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Preface

This book is quite suitable for degree and diploma engineering
students of many Universities and for A M.LE. (Sec. B). The book
has been revised and brought up-to-date to suit the requirements
of the students. More problems have been solved on steam power
plant and hydro-power plant. The overall objective is to present
the subject matter in more simple language. Objective type problems
have been added to make the subject matter more clear.

Although carefully prepared and reviewed the book may con-
tain some errors. The author will be thankful to the readers for
bringing them to his notice. Suggestions for improvement of the
book shall be gratefully received and appreciated. .

The author is thankful to Sh. Romesh Chander Khanna for his
most co-operative and painstaking attitude for bringing out this
edition in a very short time. -

—G.R. NAGPAL



Contents

Chapter £ Pages
1. Sources of Energy 1—-52
1.1. Power B |
1.2. Sources of Energy 3
1.2.1. Conventional and Non-Conventional -
Sources of Energy 2.8
1.3. Fuels ...8
1.3.1. Solid Fuels .8
1.4. Calorific Value of Fuels w9
1.5. To Calculate Approximate Flue Gas Loss ...10
1.6. Types of Coal 24 1 ' ...10
1.7. Liquid Fuels R |
1.7.1. Oil Properties .14
1.8. Advantages of Liquid Fuels over Solid Fuels ...14
1.9. Gaseous Fuels L..14
1.10. Advantages of Gaseous Fuels over Solid Fuels el D
1.10.1. Composition of Liquid Fuels .15
1.11. Comparison of Sources of Power ...16
1.12. Sources of Energy in India %17
1.12.1. Conservation of Energy ' ...26
1.13. Combustion of Fuels ...28
1.14. Products of Combustion S
1.15. Combustion Chemistry ...29
1.16. Combustion of Gaseous Fuels g A 33 |
1.17. Weight of Air Required for Complete Combustion
of Fuel ...32
1.18. Coal Selection ...33
1.18.1. Ranking and grading of coal ...33
1.19. Composition of Solid Fuels = N ...34
1:19.1. Ash ) .35
1.19.2. Volatile Matter .38
1.20. Weight of Excess Air Supplied .35
1.21. Requirements of Fuel ...37
1.22. Principal Stages of Combustion s
1.23. Complete Combustion ...38
1.24. Incomplete Combustion © 138
1.24.1. Weight of Carbon in Flue Gases ...38
1.24.2. Weight of Fuel Gas per kg of Fuel Burnt -..39
1.25. Conditions for Proper Burning (combustion) of Fuel ...39
1.26. Temperature of Fuel Combustion ...40

Problems - ...50



(viii)

2. Power Plant Economics 53—139
2.1. Power Plant D3
2.2. Types of Power Plants 54
2.3. Requirement of Plant Design o7
2.4. Useful Life of a Power Plant .5
2.5. Comparison of Public Supply and Private

Generating Plant D0
2.6. Prediction of Future Loads 156
2.7. Terms and Definitions % |
2.8. Power Plant-Capacity ...62
2.8.1. Feasibility of Electric Power Plant ...63
2.9. Principles of Power Plant Design ...63
2.10. Economic Load Sharing between Base Load and
Peak Load Power Stations .64
2.11. Type of Loads ...65
2.12. Typical Load Curves ...65
2.13. Cost of Electrical Energy ...66
2.14. Enrergy Rates (Tariffs) ...69
2.14.1. Types of Tariffs ...69
2.15. Economics in Plant Selection .12
2.16. Economic of Power Generation .74
2.17. Plant Performance and Operation Characteristics 3:-16
2.18. Economic Load Sharing add
2.19. Condition for Maximum Efficiency .79
2.20. Choice of Power Station ... 80
2.21. Effect of Variable Load on Power Plant Operation
and Design .82
Problems 135

3. Steam Power Plant 140—315
3.0. Introduction ...140
3.1. Essentials of Steam Power Pla. “quipment ...140

3.1.1. Power Station Design ...142
3.1.2. Characteristics of Steam Power Plant ...142
3.2. Coal Handling 143
3.2.1. Dewatering of Coal ...149
3.3. Fuel Burning Furnaces ...149
3.3.1. Types of Furnaces ...149
3.4. Method of Fuel Firing ...150
3.4.1. Hand Firing ...150
3.4.2. Mechanical Firing (Strokers) ...153
3.4.3. Types of Stokers ...154
3.5. Automatic Boiler Control ...158
3.6. Pulverised Coal ...159
3.6.1. Ball mill ...160



3.7.
3.8.

