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Abstract
In this paper, a thermoeconomic analysis of a 1400 MW Rajpura 
supercritical thermal power plant in Punjab has been performed 
using principles of engineering economics and thermodynamics. 
Objective of the study is to find energy losses, exergy destruction 
and exergoeconomic evaluation of different subsystems of thermal 
power plant. Detailed steam circulation system of Rajpura 
thermal power plant was prepared and connections between 
various equipments were numbered. Real time operational data 
of thermal power plant was collected and then data was organized 
in tabular form. Energy analysis of thermal power plant using first 
law of thermodynamics was carried out under various operating 
conditions including temperature, pressure and different mass 
flow rates. The results of energy analysis show that, maximum 
percentage loss occur in condenser subsystem (63.44 %) followed 
by energy loss in turbine subsystem (25.50%) and then in boiler 
subsystem (11.06 %). During exergy analysis, the second law 
efficiency of thermodynamics of each subsystem was determined 
and it was found that boiler is major source of Irreversibility in the 
plant. The results of exergy analysis show that, there is maximum 
rate of exergy loss in boiler and in the turbine subsystem, and 
condenser subsystem has minimum loss.  The exergy lost in boiler 
was found to be 38.79% and in condenser exergy destruction 
was found to be 3.025%. It was observed from energy and 
exergy analyses that the major energy loss occurs in condenser 
subsystem whereas major exergy loss occur in boiler subsystem. 
In last part of study exergoeconomic analysis of various subsystem 
of thermal power plant was carried out using the principles of 
engineering economics and exergy analysis based on second law of 
thermodynamics. Exergoeconomic factor based on capital cost and 
monetary loss because of exergy destruction in various subsystems 
were determined .Further from the Thermoeconomic evaluation it 
is concluded that the value of exergoeconomic factor is lowest for 
boiler. Exergoeconomic factor, for boiler, turbine and condenser 
was found to be 0.53, 0.58 and 0.85 respectively. This suggests 
that the overall system can be cost optimized by decreasing the 
exergy destruction in the boiler and making necessary investment 
in boiler subsystem

Keywords
Energy, Exergy, Boiler Efficiency, Turbine Efficiency, Thermoe-
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I. Introduction
The world of energy needs to rely heavily on fossil fuels for 
electricity generation .Despite the depletion of fossil fuels reserves 
and environment concern such as climate change ,the growth in 
oil demand is expected to be 50 % between 2003 and 2030 ,90 % 
for natural gas and 95 % for coal. Therefore, given the continued 
reliance on fossil fuels for some time, it is important that fossil 
fuel plants reduce their environmental impact by operating more 
efficiently, has some inherent limitations like not accounting for 
properties of the system environment, or degradation of the energy 
quality through dissipative processes. An energy analysis does not 
characterize the irreversibility of processes within the system. In 

contrast, exergy analysis will characterize the work potential of a 
system. Exergy is the maximum work that can be obtained from 
the system, when its state is brought to the reference or ‘‘dead 
state” (standard atmospheric conditions). Exergy analysis is based 
on the second law of thermodynamics. This paper will examine a 
detailed exergy analysis of a thermal power plant, in order to assess 
the distribution of irreversibility and losses, which contribute to 
the loss of efficiency in system performance. This current paper 
presents an exergy analysis of a uniquely configured Rankine cycle 
operating in supercritical conditions. The generator power output 
is 1400 MW. This study mainly focuses on the exergy losses in 
the pulverized coal fired power plant operating in super-critical 
conditions. A typical steam cycle flows for the ultra super-critical 
plant is demonstrated in the fig. 1. The overall performance of 
the power plant can be analyzed on the basis of exergy concepts. 
The concentration rate of exergy destructions will determine the 
area of exergy losses. A model was developed using Microsoft 
Excel to determine the exergy losses and the net power out from 
the power plant. The model developed was based on the concepts 
of coal combustion, energy balances, enthalpy changes, entropy 
changes, heat transfer and mass transfer of the steam cycle, other  
the objective of this paper is energy audit of boiler and turbine 
unit in order to balance the total energy inputs with its use and to 
identify all energy streams in a facility. Energy Audit with designed 
condition quantifies the usage of energy according to its discrete 
functions. Energy audit provide attention on energy cost also. 
Cost involved in achieving higher performances are studied by 
economic analysis and the best alternative is selected. The analysis 
basically checked the efficiency of energy use at present. Energy 
economic analysis covers the overall process of data collection 
and carrying out economic analysis by using basic engineering 
economics tools. Energy Audit identifies the performance of each 
equipment and compares it with the base case

