




Steam generator





F & A means the amount of steam generated from water at 100 °C
to saturated steam at 100 °C
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1. Boiler performance
• Causes of poor boiler performance

-Poor Fuel and combustion quality
-Heat transfer surface fouling
-Scaling of HE surface.
-Poor operation and maintenance
-Deteriorating water quality
-Inadequate thermal insulation

• Heat balance: identify heat losses
• Boiler efficiency: determine 

deviation from best efficiency



Heat Balance
An energy flow diagram describes how energy is 
transformed from fuel into useful energy, heat and 
losses 
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Heat Balance
Balancing total energy entering a boiler 
against the energy that leaves the boiler 
in different forms



Heat Balance
Goal: improve energy efficiency by 
reducing avoidable losses

Avoidable losses include:
- Stack gas losses (excess air, stack gas temperature)
- Losses by unburnt fuel
- Blow down losses
- Condensate losses
- Convection and radiation



There are two methods of assessing boiler efficiency
 
1) The Direct Method:  Where the energy gain of the 
working fluid (water and steam) is compared with the 
energy content of the boiler fuel. 

2) The Indirect Method: Where the efficiency is 
measured in terms of the difference between the 
energy losses and the energy input.

 

Performance Evaluation of Boilers 



hg -the enthalpy of saturated steam in kcal/kg 
of steam                      
hf -the enthalpy of feed water in kcal/kg of 
water

Boiler Efficiency: Direct 
Method

Boiler efficiency () = Heat output 
Heat input

x 100  Q x (hg – hf) 
mx GCV

x 100=

Parameters to be monitored: 
- Quantity of steam generated per hour (Q) in 
kg/hr 

- Quantity of fuel used per hour (q) in kg/hr
- The working pressure (in kg/cm2(g)) and 
superheat temperature (oC), if any 

- The temperature of feed water (oC) 
- Type of fuel and gross calorific value of the fuel 
(GCV) in kcal/kg of fuel 



Advantages
• Quick evaluation
• Few parameters for computation 
• Few monitoring instruments
• Easy to compare evaporation ratios 

with benchmark figures

Disadvantages
• No explanation of low efficiency
• Various losses not calculated 

Boiler Efficiency: Direct 
Method



Efficiency of boiler () = 100 – (i+ii+iii+iv+v+vi+vii)

Boiler Efficiency: Indirect Method

Principle losses:
i) Dry flue gas 
ii) Evaporation of water formed due to H2 
in fuel
iii) Evaporation of moisture in fuel
iv) Moisture present in combustion air 
v) Unburnt fuel in fly ash
vi) Unburnt fuel in bottom ash
vii) Radiation and other unaccounted 
losses



Boiler Efficiency: Indirect 
Method

Required calculation data
• Ultimate analysis of fuel (H2, O2, S, C, moisture content, ash 

content) 
• % oxygen or CO2 in the flue gas 
• Fuel gas temperature in ◦C (Tf)
• Ambient temperature in ◦C (Ta) and humidity of air in kg/kg 

of dry air
• GCV of fuel in kcal/kg 
• % combustible in ash (in case of solid fuels) 
• GCV of ash in kcal/kg (in case of solid fuels) 



Boiler Efficiency: Indirect 
Method

Advantages
• Complete mass and energy balance for 

each individual stream
• Makes it easier to identify options to 

improve boiler efficiency

Disadvantages
• Time consuming
• Requires lab facilities for analysis



Example:
Type of boiler: Coal fired Boiler
Heat input data
Qty of coal consumed   :1.8 TPH
GCV of coal              :3200 kCal/kg

Heat output data
• Qty of steam gen      :  8 TPH
• Steam pr/temp:10 kg/cm2(g)/1800C
• Enthalpy of steam(sat) at 10 kg/cm2(g) pressure:665 

kCal/kg 
• Feed water temperature :  850 C
• Enthalpy of feed water    : 85 kCal/kg

Find out the efficiency ?

Efficiency Calculation by Direct 
Method



Boiler efficiency ():   =   Q x (H – h)    x 100
     (q x GCV)  
   
Where Q =  Quantity of steam generated per hour (kg/hr)
           H = Enthalpy of saturated steam (kcal/kg)
           h = Enthalpy of feed water (kcal/kg)

           q = Quantity of fuel used per hour (kg/hr)
      GCV = Gross calorific value of the fuel (kcal/kg)

 
Boiler efficiency ()=   8 TPH x1000Kg/Tx (665–85) x 100
                                      1.8 TPH x 1000Kg/T x 3200 
                                =  80.0%
 
Evaporation Ratio   =  8 Tonne of steam/1.8 Ton of coal   
                                = 4.4



