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Preface

textbook to aid in the understanding and application of green building design

concepts for the engineering and development community. It focuses on the U.S.
Green Building Council (USGBC) Leadership in Energy and Environmental Design®
(LEED) rating system as an example format for sustainable vertical construction and
has been updated in this second edition to version 3.0 (LEED 2009) through addenda
December 2, 2009.

Sustainability has many definitions. The definition that has been generally accepted
in the context of human beings building and living in a more “sustainable” world was
initially developed at the World Commission on Environment and Development
(WCED) in 1987. It is simply this: “Sustainable Development is development that meets
the needs of the present without compromising the ability of future generations to meet
their own needs.”

Sustainable Construction is a subset of sustainability, which focuses more on the
built environment, both during the construction phase and during the operational
life cycle of the facility. However, both sustainability and sustainable construction are
subject to interpretation and are very difficult to define. What may seem sustainable in
one culture or per one set of values, may not appear sustainable to another. Likewise,
the concepts that may be viewed as more important for sustainability by some people,
may not be as important to others.

A very common term used for a major focus area in sustainable construction is Green
Building. Green Building may not really represent true sustainable construction in some
people’s opinion, but it is an attempt to approach sustainability in a format that fits readily
into our current culture. It is a movement that tries to put some of the concepts of
sustainability into the construction or renovation of our buildings and facilities.

In like manner, even though this book has sustainable construction in its title, it by
no means represents a fully comprehensive method to construct sustainably. This book
is intended to be an introduction to some of the major concepts that are being accepted
in methodologies to introduce sustainability into construction practices in the United
States. It specifically covers the concepts that are currently being promoted by a rating
system developed by the USGBC. The system is entitled LEED and has grown out of
energy-saving efforts in the United States.

This book focuses more on the “Environmental” aspects of LEED. The “Energy”
aspects have been fairly well developed and might require another volume or two to
adequately explain in greater detail. In addition, this book expands on some of the

I [ The Engineering Guide to LEED—New Construction is intended as a reference or a
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environmental issues that are focused on in LEED and gives some direction into means
to accomplish the goals, or gives more detailed background information on the
environmental systems and impacts that many of the LEED subcategories are based on.
In this way, an engineer or other professional may better grasp the intent of the
proposed sustainability methods. A better understanding may result in better and more
comprehensive, or perhaps alternative designs to obtain the goals. This book is meant to
be a guide for all professionals working on sustainable construction in the United States.

The book is divided into three different types of sections. The first section, which
consists of Chap. 1, gives an introduction to both sustainable construction and the USGBC
LEED-New Construction rating system. The second section, Chaps. 2 through 7, goes
into detail on many of the prerequisites and credits used by the USGBC for certification
through its version 3 (LEED 2009) rating system for new construction and major
renovations. The last section, Chaps. 8, 9, and 10, consists of several distinct parts
broadening out from the specific rating system items with emphasis on application to
various sectors of particular interest to many groups, management, the military, and low-
impact development (LID). Chapter 8 includes the Minimum Program Requirements as
specified for a project to be eligible to register for LEED 2009, and gives some overviews
of construction management and organization for helping a green professional make a
sustainable construction project successful particularly if based on the LEED rating
system. Chapter 9 gives a view of how the Federal Government and one of its largest
departments, the Department of Defense (DoD), have evolved as major contributors to
the sustainable development movement in the United States. This chapter starts with a
broad overview of how the DoD is involved in the movement and gradually details it
down to the example of how the DoD is starting to address the improving of indoor air
quality. Chapter 10 gives a broad overview of how this rating system may effectively
intersect with another growing movement in the sustainable construction arena in the
United States, Low Impact Development (LID), which focuses on the outdoor impacts of
construction, particularly with respect to stormwater.

The Engineering Guide to LEED—New Construction can be used either as a textbook or a
reference book. The exercises in the chapters help to develop sustainable skills and
understanding for the students, while also allowing them to research the new principles
and guidances that may evolve after publication of the book. I hope that others find as great
a satisfaction and enjoyment in becoming more green as I have over the past few years.

