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Part 1 
Steam Thermal Power Plants 
 
This part is mainly concerned with steam-based thermal power stations. In these 
power stations, heat energy is generated from burning coal, oil or gas to produce 
electrical energy. The resulting heat is used to boil water and convert it into steam. 
The steam, at high pressure and temperature, will cause the turbine to rotate. The 
steam turbine, which is coupled the electrical generator, will cause the generator to 
rotate & produce electricity. This type of power station is widely used around the 
world.    Because of the abundance of fuel (coal, oil & gas), this kind of power station 

can be used to produce large amounts of electrical energy.   In most countries these power stations are used as base load power stations. 
This is because steam power stations are slow to start and cannot be used to 
cater for peak loads that generally occur for a short durations.  These power stations (together with nuclear power stations) are kept running 
very close to full efficiency for 24 hours a day (unless for maintained). 
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 A steam turbine is a mechanical device that extracts thermal energy from 
pressurized steam, and converts it into rotary motion. Its modern equivalent was 
invented by Sir Charles Parsons in 1884.   By far the most widely used and most powerful turbines are those driven by 
steam. Until the 1960s essentially all steam used in turbine cycles was raised in 
boilers burning fossil fuels (coal, oil, and gas) or, in minor quantities, certain 
waste products.  Modern turbine technology includes nuclear steam plants as well as production of 
steam supplies from other sources.  A steam turbine uses steam to rotate its blades. The rotary motion of the blades is 
used to rotate the armature of the generator, and the movement of the armature in 
a magnetic field results in the production of a current (electricity) in the armature!   Heat energy from a coal thermal power plant or a nuclear power plant is used to 
boil water, and convert it into steam at high pressure. This high pressure steam is 
directed to the turbine blades thus causing the blades to rotate!  
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Thermal Power Plant Arrangement 

 The names of the components of a typical thermal power plant are: 
1 – Boiler  
2- Boiler steam drum  
3(HP), 4(MP) & 5(LP)- High, Medium & Low pressure stages of steam turbine  
6(S4)-  Condenser  
7- Economizer  
8(P3)- Boiler feed water pump  
9- Burner 
10- Forced draught fan  
11- Induced draught fan 
S1- Boiler S2- Super heater S3- Re-heater  
G- Generator 
 
Steam Turbine Power Plants 
Why Steam? 
Steam is used in the generation of electrical energy and is also used widely to provide 
process heating. Steam has many performance advantages that makes it indispensable, 
such as: 

1. Low toxicity 
2. Ease of transportability 
3. High efficiency 
4. High heat capacity 
5. Low cost with respect to the other alternatives 
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Fossil-Fuel Thermal Power Plant System Layout of thermal plant, an example of which is shown in Figures 1 & 2, can be better 
understood by dividing the plant components into four main processes.  

1- Coal and ash process. 
2- Air and gas process. 
3- Feed water and steam circuit. 
4- Cooling water process 

 
Main Parts of Thermal Power Station 
1- Coal and ash circuit – Description: Coal arrives at storage yard (14) 
Coal is directed in to the coal hopper (15)  
In case of pulversing, coal is pulverised (16) and then goes to the fuel burners. 
 Ash resulting from combustion of coal gets collected at the ash hopper (18) and is 
removed to ash storage yard by ash handling equipment. 
 
The Pulveriser – Description: The coal is put in the boiler after pulverization. A pulverizer is a device for grinding coal 
for combustion in a furnace in a power plant.  
Pulverizing coal for a boiler is a very 
important factor in overall cycle efficiency. 
There are many types of pulverizers available, 
but proper selection will ensure consistent 
boiler and cycle efficiency.  
Pulverized coal is the most efficient way of 
using coal in a steam generator. The coal is 
ground so that about 70 % will pass through 
200 mesh (0.075 mm) and 99 % will pass 
through 50 mesh (0.300 mm). 
 
The Pulveriser – Description: Ball and Tube Mill. 
The Ball mill is a pulverizer that consists of a 
horizontal rotating cylinder, up to three 
diameters in length, containing a charge of 
tumbling or cascading steel balls, pebbles, or 
rods. 
 