Example:
The following are the data collected for a typical oil 

fired boiler. Find out the efficiency of the boiler by 
indirect method
Ultimate analysis of Oil 
     C : 84.0  % H2: 12.0 %
     S: 3.0 % O2: 1.0 %
GCV of Oil : 10200 kcal/kg
Steam Generation Pressure : 7kg/cm2(g)-saturated
Enthalpy of steam : 660 kCal/kg

Feed water temperature :     60oC
Percentage of Oxygen  in flue gas:  7
Percentage of CO2  in flue gas: 11
Flue gas temperature (Tf)     : 220 0C
Ambient temperature (Ta)     : 27 0C 
Humidity of air    : 0.018 kg/kg of dry air 



Solution
 

Step-1: Find the theoretical air requirement 
 

= kg/kg of oil
 

=[(11.6 x 84) + [{34.8 x (12 – 1/8)} + (4.35 x 3)]/100 
kg/kg of oil                                        

=14 kg of air/kg of oil
 

Step-2: Find the %Excess air supplied
 
Excess air supplied (EA) =  = = 50%
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Step-3: Find the Actual mass of air supplied
Actual mass of  air supplied /kg of fuel = [ 1 + EA/100] x 
Theoretical Air
(AAS)   =  [1 + 50/100] x 14

  = 1.5 x 14
  = 21 kg of air/kg of oil



Step-4: Estimation of all losses

 

i. Dry flue gas loss
        
Percentage heat loss due to dry flue gas =    
                                                                                      
     m= mass of CO2 + mass of SO2 + mass of N2 + mass of O2
 
                       
 

m     = 21 kg / kg of oil
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Alternatively a simple method can be 
used for determining the dry flue gas 

loss as given below.

                                                                                          
Percentage heat loss due to dry flue gas =   
            
Total mass of flue gas (m) = mass of actual air 
supplied + mass of fuel supplied                       = 21 
+ 1=22
 
%Dry flue gas loss = 
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ii. Heat loss due to evaporation of water formed due to 
H2 in fuel

 
= 

Where, H2 – percentage of H2 in fuel
 

= 
 

 =   7.10%
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iii. Heat loss due to moisture present in air 
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iv. Heat loss due to radiation and other unaccounted losses
For a small boiler it is estimated to be 2%

Boiler Efficiency
i. Heat loss due to dry flue gas  : 9.14%
ii. Heat loss due to evaporation of water formed due to H2 in 
fuel : 7.10 % 
iii. Heat loss due to moisture present in air : 0.322 %
iv. Heat loss due to radiation and other unaccounted loss : 2%

Boiler Efficiency = 100- [9.14 + 7.10 + 0.322 + 2]
= 100 – 18.56 = 81 %(app)



Boiler Blow down
• Boiler Blow down used to control solids (TDS) 

in the boiler feed water.
• Solids in feed water will deposit lead to scale 

formation  and result in localized overheating 
and tube failure.



Intermittent(Manual or Bottom) Blow 
down

• The intermittent blown down is given by manually 
operating a valve fitted to discharge pipe at the 
lowest point of boiler shell to reduce parameters 
(TDS or conductivity, pH, Silica and Phosphates 
concentration) within prescribed limits so that 
steam quality is not likely to be affected.

• Large short-term increases in the amount of feed 
water put into the boiler, and hence may 
necessitate larger feed water pumps than if 
continuous blow down is used.

• TDS level will be varying, thereby causing 
fluctuations of the water level in the boiler due to 
changes in steam bubble size and distribution which 
accompany changes in concentration of solids. Also 
substantial amount of heat energy is lost with 
intermittent blowdown.



Continuous Blowdown
• Steady and constant dispatch of small stream of 

concentrated boiler water, and replacement by 
steady and constant inflow of feed water. This 
ensures constant TDS and steam purity at given 
steam load. Once blow down valve is set for a given 
conditions, there is no need for regular operator 
intervention. f l a s h  t a n k  a n d 

g e n e r a t i n g  f l a s h 
s team.  Th i s  f l a sh 
steam can be used 
for preheating boiler 
feed water or for any 
other purpose.



Blowdown Calculation



Boiler Feed Water Treatment
• Deposits Control Impurities Causing Deposits
• Silica - formation of hard silicate scales
• Internal Water Treatment- adding chemicals to 

boiler to prevent the formation of scale by converting 
the scale-forming compounds to free-flowing sludges, 
which can be removed by blowdown.

