SI EDITION

SUSTAINABLE EN HGY

SECOND EDITION

RICHARD A. DUNLAP




S| EDITION

‘ SUSTAINABLE EN [HGY

i

Au

SECOND EDITION

stre

il e

Rlchard A. Dunlap

Dalhousie University

7+ CENGAGE

Brazil « Mexico « Singapore « United Kingdom « United States




-
Ld
1

B

+ CENGAGE

Sustainable Energy, Second Edition,
S| Edition

Richard A. Dunlap

Product Director, Global Engineering
Timothy L. Anderson

Senior Content Developer: Mona Zeftel

Product Assistant: Teresa Versaggl

Marketing Manager: Kristin Stine

Senior Content Project Manager
Michael Lepera

Senior Art Director: Michelle Kunkler

Cover and Internal Designer
Lou Ann Thesing

Cover Image: Richard A. Dunlap

Production Service: RPK Editorial Services,
Inc

Compositor: MPS Limited

Intellectual Property
Analyst: Christine Myaskovsky
Project Manager: Sarah Shainwald

Text and Image Permissions Researcher:
Kristiina Paul

Manufacturing Planner: Doug Wilke

Printed in the United States of America
Print Number: 01 Print Year: 2017

© 2019, 2015 Cengage Learning, Inc
Unless otherwise noted, all content 15 © Cengage

ALL RIGHTS RESERVED. No part of this work covered by the copyright
herein may be reproduced or distributed in any form or by any means,
except as permitted by U.S, copyright law, without the prior written
permission of the copyright owner.

| For product Information and technology assistance, contact us at
Cengage Customer & Sales Support, 1-800-354-9706.

For permission to use material from this text or product,
submit all requests online at www.cengage.com/permissions.
Further permissions questions can be emailed to
permissionrequest@cengage.com.

-

Library of Congress Control Number: 2017956525 0 (
404
ISBN: 978-1-337-55167-0
D9
Cengage
20 Channel Center Street 2/‘0 | ﬂ

Boston, MA 02210

o 00077834

Cengage Is a leading provider of customized learning solutions with
employees residing in nearly 40 different countries and sales in more
than 125 countries around the world. Find your local representative at
www.cengage.com.

Cengage products are represented in Canada by Nelson Education Ltd.

To learn more about Cengage platforms and services, visit
www.cengage.com.

To register or access your online learning solution or purchase materials
for your course, visit www.cengagebrain.com.

Bt il —

B



CONTENTS

Preface viii
Preface to the Sl Edition xvi
About the Author  xvii

PART |
Background 2
Chapter1  Energy Basics 4
1.1 Introduction 4
1.2 Work, Energy, and Power 5
1.3 Forms of Energy 6
1.4 Some Basic Thermodynamics 13
1.5 Heat Engines and Heat Pumps 16
1.6  Electricity Generation 19
Summary 27
Problems 27
Bibliography 29
Chapter2  Past, Present, and Future World
Energy Use 30
2.1 Introduction 30
22 Past and Present Energy Use 31
2.3 Exponential Growth 37
24 The Hubbert Model of Resource Utilization 43
25 Challenges for Sustainable Energy Development 46
Summary 67
Problems 67
Bibliography 69
PART Il
Fossil Fuels 70
Chapter3  Fossil Fuel Resources and Use 72
3.1 Introduction 72
32 oil 72
33 Refining 78
3.4 Natural Gas 82
35 Coal 84
iv

36 Overview of Fossil Fuel Resources 87
3.7 Enhanced Oil Recovery 99
38 Oil Shale 9
39 Extra-Heavy Oil and Tar Sands 103
310 Coal Liquefaction and Gasification 106
Summary 109
Problems 110
Bibliography 112
Chapter4 Environmental Consequences
of Fossil Fuel Use 113
4.1 Introduction 113
42 Thermal Pollution 113
43 Chemical and Particulate Matter Pollution 115
44 The Greenhouse Effect 127
45 Climate Change 131
46 Carbon Sequestration 142
4.7 International Climate Change Initiatives 145
Summary 150
Problems 151
Bibliography 153
PART Il1I
Nuclear Energy 156
Chapter5 Some Basic Nuclear Physics 158
5.1 Introduction 158
5.2 The Structure of the Nucleus 158
53 Binding Energy 161
5.4 Nuclear Decays 163
55 Nuclear Reactions 168
Summary 169
Problems 170
Bibliography 172
Chapter6 Energy from Nuclear Fission 173
6.1 Introduction 173
6.2 The Fission of Uranium 174
6.3 Nuclear Reactor Design 177



I Gl S Al

6.4 Fission Reactor Control 183
6.5 Types of Thermal Neutron Reactors 184
6.6 Current Use of Fission Energy 191
6.7 Uranium Resources 197
6.8 Nuclear Safety 200
6.9 Risk Assessment 210
6.10 Waste Disposal 216
6.11 Advanced Reactor Design 221
6.12 Fast Breeder Reactors 223
Summary 230
Problems 232
Bibliography 234
Chapter7  Energy from Nuclear Fusion 236
7.1 Introduction 236
1.2 Fusion Energy 237
7.3 Magnetic Confinement Reactors 240
7.4 Inertial Confinement Reactors 244
1.5 Progress Toward a Fusion Reactor 248
Summary 255
Problems 255
Bibliography 257
PART IV
Renewable Energy 258
Chapter8 Direct Use of Solar Energy 260
8.1 Introduction 260
8.2 Properties of Sunlight 261
8.3 Heat Transfer 263
8.4 Solar Collector Design 270
8.5 Residential Heating Needs 275
8.6 Heat Storage 282
8.7 Passive Solar Heating 284
8.8 Transpired Solar Collectors 286
Summary 290
Problems 290
Bibliography 293
Chapter9  Electricity from Solar Energy 294
9.1 Introduction 294
9.2 Solar Electric Generation 294