II. Exergy Analysis
Exergy is a measure of the maximum capacity of a system to perform 
useful work as it proceeds to a specified final state in equilibrium 
with its surroundings. Exergy is generally not conserved as energy 
but destructed in the system. Exergy destruction is the measure 
of irreversibility that is the source of performance loss. Exergy 
is work potential and so, heat transfer is always accompanied by 
exergy transfer. Heat transfer Q at a location at thermodynamic 
temperature T is always accompanied by exergy transfer Xheat 
(work potential) in the amount of 

This relation gives the exergy transfer accompanying heat transfer 
Q whether T is greater than or less than T0. When the temperature T 
at the location ewherer heat transfer is taking place is not constant, 
the exergy transfer accompanying heat transfer is determined by 
integration to be
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Exergy Transfer by Work, W can  expressed 
Xwork = W - Wsurr (for boundary work)
        = W (for other forms of work)
Where Wsurr = P0(V2 - V1), P0 is atmospheric pressur, and V1 and 
V2 are the initial and final volumes of the system.
Exergy Transfer by Mass, m Mass contains exergy as well as 
energy and entropy, and the exergy, energy, and entropy contents 
of a system are proportional to mass.
Xmass = mψ ;
where ψ = (h - h0) – T0 (s - s0)  + V2/2 + gz and subscript 0 denotes 
environment.
Exergy Balance for Steady-Flow Systems Most control volumes 
encountered in practice such as turbines, compressors, nozzles, 
diffusers, heat exchangers, pipes, and ducts operate steadily, and 
thus they experience no changes in their mass, energy, entropy, 
and exergy contents as well as their volumes. Therefore, dVCV/
dt = 0 and also, dXCV/dt = 0 for such systems, and the amount of 
exergy entering a steady-flow system in all forms (heat, work, 
mass transfer) must be equal to the amount of exergy leaving plus 
the exergy destroyed. Then for the single stream flow (one mass 
inlet, one mass exit) steady-flow device reduces to  

Xheat – Xwork + Xmass,in – Xmass,out – Xdestroyed = (X2-X1)CV = 0 ;

Σ (1 - T0/T1) Qk  –  [Wout]  +  m[ Σψin - Σψout ] - Xdestroyed  = 0 ;

further simplifies to 

Xmass,in – Xmass,out – Xdestroyed = 0 ;

m[Σψin - Σψout ] = Xdestroyed ;

f subscripts 1 and 2 represent inlet and exit states
if not specific, 

XMASS = Ψ1 – Ψ2 = (H1 – H2) – T0(S1 – S2) + m(V1
2 – V2

2)/2 + 
mg(Z1 -  Z2);

Xin – Xout – Xdestroyed = 0 ;

Second-Law Efficiency of Steady-Flow Devices

Fig. 1:

III. Energy and Exergy Calculations 
By noting the temperature, pressure and mass flow rate at different 
points, calculate the exergy and energy at different points by using 
the exergy and energy mathematical equation as mentioned above 
here we illustrare calculation of exergy and energy at point 1, 
calculation for all other points is shown in table and corresponding 
point mentioned in fig. 1.

