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Abstract— Exergy is that the tool, that indicates however 

suggests that the system departs from equilibrium state. Most 

of the power plants are designed by the energetic 

performance criteria supported 1st law of scientific discipline 

entirely. The real useful energy loss cannot be even by the 

primary law of scientific discipline, because it will not 

differentiate between the standard and amount of energy. The 

present study deals with the energy analysis of the ability 

plants. The increasing demand of power has made the power 

plants of scientific interest, but most of the power plants ar 

designed by the energetic performance criteria supported 1st 

law of scientific discipline entirely. The real useful energy 

loss cannot be even by the hand law of scientific discipline, 

because it will not differentiate between the standard and 

amount of energy. Energy analysis presents only quantities 

results whereas exergy analysis presents qualitative results 

relating to actual energy consumption. Also presents major 

losses of out there energy at combustor, superheater, 

economiser and air-pre heater section. In this article also 

shown energy potency and energy losses comparison charts. 

This Associate in Nursingalysis provides associate fully 

totally different prepare to guarantee superior performance of 

an influence plant. 

Key words: Power Plant, Energy, Thermodynamics First 

Law, Efficiency, Exergy 

I. INTRODUCTION 

It is the foremost attainable useful work that might be 

obtained from the system at a given state in fixed 

atmosphere. The work potential of the energy contained in 

an passing system at a as state is merely the foremost useful 

work which is able to be obtained from the system. Work 

output is maximized once the method between two like 

states is dead in associate passing reversible manner, as 

therefore, all the irreversibility’s square live overlooked in 

crucial the work potential. 

Exergy analysis has sparked interest within the 

scientific community to need a a lot of in-depth check au 

courant the energy spoken language devices and to develop 

new techniques to raised utilize the prevailing restricted 

resources. 

First law of physics manage the quantity of energy 

and asserts that energy cannot be created or destroyed .This 

law just is a necessary tool for the line of work of energy 

throughout a technique and offers no challenges to the 

engineer. The second law, however, deals with the quality of 

energy. a lot of specifically, it's involved with the 

degradation of energy throughout a technique, the entropy 

generation , and also the lost opportunities to strive and 

work. The second law of physics has tested to be a really 

powerful tool among the development of sophisticated 

physics systems. We examine the performance of 

engineering devices in light-weight of the second law of 

physics. We begin our discussion with the introduction of 

exergy (also referred to as availability) that is that the 

foremost helpful work that may be obtained from the system 

at a given state in a {very} very given atmosphere, and we 

continue with the reversible work, that is that the foremost 

helpful work that will be obtained as a system undergoes a 

technique between two given state. The exchangeability 

(also referred to as the exergy destruction or lost 

work),which is that the wasted work potential throughout a 

methodology as a results of irreversibilities, and be outlined 

as second law efficiency .We then develop the exergy 

balance relation and apply to closed systems and 

management volumes 

A. Types of Heat Power Plant 

1) Thermal Power Station  

A thermal power station or a coal fired thermal station is far 

and away, the most conventional technique of generating 

power with fairly high potency. It uses coal as the primary 

fuel to boil the water available to superheated steam for 

driving the turbine. The steam turbine is then automatically 

coupled to associate generator rotor, the rotation of which 

results within the generation of electrical power. Generally 

in Asian country, bituminous coal or wood coal square 

measure used as fuel of boiler that has volatile content 

starting from eight to thirty three try to ash content five to 

Sixteen Personality Factor Questionnaire. To enhance the 

thermal efficiency of the plant, the coal is used within the 

boiler in its pulverized kind. 

2) Nuclear Power Station 

The nuclear power generating stations are just like the 

thermal stations in additional ways in which than one. 

However, the exception here is that, radioactive parts like 

metallic element and metallic element area unit used as the 

primary fuel in situ of coal. Also in a Nuclear station the 

chamber and also the boiler area unit replaced by the setup 

and also the device tubes. For the process of atomic energy 

generation, the radioactive fuels area unit created to bear 

fission reaction at intervals the nuclear reactors. The fission 

reaction, propagates like a controlled chain reaction and is 

amid unprecedented quantity of energy made, which is 

manifested in the type of heat. This heat is then transferred 

to the water present in the device tubes. As a result, 

superheated steam at very high temperature is made.  Once 

the process of steam formation is accomplished, the 

remaining process is precisely just like a thermal station, as 

this steam will more drive the rotary engine blades to 

generate electricity. 

