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ABSTRACT

In this research paper, exergy analysis for diffe@mmponents of 120MW thermal power plant has losre.
For analysis different inlet temperature condititiase been taken as a parameter, different intepéeature conditions
are — (1) 507.78°C, (2) 517.78°C, (3) 527.78°C, §87.78°C, (5) 547.78°C, (6) 557.78°C and (7) 5877
Exergy analysis has been done for boiler, for steatyines (high pressure turbine, intermediate qunesturbine and low
pressure turbine), for condenser and for feed wataters with different inlet temperature condioAnd exergy curves

have also been generated for different componethteoplant.
KEYWORDS: Exergy or Available Energy, Power Output, Heat Ritlet Temperature and Exergy Curves
LIST OF SYMBOLS, ABBREVIATION AND NOMENCLATURE
Ex = Extraction Quantity from HP, IP and LP Turbinasdifferent stages (kg/sec).
FF = Flow Function
h; = Enthalpy of steam at different stages (kJ/kg).
L, = Steam Used for Reducing Pressure Differencelffand Last Stage of HP Turbine (kg/sec)
L,, Ls and L, = Leakage before Entering Steam in HP Turbineggg).
Ls and L = Leakage after Steam Expand in HP Turbine (kg/sec
L, and L; = Leakage before Entering Steam in IP Turbineg&g).
L, = Leakage before Entering Steam in LP Turbineqgg).
P = Pressure of Steam for 120MW Power Plant (desmmdition) (bar).
Q: = Heat addition in Boiler (kJ/kg).
Q. = Heat addition in Superheater (kJ/kg).
V = Specific Volume of Steam for 120MW Power P(dasign condition) (m3/kg).
W = Mass Flow Rate of Steam for 1220MW Power Pldasign condition) (kg/sec).
W’ = Mass Flow Rate Generated in Boiler at Differ&onditions (kg/sec).
W = Mass Flow Rate of Steam at different stagesséal/

Whax OF Pret = Available Energy (A.E.) or Exergy outlet (MW).
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Q = Total Heat Supplied (MJ/sec or kJ/sec).

To = Atmospheric Temperature (310 K).

ds, dS, dS, dS, dS;, dS, = Change in Entropy for Feed Water Heater 1,238 respectively (kJ/kg-K).
hiy, = Latent Heat Transfer for Condenser (kJ/kg).

tg1, g2 Niga, Tkga, Migs, Nige = Latent Heat Transfer for Feed Water Heater 1,2,3,6 respectively (kJ/kg).
msand my,= Mass Flow Rate of Steam and Mass Flow Rate o&W(kg/sec).

Cysand G, = Specific Heat at Constant Pressure for Steam\fader (kJ/kg K).

T,, T, and T3 = Temperature of Water at Boiler's Entrance, Sated Temperature in Boiler and Superheated

Steam Temperature in the Boiler (K).
Tin and Ty = Inlet and Outlet Temperature of Circulating Waite Condenser (K).
INTRODUCTION

This paper is based on 120 MW thermal power plamd a thermal power plant consists of five major
components — (1) Boiler, (2) Steam Turbines — Higéssure turbine, Intermediate pressure turbine Lad pressure
turbine, (3) Condenser, (4) Feed Water Pump — Paftep condenser and Pump after deaerator and &s) Weater Heater
— one feed water heater for high pressure turtiime,feed water heater for intermediate pressureiriarand three feed
water heater for low pressure turbine. In the bpileater converts into high pressure and tempezasteam by the

constant pressure heating process.

Then high pressure and temperature steam entera inigh pressure steam turbine, in which steanaredg and
some amount of steam extract for feed water hegtingess. Then steam enters into an intermediasspre turbine, in
which steam expands and some amount of steam exj@act for feed water heating process. And finatBam enters into
a low pressure turbine, in which steam expandssamde amount of steam again extract for feed wadatitg process.
After passing through the low pressure turbineratésaconverted into saturated water. Then wategrsrinto the boiler

with the help of a pump [1].

Simply exergy outlet can be defined as energy winchvailable or exergy outlet can also be definsdthe
maximum useful work output from a system. And eyedgstruction is the summation of exergy destructd each
component of the power plant. So exergy destruatioa cycle can be determined by tracing the imtligl component of
the plant. During the operation some amount ofgnéer rejected into the surrounding and this eneayynot be converted
into work, this is called unavailable energy [1ee&®e A. et al [2] have analyzed thermal power plaitth the combined
effect of constant inlet pressure (124.61 bar) différent inlet temperatures. They have also gdedraorrection curves
for power and heat rate. Corrado A. et al [3] hassessed and analyzed high-efficiency steam pdaet gn the basis of
exergy. They have suggested two different life eyapproach methodologies — (1) the life cycle assent and
(2) the extended exergy analysis. They have cordididat the real exergy efficiency of the system loa decreased from
41.8% to 17% by adopting extended exergy analySEBA] methodology. Amir Vosough et al [4] have imped the
efficiency of thermal power plant. They have anatyZRankine cycle with reheat on the basis of enamyy exergy
analysis. They have found that the combined enkgg/in the condenser and other components is %3.22d they have

