurring throughout the power station. 

 

 

5.3.2 MAXIMUM EXERGY LOSSES 

 

The comparison of exergy losses between the different subsystems of the plant are shown in 

fig 5.8 It can be noted that the maximum exergy loss occurs in the Boiler Subsystem 

(68.27% at 100% load). This may be due to the irreversibility of the combustion process in 

the combustor. while the exergy destruction rate of the condenser is only 0 .21%. 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. The calculated exergy efficiency of the power cycle is 30.78% at 

100% load. This indicates that tremendous opportunities are available for improvement. 

However, part of this irreversibility cannot be avoided due to physical, technological, and 

economic constraints. 

 

 

5.3.3 ENERGY AND EXERGY EFFICIENCY OF TURBINE  

 

Energy efficiency of the turbine cycle is low (47.25% at 100% load) due to a large quantity 

of energy rejection in the condenser. But the derived exergy efficiency of the turbine is high 

(83.14 % at 100% load), this is due to the reason that a little exergy associated with turbine 

exhaust steam enters condenser, part of which is rejected to CW and partly consumed due to 

irreversibilities.  
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Table 5.3: Different Component Energy and Exergy efficiency for 50% Load 

Component 
Energy 

Efficiency, 
•

Exergy 
Efficiency, 

•1 
Energy loss,% 

2 
Exergy loss,% 

Boiler 97.3 32.9 2.7 67.0 

Turbine cycle 54.4 81.4 45.6 18.6 

Condenser 45.2 99.0 54.8 0.9 

Condensate extraction 
pump,CEP 

96.0 96.0 3.9 3.9 

HTR1 93.4 0.0 6.6 0.0 

HTR2 74.8 50.5 25.2 49.5 

HTR3 100.0 78.6 0.0 21.5 

HTR4 100.0 41.5 0.0 58.6 

HTR5 (Deaerator) 100.0 91.3 0.0 8.7 

HTR6 100.0 92.8 0.0 7.3 

HTR7 100.0 87.3 0.0 12.7 

Overall Plant 35.5 44.3 64.5 55.8 
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Figure: 5.5 Comparison of efficiency in the plant and components at 50% load 

 

 



 

 

55 

 

Table 5.4: Different Component Energy and Exergy efficiency for 80% Load 

Component 
Energy 

Efficiency, 
η

Exergy 
Efficiency, 

η1 
Energy loss,% 

2 
Exergy loss,% 

Boiler 92.8 32.2 7.2 67.8 

Turbine cycle 58.4 82.4 41.6 17.6 

Condenser 49.1 99.6 50.9 0.4 

Condensate 
extraction 
pump,CEP 95.4 95.4 4.6 4.6 

HTR1 

99.7 0.0 0.3 0.0 

HTR2 72.2 63.6 27.8 36.5 

HTR3 100.0 49.8 0.0 50.2 

HTR4 100.0 66.4 0.0 33.6 

HTR5 
(Deaerator) 

100.0 95.4 0.0 4.6 

HTR6 100.0 79.9 0.0 20.1 

HTR7 99.9 90.2 0.1 9.8 

Overall Plant 56.8 33.3 43.2 66.7 
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Figure: 5.6 Comparison of efficiency in the plant and components at 80% load 

 



 

 

57 

 

Table 5.5: Different Component Energy and Exergy efficiency for 100% Load 

Component Energy 
Efficiency, η

Exergy 
Efficiency, 

η1 
Energy loss 

2 
Exergy loss 

Boiler 
91.6 31.7 8.4 68.3 

Turbine 
cycle 

59.3 82.7 40.7 17.3 

Condenser 
50.1 99.8 49.9 0.2 

Condensate 
extention 

pump 
91.4 91.4 8.6 8.6 

HTR1 
100.0 79.5 0.0 20.5 

HTR2 
70.3 79.8 29.7 20.2 

HTR3 
100.0 69.4 0.0 30.6 

HTR4 
100.0 97.3 0.0 2.7 

HTR5 
(Deaerator) 