3) Hydro-Electric Power Station 

In Hydro-electric plants the energy of the falling water is 

utilized to drive the rotary engine that successively runs the 

generator to provide electricity. Rain falling upon the earth’s 

surface has potential energy relative to the oceans towards 

which it flows. This energy is converted to shaft work 
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wherever the water falls through associate degree 

considerable vertical distance. This power is utilized for 

rotating the generator shaft, to convert it to equivalent 

electrical energy. An vital purpose to be noted is that, the 

hydro-electric plants are of abundant lower capability 

compared to their thermal or nuclear counterpart. For this 

reason hydro plants are typically used in programing with 

thermal stations, to serve the load during peak hours. They 

in a way assist the thermal or the nuclear plant to deliver 

power with efficiency during times of peak hours. 

II. LITERATURE REVIEW 

Energy will neither be created nor destroyed. It simply 

changes form such as potential, chemical, power, heat and 

work. Exergy is that the helpful work potential of the 

energy. Exergy isn't preserved. Once the exergy is wasted, it 

will never be recovered. We tend to use energy we don't 

seem to be destroying any energy; we are just changing it to 

a less helpful kind, a kind of less exergy. The useful work 

potential of a system is that the quantity of energy we tend 

to extract as useful work. The helpful work potential of a 

system at the desired state is referred to as exergy (also 

called availableness). Exergy could be a property and is 

related to the state of the system and therefore the 

atmosphere. 

Galal Mohammed Zaki, Rahim Kadhim Jassim, 

Majed Moalla Alhazmy [1] in YEAR=2011 showed that 

Gas turbine (GT) power plants operating in arid climates 

suffer a decrease in output power during the hot summer 

months because of the high specific volume of air drawn by 

the compressor. Energy and exergy analysis of a GT 

Brayton cycle coupled to a refrigeration air cooling unit 

shows a promise for increasing the output power with a little 

decrease in thermal efficiency. The performance analysis of 

the GT shows that the intake air temperature decreases by 

12 to 22 K. Power output increase 12.5% & thermal 

efficiency decrease 8-9% 

Mali Sanjay, Dr. Mehta [2] in YEAR = 2012 

presents energy and exergy analysis method for thermal 

power plant and analysis carried out on coal base thermal 

power plant. 47.43% exergy loss occurs in combustor 

(furnace) which shows combustor is not fully adiabatic. HP 

and IP turbine have best performance show it tends to 

adiabatic and LP turbine have poor performance need 

maintenance. The major energy destruction occurs in the 

heat recovery system which leads to inefficient heat transfer 

between hot stream (flue gas) and cold stream (water & air). 

Karim Maghsoudi, Abdollah Mehrpanahi [3] in 

Year =2013 showed that exergy and energy analysis of 

Shahid Rajaee Steam Power plant, located at Km 25 of 

Karaj-Qazvin road is presented. The highest losses of exergy 

in the power plant occurred in boiler, which accounted for 

87.91% of irreversibility, following by turbine and 

condenser, which accounted for 6.69% and 2.23% of 

irreversibility. Thus, it was concluded that to improve 

efficiency, we should look for a way to reduce irreversibility 

in boiler, because this component had a high contribution to 

exergy destruction. 

Ankur Geete & A. I. Khandwawala [4]  in Year 

=2014 analysis different inlet temperature conditions are – 

(1) 507.78°C, (2) 517.78°C, (3) 527.78°C, (4) 537.78°C, (5) 

547.78°C, (6) 557.78°C and (7) 567.78°C.Exergy analysis 

has been done for boiler, for steam turbines for condenser 

and for feed water heaters with different inlet temperature 

conditions. When inlet temperature increases then exergy 

for boiler increases, steam turbine and condenser, feed water 

decrease Maximum second law efficiency can be achieved 

at 507.78°C inlet temperature. 

Ali Mousafarash, Mohammad Ameri [5]  in Year = 

2013 Exergo-economic analysis of Montazer Ghaem gas 

turbine power plant which is located near Tehran, capital 

city of Iran. The highest exergy destruction occurs in the 

combustion chamber (CC).Load variation reduces exergy 

efficiency. Ambient temperature increases so the Exergy 

efficiency decreases. 

Raviprakash kurkiya, Sharad chaudhary [6] in 

Year=2012 presented Energy analysis helps designers to 

find ways to improve the performance of a system in a many 

way. Most of the conventional energy losses optimization 

method are iterative in nature and require the interpretation 

of the designer at each iteration. 

