
 
 
 
 
 
 
 
 
 
 
 

EXERGY ANALYSIS OF ENERGY CONVERSION 
PROCESSES 

 
 

  



	



	



	



	
	
	
	
	
	
	
	
	

	
	

	 	



	



	



	



	
	 	



	 	



	 	



	 	



	 	



	
	



	 	



	
	

	
	
	

	
	
	



	

	
	

	
	



	

	

	

	
	

	
	



	

	
	
	

	
	 	



	

	
	



	
	
	

	
	 	



	 	



	
	

	



	 	



	

	
	
	

	
	

	



	 	



Physical	Exergy	
	
bsph	=	u	–	u*	+	P0	(	v	–	v*)	–	T0	(s	–	s*)																											 (2.21)	
	
bph	=	h	–	h*–	T0	(s	–	s*)																													 	 	 	 	 (2.22)	
	
	

Chemical	Exergy	
	

	
	

	



	
	

	



	 	



	
	
	

	
	
	
	
	
	
	
	
	
	



EXAMPLE	1	
A	mercury	condenser	and	steam	boiler	of	a	binary	power	plant	is	shown	below.	The	heat	
transfer	rate	is	5	MW	and	there	are	not	heat	losses	to	the	environment.	Using	data	given	in	
the	figure	calculate	the	thermal	exergy	rate	transferred	from	mercury,	thermal	exergy	rate	
transferred	to	water	and	the	destroyed	exergy	rate	(T0=290	K).	
	

	
	
Fig.	Scheme	of	a	mercury	condenser	and	steam	boiler	of	a	binary	power	plant.



Solution:	
	
No	pressure	drop	for	both	flows				
For	the	chosen	C.V.:	
	
• Mass	balance:		𝑚! =  𝑚! =  𝑚!"		and				𝑚! =  𝑚! =

 𝑚!!! 	
• Energy	balance:		𝑚!" ℎ! − ℎ! = 𝑚!!! ℎ! − ℎ! = 𝑄 = 5 𝑀𝑊	
• Exergy	balance:	 	𝑚!𝑏! +𝑚!𝑏! = 𝑚!𝑏! +𝑚!𝑏! + 𝐵!"#$ 	

or		 	 	 𝑚!" 𝑏! − 𝑏! = 𝑚!!! 𝑏! − 𝑏! + 𝐵!"#$ 	
with	 	 	 	 	

𝑏! − 𝑏! = ℎ! − ℎ! − 𝑇! 𝑠! − 𝑠! = ℎ! − ℎ! 1 − 𝑇!
𝑠! − 𝑠!
ℎ! − ℎ!

	

𝑏! − 𝑏! = ℎ! − ℎ! − 𝑇! 𝑠! − 𝑠! = ℎ! − ℎ! 1 − 𝑇!
𝑠! − 𝑠!
ℎ! − ℎ!

	

𝑚!" 𝑏! − 𝑏! = 𝑚!" ℎ! − ℎ!
!

1 −
𝑇!

ℎ! − ℎ!
𝑠! − 𝑠!

	

	



	
As	
𝑇𝑑𝑠 = 𝑑ℎ − 𝑣 𝑑𝑝

!

	(pure	substance)	

	

𝑇 =
𝑑ℎ
𝑑𝑠

	

	
Then:	 

𝑚!" 𝑏! − 𝑏! = 𝑄 1 −
𝑇!
𝑇!"

= 𝑄𝜃!"	

	
Analogously:		𝑚!!! 𝑏! − 𝑏! = 𝑄𝜃!!! 	
	
Then:	𝐵!"#$ = 𝑄 𝜃!" − 𝜃!!! 	
	
𝑚!" 𝑏! − 𝑏! = 2,54 𝑀𝑊	
	
𝑚!!! 𝑏! − 𝑏! = 2,36 𝑀𝑊	
	

𝐵!"#$ = 0,18 𝑀𝑊	



	 	



	
	
EXAMPLE	2	

	
	
	

First	procedure	
	
	

	



	
	
	

	 	



	
	

	
	
	
	
	
	



Second	procedure	
	
	
	

	 	



	

	
	
	
EXAMPLE	3	

	
	



	
	
	

	
	
	

	
	

	

	



	
	
	
		
	 	



	



	



	
	

	

	



	
	



	



	

	
	



	
NH3	Exergy-enthalpy	diagram	



	
	

	
	

	
	
	
	
	



	



	
	

	



	

	
	
	
	

	
	

	
	
	
	
	



	
	

	
	
	

	
	

	
	



	

	
	
	



	

	



	

	
	
	
	
	
	
	
	
	
	



EXAMPLE	4	
Consider	a	process,	which	requires	a	thermal	load	of	50	kW	at	70°C.	Determine	the	energy,	and	exergy	
efficiency	(T0	=	25°C)	of	the	following	technical	heating	options:	
	
a) An	electric	heater.	
b) A	hot	water	waste	flow	from	another	process	available	at	100°C	(suppose	the	heat	exchanger	
outlet	temperature	of	the	hot	water	is	80°C).	

c) Steam	generated	in	a	boiler	operating	with	methane	and	with	80%	thermal	efficiency;	
d) A	compression	heat	pump	with	COP=3.0.	
e) A	compression	heat	pump	with	COP=3.0	driven	by	a	gas	turbine	with	0.20	overall	thermal	
efficiency	(including	turbine,	generator	and	transmission).	Suppose	the	fuel	is	methane.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



Solution	
	
𝑄! = 50 𝑘𝑊 @70°𝐶	;	𝑇! = 298 𝐾	
	
a) Electric	heater	

𝑊! = 𝑄!	