100.0 98.2 0.0 1.8 

HTR6 
100.0 80.8 0.0 19.2 

HTR7 
99.9 99.9 0.1 0.1 

Overall 
Plant 

71.0 30.8 29.0 69.2 
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Figure: 5.7 Comparison of efficiency in the plant and components at 100% load 
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Figure: 5.8 Energy loss of different components of the plant at 100% loading condition 

 

Figure: 5.9 Exergy loss of different components of the plant at 100% loading condition 
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5.3.4 ENERGY AND EXERGY EFFICIENCY OF HEATER 

 

Extraction steam to LP heaters (HTR1 to HTR4) are at low pressure and temperature and 

have low exergy. Deaerator has high exergy efficiency, since exergy flow to it is high in 

comparison to all other heaters, and large surface area provided for heat transfer and 

deaeration also reduces irreversibilities (exergy consumption) which are shown in the table 

5.6. Higher exergy consumption rate in HTR6 is due to increased irreversibilities caused by 

higher temperature difference between hot 217 °C and cold streams 164.9 °C in HTR6.  

  

Table 5.6: Exergy flows and exergy efficiencies at 100% loading condition of Heater  

Components Net exergy input 
rate, (MW) 

Useful exergy 
output rate, 

(MW) 

Exergy 
Cons. Rate 

(MW) 

Exergy 
efficiency,% 

HTR1 
0.3 0.2 0.1 79.52 

HTR2 
2.2 1.8 0.5 79.77 

HTR3 
3.6 2.5 1.1 69.36 

HTR4 
2.3 2.3 0.1 97.29 

HTR5 
(Deaerator) 

9.8 9.7 0.2 98.18 

HTR6 
10.2 8.2 2.0 80.84 

HTR7 
5.33 5.32 0.01 99.90 

Exergy analysis can also be effectively used for taking important decisions pertaining to 

operation and maintenance. There are cases, when conventional performance parameters do 

not indicate, whether an off-design operating condition is beneficial or detrimental to the 

overall cycle performance. For example, traditional performance analysis of HTR6 shows 

that with increase  in reheater  attemperation  spray (flow 11 as shown in Fig.5. 1), there is 

no significant change in terminal temperature difference (the difference of saturation 

temperature  corresponding to bled steam pressure and heater outlet feed water temperature) 

and drain cooling approach (the difference of heater drip outlet temperature and inlet feed 
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water temperature). Rather feed water temperature rise across HTR6 increases due to 

increased rate of extraction steam flow to HTR6 and lower rate of feed water flow through 

HTR6. An energy analysis would thus apparently show an improvement in HTR6 

performance over its original design value. However, this is contradictory to the fact that 

cycle efficiency is severely affected due to reheater spray. Thus any operation decisions 

based on the energy analysis will be incorrect for the overall plant performance. Exergy 

analysis across HTR6 under this condition shows larger consumption of exergy than the 

design figure, which corroborates to the overall plant performance degradation. First law 

analysis alone also often does not reflect properly the performance deterioration level of a 

single component. For example, if the plant runs always with reheat spray (due to some 

unavoidable limitation at the boiler side), any degradation of the HTR6 performance over 

time (e.g., due to scale formation on the heat transfer surfaces) would be difficult to trace by 

energy analysis alone, since the heater would always show better-than-design performance. 

If an exergy analysis performed across HTR6, it immediately shows that exergy 

consumption in HTR6 has markedly increased over its design value, warranting remedial 

actions. The first level of corrective actions is taken in operation level by proper adjustment 

of drip level, proper venting of air. The next tier of remedial actions can be taken in 

maintenance level. For instance, after a number of years of service, heater performance 

deteriorates through film build up (scaling) on heat transfer surfaces. Re-tubing or 

replacement of the heater can rectify this problem. Exergy analysis can benefit by 

pinpointing the sources of irreversibility in different components of a power cycle. 

