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INTRODUCTION

MY NET ZERO ENERGY JOURNEY

In my role as director of sustainability at RNL,

| have been very fortunate to be involved in a
world-changing architectural project. It is the
project that inspired the writing of Net Zero
Energy Design, and the project that sharply
focused the commercial building industry on the
goal of achieving net zero energy buildings. This
project has been profiled by and featured in
building industry conferences across the nation,
and covered by building industry media, as well
as national publications such as the Wall Street
Journal and the New York Times. Metropolis
magazine defined it as a game-changer for
2011, by taking net zero energy to scale. The

project | am referring to is the Department of
Energy’s (DOE) Research Support Facility (RSF)
at the National Renewable Energy Laboratory
(NREL), shown in Figure 1.1.

This project demonstrated not only that
net zero energy is viable for large-scale
commercial buildings, but that it also adds
unique value to them. Furthermore, the proj-
ect revealed the gaps in current conventional
building delivery processes, gaps we will need
to fill if we are to develop net zero energy
solutions. It is one aim of this book is to help
fill these gaps in our process—specifically, to
answer the question: How do we deliver a net
zero energy commercial building?

® FIGURE 1.1 DOE/NREL Research Support Facility. /mage courtesy of RNL; photograph by Frank Ooms.
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My involvement in the DOE/NREL Research
Support Facility project influenced me greatly;
and the “fingerprints” of this project can be
seen throughout this book, whether in specific
examples from the project or in the form of a
general influence on how the delivery process
must be retooled. | have been inspired by the
amazing results achieved by the project, espe-
cially by all the extraordinary individuals on
the delivery team who made them all happen.
That team included talented professionals from
RNL, Stantec, Haselden Construction, and a
host of capable and quality design consultants
and subcontractors. As you can imagine, hav-
ing the Department of Energy and the National
Renewable Energy Laboratory as a client pur-
suing net zero energy in a large office building
was a profound experience (see Figure 1.2).
NREL is a remarkable resource for low-energy
and net zero energy buildings, supporting
some of the best research and thinking in the
world. | have come to believe that NREL is one
of the nation’s best-kept secrets. In sharing the
story of this project with thousands of people
in the building industry, | was always surprised
by how many were unaware of NREL, one our
greatest energy resources. | am certain the
DOE/NREL Research Support Facility will do
remarkable work in advancing the mission of
DOE and NREL, and | sincerely hope that this
book will do its part to move our industry to
net zero energy.

HOW TO USE THIS BOOK

The purpose of Net Zero Energy Design is to
serve as a design and delivery guide for net
zero energy commercial buildings. What distin-
guishes this book from other sustainable design
guides is its singular focus on reaching net zero,
coupled with a dedication to the entire compre-
hensive process it takes to get there. Success
for a net zero energy building is rooted in the
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holistic process, from the conception of the proj-
ect to its ongoing operation. It's not just a design
problem; it's an entire delivery problem, one that
includes the building’s occupancy and opera-
tion. Therefore, this book is meant to advance
the most important aspects of each part of the
delivery process as it relates to achieving net
zero energy. Thus, because the focus is on the
entire delivery process, Net Zero Energy Design
is not intended to serve as a highly detailed
technical guide to specific issues within the
delivery process; there are many excellent books
and resources available that offer focused guid-
ance on the individual efforts needed to execute
the numerous individual net zero energy deci-
sions within the process.

Net zero energy buildings are challenging to
complete, and each project has unique issues
that must be wrestled with. This book does not
aspire to address all conditions and circum-
stances that a net zero energy building might
face. In this sense, then, the book is not an
instruction manual; it does not offer a process
that guarantees a net zero energy building. Nor
is the content of this book meant to replace the
expert judgment of design professionals. The
book is based on my personal project experi-
ence and my ongoing research into the net zero
energy process, supplemented by the valuable
contributions of my invited contributors, Shanti
Pless and David Okada, who share my driving
desire to advance a net zero energy building
practice. It is written from the point of view of
a practitioner, and meant to convey information
useful in practice.

Therefore, in it, | have made a conscious
effort to introduce tools and resources that | use
and am familiar with; | also attempt to set them
within the context of their implementation in
actual practice. | also mention several software
programs that have been valuable to me and, |
believe, might be useful to others. Such mention
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® FIGURE 1.2 DOE/NREL Research Support Facility. Image courtesy of RNL; photograph by Frank Ooms.
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is not, however, intended as an endorsement,
or meant to imply that there are not other appli-
cations available that satisfy the same need. |
also include content on software tools, though |
recognize that this information will be outdated
at some point in the near future—to be super-
seded, | hope, by more powerful and capable
programs than those currently available.