𝜂! =
𝑄!
𝑊!

= 1,00	

𝜂! =
𝑄! 1 − 𝑇!𝑇!

𝑊!
= 𝜃! = 1 −

𝑇!
𝑇!
= 0,131	

	
b) Waste	heat	

𝑇! = 100 ℃     ;     𝑇! = 80 ℃	
𝑄! = 𝑚𝑐 𝑇! − 𝑇! = 𝑚 ℎ! − ℎ! 	

∆𝐵 !"#$%
!!"#

= 𝑚 𝑏! − 𝑏! = 𝑚 ℎ! − ℎ! − 𝑇! 𝑠! − 𝑠! 	

	
	
	



∆𝐵 !"#$%
!!"#

= 𝑚 𝑐 𝑇! − 𝑇! − 𝑇! 𝑠! − 𝑠! 	

	
𝑑𝑠 = !"#

!
			and			𝑠! − 𝑠! = 𝑐𝑙𝑛 !!

!!
	

	

∴ ∆𝐵 !"#$%
!!"#

= 𝑚𝑐 𝑇! − 𝑇! 1 −
𝑇!

𝑇! − 𝑇!
𝑙𝑛 𝑇! 𝑇!

	

	

𝑇!" =
𝑇! − 𝑇!
𝑙𝑛 𝑇! 𝑇!

= 362,9 𝐾	

	

∆𝐵 !"#$%
!!"#

= 𝑄! 1 −
𝑇!
𝑇!"

= 𝑄!𝜃!"	

	

𝜂! =
𝑄!

𝑚𝑐 𝑇! − 𝑇!
= 1,00	

𝜂! =
𝑄!

∆𝐵 !"#$%
!!"#

=
𝑄!
𝜃!"

= 0,732	



c) Steam	

Neglect	pump	power	
	
𝜂! = 0,80	
	
𝑄! = 𝑚! ℎ! − ℎ! 	
	
	

𝜂! =
𝑚! ℎ! − ℎ!

𝑚!"! ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 !"!
	

	
	

𝜂! =
𝑄!𝜃!

𝑚!"! 𝑏!! !"!
=

𝑚! ℎ! − ℎ! 𝜃!
𝑚!"! ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 !"! ∙ 𝜑

	

	
	

𝜑 = !!!
!!"#$%& !"#$%

= 1,0372	(Szargut)	
𝜂! = 0,101	

	
	



d) 𝐇𝐞𝐚𝐭 𝐩𝐮𝐦𝐩	

𝜂! = 𝐶𝑂𝑃 =
𝑄!"
𝑊!"

=
𝑄!
𝑊!"

= 3,00	

	

𝜂! =
𝑄!𝜃!
𝑊!"

= 𝐶𝑂𝑃 ∙ 𝜃! = 0,393	

	
𝜂! = 0,80	
	
	
	
e) Heat	pump	with	gas	turbine	

	
𝜂!" = 0,20	

𝐶𝑂𝑃 = 3,00	
	

𝜂! =
𝑄!

𝑚!"! ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 !"!
	

	



𝜂! =
𝑄!

𝑊!" 𝜂!"

= 𝜂!" ∙ 𝐶𝑂𝑃 = 0,60	

	
	

𝜂! =
𝑄!𝜃!
𝑊!"
𝜂!"

∙ 𝜑
=
1
𝜑
𝜂!" ∙ 𝐶𝑂𝑃 ∙ 𝜃!	

	
𝜂! = 0,076	

	
OVERALL	COMPARATION	

Alternative	 a	 b	 c	 d	 e	
𝜂!	 1,00	 1,00	 0,80	 3,00	 0,60	
𝜂!	 0,131	 0,732	 0,101	 0,393	 0,076	

	
	

	
	
	
	



	
	
	
	

	

	
	



	
	
	



	
	
	
	

	
	



Renewability Exergy Index 
 

 



 
 
 



Example: thermal power plant 
 

 
 
 



 
 
 
 



 
 

 
 
 
 



Exergy Costing 
 

 

 
 



 
 

 
 

 
 

 
 
 

 



 
 
 

  



 
 

 
 

 
 

 



 
 

 
 

 

 
 

 
 



 
 

 
 

 
 

 
 



 
 

 



 



 
 
 
 
 
 



 



 



 
 





 
 
 
 



 
 
 
 
 
 

For the transferred exergy to the process: 



 
 

 





 