Performance tests of a cycle, if conducted on the basis of exergy, can quantify the 

contribution of individual equipment towards the total deviation of cycle efficiency from the 

design values. Increase in exergy consumption by one component can be interpreted directly 

as the "lost power", and hence, the "lost revenue". The cost of maintenance can be weighed 

against the "lost revenue", making maintenance decision easier. For example, the "lost 

revenue" due to an aberrant equipment can be compared against the remedial maintenance 

cost, and decisions can be made if the concerned equipment needs minor repairing, 

retrofitting or full replacement. 
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5.4  CASE STUDY 

 

The total cycle of this power plant consists of six closed feed water heaters (HTR1, HTR2, 

HTR3, HTR4, HTR6 and HTR7) and one open feed water heater (Dearetor, HTR5). The 

thermal efficiency of the cycle can be increased by incorporating several feed water heaters 

at suitably chosen pressures. But the number of feed water heaters used is based on 

economic considerations, since incremental increases in thermal efficiency achieved with 

each additional heater must justify the added capital costs ( heater, piping, pumps etc). The 

analyses have been performed by inactivated feed water heater one by one cumulatively. 

When inactive  feed water heater one by one, then to maintain the steam temperature fixed at 

the outlet condition of the boiler, the fuel flow rate must be increased. From the energy 

balance equation of boiler, the required fuel flow rate is calculated. By using this fuel flow 

rate, energy  and exergy efficiencies of the overall cycle have been calculated. 

 

5.4.1  MODEL CASE -1 

 

If HTR3 is inactive, then the temperature rise of 34oC of feed water is not obtained. So, the 

temperature of feed water decreases. Finally, the temperature of feed water becomes to 

174oC from 208.1o

 

C at 50% loading condition which is passed through the boiler. At this 

condition energy efficiency and exergy efficiency of the overall cycle have been calculated 

which are shown in table 5.7. 

5.4.2  MODEL CASE -2 

 

If HTR3 and HTR4 both are inactive, then the temperature rise of 53oC of feed water is not 

found. So, the temperature of feed water decreases more than the model case-1. Finally, the 

temperature of feed water becomes to 155oC from 208.1oC at 50% loading condition which 

is passed through the boiler. At this condition energy efficiency and exergy efficiency of the 

overall cycle have been calculated which are shown in table 5.7. Both the heaters, HTR3 and 

HTR4 are low pressure heater. 
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5.4.3  MODEL CASE -3 

 

If HTR3, HTR4 and HTR6 are inactive, then the temperature rise of 97.5oC of feed water is 

not obtained . So, the temperature of feed water decreases more than the model case-2. 

Then, the temperature of feed water becomes to 110.6oC from 208.1o

 

C at 50% loading 

condition which is passed through the boiler. At this condition energy efficiency and exergy 

efficiency of the overall cycle have been calculated which are shown in table 5.7.  

5.4.4  MODEL CASE -4 

 

If HTR3, HTR4, HTR6 and HTR7 are inactive, then the temperature rise of 120.1oC of feed 

water is not found . So, the temperature of feed water decreases more than the model case-3. 

Then, the temperature of feed water becomes to 88oC from 208.1o

 

C at 50% loading 

condition which is passed through the boiler. At this condition energy efficiency and exergy 

efficiency of the overall cycle have been calculated which are shown in table 5.7.  

Table 5.7: Energy and exergy efficiencies of the Overall power plant by inactivating heater  

 

50 % Loading Energy efficiency Exergy efficiency 
All heaters are 
active 35.48 44.25 
HTR3 inactive 31.49 41.97 
HTR3 ,4 inactive 29.75 40.71 
HTR3,4,6 inactive 26.66 38.42 
HTR3,4,6,7 inactive 25.34 37.45 

 

From the analysis of the model case, it is found that energy efficiency is decreased by 10% 

and exergy efficiency is decreased by 7% from the all heaters active condition to four 

heaters inactive condition. So, energy efficiency is decreased more than exergy efficiency. 
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Figure: 5.10 Energy efficiency of the Overall power plant by inactivating feed water heater 

 

Figure: 5.11 Exergy efficiency of the Overall power plant by inactivating feed water heater 
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Table 5.8: Difference between Energy efficiencies by inactivating heater  