3.9.
3.10.

3.11.
3.12.

3.13.

3.14,
3.15.
3.16.
3.16.
3.16.
3.17.
3.18.

3.19.

3.20.
3.21.
3.22.
3.23.
3.24.
3.25.
3.26.
3.27,
3.28.
3.29.

3.30.

(ix)
3.6.2. Ball and race mill
3.6.3. Shaft Mill
Pulverised Coal Firing
Pulverised Coal Burners
3.8.1. Cyclone Fired Boilers
Water Walls
Ash Disposal
3.10.1. Ash Handling Equipment
Smoke and Dust Removal
Types of Dust Collectors
3.12.1. Fly Ash Scrubber
3.12.2. Fluidised Bed Combustion (FBC)
3.12.3.Types of FBC Systems
Draught
3.13.1. Comparisons of Forced and Induced
Draughts
3.13.2. Draught Measurement
Chimney i
Calculation of Chimney Height
Methods of Burning Fuel 0il:
(@) Fuel Oil and Gas Handling
(b) Gas Burners
Slag Removal
Economiser
3.18.1. Soot Blower
3.18.2. Air Preheater

3.18.3. Heat Transfer in Economiser and Air

Preheater
Super Heater
3.19.1. Sugden Superheater
Advantages of Super-heated Steam
Super-heat Control
Feed Water Treatment
Methods of Feed Water Treatmenti
To Determine Blow Down
pH Value of Water
Analysis of Water
Feed Water Heaters
Steam Condensers
Types of Steam Condensers
3.29.1. Surface Condensers
3.29.2. Jet Condensers
3.29.3. Types of Jet Condensers
Condenser Cooling Water Supply
3.30.1. River or Sea
3.30.2. Cooling Ponds

...16:
...16¢
...16¢
...16¢
...16¢
...16¢
b 51T
1T,
and T
LT
..18(
...18
+.:18%
...182

185
..18¢
..18¢
..18¢
..19¢
..19¢
...20(
...20C
..201
...203
...203

...204
..205
...209
...209
...209
...210
...212
«..217

..218
...218
...219
...220
...220
220
L272
..224
...225
...226
..226



3.31.
3.32.
3.33.
3.34.
3.35.
3.36.
3.37.
457,
3.38.
3.39.
3.40.
3.41.
3.42.
3.43.
3.44.
3.45.

1.46.
.47,

1.48.

}.49

3.50.
3.50.
3.50.
3.51.
3.51.
3.51.
3.52.
3.53.
3.54.
3.55.
3.56.

3.57.
3.58.
3.59.

3.60.
3.61.
3.62.

(x)

3.30.3. Cooling Towers

Maintenance of Cooling Towers
Condenser Efficiency

Vacuum Efficiency

Condenser Pressure

To Calculate the Weight of Cooling Water
Selection of a Condenser

Sources of Air in a Condenser

(a) Effects of Air Leakage

Air Extraction Pump

Condenser Auxiliaries

Condenser Performance

Steam Separator

Steam Trap

Steam Turbines 4
Advantages of Steam Turbine Over Steam Engine
Steam Turbine Capacity

3.45.1. Nominal Rating

3.45.2. Capability

Steam Turbine Governing

Steam Turbine Performance’

3.47.1. Steam Turbine Testing
3.47.2. Choice of Steam Turbine
Steam Turbine Generators

3.48.1. Steam Turbine Specifications
Boilers

T-nes of Boiler

(a) Babcock and Wilcox Boiler

(b) Cochran Boiler

Lancashire Boiler

(a) Scotch marine bqiler

(b) Cornish Boiler

Boiler Mountings and Accessories
Flue Gas and Water Flow

Causes of Heat Loss in Boilers
Thermal Efficiency of Boiler

Boiler Performance

3.56.1. Selection of Fuel for Boiler
3.56.2. Equivalent Evaporation
Boiler Trial

Boiler Maintenance

Control and Measuring Instruments
3.59.1. Soot Blowers

Circulation of Water in Boilers
Feed Water Regulators

High Pressure Boiler

3.62.1 Unique Features of High Pressure Boilers

..227
...230
...230
231
28y
..232
...234
..234
..234
...235
...235
..236
..236
..238
..239
..241
..242
...242
..242
..243
244
...245
...245
...246
..246
...246
...248
..251
..251
...252
..253
...255
...255
...255
...256
...256
...257
..257
...258
...258
...259
...260
...260
...260
..261
..262
..262



