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Unit-II: Basic principles of sitting and station design, effect of climatic factors on station and equipment 

design, choice of steam cycle and main equipment, recent trends in turbine and boiler sizes and steam  

conditions, plant design and layout, outdoor and indoor plant, system components, fuel handling, burning 

systems, element of feed water treatment plant, condensing plant and circulating water systems, cooling 

towers, turbine room and auxiliary plant equipment, instrumentation, testing and plant heat balance. 

 

2.1 Introduction: 

A fossil fuel power plant is a system of devices for the conversion of fossil fuel energy to mechanical work or 

electric energy. The main systems are the steam cycle and the gas turbine cycle. The steam cycle relies on 

the Rankine cycle in which high pressure and high temperature steam raised in a boiler is expanded through 

a steam turbine that drives an electric generator. The steam gives up its heat of condensation in a condenser 

to a heat sink such as water from a river or a lake, and the condensate can then be pumped back into the 

boiler to repeat the cycle. The heat taken up by the cooling water in the condenser is dissipated mostly 

through cooling towers into the atmosphere. 

 

The gas turbine cycle relies on the Brayton cycle in which air compressed to high pressure, and heated to 

high temperature by the combustion of natural gas or light fuel oil, is the working fluid that expands in the 

turbine to provide the torque for driving both a compressor and the electric generator. The gas turbine 

demands clean fuels such as natural gas or light fuel oil. Combustion is the prevailing fuel utilization 

technology in both the above cycles. Coal is the preferred fuel for the steam cycle because of its low cost 

and broad and secure availability worldwide. 

 

Combustion-generated pollutants, such as oxides of nitrogen (NOx) of sulfur (SOX) and particulates, if 

uncontrolled and emitted into the atmosphere represent environmental and health hazards, such as acid 

rain. Environmental regulations supported by intensive research and developments have reduced pollutant 

emissions significantly. Improvements in efficiency and emissions come by increasing steam pressure and 

temperature in the steam cycle, and by increased turbine inlet temperature in the gas turbine cycle. Coal 

gasification produces a fuel gas that is capable of being used in the gas turbine. By integrating coal 

gasification with gas turbine and steam cycles, advantage can be taken of high efficiency and low pollutant 

emission while using coal, an inexpensive, secure and indigenous fuel in many countries throughout the 

world. A potential additional advantage of the Integrated Gasification Combined Cycle (IGCC) is the capability 

of capturing carbon dioxide (CO2) from the fuel gas and making it ready for high-pressure pipeline 

transportation to a carbon sequestration site. This will be key to the commercial and clean co-production of 

electricity and hydrogen from coal. 

 

2.2 Effect of climatic factors 
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The world's power demands are expected to rise 60% by 2030. In 2007 there were over 50,000 active coal 

plants worldwide and this number is expected to grow. In 2004, the International Energy Agency (IEA) 

estimated that fossil fuels will account for 85% of the energy market by 2030.  

World organizations and international agencies, like the IEA, are concerned about the environmental impact 

of burning fossil fuels, and coal. The combustion of coal contributes the most to acid rain and air pollution, 

and has been connected with global warming. Due to the chemical composition of coal there are difficulties 

in removing impurities from the solid fuel prior to its combustion. Modern day coal power plants pollute less 

than older designs due to new "scrubber" technologies that filter the exhaust air in smoke stacks; however, 

emission levels of various pollutants are still on average several times greater than natural gas power plants. 

In these modern designs, pollution from coal-fired power plants comes from the emission of gases such as 

carbon dioxide, nitrogen oxides, and sulfur dioxide into the air. 

Acid rain is caused by the emission of nitrogen oxides and sulfur dioxide. These gases may be only mildly 

acidic themselves, yet when they react with the atmosphere, they create acidic compounds such as sulfurous 

acid, nitric acid and sulfuric acid which fall as rain, hence the term acid rain. In Europe and the U.S.A., stricter 

emission laws and decline in heavy industries have reduced the environmental hazards associated with this 

problem, leading to lower emissions after their peak in 1960s. 

In 2008, the European Environment Agency (EEA) documented fuel-dependent emission factors based on 

actual emissions from power plants in the European Union.  

Pollutant Hard coal Brown coal Fuel oil Other oil Gas 

CO2 (g/GJ) 94,600 101,000 77,400 74,100 56,100 

SO2 (g/GJ) 765 1,361 1,350 228 0.68 

NOx (g/GJ) 292 183 195 129 93.3 

CO (g/GJ) 89.1 89.1 15.7 15.7 14.5 

Non-methane 

organic 

compounds (g/GJ) 

4.92 7.78 3.70 3.24 1.58 

Particulate matter 

(g/GJ) 
1,203 3,254 16 1.91 0.1 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

http://en.wikipedia.org/wiki/World_energy_resources_and_consumption
http://en.wikipedia.org/wiki/International_Energy_Agency
http://en.wikipedia.org/wiki/Acid_rain
http://en.wikipedia.org/wiki/Air_pollution
http://en.wikipedia.org/wiki/Global_warming
http://en.wikipedia.org/wiki/Scrubber
http://en.wikipedia.org/wiki/Nitrogen_oxides
http://en.wikipedia.org/wiki/Sulfur_dioxide
http://en.wikipedia.org/wiki/Nitrogen_oxides
http://en.wikipedia.org/wiki/Sulfur_dioxide
http://en.wikipedia.org/wiki/Sulfurous_acid
http://en.wikipedia.org/wiki/Sulfurous_acid
http://en.wikipedia.org/wiki/Nitric_acid
http://en.wikipedia.org/wiki/Sulfuric_acid
http://en.wikipedia.org/wiki/European_Environment_Agency
http://en.wikipedia.org/wiki/European_Union
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