2- Air and gas circuit - Description:  Air is taken in from the atmosphere (22) through forced draught or induced draught fans 
(20) and passes to the furnace through air preheater (24), where it is heated by the flue 
gases which pass to the chimney via the preheater.  
The hot gases of combustion first flow through the boiler tubes, and superheated tubes 
(19) in the furnace then through the economizer (23) and then finally through the air 
preheater (24) and get discharged through the chimney (27) to the atmosphere. 
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3- Feed water and steam circuit - Description:  The feed water system consists of re-circulated condensate water that is collected into the 
surface condenser (8) and pumped out by the condensate pump (7), and purified makeup 
water. 
 The feed water cycle begins with condensate water being pumped out of the condenser 
(7) after coming out of the steam turbines in to the deaerator (12) whose function is to 
remove dissolved air from the water, further purifying and reducing its corrosivity.  
The water enters the boiler through the economizer (23). From the economizer it passes 
to the steam drum. 
Feed water flowing into the boiler is first preheated in the economizer (23), which 
recovers part of heat from the flue gases flowing from the furnace to the chimney (27) on 
its way to the atmosphere. This increases the efficiency of the plant as less heat must be 
supplied to the boiler.  
The condensate leaving the condenser (8) is first heated in the feed water heater (13). 
The bled steam from the turbine is used to heat the feed water in the heaters. In the boiler 
drum and tubes (17), water circulates due to natural circulation. 
 Wet steam from the drum is further heated in the super heater (19).  
Steam then expands in the turbine (11) and produces power. From there it is exhausted to 
the condenser (8).  
The condensate is collected in hot well. Then it goes to feed water heaters, economizer 
(23) and to the boiler. Make up water is added in the condenser after purification. 
 
When the water is in the steam drum it goes down the down-comers to the lower inlet 
water wall headers.  
From the inlet headers the water rises through the water walls and is eventually turned 
into steam due to the heat being generated by the burners located on the front and rear 
water walls.  
As the water is turned into steam in the water walls, the steam enters the steam drum. 
 
The Condenser  Steam from the exhaust of the turbine is taken 

into the condenser so that it is turned into 
water to allow it to be pumped. Figure 4 shows 
a typical water-cooled condenser.  The condenser is made of a shell to contain the 
inlet steam and tubes in which cooling water is 
circulated.   The exhaust steam from the low pressure stage 
of the turbine enters the shell where it is 
cooled and converted to water by flowing over 
the tubes as shown in Figure 4.   The condenser generally uses either circulating 
cooling water from a cooling tower to reject 
waste heat to the atmosphere, or once-through water from a river, lake or ocean.  Re-heater (21): The re-heater section contains tubes heated by hot flue gases 
outside the tubes. Exhaust steam from the high pressure turbine is rerouted to go 
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inside the re-heater tubes to pick up more energy to drive intermediate or lower 
pressure turbines. 
 

4- Cooling Water Circuit:  The condenser (8) requires cooling water to 
condense the exhaust steam. The water is cooled 
in cooling towers (1) or in cooling ponds and 
reused again and again. Some make up cooling 
water is added in the circuit.  In coal fired power plants, pulverized coal is 
prepared in the pulverizer (16) and is air-blown 
into the furnace from fuel nozzles at the four 
corners of the furnace and it burns rapidly, 
creating a large fireball at the center of the 
furnace.  The thermal radiation of the fireball heats the 
water that circulates through the boiler tubes near 
the boiler perimeter. The water circulation rate in 
the boiler is three to four times the water flow out 
of the boiler. As the water in the boiler circulates 
it absorbs heat and changes into steam at about 
400 °C a pressure of 3,200 psi.  When the water circulates out of the furnace and 
into the steam drum (17) at the top of the furnace, 
it is separated from the water. The steam is passed 
through a series of steam and water separators inside the steam drum.  The steam separators remove water droplets from the steam and the cycle through 
the water walls is repeated. This steam is saturated steam which could harm the 
turbine blades.  So, the saturated steam is pumped into the super heater (19) that hangs in the 
hottest part of the combustion gases as they exit the furnace. 

 
The Super-heater  In this super heater, the steam is superheated to about 500 °C before it is allowed 

into the turbine.  The super heater has an elaborate set up of tubes where the steam absorbs more 
energy from the hot flue gases surrounding the super heater tubing and its 
temperature is now superheated above the saturation temperature.  The superheated steam is then passed to the high pressure stage of the turbine. 

 
The objectives of a boiler are: To release the energy in the fuel as efficiently as possible. 
To transfer the released energy to the water, and to generate steam as efficiently as 
possible. 
To separate the steam from the water ready for export to the plant, where the energy can 
be transferred to the process as efficiently as possible. 
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A number of different boiler types have been developed to suit the various steam 
applications. The two basic types of boilers are:  
a)  Fire tube  
b)  Water tube 
 

a) Fire Tube Boilers   In firetube boilers, the combustion gases 
pass inside boiler tubes, and heat is 
transferred to water on the shell side. 
Examples of firetube boilers are shown in 
Figures 5 & 6.   The Scotch Marine boilers are the most 
common type of industrial firetube boilers. 
Scotch marine boilers are typically 
cylindrical shells with horizontal tubes 
configured such that the exhaust gases pass 
through these tubes, transferring energy to 
boiler water on the shell side.   In the early 1950s, the UK Ministry of Fuel 
and Power sponsored research into 
improving boiler plant. The outcome of this 
research was the packaged boiler, Mostly, 
these boilers were designed to use oil rather 
than coal.  

