
CONTENTS 

Preface xi 

1 ENERGY CONSUMPTION, CONSERVATION, 
AND RESOURCES 1 

1.1 Historical Patterns 2 
1.2 Potential for Energy Savings 6 
1.3 Alternative Energy Sources 13 
1.4 Summary 18 

References 18 

2 ENERGY AUDITS A N D  ENERGY 
CONSERVATION 20 

2.1 Introduction: The Energy Audit Concept 20 
2.2 Elements o f  Energy Audits 21 
2.3 Presentation of  Energy Audit Results 43 
2.4 Conclusions 47 

References 47 
Problems 47 

3 ECONOMIC ANALYSIS 49 

3.1 Economic Investment Analysis 49 
3.2 Utility Rate Structures 70 

v 

http://d-nb.info/880489634

http://d-nb.info/880489634


v i  CONTENTS 

3.3 Summary 81 
Glossary 81 
References 82 
Problems 82 

4 MANAGEMENT A N D  ORGANIZATION 
OF ENERGY CONSERVATION PROGRAMS 86 

4.1 The Human Aspect of  Energy Conservation 86 
4.2 Elements of  an Energy Management Program 88 
4.3 Organization o f  Energy Conservation Programs 105 
4.4 Summary 110 

References 110 

5 ANALYSIS OF THERMAL-FLUID SYSTEMS 112 

5.1 Thermodynamics 112 
5.2 Heat Transfer 137 
5.3 Fluid Mechanics 146 
5.4 Summary 154 

Nomenclature 154 
References 157 
Problems 157 

6 ENERGY CONSERVATION IN COMBUSTION 
SYSTEMS 164 

6.1 Introduction 164 
6.2 Boiler and Heater Performance 165 
6.3 Principles o f  Combustion Analysis 170 
6.4 Combustion Constants 175 
6.5 Fuels and Their Properties 181 
6.6 Combustion System Efficiency Calculations 193 
6.7 Testing Combustion Equipment Efficiency 212 
6.8 Efficiency Improvement of  Combustion Systems 219 
6.9 Conclusion 239 

References 240 
Problems 240 

7 ENERGY CONSERVATION IN STEAM 
A N D  CONDENSATE SYSTEMS 242 

7.1 Introduction 242 
7.2 Thermal Properties of  Steam 245 
7.3 Estimating Steam Usage and Its Value 255 
7.4 Steam Traps and Their Application 267 
7.5 Condensate Recovery 282 



CONTENTS vii 

7.6 Summary 296 
References 296 
Problems 297 

8 HEAT EXCHANGERS 300 

8.1 Classification of Heat Exchangers 301 
8.2 The NTU-e Design Method 316 
8.3 Fouling 319 
8.4 Heat Transfer Augmentation 323 
8.5 Summary 332 

Nomenclature 333 
References 334 
Problems 335 

9 HEAT RECOVERY 338 

9.1 Constraints on Heat Recoveiy 339 
9.2 Waste Heat Classification 347 
9.3 Practical Limitations on Heat Recovery 349 
9.4 Waste Heat Surveys 358 
9.5 Heat Recovery Equipment 362 
9.6 Energy Cascade Systems 381 
9.7 Summary 382 

References 382 
Problems 383 

10 INDUSTRIAL INSULATION 387 

10.1 Physics of  Thermal Insulation 387 
10.2 Properties and Characteristics of  Insulation 392 
10.3 Insulation Selection 396 
10.4 Economical Thickness of  Insulation 403 
10.5 Summary 408 

Glossary 409 
References 409 
Problems 410 

11 ENERGY CONSERVATION IN INDUSTRIAL 
BUILDINGS 413 

11.1 Energy Loads in Buildings 414 
11.2 Reduction in Plant Energy Usage 417 
11.3 Lighting 425 
11.4 Compressed Air 433 
11.5 Summary 437 

References 438 
Problems 439 



vi i i  CONTENTS 

12 INDUSTRIAL COGENERATION 442 

12.1 Introduction: The Cogeneration Concept 442 
12.2 Cogeneration Alternatives 445 
12.3 Technical and Economic Evaluation of  Cogeneration Systems 453 
12.4 Other Considerations in Cogeneration 468 
12.5 Conclusion 469 

References 469 

13 POWER CIRCUITS A N D  ELECTRICAL 
MACHINERY 471 

13.1 Introduction 471 
13.2 Fundamental Characteristics of  Power Circuits 471 
13.3 AC Circuit Analysis 476 
13.4 Power in AC Circuits 481 
13.5 Three-Phase Circuits 487 
13.6 Power Circuit Components and Energy Conversion Devices 493 

Nomenclature 513 
References 514 
Problems 514 

14 ELECTRICAL ENERGY CONSERVATION 516 

14.1 Sources of Losses 516 
14.2 Variable-Speed Drives 530 
14.3 Demand Control 534 

Nomenclature 540 
References 541 
Problems 541 

15 INDUSTRIAL ENERGY USE PROFILES 544 

15.1 Introduction 544 
15.2 The Foods Industry 546 
15.3 Primary Metals 552 
15.4 The Paper Industry 561 
15.5 The Chemicals Industry 569 
15.6 Petroleum Refining 571 
15.7 The Cement Industry 584 
15.8 Summary 591 

References 591 

APPENDIXES 
A Some Conversion Factors 593 
B Thermodynamic Properties 597 
C Thermochemical Properties 622 



CONTENTS 

D Thermophysical Properties o f  Solids 
E Thermophysical Properties of  Saturated Liquids 
F Thermophysical Properties of Gases 
G Radiative Properties 
H Electrical Characteristics and Properties 
I Standard Pipe and Tubing Sizes 

Index 