• External Water Treatment- External treatment is 
used to remove suspended solids, dissolved solids 
(particularly the calcium and magnesium ions which 
are a major cause of scale formation) and dissolved 
gases (oxygen and carbon dioxide). The external 
treatment processes available are: ion exchange; 
demineralization; reverse osmosis and de-aeration.
– Ion-exchange process (Softener Plant)
– De-aeration - dissolved gases, such as oxygen and carbon 

dioxide, are expelled by preheating the feed water before it 
enters the boiler. Mechanical de-aeration, Chemical de-
Aeration

– Reverse Osmosis











22o C reduction in flue gas temperature increases 
boiler efficiency by 1%



6oC raise in feed water temperature, by 
economiser/condensate recovery, corresponds to a 1% 

saving in fuel consumption









The optimum excess air level varies with furnace design, type 
of burner, fuel and process variables







  The external surfaces of a shell boiler are hotter than the 
surroundings

  The surfaces thus lose heat to the surroundings depending on 
the surface area and the difference in temperature between the 
surface and the surroundings.

  The heat loss from the boiler shell is normally a fixed energy 
loss, irrespective of the boiler output. 

  With modern boiler designs, this may represent only 1.5 
percent on the gross calorific value at full rating, but will 
increase to around 6 percent, if the boiler operates at only 25 
percent output.

  Repairing or augmenting insulation can reduce heat loss 
through boiler walls and piping.















Conclusion
Through recovery of waste heat by installation of an 
economizer, the paper mill was able to save 13 kg/hr. of 
furnace oil, which amounts to about 1,11,800 kg of 
furnace oil per annum.









Reduction in Pollution

Reduction in equipment
sizes

Reduction in auxiliary
energy consumption



Source  Quality

Heat in flue gases. The higher the temperature, the greater the 
potential value for heat recovery

Heat in vapour streams. As above but when condensed, latent heat 
also recoverable.

Convective and radiant heat lost 
from exterior of equipment 

Low grade – if collected may be used for 
space heating or air preheats.

Heat losses in cooling water. Low grade – useful gains if heat is exchanged 
with incoming fresh water.

Heat in gaseous and liquid Poor if heavily contaminated and thus 
requiring alloy heat exchanger.
effluents leaving process.

Heat stored in products leaving 
the process 

Quality depends upon temperature.



Types of Device -High Temperature Temperature, oC
Nickel refining furnace 1370 –1650
Aluminium refining furnace 650-760
Cement kiln (Dry process) 620- 730
Glass melting furnace 1000-1550

Types of Device- Medium Temperature Temperature, oC

Steam boiler exhausts 230-480
Gas turbine exhausts 370-540
Diesel engine exhausts 315-600
Heat treatment furnace, Catalytic crackers, 
Annealing furnace 

425 - 650



Low Temperature 
Process steam condensate
Cooling water from         Air compressors 
R and AC condensers

Temperature, oC

55-88
27-50
32–43







Recuperat
or

In a recuperator, heat exchange 
takes place between the flue 
gases and the air through 
metallic or ceramic walls.  Duct or 
tubes carry the air for combustion 
to be pre-heated, the other side 
contains the waste heat stream. 

• In order to overcome the temperature limitation of metallic 
recuperators which is about 1000oC on the gas side, ceramic tube 
recuperators have been developed. Ceramic recuperators allow 
operation on the gas side up to 1300 oC and on the preheated air 
side up to 850 oC.



Metallic Radiation Recuperator

The radiation 
recuperator 
gets its name from the 
fact that a substantial 
portion of the heat  
transfer from the hot 
gases to  the surface of 
the inner tube takes 
place by radiative heat 
transfer Figure 8.2  Metallic Radiation Recuperator



Convective Recuperator 

The hot gases are carried 
through a number of 
parallel small diameter 
tubes, while the incoming 
air to be heated enters a 
shell surrounding the tubes 
and passes over the hot 
tubes one or more times in 
a direction normal to their 
axes. 



Heat Wheels 
Widely used in low to 
medium temperature waste
heat recovery systems.
A disk rotates
between two side-by-side
ducts: one a cold gas duct, 
the other a hot gas duct. 
As the disk slowly rotates, 
sensible heat (moisture that 
contains latent heat) is 
transferred to the  disk by the 
hot air and, as the disk rotates, 
from the disk to the cold air. 



Heat Pipe

Heat pipe is a thermal energy absorbing and transferring 
system and have no moving parts and hence require 
minimum maintenance. 

wall



• The heat pipe exchanger is a lightweight compact 
heat recovery system

• It does not need mechanical maintenance, as there 
are no moving parts to wear out

•  It does not need input power for its operation and is 
free from cooling water and lubrication systems.



Shell and Tube Heat Exchanger 

When the medium containing waste heat is a liquid or a vapor which 
heats another liquid, then the shell and tube heat exchanger must 
be used since both paths must be sealed to contain the pressures of 
their respective fluids. 



Waste Heat Boilers 

Waste heat boilers are ordinarily 
water tube boilers in which the hot 
exhaust gases from gas turbines, 
incinerators, etc., pass over a number 
of parallel tubes containing water. 

 The water is vaporized in the tubes 
and collected in a steam drum from 
which it is drawn off for use as 
heating or processing steam 



Heat Pumps 
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