At point 1: Economizer input at point: Energy = m (h1-h0);  = 
595.163(1361.512-113.2922)
             = 742894.2408 kW
Exergy = m [(h1 – h0) – T0 (s1 – s0)];
   = 595.163 [(1248.198) - 300.15(3.2305-0.395)]
   = 236365.6972kW

Table 1: Calculation of Exergy and Energy at Different Points 
1 description m(kg/sec) T(c) P(bar) h S energy exergy
2 Atm 27 1.032 113.29 .396
3 Eco in 595.16 306.50 308.91 1361.51 3.23 742894.24 236365.7
4 Eco out 595.16 334 281.7 1514.67 3.495 834046.43 280269.03
5 Superheater in 595.16 334 281.7 1514.67 3.495 834046.43 280269.03
6 Superheater out 595.16 565 242.22 3395.44 6.262 1953412.93 905414.22
7 Hpt in 595.16 565 242.22 3395.44 6.262 1953412.93 905414.22
8 Hpt out 495.31 349.8 59.063 3045 6.262 1953412.93 905414.22
9 Reheat in 495.31 349.8 59.063 3045 6.345 1452104.14 567529.22
10 Reheat out 495.31 593 54.328 3647 7.2 1750280.81 738570.22
11 Ipt in 495.31 593 54.328 3647 7.2 1750280.19 738570.2
12 Ipt out 436.61 358.8 11.836 3173.31 7.251 1336002.24 297864,65
13 Lpt 1 in 218.3 358.8 11.836 3173.31 7.251 668007.49 148932
14 Lpt 1 out 179.37 52.2 .0756 2596.87 8.318 445489.28 18927.47
15 Lpt 2 in 218.3 358.8 11.836 3173.31 7.251 668007.49 148932
16 Lpt 2 out 180.6 52.4 .0957 2596.7 8.208 448498.48 24932
17 Lp htr 1 in 436.56 43.9 28.331 187.68 .62231 32473.65 2686.11
18 Lp htr bled 1 in 15.382 70.5 .31871 2626.95 7.747 2513.66 4722.97
19 Lpt htr 1 out 436.56 67 25.33 282.52 .9167 78877.28 5550.81
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20 Lp htr 1 bled out 76.891 49.5 .309 207.26 .6973 7225.43 248.7
21 Lp htr 2 in 436.56 67 25.33 282.52 .9167 78877.28 5550.81
22 lp  htr 2 bled in 61.252 88.7 .667 2657.42 7.495 2544.13 5257.15
23 Lp htr 2 out 436.56 85.1 23.23 358.14 1.134 106891.16 10057.19
24 Lp htr 2 bled out 61.252 72.6 .647 303.94 .9865 11677.33 802.72
25 Lp htr 3 in 436.56 85.1 23.23 358.14 1.134 106891.16 10057.19
26 Lp htr 3 bled in 24.878 168.5 2.108 2806.34 7.343 63704.16 14378.71
27 Lp htr 3 out 436.56 118.1 20.78 497.05 1.506 167546 22020.86
28 Lp htr 3 bled out 48.5/27 90.7 2.044 380.02 1.201 12945.12 1209.54
29 Lp htr 4 in 436.56 118.1 20.78 497.05 1.506 167546.06 22020.8
30 Lp htr 4 bled in 24.788 269 5.44 2999.18 7.3 71795.23 20197.3
31 Lp htr 4 out 436.56 151.1 18.18 637.81 1.852 228988.5 366
32 Lp htr 4 bled out 24.878 196.6 5.28 519.74 1.567 10111.33 1388.81
33 Dr tr in 436.56 151.1 18.18 637.82 1.852 229014.7 37365.16
34 Dr tr frm hptr 1 out 135.36 196.6 28.733 837.7 2.296 98059.06 20846.72
35 Dr tr in bled 24.235 358.8 11.83 3173.32 7.251 74159.75 24289.45
36 Dr tr out 596.16 185.1 11.24 2781.65 6.545 1588095 489654.5
37 Bfp in 596.16 185.1 11.24 2781.65 6.545 424730.3 93105.65
38 Bfp out 596.16 191 316.1 826.93 2.204 424730.3 93105.65
39 Hph 1 in 595.16 191 316.1 826.93 2.204 424730.3 93105.65
40 Hph 1 bled in 34.094 496.2 29.61 3448.94 7.231 113672.12 91246.89
41 Hph 1 out 595.16 233.2 313.5 1012.35 2.586 535085.05 143975
42 Hph 1 bled out 135.36 196.6 28.73 837.7 2.296 98058.73 23518.22
43 Hph 2 in 595.16 233.2 313.5 1012.34 2.586 535085.05 143975.08
44 Hph 2 bled in 48.74 349.8 59.06 3045.75 6.345 142149.57 87063.89
45 Hph 2 out 595.16 272.6 311.1 1193.99 2.932 643183 18980.59
46 Hph 2 bled out 100.48 238.8 58.27 1032.08 2.685 108588.7 41211.17
47 Hph 3 in 595.16 272.6 311.4 1193.99 2.932 643183 18980
48 Hph 3 bled in 51.734 417.3 94.73 3159.63 6.327 157602.45 65.489
49 Hph 3 out 595.16 306.5 309.5 1361.4 3.23 742828.7 236333.4
50 Hph 3 bled out 51.736 278.2 91.88 1225 3.042 57577.17 16439.2
51 Cond out 178.37 40.811 .0771 170.93 .5823 10281.01 253.13