50 % Loading Energy efficiency 
Difference between Energy 
Efficiencies 

All heaters are 
active 35.48   
HTR3 inactive 31.49 3.99 
HTR3 ,4 inactive 29.75 1.74 
HTR3,4,6 inactive 26.66 3.09 
HTR3,4,6,7 inactive 25.34 1.32 

 

 

Figure: 5.12 Difference between Energy efficiencies by inactivating heater 

 

From Table 5.8 and fig 5.11, it is found that when low pressure heater HTR3 has been 

inactivated Energy efficiency is decreased by 3.99%. But when both low pressure heater 

HTR3 and HTR4 have been inactivated Energy efficiency is decreased only by 1.74%. Later 

when  HTR3, HTR4 and high pressure heater HTR6 are inactivated then Energy efficiency 

is decreased by 3.09%.But when four heaters (two low pressure heaters HTR3, HTR4 and 

two high pressure heaters HTR6, HTR7) are inactivated, then Energy efficiency is decreased 

only by 1.32%. 
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Table 5.9: Difference between Exergy efficiencies by inactivating heater  

50 % Loading Exergy efficiency 
Difference between 
Exergy Efficiencies 

All heaters are 
active 44.25   
HTR3 inactive 41.97 2.28 
HTR3 ,4 inactive 40.71 1.26 
HTR3,4,6 inactive 38.42 2.29 
HTR3,4,6,7 inactive 37.45 0.97 

 

 

Figure: 5.13 Difference between Exergy efficiencies by inactivating heater 

 

From Table 5.9 and fig 5.11, it is found that when low pressure heater HTR3 has been 

inactivated Exergy efficiency is decreased by 2.28%. But when both low pressure heater 

HTR3 and HTR4 have been inactivated Exergy efficiency is decreased only by 1.26%. Later 

when  HTR3, HTR4 and high pressure heater HTR6 are inactivated then Exergy efficiency 

is decreased by 2.29%.But when four heaters (two low pressure heaters HTR3, HTR4 and 

two high pressure heaters HTR6, HTR7) are inactivated, then Exergy efficiency is decreased 

only by 0.97%. 
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CHAPTER 6 

 

CONCLUSIONS AND RECOMMENDATIONS 
 
 

6.1   CONCLUSIONS 
 

Energy and Exergy analyses are shown in this study to be able to help understand the 

performance of coal fired thermal power plants and identify design possible efficiency 

improvements. It gives logical solution improving the power production opportunities in 

thermal power plants. From the data presented and the subsequent analysis, following 

conclusions can be drawn: 

 
1. From the analysis it is found that exergy efficiency is lower than energy efficiency.  

Boiler is the main part that contributed to lower the exergy efficiency. 

 
2. It has been observed that 68.27%  exergy loss occur in combustor (Boiler) which  

shows combustor is not fully adiabatic and combustion may not be complete. This 

large exergy loss is mainly due to the combustion reaction and to the large 

temperature difference during heat transfer between the combustion gas and steam. 

Comparing with the exergy input to the plant, this actually reduces the overall plant 

output . Other factors that may contribute to the high amount of exergy loss  are 

tubes fouling, defective burners, fuel quality, inefficient soot blowers, valves steam 

traps and air heaters fouling. Inspections of this equipment need to be carried out 

during the boiler outage. This  study pin points that the combustor requires necessary 

modification to reduce exergy destructions thereby plant performance can be 

improved. 

 

3. The major energy destruction occurs in the Condenser which leads to inefficient 

           heat transfer between hot stream (flue gas) and cold stream (water and air).It indicates 

heat exchanger system need to be carefully inspected. 

 



 

 

68 

 
 

4. Poor part-load energy efficiency is attributed to higher relative energy rejection. On 

the contrary, poor part-load exergy efficiency is not due to higher relative exergy 

rejection but caused by higher relative exergy consumption. 

 
5. Results show that feed heaters with higher temperature difference between feed 

water and extraction steam consume more exergy and HP heaters deal with larger 

quantity of exergy. Thus, a little deviation in performance of HP heaters will have 

greater impact on cycle efficiency and therefore, need more attention. 