(xi)

3.62.2 Advantage ...263
3.63. Types of High Pressure Boilers ...263
3.63.1. (a) Advantages of High Pressure Boilers ...265
3.63.2. Selection of Boiler - ...266
3.64. Modern Trends in Generating Steam ...266
3.65. Gas Fired Boilers ...267
3.65.1. Selection of boiler (steam generator) ...267
3.66. Piping System ...268
3.67. Types of Piping System ...268
3.68. Size and Strength of Pipe ...268
3.69. Insulation ...269
3.70. Material for Pi, ...269
8.71. Expansion Bends ...270
3.72. Pipe Fittings ..270
3.78. Pipe Joints ..271
3.74. Valves ' 272
3.75. Principles of Steam Power Plant Design ...273
3.76. Factors Affecting Steam Plant Design 273
3.77. Site Selection 155274
3.77.1.Controls at Steam Power Plant -.274
3.77.2. Feed Water Control - .275
3.78. Industrial Steam Turbines oD
3.79. Overall Thermal Efficiency 279
3.80. Heat Flow, ...278
3.81. Cost of Steam Power Plant ...280
3.82. Heat Balance Sheet for Boiler -.#281
3.83. Useful Life of Components ...284
y 3.83.1. Power Plant Pumps ...285
3.84. Plant Layout ...285
3.85. Terms and Definitions ...286
3.86. Modern Steam Power Station ...287
3.87. Ways of Increasing Thermal Efficiency of a Steam
Power Plant ...288
3.88. Indian Boiler Act ..290
3.89. Thermal Power Stations in India ...293
3.90. Super Thermal Power Stations : 293
3.90. (a) Singraulj Super Thermal Power Plant i ...294
3.91. Korba Super Thermal Power Station ...294
3.92. Thermal Power Plants Environmental Control ...294
3.93. Commissioning of Plants ...296
Problems ...312
i. Diesel Engine Power Plant 316—355
4.0. Introduction . ...316
4.1. Classification of Internal Combustion (1.C.)
Engines ...318
4.2. Four Stroke Diesel Engine -.321

3S



(xii)

4.3. Two-stroke Diesel Engine ...322
4.4. Application of Internal Combustion Engines ...324
4.5. 1.C. Engine Terminology ..324
4.6. Engine Performance . w328
4.7. Heat Balance Sheet ...326
4.8. Diesel Engine Power Plant Auxiliaries ...331
4.9. Internal Combustion Engine Cooling Methods ...332
4.9.1. Cooling Methods ...333
4.10. Lubrication ...337
4.11. Engine Starting Methods ...338
4.12. Starting Procedure ...339
4.12.1. Stopping the Engine ...339
4.13. Starting Aids ...339
4.13.1. Warming up of Diesel Engine ...340
4.14. 1.C. Engine Fuel ...340
4.15. Fuel Supply ...340
- 4.16. Diesel Engine Fuel Injectlon System ...341
4.17. Fuel Injection Nozzle ...343
4.18. Filter and Silencer Installation ...343
4.19. Advantages of Diesel Engine Power Plant ...344
4.20. Site Selection ...345
4.21. Layout ...345
4.22. Applications of Diesel Engine Plants ...346
4.23. Cost of Diesel Power Plant ...346
4.24. Testing Diesel Power Plant Performance ...346
4.25. Log Sheet ...348
4.2€. Advantages of 1.C. Engine Over Steam Engine ...348
4.27. Plant Maintenance ...348
4.28. Specific Fuel Consumption ...349
4.29. Comparison of a Diesel Engineé and Petrol Engine ...349
4.30. Supercharging ...349
4.31. Advantages of Supercharging ...350
4.32. Factors Affecting Engine Performance ..3561
4.33. Combustion Phenomenon in C.I. Engines ...351
4.34. Comparison of Gas Turbine with Reciprocating I.C.
Engine & ...3561
Problems ...354
5. Nuclear Power Plant 356—397
5.1. Nuclear Energy ...356
5.2. Chain Reaction ...3568
5.3. Fertile Material ...359
5.4. Unit of Radioactivity (Curie) ...359
5.5. Parts of a Nuclear Reactor ...361
5.5.1. Nuclear Fuel .:361
5.5.2. Moderator ...363



5.6.
5.7,
5.8.