IV. Analysis of Results from Above Calculations

A. Steam Generator Subsystem
Calorific Value of Coal used = 4400kcal/kg   (as given by NPL) 
      = 4400 x 4.18 (kj/kg)
      = 18392.48 (kj/kg)
Fuel mass flow rate = 92.22kg/sec for one unit
Total Energy released by coal = m (CV);  = 92.22 x 18392 Kw = 
1696151.11Kw So, this is the total energy released by the coal in the 
furnace at temperature 1405℃. Hence, the maximum useful work, 
exergy which would be equal to the reversible work that could 
be done by a reversible engine supplied by the above calculated 
heat energy, working between the temperature-range from 30℃ 
to 1300℃, would be  Exergy Supplied = Xheat =  (1-T0/T) Q
= (1 – 303.15/1573.15) x 1696151.11
= 1369298.458 kW

Energy gained = Energy at super heater outlet – Energy at 
economizer inlet

= 1953412.931 – 742894.24 (from the table) 
= 1210518 kW

Exergy recovered = Exergy at 2 – Exergy at 1     

= 905414 – 236365.69(from the table)
= 669048.5269 kW

total Exergy recovered by steam in steam generator

Totat Exergy recovered = 171040.323 kW + 669048.5269 kW  = 
840088.8499 kW

In similar way total heat gain by reheater, condenser, turbine is 
calculated

The first-law efficiency of steam generator would be

The second-law efficiency is calculated as follows 

Exergy destroyed in steam generator would be
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ExDES = 1372646.15 kW -840088.4049  kW
 = 532557.7451 kW = 38.79% of total exergy input

               =  = 0.6135 = 61.35%

This is the difference between first-law and second-law. The NPL 
steam generator was working with ηI of 89.94%, although the 
second-law efficiency gives a different output. This analysis shows 
that the second-law efficiency of the steam generator being used 
at NPL is 61.35%. 
Exergy destroyed in steam generator would be
ExDES = 1372646.15 kW -840088.4049  kW
= 532557.7451 kW = 38.79% of total exergy input

B. Turbine Subsystem
Wact, HPT = inlet energy – outlet energy ;
= 1953412.931- 1452104.19 (from the table)
= 501308.031 kW

Wact,IPT = inlet energy – outlet energy ; (from the table)  
= 1336002.243-1750280.8
= 414278.557 Kw

Wact,lpt1  = inlet energy – outlet energy ; (from the table)
=668007.49-445489.28
=222518.21 

Wact,lpt2  = inlet energy – outlet energy ; (from the table)
= 222518.21

So, total work output of the turbines is the sum of both
Wact, total =  HPTwork + IPTwork  + LPTwork1 + LPTwork2 ; (from the 
table)
= 222518.21+222518.21+414278+501308.03kW
= 680311.225 kW

 
             = 0.6588 
                          = 65.88%
At each level 
Hpt=.67 ,ipt=.66,lpt =.64 ,lpt 2 =,639
Hence, the second-law efficiency of the turbine sub-system at 
NPL is 65.88%. The exergy destruction is 
 ExDES = 1032594.4 kW -  kW
  = 352282.78 kW
The percentage exergy destroyed would be 