 

6. Considering  the emission of flue gas, stack height is calculated. From the site visit 

stack height is found to be about 100 m which meets the requirement of 

Environmental energy conservation rules. 

 

7. When traditional First Law analysis does not indicate performance deterioration, 

exergy analysis pinpoints inefficiencies and shows avenues for improvement. 

 

8. Thus, energy analysis results lead to erroneous conclusion that major loss is 

associated with the heat rejection at the condenser, while exergy analysis 

quantitatively demonstrates that only a very small amount of work potential is lost in 

the condenser (since the heat is rejected nearly at the ambient temperature). 

 

9. Operation and maintenance decisions based on exergy analysis of the power plants 

proved more effective. Power station equipment involves high density of exergy 

transfer and therefore, it is important that exergy destruction is minimized in such 

devices. Exergy-based approach of performance monitoring in operating power 

plants helps in better management of energy resources and environment. 
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6.2   RECOMMENDATIONS  

 

Our country is in great crisis of power. So  improvement of the efficiency of  power plant is 

necessary. To establishment of  new power plant are costly. So proper operation and  

maintenance  decisions have been taken for increasing the efficiency of the existing power 

plant. The main problem of our country is that after a period of operation most of the sensors 

do not work properly. For this reason sometimes the correct information of the plant can  not 

be found. However further studies are required to improve the performance of our plant. The 

recommendations for future work are listed below: 

 

• Study can be performed by the effect of ambient temperature on the performance of 

the plant. 

 
• For calculation of energy and exergy efficiency EXCEL spreadsheet are used. In this 

calculation different types of simulation software (such as ASPEN Plus) can be used. 

 
• The analysis can also be performed by changing governor settings of the turbine 

control valves (i.e. at constant pressure operation and sliding pressure operation). 

 
• Further analysis can be done with and without feed water heaters and increasing the 

number of feed water heater to evaluate the influence of feed water heater efficiency 

to the total performance of the power plant. 
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APPENDIX-A 
 

SAMPLE CALCULATION 
 
 
 
 
 
A1. Calculation of Overall energy efficiency (For 50% loading condition) 
 
From the collected data  
 
Mass flow rate of coal, min

f

Mass flow rate of air, m

=6.94 
kg/sec 

in
a

 
=65 kg/sec 

The considered coal for this paper represents the typical coal of Bangladesh (Baropukuria 

coal mine) with lower heating value 22.7 MJ/Kg . 

 
Therefore, the rate of energy entering the control volume with fuel: 

Enin=Enin
f+En13 

 
=1.58E+05 kW 

The following composition (by mass) of coal has been considered based on the design: 
 
 
83% C, 5.1% H2, 9.4% o2, 1.7% N2, Ash 12.4%, H2O=10% 
 
C+0.37H2+1.18 O2=CO2+0.37H2O 
 
Neglecting the ash in flue gas, the mass flow rate of flue gas can be evaluated as 
 
mg=(0.876min 

f+min
a

  
)=71.07 kg/sec 

min
a 

 
is  obtained from designed value of the plant corresponding to different boiler loading. 

Mass flow rate of moisture in flue gas: 
 
mg

H2O=moisture from coal+moisture from combustion of hydrogen in coal+moisture from 

air = ( moisture % in coal)x min
f +(%H2 in coal x  min

f

 

)+moisture from air 

The mass flow rate of moisture from air is obtained from the psychrometric chart 

considering the air temperature and the relative humidity. 

 



From the  psychrometric chart, Humidity ratio=Kg water/kg dry air=0.016 

Moisture from air=Humidity ratio x kg dry air 

mg
H2O

The mass flow rate of dry flue gas: 

= .1x6.94+(.051x6.94)+1.04=4.92kg/sec 

 
mg

dry=mg-mg
H2O

 
= 66.16 kg/sec 

The oxygen and carbon dioxide percentages at the air-heater inlet are used for calculating 

the mass flow rate of oxygen and CO2 in the flue gas as 

 
mg

O2=ng
O2x mg

dry  

 
=13.86 

mg
CO2=ng

CO2x mg
dry

 
=0.02 

mg
N2=ng

N2x mg
dry

 
=51.7 

From experimental analysis ng
O

2=20.95%,ng
CO2=0.03%,ng

N2=78.09%,ng
H2

 
=.00005%  

 
The energy flow rate leaving the control volume with flue gas is 

Eg
out=Ʃmj

gej
g

 
= -1.59E+05 kW 

The total exergy flow rate leaving the control volume including that with circulating water is 
 
