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UNIT – I  

THERMAL 

POWER STATION 

 

The theory of thermal power station or working of thermal power station is very simple. A power 

generation plant mainly consists of alternator runs with help of steam turbine. The steam is obtained from 
high pressure boilers. Generally in India, bituminous coal, brown coal and peat are used as fuel of boiler. 
The bituminous coal is used as boiler fuel has volatile matter from 8 to 33 % and ash content 5 to 16 %. 
To increase the thermal efficiency, the coal is used in the boiler in powder form. 

 
In coal thermal power plant, the steam is produced in high pressure in the steam boiler due to 

burning of fuel (pulverized coal) in boiler furnaces. This steam is further supper heated in a super heater. 
This supper heated steam then enters into the turbine and rotates the turbine blades. The turbine is 
mechanically so coupled with alternator that its rotor will rotate with the rotation of turbine blades. After 
entering in turbine the steam pressure suddenly falls and corresponding volume of the steam increases. 
After imparting energy to the turbine rotor the steam passes out of the turbine blades into the condenser. 
In the condenser the cold water is circulated with the help of pump which condenses the low pressure wet 
steam. This condensed water is further supplied to low pressure water heater where the low pressure 
steam increases the temperature of this feed water, it is again heated in high pressure. 

 
For better understanding we furnish every step of function of a thermal power station as 

follows, First the pulverized coal is burnt into the furnace of steam boiler. High pressure steam is 
produced in the boiler. This steam is then passed through the super heater, where it further heated up.This 

supper heated steam is then entered into a turbine at high speed. 

 
 

Line Diagram of Power Plant: 
 

 
 

After rotating the turbine blades, the steam has lost its high pressure, passes out of turbine blades and 
enters into a condenser. 

 
In the condenser the cold water is circulated with help of pump which condenses the low pressure wet 
steam. 

 
This condensed water is then further supplied to low pressure water heater where the low pressure steam 
increases the temperature of this feed water, it is then again heated in a high pressure heater where the 
high pressure of steam is used for heating. 

 

http://www.electrical4u.com/alternator-or-synchronous-generator/
http://www.electrical4u.com/steam-boiler-working-principle-and-types-of-boiler/
http://www.electrical4u.com/alternator-or-synchronous-generator/
http://www.electrical4u.com/steam-boiler-furnace-grate-firebox-combustion-chamber-of-furnace/
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The turbine in thermal power station acts as a prime mover of the alternator. 
 

http://www.electrical4u.com/alternator-or-synchronous-generator/
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Figure: Steam Turbines 
 

 

 

 

 

Figure: Steam Turbines 
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Figure : Steam Turbines 
 

 

 

 

 

 

 

Figure : Processes in Coal Handling Plant 

 

Boiler 

The heat is transferred to the boiler by all three modes of heat transfer i.e. conduction ,convection and 
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radiation. 

(i) fire tube boiler and (ii) water tube boiler 
 

 

 

Fire Tube Boiler 

by water. 

 boiler is divided into two types 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Water Tube boilers 

 

 
 this boiler, the water flows inside the tubes and hot gases flow outside the tube. 

 

 

 

 

atural or forced. 

➢ 

: 
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Super heater and Reheaters 
 
 

 

 

 

 

 

 
 

team. 

pressure. The additional heat provide more energy to the turbine hence power output is more. 

steam causes lesser erosion of the turbine blades and can be transmitted for longer 

distance with little heat loss 

of the super heater is to remove the last trash of moisture from the saturateds 

 
 

heater may be convention type, radiant type or combination 
 

 

 
 

 

 

Figure: Functions of superheater 
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Feed Water Heaters 
 
 

 

heater. 

   Thermal stresses due to cold water entering the boiler drum are avoided. 
 

 

condenser, are precipitated outside the boiler. 
 
 

Figure: Water steam flow diagram 
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Economizer 

 
-heaters to recover heat from the flue gases. An 

increase of about 20% in boiler efficiency is achieved by providing both economizer and air pre-heaters. 

 

enters the economizer and picks up heat from the flue gases after the low temperature super heater. 

  inline or staggered arrangement based on the type of tube 

arrangement 
 

 

 

 

Figure: Economizer 
 

 

Air Preheaters 
 
 

to heat the incoming air for combustion. 

 preheaters may be of following types: 

 
 

 

0
increase the efficiency of the plant by 1%. 
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Figure: Air Preheater 

 

Steam Turbines 

• Steam entering from a small opening attains a very high velocity. The velocity attained during 

expansion depends on the initial and final content of the steam. 

• The difference in initial and final heat content represent the heat energy to be converted to kinetic 

energy. 

• There are two types of steam turbines: 
 

Impulse Reaction 

Expansion happens in a nozzle Expansion happens in turbine blades 

High speed Low speed 

Sufficient number of impulse stages are  

provided. 

Condensers 

 

• The function of the condenser is to condense the steam exiting the turbine. 

• The condenser helps maintain low pressure at the exhaust. 

• Two types of condensers are used. 
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Table 5: Jet and Surface Condensers 

 

Jet condenser (contact type) Surface condenser (non-contact type) 

Exhaust steam mixes with cooling water. Steam and water do not mix. 

Temperature of the condensate and cooling water Condensate temperature higher than the 

is same while leaving the condenser. cooling water temperature at outlet. 

Condensate cannot be recovered. Condensate recovered is fed back to the boiler. 

Heat exchanged by direct conduction Heat transfer through convection. 

Low initial cost High initial cost. 

 

High power required for pumping water. 
Condensate is not wasted so pumping power is 

less. 

 

 
Figure : Surface Condenser 

 

Cooling Towers and Spray Ponds 
 

 Condensers need huge quantity of water to condense the steam. 

 Water is led into the plants by means of circulating water pumps and after passing 
through the condenser is discharged back into the river. 

 If such a source is not available closed cooling water circuit is used where the warm 
water coming out of the condenser is cooled and reused. 

 In such cases ponds and cooling towers are used where the water loses heat to 
the atmosphere 
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Figure : Cooling Tower 
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Figure: Cooling Tower 
 

 

 

 

 

 

 

 

 

 

 
 

Figure: Belt Conveyor System 
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Figure: Ash Storage 
 

Overview of Thermal Power Plant: 
 

 

 

 

 
The working fluid is water and steam. This is called feed water and steam cycle. The ideal 
Thermodynamic Cycle to which the operation of a Thermal Power Station closely resembles is the 
RANKINE CYCLE. 

 

In steam boiler the water is heated up by burning the fuel in air in the furnace & the function of the boiler 
is to give dry super heated steam at required temperature. 

 
The steam so produced is used in driving the steam Turbines. This turbine is coupled to synchronous 
generator (usually three phase synchronous alternator), which generates electrical energy. 

http://www.electrical4u.com/steam-boiler-working-principle-and-types-of-boiler/
http://www.electrical4u.com/alternator-or-synchronous-generator/
http://www.electrical4u.com/alternator-or-synchronous-generator/
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The exhaust steam from the turbine is allowed to condense into water in steam condenser of turbine, 
which creates suction at very low pressure and allows the expansion of the steam in the turbine to a very 
low pressure. The principle advantages of condensing operation are the increased amount of energy 
extracted per kg of steam and thereby increasing efficiency and the condensate which is fed into the boiler 
again reduces the amount of fresh feed water. 

 
The condensate along with some fresh make up feed water is again fed into the boiler by pump (called the 
boiler feed pump). 

 

In condenser the steam is condensed by cooling water. Cooling water recycles through cooling tower This 
constitutes cooling water circuit. 

 
The ambient air is allowed to enter in the boiler after dust filtration. Also the flue gas comes out of the 

boiler and exhausted into atmosphere through stacks. These constitute air and flue gas circuit. The flow of 
air and also the static pressure inside the steam boiler (called draught) is maintained by two fans called 
Forced Draught (FD) fan and Induced Draught (ID) fan. The total scheme of a typical thermal power 
station along with different circuits is illustrated below. 

 

 

 

 

 

 

Inside the boiler there are various heat exchangers, viz.’ Economiser’, ‘Evaporator’ (not shown in the fig 
above, it is basically the water tubes, i.e. down comer riser circuit), ‘Super Heater’ (sometimes  
‘Reheater’, ‘air preheater’ are also present). 

 
In Economizer the feed water is heated to considerable amount by the remaining heat of flue gas. The 
Boiler Drum actually maintains a head for natural circulation of two phase mixture (steam + water) 
through the water tubes. 

 
There is also Super Heater which also takes heat from flue gas and raises the temperature of steam as 

per requirement. 

 
Efficiency of Thermal Power Station or Plant. The overall efficiency of a thermal power station or plant 

varies from 20% to 26% and it depends upon plant capacity. 

http://www.electrical4u.com/steam-condenser-of-turbine/
http://www.electrical4u.com/steam-boiler-working-principle-and-types-of-boiler/
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Electrostatic Precipitators: 
 

that removes particles from a flowing gas (such as air) using the force of an 

induced electrostatic charge. 

 

➢ 
collecting. 

➢ 
removing 

—positive or negative. 

impart a negative charge to all the particles in a gas stream in ESP. 
 

 

ickly collect on the plate, creating a dust layer. The dust layer 

would accumulate until we removed it. 

-frame, wires or plate) and 

collection electrodes. 
➢ 

tubular type ESP 

➢ 
plate type ESP 

 
➢ 

single-stage ESP 

➢ 
two-stage ESP 

➢ 

cold-side ESP 

➢ 
hot-side ESP 

➢ 
Dry ESP 

➢ 

: 

Charging 
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Figure 64: Electrostatic Precipitator 
 

 

 

 

 
Figure 65: Electrostatic Precipitator 
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Figure 66: Electrostatic Precipitator 
 

 

 

 

 

 
 

 

 

 
Figure: ESP Principle 
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Figure : ESP Principle 

 
 

A thermal power station or thermal power plant has ultimate target to make business profit. Hence for 
optimizing the profit, the location of the station is much important factor. Power generation plant location 
plays an optimizing part in the economy of the station. 

 
The most economical, location of power plant can be determined by graphical method as described  
below. The most economical and ideal power plant location is the center of gravity of the load because for 
such a power generation plant the length of the power transmission network will be minimum. 

 

Let’s Q1(x1, y1), Q2(x2, y2), Q3(x3, y3), Q4(x4, y4) and Qn(xn, yn) 

are n numbers of load centers. From the above graph we get, the coordinates of the center of gravity of the 
load, Q(x, y) where 

 

 

 

 
Obviously the location of thermal power station is best at the center of gravity of the load, but many times 
it is not possible to establish a thermal power plant at the CG of the load. Since normally CG point of the 
load may be at the heart of the city. so other many points to be considered to decide the best optimized 
location of the power plant. 

 
The electric power generation plant must be constructed at such a place where the cost of land is quite 
reasonable. The land should be such that the acquisition of private property must be minimum. 

 
A large quantity of cooling water is required for the condensers etc of thermal power generation plant, 
hence the plant should preferably situated beside big source of natural water source such as big river. 

 
Availability of huge amount of fuel at reasonable cost is one of the major criterion for choosing plant 
location. The plant should be established on plane land. The soil should be such that it should provide 
good and firm foundation of plant and buildings. 

 
The thermal power plant location should not be very nearer to dense locality as there are smoke, noise 
steam, water vapors etc. There must be ample scope of development of future demand. 
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Place for ash handling plant for thermal power station should also be available very nearby Very tall 
chimney of power station should not obstruct the traffics of air ships. 

 
 

Advantages & Disadvantages of Thermal Power Station 

 Advantages: 

 

• Economical for low initial cost other than any generating plant. 

 

• Land required less than hydro power plant. 

 

• Since coal is main fuel & its cost is quite cheap than petrol/diesel so generation cost is 

economical. 

 

• There are easier maintenance. 

 

• Thermal power plant can be installed in any location where transportation & bulk of water are 

available. 

 
 

Disadvantages: 

• The running cost for a thermal power station is comparatively high due to fuel, maintenance etc. 

