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Preface

Purpose and evolution of Sun, Wind & Light

The purposes of this third edition of Sun, Wind & Light
(SWL) are aligned with those outlined in the first edi-
tion preface: to help architectural designers who are not
energy experts understand the energy consequences of
their most basic design decisions. With this information
they can then use energy issues to generate form rather
than seeing them simply as limits that must be accommo-
dated. Furthermore, this new edition is meant to provide
designers with the preliminary design tools and strategies
to meet and exceed the Architecture 2030 energy and car-
bon targets.

SWL has expanded in this edition from 109 to 150 Anal-
ysis Techniques and Design Strategies. It helps architects
to design net-zero energy buildings by assisting them in
creating sustainable designs based on site forces of sun,
wind and light. SWL addresses issues of how to heat with
the sun, cool with the wind and earth, light with the sky
and make power with renewable energy. SWL serves both
design professionals and students of design.

The new edition is not simply an update. Instead, it is
a complete redesign and a mapping of the knowledge of
preliminary phase net-zero energy design. Key to this new
approach are three new methods:

1) The Design Strategy Map method, which allows us
to map existing design strategies, identify missing
strategies and reveal their hierarchical ‘vertical scalar
structure.

2) The method of Strategy Bundles reveals the
synergistic interrelationships among the strategies
and issues.

3) A third approach, the Design Decision Chart, uses a
design question-driven method for selecting design
strategies and linking them together into Bundles.

Finally, we combine all these methods and resources into a

searchable electronic resource, ¥ SWL Electronic, acces-

sible in numerous ways not possible in print.

In addition to the new knowledge structure and new
ways of navigating and representing the knowledge, we
have also added 9 new bundle spreads, 7 synergies, 15
new design strategies, 4 new analysis techniques, 6 high-
performance building assessment techniques, numerous
concise design strategies and favorite design tools. Each
has an average of 5 illustrations for approximately 225
new illustrations.

Sun, Wind & Light is one of the only sources to funda-
mentally integrate the formal language of architectural
design with the discipline of building science. Climatic
forces are important in architecture because a building’s

= PREFACE
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response to climate is directly related to its energy con-
sumption, and because climate is a powerful local context
giving designers a means of regional expression and place
making. We are delighted that SWL has become a stan-
dard in courses on sustainable or low-energy design across
the world. Uniquely among its peers, it bridges the worlds
of engineering and architecture by connecting form and
energy flows.

Organizational changes in the third edition

Veteran SWL users will notice that the work has been
radically reorganized. The entire contents of the second
edition is now located on the companion # SWL Elec-
tronic. The printed book, which we will refer to in the
text as SWL Printed, is almost entirely new material, with
the addition of selections and condensations of some of
our favorite design strategies and design tools. The Anal-
ysis Techniques, which came first in SWL2, have been
moved to the back of the sequence, partly to emphasize
the importance of design thinking and strategies. The
work now moves in SWL Printed from more general systems
of navigation to the energy design process to associa-
tions of strategies in the bundles and finishes with new
techniques for net-zero and carbon-neutral buildings. In

A SWL Electronic the sequence moves from large- to small-
scale design strategies, and finally to the detailed, more
quantitative analysis techniques. Gone is the separate sec-
tion for “Strategies for Supplementing Passive Systems.”

In general the distinction between passive and active sys-
tems is more useful conceptually than in practice, where
most buildings are a combination of the two. Therefore
the “supplemental” strategies have been folded into their
appropriate sequence within the 'design strategies' sec-
tion. Most of these more mechanically-oriented strategies
fall into the scale of building parts.

A new intention: reversing building emissions

In addition to the general purpose outlined above, this
third edition's intent is focused on the potential impact
of this work for one of the most significant issues of our
time. As we have gained experience as authors, teachers
and design consultants, we have become even more com-
mitted to sustainable design, more aware of the urgency
of its discipline and more radical in our ambitions for
architecture.
This new edition sets out two additional purposes:
1) To map the knowledge base of preliminary climatic
design via new theoretical frameworks
2) To provide accessible methods for net-zero energy
design with the intent of contributing to the
massive effort by the building community to reduce
greenhouse gas emissions from the building sector to
pre-1990 levels by 2030.
The Architecture 2030 organization has made it
unmistakably clear that the building community has a
historic opportunity to turn around the North American



+120%

+60%

+40%

( 2o
1 3
a0 J o

Levels /7‘7//e
e
\[kTm’gaf \
-40% N N
007
1990 2000 20\0 2020 20%0 2040 2050

U.9. Building %ector O, Ewissions

contribution to global climate change by meeting tar-
gets for fossil fuel reduction (and thus greenhouse gas
reductions) leading to all new buildings being designed
to carbon-neutral performance standards by the year 2030.
Beyond this is the more ambitious goal of a site net-zero
energy building, one which produces as much renewable
energy on site as it consumes. Therefore, this edition sets
as its task to help designers effectively begin the net-zero
energy design process by selecting strategies that use site
energy resources to reduce energy loads and produce green
power, the two sides of the net-zero equation.