  = 0.1789
  = 17.89% of the total exergy input in the steam 
generator 

C. Condensate Subsytem
Condenser is the most important part of the condensate cycle. Here, 
net loss of exergy is computed and not only exergy destroyed. 
Because we want to see the extent of exergy that is lost in condenser 
and not only to the irreversibilities. For this purpose let us first 

calculate the exergy supplied to the condenser
Exergy supplied = Exergy added from the exit of LPT 1
+ Exergies added by the exiting hot stream of LPT 2 
+ Exergies added by the exiting hot stream of LPH 1
=18927.466+24932+248.696 (from the table)
= 44108.106 kW

Now Exergy leaving the condenser would be the exergy that left 
the condenser with the outgoing stream from the condenser only, 
as there is no work done by the stream in condenser and also, no 
heat exchange to increase entropy

Exergy Left = Exergy left with hot stream = 2686.11 kW (from 
the table)
Hence, the exergy lost (total, including irreversibilities and the 
exergy given to the cooling water in condenser)

Exergy Lost = Exergy input – Exergy outlet = 44108.106 – 2686.11 
(from the table) = 41219.996 kW
Hence, the exergy lost percentage with respect to the exergy added 
into the boiler is

       = 3.025 % 
Energy Lost = Energy input – Energy outlet; (from the table)
= 445489.28+448498+7225.431 -32473.65
= 868739.061 kW
So, calculating the percentage energy loss at condenser 

        =  0.63444 = 63.444%  
This analysis has been done on the UNIT-1 OF 700 MW AT 
RAJPURA THERMAL POWER PLANT (NPL) AT 100% TMCR 
AND %MU.

First law efficiency and the second law efficiency are identified 1. 
as the performance parameters of thermal power plants. 
This analysis further shows that boiler is the source of the 2. 
major irreversibility in the plant. And that is about 38.79% 
of exergy released by coal in boiler is lost in the boiler itself, 
which is 531MW in magnitude. This power could have been 
converted into work provided the thermal plant had better 
technology. The 531MW unit is not able to convert another 
531MW of useful power. 
At condenser, only 3.025% of exergy is being lost which is 3. 
very small as compare to the exergy loss in the boiler.
The first law of thermodynamics calculates the loss at boiler 4. 
to be about 10.06% of the total energy input which is 1369298 
KW
At condenser about 63.44 % of energy is lost. 5. 

This 63.44 % loss in the condenser energy is not exergy. This 
massive energy cannot be converted into work because the energy 
is at very low temperature. Hence, the quality of the energy is 
low

V. Economic Analysis of Thermal Power Plant
About Economic Analysis 
Economic analysis of thermal power plant is of various types 
it can be analysed through various ways factor responsible in 
economic analyses are:
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Capital cost of boiler, turbine, condenser, boiler feed pump, 1. 
heaters, coal coal pulverizing mill, various types of pump, 
economizer, cooling tower,
Operating cost of each component2. 
Maintains cost of each component3. 
Running cost, in which included the cost to employer, security, 4. 
charges.

In our thesis work we study only about the operational cost, 
how much loss happened at important components of plant here 
during the analysis we assumed the approximate value of cost of 
component, not absolute cost in available due to confidentiality of 
rajpura thermal power plant. Many of researchers have developed 
methods of performing economic analyses based on exergy, which 
are referred to by a variety of names (e.g. thermoeconomic, second 
law costing, cost accounting and exergoeconomics). All of these 
analysis techniques have the following common characteristics: 
Each company has its own preferred approach for conducting an 
economic analysis and calculating the cost of the main product.
 Method used is based on basic engineering and economic concepts. 
With this approach, the cost of the main product can be calculated 
through the following four steps:

Step 1. Estimate the total capital investment. 
Step 2. Determine the economic, financial, operating, and market 
input
Step 3. Calculate the total revenue requirement. 
Step 4. Calculate the levelized product cost. Parameters for the 
detailed cost calculation

VI. Cost Analysis 
Nabha power limted has setup 2*700 MW power project at nalash 
village within  420 acre land. Project cost is 8500  crore including 
interest during construction and financing charges. Cost per MW 
of installed capacity comes out to be 6 crore app.

