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We studied the extent of irreversibility before. For a control volume, irreversibility is the 

difference between the work transfer rates (power) for a reversible process and an irreversible 

process. Mathematically,  ̇   ̇     ̇      . As we saw in the last lecture,  ̇   ̇    

 ̇        ̇       ̇           ̇ is the loss in the work output because of the process being 

irreversible. 
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As we saw in the last lecture, for a control volume, we have, 
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For a control mass, there is no flow of mass in or out. Hence,  
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For the control mass undergoing a process from state 1 to 2, integrating the above equation from 

state 1 to 2 gives,  
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As discussed before, if a system is in equilibrium with the reference surroundings, it has no 

potential to give work as output. For extracting the maximum work from a system or a control 

volume which are not in equilibrium with the surrondings, the system or the control volume 

needs to reach a dead state. When a system or a control volume achieves a dead state, they are in 

mechanical, thermal and chemical equilibrium with the surroundings. At a dead state, a system is 

at rest. It doesn’t have kinetic energy. For a control volume at a dead state, the substance flowing 

through the control volume does not have kinetic energy at the exit of the control volume. It is 

not practically possible because, then, the substance will not move out of the control volume. 

However, at a dead state, the kinetic energy at the exit of the control volume should be as 

minimum as possible because we want to extract the maximum work from the control volume. 

At a dead state, a system has 0 potential energy. For a control volume at a dead state, the 

potential energy at the exit of the control volume is 0. The exit of the control volume should be 

on the ground (local ground level), ideally. We get the maximum work from the system or the 

control volume when they reach the dead state at the end of the process.  
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Let’s look at flow exergy. 

Consider a control volume with a single inlet and outlet. There is no heat transfer. The exit of the 

control volume is at dead state. We have the expression for the maximum possible work from a 

control volume, 
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Since there is no heat transfer and the exit is at a dead state, 
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         ), where    is the reference 

enthalpy,    is the local ground level,    is the local reference entropy (entropy of the local 

surroundings). This expression represents the flow exergy for a control volume with single inlet 

and outlet and having no heat transfer. The expression    
  
 

 
          can be termed as 

exergy at the inlet,   , of a control volume, whereas the expression    
  
 

 
          can be 

termed as the exergy at the outlet,     of the control volume. If the exit is at a dead state then 

       . Hence, we can write              if the exit is not at a dead state. Hence, 

reversible work from a single inlet-outlet steady state flow device with no heat transfer equals 

the decrease in exergy between its inlet and outlet.   
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We know the expression for the maximum available rate of work from a control volume,  
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The last term, 
    

  
   

    

  
, represents storage terms for a control volume. The reversible work 

from a storage effect due to a change of state in a control volume can also be used to find an 

exergy. The expression we obtain can also be treated as the exergy of a system/control mass. 

Here, the volume may change, and work is done against the surroundings. This work is 

represented as  ̇        ̇, where p0 is the pressure of the surroundings and  ̇ is the rate of 

change of volume. The maximum possible rate of work from the storage terms is, 
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Integrating between the initial state to a dead state gives exergy (maximum possible work) as, 
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Specific exergy is represented as, 
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Few important points regarding exergy are mentioned below: 

1. Exergy is defined for a system and environment together. The same system in different 

environments can have different exergy.  

2. Exergy cannot be negative. 

3. Exergy is not conserved (as the expression for exergy involves entropy terms, and entropy is 

not conserved for irreversible processes) 

4. Exergy is the maximum work obtainable from a system or a control volume when they 

achieve a dead state from their current state. It is also the minimum work required to take the 

system or control volume from a dead state to their original state.  
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Figure 1. 
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Solution of the problem in Fig. 1: 

Dead state:                                     (                  ) 

State 1:                      
 

 
         

Substance: steam 



The mass is fixed. 

Specific exergy,  
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Also,              . 

Hence, we need to find   ,    and    at state 1 from steam tables.  
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Similarly, we need            . At a pressure of 1 bar, the saturation temperature Tsat=99.6  . 

T0 < Tsat. Hence, the steam is in liquid state at the reference conditions, and its properties are 

given in a table in Fig. 1. 

                                       
 
 

  
 

                     
 

    
 

           
  

  
 

Equation (1) implies, 

  
 

 
        (       )          

 

  
 

Students are encouraged to look at contributions from different terms towards exergy. 