POWER PLANT ENGINEERING (ME-602) 

UNIT II: Fossil Fuel Steam Stations 

3 

 

Flue gas volume 

total (m3/GJ) 
360 444 279 276 272 

 

Carbon dioxide 

Electricity generation using carbon based fuels is responsible for a large fraction of carbon dioxide (CO2) 

emissions worldwide and for 34% of U.S. man-made carbon dioxide emissions in 2010. In the U.S., 70% of 

electricity generation is produced from combustion of fossil fuels. Of the fossil fuels, coal is much more 

carbon intensive than oil or natural gas, resulting in greater volumes of carbon dioxide emissions per unit of 

electricity generated. In 2010, coal contributed about 81% of CO2 emissions from generation and contributed 

about 45% of the electricity generated in the United States. In 2000, the carbon intensity of U.S. coal thermal 

combustion was 2249 lbs/MWh (1,029 kg/MWh).) while the carbon intensity of U.S. oil thermal generation 

was 1672 lb/MWh (758 kg/MWh or 211 kg/GJ) and the carbon intensity of U.S. natural gas thermal 

production was 1135 lb/MWh (515 kg/MWh or 143 kg/GJ). 

The Intergovernmental Panel on Climate Change (see IPCC) states that carbon dioxide is a greenhouse gas 

and that increased quantities within the atmosphere will "very likely" lead to higher average temperatures 

on a global scale (global warming); concerns regarding the potential for such warming to change the global 

climate prompted IPCC recommendations calling for large cuts to CO2 emissions worldwide.  

Emissions may be reduced through more efficient and higher combustion temperature and through more 

efficient production of electricity within the cycle. Carbon capture and storage (CCS) of emissions from coal-

fired power stations is another alternative but the technology is still being developed and will increase the 

cost of fossil fuel-based production of electricity. CCS may not be economically viable, unless the price of 

emitting CO2 to the atmosphere rises. 

Particulate matter 

Another problem related to coal combustion is the emission of particulates that have a serious impact on 

public health. Power plants remove particulate from the flue gas with the use of a bag house or electrostatic 

precipitator. Several newer plants that burn coal use a different process, Integrated Gasification Combined 

Cycle in which synthesis gas is made out of a reaction between coal and water. The synthesis gas is processed 

to remove most pollutants and then used initially to power gas turbines. Then the hot exhaust gases from 

the gas turbines are used to generate steam to power a steam turbine. The pollution levels of such plants 

are drastically lower than those of "classic" coal power plants.  

Particulate matter from coal-fired plants can be harmful and have negative health impacts. Studies have 

shown that exposure to particulate matter is related to an increase of respiratory and cardiac 

mortality. Particulate matter can irritate small airways in the lungs, which can lead to increased problems 

with asthma, chronic bronchitis, airway obstruction, and gas exchange.  

There are different types of particulate matter, depending on the chemical composition and size. The 

dominant form of particulate matter from coal-fired plants is coal fly ash, but secondary sulfate and nitrate 

also comprise a major portion of the particulate matter from coal-fired plants. Coal fly ash is what remains 

after the coal has been combusted, so it consists of the incombustible materials that are found in the coal. 
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The size and chemical composition of these particles affects the impacts on human health. Currently coarse 

dia eter greater tha  .5 μ  a d fi e dia eter etwee  .  μ  a d .5 μ  parti les are regulated, ut 
ultrafi e parti les dia eter less tha  .  μ  are urre tly u regulated, yet they pose any 

dangers. Unfortunately, much is still unknown as to which kinds of particulate matter pose the most harm, 

which makes it difficult to come up with adequate legislation for regulating particulate matter. There are 

several methods of helping to reduce the particulate matter emissions from coal-fired plants. Roughly 80% 

of the ash falls into an ash hopper, but the rest of the ash then gets carried into the atmosphere to become 

coal-fly ash. Methods of reducing these emissions of particulate matter include: 

1. a bag house 

2. an electrostatic precipitator (ESP) 

3. cyclone collector 

The bag house has a fine filter that collects the ash particles, electrostatic precipitators use an electric field 

to trap ash particles on high-voltage plates, and cyclone collectors use centrifugal force to trap particles to 

the walls. A recent study indicates that sulfur emissions from fossil fueled power stations in China may have 

caused a 10-year lull in global warming (1998-2008)  

 

Radioactive trace elements 

Coal is a sedimentary rock formed primarily from accumulated plant matter, and it includes many inorganic 

minerals and elements which were deposited along with organic material during its formation. As the rest 

of the Earth's crust, coal also contains low levels of uranium, thorium, and other naturally 

occurring radioactive isotopes whose release into the environment leads to radioactive contamination. 

While these substances are present as very small trace impurities, enough coal is burned that significant 

amounts of these substances are released. A 1,000 MW coal-burning power plant could have an uncontrolled 

release of as much as 5.2 metric tons per year of uranium (containing 74 pounds (34 kg) of uranium-235) 

and 12.8 metric tons per year of thorium. In comparison, a 1,000 MW nuclear plant will generate about 30 

metric tons of high-level radioactive solid packed waste per year. It is estimated that during 1982, US coal 

burning released 155 times as much uncontrolled radioactivity into the atmosphere as the Three Mile Island 

incident. The collective radioactivity resulting from all coal burning worldwide between 1937 and 2040 is 

estimated to be 2,700,000 curies or 0.101 EBq. It should also be noted that during normal operation, the 

effective dose equivalent from coal plants is 100 times that from nuclear plants. But it is also worth noting 

that normal operation is a deceiving baseline for comparison: just the Chernobyl nuclear disaster released, 

in iodine-131 alone, an estimated 1.76 EBq of radioactivity, a value one order of magnitude above this value 

for total emissions from all coal burned within a century. But at the same time, it shall also be understood 

that the iodine-131, the major radioactive substance which comes out in accident situations, has a half life 

of just 8 days. 