5.9.
5.10.
5.11.
5.12.
5.13.
5.14.
5.15.
5.16.
5.17.

5.18.
5.19.

5.20.
5.21.
5.22.
5.23.
5.24.
5.25.

5.26.
5.27.
5.28.
5.29.

5.30.
'5.31.
5.32.
5.33.
5.34.
5.35.
5.36.

(xiti)
5.56.3. Moderating Ratio
5.5.4. Control Rods
5.5.5. Reflector
5.5.6. Reactor Vessel
5.5.7. Biological Shielding
5.5.7. (a) Coolant
5.5.8. Coolant Cycles
5.5.9. Reactor Core "
Conservation Ratio .
Neutron Flux
Classification of Reactions
5.8.1. Design of Nuclear Reactor
Main Component of a Nuclear Power Plant
Boiling Water Reactor (B.W.R.)
Pressurised Water Reactor (P.W.R.)
Sodium Graphite Reactor (S.G.R.)
Fast Breeder Reactor (F.B.R.)
Coolants for Fast Breeder Reactors
Waste Disposal
Homogeneous Reactor
Heat Exchanger
5.17.1. Candu Reactor
Gas Cooled Reactor
5.18.1. Objectives of R and D in Nuclear Energy
Breeding ;
5.19.1. Electron Volt (eV)
Thermal Neutrons
Fast Neutrons
Burn up
Cost of Nuclear Power Plant
Nuclear Power Station in India
Light Water Reactors (LWR) and
Heavy Water Reactors (HWR)
Importance of Heavy Water
Advantages of Nuclear Power Plant
Site Selection’.
Comparison of Nuclear Power Plant and Steam
Power Plant : :
Multiplication Factor
Uranium Enrichment
Power of a Nuclear Reactor
Reactor Power Control
Nuclear Power Plant Economics
Safety Measures for Nuclear Power Plants
Site Selection and Commissioning Procedure
Problems

...363
...364
...365
...365
...365
...365
...366
...366
...367

... 367

..367
...368
...368
...369
...369
..370
...371
372

..372
. ..373

...374
..374
310
...375
...376
..376
377
..377
A 1 iy |
377
...378

...383
...383
...384
...385

...386
~386 .
...387
...389
...391
...391
...392

..393

...396



(xiv)

6. Hydro-Electric Power Plant .398—498
6.1. Water Power ...398
6.2. Application of Hydro Power Plant ...400
6.3. Essential Feature or Elements of Hydro Electric

Power Plant © o ..400
6.3.1. Types of Dam . ...402
6.4. Selection of Site for a Dam ...406
6.5. To Calculate Penstock Thickness ...407
6.5.1. Number of Penstocks ...407
6.5.2. Anchor Blocks for Penstocks ...408
6.5.3. Penstock Joints ...408
6.6. Layout of Hydro Power Plant ...410
6.7. Classification of Hydro-electric Power Plants ..411
6.8. Advantages of Hydro-electric Power Plant ...415
6.9. Mini and Micro HydroPower Plants ...416
6.10. Draft Tube ...417
6.10.1. Types of Draft Tubes ...417
6.11. Surge Tanks ..418
6.12. Safety Measures in Hydro Power Station ...419
6.13. Hydraulic Turbines 7 ...420
6.13.1. Classification ...420
6.13.1. (a) Based on action of water on moving
blades il
6.13.2. Direction of flow of water .44,
6.13.3. Position of shaft ...426
6.13.4. Head of Water ...426
6.13.5. Classification based on speed ...426
6.13.5. (@) Head on turbine .. ...427
6.13.6. Classification based on specific speed ...427
6.14. Choice of Turbines, ...427
6.15. Comparison of Pelton Wheel and Francis Turbine ...428
6.16. Turbine Governing ...429
6.17. Performance of Water Turbine ...430
6.18. Efficiency ' ...435
6.18.1. Volumetric efficiency ...435
6.18.2. Hydraulic efficiency . ...435
6.18.3. Mechanical efficiency ...435
6.18.4. Overall efficiency (n) ; ...436
6.19. Coupling of Turbine and Generator ...-436
6.19.1. Speed and Pressure Regulation ...437
6.19.2. Power Generated ...437
6.20. Synchronous Speed .. 437
6.21. Cavitation ...437
6.22. Operating Characteristics ...439

6.23. Efficiency Load Curves ...439



6.24,
6.25.

