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WHAT SHOULD YOU LEARN


R e l a t i v e  M e r i t s  o f  
C o g e n e r a t i o n  S y s t e m s

P r i m e  M o v e r s  f o r  C o g e n e r a t i o n

C H P  Te c h n o l o g i e s

C a l c u l a t i n g  B a s i c  F u e l  
E q u a t i o n  f o r  C H P  S y s t e m s



PRIME MOVERS FOR COGENERATION

S t e a m  T u r b i n e  : 

S t e a m  t u r b i n e s  ( F i g u r e  7 . 1 )  a r e  t h e  
m o s t  c o m m o n l y  e m p l o y e d  p r i m e  
m o v e r s  f o r  c o g e n e r a t i o n  
a p p l i c a t i o n s  I n  t h e  s t e a m  t u r b i n e ,  
t h e  i n c o m i n g  h i g h  p r e s s u r e  s t e a m  
i s  e x p a n d e d  t o  a  l o w e r  p r e s s u r e  
l e v e l ,  c o n v e r t i n g  t h e  t h e r m a l  
e n e r g y  o f  h i g h  p r e s s u r e  s t e a m  t o  
k i n e t i c  e n e r g y  t h r o u g h  n o z z l e s  
a n d  t h e n  t o  m e c h a n i c a l  p o w e r  
t h r o u g h  r o t a t i n g  b l a d e s .

BACK PRESSURE TURBINE

B a c k  P r e s s u r e  t u r b i n e :  I n  
t h i s  t y p e  s t e a m  e n t e r s  t h e  t u r b i n e  
c h a m b e r  a t  H i g h  P r e s s u r e  a n d  
e x p a n d s  t o  L o w  o r  M e d i u m  
P r e s s u r e .  E n t h a l p y  d i f f e r e n c e  i s  
u s e d  f o r  g e n e r a t i n g  p o w e r  /  w o r k .  
D e p e n d i n g  o n  t h e  p r e s s u r e  ( o r  
t e m p e r a t u r e )  l e v e l s  a t  w h i c h  
p r o c e s s  s t e a m  i s  r e q u i r e d ,  b a c k .  
p r e s s u r e  s t e a m  t u r b i n e s  c a n  h a v e  
d i f f e r e n t  c o n f i g u r a t i o n s  a s  s h o w n  
i n  F i g u r e  7 . 2 .

I n  e x t r a c t i o n  a n d  d o u b l e  e x t r a c t i o n  b a c k  p r e s s u r e  t u r b i n e s ,  s o m e  a m o u n t  o f  
s t e a m  i s  e x t r a c t e d  f r o m  t h e  t u r b i n e  a f t e r  b e i n g  e x p a n d e d  t o  a  c e r t a i n  p r e s s u r e  
l e v e l .  T h e  e x t r a c t e d  s t e a m  m e e t s  t h e  h e a t  d e m a n d s  a t  p r e s s u r e  l e v e l s  h i g h e r  
t h a n  t h e  e x h a u s t  p r e s s u r e  o f  t h e  s t e a m  t u r b i n e .

h e  e f f i c i e n c y  o f  a  b a c k  p r e s s u r e  s t e a m  t u r b i n e  c o g e n e r a t i o n  s y s t e m  i s  t h e  
h i g h e s t .  I n  c a s e s  w h e r e  1 0 0  p e r  c e n t  b a c k  p r e s s u r e  e x h a u s t  s t e a m  i s  u s e d ,  t h e  
o n l y  i n e f f i c i e n c i e s  a r e  g e a r  d r i v e  a n d  e l e c t r i c  g e n e r a t o r  l o s s e s ,  a n d  t h e  
i n e f f i c i e n c y  o f  s t e a m  g e n e r a t i o n .  T h e r e f o r e ,  w i t h  a n  e f f i c i e n t  b o i l e r ,  t h e  o v e r a l l  
t h e r m a l  e f f i c i e n c y  o f  t h e  s y s t e m  c o u l d  r e a c h  a s  m u c h  a s  9 0  p e r  c e n t .