Water and air contamination by coal ash 

A study released in August 2010 that examined state pollution data in the United States by the 

organizations Environmental Integrity Project, the Sierra Club and Earth justice found that coal ash produced 

by coal-fired power plants dumped at sites across 21 U.S. states has contaminated ground water with toxic 

elements. The contaminants include the poisons like arsenic and lead. Arsenic has been shown to cause skin 

cancer, bladder cancer and lung cancer, and lead damages the nervous system. Coal ash contaminants are 
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also linked to respiratory diseases and other health and developmental problems, and have disrupted local 

aquatic life. Coal ash also releases a variety of toxic contaminants into nearby air, posing a health threat to 

those who breathe in fugitive coal dust. Currently, the EPA does not regulate the disposal of coal ash; 

regulation is up to the states and the electric power industry has been lobbying to maintain this status quo. 

Most states require no monitoring of drinking water near coal ash dump sites. The study found an additional 

39 contaminated U.S. sites and concluded that the problem of coal ash-caused water contamination is even 

more extensive in the United States than has been estimated. The study brought to 137 the number of 

ground water sites across the United States that are contaminated by power plant-produced coal ash. 

Mercury contamination 

U.S. government scientists tested fish in 291 streams around the country for mercury contamination. They 

found mercury in every fish tested, according to the study by the U.S. Department of the Interior. They found 

mercury even in fish of isolated rural waterways. Twenty five percent of the fish tested had mercury levels 

above the safety levels determined by the U.S. Environmental Protection Agency for people who eat the fish 

regularly. The largest source of mercury contamination in the United States is coal-fueled power plant 

emissions.  

 

2.3 Choice of Steam Cycle 

Rankine Cycle 

All large steam based power plants operate on the Rankine cycle. Basically, the Rankine cycle utilizes a steam 

boiler to produce high pressure, high temperature steam. The steam, leaving the boiler at temperatures and 

pressures as high as 1000 F and 4500 psig, is routed through a steam turbine where it is expanded to produce 

shaft work that drives an electric generator. To increase the efficiency of the overall process, the expansion 

of the steam is generally performed in stages. After passing through a high-pressure turbine stage, the steam 

is returned to the steam generator to be reheated. After the final expansion stage, the steam is routed to a 

condenser, where it is returned fully to liquid form and pumped back to the steam generator. By using this 

method of power production, electric facilities can approach 40% efficiency. 

Steam Turbine Types 

The steam turbines used in the Rankine cycle can be of many types readily available. The most basic type is 

the backpressure turbine. The backpressure turbine produces electricity through the expansion of high 

pressure steam to atmospheric pressure and higher. The exiting steam can be directed to an industrial 

process (in a cogeneration system), or sent to a condenser. 

A condensing turbine operates similarly to the backpressure turbine, but the low pressure side of the turbine 

is below atmospheric pressure. This results in a greater fuel-to-electrical efficiency for the cycle, but the 

rejected steam is of much lower thermodynamic value, thereby decreasing its value for thermal recovery. 

Electrical plants, whose sole purpose is the generation of electricity, use condensing turbines. 

The extraction turbine allows for the removal of steam from the turbine during expansion. The turbine can 

be designed to provide a wide array of extraction pressures and flows. This allows for a great deal of flexibility 

when trying to satisfy both a thermal and electrical load. Extraction turbines are frequently used in 

cogeneration applications, though the efficiency of the extraction turbine is lower than other turbine types. 

Downloaded from  be.rgpvnotes.in

Page no: 5 Follow us on facebook to get real-time updates from RGPV

http://en.wikipedia.org/wiki/Mercury_contamination
http://en.wikipedia.org/wiki/U.S._Department_of_the_Interior
http://en.wikipedia.org/wiki/U.S._Environmental_Protection_Agency
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


POWER PLANT ENGINEERING (ME-602) 

UNIT II: Fossil Fuel Steam Stations 

6 

 

Cogeneration and the Rankine Cycle 

The classic Rankine cycle is not generally used for heat recovery. The large base load power plants which 

operate on the Rankine cycle do not recover the heat from either the exhaust or the condenser. To be 

technically classified as a cogeneration cycle, the Rankine cycle must provide some heat recovery. This heat 

recovery can be taken from the combustion exhaust (if it is suitably clean), from the condenser, or, if an 

extraction turbine is used, directly from the steam turbine itself. 

One attractive feature of a Rankine cycle system is its capability of operating on many types of fuel. Coal, 

chemical wastes, heavy and light oils, biomass, and even natural gas is used to fuel Rankine cycle plants. 

Furthermore, steam turbines are readily available in almost any size. These features combine to give the 

Rankine cycle unmatched flexibility to meet specific load conditions. Rankine cycle plants have a long-life 

span, and all parts of the system are reliable and require relatively little maintenance. 

New Rankine based cogeneration systems can be quite expensive. The heat exchangers (boilers and 

condensers) are very expensive in terms of both equipment cost and installation cost. Usually, Rankine cycle 

cogeneration systems are economically attractive if the boilers and condensers are already in place, and a 

steam turbine is all that is required to cogenerate electricity. 