 
Scotch Marine Boilers  The Scotch Marine boilers are the most common type of industrial firetube 

boilers. Scotch marine boilers are typically cylindrical shells with horizontal tubes 
configured such that the exhaust gases pass through these tubes, transferring 
energy to boiler water on the shell side. 

  Advantages of the Scott Marine boilers are: 
a) The Scotch marine boiler is an industry workhorse due to its low initial cost 
b) High efficiency and durability.  
c) Scotch marine boilers contain relatively large amounts of water, which enables 

them to respond to load changes with relatively little change in pressure. 
  Disadvantages of the Scott Marine boilers: 

a) Since the boiler holds a large water mass, it requires more time to initiate 
steaming and more time to accommodate changes in steam pressure.  

b) Also, Scotch Marine boilers generate steam on the shell side, which has a large 
surface area, limiting the amount of pressure they can generate. 

 
Applications of the Scott Marine Boilers  Scotch marine boilers are not used where pressures above 300 psig are required.  
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 Firetube boilers are often characterized by their number of passes, referring to the 
number of times the combustion (or flue) gases flow the length of the pressure 
vessel as they transfer heat to the water.  Each pass sends the flue gases through the tubes in the opposite direction. To 
make another pass, the gases turn 
180° and pass back through the shell. 

 
b) Water tube  In water tube boilers, the water 

passes through the tubes while the 
exhaust gases remain in the shell 
side, passing over the tube surfaces. 
A representative water tube boiler is 
shown in Figure 7. 

 
 
Advantages of watertube boilers:  Since tubes can withstand higher internal pressure than the large chamber shell in 

a firetube, watertube boilers are used where high steam pressures (3,000 psi, 
sometimes higher) are required.   Watertube boilers are also capable of high efficiencies and can generate saturated 
or superheated steam.   These boilers are attractive in applications that require dry, high-pressure, high-
energy steam, including steam turbine power generation. 

 
 
Advantages And Disadvantages of Thermal Power Plants 
 
Advantages 1. They can be located very conveniently near the load centers.  
2. Does not require shielding like required in nuclear power plants.  
3. Unlike nuclear power plants whose power production method is difficult, for thermal 
power plants it is easy if compared. 
4. Transmission costs are reduced as they can be set up near the industry. 
5. The portion of steam generated can be used as process steam in different industries. 
6. Steam engines and turbines can work under 25% of overload capacity. 
7. Able to respond to changing loads without difficulty. 
 
Disadvantages: 1. Large amounts of water are required. 
2. Great difficulties experienced in coal handling and disposal of ash. 
3. Takes long time to be erected and put into action 
4. Maintenance and operating costs are high. 
5. With increase in pressure and temperature, the cost of plant increases. 
6. Troubles from smoke and heat from the plant. 
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 Comparison between Impulse and Reaction Turbine 
 
Impulse Turbines An impulse turbine has fixed nozzles that 
direct the steam flow into high speed jets 
(See Figure 10). These jets contain 
significant kinetic energy, which the rotor 
blades, shaped like buckets, convert into 
shaft rotation as the steam jet changes 
direction. A pressure drop occurs across 
only the  
Stationary blades, with a net increase in 
steam velocity across the stage. 
 

Reaction Turbines  In the reaction turbine (Figure 11), the rotor 
blades themselves are arranged to form 
convergent nozzles. This type of turbine makes 
use of the reaction force produced as the steam 
accelerates through the nozzles formed by the 
rotor.   Steam is directed onto the rotor by the 
fixed vanes of the stator. It leaves the stator as a 
jet that fills the entire circumference of the 
rotor. The steam then changes direction and 
increases its speed relative to the speed of the 
blades.   
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Impulse Turbine Operation  
As the steam flows through the 
nozzle its pressure falls from 
inlet pressure to the exit 
pressure (atmospheric pressure, 
or more usually, the condenser 
vacuum).  
Due to this higher ratio of 
expansion of steam in the 
nozzle the steam leaves the 
nozzle with a very high 
velocity. The steam leaving the 
moving blades has a large 
portion of the maximum 
velocity of the steam when 
leaving the nozzle. 
The loss of energy due to this 
higher exit velocity is 
commonly called the carry over 
velocity or leaving loss. 
 