GAS TURBINE

T h e  f u e l  i s  b u r n t  i n  a  p r e s s u r i z e d  c o m b u s t i o n  
c h a m b e r  u s i n g  c o m b u s t i o n  a i r  s u p p l i e d  b y  a  
c o m p r e s s o r  t h a t  i s  i n t e g r a l  w i t h  t h e  g a s  
t u r b i n e .  I n  c o n v e n t i o n a l  G a s  t u r b i n e  ( F i g u r e  
7 . 1 1 ) ,  g a s e s  e n t e r  t h e  t u r b i n e  a t  a  
t e m p e r a t u r e  r a n g e  o f  9 0 0  t o  1 0 0 0 ° C  a n d  
l e a v e  a t  4 0 0  t o  5 0 0 ° C .  T h e  v e r y  h o t  
p r e s s u r i z e d  g a s e s  a r e  u s e d  t o  t u r n  a  s e r i e s  o f  
t u r b i n e  b l a d e s ,  a n d  t h e  s h a f t  o n  w h i c h  t h e y  
a r e  m o u n t e d ,  t o  p r o d u c e  m e c h a n i c a l  e n e r g y .  
R e s i d u a l  e n e r g y  i n  t h e  f o r m  o f  a  h i g h  f l o w  o f  
h o t  e x h a u s t  g a s e s  c a n  b e  u s e d  t o  m e e t ,  
w h o l l y  o r  p a r t l y ,  t h e  t h e r m a l  ( s t e a m )  d e m a n d  
o f  t h e  s i t e .  Wa s t e  g a s e s  a r e  e x h a u s t e d  f r o m  
t h e  t u r b i n e  a t  4 5 0 ° C  t o  5 5 0 ° C ,  m a k i n g  t h e  
g a s  t u r b i n e  p a r t i c u l a r l y  s u i t a b l e  f o r  h i g h -
g r a d e  h e a t  s u p p l y .

T h e  a v a i l a b l e  m e c h a n i c a l  e n e r g y  c a n  b e  a p p l i e d  i n  t h e  f o l l o w i n g  w a y s :  

t o  p r o d u c e  e l e c t r i c i t y  w i t h  a  g e n e r a t o r  ( m o s t  a p p l i c a t i o n s ) ;  

t o  d r i v e  p u m p s ,  c o m p r e s s o r s ,  b l o w e r s ,  e t c .  


A  g a s  t u r b i n e  o p e r a t e s  u n d e r  e x a c t i n g  c o n d i t i o n s  o f  h i g h  s p e e d  a n d  h i g h  t e m p e r a t u r e .  T h e  h o t  g a s e s  s u p p l i e d  t o  i t  
m u s t  t h e r e f o r e  b e  c l e a n  ( i . e .  f r e e  o f  p a r t i c u l a t e s  w h i c h  w o u l d  e r o d e  t h e  b l a d e s )  a n d  m u s t  c o n t a i n  n o t  m o r e  t h a n  
m i n i m a l  a m o u n t s  o f  c o n t a m i n a n t s ,  w h i c h  w o u l d  c a u s e  c o r r o s i o n  u n d e r  o p e r a t i n g  c o n d i t i o n s .  H i g h - p r e m i u m  f u e l s  
a r e  t h e r e f o r e  m o s t  o f t e n  u s e d ,  p a r t i c u l a r l y  n a t u r a l  g a s .  D i s t i l l a t e  o i l s  s u c h  a s  g a s  o i l  a r e  a l s o  s u i t a b l e ,  a n d  s e t s  
c a p a b l e  o f  u s i n g  b o t h  a r e  o f t e n  i n s t a l l e d  t o  t a k e  a d v a n t a g e  o f  c h e a p e r  i n t e r r u p t i b l e  g a s  t a r i f f s .  L P G s  a n d  N a p h t h a  
a r e  a l s o  s u i t a b l e ,  L P G  b e i n g  a  p o s s i b l e  f u e l  i n  e i t h e r  g a s e o u s  o r  l i q u i d  f o r m .



RECIPROCATING ENGINE SYSTEMS
T h i s  s y s t e m  p r o v i d e s  p r o c e s s  h e a t  
o r  s t e a m  f r o m  e n g i n e  e x h a u s t .  
T h e  e n g i n e  j a c k e t  c o o l i n g  w a t e r  
h e a t  e x c h a n g e r  a n d  l u b e  o i l  
c o o l e r  m a y  a l s o  b e  u s e d  t o  
p r o v i d e  h o t  w a t e r  o r  h o t  a i r .  T h e r e  
a r e ,  h o w e v e r ,  l i m i t e d  a p p l i c a t i o n s  
f o r  t h i s .