Brayton Cycle 

The Brayton cycle is the gas turbine power cycle. It is an open cycle where ambient air is compressed to a 

high temperature and pressure before it is fed to the combustion chamber. In the combustion chamber, the 

air-fuel mixture is ignited, dramatically increasing the temperature of the mixture. These hot gases are then 

expanded in a turbine, which can be coupled to an electric generator or some other load. In a turbine 

cogeneration system, the exhaust gases are collected and passed either to process (the relatively clean 

exhaust is suitable for high temperature drying), or to an HRSG. Because the exhaust gases leave the gas 

turbine at such high temperatures (~1000F), they have good thermal quality and can produce large amounts 

of high pressure steam. Also, since so much excess air is used during the combustion process, the exhaust 

contains enough oxygen to sustain further gas firing, resulting in more usable heat. Supplementary fired 

HRSG units can achieve total fuel utilization efficiencies of 90+%. 

Brayton cycle cogeneration systems have low capital costs, as well as low maintenance costs. Turbine 

systems generally last for twenty years if properly maintained, so the life span of the system is excellent. 

With turbines available anywhere from 3 to 250 MW, almost any size system may be built.  

2.4 Recent Trends in Turbines and Boilers 

By 1940, single turbine units with a power capacity of 100,000 kilowatts were common. Ever-larger turbines 

(with higher efficiencies) have been constructed during the last half of the century, largely because of the 

steadily rising cost of fossil fuels. This required a substantial increase in steam generator pressures and 

temperatures. Some units operating with supercritical steam at pressures as high as 34,500 kilopascals gauge 

and at temperatures of up to 650 °C were built before 1970. Reheat turbines that operate at lower pressures 

(between 17,100 to 24,100 kilopascals gauge) and temperatures (540–565 °C) are now commonly installed 

to assure high reliability. Steam turbines in nuclear power plants, which are still being constructed in a 

number of countries outside of the United States, typically operate at about 7,580 kilopascals gauge and at 

temperatures of up to 295 °C to accommodate the limitations of reactors. Turbines that exceed one-million-

kilowatt output require exceptionally large, highly alloyed steel blades at the low-pressure end. 
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Slightly more efficient units with a power capacity of more than 1.3 million kilowatts may eventually be built, 

but no major improvements are expected within the next few decades, primarily because of the temperature 

limitations of the materials employed in steam generators, piping, and high-pressure turbine components 

and because of the need for very high reliability. 

Although the use of large steam turbines is tied to electric power production and marine propulsion, smaller 

units may be used for cogeneration when steam is required for other purposes, such as for chemical 

processing, powering other machines (e.g., compressors of large central air-conditioning systems serving 

many buildings), or driving large pumps and fans in power stations or refineries. However, the need for a 

complete steam plant, including steam generators, pumps, and accessories, does not make the steam 

turbine an attractive power device for small installations. 

Steam Turbines: A steam turbine consists of a rotor resting on bearings and enclosed in a cylindrical casing. 

The rotor is turned by steam impinging against attached vanes or blades on which it exerts a force in the 

tangential direction. Thus, a steam turbine could be viewed as a complex series of windmill-like 

arrangements, all assembled on the same shaft. 

Because of its ability to develop tremendous power within a comparatively small space, the steam turbine 

has superseded all other prime movers, except hydraulic turbines, for generating large amounts of electricity 

and for providing propulsive power for large, high-speed ships. Today, units capable of generating more than 

1.3 million kilowatts of power can be mounted on a single shaft. 

Classifications 

Large steam turbines are complex machines that can be classified in various ways. One approach centers on 

whether rotation is achieved by impulse forces or by reaction forces (see below). This distinction may 

become somewhat blurred, since many modern machines employ a combination of both methods. 

CONDENSING AND NON-CONDENSING TURBINES 

Steam turbines are often divided into two types: condensing and non-condensing. In devices of the first type, 

steam is condensed at below atmospheric pressure to gain the maximum amount of energy from it. In non-

condensing turbines, steam leaves the turbine at above atmospheric pressure and is then used for heating 

or for other required processes before being returned as water to the boiler. Compared to the fuel needed 

for simply converting water into steam (saturated steam), relatively little additional fuel has to be expended 

to increase the steam generator exit pressure and, especially, the temperature in order to produce 

superheated steam, which then is employed to drive a turbine. Non-condensing turbines are therefore an 

economical means of generating power (cogeneration) when substantial amounts of heating or process 

steam are already needed. 

In condensing turbines, substantial quantities of cooling water are required to carry away the heat released 

during condensation. While non-condensing turbines exhaust steam at or above atmospheric pressure, 

condensing turbines can condense at pressures of 90 to 100 kilopascals (13 to 14.5 pounds per square inch) 

below atmospheric pressure. This allows for a much larger expansion of the steam and a larger change in 

enthalpy (see above), resulting in higher work output and greater efficiency. All central station plants, where 

efficiency is a prime consideration, employ condensing turbines. 

STEAM EXTRACTION 

Steam turbines differ according to whether or not a portion of the steam is extracted from intermediate 

portions of the turbine. Extraction may be carried out to partially reheat the water fed back to the boiler and 
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thereby significantly increase the efficiency of the power plant. Considering this, turbines may be classified 

as (1) straight-through turbines, in which there is no extraction (or bleeding), (2) bleeder or extraction 

turbines, and (3) controlled- (or automatic-) extraction turbines. 