6.26.
6.27.
6.28,
6.29.
6.30.
" 6.31.
6.32.
6.33.
6.34.
6.35.
6.36.
6.37.

6.38.

6.39.
6.40.
6.41.
6.42.
6.43.
6.43.

6.44.

6.45.
6.46.
6.47.
6.48.
6.49.
6.50.

6.51.

(xv)

Site Selection

Comparison of Hydro Electric Power Plant and
Steam Power Plant

6.25.1. Cost of Hydro Power
Hydro_Steam Inter-connected System
Tunnels

Flumes

Spillway and Gates in Dams

Gates

Types of Valves

Average Life of Various Components
Hydraulic Accumulator

Cost of Hydroelectric Power Plant
Hydrology

“Hydrologic Cycle

Hydrograph 4

6.37.1. Flow Duration Curve

Mass Curve

6.38.1. Unit Hydrograph

6.38.2. Factors affecting Run-off

6.38.3. Run-off Estimation

6.38.4. Flood Run-off

Controls in Hydro-Electric_ Plants

Surveys Neéeded for Hydro-power Plants

Control Room Functions f

Mechanical Equipment

Switchgear

(a) Hydro Power Plant in India

6.43.1. Hydro Power in India

6.43.2. Preventive Maintenance of Hydro Electric
Power Plant i

6.43.3. Electrical and Mechanical Equipment

6.43.4. Hydel-Thermal Mix

Economic Loading of Hydro-Power Plants

power plant
6.44.2. Pump storage plant in combination with
steam power plant
Power House Planning
Surface Power Plants :
Under Ground Power Plants
Components of Underground Power Plant
Types of Underground Power Plants
Largest Underground Power Plant (Napthna
Jhakhri Hydel Power Project) :
Advantages and Dis-advantages of Underground

...440°

..441
...442
...444
...446
...446
...446
...448
...449
451
...451
...452
...452
...452
...453
...453
...454
...454
:..4585
...456
...457
...458
...459
...460
...460
..461
...466
...466

...468

...469

...470
...471

6.44.1. Run-of-river plant in combination with steam . -

... 472

.. 472
...485
...486.
...487
...487
...488

...488



(xvi)

Power Plant ...48¢
Problems ' ...495
7. Gas Turbine Power Plant 499—525
7.0. Introduction ...499
7.0. (a) Classification of Gas Turbine Plants ...499
7.1. Elements of a Simple Gas Turbine Plants ...500
7.2. Terms and Definitions ...002
7.3. Engine Efficiency or Turbine Efficiency ...003
7.4. Starting of Gas Turbine Power Plant ...504
7.5. Fuels ...504
7.5.1. Qualities of Fuel ...504
7.6. Comparison of Kerosene Oil and Gasoline ...505
7.7.. Air Fuel Ratio ...505
7.8. Gas Turbine Cycles ...505
7.8.1. Open Cycle ...505
7.8.2. Refinement of Simple Open Cycle ...506
7.8.3. Closed Cycle ...508
7.9. Some Other Possible Arrangements ...508
7.10: Semi-closed Cycle Gas Turbine 510
7.11. Compressors ! ...510
7.12. Air Rate ’ ...511
7.12.1. Factors Affecting Air-rate ..011
7.13. Free Piston Gas Generators Turbine System ..512
7.14. Advantages of Closed Cycle Gas Turbines ...513
7.15. Advantages of Open Cycle & ...514
7.16. Relative Thermal Efficiency at Part Load ...515
7.17. Jet Propulsion ...515
7.18. Specific Thrust ...516
7.19. Applications of Gas Turbine ...516
7.20. Advantages of Gas Turbine Power Plant ...516
7.21. Layout 5 by |
7.22. Advantages of Gas Turbine over Steam Turbine ...518
7.23. Gas Turbine Cycle Efficiency ...518
7.24. Effect of Blade Friction ...520
7.25. Improvement in Open Cycle 521
7.26. Combined Working of Gas Turbine Plant and
Steam Power Plant ...523
7.27. Gas Turbine Power Plants in India ...b23
Problems ...524
8. Instrumentation 526—53¢8
8.0. Introduction ...526
8.1. Classification of Instruments - ...526
8.2. Measurement of Pressure ..528
.2, Temperature Measurements: -