A. Unit Generation Cost 
RAJPURA thermal power plant functioning under punjab state 
electricity regulatory commission ,authority have power to decide 
upon the the tarrif for electricity generated by various power 
stations within punjab.

Tariff charges = capacity charges (fixed cost)+ energy charges 
(variable cost)

Fixed charge depend upon various factors 
Return on equity • 
Interest on capital loan • 
Depreciation • 
Interest on working capital • 
Operation and maintenance cost • 
Cost of secondary fuel• 

Fixed cost calculation for RAJPURA THERMAL POWER 
PLANT 
Appoximate life term of power plant = 20 years 
Intial Capital cost for 700 MW = 6 crore/MW (app)
Depreciation rate for power plant components is = 5.28% as per 
CERC norms 
Operation and maintenace cost as illusterated above per  MW= 
30 lakh(app) 
Auxiliary energy consumption =6 % of total power generated 
Debt and equity ratio= 70:30

Plant load factor = 85 %
Specific oil consumption = 1 ml /KWH (as per data book from 
thermal power plant )
Price of oil =RS 70/L
Gross calorific value of oil =5550 kcal/l
Cost of coal =RS 1200 /tonne 
Plant life = 20 years
Gross calorific value of coal = 4000 kcal/kg
Capital cost =1400*6=8400 crore at start of plant 
Debt /equity ratio =70:30(assumed )
Equity= .7*8400 =5880crore
Debt= 2520 crore 
Return on equity =5880*.14 (14 % as per data from PERC) = 
823.2crore 
Interest on loan =10 %  of  2520
=  252 crore
Interest on working capital =1% of total cost = 84 crore
Depreciation  = 5.28 % of equipment cost =2851.2 crore
Operating and maintenance cost= 18 lakh =.18 crore 
Total  operating maintenance =  150 crore
Total fixed cost =4162.3.4crore
Total power generation  =1400 *365*24*.70*1000=551880000
0/1000000 =8584.8
FIXED COST PER UNIT =3.91 rupee per unit 
Variable cost calculations
specific oil consumption =1ml /kwh
cost of oil consumption =specific oil consumption *cost  of oil 
per litre =RS .07/kwh
Heat contribution of oil = gross calorific value of oil * specific 
oil consumption  = 5550 * .001 =5.5 kcal/kwh
Station heat rate =heat contribution of oil +heat contribution of 
oil 
So heat contribution of coal =2205-5.5
                                              = 2200
Specific coal consumption 
= heat contribution of coal /gross calorific value of coal
=2225/4000 = .55625kg/kwh
Cost of specific coal consumption = .55*3000=RS .668/KWH
Total variable cost per unit  =.668+.07=.738
After considering auxiliary cost 
 =.738/.94 =RS .7851KWH

NOMINAL TARIFF CALCULATIONS at RAJPURA THERMAL 
POWER STATION ACC TO PERC = RS 3.91+ RS .7851                              
=RS 4.921 /unit

B. How to Prepare Cost Equation for Plant Component 
and Exergoeconomic Factor 
Cost is an increasing, non-conserved quantity. The general balance 
equation can be written for cost as

Cost input, output and accumulation represent, respectively, the 
cost associated with all inputs, outputs and accumulations for the 
system. Cost generation corresponds to the appropriate capital 
and other costs associated with the creation and maintenance of 
a system. 

Other costs include, for example, interest and insurance costs. 
The “cost generation rate” term in a differential cost balance 
represents the total cost generation levelized over the operating 
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life of the system. The “amount of cost created” term in an integral 
cost balance represents the fraction of the total cost generation 
accounted for in the time interval under consideration. 
All costs due to owning and operating a plant depend on the type 
of financing, the required capital, the expected life of a component, 
and so on. The annualized (levelized) cost method was used to 
estimate the capital cost of system components in this study  

                                
Where the Salvage Value (SV) at the end of the nth year is taken 
as 10% of the initial investment for component (or purchase 
equipment cost, PEC). The Present Worth (PW) of the component 
may be converted to the annualized cost by using the capital 
recovery factor, CRF (i,n) 

  

  
where i is the interest rate and it is taken to be 17%, n is the total 
operating period of the plant in years and was obtained from the 
selected plants. PEC is the purchased equipment cost.                               