T. Ganapathy, N. Alagumurthi, R. P.Gakkhar and 

K.Murugesan [7] inYear = 2009 presented the exergy 

analysis assesses the energy on quantity as well as the 

quality. 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 maximum exergy losses of 42.73% occur in 

the combustor. Exergy analysis results show that over 57% 

of exergy losses take place within the boiler system. The 

first law efficiency of the plant is 27%. 

Mukesh Gupta, Raj Kumar, Bhupender Singh [8] in 

Year = 2013 analysis. The study points out that the boiler, 

combustor and turbine are the critical components where 

maximum exergy losses occur. The first law analysis shows 

major energy loss has been found to occur in condenser. The 

second law (Exergy) analysis shows that combustion 

chamber in both steam and gas turbine thermal power plants 

are main source of Irreversibility. The Irreversibility in 

condenser is insignificant, because in the condenser the low 

quality energy is lost. 

Sarang j gulhane, Amit kumar Thakur [9] in Year = 

2013. The aim of this paper is to be finding out amount and 

source of irreversibilities gererated in boiler of 35 TPH 

boiler in 6MW captive power plant. The exergy of feed 

water Before entering the water into the economizer, the 

water is allowed to get heated in the deratator thus the temp 

of feed water is increased to higher temperature. 

Vosough Amir [10] in Year 2012 presented the 

useful concept of energy and exergy utilization is analyzed, 

and applied to the boiler system. Energy and exergy flows in 

a boiler have been shown in this paper. The energy and 

exergy efficiencies have been determined as well. In a 

boiler, the energy and exergy efficiencies are found to be 

89.21% and 45.48%, respectively. A boiler energy and 

exergy efficiencies are compared with others work as well. 

III. THERMAL POWER PLANT: COMPONENTS 

A. Pump 

A pump is a device that moves fluids (liquids or gases), or 

sometimes slurries, by mechanical action. Pumps can be 

classified into 3 major teams in keeping with the strategy 

they use to maneuver the fluid: direct raise, displacement, 
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and gravity pumps. Pumps operate by some mechanism 

(typically reciprocating or rotary), and consume energy to 

perform mechanical work by moving the fluid. Pumps 

operate via many energy sources, including manual 

operation, electricity, engines, or wind power, come in 

several sizes, from microscopic for use in medical 

applications to large industrial pumps. Mechanical pumps 

serve in a big selection of applications like pumping water 

from wells, aquarium filtering, pond filtering and aeration, 

in the car business for water-cooling and fuel injection 

system, in the energy industry for pumping oil and gas or for 

operative cooling towers. In the medical industry, pumps are 

used for organic chemistry processes in developing and 

producing drugs, and as artificial replacements for body 

parts, in particular the factitious heart and penial restorative. 

A low pressure gradient system consists of 1 pump 

with an integrated admixture block that allows the delivery 

of up to four completely different solvents at a similar time. 

Mixing takes place on the low pressure facet of the 

pump and one pump is operated at a relentless rate. High 

pressure gradient systems are composed of 2 pumps. These 

systems arrestricted to 2 solvents that are tense by the 

separate pumps. The mixer is located on the high facet of 

the pump. The mobile phase mixture is controlled by the 

relative flow rate of the 2 pumps. The rate is decided by the 

combined flow rate of both pumps. 

B. Condenser 

In systems involving heat transfer, a condenser is a device or 

unit accustomed condense a substance from its gaseous to its 

liquid state, by cooling it. In so doing, the latent heat is 

given up by the substance, and will transfer to the condenser 

agent. Condensers are generally heat exchangers that have 

numerous styles and come back in several sizes starting 

from rather tiny (hand-held) to terribly massive industrial-

scale units utilized in plant processes. For example, a 

refrigerator uses a condenser to get obviate heat extracted 

from the inside of the unit to the skin air. Condensers are 

used in air-con, industrial chemical processes such as 

distillation, steam power plants and other heat-exchange 

systems. Use of cooling water or surrounding air as the 

agent is common in several condensers. 