 
 
 
Part 2 
Gas-Fired Thermal Power Plants This part is mainly concerned with another type of thermal 
power stations, i.e. Gas Turbine Power Stations, both open type 
& Combined Cycle. In these power plants, heat energy is 
generated from burning natural gas or Diesel fuel to produce 
electrical energy. The resulting heat causes the gases in the 
turbine to turn the turbine blades. The gas turbine which is 
coupled to an electrical generator will cause the generator to 
rotate & produce electricity. 
As example in UAE we have Wasit power plant in Sharjah. 
  A gas turbine extracts energy from the flow 

of hot gas produced by the combustion of 
gas or fuel oil in a stream of compressed air.   It has an upstream air compressor, 
mechanically coupled to a downstream 
turbine, and a combustion chamber in 
between.  "Gas turbine" may also refer to just the 
turbine element.  A gas turbine is made up of the following parts (see Figure next page): 
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The Gas Turbine Cycle  Intake phase: Outside air is drawn into the engine by the action of the compressor. 

Pressure, temperature and volume remain the same through the intake phase. 
 
 
  Compression phase: Intake air is mechanically compressed. Pressure and 

temperature increase with a corresponding decrease in volume. Mechanical 
energy driving the compressor is converted to kinetic energy in the form of 
compressed air.  Combustion phase: Fuel is sprayed into the combustor and burned, converting the 
chemical energy to thermal energy in the form of hot expanding gas. Volume and 
temperature greatly increase while pressure remains constant through the 
combustor.  Expansion phase: Thermal energy is converted to mechanical energy as the hot 
expanding gases from the combustor turn the turbine rotor. Pressure and 
temperature decrease while volume increases through the expansion phase.  Exhaust phase: Hot exhaust gases are ducted through ships uptake to the 
atmosphere. Pressure, temperature and volume remain the same through the 
exhaust phase. 
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Gas Turbine Operation Energy is released when compressed air is mixed with fuel and ignited in the combustion 
chamber as shown in Figure 17.  
The gases are passed through a nozzle onto the turbine blades, generating thrust by 
accelerating the hot exhaust gases by expansion back to atmospheric pressure.  
Energy is extracted in the form of shaft power, and used to power aircraft, trains, ships & 
electrical generators. 
                                                    
 
 

  
 
 
Gas Turbine Advantages  Relatively low cost to build  Relatively Short Build time  Packaged units – low commissioning 

period  Fast starting (~5 minutes – ideal for 
peak demand)  Very large power-to-weight ratio  Long working life  Can run on gas or liquid fuel (oil, 
kerosene etc) 
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Gas Turbine Combustor Arrangement 

 
 
Example: Siemens Simple Cycle 
(SSCTM) Power Plants SSC™ power plants are plants that 
integrate the modularized concept to 
achieve outputs from 112 MW up to 
350 MW per unit.  
These gas turbine plants provide 
operational flexibility for cyclic, peak, 
or continuous operation and is designed 
for possible combined cycle extension 
in a phased construction approach. 
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Combined Cycle power Plant (Gas Turbines plus steam turbines) 
A combined cycle gas turbine power plant is essentially an electrical power plant in 
which a gas turbine and a steam turbine are used in combination to achieve greater 
efficiency than would be possible independently.   
 The gas turbine drives an electrical generator while the gas turbine exhaust is used to 
produce steam in a heat exchanger 
(called a Heat Recovery Steam 
Generator). 
The steam is then supplied to a steam 
turbine whose output provides the 
power to generate more electricity.  
If the steam is used for heating (e.g. 
heating buildings) then the plant would 
be referred to as a cogeneration plant. 
Gas Turbine Exhaust used as the heat 
source for the Steam Turbine cycle. 
Utilizes the major efficiency loss from 
the GT open cycle. 
As an example in UAE we have Jabal Ali power 
plant in Dubai. 
Advantages:  Relatively short cycle to design, 

construct & commission  Higher overall efficiency   Fast starting and loading   Lower installed costs 
Disadvantages:  Output dependent on ambient  (air) 

temperature 
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In Figure 22, the steam cycle part uses a heat 
exchanger instead of a boiler heated by fossil 
fuel. The hot exhaust gases from the GT are used 
to produce the steam for the steam turbine. 
The efficiency of a GT alone, i.e. simple cycle is 
about 35%. The efficiency of the combined cycle 
is about 58-60%. 
 
Combined Cycles Power Plants Today 
Plant Efficiency ~ 48-50 percent  Biggest losses are mechanical input to the 

compressor and heat in the exhaust 
Steam Turbine output   Typically 50% of the gas turbine output   More with duct-firing (burning extra fuel in the 

heat exchanger) 
Net Plant Output (Using General Electric Industrial gas 
turbines)  Up to 750 MW for 3 on 1 configuration  Up to 520 MW for 2 on 1 configuration 
Construction time about 24 months 
Engineering duration about 12 months 
Capital Cost ($900-$1100/kW) 