( -

/7



(xvee)

S.4. Flow Measurement ...029%
8.5 Fuel Measurement ...530
8:6. Speed Measurement «.230
8.7. Level Indicators ..630
8.8. Gas Analysis ...531
8.9. Calorinicters Fuel and Steam Meters 2531
8.10. Selection of Instruments --.031
8.11. Electrical Instruments ++:032
8.12. Instrumentation and Controls in Steam Power
Stations «H32
8.13. Instruments and Controls Arrangement D33
8.14 Orsat Apparatus ~0534
8.15. Oxygen Meter ..534
8.16. Impurity Measuring Instruments ...535
8.17. Measurements of Smoke and Dust ...536
8.17.1. Photo cell-type smoke meters WLty
8.17.2. Reflected Light dust recorder W i
Problems ' .:037
9. Miscellaneous Problems - 539—566
9.1. Magneto-hydro Dynamic (MHD) Generator 5099
9.2. Fuel Cell : ..541
9.3. The Indian Electricity Act 1910 ...542
9.4. Indian Electricity Rules, 1956 ...b45
9.5. Energy Cycles ...547
9.5.1. Carnot Cycle ...548
9.5.2. Rankine Cycle ...b48
9.5.3. Reheat Cycle ...549
9.5.4. Regenerative Cycle ...550
9.5.5. Binary Vapour Cycle 051
9.5.6. Reheat-regenerative Cycle D52
9.6. Installation of Power Plant ...555
9.7. Bio-Gas ...558
9.7.1. Biogas Manure Plant ...661
9.8. Combined Working of Different types of Power
Plants ...062
9.9. Economy of operation ...064
9.10. Efficiency of Power Plants ...565
Problems ...566
10. Major Electrical Equipment in Power Plant 567—595
10.1. Introduction ...B67
10.2. Generator ...567
10.3. Exciter ...068
10.4. Generator Constants ...569
10.5. Generator Cooling Methods ...569

-2



(xvire)

10.5.1. Parallel Running of Alternators .70
10.6. Power Transformers ..570
10.7. Reactors D T2
10.8. Location of Reactors B2
10.9. Circuit-Breakers ..543
10.10. Earthing of a Power System ...575
10.11. Layout of Electrical Equipment ...076
10.12. Protective Devices for a Power Plant ...578
10.13. Characteristics of Relays .78
10.14. Types of Relays D0
10.15. Voltages Regulation of Transmission Lines ...h80
10.16. Transmission of Electric Power ...581
10.16.1. Transmission Lines ...5b85
10.17. Systems of Electrical Energy Transmission ...087
10.18. AC Power Distribution ...b88
10.19. Practical Working Voltage ...b89
10.20. Over-head and Under Ground Power Transmission
Systems ...b89
10.21. Conductors ...59%0
10.21.1. Disposition of Conductors 090
10.22. Electric Power System Stability L. B9}
10.23. Control Room ~.H91
10.24. Layout of Power System 502
10.25. Factors Affecting Power Generation and
Distribution 1593
Problems ..594
11. Non-Conventional Sources of Energy 596—631
11.0. Introduction ...5b96
11.1. Solar Energy +.597
11.2. Solar Radiation Meagurement 14.599
11.3. Solar Censtant .-099
11.4. Solar Energy Collectors D99
11.5. Flat Plate Collectors ...600
11.6. Concentrating Collector ...601
11.7. Line Focusing Collectors ...601
11.8. Point Focusing Collector ...602
11.9. Advantages and Disadvantages of Concentrating
Collectors ...602
11.10. Solar Thermal Power Generation ...603
11.11. Low Temperature Thermal Power Generation ...603
11.12. Tower Concept Type Solar Power Plant ...604
11.13. Photovoltaic (PV) Cells or Solar Cells ...605
11.14. Solar Pumping ...606
11.15. Wind-Energy. ...607
11.16. Wind Mills ...608