In bleeder turbines no effort is made to control the pressure of the extracted steam, which varies in almost 

direct proportion to the load carried by the turbine. Extraction also reduces the steam flow to the condenser, 

allowing the turbine exhaust area to be reduced. Controlled-extraction turbines are designed for 

withdrawing variable amounts of constant-pressure steam irrespective of the load on the turbine. They are 

frequently selected for industrial use when steam at fixed intermediate pressures is demanded by process 

operations. Since both extraction pressures and turbine speed should be kept constant, a complex system is 

required for controlling steam flow, which increases the cost. Controlled-extraction turbines may be 

designed for both condensing and non-condensing operations. 

REHEAT AND NONREHEAT TURBINES:  

If high-pressure, high-temperature steam is partially expanded through a turbine, the efficiency can be 

increased by returning the steam to the steam generator and reheating it to approximately its original 

temperature before feeding it back to the turbine. Single reheat turbines are common in the electric utility 

industry. For very large units, double reheating may be employed. Non-reheat turbines are currently limited 

mostly to industrial plants and small utilities. 

MULTIFLOW AND COMPOUND ARRANGEMENTS 

Steam entering a turbine at a high pressure and temperature—say, 24,100 kilopascals gauge, or 3,500 

pounds per square inch gauge (where gauge denotes pressure above atmospheric value), and 600 °C—can 

have a volume increase of more than a thousand-fold if it is expanded to below atmospheric condenser 

pressures. To keep the steam velocity through the turbine essentially constant, the annular flow area would 

have to increase more than a thousand-fold, necessitating very large diameter casings and excessively long 

turbine blades near the exit. In large turbines this problem is alleviated by splitting the low-pressure stream 

into many parallel flow sections. 

This flow splitting also leads to another method of classification that differentiates between having the 

whole machine assembled along a single shaft with one generator (tandem-compound turbines) or utilizing 

two shafts, each with its own generator (cross-compound turbines). 

 

 

Principal components 

The main parts of a steam turbine are (1) the rotor that carries the blading to convert the thermal energy of 

the steam into the rotary motion of the shaft, (2) the casing, inside of which the rotor turns, that serves as a 

pressure vessel for containing the steam (it also accommodates fixed nozzle passages or stator vanes 

through which the steam is accelerated before being directed against and through the rotor blading), (3) the 

speed-regulating mechanism, and (4) the support system, which includes the lubrication system for the 

bearings that support the rotor and also absorb any end thrust developed. 

Design considerations 

BLADING DESIGN 
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The turbine blading must be carefully designed with the correct aerodynamic shape to properly turn the 

flowing steam and generate rotational energy efficiently. The blades also have to be strong enough to 

withstand high centrifugal stresses and must be sized to avoid dangerous vibrations. Various types of blading 

arrangements have been proposed, but all are designed to take advantage of the principle that when a given 

mass of steam suddenly changes its velocity, a force is then exerted by the mass in direct proportion to the 

rate of change of velocity. 

Two types of blading have been developed to a high degree of perfection: impulse blading and reaction 

blading. The principle of impulse blading is illustrated in the schematic diagram of Figure for a first stage. A 

series of stationary nozzles allows the steam to expand to a lower pressure while its velocity and kinetic 

energy increase. The steam is then directed to the moving passages or buckets where the kinetic energy is 

extracted. Since there is ideally no pressure drop and no acceleration in the blade passage, the magnitude 

of the velocity vector in the blades should remain constant. This also implies that the cross-sectional area 

normal to the flow remains constant, giving rise to the typical shape of a symmetrical impulse blade—
namely, thick at the middle and sharp at the ends. 

Figure also includes the velocity diagrams for such a stage. Velocities are vectors that are added by the 

parallelogram law. The relative velocity of the fluid with reference to the blade at inlet (or exit) added 

vectorially to the (tangential) velocity of the blade must give the absolute velocity as seen by the stationary 

passages. That the kinetic energy at the nozzle exit (proportional to the square of the nozzle-leaving velocity) 

is much larger than that at the blade exit is apparent from the figure. In an ideal impulse stage, this change 

of kinetic energy is fully converted into useful work. For minimum exit kinetic energy in a symmetrical 

impulse blade, the rotor velocity should be about one-half of the entering steam velocity. 

In an idealized reaction stage, about one-half of the enthalpy drops per stage is affected in the stator passage 

and the other half in the rotor passage. This implies that the pressure drop is also almost equal in both the 

stationary and the rotary passages, which tend to look like mirror images of each other. If the flow velocity 

is subsonic (below the velocity of sound in the fluid), an expanding passage flow will increase its velocity as 

the pressure drops while the cross-sectional area decreases simultaneously, thus leading to the curved 

nozzle shape shown in Figure. 

Since there is no pressure drop in an idealized impulse stage, pressure forces on the rotor play no role in this 

type of arrangement. By contrast, in a reaction stage, the effect of the changing pressure exerts a net force 

in the tangential direction (thus turning the wheel) and also in the axial direction. The latter tends to push 

the rotor into the ends of the casing, requiring a thrust bearing to absorb the axial load. In large turbines the 

axial load can be reduced by admitting the steam flow in the middle and expanding in both axial directions. 

There is no need to match the increase of fluid velocity in the stator to that in the rotor (50 percent reaction). 

Other widely used combinations that fall between pure impulse and 50 percent reaction staging have been 

developed. 