also found that the thermal and exergy efficienofethe power plant are 38.39% and 45.85% respagtiv
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Wang Y. Hong et al [5] have built a relationshipgveeen the efficiency of the thermal power plant #mg total
process of irreversibility in the rotary air pretexaby using exergy analysis. And they have suggesbme optimal
parameters to improve performance of rotary aihpater as well as a power plant. Eskin Nurdil ¢6have developed a
model for the analysis of FBCC (fluidized bed coambustor) steam power plant. They have concludatthe exergy

efficiency of the system can be increased to 1h9%icreasing steam pressure from 4 to 12 bars.

Aljundi H. Isam [7] has identified and quantifigltet sites which are having largest energy and exesses in a
steam power plant. He has found that the boiltrdsmajor source of irreversibility and suggesteat trreversibility in the
boiler can be reduced by preheating the combustioand reducing the air—fuel ratio. Vosough Andt has calculated
energy and exergy of the boiler. After differenicadations he has found that energy efficiencyhef boiler is 89.21% and
exergy efficiency of the boiler is 45.48%.

Rosen A. Marc et al [9] have analyzed steam povartn the basis of exergy to improve the efficieof the
plant. And they have observed that the efficienéythe steam power plant can be increased by — ddyation in
irreversibility in the steam generator, (2) redoetin the fraction of excess combustion air andré8uction in stack gas

temperature. Mali D. Sanjay et al [10] have donergy and exergy analysis for thermal power plants.

They have analyzed efficiencies at every point ey have also found the major losses occur at ostitn
chamber, superheater, economizer and air preh&erare H.O. et al [13] have investigated diffenenxthods to improve

the performance of the power plant. They have extatithe performance of Omotosho Phase 1 ThermegiH@lant.

Gulhane J Sarang et al [14] have found amount aacts of irreversibility in the boiler of 6 MW theal power
plant. They have also identified the component Wwhéchaving largest energy losses and it helpmfrave the design of
that component. Reddy V. Siva et al [15] have aswdythermal power plants on the basis of energy exalgy.
They have conducted comparative analysis for doad thermal power plant and natural gas fired tf@rpower plant.
Suryvanshee Sahil et al [16] have presented astasly on thermal power plant. They have analysadtptomponents

separately and then identified which componentigny largest exergy losses.

They have calculated percentage ratio of exergyrugmn to the total exergy destruction for bailtar steam
turbine and for condenser. And they have found ttiatatio is 57%, 33.3% and 5.34% respectivelyndes M. et al [17]
have performed energy and exergy analysis of ralkganerative power plant. Energy and exergy belaheet have been
made for each component of the plant. Rocco Madtead [18] have presented exergy and thermo-ecanamalysis of a

320 MW power plant. The main aim of these analysas to identify the optimal design configuratiortioé plant.

Ayoola O. Phillip et al [19] have carried out engi@nd exergy analysis of a thermal power plannt@stigate
effects on thermodynamic efficiencies. Acir Aden®][2as predicted exergy efficiency of thermal powtmt by using
artificial neural network. He has developed arfiaiél neural network model which is based on bpobpagation learning
algorithm. Khanmohammadi Shoaib et al [21] havdquered exergy analysis and exergo-economic anatysiksfahan

thermal power plant, Iran.

A simulation program has been used for modellirg girant. Pal K. M. et at [22] have recommended that
actual irreversibility of different components dfet power plant can be estimated by energy/exerglysis. They have
observed that real assessment of the power plarbeaone by exergy analysis. This work deals Wighexergy analysis
of different components of 120 MW thermal powernpland generation of different curves. Layout oON®V thermal

power plant is as shown in figure 1. [12]
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Figure 1: Layout of 120 MW Thermal Power Plant

METHODOLOGY

Exergy Analysis for Boiler

First of all change in entropy for boiler has beatculated with the relationship between sensibk Hatent heat
and temperature. Then unavailable energy has belenlated with the relationship between change ritropy and
ambient temperature. And after finding heat addiiio boiler, exergy has been calculated with tHati@nship between

exergy, heat addition and unavailable energy. [1]

* dS ={(Guw) In[TT4] + Latent Heat/ T+ (G,9 IN[T/T,J}, kd/kg K 1)
* TS, kd/kg 2
* AE.=Q-Tds 3)