 

• Large amount of smoke causes air pollution. The thermal power station is responsible 
for Global warming. 

 

• The heated water that comes from thermal power plant has an adverse effect on the lives in the 
water and disturbs the ecology. 

 

• Overall efficiency of thermal power plant is low like less 30%. 

http://www.electrical4u.com/hydro-power-plant-construction-working-and-history-of-hydro-power-plant/
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UNIT – II 

HYDRO & NUCLEAR POWER GENERATING SYSTEMS 

 
 

INTRODUCTION: 
 

Hydroelectric Power -- what is it? 

 
It=s a form of energy … a renewable resource. Hydropower provides about 96 percent of the renewable 
energy in the United States. Other renewable resources include geothermal, wave power, tidal power, 
wind power, and solar power. 

 
Hydroelectric power plants do not use up resources to create electricity nor do they pollute the air, land, 
or water, as other power plants may. Hydroelectric power has played an important part in  the 
development of this Nation's electric power industry. Both small and large hydroelectric power 
developments were instrumental in the early expansion of the electric power industry. 

 
Hydroelectric power comes from flowing water … winter and spring runoff from mountain streams and 
clear lakes. Water, when it is falling by the force of gravity, can be used to turn turbines and generators 
that produce electricity. 

 
Hydroelectric power is important to our Nation. Growing populations and modern technologies require 
vast amounts of electricity for creating, building, and expanding. In the 1920's, hydroelectric plants 
supplied as much as 40 percent of the electric energy produced. 

 
Although the amount of energy produced by this means has steadily increased, the amount produced by 
other types of power plants has increased at a faster rate and hydroelectric power presently supplies about 
10 percent of the electrical generating capacity of the United States. 

 
Hydropower is an essential contributor in the national power grid because of its ability to respond quickly 
to rapidly varying loads or system disturbances, which base load plants with steam systems powered by 
combustion or nuclear processes cannot accommodate. 

 
Reclamation=s 58 power plants throughout the Western United States produce an average of 42 billion 
kWh (kilowatt-hours) per year, enough to meet the residential needs of more than 14 million people. This 
is the electrical energy equivalent of about 72 million barrels of oil. 

 
Hydroelectric power plants are the most efficient means of producing electric energy. The efficiency of 
today's hydroelectric plant is about 90 percent. 

 
Hydroelectric plants do not create air pollution, the fuel--falling water--is not consumed, projects have 
long lives relative to other forms of energy generation, and hydroelectric generators respond quickly to 
changing system conditions. 

 
These favorable characteristics continue to make hydroelectric projects attractive sources of electric 
power. 
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HOW HYDROPOWER WORKS 

 

Hydroelectric power comes from water at work, water in motion. It can be seen as a form of solar energy, 
as the sun powers the hydrologic cycle which gives the earth its water. In the hydrologic cycle, 
atmospheric water reaches the earth= s surface as precipitation. 

 
Some of this water evaporates, but much of it either percolates into the soil or becomes surface runoff. 
Water from rain and melting snow eventually reaches ponds, lakes, reservoirs, or oceans where 
evaporation is constantly occurring. 

 

 

 

Figure: Schmatic of a Hydropower Plant 
 

 

 

 

Figure: Forebay 
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Figure : Surge Tank 

 

 
Figure below: Tail race 

 

 

 

 
Figure : Kaplan Turbine 
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Figure: Pelton Turbine 

 
Moisture percolating into the soil may become ground water (subsurface water), some of which 

also enters water bodies through springs or underground streams. Ground water may move upward 
through soil during dry periods and may return to the atmosphere by evaporation. 

 
Water vapor passes into the atmosphere by evaporation then circulates, condenses into clouds, 

and some returns to earth as precipitation. Thus, the water cycle is complete. Nature ensures that water is  
a renewable resource. 

 

Generating Power 
 

In nature, energy cannot be created or destroyed, but its form can change. In generating 
electricity, no new energy is created. Actually one form of energy is converted to another form. 
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To generate electricity, water must be in motion. This is kinetic (moving) energy. When flowing 

water turns blades in a turbine, the form is changed to mechanical (machine) energy. The turbine turns the 
generator rotor which then converts this mechanical energy into another energy form -- electricity. Since 
water is the initial source of energy, we call this hydroelectric power or hydropower for short. 

 
At facilities called hydroelectric power plants, hydropower is generated. Some power plants are 

located on rivers, streams, and canals, but for a reliable water supply, dams are needed. Dams store water 
for later release for such purposes as irrigation, domestic and industrial use, and power generation. The 
reservoir acts much like a battery, storing water to be released as needed to generate power. 

 

 

 

 
The dam creates a Ahead@ or height from which water flows. A pipe (penstock) carries the water 

from the reservoir to the turbine. The fast-moving water pushes the turbine blades, something like a 
pinwheel in the wind. The waters force on the turbine blades turns the rotor, the moving part of the 
electric generator. When coils of wire on the rotor sweep past the generator=s stationary coil (stator), 
electricity is produced. 

 
This concept was discovered by Michael Faraday in 1831 when he found that electricity could be 

generated by rotating magnets within copper coils. When the water has completed its task, it flows on 
unchanged to serve other needs. Transmitting Power 

 
Once the electricity is produced, it must be delivered to where it is needed -- our homes, schools, 

offices, factories, etc. Dams are often in remote locations and power must be transmitted over some 
distance to its users. 

 
Vast networks of transmission lines and facilities are used to bring electricity to us in a form we 

can use. All the electricity made at a power plant comes first through transformers which raise the voltage 
so it can travel long distances through power lines. (Voltage is the pressure that forces an electric current 

through a wire.) At local substations, transformers reduce the voltage so electricity can be divided up and 
directed throughout an area. 

 
Transformers on poles (or buried underground, in some neighborhoods) further reduce the 

electric power to the right voltage for appliances and use in the home. When electricity gets to our homes, 
we buy it by the kilowatt-hour, and a meter measures how much we use. 
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While hydroelectric power plants are one source of electricity, other sources include power plants 

that burn fossil fuels or split atoms to create steam which in turn is used to generate power. Gas-turbine, 
solar, geothermal, and wind-powered systems are other sources. All these power plants may use the same 
system of transmission lines and stations in an area to bring power to you. By use of this power grid,” 
electricity can be interchanged among several utility systems to meet varying demands. So the electricity 
lighting your reading lamp now may be from a hydroelectric power plant, a wind generator, a nuclear 
facility, or a coal, gas, or oil-fired power plant or a combination of these. 
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The area where you live and its energy resources are prime factors in determining what kind of 
power you use. For example, in Washington State hydroelectric power plants provided approximately 80 
percent of the electrical power during 2002. In contrast, in Ohio during the same year, almost 87 percent of 
the electrical power came from coal-fired power plants due to the area=s ample supply of coal. 

 
Electrical utilities range from large systems serving broad regional areas to small power companies 

serving individual communities. 

 
Most electric utilities are investor-owned (private) power companies. Others are owned by towns, 

cities, and rural electric associations. Surplus power produced at facilities owned by the Federal 
Government is marketed to preference power customers (A customer given preference by law in the 
purchase of federally generated electrical energy which is generally an entity which is nonprofit and 

publicly financed.) by the Department of Energy through its power marketing administrations. 
 

How Power is Computed 
 

Before a hydroelectric power site is developed, engineers compute how much power can be 

produced when the facility is complete. The actual output of energy at a dam is determined by the volume 
of water released (discharge) and the vertical distance the water falls (head). So, a given amount of water 
falling a given distance will produce a certain amount of energy. The head and the discharge at the power 
site and the desired rotational speed of the generator determine the type of turbine to be used. 

 
The head produces a pressure (water pressure), and the greater the head, the greater the pressure to 

drive turbines. This pressure is measured in pounds of force (pounds per square inch). More head or faster 

flowing water means more power.T o find the theoretical horsepower (the measure of mechanical energy) 
from a specific site, this formula is used: 

 

THP = (Q x H)/8.8 

 

where: THP = theoretical horsepower 
 

Q = flow rate in cubic feet per second (cfs) 

H = head in feet 

8.8 = a constant 
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A more complicated formula is used to refine the calculations of this available power. The formula takes 
into account losses in the amount of head due to friction in the penstock and other variations due to the 
efficiency levels of mechanical devices used to harness the power. 

 
To find how much electrical power we can expect, we must convert the mechanical measure 

(horsepower) into electrical terms (watts). One horsepower is equal to 746 watts (U.S. measure). 

 

Turbines: 
 
 

While there are only two basic types of turbines (impulse and reaction), there are many variations. 
The specific type of turbine to be used in a power plant is not selected until all operational studies and cost 
estimates are complete. The turbine selected depends largely on the site conditions. 

 
A reaction turbine is a horizontal or vertical wheel that operates with the wheel completely 

submerged, a feature which reduces turbulence. In theory, the reaction turbine works like a rotating lawn 
sprinkler where water at a central point is under pressure and escapes from the ends of the blades, causing 

rotation. Reaction turbines are the type most widely used. 
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An impulse turbine is a horizontal or vertical wheel that uses the kinetic energy of water striking 

its buckets or blades to cause rotation. The wheel is covered by a housing and the buckets or blades are 
shaped so they turn the flow of water about 170 degrees inside the housing. After turning the blades or 
buckets, the water falls to the bottom of the wheel housing and flows out. 

 

 

 

 
Modern Concepts and Future Role 

 

Hydropower does not discharge pollutants into the environment; however, it is not free from 
adverse environmental effects. Considerable efforts have been made to reduce environmental problems 

associated with hydropower operations, such as providing safe fish passage and improved water quality in 
the past decade at both Federal facilities and non-Federal facilities licensed by the Federal Energy 
Regulatory Commission. 

 
Efforts to ensure the safety of dams and the use of newly available computer technologies to 

optimize operations have provided additional opportunities to improve the environment. Yet, many 
unanswered questions remain about how best to maintain the economic viability of hydropower in the 
face of increased demands to protect fish and other environmental resources. 

 
Reclamation actively pursues research and development (R&D) programs to improve the 

operating efficiency and the environmental performance of hydropower facilities. 

Hydropower research and development today is primarily being conducted in the following areas: 

 

• Fish Passage, Behavior, and Response 

 

• Turbine-Related Projects 

 

• Monitoring Tool Development 
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• Hydrology 

 

• Water Quality 

 

• Dam Safety 

 

• Operations & Maintenance 

 

• Water Resources Management 

 
Reclamation continues to work to improve the reliability and efficiency of generating hydropower. 

Today, engineers want to make the most of new and existing facilities to increase production and 
efficiency. Existing hydropower concepts and approaches include: 

 

• Uprating existing power plants 
 

• Developing small plants (low-head hydropower) 

 

• Peaking with hydropower 

 

• Pumped storage 

 

• Tying hydropower to other forms of energy 

 

The uprating of existing hydroelectric generator and turbine units at power plants is one of the most 
immediate, cost- effective, and environmentally acceptable means of developing additional electric 
power. Since 1978, Reclamation has pursued an aggressive uprating program which has added more than 

1,600,000 kW to Reclamation's capacity at an average cost of $69 per kilowatt. 

 
This compares to an average cost for providing new peaking capacity through oil-fired generators of 

more than $400 per kilowatt. Reclamation's uprating program has essentially provided the equivalent of 
another major hydroelectric facility of the approximate magnitude of Hoover Dam and Power plant at a 
fraction of the cost and impact on the environment when compared to any other means of providing new 
generation capacity. 

 
 

Low-head Hydropower 
 

A low- head dam is one with a water drop of less than 65 feet and a generating capacity less than 
15,000 kW. Large, high-head dams can produce more power at lower costs than low-head dams, but 

construction of large dams may be limited by lack of suitable sites, by environmental considerations, or 
by economic conditions. 

 
In contrast, there are many existing small dams and drops in elevation along canals where small 

generating plants could be installed. New low-head dams could be built to increase output as well. The 
key to the usefulness of such units is their ability to generate power near where it is needed, reducing the 
power inevitably lost during transmission. 