The large length of low-pressure blades imposes special requirements on stiffness in addition to 

aerodynamic shaping. The tangential velocity of the blade near the hub is much smaller than at the blade 

tip, while the axial through-flow velocity is maintained nearly constant. To match the flow, the blades must 

be twisted to have the correct approach angle for the incoming steam and at the same time avoid possible 

resonant vibrations. 
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2.5 Coal Power Plant Layout and Design 

 

1. Cooling tower 10. Steam Control valve 19. Superheater 

2. Cooling water pump 11. High pressure steam turbine 20. Forced draught (draft) fan 

3. transmission line (3-phase) 12. Deaerator 21. Reheater 

4. Step-up transformer (3-phase) 13. Feedwater heater 22. Combustion air intake 

5. Electrical generator (3-phase) 14. Coal conveyor 23. Economizer 

6. Low pressure steam turbine 15. Coal hopper 24. Air preheater 

7. Condensate pump 16. Coal pulverizer 25. Precipitator 

8. Surface condenser 17. Boiler steam drum 26. Induced draught (draft) fan 

9. Intermediate pressure steam turbine 18. Bottom ash hopper 27. Flue gas stack 

 

A fossil fuel steam generator includes an economizer, a steam drum, and the furnace with its steam 

generating tubes and super heater coils. Necessary safety valves are located at suitable points to avoid 
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excessive boiler pressure. The air and flue gas path equipment include: forced draft (FD) fan, air 

preheater (AP), boiler furnace, induced draft (ID) fan, fly ash collectors (electrostatic 

precipitator or baghouse) and the flue gas stack.  

Feed water heating and deaeration 

The boiler feedwater used in the steam boiler is a means of transferring heat energy from the burning fuel 

to the mechanical energy of the spinning steam turbine. The total feed water consists of 

recirculated condensate water and purified makeup water. Because the metallic materials it contacts are 

subject to corrosion at high temperatures and pressures, the makeup water is highly purified before use. A 

system of water softeners and ion exchange demineralizers produces water so pure that it coincidentally 

becomes an electrical insulator, with conductivity in the range of 0.3–1.0 micro siemens per centimeter. The 

makeup water in a 500 MWe plant amounts to perhaps 120 US gallons per minute (7.6 L/s) to replace water 

drawn off from the boiler drums for water purity management, and to also offset the small losses from steam 

leaks in the system. 

The feed water cycle begins with condensate water being pumped out of the condenser after traveling 

through the steam turbines. The condensate flow rate at full load in a 500 MW plant is about 6,000 US gallons 

per minute (400 L/s). 

 
Diagram of boiler feed water deaerator (with vertical, domed aeration section and horizontal water storage 

section). 

The water is pressurized in two stages, and flows through a series of six or seven intermediate feed water 

heaters, heated up at each point with steam extracted from an appropriate duct on the turbines and gaining 

temperature at each stage. Typically, in the middle of this series of feedwater heaters, and before the second 

stage of pressurization, the condensate plus the makeup water flows through a deaerator that removes 

dissolved air from the water, further purifying and reducing its corrosiveness. The water may be dosed 

following this point with hydrazine, a chemical that removes the remaining oxygen in the water to below 

5 parts per billion (ppb). It is also dosed with pH control agents such as ammonia or morpholine to keep the 

residual acidity low and thus non-corrosive. 

Boiler operation 

The boiler is a rectangular furnace about 50 feet (15 m) on a side and 130 feet (40 m) tall. Its walls are made 

of a web of high pressure steel tubes about 2.3 inches (58 mm) in diameter. 
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Pulverized coal is air-blown into the furnace through burners located at the four corners, or along one wall, 

or two opposite walls, and it is ignited to rapidly burn, forming a large fireball at the center. 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 throughput. As the water in 

the boiler circulates it absorbs heat and changes into steam. It is separated from the water inside a drum at 

the top of the furnace. The saturated steam is introduced into superheat pendant tubes that hang in the 

hottest part of the combustion gases as they exit the furnace. Here the steam is superheated to 1,000 °F 

(540 °C) to prepare it for the turbine. 

Plants designed for lignite (brown coal) are increasingly used in locations as varied as Germany, Victoria, 

Australia and North Dakota. Lignite is a much younger form of coal than black coal. It has a lower energy 

density than black coal and requires a much larger furnace for equivalent heat output. Such coals may 

contain up to 70% water and ash, yielding lower furnace temperatures and requiring larger induced-draft 

fans. The firing systems also differ from black coal and typically draw hot gas from the furnace-exit level and 

mix it with the incoming coal in fan-type mills that inject the pulverized coal and hot gas mixture into the 

boiler. 

Plants that use gas turbines to heat the water for conversion into steam use boilers known as heat recovery 

steam generators (HRSG). The exhaust heat from the gas turbines is used to make superheated steam that 

is then used in a conventional water-steam generation cycle, as described in gas turbine combined-cycle 

plants section below. 

Boiler furnace and steam drum 

The water enters the boiler through a section in the convection pass called the economizer. From the 

economizer it passes to the steam drum and from there it goes through down comers to inlet headers at the 

bottom of the water walls. From these headers the water rises through the water walls of the furnace where 

some of it is turned into steam and the mixture of water and steam then re-enters the steam drum. This 

process may be driven purely by natural circulation (because the water is the down comers is denser than 

the water/steam mixture in the water walls) or assisted by pumps. In the steam drum, the water is returned 

to the down comers and the steam is passed through a series of steam separators and dryers that remove 

water droplets from the steam. The dry steam then flows into the super heater coils. 

The boiler furnace auxiliary equipment includes coal feed nozzles and igniter guns, soot blowers, water 

lancing and observation ports (in the furnace walls) for observation of the furnace interior. 

Furnace explosions due to any accumulation of combustible gases after a trip-out are avoided by flushing 

out such gases from the combustion zone before igniting the coal. 

The steam drum (as well as the super heater coils and headers) have air vents and drains needed for initial 

startup. 