IV. ENERGY & EXERGY ANALYSIS OF VARIOUS PRESSURE 

PUMPS & CONDENSER OF THERMAL POWER PLANT 

A. Condenser 

 
Fig. 1: Condenser 

1) Energy balance for Conderser 

0 = m16(h16 − h17) − Qk − Energy loss 

Energy loss = m16(h16 − h17) − Qk 
2) The first law efficiency  

ƞcondersor = 1 −
Energyloss

m16(h16 − h17)
 

3) Exergy balance for the Condenser 

0 = m16(ϕ16 − ϕ17) − Qk (1 −
T0

Tk

) − T0Sgen 

T0Sgen = m16(ϕ16 − ϕ17) − Qk (1 −
T0

Tk

) 

Idestroyed = T0Sgen = m16(ϕ16 − ϕ17) − Qk (1 −
T0

Tk

) 

4) The second law efficiency 

ƞcondersor = 1 −
T0Sgen

m16(ϕ16 − ϕ17)
  

ƞcondersor =
Qk(1 −

T0

Tk
)

m16(ϕ16 − ϕ17)
  

B. High Pressure Pump 

 
Fig. 2: High Pressure Pump 

1) Energy balance for the HPP 

−WHPP = m29(h29 − h7) − Energy loss 

Energy loss = m29(h29 − h7) + WHPP 

1) The first law efficiency  

ƞ𝐻𝑃𝑃 = 1 −
𝐸𝑛𝑒𝑟𝑔𝑦𝑙𝑜𝑠𝑠

𝑊𝐻𝑃𝑃

 

ƞHPP =
m29(h29 − h7)

WHPP

  

2) Exergy balance for HPP 

−WHPP = m29(ϕ29 − ϕ7) − T0Sgen 

T0Sgen = m29(ϕ29 − ϕ7) + WHPP 

Idestroyed = T0Sgen = m29(ϕ29 − ϕ7) + WHPP 

3) The second law efficiency  

ƞHPP = 1 −
T0Sgen

WHPP

  

ƞHPP =
m29(ϕ29 − ϕ7)

WHPP

 

C. Low Pressure Pump 

 
Fig. 3: Low Pressure Pump 

1) Energy balance for the LPP 

−WLPP = m17(h17 − h1) − Energy loss 

Energy loss = m17(h17 − h1) + WLPP  
2) The first law efficiency 

ƞLPP = 1 −
Energy loss

WLPP

 

ƞLPP =
m17(h17 − h1)

WLPP

 

3) Exergy balance for LPP 

−WLPP = m17(ϕ17 − ϕ1) − T0Sgen 

T0Sgen = m17(ϕ17 − ϕ1) + WLPP 

Idestroyed = T0Sgen = m17(ϕ17 − ϕ1) + WLPP 

4) The second law efficiency 

ƞlPP = 1 −
T0Sgen

WLPP

 

ƞlPP =
m17(ϕ17 − ϕ1)

WLPP
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V. RESULTS AND DISCUSSION Thermodynamic Properties of Various Components 

(Mundra Thermal Power Plant) condition.  

Point  

No. 

Temperature 

(oC) 

Pressure 

 (MPa) 

Mass flow 

rate(ton/h) 

Enthalpy 

(kJ/kg) 

Entropy 

(kJ/kg/K) 

Specific 

exergy 

(kJ/kg) 

Exergy flow 

rate (kW) 

1 42.2 1.5 396.1 177.36 0.606 2.138 235.239 

7 168 18.5 478.2 718.2 1.993 129.652 17089.27 

16 42.7 0.07 336.3 183.14 0.612 6.13 572.644 

17 41 0.045 396.1 175.4 0.593 4.052 445.832 

22 46 0.08 61.076 194.67 0.65 6.336 107.493 

29 164 0.74 19.26 2497.62 5.693 806.472 4314.625 

Table 1: Thermodynamic Properties of Various Points (Mundra Thermal Power Plant) 

The main results of this study are summarized below. 

Components Energy loss Irreversibility Exergy loss % ƞI % ƞII % 

Condenser 207178 2959 0.822 78.33 65.43 

HPP 2518.8 1084.8 0.301 97.52 59.92 

LPP 1679.2 723.2 0.2009 97.99 58.65 

Table 2:  Exergy and Energy Loss of Components 

Table 1 shows the energy loss, exergy loss, first 

law efficiency and second law efficiency of component in 

thermal power plant. The result shows that condenser has 

higher energy loss then other component. Condenser has 

higher exergetic loss 

 
Fig. 4: Energy Loss of Pumps & Condensor 

 
Fig. 5: Exergetic Loss of Pumps & Condensor 

 
Fig. 6: Energy Efficiency of Pumps & Condensor 

 
Fig. 7: Exergy Efficiency of Pumps & Condensor 

VI. CONCLUSIONS 

Energy and Exergy analysis is presented for various turbines 

of thermal power plant. Following conclusions are given 

below 

1) Energy & Exergy loss is higher for condensor. 

2) Exergetic efficiency is high for condenser about 65.43 

%  

3) Irreversibility is higher for condenser about 2959 KW 

and lower for LPP about 723.2 KW 
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