Exergy Analysis for Steam Turbines

Flow Function Calculation

First of all flow function has been calculated wikte relationship between mass flow rate, presancespecific

volume. [11]
FF = WA (P/V) kg?/bar m3 hr ) (4
FF = 363313.04 (125.1/0.0186) = 4430.051 kg?/bar m? hr
W = 363313.0 kg/hr, P = 125.1 bar and V = 0.018&gnfor 120MW power plant. (Ideal condition)
Mass Flow Rate Calculation
Then mass flow rate (W) has been calculated fagrgzondition. [11]
FF = WA (P/V) kg?bar m? hr
4430.051= W N (P/V), here P and V given as per given condition.
Mass Flow Rate Calculation for Different Stages ofiP, IP and LP Turbines

Then different mass flow rates have been calculatedifferent stages for HP, IP and LP Turbines dimen

condition. Different leakage rates and differertr@&ction rates have been taken for the BHEL thepoaler plant. [12]
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e« W;=(W-L-L,-Ls- Ls) kg/sec (5)

e W,=(W; +L-Ls-Le - Exq) kg/sec (6)

«  W;=(W,-Ex-L; - Ls) kg/sec (7)
e Wi = (W; - Ex) kg/sec (8)
¢ Ws= (W, - Exq) kg/sec 9)
o W= (Ws - Ex - Lo) kg/sec (10)
¢ W, = (W - Ex) kg/sec (11)

Total Power Calculation

Then power has been calculated with the relatignBtween mass flow rate and enthalpy drop inuHarne for

given condition. [12]
Power = Mass flow rate (Enthalpy drop in the tuedjiMwW (12)

P = HP Turbine {W (h - h)} + IP Turbine {[W, (hs - h)] + [Ws (s - hs)] + [Wa (hs - he)]} + LP Turbine {[Ws
(he - hy)] + [We (hy - h)] + [W5 (hg - he)]} MW (13)

Exergy or Net Power Calculation

Then net power has been calculated for given ciamdif12]

Exergy or Re;= Generator Efficiency (Power — Mechanical LosskB)V (14)
Exergy Analysis for Condenser

Mass flow rate of water has been calculated bygnéalancing equation. Then change in entropy leesb
calculated with the relationship between heat fearsnd temperature. Then unavailable energy has belculated with
the relationship between change in entropy and emkdemperature. Then amount of heat transfer bas lbalculated
with the relationship between mass flow rate oastand enthalpy drop for steam. Finally exergyliesen calculated with

the relationship between exergy, heat additionwaral/ailable energy. [1]

(ms) (hyg, Enthalpy drop in condenser) =J{(Cow) (Tour— Tin) (15)
Change in entropy for Condenser (dS) = (Enthalpdin condenser / Saturated temperature) (16)
Unavailable energy =4[(dS), Change in entropy a7
Heat transfer (Q) = (g1 (hy) (18)
AE.=Q—Tds, (19)

Exergy Analysis for Feed Water Heaters

Change in entropy has been calculated with théioakhip between latent heat transfer and satutategerature
of feed water heater. Then unavailable energy le&s lzalculated with the relationship between etitracquantity for
heater, change in entropy and ambient temperafitnen amount of heat transfer has been calculatddthgé relationship
between extraction quantity for heater and enthalpgp for steam. Finally exergy has been calculatgth the

relationship between exergy, heat addition and aifee energy. [1]
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dS = y/Ts= (Latent heat transfer in heater)/(Saturated teaipee) (20)
For heater 1, Unavailable Energy (U.E.) ={EX dS) (22)
And Q = (Ex) (g, for heater 1) (22)
For heater 2, Unavailable Energy (U.E.) ={HX (dS,) (23)
And Q = (B3 (hxgy, for heater 2) (24)
For heater 3, Unavailable Energy (U.E.) = {HX 0S;) (25)
And Q = (Ex) (hgs, for heater 3) (26)
For heater 4, Unavailable Energy (U.E.) ={HX dS,) (27)
And Q = (Ex) (hgs, for heater 4) (28)
For heater 5, Unavailable Energyel= (Ex X TodS;) (29)
And Q = (Ex) (hgs, for heater 5) (30)
For heater 6, Unavailable Energy (U.E.) = {HX d0;) (32)
And Q = (EX) (fge, for heater 6) (32)
Available Energy (A.E.) or Exergy outlet = Q - Udlable Energy (U.E.) (33)

Now total exergy has been calculated by summati@ach exergy which has been found after calculatio

Total Available Energy or Exergy = (Exergy for Heatl) + (Exergy for Heater 2) + (Exergy for Hea®r+
(Exergy for Heater 4) + (Exergy for Heater 5) + ¢y for Heater 6) (34)

Heat Rate Calculation

And then heat rate has been calculated with treioekhip between total heat addition in boiler aetl power

output from the power plant for given condition2]1

Heat rate = (Total heat addition in boiler) / (detver) (35)

HR = (Q + Q)/ PyetkJ/MW-sec (36)

Qi =W’ (hy - h), (Heat addition in BoilejJ/sec (37)

Q. =W, (hs - h") (Heat addition in Super heater) kJ/sec (38)
RESULTS

Seven different case studies have been done féerelit inlet temperature conditions. After analysieme
important results have been found. And all resatesgiven in tabular form (in table 1 and table/)d different curves

have also been generated (in figures 2 - 5).