(xix)

11.16.1. Basic Components of a Wind Energy

Conversion System (WECS) 2611,
11.17. Site Selection for Wind Mil] Units ...613
11.17.1. Performance of Wind Machines ...613
11.18. Biomass ..614
11.19. Biomass Gasification .».615
11.20. Tidal Power ...615
11.20.1. Tidal Power Plants ...616
11.21. Classification ...616
11.22. Advantages and Disadvantages of Tidal Power ...617
11.22.1. Regulation of Tidal Power Supply ...618
11.23. Biogas ...618
11.24. Classification of Bio-gas Plants ...618
11.24.1. Factors affecting Bio-digestion or
Generation of Gas ..619
11.24.2. Thermionic Generation ...620
11.24.3. Thermionic Converter ...620
11.25. Types of MHD Generators 1621
11.25.1. Open cycle generator ...622
11.25.2. Closed cycle systems ...622
11.25.3. Advantages of MHD System ...623
11.25.4. Combination of MHD power plant and
steam power plant ...623
11.26. Fuel Cell ...624
11.27. Thermo-Electrie Power ...624
11.28. Thermo-electric Power Generator ...625
11.29. Thermo-electric Materials : ...626
11.30. Methods for Maintaining Biogas Production ...629
Problems _ ...630
12. Environment Pollution and its Control 632—648
12.1. Introduction ...632
12.2. Steam Power Plant Pollutants’ ...633
12.3. Control of Pollutants ...635
12.4. Control of Particulate Matter ...636
12.5. Control of SO, ...637
12.5.1. Wet Scrubber ...638
12.5.2. Catalytic Oxidation ...639
12.5.3. Magnesium Oxide Secrubbing ...639
12.6. Control of NO, ...640
12.7. Control of Waste Waters from Steam Power Plant ...641
12.8. Pollutants from Nuclear Power Plants their Effects
and Control ..§42
12.9. Nnise Pollution and Noise Control ...644
12.10. Standardisations for Environmental Pollution ...644
12.11. Thermal Pollution ...644

¥ i3



(xx)

12.12. Cleaning of Ventilation Air at Atomic Power
Stations ...645
12.£3. Fuel economy in furnaces of boilers ...646
Problems _ ...648
13. Direct Energy Conversion Systems 649—670
13.1. Introduction ...649
13.2. Thermo-electric Conversion System ...649
13.3. Performance Analysis of Thermo-clectric Power
Generator ...651
13.4: Thermo electric Materials ...652
13.5. Analysis of Thermionic Generator ...653
13.6. Electro-gas Dynamic Generator (EGD) ...654
13.7. Power Output of MHD Generator ...655
13.8. Materials for MHD Generator ...659
13.9. Electrode Materials ...660
13.10. Materials for Channel ..661
13.11. Batteries : ..661
13.12. Division of batteries ...661
13.13. Battery Principle ...661
13.14. Types of batteries ‘ ...662
13.15. Battery Equivalent Circuit Models ...662
13.16. Types of Battery Arrangements ...663
13.17. Power of Battery ...664
13.17.1. Energy efficiency (1) of battery ...664
13.17.2. Cycle life of battery ...664
13.18. Principal and analysis of H,, O, (Hydrogen-Oxygen)
fuel cell ...664
13.19. Types ; ...666
13.20. Applications LT ...666
13.21. Output ...666
Problems:. : : ...670
14. Objective Type Questions ) 671—700
APPENDIX A—CONVERSION TABLES ..701-702

APPENDIX B—PROPERTIES OF DRY

SATURATED STEAM ...703-707



Introduction

The global energy crisis has attracted the attention of the de-
veloping and developed countries to explore and find out new means
of energy sources to meet this ever-increasing demand of the man-
kind as the conventional main sources of energy viz., coal and oil
would exhaust after certain period of time. Electrical energy is an
important index of a country’s economic and technological progress.
In India the installed power capacity has been increased by more
than 13 times during the last 30 years. i.e. from 2,300 to 31,000
MW in 1980. The power demand has also gone up steeply. 1f we
analyse this load growth, two factors will con:¢ out more promi-
nently apart from others.

* Growth of industries.