Liv Haselbach
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CHAPTER 1
Introduction

1.1 Anv Il;trodﬁction to Sustainablé Development

There are many definitions of sustainability and sustainable development. What is sustainable
for one group may not be as sustainable for another. The most accepted worldwide
definition of sustainable development is “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs”
(Brundtland Commission, 1987). However, in an effort to address some of the sustainability
ideals and goals in the United States, a subset of sustainability referred to as sustainable
construction and its subcomponent called green building are emerging. They offer a look at
sustainability in terms of a smaller scope, such as typical building or construction in an
area of the developed world, and in the shorter term, perhaps the life of a building.

Sustainable construction is any construction, while green building focuses on
vertical construction. There is also a movement developing to address horizontal
construction (transportation and utility corridors). The horizontal construction
program related to roads in the United States is usually referred to as green highways,
although there are also publications that refer to some of the designs as sustainable
streets. The Green Highway Partnership is an organization which has the U.S.
Environmental Protection Agency (EPA) and the Federal Highway Administration
(FHWA) among its partners. This partnership began in the Washington, D.C., area
and is expanding nationally. The American Society of Civil Engineers (ASCE)
became a leader in this field in 2009 and 2010 with the establishment of committees
in both its Transportation and Development Institute (T&DI), and Environmental
and Water Resources Institute (EWRI) under the EWRI Low Impact Development
(LID) umbrella. The first T&DI/ ASCE Green Streets and Highways Conference was
scheduled for November 14-17, 2010, in Denver, CO. A Greenroads sustainability
performance metric rating system is also being developed at the University of
Washington. Another initiative relating mainly to the outdoors and horizontal
construction is the Sustainable Sites Initiative (SSI), which is a collaboration between
the American Society of Landscape Architects (ASLA), the Lady Bird Johnson
Wildflower Center (The Wildflower Center), and the United States Botanic Garden
(USBG) among others. More information can be found at their website: http://www.
sustainablesites.org/.

Sustainable construction is an international concern. Although this book focuses on
the process in the United States, great efforts have been made to develop sustainable
policies and practices throughout the world. The sustainable practices range from
procurement or supply chain practices through wastewater reuse practices in the
operational phases. Good solutions and practices for sustainable construction may not

1
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Chapter One

be the same in all areas of the world and for all societies. Therefore, the rating systems
developed and the techniques used will differ. Energy efficiency is a high priority in
many countries, particularly in countries with cold winters. There has been much
publication and research into improving energy efficiencies internationally both for
new construction and as retrofits in existing buildings.

By looking at the green building movement in the United States, it is obvious that
the green rating system as developed by the U.S. Green Building Council (USGBC)
has had wide acceptance to date and is becoming more widespread. This system is
referred to as LEED®, which stands for Leadership in Energy and Environmental
Design.” Since LEED grew out of energy program initiatives, it is already developed
in focus areas of both architects and mechanical engineers. Sometimes the construction
that focuses on energy efficiency and also water efficiency is referred to as high-
performance building.

Sustainable construction research and applications are still in their infancy. There is
a great need for research, education, and case studies from applications to further develop
a more sustainable future in development and construction. Even the definitions of
what s or what is not sustainable need to be researched and further evaluated. For instance,
certain people may believe that keeping as much as possible of the natural environment
pristine is one of the most important goals of sustainability, whereas others may believe
that an improved food supply for humans is more important. Thus, not only do the
principles behind sustainability differ from group to group, or may be in contrast or
seemingly incompatible with one another, but also the ranking or value judgments of
the importance of various impact factors of sustainability are very difficult to develop
and find consensus on.

To facilitate the further development and implementation of the green building
system in the United States, engineers and other professionals must be educated in the
rating systems used, and in the parameters and principles that have been established in
the use of these rating systems. The intention of the author is to develop a text that
educators can use to teach engineers and professionals about sustainable development,
particularly the LEED system. The emphasis is on the development of skills to facilitate
the use of this system, as well as guidance on potential additional research avenues to
further improve the green building movement, with stress on environmental aspects, as
future developments and needs arise.