Peaking with Hydropower 
 

Demands for power vary greatly during the day and night. These demands vary considerably  
from season to season, as well. For example, the highest peaks are usually found during summer daylight 
hours when air conditioners are running. 
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Nuclear and fossil fuel plants are not efficient for producing power for the short periods of 

increased demand during peak periods. Their operational requirements and their long startup times make 
them more efficient for meeting base load needs. 

 
 

Since hydroelectric generators can be started or stopped almost instantly, hydropower is more 

responsive than most other energy sources for meeting peak demands. Water can be stored overnight in a 
reservoir until needed during the day, and then released through turbines to generate power to help supply 
the peak load demand. 

 
This mixing of power sources offers a utility company the flexibility to operate steam plants most 

efficiently as base plants while meeting peak needs with the help of hydropower. This technique can help 
ensure reliable supplies and may help eliminate brownouts and blackouts caused by partial or total power 
failures. 

 
Today, many of Reclamation=s 58 power plants are used to meet peak electrical energy demands, 

rather than operating around the clock to meet the total daily demand. Increasing use of other energy- 
producing power plants in the future will not make hydroelectric power plants obsolete or unnecessary. 
On the contrary, hydropower can be even more important. While nuclear or fossil-fuel power plants can 
provide base loads, hydroelectric power plants can deal more economically with varying peak load 
demands. This is a job they are well suited for. 
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Tying Hydropower to Other Energy Forms 
 

When we hear the term solar energy,” we usually think of heat from the sun=s rays which can be 

put to work. But there are other forms of solar energy. Just as hydropower is a form of solar energy, so  

too is wind power. In effect, the sun causes the wind to blow by heating air masses that rise, cool, and 

sink to earth again. Solar energy in some form is always at work -- in rays of sunlight, in air currents, and 

in the water cycle. 

 
Solar energy, in its various forms, has the potential of adding significant amounts of power for  

our use. The solar energy that reaches our planet in a single week is greater than that contained in all of 

the earth=s remaining coal, oil, and gas resources. 

 
However, the best sites for collecting solar energy in various forms are often far removed from 

people, their homes, and work places. Building thousands of miles of new transmission lines would make 
development of the power too costly. 

 
Because of the seasonal, daily, and even hourly changes in the weather, energy flow from the 

wind and sun is neither constant nor reliable. Peak production times do not always coincide with high 

power demand times. 

 

To depend on the variable wind and sun as main power sources would not be acceptable to most 

American lifestyles. Imagine having to wait for the wind to blow to cook a meal or for the sun to come  

out from behind a cloud to watch television! 

 
As intermittent energy sources, solar power and wind power must be tied to major hydroelectric 

power systems to be both economical and feasible. Hydropower can serve as an instant backup and to 
meet peak demands. 
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• Linking wind power and hydropower can add to the Nation=s supply of electrical energy. Large 
wind machines can be tied to existing hydroelectric power plants. 

 

• Wind power can be used, when the wind is blowing, to reduce demands on hydropower. That 
would allow dams to save their water for later release to generate power in peak periods. 

 

• The benefits of solar power and wind power are many. The most valuable feature of all is the 
replenishing supply of these types of energy. As long as the sun shines and the wind blows, these 
resources are truly renewable. 

 

Future Potential 
 

What is the full potential of hydropower to help meet the Nation=s energy needs? The hydropower 
resource assessment by the Department of Energy=s Hydropower Program has identified 5,677 sites in the 

United States with acceptable undeveloped hydropower potential. These sites have a modeled undeveloped 
capacity of about 30,000 MW. This represents about 40 percent of the existing conventional hydropower 
capacity. 

 
 

A variety of restraints exist on this development, some natural and some imposed by our society. 
The natural restraints include such things as occasional unfavorable terrain for dams. Other restraints 
include disagreements about who should develop a resource or the resulting changes in environmental 
conditions. Often, other developments already exist where a hydro electric power facility would require a 

dam and reservoir to be built. 

 

 
 

Finding solutions to the problems imposed by natural restraints demands extensive engineering 
efforts. Sometimes a solution is impossible, or so expensive that the entire project becomes impractical. 
Solution to the societal issues is frequently much more difficult and the costs are far greater than those 
imposed by nature. 

 
Developing the full potential of hydropower will require consideration and coordination of many 

varied needs. 
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Hydropower, the Environment, and Society 
 

It is important to remember that people, and all their actions, are part of the natural world. The 
materials used for building, energy, clothing, food, and all the familiar parts of our day-to-day world  
come from natural resources. 

 
Our surroundings are composed largely of the built environment structures and facilities built by 

humans for comfort, security, and well-being. As our built environment grows, we grow more reliant on 
its offerings. 

 
To meet our needs and support our built environment, we need electricity which can be generated 

by using the resources of natural fuels. Most resources are not renewable; there is a limited supply. In 
obtaining resources, it is often necessary to drill oil wells, tap natural gas supplies, or mine coal and 
uranium. To put water to work on a large scale, storage dams are needed. 

 
We know that any innovation introduced by people has an impact on the natural environment.  

That impact may be desirable to some, and at the same time, unacceptable to others. Using any source of 
energy has some environmental cost. It is the degree of impact on the environment that is crucial. 

 
 

 

 

 

Some human activities have more profound and lasting impacts than others. Techniques to mine 
resources from below the earth may leave long-lasting scars on the landscape. Oil wells may detract from 
the beauty of open, grassy fields. Reservoirs behind dams may cover picturesque valleys. Once available, 
use of energy sources can further impact the air, land, and water in varying degrees. 

 
People want clean air and water and a pleasing environment. We also want energy to heat and  

light our homes and run our machines. What is the solution? 
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• The situation seems straightforward: The demand for electrical power must be curbed or more 
power must be produced in environmentally acceptable ways. The solution, however, is not so 
simple. 

 

• Conservation can save electricity, but at the same time our population is growing steadily. 

 

• Growth is inevitable, and with it the increased demand for electric power. 

 

• Since natural resources will continue to be used, the wisest solution is a careful, planned approach 
to their future use. All alternatives must be examined, and the most efficient, acceptable methods 
must be pursued. 

 

• Hydroelectric facilities have many characteristics that favor developing new projects and 
upgrading existing power plants: 

 

• Hydroelectric power plants do not use up limited nonrenewable resources to make electricity. 

 

• They do not cause pollution of air, land, or water. 

 

• They have low failure rates, low operating costs, and are reliable. 

 

• --They can provide startup power in the event of a system wide power failure. 

 
As an added benefit, reservoirs have scenic and recreation value for campers, fishermen, and water 

sports enthusiasts. The water is a home for fish and wildlife as well. Dams add to domestic water supplies, 
control water quality, provide irrigation for agriculture, and avert flooding. Dams can actually improve 
downstream conditions by allowing mud and other debris to settle out. 

 
Existing power plants can be uprated or new power plants added at current dam sites without a 

significant effect on the environment. New facilities can be constructed with consideration of the 
environment. For instance, dams can be built at remote locations, power plants can be placed 
underground, and selective withdrawal systems can be used to control the water temperature released  
from the dam. Facilities can incorporate features that aid fish and wildlife, such as salmon runs or resting 
places for migratory birds. 

 
In reconciling our natural and our built environments there will be tradeoffs and compromises. As we 

learn to live in harmony as part of the environment, we must seek the best alternatives among all ecologic, 
economic, technological, and social perspectives. 

 
The value of water must be considered by all energy planners. Some water is now dammed and can be 

put to work to make hydroelectric power. Other water is presently going to waste. The fuel burned to 
replace this wasted energy is gone forever and, so, is a loss to our Nation. 

 
The longer we delay the balanced development of our potential for hydropower, the more we 

unnecessarily use up other vital resources. 

 
 

Nuclear Reactions 
 
 

Basics  
() Atoms consist of nucleus and electrons. 

() The nucleus is composed of protons and neutrons. 

() Protons are positively charged whereas neutrons are electrically neutral. 

() Atoms with nuclei having same number of protons but difference in their masses are 
called isotopes. They are identical in terms of their chemical properties but differ with 
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Natural Uranium consists of 92U respect  to nuclear properties. 
238 

(99.282%), 

 
 

() 

235 
92U 

235 
92U 

234 
(0.712%) and 92U 

is used as fuel in nuclear power plants. 
 

Energy from Nuclear Reactions 

 
() The sum of masses of protons and neutrons exceeds the mass of the atomic nucleus and 

this difference is called mass defect ∆m. 

() In a nuclear reaction the mass defect is converted into energy known as binding energy according 
2 

to Einstein’s equation (E=∆m c ). 

() Fissioning one amu of mass results in release of 931 MeV of energy. 

() It has been found that element having higher and lower mass numbers are unstable. Thus 
the lower mass numbers can be fused or the higher mass numbers can be fissioned to 
produce more stable elements. 

() This results in two types of nuclear reactions known as fusion and fission. 

() 
235 

The total energy per fission reaction of U is about 200 MeV. 

() Fuel burn-up rate is the amount of energy in MW/days produced by each metric ton of fuel. 

 

Nuclear Fission 
 

Nuclear fission is the reaction by which a heavy nucleus (that is one with a high value of Z) is hit with a 
small particle, as a result of which it splits into two (occasionally more) smaller nuclei. 

 

 

Figure : Nuclear Fission 
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Nuclear Fusion 
 

 
Fusion is the opposite of fission, it is the joining together of two light nuclei to form a heavier one (plus a 
small fragment). For example if two 2H nuclei (two deuterons) can be made to come together they can 
form He and a neutron. 

 

 

 

 
Figure: Nuclear Fusion 

 

 
Nuclear Power Reactors 

 
 

Magnox Reactors 
 
 

 The six main commercial reactor types, two (Magnox and AGR) owe much to the very earliest 

reactor designs in that they are graphite moderated and gas cooled. Magnox reactors were built in 

the UK from 1956 to 1971 but have now been superseded. 

 The Magnox reactor is named after the magnesium alloy used to encase the fuel, which is natural 

uranium metal. Fuel elements consisting of fuel rods encased in Magnox cans are loaded into 

vertical channels in a core constructed of graphite blocks. 
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Figure : Magnox Reactor 
 

 

Advanced Gas cooled Reactors 

 

() In order to improve the cost effectiveness of this type of reactor, it was necessary to go to 

higher temperatures to achieve higher thermal efficiencies and higher power densities to 

reduce capital costs. 

() This entailed increases in cooling gas pressure and changing from Magnox to stainless 
steel cladding and from uranium metal to uranium dioxide fuel. This in turn led to the 

need for an increase in the proportion of U
235 

in the fuel. The resulting design, known 

as the Advanced Gas-Cooled Reactor, Or AG. 
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Pressurized Water Reactor (PWR) 
 
 

• The most widely used reactor type in the world is the Pressurized Water Reactor (PWR) which 

uses enriched (about 3.2% U235) uranium dioxide as a fuel in zirconium alloy cans. 

• The fuel, which is arranged in arrays of fuel "pins" and interspersed with the movable control 

rods, is held in a steel vessel through which water at high pressure (to suppress boiling) is 

pumped to act as both a coolant and a moderator. 

 
 

 
Figure : Pressurized Water Reactor 

 

 

 

Boiling Water Reactors (BWR) 
 

 

• The second type of water cooled and moderated reactor does away with the steam generator 

and, by allowing the water within the reactor circuit to boil, it raises steam directly for electrical 

power generation. Such reactors, known as Boiling Water Reactors (BWRs), throughout the world. 