Superheater 

Fossil fuel power plants often have a Superheater section in the steam generating furnace. The steam passes 

through drying equipment inside the steam drum on to the Superheater, a set of tubes in the furnace. Here 

the steam picks up more energy from hot flue gases outside the tubing and its temperature is now 

superheated above the saturation temperature. The superheated steam is then piped through the main 

steam lines to the valves before the high-pressure turbine. 
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Nuclear-powered steam plants do not have such sections but produce steam at essentially saturated 

conditions. Experimental nuclear plants were equipped with fossil-fired super heaters to improve overall 

plant operating cost. 

Steam condensing 

The condenser condenses the steam from the exhaust of the turbine into liquid to allow it to be pumped. If 

the condenser can be made cooler, the pressure of the exhaust steam is reduced and efficiency of 

the cycle increases. 

 
Diagram of a typical water-cooled surface condenser. 

The surface condenser is a shell and tube heat exchanger in which cooling water is circulated through the 

tubes. The exhaust steam from the low-pressure turbine enters the shell where it is cooled and converted 

to condensate (water) by flowing over the tubes as shown in the adjacent diagram. Such condensers 

use steam ejectors or rotary motor-driven exhausters for continuous removal of air and gases from the 

steam side to maintain vacuum. 

For best efficiency, the temperature in the condenser must be kept as low as practical to achieve the lowest 

possible pressure in the condensing steam. Since the condenser temperature can almost always be kept 

significantly below 100 °C where the vapor pressure of water is much less than atmospheric pressure, the 

condenser generally works under vacuum. Thus, leaks of non-condensable air into the closed loop must be 

prevented. 

Typically the cooling water causes the steam to condense at a temperature of about 35 °C (95 °F) and that 

creates an absolute pressure in the condenser of about 2–7 kPa (0.59–2.07 in Hg), i.e. a vacuum of about 

− 5 kPa −  in Hg) relative to atmospheric pressure. The large decrease in volume that occurs when water 

vapor condenses to liquid creates the low vacuum that helps pull steam through and increase the efficiency 

of the turbines. 

The limiting factor is the temperature of the cooling water and that, in turn, is limited by the prevailing 

average climatic conditions at the power plant's location (it may be possible to lower the temperature 

beyond the turbine limits during winter, causing excessive condensation in the turbine). Plants operating in 

hot climates may have to reduce output if their source of condenser cooling water becomes warmer; 

unfortunately, this usually coincides with periods of high electrical demand for air conditioning. 
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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. 

The heat absorbed by the circulating cooling water in the condenser tubes must also be removed to maintain 

the ability of the water to cool as it circulates. This is done by pumping the warm water from the condenser 

through either natural draft, forced draft or induced draft cooling towers (as seen in the image to the right) 

that reduce the temperature of the water by evaporation, by about 11 to 17 °C (20 to 30 °F)—
expelling waste heat to the atmosphere. The circulation flow rate of the cooling water in a 500 MW unit is 

about 14.2 m³/s (500 ft³/s or 225,000 US gal/min) at full load.  

The condenser tubes are made of brass or stainless steel to resist corrosion from either side. Nevertheless 

they may become internally fouled during operation by bacteria or algae in the cooling water or by mineral 

scaling, all of which inhibit heat transfer and reduce thermodynamic efficiency. Many plants include an 

automatic cleaning system that circulates sponge rubber balls through the tubes to scrub them clean without 

the need to take the system off-line. The cooling water used to condense the steam in the condenser returns 

to its source without having been changed other than having been warmed. If the water returns to a local 

water body (rather than a circulating cooling tower), it is tempered with cool 'raw' water to prevent thermal 

shock when discharged into that body of water. 

Another form of condensing system is the air-cooled condenser. The process is similar to that of 

a radiator and fan. Exhaust heat from the low-pressure section of a steam turbine runs through the 

condensing tubes, the tubes are usually finned, and ambient air is pushed through the fins with the help of 

a large fan. The steam condenses to water to be reused in the water-steam cycle. Air-cooled condensers 

typically operate at a higher temperature than water-cooled versions. While saving water, the efficiency of 

the cycle is reduced (resulting in more carbon dioxide per megawatt of electricity). 

From the bottom of the condenser, powerful condensate pumps recycle the condensed steam (water) back 

to the water/steam cycle. 

 

Reheater 

Power plant furnaces may have a Reheater section containing tubes heated by hot flue gases outside the 

tubes. Exhaust steam from the high-pressure turbine is passed through these heated tubes to collect more 

energy before driving the intermediate and then low pressure turbines. 

Air path 

External fans are provided to give sufficient air for combustion. The Primary air fan takes air from the 

atmosphere and, first warming it in the air preheater for better combustion, injects it via the air nozzles on 

the furnace wall. 

The induced draft fan assists the FD fan by drawing out combustible gases from the furnace, maintaining a 

slightly negative pressure in the furnace to avoid backfiring through any closing. 

 

2.6 Auxiliary Plant Equipment 

Boiler make-up water treatment plant and storage 
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Since there is continuous withdrawal of steam and continuous return of condensate to the boiler, losses due 

to blowdown and leakages have to be made up to maintain a desired water level in the boiler steam drum. 

For this, continuous make-up water is added to the boiler water system. Impurities in the raw water input 

to the plant generally consist of calcium and magnesium salts which impart hardness to the water. Hardness 

in the make-up water to the boiler will form deposits on the tube water surfaces which will lead to 

overheating and failure of the tubes. Thus, the salts have to be removed from the water, and that is done by 

a water demineralizing treatment plant (DM). A DM plant generally consists of cation, anion, and mixed bed 

exchangers. Any ions in the final water from this process consist essentially of hydrogen ions and hydroxide 

ions, which recombine to form pure water. Very pure DM water becomes highly corrosive once it absorbs 

oxygen from the atmosphere because of its very high affinity for oxygen. 