Building on SWL's precedent of quick tools for sche-
matic and preliminary design, strategic tools have been
created that help the designer identify networks of related
design strategies in support of net-zero design, along with
quick calculation methods that can be done in a matter of
minutes without expensive expert energy consultants. As
in the previous editions, whenever possible these quan-
titative techniques have been presented in graphic ways
that visually reveal (the audience is architects after all)
the relationships among the most important variables and
those variables that most influence architectural form.

In the second edition introduction, it was noted that
while fossil fuel resources are finite, the capability of nat-
ural systems to absorb society's wastes may be an even
more stringent limit:

While saving energy has a high social benefit because it

Nuclear

Renewable
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Building Energy Consumption by Fuel Type, 2010

slows the depletion of finite reserves of fossil fuels, it is
equally important in reducing the pollution caused by
the extraction and burning of these fuels, and therefore
in reducing acid rain, the potential for global climate
change, and the localized ecological impact of practices
such as strip coal mining. (SWL2)

The three graphs from Architecture 2030 (previous
page) show the significant contribution that buildings
make to energy use and carbon emissions. Buildings are
responsible for 49% of U.S. Energy Consumption by Sec-
tor, a dramatic 77% of U.S. Electricity Consumption by
Sector and 47% of U.S. Carbon Dioxide Emissions by
Sector. Globally, these percentages for buildings are even
greater. According to Architecture 2030:

By the year 2035, approximately three-quarters (75%)
of the built environment will be either new or reno-
vated. This transformation over the next 30 years
represents an historic opportunity for the architecture
and building community to make the changes necessary
to avoid dangerous climate change. (Architecture 2030,
2011)

The graph of U.S. Building Sector CO, Emissions
(previous page) shows projections for two paths. In the
“business as usual” scenario, buildings continue current
energy use and fossil fuel trends and become an increas-
ing part of the global climate change problem. In the
second, “The 2030 Challenge” scenario, radically reduced
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fossil fuel targets are aggressively implemented, buildings
reverse their C0, emissions to pre-1990 levels by 2030 and
continue to reduce overall CO, emissions into the second
half of the 21st century, even when accounting for pro-
jected growth in the building stock. This trend would have
the effect of eliminating the need for all coal-fired power
plants in the U.S., a dramatic impact on the country's
responsibility for climate change!

Buildings built today outlive their energy sources

The graph of Building Sector Energy Consumption by
Fuel Type shows the mix of fuels used in 2010 by build-
ings in the U.S. (Architecture 2030, 2011). Fossil fuels
combine to provide 76% of building energy. Not only
is the burning of these fuels responsible for producing
greenhouse gases, but each of the three fossil fuels is pre-
dicted to reach its peak production and begin to decline
by 2030 or before, both raising architecture's contribution
to climate change and requiring a dramatic society-wide
shift to alternative sources of energy.

Peak oil is the date when maximum global petroleum
extraction was reached, after which production declines.
U.S. oil production peaked in 1970. Since the 1970's, total

new oil and gas discoveries have declined every year and
domestic production has declined every year. Globally, the
world's crude oil production peaked in 2004 (Inman, 2010;
IEA, 2010).

US peak natural gas production was in 1973; new dis-
coveries have raised production in recent years, but prices
have risen as a result of increased demand for natural gas
for electricity production. Most new power plants burn
natural gas and relatively few new coal plants have been
built in recent years. One-third of global energy comes
from natural gas and demand is rising steadily. Estimates
on global peak natural gas vary from the present to 2030.

In contrast to earlier predications of centuries-long
supplies of coal, predictions are now much less optimistic
for the date of peak coal. In 2007, the German think tank
Energy Watch Group analyzed each country's coal reserves
and production, concluding “global coal production [will]
peak around 2025 at 30% above present production in the
best case”(Energy Watch Group, 2001).

Paul Chefurka (2007) has done an excellent job of
assembling projections of various fuel sources, as shown
in the graph of World Energy Production, which predicts
world peak energy (for all fuels) occurs somewhere around



2020 and declines in all fossil fuels over the rest of the

century.

