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PREFACE

Environmental concerns today profoundly influence all aspects of modern engi-
neering design and practice. Yet, most colleges and universities have been slow at
integrating environmental considerations into the fabric of engineering curricula.
Although elective courses and degree programs in environmental engineering can
be found at many engineering schools, students who do not major in environmental
engineering often receive little or no exposure to environmental issues relevant to
their profession. At the same time, concern for the environment has been recently
highlighted by the Accrediting Board for Engineering and Technology (ABET), and
by major U.S. technical societies, as part of the basic ethical responsibility of all
engineers.

This text was designed to introduce environmental issues and problem-solving
methods to engineering students in all disciplines, primarily at the freshman and
sophomore levels. Many of the chapters also have been used successfully in upper-
division courses, especially for students with little or no prior background in envi-
ronmental studies.

The book uses a case study approach to environmental education, drawing on
basic science and engineering principles to assess a particular problem, and to
design solutions that reduce or eliminate environmental impacts. The case studies
thus demonstrate how environmental considerations can be an integral part of good
engineering practice. Through applications in different disciplinary domains, stu-
dents develop and apply the fundamental skills and insights needed to recognize and
address a variety of environmental problems. They also gain an appreciation of the
interdisciplinary nature of environmental issues and solutions. This case study
approach has proved an effective method of introducing environmental subjects in
pilot applications at Carnegie Mellon University.

The pedagogical emphasis of this book is on principles of green design and pol-
lution prevention. Thus, the primary thrust is on ways to avoid creating environ-
mental problems in the first place. In many applications, of course, the design and
analysis of waste treatment and remediation processes are still very important, and
examples of such technologies are also presented. Nonetheless, we believe the green
design perspective best reflects the future direction of the environmental field, and
of engineering education in general. Although there are limitations on how far this
approach can be developed in an introductory textbook, there are substantial oppor-
tunities even at the freshman and sophomore levels for students to apply their tech-
nical skills to solve environmental problems through improved design. Detailed
illustrative examples are included throughout the text to assist students toward this
end, along with a set of homework problems at the end of each chapter. More
advanced students can be challenged by supplemental projects and assignments that
are more open-ended, and that emphasize engineering judgment and the integration
of disciplinary knowledge to address particular problems.
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Organization and Use of This Book

The text is organized into four parts. Part 1 includes a brief introductory chapter that
lays out the relationships between the things engineers do and their environmental
consequences. Environmental impacts are seen to arise from both the design and the
deployment of technology. The selection of materials, the design of products and
manufacturing processes, and the use of energy in its various forms, are identified as
areas where engineers play a key role in influencing environmental outcomes. A life
cycle perspective and the principles of industrial ecology and sustainable develop-
ment are also introduced to lay the groundwork for elaboration in later chapters.

The second chapter gives an overview of current environmental issues, includ-
ing problems related to atmospheric emissions, water pollution, solid wastes, resource
depletion, land use, and ecological impacts. This chapter motivates the need for
cleaner technologies and better methods to understand and address environmental
concerns. Its coverage is broad, but its primary emphasis is on problems and issues
most relevant to engineering design, analysis, and practice. This chapter provides the
principal background material for the subsequent chapters. Relevant sections of
Chapter 2 can be discussed in class, or assigned to students as background reading
on selected topics.

Part 2 of the book is a set of case studies focused on the environmental design
of technology. Each chapter begins with an overview of the technology, its societal
benefits, and its environmental concerns. For example, Chapter 3, “Automobiles and
the Environment,” discusses the problems of automotive emissions, energy use,
materials consumption, and the disposal of used cars. Science and engineering fun-
damentals are then introduced and used to explore in greater detail the engineering
design variables that can alter environmental outcomes. Armed with these insights,
students can propose and analyze alternative technology designs that reduce or elim-
inate environmental problems. The choice of case studies in Part 2 reflects a spectrum
of major environmental concerns, as well as a variety of disciplinary approaches to
environmental problem solving. Part 2 concludes with a chapter on life cycle assess-
ments that illustrates how different technologies are linked from an environmental
perspective. This chapter reinforces an industrial ecology perspective by looking
beyond the immediate boundaries of an engineering design problem to consider over-
all environmental impacts, including upstream and downstream processes.

The case studies in Part 3 focus on environmental modeling. Again, science and
engineering fundamentals are employed to understand and predict how various types
of pollutants (such as air emissions from power plants, wastewater discharges from
manufacturing processes, or CFCs from household refrigerators) are transported and
transformed in the environment. The understanding and insights obtained in each
case are applied to identify strategies that engineers and society can adopt to control
adverse environmental effects. The topics chosen for Part 3 span a range of local,
regional, and global environmental concerns involving all environmental media (air,
water, and land). Greater emphasis is given to regional and global issues—such as
urban air pollution, bioaccumulative chemicals, and global warming—that are likely
to dominate the environmental agenda in coming decades.
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Finally, Part 4 addresses selected topics in environmental policy analysis. These
topics include engineering economics, cost-benefit analysis, risk assessment, deci-
sion analysis, and environmental forecasting. Most engineering students are not usu-
ally exposed to these topics, although some universities, like Carnegie Mellon, do
incorporate policy-related studies as an option for undergraduate engineering and
science students. These subjects are especially important in the context of environ-
mental issues, which are seldom purely technical. Accordingly, the topics introduced
in Part 4 provide the basic tools needed to extend the technical analyses of Parts 2
and 3 to also consider the costs, risks, and benefits of environmental control strate-
gies and policy options. Chapter 15, “Environmental Forecasting,” also includes
introductory treatments of population dynamics, economic development, and tech-
nological change as they relate to future environmental quality. Some instructors
may wish to introduce one or more of these topics at the outset in order to motivate
environmental discussions.

Following the first two chapters, students and instructors should feel free to visit
the remaining topics of this book in whatever order they desire. Each chapter was
designed as a stand-alone module, relying mainly on Chapter 2 for a background dis-
cussion of the environmental concerns and impacts of the topic at hand. Although all
of the technology design cases in Part 2 are also related to topics in environmental
modeling (Part 3) and policy analysis (Part 4), instructors may wish to select (or vary)
the subjects presented. The range of topics covered is sufficiently broad to support an
introductory course tailored to the particular needs and interests of faculty and stu-
dents. Thus a selection of chapters from Parts 2, 3, and 4 can be combined to explore
certain topics in depth, or the introductory sections of a chapter can be used to obtain
a brief overview of the subject. A more detailed guide for instructors is available that
includes further suggestions on the use of this text.

xvii
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