  

Capital recovery cost for the kth component of the plant                         

  
Dividing the levelized cost by annual operating hours, N, we 
obtain capital cost rate for the kth component of the plant. 
The maintenance cost is taken into consideration through the 
factor φk = 1.06 for each plant component. Annualized cost and 
corresponding monetary flow rate for each component by putting 
data in above equations, considering operating time = 8000 hr 
per year, interest rate =17 %, lifetime =20 years, salvage value 
=10 %  
The exergoeconomics factor =z/(z+c)
Where c is the exergy loss in terms of money 

We are now divided the entire cost between three subsystems and 
calculate economic factor for each one 

Generation subsystem: It consist of mainly boiler, coal 1. 
handling, ash handling,preheater 
Turbine subsystem: High pressure turbines, low pressure 2. 
turbines, high pressure heaters, low pressure heaters, piping 
system, power motor system, control valves, oil system 
Condenser subsystems: It consist pump, DM plant, cooling 3. 
tower

Table 2: Exergoeconomics Factor Calculation

Type of subsystem Intial capital cost (PEC)
In crore approximately 70%  total cost PWF PW CRF C Z in rs/hr

Generation subsystem 3400 .0433 .00433 3385.7 .1167 395.1 145.5
Turbine subsystem 2400 .0433 .00433 21904.7 .1167 278.3 102.6
Condenser
Subsystem 1200 .0433 .00433 1194.35 .1167 139.2 51.29

Sr no Exergy loss in 1 day  Loss Value in 1 hour Loss value*generation 
cost in rs/hr

Exergoeconomics factor
F= z/(c+z)

Generation subsystem 532.557 MWH 24.56 127.5 145.5/(127.5+145.5)= .5331
Turbine subsystem 352.282 MWH 14.67 72.066 .5874
Condenser subsystem 41.4 MWH 1.725 8.46 .8584

Fig. 2:

VII. Conclusion from Economic Analysis in Steam 
Generator
In economic analysis we have calculate the capitalised annual  cost, 
The capitalized cost is often used in Decision-making processes 

to compare the total cost of competing equipment Options with 
different economic lives. The low value of  exergoeconomics 
factor indicate exergy loss in term of money is more. In case 
of steam generator system its value comes out to .5331. Which  
suggests that cost savings in the entire system might be achieved 
by improving the component Efficiency (reducing the exergy 
destruction) even if the capital investment for this component will 
increase. It is suggested that increasing investment at the expense 
of increasing efficiency is beneficial in this system.

VIII. Conclusion from Economic Analysis for Turbine 
Subsystem
here in turbine economic analysis we also have calculate the 
capitalised annual cost, The capitalized cost is often used in 
Decision-making processes to compare the total cost of competing 
equipment Options with different economic lives. In this turbine 
subsystem value of economic factor comes out to be .5853 which is 
higher than steam generator. It mean exergy loss is less in turbine 
subsystem as compared to boiler subsystem .which suggested that 
there is need of moderate investment in turbine subsystem at the 
cost of efficiency improvement. It is suggested that increasing 
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investment at the expense of increasing efficiency is  moderate  
beneficial in this system.

IX. Conclusion from Economic Analysis for Condenser 
Subsystem 
Here in turbine economic analysis we also have calculate 
the capitalised annual cost, The capitalized cost is often used 
in Decision-making processes to compare the total cost of 
competing equipment Options with different economic lives. The 
exergoeconomics factor value comes out to be very high app 
.8584 in this case so it means as we concluded in exergy analysis 
that exergy losses are less in terms of monetary value. It suggests 
that Cost savings in the entire system achieved by improving 
the component Efficiency (reducing the exergy destruction) is 
not much beneficial. It is suggested that increasing investment 
at the expense of increasing efficiency is not much beneficial in 
this system.