Eout=Eg

 
out+E14=-1.59E+05 kW 

Flue gas Temp,T=409 k, ambient Temp=300 k 
 
  Cp at 409 K m • T=T-To ho h=mcp• T En=m(h-ho) 
CO2 0.9 0.02 109 2.2 1.8 -0.3 
O2 0.9 13.9 109 2083.6 1394.4 -689.1 
N2 1.0 51.7 109 8911.8 5856.2 -157853.0 

 
 
 
The net power output from the control  
 volume is= Pnet=G-Paux=5.63E+05 kW 
   
   
The energy efficiency of the control 
volume 3 is 
 
 
 

η= Pnet/(Ein-Eout)  



   
 =35.48%  

A-2 Exergy efficiency calculation of the Total Power Cycle (Exergy Analysis of  the 
control volume 3) (For 50% loading condition) 
 
 
The exergy of coal comprises of both chemical and thermo-mechanical components and is 

defined on the basis of a single step irreversible reaction in consideration of the ultimate 

analysis of coal. The following composition (by mass) of coal has been considered based on 

the design: 

83% C, 5.1% H2, 9.4% O2, 1.7% N2, Ash 12.4%, H2O 10% 
 
The Stoichiometric equation representing the complete combustion of the coal in oxygen 

and considering that the hydrogen in coal (as H2) is fully oxidized during combustion is 

C + 0.37H2 + 1.18 O2= CO2 + 0.37H2O 
 
The fuel is assumed to enter the system at room temperature. Therefore, the specific exergy 

of coal per mole of carbon (neglecting thermo-mechanical component) can be written as 

[17] 

 
 
 
 
 
 
 
 
The variables with bar (e.g. ) designate the molar values of the respective quantities. For 

the specific molar entropy calculations in the above equation, the reference mole fractions of 

O2, CO2 and H2O are taken from [17]. From the above equation, it is found 

ein
-f=4.96x105

 
 kJ/kmol 

nc= 0.83 
Mc= 12 
min

f 6.94  = 
min

a 65  = 
 
 

Therefore, the rate of exergy entering the control volume with fuel: 
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where   is the mass flow rate of coal at the inlet, nC is the mass fraction of carbon in coal 

and MC is the molecular weight of carbon. 

 

Exergy entering the control volume with air at reference temperature is zero. Considering 

the exergy input with fuel and circulating water, the total exergy flow rate entering the 

control volume is 

Exin=Exin
f

 
+Ex13 

Exin
f

 
=2.38E+05 

Exin=Exin
f

 
+Ex13=2.38E+05 kW 

Neglecting the ash in flue gas, the mass flow rate of flue gas can be evaluated as 
 
mg=(0.876min 

f+min
a

  
)=71.07 kg/sec 

min
a 

 
is  obtained from designed value of the plant corresponding to different boiler loading. 

Mass flow rate of moisture in flue gas: 
 
mg

H2O=moisture from coal+moisture from combustion of hydrogen in coal+moisture from 

air = ( moisture % in coal)x min
f +(%H2 in coal x  min

f

 

)+moisture from air 

The mass flow rate of moisture from air is obtained from the psychrometric chart 

considering the air temperature and the relative humidity. 