• This, however, leads to some radioactive contamination of the steam circuit and turbine, which then 

requires shielding of these components in addition to that surrounding the reactor. 
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Figure: Boiling Water Reactor 

 

Comparison of PWR and BWR 

 

Table 6: Comparison of PWR and BWR 

 

PWR BWR 

Advantages Advantages 

• Relatively compact in size • Elimination of heat exchanger circuit results in 

• Possibility of breeding plutonium by reduction in cost and gain in thermal 

 providing a blanket of U-238 efficiency (to about 30%) 

• High power density • Pressure inside in the reactor vessel is 

• Containment of fission products due to considerably lower resulting in lighter and less 

 heat exchanger costly design 

• Inexpensive ‘light water’ can be used as • BWR cycle is more efficient than PWR as the 

 moderator, coolant and reflector outlet temperature of steam is much higher 

• Positive power demand coefficient • Metal surface temperature is lower since 

i.e. the reactor responds to load increase boiling of water is inside the reactor 

 • BWR is more stable than PWR and hence is 

 commonly known as a self-controlled reactor 

Disadvantages Disadvantages 
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• Moderator remains under high • Possibility of radio-active contamination 

pressure and hence a strong pressure in the turbine mechanism 

vessel is required • Wastage of steam may result in lowering 

• Expensive cladding material is of thermal efficiency on part load 

required to prevent corrosion operation 

• Heat loss occurs due to heat • Power density of BWR is nearly half that 

exchanger of PWR resulting in large size vessel 

• Elaborate safety devices are required • Possibility of burn-out of fuel is more as 

Lacks flexibility i.e. the reactor needs to  

water boiling is on the surface of fuel. 
be shut down for recharging and there is 

difficulty in fuel element design and • BWR cannot meet a sudden increase in 

fabrication 
load 

• Thermal efficient is very low; around 

20%  

 

 

 

 

Fast Breeder Reactors 

 
  using slow or 

thermal neutrons to maintain the fission chain reaction in the U235 fuel. Even with the 

enrichment levels used in the fuel for such reactors, however, by far the largest numbers of 

atoms present are U238, which are not fissile. 

  neutron, their nuclei do not split but are 

converted into another element, Plutonium. 

together with unused U235. These fissile components can be separated from the fission product 

wastes and recycled to reduce the consumption of uranium in thermal reactors by up to 40%, 

although clearly thermal reactors still require a substantial net feed of natural uranium. 

r which overall produces more fissile material in the 

form of Plutonium than it consumes. This is the fast reactor in which the neutrons are 

unmoderated, hence the term "fast". 

• The physics of this type of reactor dictates a core with a high fissile concentration, typically around 

20%, and made of Plutonium. In order to make it breed, the active core is surrounded by material 

(largely U238) left over from the thermal reactor enrichment process. This material is referred to as 

fertile, because it converts to fissile material when irradiated during operation of the reactor. 

• The successful development of fast reactors has considerable appeal in principle. This is because they 

have the potential to increase the energy available from a given quantity of uranium by a factor 
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of fifty or more, and can utilise the existing stocks of depleted uranium, which would otherwise 

have no value. 

 
 

 

 

Figure: Fast Breeder Reactors 

 
 

Schematic Arrangement of a BWR 
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Pressurized Water Reactors: 
 
 

 

 
 

Power Cycle –Brayton 
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Factors for Site Selection of NPPs: 

(b) Availability of Water: working fluid 

(c) Distance from Populated Area: danger of radioactivity 
(d) Nearness to the load centre: reduction in transmission cost 

(e) Disposal of Waste: radioactive waste 

(f) Accessibility by Rail and Road: transport of heavy equipment 

 
Advantages of NPPs: 

(g) Reduces demand for fossil fuels 

(h) Quantity of nuclear fuel is much less: thus reducing transport and resulting costs 

(i) Area of land required is less: compared to a conventional plant of similar capacity 

(j) Production of fissile material 

(k) Location independent of geographical factors: except water requirement 

 
Disadvantages of NPPs: 

1. Not available for variable loads (load factor-0.8): as the reactors cannot be controlled to respond 
quickly 

2. Economical reason should be substantial 

3. Risk of leakage of radioactive material 

4. Further investigation on life cycle assessment and reliability needs to be done 

5. Perception problems 

 

Nuclear Power in India: 
 

Plant Units Capacity Established 

 

1. Tarapur, 
Maharashtra 

BWR 160x2,540x21969, 2005,2006 

 

2. Rawatbhata, 

Rajasthan 

PHWR 110x1,200x1,220x41973, 1981,2000, 2010 

 

3. Kalpakkam, 

Tamil Nadu 
PHWR 220x2 1984, 1986 

Narora, UP PHWR 220x2 1991, 1992 

 
4. Kakrapar, 

Gujarat 

PHWR 220x2 1993, 1995 

 

5. Kaiga, 

Karnataka 
PHWR 220x4 2000, 2007, 2011 

 

6. Kundankulam, 

Tamil Nadu 

VVER- 
1000 

1000x1, 2013 
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UNIT - III 

SOLAR & WIND POWER GENERATING SYSTEMS 

 

Renewable energy is generally defined as energy that comes from resources which are naturally 
replenished on a human timescale such as sunlight, wind, rain, tides, waves and geothermal heat. 
Renewable energy replaces conventional fuels in four distinct areas: electricity generation, hot 
water/space heating, motor fuels, and rural (off-grid) energy services. Renewable energy is derived from 
natural processes that are replenished constantly. In its various forms, it derives directly from the sun, or 
from heat generated deep within the earth. Included in the definition is electricity and heat generated from 
solar, wind, ocean, hydropower, biomass, geothermal resources, and bio fuels and hydrogen derived from 
renewable resources 

 
Introduction 

 

How Solar Power Plant works? 
 

 

 

 

The sun is the source of energy that drives the cycle of life and death on earth. It is also the  
energy source that gives us warmth and evaporates water and melts snow. The sun is about 150,000,000 
km away from the Earth. Due to its immense, but finite size, it has an angular diameter of 0.5 degree (32 
minutes), as viewed from Earth. 

 
Sun burns continuously via thermonuclear reactions (fusion). Inside the sun,  radioactive 

processes releases energy and convection transfers solar energy to its exterior surface. Despite the 
extremely high temperatures needed at the core of the sun, to sustain its thermonuclear reactions, the sun 
has a black body temperature of 5770 K. Consequently, we receive a relatively constant flux density of 
energy, defined as the Solar Constant. Its mean value is 1366 W m-2. 

 
The earth receives 1.6 × 1018 units of energy from the Sun annually, which is 20,000 times the 

requirement of mankind on the earth. Some of the solar energy causes evaporation of water, leading to 
rains and creation of rivers etc. 

 
Some of itis utilized in photosynthesis which is essential for sustenance of life on earth. Man has 

tried, from time immemorial, to harness this infinite source of energy, but has been able to tap only a 
negligibly small fraction of this energy. 

http://en.wikipedia.org/wiki/Renewable_resource
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Wave_power
http://en.wikipedia.org/wiki/Geothermal_energy
http://en.wikipedia.org/wiki/Electricity_generation
http://en.wikipedia.org/wiki/Space_heating
http://en.wikipedia.org/wiki/Stand-alone_power_system
http://en.wikipedia.org/wiki/Hydropower
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When light travels from outer space to earth, solar energy is lost because of following reasons: 

 

• Scattering: The rays collide with particles present in atmosphere 

 

• Absorption: Because of water vapor there is absorption 

 

• Cloud cover: The light rays are diffused because of clouds. 

 

• Reflection: When the light rays hit the mountains present on the earth surface there is reflection. 

 

• Climate: Latitude of the location, day (time in the year) also affects the amount of solar energy 
received by the place 

 

Solar Radiation geometry 
 

In Solar Radiation geometry the following terms are important: 

 
Horizon is the horizontal plane that extends from the point where the observer is standing, to 

infinity, straight through space. Since we're only working with relatively short distances (compared to the 
Universe), a line extending N-S will be quite sufficien 

Altitude (A) is the angle of the sun over the horizon. In this problem, we will be working with the sun at 
noon, so it will either be over the N or S horizon. 

 

Zenith (Z) is the angle that the sun is from directly overhead, and it is equal to 90-A. It, too, can 
be over the S or N horizon, but there is little need to state it. 

 
Declination (D) is the latitude at which the sun is directly overhead. It is always between 23.5 N 

and 23.5 S latitude, those occurring on the Solstices. 

 
Latitude (L) is the location N or S of the equator at which the observer is located. (It is 

determined by radii from the center of Earth at different angles to the equator. If such an angle is swept 
along the surface of the planet, it draws a circle.) 

 
Solar radiation data is necessary for calculating cooling load for buildings, prediction of local air 

temperature and for the estimating power that can be generated from photovoltaic cells. 

 

Solar radiation falling on the surface of the earth is measured by instruments called pyranometers. 
The weather service in most countries have many stations to measure solar radiation using pyranometers. 
In India pyranometers have been used for a long time. 

 
Generally flat plate collectors are mounted on roofs or sloping walls. In most of these collectors, 

the absorber element is made of a metal such as galvanised iron, aluminium, copper etc. and the cover is 
usually of glass of 4 mm thickness. The back of the absorber is insulated with glass wool, asbestos wool 
or some other insulating material. The casing, enclosing all the components of the collector is either made 

of wood or some light metal like aluminium. The cost, with such meterials, is rather too high to be 
acceptable for common use. As the temperatures needed for space heating are rather low, plastics are 
being considered as potential material for fabrication of various components of the flat, plate collector. 
This would make solar energy systems comparable with other energy systems. 

 
Concentrating typeare again divided into Focus type and Non-focus type. 

Solar Concentrators: 

Solar concentrators are the collection devices which increase the flux on the absorber surface as 
compared to the flux impinging on the concentrator surface. Optical concentration is achieved by the use 
of reflecting refracting elements, positioned to concentrate the incident flux onto a suitable absorber. Due 

to the apparent motion of the Sun. 



   

 

PGS (2018-19) 

 

 

 

 

 

 

The concentrating surface, whether reflecting or refracting, will not be in a position to redirect the 
sun rays onto the absorber, throughout the day if both the concentrator surface, and absorber are 
stationary. Ideally, the total system consisting of mirrors or lenses and the absorber should follow the 
Sun‟s apparent motion so that the Sun rays are always captured by the absorber. In general, a solar 
concentrator consists of the following a focussing device. 

 
 

a blackened metallic absorber provided with a transparent cover; and (iii) a tracking device for 
continuously following the Sun. Temperatures as high as 3000°C can be achieved with such devices and 
they find applications in both photo-thermal and photo-voltaic conversion of solar energy The use of solar 
concentrators has the following advantages: 

 
Increased energy delivery temperature, facilitating their dynamic match between temperature 

level and the task. Improved thermal efficiency due to reduced heat loss area. 

 
Reduced cost due to replacement of large quantities of expensive hardware material for 

constructing flat plate solar collector systems, by less expensive reflecting and/or refracting element and a 
smaller absorber tube. 

 
Increased number of thermal storage options at elevated temperatures, thereby reducing the 

storage cost. Parameters Characterizing Solar Concentrators 

 

The aperture area is that plane area through which the incident solar flux is accepted. It is defined 
by the physical extremities of the concentrator. 

 
The acceptance angle defines the limit to which the incident ray path may deviate, from the 

normal drawn to the aperture plane, and still reach the absorber. 

 

The absorber area is the total area that receives the concentrated radiation. It is the area from 
which useful energy can be removed. 

 

Geometrical concentration ratio or the radiation balance concentration ratio is defined as the ratio 
of the aperture area to the absorber area. 

 
The optical efficiency is defined as the ratio of the energy, absorbed by the absorber, to the 

energy, incident on the aperture. 

 
The thermal efficiency is defined as the ratio of the useful energy delivered to the energy incident on the 
aperture. 

 
Solar concentrators may be classified as point focus or line focus system. Point focus systems 

have circular symmetry and are generally used when high concentration is required as in the case of solar 
furnaces and central tower receiver systems. Line focus systems have cylindrical symmetry and generally 
used when medium concentration is sufficient to provide the desired operating temperature. 