Contents

9.3 Photovoltaic Devices
9.4 Application of Photovoltaic Devices
95 Global Use of Photovoltaics
Summary
Problems
Bibliography

Chapter 10 Wind Energy
10.1 Introduction
10.2 Wind Turbine Design
10.3 Obtaining Energy from the Wind
104 Applications of Wind Power
Summary
Problems
Bibliography

Chapter 11 Hydroelectric Energy

11.1 Introduction

11.2 Energy from Water

11.3 Turbine Design

11.4 High Head Systems

11.5 Low Head and Run-of-the-River Systems
11.6 Utilization of Hydroelectric Power

11.7 Environmental Consequences
of Hydroelectric Energy

Summary
Problems
Bibliography

Chapter 12 Wave Energy
12.1 Introduction
12.2 Energy from Waves
12.3 Wave Power Devices
124 Wave Energy Resources
Summary
Problems
Bibliography

Chapter 13 Tidal Energy

13.1 Introduction

13.2 Energy from the Tides

13.3 Barrage Systems

134 Nonbarrage Tidal Power Systems

305
314
324
326
327
330

331
331
331
336
345
355
356
359

360
360
360
364
368
370
375

380
384
385
387

388
388
389
392
402
402
403
406

407
407
408
411
421




Vi Contents

Summary
Problems
Bibliography

Chapter 14 Ocean Thermal Energy
Conversion and Ocean
Salinity Gradient Energy
14.1 Introduction

14.2 Basic Principles of Ocean Thermal
Energy Conversion

143 OTEC System Design

14.4 Physics of the Operation of an
OTEC System

145 Implementation of OTEC Systems

146 Ocean Salinity Gradient Energy:
Basic Principles

14.7 Applications of Ocean Salinity
Gradient Energy

Summary
Problems
Bibliography

Chapter 15 Geothermal Energy
15.1 Introduction

15.2 Basics of Geothermal Energy
15.3 Direct Use of Geothermal Energy
154 Geothermal Electricity

15.5 Utilization of Geothermal Resources
and Environmental Consequences

Summary
Problems
Bibliography

Chapter 16 Biomass Energy
16.1 Introduction
16.2 Wood
16.3 Ethanol Production
16.4 Biodiesel
16.5 Biogas
16.6 Municipal Solid Waste
Summary
Problems
Bibliography

432
433
435

436
436

437
439

443
446

449

452
454
455
458

459
459
459
465
468

474
479
480
483

484
484
484
487
495
499
500
504
504
507

PART V

Energy Conservation, Energy
Storage, and Transportation

Chapter 17 Energy Conservation

171
172
173
174
175

17.6
1.7
17.8

Introduction

Approaches to Energy Conservation
Cogeneration

Smart Grid

Energy Conservation in the
Community—LED Streetlights

Home Heating and Cooling
Residential Lighting
Transportation

Summary

Problems

Bibliography

Chapter 18 Energy Storage

181
182
183
184
185

Introduction

Pumped Hydroelectric Power
Compressed Air Energy Storage
Flywheels

Superconducting Magnetic Energy
Storage (SMES)

Summary
Problems
Bibliography

Chapter 13 Battery Electric Vehicles (BEVs)

191
192
193
194
195

Introduction

Battery Types

BEV Requirements and Design
History of BEVs
Supercapacitors

Summary

Problems

Bibliography

Chapter 20 Hydrogen

20.1
202

Introduction
Properties of Hydrogen

508

510
510
511
518
523

524
530
548
553
565
566
569

570
570
571
575
578

582
587
588
592

593
593
594
597
605
614
617
618
620

621
621
622



203 Hydrogen Production Methods 623
204 Storage and Transportation of Hydrogen 627
205 Hydrogen Internal Combustion Vehicles 634
20.6 Fuel Cells 639
20.7 Fuel Cell Vehicles 643
208 Hydrogen: Present and Future 646
208 Efficiency of Different Transportation

Technologies 648

Summary 653

Problems 654

Bibliography 657
PART VI
The Future 658
Chapter 21 Future Prospects and Research

and Design Projects 660

21.1 Introduction 660
21.2 Approaches to Future Energy Production 661

Contents

21.3 Key Considerations
21.4 Overview of Future Energy Technologies
21.5 Efficient Energy Utilization
21.6 Conclusions
Bibliography

Appendices

Appendix |: Powers of Ten

Appendix II: Physical Constants

Appendix I1l: Miscellaneous Conversion Factors
Appendix IV: Energy Content of Fuels

Appendix V: The Elements

Appendix VI: Table of Acronyms

Index

vii

663
670
676
679
680

A-2
A-3
A-4

A-6
A-8

1-1




S| EDITION

NX\ ; "
,:\\T_'f‘ i

e FNERGY

i SECOND EDITION

= ST \f’i\
CENGAGE brain RIGHARD A-’ =

To register or access your online:learning solution or purchase \

materials for your course, visit www.cengagebrain.com. 7~ D U N L A P

ISBN-13: 978-1-337-55167-0
ISBN-10: 1-337-55167-8

2% CENGAGE ll "

| 4

9%781337%651670