 
 
From the  psychrometric chart, Humidity ratio=Kg water/kg dry air=0.016 
 
Moisture from air=Humidity ratio x kg dry air 
mg

H2O

          =4.92 kg/sec 
= .1x6.94+(.051x6.94)+1.04 

The mass flow rate of dry flue gas: 
 
mg

dry=mg-mg
H2O

 
= 66.16 kg/sec 

The oxygen and carbon dioxide percentages at the air-heater inlet are used for calculating 
the mass flow rate of oxygen and CO2 in the flue gas as 
 



mg
O2=ng

O2x mg
dry  

 
=13.86 

mg
CO2=ng

CO2x mg
dry

 
=0.02 

mg
N2=ng

N2x mg
dry

 
=51.7 

From experimental analysis ng
O2=20.95%,ng

CO2=0.03%,ng
N2=78.09%,ng

H2

 
=.00005% 

 
 
Where, the summation applies over all the components of the flue gas. The total exergy flow 

rate leaving the control volume including that with circulating water 

Exout=Exg

The total exergy flow rate leaving the control volume including that with circulating water is 

out+Ex14 

 
Exout=Exg

 
out+Ex14= 1.11E+05 kW 

Taking, T=409, T=300 Calculating the specific exergy  the components of the flue gas. 
 

  
Cp at 
409K 

m • T=T-
To 

ho h=mcp• T So S=mcpln(T/To) e=(h-ho)-To(S-
So) 

CO2 0.87 0.02 109 3.03 1.8 0.08 0.005 23.4 

O2 0.92 13.86 109 2083.5 1386.9 81.3 3.9 22521.9 

N2 1.04 51.66 109 8911.8 5856.2 321.6 16.6 88415.7 
 
 
The net power output from the control volume is 
 
Pnet=G-Paux 

      =5.63E+04 kW 
 

The exergy efficiency of the control volume 3 is evaluated accordingly using the following 

Equation 

 
 
=44.25% 
 
 
 
 



A-3 Energy efficiency calculation of the Components of the Equipment (Energy 
Analysis of  the control volume 3) (For 50% loading condition) 
 

 Energy efficiency of Boiler:  

     
The First Law efficiency is defined as   
     
 Energy efficiency of Boiler=(m3(h3-h12)+m1(h1-h11))/Qk  
     
  Qk= 1.58E+05 kW  
     

 
 
 
 

Boiler= 97.30% 
 

 
 
 

 Energy Analysis of  the control volume 2 (Turbine cycle)  
      
The energy flow rate entering the control volume    
      
     
      
The energy flow rate leaving the control volume    
      

     
      
E14-E13= Qk=Qrej=mcCp• T= 40638 kW    
      
      
Ein-Eout= E1+E3+E13-E11-E12-E14=1.13E+05 kW    
      
Pin

(CEP) m16h16-m15h15= = 6.37E+01 kW    
Pin

(BFP) m18h18-m17h17= = 9.16E+02 kW    
      
The net power output from the control volume is    
      

  
Pnet = G - Pin

(CEP) - Pin
(BFP) 

=6.15E+04 kW 
  

   
      
 Turbine=54.4%    

 
 
 
 
 



 Energy efficiency of condenser   
      

 
The energy balance for the condenser is given 
by:   

      
 0 = m6*(h6 − h15) − Qrej − Energy loss Qrej=mcCp• T=40697  kW   
  Tout=30 K    
 This gives: Tin=25 K    
      
 Q loss = m6*(h6 − h15) – Qrej= 4.94E+04 kW    
      
 The First Law efficiency is:    
 
 
 

     
 Condenser = 1 − (Q loss/m6(h6-h15)= 45.17%    

 
 
 
 

 Energy efficiency of Heater  
     
     
 Efficiency of HTR1=(m19*(h21-h19))/(m20*(h28-h20))= 93%  
     
     
     
 Efficiency of HTR2=(m21*(h22-h21))/(m29*h29+m32*h32))= 75%  
     
     
     
 Efficiency of HTR3=(m23*(h24-h23))/(m8B*h8B+m33*h33-m32*h32)= 100%  
     
     
     
 Efficiency of HTR4=(m24*(h25-h24))/(m8A*h8A-m33*h33)= 100%  
     
     
 Efficiency of HTR5(Deaerator)=(m17*h17)/(m25*h25+m30*h30+m34*h34)= 100% 
     
     
     
 Efficiency of HTR6=(m18*(h26-h18))/(m7*h7-m34*h34+m35*h35)= 100%  
     
     
     