 
A reflecting or refracting surface, (ii) An absorbing surface i.e., an absorber, (iii) A fluid flow 

system to carry away the heat, (iv) a cover around the absorber, (v) Insulation for the unirradiated portion 
of the absorber and 

 

A self supporting structural capability and well adjusted tracking mechanism 

 
SOLAR ENERGY STORAGE AND APPLICATIONS 

Storage of Solar energy in a solar system may: 

 

• Permit solar energy to be captured when insolation is high to be used when the need arises. 
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• Deliver electric load power demand during times when insolation is below normal or non- 
existent. Also caters to delivering short power-peaks 

 

• Be located closed to the load 

 

• Improve the reliability of solar thermal and solar PV systems 

 

• Permit a better match between energy input and load demand output 

 

• Some of the important storage methods are: 

 

• Mechanical Energy Storage – pumped storage, compressed air storage, flywheel storage 

 

• Chemical Energy Storage – Batteries storage, Hydrogen storage and reversible chemical 
reactions storage 

 

• Electromagnetic energy storage 

 

• Electrostatic energy storage 

 

• Thermal (heat) energy storage – Sensible heat storage and Latent heat storage 
 

• Biological Storage 

 

• Thermal (heat) energy storage 

 
Energy storage may be in the form of sensible heat of solids or liquid medium, as heat of fusion in 
chemical systems or as chemical energy of products in the reversible chemical reaction. Mech 
energy could be converted to P.E. and stored in elevated fluids 

 
Energy can be stored by virtue of latent heat of change of phase of the storage medium. Phase-change 
materials like Glaubers salt have considerably higher thermal energy storage densities 

 

Applications of Solar Energy: 

 

• Three broad categories of possible large scale applications of solar power are: 

 

• The heating and cooling of residential and commercial buildings; 

 

• The chemical and biological conversion of organic material to liquid, solid and gaseous fuels 

 

• Conversion of solar energy to electricity. 
 

• Solar distillation, pumping, solar cooking etc 

 

The use of solar energy for generation of electricity is costly as compared to conventional methods. 
However, due to scarcity of fuel, solar energy will certainly find a place in planning the national 
energy resources. 

 

Residential cooling and heating 

 
A flat plate collector is located on the roof of a house, which collects the solar energy. The cooling 
water is pumped through the tubes of the solar collector. 

 
The heat is transferred from the collector to the water and the hot water is stored in a storage tank  
which may be located at ground level or in the basement of the house. Hot water is then utilized to heat 
or cool the house by adjusting the automatic valve. 
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A separate circuit is there to supply hot water. Thus all the three requirements i.e., space cooling, heating 
and water heating 

 

Solar PV Cells: 

The solar cells operate on the principle of photo electricity i.e., electrons are liberated from the surface of 
a body when light is incident on it. Backed by semi-conductor technology, it is now possible to utilize the 

phenomenon of photo-electricity. 

 
It is known that if an n-type semi-conductor is brought in contact with a p-type material, a contact 
potential difference is set-up at the junction (Schottky effect), due to diffusion of electrons. When the p- 

type material is exposed to light, its electrons get excited, by the photons of light, and pass into the n-type 
semi-conductor. Thus, an electric current is generated in a closed circuit. The pn junction silicon solar 
cells have emerged as the most important source of long duration power supply necessary for space 
vehicles. These cells are actuated by both, direct Sun rays and diffuse light. 

 
The efficiency of silicon solar cells increases with decreasing temperature. In cold weather the decreased 
luminous flux is compensated for, by higher efficiency. The efficiency of these solar cells varies from 15 
to 20%. 

 
Although the energy from the Sun is available free of cost, the cost of fabrication and installation of 
systems, for utilization of solar energy, is often too high to be economically viable. 

 
In order to make solar installations economically attractive, plastic materials are being increasingly used 
for the fabrication of various components of the system. 

 
The efficiency of solar heating/cooling installation depends on the efficiency of collection of solar energy 
and its transfer to the working fluid (e.g. water, air etc.). 

 
There are two main classes of collectors. The flat plate collector is best suited for low and intermediate 
temperature applications (40°–60°, 80°–120°C) which include water heating for buildings, air heating and 
small industrial applications like agricultural drying etc. The concentrating collectors are usually 
employed for power generation and industrial process heating. 

 

Working of Photovoltaic Plant : 
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Photovoltaic electricity generation 
 

Photovoltaic electricity generation uses the energy of light radiation to move electrons between two 

layers of semi-conductors. The principle is illustrated in figure 13. 

The photovoltaic cell consists of two layers of semi- 

conductors: 

n-layer Si doped with phosphor P (excess electrons) 

p-layer Si doped with boron B (excess electron gaps) 
 

Each layer is connected to a conductor. 
 

Light energy (photones) with energy above a 

threshold value generates electron-hole pairs. 

Electrones diffuse from n-region to p-region and 

holes diffuse in the other direction. This results in a 

potential difference and if the conductors of each 

side are connected, an electrical current can be 

maintained. The current is conducted through 

“fingers” to a bus bar. The open circuit voltage is 

about 0,6 V 

 

Possible future 

Solar energy for heating of buildings will become more attractive if the fuel and electricity prices 

increase. Dramatic reductions of the investments required for such systems are not expected. 

Small PV-systems for isolated applications will have a small market in the industrialised countries 

also in the future. Grid connected small systems may be interesting at locations with good insolation 

conditions and electricity systems with the peak demand in day time. In developing countries a 

growing market for isolated small PV-systems can be expected even though the electricity services 

provided by such systems are limited to lighting, communication and similar uses with low capacity 

requirements. 
 

Continued reduction of the price for PV-cells is expected to lead to a reduction of the costs for large 

scale photovoltaic generation to 30% of the present costs by 2010. This would make it competitive 

with most other generation technologies. 

Solar thermal plants may also have a future but only if they can compete economically with large scale 

PV-generation 
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WIND ENERGY 
 
 

Wind Energy and Wind Energy Conversion Systems 
 

Wind power has obvious benefits in that it causes no air or water pollution, its small size 

and quick installation reduces the risks from market uncertainty, and its rapidly declining cost has 

been the great success story of renewable energy. It has exhibited the most rapid growth among all 

renewable energy sources. 

Electricity produced from the wind produces no CO2 emissions and therefore does not 

contribute to the greenhouse effect. Wind energy is relatively labour intensive and thus creates many jobs. 

In remote areas or areas with a weak grid, wind energy can be used for charging batteries or can be 

combined with a diesel engine to save fuel whenever wind is available. Moreover, wind turbines can be 

used for the desalination of water in coastal areas with little fresh water, for instance the Middle East. 

At windy sites the price of electricity, measured in $/kWh, is competitive with the production 

price from more conventional methods, for example coal fired power plants. 

One of the drawbacks of wind energy is that wind turbines create a certain amount of noise 

when they produce electricity. In modern wind turbines, manufacturers have managed to reduce almost all 

mechanical noise and are now working on reducing aerodynamic noise from the rotating blades. 

Another disadvantage is that wind energy can only be produced when nature supplies 

sufficient wind. However, for most countries, which are connected to big grids and can therefore buy 

electricity from the grid in the absence of wind. 

 

 Types of Wind Turbines 

There are various classifications of WTs (Wind Turbines). The classification depending on the amount of 

the generated power is as follows: 

• small (< 25 kW) 
 

• medium (25-100 kW), 
 

• large (100-1000 kW) 
 

• very large (>1000 kW) 
 

Wind turbines are classified also depending on their rotation direction (Fig. 4.1): 
 

• -Horizontal Axis Wind Turbines (HAWT) 

• -Vertical Axis Wind Turbines (VAWT) 
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HAWTs have their axis of rotation horizontal to the ground and almost parallel to the wind stream. 

Most of the commercial wind turbines fall under this category but HAWTs should have a yaw control 

mechanism to keep them pointed into wind where the VAWTs do not need such a mechanism. Depending 

on the number of blades, horizontal axis wind turbines are further classified as single bladed, two bladed, 

three bladed and multi bladed. 

 

Fig. 4.1 HAWT on the left (three bladed) and VAWT (Darrieus) on the right. 

Horizontal Axis Wind Turbines (HAWTs) 
 

HAWTs have low cut-in wind speed values and they can easily be furled. ( Cut-in velocity is 

the wind velocity value at which the wind turbine starts to produce power.) In general, they show relatively 

high power coefficient (See below). However, the generator and gearbox of these turbines are to be placed 

over the tower which makes its design more complex and expensive. 

Most of the present commercial turbines used for electricity generation have three blades because they are 

more stable as the aerodynamic loading will be relatively uniform. Machines with more blades (6, 8, 12, 18 

or even more) are also available. 

The ratio between the actual blade area to the swept area of a rotor is termed as the solidity. 

Hence, multi-bladed rotors are also called high solidity rotors. These rotors can start easily as more rotor 

area interacts with the wind initially. Some low solidity designs may require external starting. 

Consider two rotors, both of the same diameter, but different in number of blades; say one with 3 

blades and the other with 12 blades. Which will produce more power at the same wind velocity? As the 

rotor swept area and velocity are the same, theoretically both the rotors should produce the same power. 

However aerodynamic losses are more for the rotor with more number of blades. Hence, for the same rotor 

size and wind velocity, we can expect more power from the three bladed rotor. 

Some applications , on the other hand, like water pumping require high starting torque. For such 

systems, the torque required for starting goes up to 3-4 times the running torque. Starting torque increases 
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with the solidity. Hence to develop high starting torque, water pumping wind mills are made with multi 

bladed rotors. 

Based on the direction of receiving the wind, the two and three bladed HAWTs can be also 

classified as upwind and down wind turbines as shown in Fig. 4.2. 

 

Fig. 4.2 Upwind and downwind turbines. 

 

For the upwind turbines, which are the most common, as the wind stream passes the rotor first,  

they do not have the problem of tower shadow. However, yaw mechanism is essential for such designs to 

keep the rotor always facing the wind. For the downwind rotors, as the rotors are placed at the lee side of 

the tower, there may be uneven loading on the blades as it passes through the shadow of the tower. On the 

other hand, downwind machines are more flexible and may not require a yaw mechanism. 

 

 

Vertical Axis Wind Turbines (VAWTs) 

VAWTs are classified as drag and lift devices based on their operating principles. 

 
Darrieus turbine illustrated on the right in Fig. 4.1 is a lift turbine, since the shaft torque 

results primarily from lift on the blades. Savonios turbine (Fig. 4.3), on the other hand is drag type 

VAWT, since drag of the wind on the cups generates the torque on the axis. 

Lift and drag are the components of the force perpendicular and parallel to the direction 

of the relative wind respectively. It is easy to show theoretically that it is much more efficient to use  

lift rather than drag when extracting power from the wind. 



 

PGS (2018-19) 

   

 

 

 

 

 

Fig. 4.3 Savonious turbine 
 

VAWTs can receive wind from any direction. Hence complicated yaw devices can be eliminated. 

 
The generator and the gearbox of such systems can be housed at the ground level, which 

makes the tower design simple and more economical. Moreover the maintenance of these turbines 

can be done at the ground level. The major disadvantage of some VAWT is that they are usually not 

self starting. Even the most common types of VAWTs, The Darrieous and the Savonious turbines 

have not been commercialized. That is why a detailed explanation of the HAWTs will be provided 

in this lecture. 

 
 

Fig. 4.4 Schematic of a HAWT and the nomenclature. 
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Fundamental Concepts 

Wind turbines convert the kinetic energy of the air particles to the mechanical or electrical form. 

Turbine blades are the main tools to realize this conversion. The efficiency of the conversion 

basically depends on the followings: 

1- Meteoroligal data; 

 
2- Topography of the site; 

3-Blade profiles; 

4-Number of blades; 

 
5-Tower height. (See Fig.4.4) 

The tower height is important since wind speed increases with height above the ground and 

the rotor diameter is important since this gives the area A in the formula for the available power. 

The ratio between the rotor diameter D and the hub height H is often approximately one. The rated 

power is the maximum power allowed for the installed generator and the control system must 

ensure that this power is not exceeded in high winds. 

The rotational speed of a wind turbine rotor is approximately 20 to 50 rpm and the rotational 

speed of most generator shafts is approximately 1000 to 3000 rpm. Therefore a gearbox must be 

placed between the low-speed rotor shaft and the high-speed generator shaft. 