The author likes to explain that a sustainable environmental goal will focus on both
how construction impacts the environment and how environmental decisions impact
development. It is a two-way road, and things must be looked at from both directions.
In addition, other impacts in the entire life cycle of the facilities or practices need to be
looked at. What may seem like an environmentally sound practice may in fact not turn
out quite that way when input into an anthropogenic world. Two examples which
follow are the sustainability of stormwater ponds and the use of certain additives in
gasoline.

A common form of stormwater management is the use of a retention or a detention
pond for storage and possibly infiltration of additional runoff caused by an increase in
paved or roofed areas. Therefore in an approved site plan set, a pond may be called for.
However, it has been shown that in many cases the specified ponds are not installed,
much less maintained to sustain a more manageable stormwater system. Why?

‘LEED is a registered trademark of the U.S. Green Building Council.
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The reasons are not known, but perhaps the contractor or owner does not understand
the environmental impact that the lack of a pond may cause, therefore, installation of
one may not seem important.

Then there is the use of MTBE (methyl-tertiary-butyl ether) as an additive in
gasoline to improve air quality, which was a common practice in the 1990s. It was
considered to be a sound environmental practice with respect to air issues. However,
there were some unexpected consequences. Traditionally in the United States, gasoline
is made at a refinery, is transported and distributed through a network of petroleum
facilities, and ends up at the retail outlet, the gasoline station. Gasoline is usually
stored in underground tanks, for many reasons including safety, at this end resale
site. Underground tanks are currently fairly well regulated and monitored in the
United States, but that was not always the case. In many sites, gasoline has leaked
into the ground, and the product sits on or in the groundwater. Most constituents in
gasoline are nonpolar organics which do not dissolve readily in polar water, but might
prefer to adsorb to organic material in the soil. So even though the groundwater may
slowly flow off-site, most of the gasoline contaminants remain closer to the site.
However, MTBE is an ether, and ethers are more polar than many gasoline constituents
such as benzene. Polar organics tend to be more soluble in water and may have a
greater tendency to travel with the groundwater gradient. Therefore, there are many
places where some gasoline leakage in the soils at a site did not initially cause an off-
site concern until the MTBE was added and moved more rapidly off-site. In this way
a practice that is an environmental benefit for one system may not be as sustainable
in another.

There are several other green rating systems for vertical construction in the United
States, but the LEED system and the alternative Green Globes system are by far the
most prominent. Green Globes is distributed by the Green Building Initiative (GBI) in
the United States and is based on a system developed in Europe and later also used in
Canada. The European version is referred to as the Building Research Establishment’s
Environmental Assessment Method (BREEAM). Another similar initiative is the California
Green Building Standards (CALGreen) Code, which was in draft form in 2010 and
scheduled to become effective on January 1, 2011. It has been developed by the California
Building Standards Commission. This text is based on the LEED system, but this in no
way implies that the other systems are not useful and viable. The LEED rating system was
chosen as the focus of this text as it is currently more widespread in the United States. It
also does not allow for a self-certification method, which makes it more restrictive and
possibly more difficult to complete, but at the same time may also give greater control
and consistency to green building.

The text has a heavy focus on some of the civil and environmental aspects of the
rating system, since the author is first targeting this engineering community. However,
it also addresses in some fashion other issues in the rating system. One of the reasons
for its being more all encompassing in the topics reviewed is to educate the civil and
environmental engineers about the other credits and criteria so that they can effectively
work with other disciplines in a cooperative fashion to better implement sustainable
construction practices. Other engineering and nonengineering disciplines have found
the text useful, including mechanical engineering, computer science, architecture, and
construction management, just to name a few.

There is a need for further involvement from the civil and environmental engineering
community in the development of the LEED rating system. The evaluation of best