Table 1: Exergy for Different Components of the Powr Plant at Different Inlet Temperature Conditions
Inlet Temperature (in °C) 507.78 517.78 527.78 537.78 | 547.78 | 557.78 567.78

Inlet Pressure (in Bar) 125.10 | 125.10 | 125.10 | 125.10 | 125.10 | 125.10 | 125.10
1 | Boiler (MW) 183.513| 184.34§ 185.18p 185.526 188.37187.235| 188.094
2 | Steam Turbines (MW) 120.82P  120.580 120.355 120.019.505| 119.276 119.04p
3 | Condenser (MW) 5.015 5.003 4.997 4.961 4.948 4.936 4.922




Exergy Analysis for 120MW Thermal Power Plant withDifferent Inlet Temperature Conditions

Table 1: Contd.,

4 | Feed Water Heater 1 (MW 1.001 0.986 0.969 0.9530.941 0.927 0.915
5 | Feed Water Heater 2 (MW, 1.660Q 1.643 1.628 1.6211.598 1.584 1.570
6 | Feed Water Heater 3 (MW| 1.048 1.038 1.026 1.0091.008 1.001 0.989
7 | Feed Water Heater 4 (MW| 3.613 3.569 3.524 3.4833.441 3.402 3.364
8 | Feed Water Heater 5 (MW| 2.921 2.890 2.856 2.8262.797 2.766 2.739
9 | Feed Water Heater 6 (MW| 4.931 4.825 4.721 4.6194.527 4.434 4.347
Table 2: Decrease in Exergy with Different Number®f Feed Water Heaters at
Different Inlet Temperature Conditions
Inlet Temperature (in °C) 507.78 | 517.78| 527.78| 537.78| 547.78| 557.78 | 567.78
Inlet Pressure (in Bar) 125.10 | 125.10| 125.10| 125.10| 125.10| 125.10 | 125.10

Decrease in Exergy with One

Feed Water Heater (in MW) 56.675 | 57.779| 58.873| 59.612| 60.984| 62.096 | 63.215

Decrease in Exergy with Two

Feed Water Heater (in MW) 55.015 | 56.136| 57.245| 57.991| 59.386| 60.512 | 61.645

Decrease in Exergy with Three

Feed Water Heater (in MW) 53.967 | 56.136| 56.219| 56.982 | 58.378| 59.511 | 60.656

Decrease in Exergy with Four

Feed Water Heater (in MW) 50.354 | 52.567 | 52.695| 53.499| 54.937| 56.109 | 57.292

Decrease in Exergy with Five

Feed Water Heater (in MW) 47.433 | 49.677| 49.839| 50.673| 52.140| 53.343 | 54.553

Decrease in Exergy with Six

Feed Water Heater (in MW) 42.502 | 44.852| 45.118| 46.054 | 47.613| 48.909 | 50.206

2 Law Efficiency (in %) 42.07| 4183 | 4159 | 4142 | 41.09 | 40.86 | 40.63

——Curve
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Figure 2: Exergy Curves for Boiler and Steam Turbire
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Figure 4: Exergy Curves for Feed Water Heater 1, Hater 2, Heater 3, Heater 4, Heater 5 and Heater 6

400

330

300
250
——With 3ix Heaters
—With Five Heaters
200 ——With Four Heaters
——With Three Heaters
150 ——With Two Heaters

——With One Heater

100

a0

T T T T T T 1
SO07.78°C 517.78°C 5I7JE°C 337 78°C 54778°C 537 78°C 567780

X axis — Differentén Temperature Conditions, Y axis — Exergy (in MW)

Figure 5: Curves for Decrease in Exergy with Diffeent Numbers of Feed Water Heaters
CONCLUSIONS

Different seven case studies have been done on \i2@hérmal power plant to analyze exergy outlet from
different components. After analysis, decrease Xargy outlet with different numbers of heaters as@tond law
efficiencies have also been found. Work has beewrladed as — (1) When inlet temperature incredses exergy for
boiler increases, (2) When inlet temperature ineesathen exergy for steam turbine and condenseeaks; (3) and
exergy for all feed water heaters decrease wheat temperature increases, (4) When inlet temperdhareases then
decrease in exergy with different numbers of feedewheaters (one heater, two heaters, three heéfder heaters, five
heaters and six heaters) also increase and (3)nMaemi second law efficiency can be achieved at 50T 7Blet
temperature.
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