The rotor is the wind turbine component that has undergone the greatest development in 

recent years. The aerofoils used on the first modern wind turbine blades were developed for aircraft 

and were not optimized for the much higher angles of attack frequently employed by a wind turbine 

blade. Blade manufacturers now started to use aerofoils specifically optimized for wind turbines. 

Different materials have been tried in the construction of the blades, which must be 

sufficiently strong and stiff, have a high fatigue endurance limit, and be as cheap as possible. Today 

most blades are built of glass fiber reinforced plastic, but other materials such as laminated wood 

are also used. 

The kinetic energy of a stream of air with mass m and moving with a velocity is 

 
E 

 1 
mV 2 (4.1) 

2 
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Consider a wind rotor of cross sectional area A exposed to the wind. The kinetic energy of the air 

stream available for the turbine can be expressed as 

 

1 
E 

2 
a vV 2 (4.2) 

 

where ρa is the density of air and v is parcel available to the rotor. 

 

The air parcel interacting with the rotor per unit time has a cross-sectional area equal  

to that of the rotor (AT) and thickness equal to the wind velocity (V). Hence energy per unit 

time, that is power, can be expressed as 

P 1  A V 3 (4.3) 
 2 a T  

 
From Eq. (4.3), we can see that the factors influencing the power available in the wind stream 

are the air density, area of the wind rotor and the wind velocity. 

Effect of the wind velocity is more prominent owing to its cubic relationship with the power. 

 
Power also depends on the elevation and temperature to a certain extent because density is a 

function of these parameters: ρa =f(Z,T) where Z and T are elevation and temperature, 

respectively. 

Fig. 4.5 illustrates the dependence of the air density on temperature and elevation. 
 
 

 
Fig. 4.5 Change of air density with respect to temperature and elavation. 

 

It is obviously seen from Eq. (4.3) that when the wind velocity is doubled, the available 

power increases by 8 times. In other words, for the same power, rotor area can be reduced by a 

factor of 8, if the system is placed at a site with double the wind velocity. Hence, selecting the 

right site play a major role in the success of a wind power project. 
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4.2.1 Efficiency concept in wind energy conversion systems 

 
Definition of efficiency for wind energy conversion systems (WECS) is different than 

that of thermal conversion systems. There is no cost for WECS. The input is the kinetic energy of 

the air particles which is free of charge!. However, a wind turbine cannot extract the theoretical 

power (Eqn. 4.3) completely from the wind. When the wind stream passes the turbine, a part of its 

kinetic energy is transferred to the rotor and the air leaving the turbine carries the rest away. 

Then actual power produced by a rotor would decide by the efficiency with which this energy 

transfer from wind to the rotor takes place. 

 

This efficiency is usually termed as the power coefficient (Cp). Thus, the power coefficient 

of the rotor can be defined as the ratio of actual power developed by the rotor to the 

theoretical power available in the wind. 

 

CP 
2PT 3 
A V 

 a T 

where PT is the actual power developed by the turbine rotor. 

 

The actual power or the power coefficient which is its ratio to the theoretical power depends mainly 

on the profile of the rotor blades, blade arrangement and setting etc. 

A designer would try to fix these parameters at its optimum level so as to attain maximum Cp at a 

wide range of wind velocities. 

 

Here, the velocity range is also important because the wind velocity is not constant. 
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 Basic principles and features 

Kinetic energy in the moving air (wind) picked up and transferred as shaft work to an 

electric generator. Figure 6 shows a sketch of a modern wind turbine. 

 

 
Figure 6. Modern wind turbine 

 

Theoretically, 59% of the kinetic energy in the wind can be converted to mechanical 

energy. In reality, the efficiency is close to 50%. Table 3 shows the theoretically possible 

generation per unit area at different wind speeds. The theoretical power output is proportional to 

the wind speed in third power. 

Table 3. Theoretical generation of mechanical power from wind 

 
Wind speed, m/s Theoretical mechanical 

power, W/m
2
  

3 9 

4,5 30 

6 75 

9 250 

12 600 

15 1170 

 

Sites with average wind speeds below 3 m/s are normally considered as unsuitable for 

wind power 
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 Sustainable potential 

The total global potential for use of wind power is very large. However the best wind 

resources, with average wind speeds above 6 m/s, are only found above the oceans and in the 

coastal regions. There seem to be no estimates for the global potential in such areas but also this is 

probably quite large. 

Several studies have been made in Sweden for estimation of the potential for wind 

power generation. One of these
4 

estimated the annual electric generation potential to 70 TWh 
along the coast from Bohus län to Gävleborgs län if the minimum distance to buildings was set at 
300 m. After reduction for opposing interests for land use, the potential was reduced to 7 TWh.  
The potential for off-shore wind generation in Sweden was estimated to 20 TWh/year. 

A very recent study
5 

of possible sites for large scale wind power generation also 

included areas along the coast and in the mountains of northern Sweden, see map figure 7. There 

were no detailed estimates of the generation potential in this study but one important conclusion is 

that the planning goal for 10 TWh wind power in 2015 formulated by the Swedish parliament, 

probably requires a substantial installation of off-shore wind power plants. 

 

Table. Wind power in the world 2001 

 
ry ed capacity, on of electricity 

tion, % 

ny   

   

   

rk   

   

   

lands   

Britain   

   

n   

 

 Economy 

The economy of wind power generation depends mainly on the capital costs. The 

wind energy is for free and the costs for operation and maintenance can be estimated to between 50 

and 60 SEK/MWh(el). The investment for the wind generator including construction work on the 

site can be estimated to about 9000 SEK/kW. At an interest rate of 5% and 25 years economic life, 

this leads to an annual cost of 638 SEK/kW. 
 

The cost per generated kWh then depends on the annual generation. For a utilisation 

time of 2500 hours, the capital cost per kW will be 255 SEK/MWh(el) and the total generation cost 

about 310 SEK/MWh(el). For a utilisation time of 1500 h/year the total cost will be about 480 

SEK/MWh. As can be seen from table 5, the actual utilisation times for the wind generators that 

have been built in Sweden are closer to 1500 h than 2500 h. 

There is however an additional cost associated with the irregularity of wind power generation. 

The generation depends on the wind speed and cannot be controlled to match the electricity 

demand unless the demand happens to be less than the possible generation. For full utilisation of 

the wind potential, either storage of the electricity or combined operation with other types of  

power plants is necessary. In Sweden, the hydropower can be used for compensation of low wind 

power generation during periods of low winds. During periods with strong winds, the hydropower 

generation can be reduced and water stored in the reservoirs. The costs for this depend on the 
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capacity of wind power in the system. For wind power generation in Sweden, there will be no 

additional cost if the annual wind power generation is less than 2 – 2,5 TWh. A generation of 7 

TWh from wind leads to an additional cost of about 5 SEK/MWh(el). 

 

 Environmental considerations 

In comparison with other possibilities for electricity generation, wind power may appear as 

environmentally benign. There is certainly a visual impact, but the landscape changes caused by 

construction of the wind power towers are certainly not irreversible. Noise can be a problem and this has 

caused the Environmental Protection Agency in Sweden to set a limit for how close to populated areas 

wind power generators can be built. The noise level considered acceptable is 40 dB(A). Depending on the 

local conditions, the minimum distance from residential buildings may be 250 

– 400 m. Disturbances for birds do not appear to be a serious problem. Some disturbances for 

aquatic life during construction of offshore wind parks is possible. 
 

The plans for construction of wind mills or wind parks do nevertheless often meet strong local 

opposition. 

 
 Possible future 

The Swedish Parliament has set a planning goal for 10 TWh(el) from wind power to 

be reached in 2015. Whether this will be reached or not is difficult to assess. The de-regulation of 

the Swedish electricity market makes it difficult for the government to control what types of power 

plants are built. The government can however promote or discourage certain investments by 

introducing taxes or subsidies. The green certificates is an example of such actions. 
 

Internationally, the expansion of wind power is expected to continue. 
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UNIT-IV 

BIOGAS & GEOTHERMAL POWER GENERATING SYSTEMS 
 

 

4.1. BIOMASS ENERGY: 
 

Basic principles and features 

Biomass fuels are produced from CO2 and H2 O by means of solar energy 

(photosynthesis). The approximate chemical formula of biomass in plants is C10H14O6. 

Sustainable use of biomass fuels does not contribute to increasing CO2-content in the atmosphere. 
The photo-syntesis reaction can be written: 

10 CO2 + 7 H2O + light energy → C10H14O6 + 10,5 O2 

Combustion of the biomass gives the reaction: 

C10H14O6 + 10,5 O2 → 10 CO2 + 7 H2O + thermal energy 
 

The amount of CO2 released during complete combustion is exactly the same as that consumed 

when the plant or tree was growing. 

Biomass fuels can be divided into different categories with respect to the source of the fuel. The 

most important types are: 

• Forest fuels 

• Agricultural residue (straw, maize cobs, nut shells) 

• Agricultural products ( products grown for use as fuel) 

• Industrial residue (sawdust, black liquour, bagasse) 

• Municipal waste 

• Animal and human waste 
 

Biomass fuels can be used directly for large scale heat (and electricity) generation or be 

processed/converted into more easily used forms: 

− Dry homogeneous solids (pellets, briquettes, powder) for small scale heat generation 

− Dry smoke-less solid fuel (charcoal) used for cooking in developing countries 

− Combustible gas (CH4, “gengas”) for electricity generation, transport fuel or well controlled 
combustion 
− Liquid fuel (ethanol, methanol, bio-oil, synthetic diesel) for use as transport fuel 

 

Figure 1 illustrates the different conversion routes in a schematic way. Commercially 

proven conversion paths are indicated by solid lines. Conversion paths that require further 

research and development are indicated by dotted lines. 

The different conversion processes will be discussed below. 
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Figure 1 Conversion paths for biomass fuel 

 

 Sustainable potential 

As shown by figure 1 and table 2, the energy conversion in photo-synthesis uses 

about 400 PWh annually of the solar energy. The fraction of this that can be sustainably utilised 

on a global level is not known with great precision. The results of one attempt to estimate this
8 

is 

shown in table 1. 

According to this estimate, about 14% of the biomass produced by solar radiation 

could be made available for energy purposes on a sustainable basis. The largest potential is in 

residues and specially grown energy crops. 
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Table 1. Estimated sustainable annual production of biomass fuels, PWh 

 

Region 2025 2050 

forests residues crops total forests residues crops total 

Africa 0,67 1,89 5,26 7,82 0,67 2,61 8,84 12,12 

Latin America 0,44 3,03 8,97 12,45 0,44 3,78 13,78 17,99 

S&E Asia 0,87 3,78 - 4,65 0,87 5,67 - 6,54 

Central Asia 0,34 1,07 1,39 2,80 0,34 1,16 4,16 5,66 

Japan - 0,25 - 0,25 - 0,26 - 0,26 

Australia/N.Z. 0,005 0,32 - 0,32 0,005 0,39 - 0,39 

USA 0,17 1,63 2,67 4,47 0,17 1,58 2,67 4,41 

Canada 0,01 0,40 0,33 0,74 0,01 0,39 0,33 0,74 

OECD Europe 0,09 1,35 2,50 3,94 0,09 1,35 2,50 3,94 

E Europe 0,16 1,47 1,11 2,74 0,16 1,58 3,33 5,07 

Middle East 0,005 0,05 - 0,05 0,005 0,06 - 0,06 

Total 2,76 15,23 22,23 40,22 2,76 18,82 35,61 57,19 

 

The present use of biomass fuels in Sweden and the estimated sustainable potential is 

shown in table 2. 