* Increase in domestic load due to new and extensive urban
residential area and vertical growth in existing area with
increased and intensive use of electrical gadgets.

The acceleration of the process of industrialisation and urbani-
sation following the determined effort of the developing countries
like India to improve their economic well-being has inevitably lead
to larger and larger demands for energy. The central problem, there-
fore, is how a country like India can ensure adequate supplies of
energy of fuel, its economic growth into global environment of scar-
city of desired fuels and high costs.

In our country the main sources of energy are fossil fuels, hydel,
and nuclear power even though solar energy, wind power and tidal
power offer hopeful technelogical opportunities.

Coal will remain as main source of energy for several decades
to some. While discovery of more oil and gas is not ruled out, the
question is what production level can he reached and for how long
can it be sustained. A large untapped hydro-potential exists in our
country. It is found that total hydro-potential could be equivalent
to 75,400 MW at 60% load factor of which about 10% to 12% has
been exploited so far. Hydro power being a renewable source-of
energy must receive a high priority in our energy development pro-
gramme.

The use of bio-gas for lighting and irrigation opens up new pos-
sibilities for self-contained rural communities. In the long run over
energy economy would have to be built arourn: land-based biomass
fuels and the plentiful sunshine which we receive virtually through-
out the year. If we succeed in tapping solar energy on the muassive
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scale for lift irrigation purposes we may indeed achieve a break
through in our rural economy by successful utilising our coal, oil,
gas uranium and hydro are commonly called conventional energy
sources.

World over the trend has been towards utilising the existing
resources like hydle and coal and at the same time developing nu-
clear power generation capabilities. Developed countries have taken
a long term view of their power needs and have gone in for a judi-
cious mix of these sources.

The various sources of power generation should be used to match
particular circumstances and needs. Nuclear power is a clean source
of energy and hazards can be minimised. Dams have longer life
than thermal power plants. While the demand for electrical power
is on the rise, the over all known resources of petroleum are on the
decline. It is therefore imperative that the consumption of petro-
leum products in the field of power generation, transmission and
distribution is conserved to the maximum extent.

In India, the present petroleum may not last long. Alternative
sources of energy must therefore be found out so far the known
sources of unconventional energy are nuclear fusion, solar energy,
geo-thermal energy, wind power, tidal wave energy and biogas tech-
nical. In a tropical country with abundant solar energy. If we suc-
ceed in tapping solar energy on a massive scale for lift irrigation
purposes, we may indeed achieve a break-through in our rural
economy by successfully utilising our under-ground water resources.
All efforts should be made to conserve conventional sources and to
develop non-conventional sources of energy.

In our country industrial sector consumes the maximum elec-

‘rical power about 52% of the total power. Next of industrial sector
is the transport sector.

In our country the installed capacity was nearly 2300 MW in
1950 and will be about 65000 MW by 1991. Power sector proposes
to induct an additional capacity of about 38000 MW during eighth
five year plan which will need an investment of about Rs. 128000
crores. This is a very huge amount and therefore all efforts should
be made to conserve energy. There is a need to make best use of
our present capacity. Plants load factor must be increased. Eiforts
should be made to reduce transmission and distribution losses. We
must also look into alternative sources of energy like solar, bio-
mass, photovqltalc energy and micro-hydel projects.

In our country the per capita energy production is very low.
For example the per capita annual average production of electricity
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during 1986-88 in UK was 5300 KWH, France 6300 KWH, Ger-
many 6800 KWH as against that India’s generation was only 260
KWH. The peak power demand by the end of the ninth plan (2001-
02) will be 104000 MW. This would require an installed capacity of
about 170000 MW. As such about 100000 MW of additional gener-
ating capacity would need to be installed during the decade 1992-
2002.

Emphasis needs to be given to

* tappingof hydel power. Hydro-thermal mix has already de-
clined from the desirable 40:60 ratio to 27 : 73. Therefore it
is desired that private investors should be offered hydel
projects in preference to coal, gas-based thermal power
plants and uneconomical diesel and naptha-based power
stations. )

* expansion of power plant program already entrusted to the
central power corporations and state electricity boards.

¢ tap new and renewable sources of energy. The energy from
the sun, wind and Biomass and alleviate the pressure on
traditional sources that have been considerably depleted.
Economical means to harvegt such new cnergy sources need
to be developed.