As an architect | have come to realize that
we in the profession have a unique role in
making net zero energy architecture possible;
we must assume a leadership role in order to
transform our industry and the built environ-
ment. Furthermore, as a profession, we have
some changes to make. Most important, we
need to take ownership of the energy design
problems inherent in our projects, rather than
relegating them to the engineers and energy
modelers. As such, though this book is tar-
geted in large part at architects, it is also
meant as a guide for all those involved in the
entire process of delivering a net zero energy
building. My goal is that the content will have
value for everyone in the building industry.

Thus, while focused primarily on the com-
mercial building sector, many of the ideas and
principles presented can be readily applied to
the residential sector as well.

And to ensure that the book has something
to offer those who are new to the field, as well
as those who have substantial experience,
| have intentionally provided key introduc-
tory concepts as primers for more detailed
understanding and project application, and to
assist new practitioners in expanding their net
zero energy knowledge base. The seasoned
practitioner will benefit from the perspective |
offer on the delivery process. For the reader’s
convenience, | have also compiled essential
resources for net zero energy building delivery,
to serve as an ongoing project reference.

The book is organized around the net zero
energy project delivery process, hence can be
used as a road map to help each practitioner
develop his or her own process. The chapters
address, in turn, each stage in the process, and
are generally sequential in terms of the overall
delivery process of a net zero energy project.

Chapter 1: Net Zero Energy Building Overview
Chapter 1 provides an overview of net zero energy buildings. It defines them, makes

the case for them, and discusses the current trends in the building industry.

Chapter 2: Project Conception and Delivery
Chapter 2 captures the owner’s perspective on net zero energy buildings and

explains how the net zero energy objective can be integrated into the early concep-
tion of a project. It also addresses the variety of delivery methods available in the
industry, and the impact they can have on this objective.

Chapter 3: Integrated Process
Chapter 3 presents the delivery team’s perspective on delivering a net zero energy

project and introduces the specific issues in the integrated process that can assist

in delivering the project.
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Chapter 4: Energy

Chapter 4 is a primer on energy concepts. Having a strong foundation on energy
principles is a prerequisite to designing and delivering a net zero energy project. This
chapter also focuses on the practical application of energy in the process, including
setting an energy target.

Chapter 5: Design Fundamentals

Chapter 5 describes the fundamental principles that need to be established and
understood before the design of a net zero energy project can begin. It offers a per-
spective on climate analysis and site assessment, and explains building geometry,
massing, and building typology, as related to the pursuit of net zero energy.

Chapter 6: Passive Architecture
Chapter 6 stipulates that net zero energy design starts with the architecture. It explores
the role passive design strategies play in reducing energy loads in a building.

Chapter 7: Energy-Efficient Building Systems
Chapter 7 offers guidance on how to efficiently meet the reduced loads of a passively
designed building with low-energy building systems.

Chapter 8: Renewable Energy
Chapter 8 introduces the various renewable energy systems available for a project and
explains how they can be integrated with the design of a net zero energy project.

Chapter 9: Economics

Chapter 9 takes a close look at the economics behind net zero energy buildings. The
focus is on understanding and analyzing energy efficiency and renewable energy
systems.

Chapter 10: Operations and Occupancy

Chapter 10 tackles one of the most important aspects of a net zero energy building:

its operation and use. Because a net zero energy building is measured in actual opera-
tion, thoughtful consideration of this factor is critical. This chapter works to bridge the
gap between design intent and the realities of building operation.

Chapter 11: Net Zero Energy

Chapter 11 serves to synthesize the preceding chapters, in order to derive a final cal-
culation methodology for measuring a project’s net zero energy balance. The chapter
also provides a framework for understanding and evaluating carbon neutrality for a
building project.

Chapter 12: Case Study: DOE/NREL Research Support Facility
Recognizing that, often, an actual example is the best way to learn about and advance
the practice of net zero energy delivery, Chapter 12 presents the DOE/NREL Research
Support Facility project as a case study.
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Of course, in practice, the delivery process is = Chapters 2, 3, 9, and 10 give process
not strictly sequential, but rather may be itera- guidance for net zero energy commercial
tive and cyclical in nature. Therefore, the book puildings.
may be approached in much the same way: It
may be read from start to finish, or approached
from a number of different pathways through
the book. The chapter “road map” shown in
Figure 1.3 suggests how the chapters may be
organized based on their focus on guidance,
design issues, or process issues.

One of the ways | have found effective to
introduce net zero energy as a concept to
new audiences is through a simple conceptual
equation, which states that net zero energy
equals the accumulation of passive design plus
energy-efficient building systems plus renew-
able energy systems, all over an integrated pro-
= Chapters 1, 4, 11, and 12 are dedicated 10 ggg, The chapters of this book then may be

overall guidance for net zero energy; they  geen as the building blocks of this conceptual
provide definitions, fundamental concepts, equation, which is shown Figure 1.4.

and an overall synthesis of concepts.

s Chapters 5, 6, 7, and 8 provide design
guidance; as such, they may be regarded
as the core chapters of the book.
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