A s  t h e s e  e n g i n e s  c a n  u s e  o n l y  f u e l s  
l i k e  H S D ,  d i s t i l l a t e ,  r e s i d u a l  o i l s ,  
n a t u r a l  g a s ,  L P G  e t c .  a n d  a s  t h e y  
a r e  n o t  e c o n o m i c a l l y  b e t t e r  t h a n  
s t e a m /g a s  t u r b i n e ,  t h e i r  u s e  i s  n o t  
w i d e s p r e a d  f o r  c o - g e n e r a t i o n .  O n e  
m o r e  r e a s o n  f o r  t h i s  i s  t h e  e n g i n e  
m a i n t e n a n c e  r e q u i r e m e n t .

 
RELATIVE MERITS OF COGENERATION SYSTEMS

 
COMBINED HEAT AND POWER
Also known as: 


➡ Combined heat and power (CHP) 

➡ Cogeneration 

➡ Combined cooling, heating and power (CCHP) 

➡ Building cooling, heating and power (BCHP)

 Definition:

➡ Simultaneous production and use of useful 
mechanical and useful thermal energy 

➡ Mechanical energy is frequently used to turn a 
generator producing electrical energy 

➡ Thermal energy can be used to generate cooling 
(i.e., absorption chiller)



WHY COGENERATION?

 CHP has the opportunity to: 


➡ Improve system efficiency (as compared to typical 
power generation without useful heat recovery) 

➡Reduce total operating costs (compared to 
purchasing or generating electricity and heat energy 
in separate systems) 

➡Improve system reliability and availability (when CHP 
is used a primary and the utility systems are used as a 
back-up source)

TYPES OF CYCLES

 Three primary types of cycles:
➡ Topping cycle 

➡ Bottoming cycle 

➡ Combined cycle (which is usually a dual topping cycle)

 Why is the type of cycle important?
➡ Regulations apply differently based on type of cycle 
Bottoming cycle 

➡ More on this when we get to qualified facilities

TOPPING CYCLE
 Primary energy first produces mechanical energy and 

residual thermal energy is recovered and used

➡ Example 1: High-pressure boiler steam is used to power 
a turbine. The resulting shaft power turns a motor or 
generator. In addition, steam out of the turbine provides 
useful heat energy to a process.

➡ Example 2: Diesel engine turns a generator producing 
electric power. Waste heat recovery is applied to the 
exhaust gas and engine coolant producing useful hot 
water. 



TOPPING CYCLE EXAMPLE 1

TOPPING CYCLE

 Steam enters a back pressure turbine with an enthalpy 
of 2800 kJ/kg, and exits the turbine with an enthalpy of 
2600 kJ/kg. Assume no heat loss in the turbine. If the 
back pressure steam turbine drives a 95% efficient 
electric generator, how many kW will be produced? 
Steam flow rate is 10,000 kg/h.

TOPPING CYCLE EXAMPLE 2



BOTTOMING CYCLE

 Primary energy first satisfies a thermal demand, such 
as a furnace, and residual thermal energy is recovered 
and used to produce useful mechanical or electrical 
power. 

➡ Example: A large combustion process, such as a heat 
treating furnace, where the exhaust is used in a waste 
heat boiler to develop steam that is used to power a 
turbine. The resulting shaft power turns a motor or 
generator. 

BOTTOMING CYCLE EXAMPLE

COMBINED CYCLE

 Cycle produces useful mechanical energy at two 
different stages within the process. Residual thermal 
energy is utilized at least once in the process. 

➡ Example: A combustion (gas) turbine creates shaft power, 
which powers a generator (a topping cycle). The exhaust gas 
(perhaps with supplemental firing) is used in a waste heat 
recovery boiler to develop steam, which is used to power a 
steam turbine. The shaft power from the turbine is used to 
power a motor or generator (normally a topping cycle but used 
here as a bottoming cycle). In addition, steam out of the 
turbine, either as extraction or back-pressure steam, provides 
useful heat energy to a process. (the useful thermal energy 
makes this CHP). 



COMBINED CYCLE EXAMPLE

CHP TECHNOLOGIES

THE WORLD’S 1ST GREEN TECHNOLOGY 
MARKETPLACE

THANK YOU