The capacity of the DM plant is dictated by the type and quantity of salts in the raw water input. However, 

some storage is essential as the DM plant may be down for maintenance. For this purpose, a storage tank is 

installed from which DM water is continuously withdrawn for boiler make-up. The storage tank for DM water 

is made from materials not affected by corrosive water, such as PVC. The piping and valves are generally of 

stainless steel. Sometimes, a steam blanketing arrangement or stainless-steel doughnut float is provided on 

top of the water in the tank to avoid contact with air. DM water make-up is generally added at the steam 

space of the surface condenser (i.e., the vacuum side). This arrangement not only sprays the water but also 

DM water gets deaerated, with the dissolved gases being removed by a de-aerator through an ejector 

attached to the condenser. 

 

 

 

 

 

 

 

Fuel preparation system 

 
Conveyor system for moving coal (visible at far left) into a power plant 

In coal-fired power stations, the raw feed coal from the coal storage area is first crushed into small pieces 

and then conveyed to the coal feed hoppers at the boilers. The coal is next pulverized into a very fine 

powder. The pulverizes may be ball mills, rotating drum grinders, or other types of grinders. 

Some power stations burn fuel oil rather than coal. The oil must have kept warm (above its pour point) in 

the fuel oil storage tanks to prevent the oil from congealing and becoming un-pump able. The oil is usually 

heated to about 100 °C before being pumped through the furnace fuel oil spray nozzles. 
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Boilers in some power stations use processed natural gas as their main fuel. Other power stations may use 

processed natural gas as auxiliary fuel if their main fuel supply (coal or oil) is interrupted. In such cases, 

separate gas burners are provided on the boiler furnaces. 

Barring gear 

Barring gear (or "turning gear") is the mechanism provided to rotate the turbine generator shaft at a very 

low speed after unit stoppages. Once the unit is "tripped" (i.e., the steam inlet valve is closed), the turbine 

coasts down towards standstill. When it stops completely, there is a tendency for the turbine shaft to deflect 

or bend if allowed to remain in one position too long. This is because the heat inside the turbine casing tends 

to concentrate in the top half of the casing, making the top half portion of the shaft hotter than the bottom 

half. The shaft therefore could warp or bend by millionths of inches. 

This small shaft deflection, only detectable by eccentricity meters, would be enough to cause damaging 

vibrations to the entire steam turbine generator unit when it is restarted. The shaft is therefore automatically 

turned at low speed (about one percent rated speed) by the barring gear until it has cooled sufficiently to 

permit a complete stop. 

Oil system 

An auxiliary oil system pump is used to supply oil at the start-up of the steam turbine generator. It supplies 

the hydraulic oil system required for steam turbine's main inlet steam stop valve, the governing control 

valves, the bearing and seal oil systems, the relevant hydraulic relays and other mechanisms. 

At a preset speed of the turbine during start-ups, a pump driven by the turbine main shaft takes over the 

functions of the auxiliary system. 

Generator cooling 

While small generators may be cooled by air drawn through filters at the inlet, larger units generally require 

special cooling arrangements. Hydrogen gas cooling, in an oil-sealed casing, is used because it has the highest 

known heat transfer coefficient of any gas and for its low viscosity which reduces windage losses. This 

system requires special handling during start-up, with air in the generator enclosure first displaced by carbon 

dioxide before filling with hydrogen. This ensures that the highly flammable hydrogen does not mix 

with oxygen in the air. 

The hydrogen pressure inside the casing is maintained slightly higher than atmospheric pressure to avoid 

outside air ingress. The hydrogen must be sealed against outward leakage where the shaft emerges from 

the casing. Mechanical seals around the shaft are installed with a very small annular gap to avoid rubbing 

between the shaft and the seals. Seal oil is used to prevent the hydrogen gas leakage to atmosphere. 

The generator also uses water cooling. Since the generator coils are at a potential of about 22 kV, an 

insulating barrier such as Teflon is used to interconnect the water line and the generator high-voltage 

windings. Demineralized water of low conductivity is used. 

Generator high-voltage system 

The generator voltage for modern utility-connected generators ranges from 11 kV in smaller units to 22 kV in 

larger units. The generator high-voltage leads are normally large aluminum channels because of their high 

current as compared to the cables used in smaller machines. They are enclosed in well-grounded aluminum 

bus ducts and are supported on suitable insulators. The generator high-voltage leads are connected to step-
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up transformers for connecting to a high-voltage electrical substation (usually in the range of 115 kV to 765 

kV) for further transmission by the local power grid. 

The necessary protection and metering devices are included for the high-voltage leads. Thus, the steam 

turbine generator and the transformer form one unit. Smaller units may share a common generator step-up 

transformer with individual circuit breakers to connect the generators to a common bus. 

Monitoring and alarm system 

Most of the power plant operational controls are automatic. However, at times, manual intervention may 

be required. Thus, the plant is provided with monitors and alarm systems that alert the plant operators when 

certain operating parameters are seriously deviating from their normal range. 

Battery-supplied emergency lighting and communication 

A central battery system consisting of lead acid cell units is provided to supply emergency electric power, 

when needed, to essential items such as the power plant's control systems, communication systems, turbine 

lube oil pumps, and emergency lighting. This is essential for a safe, damage-free shutdown of the units in an 

emergency situation. 

 

2.7 Plant Heat Balance 
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