Table 2 Biomass energy use 2001 in Sweden and estimated sustainable potential 
 

 
Type of fuel Use 2001 Application Estimated sustainable 

TWh potential TWh
9

 

Forest fuels 40 Industry 16 TWh 
 

 
125 - 130 

District heating
10

 13 TWh 

Single houses 11 TWh 
Pellets, briquettes and 5 District heating

9
 4 TWh 

powder Single houses 1 TWh 

Black liquor 35 Industry 34  35 

District heating
9 

1 TWh 

Municipal waste 6,5 District heating
9
 6,5 TWh 15 

Peat
11

 3,5 District heating
9
 3,5 TWh 15 - 25 

Energy crops
12

 0,2 District heating
9
 0,2 TWh 40 -55 

Import 7 District heating
9 

7 TWh  

Total 97  230 - 260 
 

It appears that a doubling of the biomass energy use in Sweden is possible also if peat is 

excluded. 

 
 Production and collection of solid biomass fuels 

 Technological state of the art 

Collection and use of industrial process residue like sawdust and black liquor has been practised 

since the introduction of the forest industry. 

Collection of forestry residue, branches and tops of trees on an industrial scale has been 

introduced after the oil price increases in the 1970:s and is now practised on a large scale as 

illustrated by table 2. 
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Agricultural production of biomass fuels is mainly focussed on quickly growing trees. 
Salix is the preferred species in Sweden. Different types of eucalyptus is being used in tropical 
countries. The productivity depends on soil conditions and rainfall but can reach 10 –15 dry 

ton/ha,year, equivalent to 50 – 75 MWh/ha,year. Also special types of grass
13 

are grown on an 
experimental basis in Sweden. The grass makes it possible to use the same agricultural  
machines for harvesting that have been developed for harvesting of cereals. The ash content in 
this fuel is however relatively high and this makes utilisation more difficult than for wood fuels. 

 

The potentially available areas for agricultural production of biomass fuels in Sweden re 

large, see figure 18. 

 

Figure 2. Areas suitable for energy plantations in Sweden 

 

 Economy 

The cost for recovering of forest fuel and simple processing is in the range 90 – 115 

SEK/MWh(fuel). 

Agricultural production of biomass fuel is somewhat more expensive. The cost is in the range 120 

– 130 SEK/MWh(fuel) 
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 Environmental considerations 

Collection of forestry residue can lead to depletion of essential elements like phosphor and 

potassium in the soil. Large scale and sustained utilisation of forest fuels may therefore require 

fertilising of the forests. Re-circulation of ashes from combustion is one approach that is being 

studied. 

Conversion of farm land to energy plantations with Salix will lead to significant changes of the 

landscape. 

 

 
 Combustion of solid biomass fuels 

 Technological state of the art 

Combustion of wood fuels in small scale for heating of single family houses is well 

established. Until recently, the combustion in small boilers was controlled by throttling of the 

combustion air. This results in large emissions of products of incomplete combustion. Modern 

installations therefore include an accumulator for hot water. The boiler is operated at full capacity, 

with good combustion conditions and charges the accumulator with hot water. The stored hot 

water is then used for heating of the house at the rate required for maintaining the desired indoor 

temperature and generation of hot tap water. Substantial reductions of the emissions of harmful 

VOC:s have been achieved by this approach, see lecture notes on Energy and Environment. 
 

Combustion of wood fuels on large scale for process heat generation in industry, for 

generation of hot water to district heating systems or for co-generation of electricity and heat is 

also commercially well established. 

There are at least 80 district heating plants in Sweden that use biomass fuels. Ten of these co- 

generate electricity and heat, see map figure 19. 

Figure 20 shows a sketch of a district heating boiler plant using a boiler with inclined grate. 

 Economy 

The investment required for large biomass boiler plants is two to three times that for an 

oil fired plant with the same capacity. The overall economy is nevertheless favourable for biomass 

combustion in Sweden because of the higher price that must be paid per fuel energy unit for the  

oil, a consequence of the Swedish tax system. This issue will be discussed in a subsequent lecture. 
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Figure3 . Biomass fuelled district heating plants in Sweden Figure 4. 

Sketch of a biomass fuelled boiler plant 

 
 Environmental considerations 

Small biomass boilers that use air throttle control emit large amounts of VOC:s at low load. 

Otherwise biomass combustion is more environmentally benign than combustion of fossil fuels. 

The sulphur and metal contents in biomass are low and there is no net release of carbon dioxide. 

 Refinement of solid biomass fuels 

 Technological state of the art 

Most of the biomass fuel used in large scale combustion is in the form of wood chips with a 

moisture content in the range 40 – 50%. 

Drying and densification of the biomass fuels brings several advantages: 

− Cheaper transport per fuel energy unit 

− Storability
14

 

− Easier handling 

 

Three types of dry and homogenised biomass fuel is being produced in Sweden, namely: 

− Briquettes (cylinders about 60 mm, bulk density 500 – 600 kg/m
3
) 

− Pellets (cylinders about 10 mm, bulk density about 650 kg/m
3
) 

− Powder (size below 1 mm, bulk density about 250 kg/m
3
) 

There are at least 20 production facilities in Sweden. The raw material used is sawdust. 

Figure 21 illustrates the process for production of briquettes and pellets. 
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Figure5 . Densification of biomass fuels 

 
 Economy 

Drying, grinding and densification costs about 50 -70 SEK/MWh(fuel) 

 

 Environmental considerations 

There are no significant environmental impacts associated with production of dry, homogenised 

biofuels. 

 

 
 Gasification of solid biomass fuels 

 Technological state of the art 

Solid biomass fuels can be burnt in boilers but cannot be used as fuels for reciprocating 

internal combustion engines or gas turbines. One possibility to utilise biomass fuels in such 

applications is to convert the solid fuel to a combustible gas. A gaseous fuel can be an 

advantage also when the application is heat generation in a boiler, because combustion of a gas 

is easier to control than combustion of a solid fuel. 

At least three approaches for conversion of solid biomass to a combustible gas are being 

used: 

− Thermo-chemical conversion with air(gives a mixture of CO, H2, CH4; CO2, H2O 

and N2) 

− Thermo-chemical conversion with oxygen (gives a mixture of CO, H2, CH4; CO2 

and H2O) 

− Anaerobic digestion (gives a mixture of mainly CH4 and CO2) 

 
Thermo-chemical conversion with air is illustrated in figure 22. This is the “gengas” 

process used extensively in Sweden during the second World War for substitution of gasoline as 

engine fuel. This process gained considerable interest in developing countries immediately after 

the oil price increases in the 1970:s. The interest declined when oil prices fell again, but the 

process is still being considered as an interesting possibility for reduction of the dependence on 

imported oil. The applications would be small village power plants with capacities in the range 

50 - 150 kW. 
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Figure6 System for small scale gasification of biomass for operation of an engine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7. Combined cycle power plant with pressurised circulating fluidised bed gasifier 

 

 
 

Figure shows a process scheme for a recent application of air gasification of biomass. 

This is a pilot plant for co-generation of electricity and heat with acombined gas turbine and 

steam turbine process. The biomass is gasified in a pressurised fluidised bed. The hot 

pressurised gas is cleaned from dust and vapourised salts (in particular potassium compounds) 

and is used as fuel for the gas turbine. The hot exhaust gases from the gas turbine are used for 

generation of steam to a steam turbine. A pilot plant of this type with an electric power output 

of 6 MW has been built in Värnamo and was successfully operated before it was closed down 

for economic reasons. 
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Thermo-chemical conversion with pure oxygen gives a mixture of CO, H2, CH4; CO2 

that can be used for conversion to a synthesis gas that may be used for instance for 

production of methanol, see section 5.7. 

Anaerobic digestion is particularly suitable for utilisation of very wet biomass. Figure 24 

shows an example of a biogas digester used in developing countries. The product gas is a 

mixture of methane with carbon dioxide and some nitrogen. The same process is being 

used in Sweden for treatment of municipal waste water in some communities. 

 

 
Figure 8. Digester of Chinese type for biogas production 

 

Also solid municipal waste can be used as a feedstock for anaerobic fermentation. There 

are more than 70 waste deposits in Sweden that recover combustible gas from landfills. 

The process is illustrated in figure 25. The gas, consisting mainly of methane is used for 

combustion in a district heating boiler, for co-generation of electricity and heat using 

internal combustion engines or as transport fuel for buses. 
 

 



 

PGS (2018-19) 

   

 

 

 

 

 

 

 

 

 Economy 

The investment required for gasification and gas cleaning equipment used for operation of an 

engine or a gas turbine will be in the range of 1500 – 3000 SEK/kW(fuel). 

 

 Environmental considerations 

Gasification of the biomass fuel before combustion will normally lead to less emissions to the 

environment because of better possibilities to control combustion. 

The high content of CO in “gengas” leads to safety problems. Carbon monoxide is very 

poisonous. 

 

Production of liquid biomass fuels 

Technological state of the art 

For substitution of oil fuels in the transport sector, a liquid biomass fuel would be the most 

convenient. Use of a gasifier for solid fuel that is carried on the vehicle is certainly a possibility, 

but the operation is inconvenient and there are large risks associated with the use of a very 

poisonous fuel gas, containing about 20% CO. 

Figure 26 illustrates different routes for production of a liquid fuel from solid biomass. 

Ethanol can be produced relatively simply by fermentation of sugar rich crops. Starch and 

cellulose must be converted to fermentable sugars before fermentation. The emphasis in the 

Swedish research today is on use of softwood as feedstock. The conversion effciency to ethanol 

is then about 20%. 

Cellulosic material can also be used for production of methanol. This requires 

gasification of the biomass with oxygen followed by a synthesis step. The conversion 

efficiency from wood to methanol will be about 55%. 

Another approach for conversion of solid biomass to a liquid fuel is extremely rapid 

heating to a temperature of about 700
o
C. This will lead to a liquid, similar to tar that can 

be used as a boiler fuel and might be possible to convert to synthetic diesel oil. There has 
been a lot of research on this but so far without much success. 

 

Oil rich crops may be used to produce a diesel oil substitute for instance RME. 
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Figure 9. Routes for production of liquid fuels from biomass 

 
Table 11. Biofuels for the transport sector 

 

Fuel 

Production process 

Wood gas 

Gas generated in gas producer 

carried on the vehicle 

Almost no use in Sweden today 

 
Ethanol 

Produced by fermen-tation of 

sugars. 
Wood needs pre-treatment. 
Swedish production 
50 000 m

3
/y (wheat) 

13 000 m
3
/y (wood) 

Also import. 
Methanol 

Produced from synthesis gas. 

Large scale required for 

economy. 

Not used in Sweden today 

RME 
Produced by reaction between 
rape seed oil and methanol 

About 5000 m
3 

used in Sweden 

Synfuels 

Produced from synthesis gas. 

Large scale required for 

economy. 

No use in Sweden today 

Substitution of gasoline 

 
100% substitution 

2,3 kg dry wood/ltr 

Poisonous gas 

Cumbersome 

More maintenance 
5% blend no modifications 

 

85% blend in engines with 
modified fuel system. Cold start 
problems at 100% 

 

 
 

Similar as for ethanol 

 

 

 

 

 

 

 

 
100% substitution 

Similar properties 

Substitution of diesel fuel 

 
90% substitution 

2,3 kg dry wood/ltr 

Poisonous gas 

Cumbersome 

More maintenance 
10% blend successfully tested 

 

100% requires ignition 
improving additive (PEG) 
Conversion to SI better option 

 

 
 

100% requires ignition 
improving additive (PEG) 
Conversion to SI better option 

 
 

2-5 % blend in diesel, no 
problems 

 

100% substitution 

problems under cold conditions 

100% substitution 
 

Similar properties 
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Economy 

The cost for production of liquid fuel from solid biomass is 350 – 1000 SEK/MWh(fuel). This can 

be compared to the import cost (without taxes) of oil fuels that are in the range 250 – 350 

SEK/MWh(fuel) 

 

Environmental considerations 

Use of liquid biomass fuel generally leads to less emissions than use of the oil fuels that are 

substituted. 

 

Possible future 

Continued expansion of the use of biomass fuels all over the world is expected. The potential is 

large and most of the technologies required are commercially available. 

The main obstacle at present is the higher costs of the biofuels compared to the competing fossil 

fuels. 

