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Problem 1 – Separation of gases 
 
A gas mixture (stream 1), for instance flue gas from combustion, enters a separation process (SP). The 
process has two outflowing streams:  In one of these (stream 2), some of the gases are concentrated, 
while the other (stream 3) comprises the remaining gases. Normally stream 2 will have one or a few 
main components and small amounts of the other components. 
The SP is a steady flow, steady state process. There are no chemical reactions and no other flows of 
matter. 
 
Assume that the composition (mole fractions ,1ix ) is known for stream 1, that the degree of separation, 

,2 ,1/i i in nβ =  is known (or specified) for all gases, that the inflow and outflow occurs at the 
temperature of the environment (T0), and that the flows are ideal gases  
 
a) Develop an expression for the theoretical minimum work input for the separation process (i.e., the 
increase in chemical exergy or, alternatively, the decrease in entropy). The model should be suitable 
for implementation in a spreadsheet or other program (needed in b). 
 
Hint: calculate per mole of something, e.g. per mole of stream 1 or per mole of a certain species in 
stream 2. 
 
b) Use your model to calculate the minimum work input for separation of 1 kmol pure CO2 from from 
a flue gas containing 1) 3,5% CO2 (typically gas turbine) 2) 11% CO2 (typically gas engine or coal-
fired power plant), when in both cases the degree of separation (

2COβ ) ranges from 0,3 to 0,9. The 
environmental temperature is 15 ºC.  
Repeat the calculations for ambient temperatures -20 ºC and (+)40  ºC 
 
Hint: Unless you think you will find the model in a) useful in later work, make the additional 
simplifications that are relevant for b) before implementing it in the spreadsheet/program.  Notice that 
for ideal gases, it does not matter which gases other than CO2 that are present. 
 
 
Problem 2- Utilization of low-temperature energy 
 
A developer/inventor seeks your organization for funding for the development of a device that will 
utilize the thermal energy of discharge gases and water to produce electricity. The thermal efficiency 
should be 15-20%, for discharge flows at 70 ºC (when a large amount of seawater is available for 
cooling 10 ºC). 
 
Your manager asks you to evaluate the request – based on thermodynamics. Is the invention possible - 
theoretically and realistically? 
 
 



Problem 3 – the Air Car 
 
The Air Car uses compressed air as “fuel”. It has 4 containers, each 90 liter, of compressed air. Fully 
charged, the pressure is 300 bar. For simplicity of calculations, we can assume that the state of 
atmospheric air is 300 K and 1 atm (1.01325 bar). For calculations the attached table can be used. 
 
--Estimate the range of the car (max. driving distance before refilling). 
  
hint: determining the exergy of the compressed air is a sub-task of the problem; in addition you have 
to think a bit practically. 
 
 
Table excerpt from   
W.C. Reynolds: “Thermodynamic properties in SI”, Dept. Mech. Engr., Stanford University, 1979 
 

 
 

 