 Efficiency of HTR7=(m26*(h27-h26))/(-m35*h35+m31*h31)= 100%  
     
     

 Energy efficiency of Condensate Pump   
      
 P15=.00554 Mpa P16=1.724 Mpa     
 Wp=h16-h15     
      
 s16=s15     
 h16-h15=v(P16-P15)     
      
 Wp=v(P16-P15)=66.37kW     
      
 Efficiency=m15(h16-h15)/Wp=96%    
      

 
 
 
A-4 Exergy efficiency calculation of the Components of the Equipment (Energy 
Analysis of  the control volume 3) (For 50% loading condition) 
 
 

 Exergy efficiency of Boiler:   
     
The Second law efficiency is defined as   
     
 Exergy efficiency of Boiler=(m3(e3-e12)+m1(e1-e11))/Qk  
     

  Qk= 2.37E+05 kW 
     

 
 
 
 

Boiler= 32.9%  
 

 Exergy Analysis of  the control volume 2 (Turbine cycle) 
     
The exergy flow rate entering the control volume   
     

Exin= Ex1+Ex3+Ex13    
     
The exergy flow rate leaving the control volume   
     

Exout= Ex11+Ex12+Ex14    
     
     
     
Ex14-Ex13= Ex6-Ex15    



     
Ex6-Ex15= 2.88E+03 kW    
     
Exin-Exout= Ex1+Ex3+Ex13-Ex11-Ex12-Ex14=7.56E+04kW   
    
Pin

(CEP) m16h16-m15h15= = 6.37E+01 kW   
Pin

(BFP) m18h18-m17h17= = 9.16E+02 kW   
     
The net power output from the control volume is   
     

  
Pnet = G - Pin

(CEP) - Pin
(BFP)

 
=   

 
  • ,turbine=81.3%   

 Exergy efficiency of condenser   
      
 The exergy balance for the condenser is given by: To=298 K   
   Tk=303 K   
 0 =m6(e6-e15)-• (1-T0/Tk)Qk-ToSgen Qk=Qrej=mcCp• T=40640 kW   
 The irreversibility=exergy loss is:    
      
 Idestroyed=ToSgen=(m6(h6-h15)-To(m6(s6-s15)-• (1-T0/Tk)Qk)= 2.21E+03 kW   
      
 The exergy efficiency is:    
      
 1-Idestroyed/m6(e6-e15)= 99.07%     

 
 Exergy efficiency of Heater  

    
    
 Efficiency of HTR1=(m19*(e21-e19))/(m20*(e28-e20))= 50.5% 
    
    
    
 Efficiency of HTR2=(m21*(e22-e21))/(m29*e29+m32*e32))= 50.5% 
    
    
    
 Efficiency of HTR3=(m23*(e24-e23))/(m8B*e8B+m33*e33-m32*e32)= 78.5% 
    
    
    
 Efficiency of HTR4=(m24*(e25-e24))/(m8A*e8A-m33*e33)= 34.9% 
    
    



 Efficiency of HTR5(Deaerator)=(m17*e17)/(m25*e25+m34*e34+m30*e30)= 91.3% 
    
    
    
 Efficiency of HTR6=(m18*(e26-e18))/(m7*e7-m34*e34+m35*e35)= 92.75% 
    
    
    
 Efficiency of HTR7=(m26*(e27-e26))/(-m35*e35+m31*e31)= 87.8% 
    
    
    
 
 
 

 Exergy efficiency of Pump  
    
 Wp=h16-h15   
    
 s16=s15   
    
 h16-h15=v(P16-P15)   
    
 Wp=v(P16-p15)= 66.36 kW   
    
 Efficiency=m16(e16-e15)/Wp=96.02%  
    
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table B1: Design data on pressure, temperature and mass flow rate at different points 

N.B Data is collected by BPDB Officials 



Table B2: Operating data on pressure, temperature and mass flow rate at different points 
 

 



 

 
Table C1: Calculated Flow data corresponding to 50% load 



Table C2: Calculated Flow data corresponding to 80% load 
 
 
 
 



 
Table C3: Calculated Flow data corresponding to 100% load 
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