Reference
[1] A. Bejan,“Fundamentals of Exergy Analysis, Entropy 

Generation Minimization, and the Generation of Flow 
Architecture,” International Journal of Energy Research, 
Vol. 26, No. 7, 2002, pp. 545-565

[2] A. Datta, S. Sengupta, S. Duttagupta,“Exergy Analysis of 
a Coal-Based 210 mw Thermal Power Plant,” International 
Journal of Energy Research, Vol. 31, No. 1, 2007, pp. 14-
28

[3] Bera S. C., Bhowmick M. S.,“Study the Performances 
of Induced Fans and Design of New Induced Fan for the 
Efficiency Improvement of a Thermal Power Plant”, IEEE 
Region 10 Colloquium and the Third ICIIS, Kharagpur, 
INDIA December 8-10, 2008, pp. 479-483. 

[4] Bajura, r. A., Von Spakovsky, M. R., Gaskin, E.S. (eds),"Analysis 
and design of energy systems: Thermodynamic Analysis of 
industrial processes", ASME, AES-1io1.10-3, 1989.

[5] Bejan A.,"Advanced Engineering Thermodynamics", John 
Wiley and Sons Inc, New Jersey, Third edition, 375-403, 
2006.

[6] Baghernejad A, Yaghoubi M.,"Exergoeconomics analysis 
and optimization of an Integrated Solar Combined Cycle 
System (ISCCS) using genetic algorithm", Energy Convers 
Manage 2011;52:2193

[7] Balli O, Aras H, Hepbasli A.,"Thermodynamic and 
thermoeconomic analyses of Regeneration (TRIGEN) 
system with a gas–diesel engine: Part II – an Application", 
Energy Converse Manage 2010;51:2260–71

[8] Bentarzi H.,Chentri R.A., Quadi A.,“A new approach applied 
to steam turbine controller in Thermal power Plant”, IEEE, 
2nd international on Control instrumentation and automation 
(ICCIA), 2011, pp. 236- 240. PSPCL,“Operation Manual for 
2x210 MW G.H.T.P. Stage-1 Lehra Mohabbat”, Bathinda, 
Library G.H.T.P., Lehra Mohabbat. PP 1-277 

[9] Cropper Paul A., Wilkinson John R,“Comprehensive 
performance audit of Utility”, IEEE Transactions on Energy 
Conversion, Vol. 6, No. 2. June 1991, pp. 243- 250.

[10] Changliang Liu, Jie Su, Weiping Liang, Wanyun Sun,“Model 
identification of Thermal process in Power Plant”, IEEE 
North China Electric Power university, Boarding 071003, 
China, 2009, pp. 303-306. 

[11] Cao Lihua, Chen Xuliang, Jiang Tieliu, Li Yong,“Diagnosis 
on Thermal Economical Performance and Analysis on Energy 
Saving Potential for a Fossil-thermal Power Plant, IEEE 

Supported by the Science and Technology Development 
Plans of Jilin Province of China (20080523), 2010, pp. 
1-4. 

[12] Chai Yuman, Zhao Hongbin,“Exergy analysis of a power 
cycle system with 300 MW capacity”, IEEE International 
Conference on Advances in Energy Engineering, 2010, pp. 
247

[13] Ding Jinliang, Liu Changliang, Wang Hong, Zhen Chenggang, 
“An Overview of Modelling and Simulation of Thermal Power 
Plant”, Proceedings of the 2011 International Conference on 
Advanced Mechatronic Systems, Zhengzhou, China, August 
11-13, 2011, pp. 86

[14] Frangopoulos, C. A., Thermoeconomic functional analysis", 
PhD. Dissertation, Georgia institute of technology, 1983.

[15] GA6~mli. R. A., rodrmu~Z, L. And WEPFER, W. J., A

Narinder Singh received his B.E. 
degree in MECH Engg. from UIET. 
Panjab University Chandiagrh in 
2012 and pursuing M.E. degree in 
Mechanical from Pec University of 
Engg and Tech. CHD since 2013.

Rakesh Dang received his B.E degree 
in Mechanical from PEC University 
of Engg and Tech. CHD, in 1986 
and M.E. degree in PEC University 
of Engg and Tech. CHD in 1990. He 
is presently working as Associate 
Professor, Mechanical department 
PEC University of Engineering 
and Technology Chandigarh. He 
is presently engaged in the area of 
Thermoeconomic Analysis of Thermal 

Power Plant.