 

GEOTHERMAL ENERGY 
 

Geothermal energy is energy from the earth. It lies deep within the Earth. The respective available 

annual energy globally is 996,000 PJ/year [12]. Since 99% of our planet is hotter than 1000
0
C, it 

should be a pervasive renewable energy source. However, the problem is to access to this source. 

The technology of drilling  is  an important  part of utilizing geothermal energy.  Fig.  3.1 illustrates 

the cut away view of the Earth’s composition. 
 

 

 

 

 

(a) 
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Fig. 3.1 a) Schematic of the structure of the Earth b) Distance details. c) Utilization. 
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Much of the geothermal energy is inaccessible because of its great depths, but along the plate 

boundaries, geothermal activity is close enough to the surface to be accessible. The active geothermal 

zones are the zones with the most earthquake activity. 

Example 3.1 Calculate the geothermal power potential of a site that covers 50 km
2 

with a thermal crust 

of 2 km, where the temperature gradient is 240
0
C. At this depth the specific heat of rock is  determined 

to be 2.5 J/cm
3
-
0
C, and the mean surface temperature is measured at 15

0
C. 

Heat content: 
 

Qh=50 x 2 x 10
15 

x (240-15) x 2.5= 5.625 x 10
19 

J 

 
Assuming that the only 2 percent of the available thermal energy of the geothermal mass could be used 
to provide power for electricity generation, how many years would it take to produce 1000 MW/yr of 
power? 

 

Total capacity to generate this power is 1000/0.02 = 50,000MW/yr 50,000 

x 10
6 

(W) x 3.15 x 10
7
(s/yr) = 1.58 x 10

18 
J/yr 

Lifetime production = 5.625 x 10
19 

/ 1.58 x 10
18 

= 35 years 

 
Geothermal resources are characterized by their thermal and compositional characteristics: 

i-Hydrothermal or geohydrothermal, 

ii-Geopressurized, 

iii-Magma, 

iv-Enhanced geothermal systems (hot, dry rock) 

 
i- Hydrothermal resources are the most limited category among the four classes. However they are easiest 

to harvest. In hydrothermal resources, water is heated and/or evaporated by direct contact with hot porous 

rock. The porous or permeable rock is bounded with rock of low permeability. Water trickles through the 

porous rock and is heated (and perhaps evaporated) and discharged to the surface. Hydrothermal systems 

producing steam are called vapor dominated, and if they produce mixture of hot water and steam they are 

called liquid dominated. 

ii- Geopressurized resources include sediment-filled reservoirs and hot water confined under pressures. The 

fluid temperature range is 150-180
0
C. The pressure value is up to 600 bars. In many of these systems the 

fluid contains methane up to 100,000 ppm. This is why the fluid is called “geothermal brine” and it is 

highly corrosive. 
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iii- Magma or molten rock is under active volcanoes at accessible depths. Temperatures excess 650 
0
C. 

iv- Hot dry rock (HDR) has the temperature in the excess of 200
0
C. However, as the name implies, contain 

little amount of liquid. The method for harvesting this resource is to send the water under the rock and 

reject the heat. This method is also called EGS (enhanced geothermal system). 

Table 3.1 gives the estimates for the geothermal resource in the World. Table 3.2 lists the results of a recent 

study [13] related to Turkey’s geothermal source. 

Table 3.1 Geothermal resource estimate [4] (1 quad = 10
15

Btu) 
 

 

 Geothermal Power Production 
 

38 years after the invention of the electric power generator by Werner von Siemens and 22 years after 

the start of the first power station by Thomas A. Edison in New York in1882, geothermal power production 

was invented by Prince P. G. Conti in Lardarello, Italy in 1904. 

Geothermal power production in Tuscany has continued since then and amounted to 128 MW 

of installed electrical power in 1942 and to about 790 MW in 2003. In 1958, a small geothermal power 

plant began operating in New Zealand, in 1959 another in Mexico, and in 1960 commercial production of 

geothermal power began in the USA within the Geysers Field in California [14]. 

Today, geothermal power production is economic viable only when high temperatures are 

found at relatively shallow depth. In regions with a normal or a slightly above normal geothermal gradient 

of about 3 K / 100 m, one has to drill more than 5,000 m deep in order to achieve temperatures above 150 

°C. Such deep wells are expensive and there is a high risk of failure. For this reason under economic 

considerations geothermal power production is mainly restricted to geothermal fields with extremely high 

temperature gradients and high heat flows. 
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Fig.3.2 Vapor dominated hydrothermal 
system. 

 

 

 

 

 Hydrothermal ( geo-hydrothermal) sources 
 

Fig. 3.2 illustrates the schematic of a vapor dominated geo-hydrothermal system. 

 
 

Fig. 3.3 T-s diagram for the vapor dominated hydrothermal system. 

 

 Geopressurized sources 

 

These resources may have pressures up to 1000 bar and temperatures between 150-180
0
C. They 

are  2000-9000  m  in  depth.  They  have  high  content  of  dissolved  methane  and  dissolved  solids 

typically30-80  ft
3
/barrel (approximately  16%).  These  brine  solutions  are  corrosive  and  difficult to 

handle. Technical problems and high costs have precluded only pilot studies. A major enhanced 

geopressure electrical generating project has been initiated in US the first stage of the project calls for 

developing a total of 200 geopressurized wells in the States of Mississippi and Texas. The project is 

expected to ultimately generate base load electrical power of at least 400 megawatts. Total capital cost 

is estimated to be $280 million [18]. 
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 Magma 

Magma is the molten rock, under the volcanoes (temperature exceeding 650
0
C). Methods for harvesting 

magma are speculative only. In case of reaching this source magma pools also would produce hydrogen 

because at 600
0
C iron oxide reacts with water and produce hydrogen: 

 

2FeO+H2O→2FeO1.5+H2 (3.2) 

 
Although the potential is great, magma based plants are years away (See www. Magma-power.com). 

 
 Enhanced geothermal systems (EGS) 

 
These systems involve injecting water into the source and circulating it through the dry rocks. 

Because of the low thermal conductivity of the rocks large surface areas are necessary. The rocks can 

be fractured by sending pressurized water (at 200 atm. for example). An example of such an 

application is present in (Fig. 3.14). 

 

http://www/
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 Direct Use of Geothermal Energy (Ground Source Heat 

Pumps) 

The heat pump is a "device which absorbs heat at a certain specific temperature (cold side) and 

releases it again at a higher temperature level (warm side) after adding drive work”. 

 

Hence a heat pump can withdraw thermal energy from a heat source at a low temperature level 

(e.g. ambient air). 

A few meters below the surface, the ground temperature remains nearly constant. Using the 

ground as a heat source/sink allows improved performance over a heat pump using the  

atmosphere as heat source/sink (conventional heat pumps). 

Conventional heat pumps possess COP values of around 3, while GSHPs (geothermal source heat 

pumps) have COP values approaching 4. However, GSHP systems cost twice that the conventional 

heat pump systems [15]. 

The general configuration of a GSHP has been shown in Fig. 3.15. 
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The heat exchanger transfers energy between the compressor refrigerant and the ground 

via a circulating pump in the ground loop. The utilization of the ground as a heat 

source/sink is in several ways as shown in Fig. 3.16. 

 

 
(a) (b) 

 

Basic principles and features 

Geothermal energy can be available as dry steam, boiling water (with steam) as hot water 

or brine or as dry hot rock. 

When steam can be tapped from the geothermal source, it might be used directly in a 

steam turbine. The superheating is small and mainly caused by throttling of the steam. In case 

boiling water or hot water is tapped, the pressure is reduced and steam that can be flashed off is 

used for power generation. An indirect system where the hot water or brine is used to raise 

steam in a heat exchanger can also be used. In particular when the water is highly corrosive, this 

solution can be the only practicable. 

 

Table 12.. Engineering data for some commercial geothermal power plants 

 
 Larderello Wairakei Geysers Ahuachapan Cerro Prieto 

Country Italy New Zealand USA El Salvador Mexico 

Start year 1904 1957 1960 1975 1972 

Capacity MW(el) 440 180 908 60 150 

Steam temp 
o
C 140 – 190 260 172 - 240 250 167 

Steam pressure bar 7 – 40 12 6,5 – 7,5 14,6 5 

Type of source dry steam wet steam dry steam dry steam hot water 

Well depth m < 1000 171-1220 1200-3000  1100-1400 

 

Hot water at lower temperatures may be used for district heating either directly, or if the 

temperature is below about 70 – 90
o
C, after increasing the temperature by means of a heat 

pump. 
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Heat pumps installations that use water at about 20
o
C collected at a depth of several hundred 

meters are operated in Lund (47 MW) and Klintehamn (1 MW) 

Sustainable potential 

On a global level, the sustainable potential for geothermal energy that can be utilised at 

competitive cost is not large. Geothermal energy can however be very important locally. A good 

example is Iceland where 50% of the primary energy supply and 87% of the heating of 

buildings is based on geothermal energy. 
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Type of Load 
   Domestic Load 

   Industrial Load 

UNIT-V 

ECONOMIC ASPECTS OF POWER GENERATION 

 Commercial Load 

 Municipal Load 

 Traction Load 

 Irrigation Load 

 

Important Terms 
 

 

Demand Factor 

= Maximum Demand / Connected Load 

 

Connected Load: sum of continuous ratings of all outlets in a distribution circuit 

Maximum Demand: maximum power that the distribution circuit is likely to draw at any time 

 

 

Group Diversity Factor 

= Sum of individual maximum demands / Maximum demand of the group 

 
 

GDF is always greater than unity 

 

 
Peak Diversity Factor 

=sum of maximum demand of a consumer group / demand of the consumer group at the time of 

maximum demand 

 
 

Load Factor 

=Average Load / Peak Load 

 

 
Capacity Factor 

= Average Demand / Installed Capacity 

 

 
Utilization Factor 

= Maximum Load / Rated Plant Capacity 
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Figure 2: Load Duration Curve 

 

 

 

Load Curve: 

It is the curve between load (MW) versus time. 

 
Load Duration Curve: 

It is the rearrangement of all the load elements of a load curve in a descending order plotted as a 

function of time. 

 
 

Energy Load Curve: 

It plots the cumulative integration of area under the load curve. 

 

 
Mass Curve 

It gives the total energy used by the load up to each hour of the day. 
 

 

 
Figure 1: Load Curve 
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Figure 3: Domestic Load (DF=0.5) 

 
 

 
Figure 4: Industrial Load (DF=0.8) 

 

 

 
Figure 5: Commercial Load 
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Operating Reserves 

How much generating capacity should be committed and how much should be left for future 

expansion? 

In electricity networks, the “operating reserve” is the generating capacity available to system 

operator within a short interval of time to meet the changing demand or in case a generator is 

out of service. 

 
Table 1: Operating Reserves 

 

Spinning Reserve Non-spinning Reserve 

(Hot Reserves) (Cold Reserves) 

It is the extra generating capacity that is It is the reserve which can be brought ONLINE 

available by increasing the power output of the after a short delay. It also includes imported 

generator that are already connected to power power. 

system.  

In other words, it is the unloaded generation In other words, cold reserve is the reserve 

i.e. synchronized and ready to serve the generating capacity that is available for service 

additional demand. but not in operation. 

 

Tariffs 
 

 

Objectives 

• Capital recovery 

• Operational cost of distribution utility Cost of metering, billing and collection 

• Simple and comprehensible to general public Uniform for a large population 

 

Spot Pricing 

It is the half hour price of whole sale electricity market. 

• The spot price is published by the pricing manager for each point of connection on the 

national grid. 

• The electricity market uses spot electricity prices for each trading period to schedule 

available generation so that the lowest cost generation is dispatched first 

Availability based Tariff 

It is a frequency based pricing mechanism for electric power. The ABT falls under electricity 

market mechanisms to charge and regulate power to achieve short term and long term network 
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stability as well as incentives and disincentives to grid participants against interruption in committed 

supplies. 

National Grid 

Table 2: Grids in India 
 

 
From 2006, all the northern grids connected to form central grid 

Since 2013, the southern and central grid unified, but not fully. 

 

 