If we continue on the business-as-usual path for energy
use in buildings, then the most likely scenario is for oil
use in buildings (only 9% currently) to decline, while first
natural gas and then coal-fired energy use in buildings
will increase, exacerbating current greenhouse gas and cli-
mate change trends.

However, there is a clear alternative to ongoing increases
in demand and fossil fuel use for the building industry: the
path of design.

The design path can radically reduce energy consump-
tion by buildings and end our dependency on fossil fuels
for buildings. Using current knowledge and available
technologies, ASHRAE has produced a series of High-per-
formance Building Design Guides with targets of 30% and
now 50% reduction from their own energy performance
standards. These are prescriptive guides for different
building types, with requirements varying by climate,
which do not even employ passive design strategies. Such
prescriptive requirements depend on specifications for effi-
ciency of the building envelope and mechanical systems.
Such efficiency measures are out of order in two ways:

e  They miss the critical early steps toward net-zero
energy buildings that architectural design provides.
They focus only on what engineers do and miss what
architects do.

® They are necessary but not sufficient to reach a
responsible net-zero energy building that does not
depend on high levels of renewable energy.

Sun, Wind & Light takes the approach that green power
systems, such as photovoltaics and wind generation, are
the most expensive and appropriately the last stage in a
sequence of the Hierarchy of Strategies for Net-Zero
Building Design, as shown in the diagram. The design
strategies in SWL3 run across these stages, but are cen-
tered in the lower three levels where the design of
buildings drives performance. The diagram shows five levels
of consideration. Each can be thought of as engaging Cli-
mate, Use, Design and Systems—fundamental perspectives
that we will introduce later in Part II's section on “Build-
ings and Energy Use.”

green power

high performance

passive / Hreen
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Hierarchy of Strategies for Net-Zero Building Design

Although these levels can be thought of in a sequence,
and some design processes may proceed from larger ques-
tions to more detailed decisions, or from more formal to
more technological questions, the sequence of consider-
ation may be varied and the pyramid is not intended to
imply a strict sequence. Instead, the way to think of these
levels of concern is that each higher level depends on the
lower level. For example, while it is conceptually possible
to have a huge PV system (producing a high level of green
power) to supply a poorly designed building with large
energy loads, it is neither prudent nor rationally elegant.
In the early days of the passive movement in architec-
ture, proponents debated “mass and glass” vs. “light and
tight” or “passive” vs. “active” approaches. The hierar-
chy of strategies transcends these polarities with a way
of thinking and designing that integrates them while also
providing a linkage between architecture and engineering
logics.

The hierarchy suggests solving the energy design prob-
lem with the lowest level of technology possible and the
least cost strategies, while also substituting embodied
intelligence in architectural form for hardware.

The net-zero energy equation in a building can be
solved in many different ways, however there are ele-
gant and inelegant ways to reach net zero. There are ways
that give all of the power and profits to utilities, green
power equipment corporations, HVAC manufacturers and
engineers, and there are ways that employ the power of
architectural design to reduce the need and magnitude
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of these other players. Ethical distinctions of significant
degree characterize these various approaches.

The hierarchy says that it is better to use site design
to reduce the environmental stresses on buildings and to
provide access to desired climatic resources to solve a por-
tion of the energy problem before using building design
to overcome what the building does not need to do. There
is no point in designing a solar-heated or naturally ven-
tilated building unless it is a low-load building to begin
with. The hierarchy calls us to design effective passive
systems for heating, cooling and lighting to radically
reduce loads before designing and specifying a highly effi-
cient HVAC system. Essentially, an efficient heating system
with 25% of the load is better than an efficient system
that has to be four times as big or run four times as many
hours per year. When the first three levels are done well,
the conventional heating or cooling system can sometimes
be completely eliminated (such as in the PassiveHaus),
what the Rocky Mountain Institute refers to as “tunnelling
through the cost barrier.” The hierarchy says that after
loads are thoroughly minimized by considering Design,
Climate and Use at levels 1-3, then high-performance Sys-
tems become appropriate and a careful consideration of
their integration with the passive systems can minimize
the net loads of the building. Only then does making one's
own electricity on-site make sense.

This bucks some current trends toward large surface
areas of glass, double envelope buildings that attempt to
reclaim the morality of the Miesian aesthetic, and wildly
expensive demonstration projects covered in photovolta-
ics, looking forward to a time of cheap power-producing
building surfacing. Such projects are bought at a high
financial price, a high cost in embodied energy and carbon
and in overall environmental impact. PVs, while yielding
no emissions in producing their energy, do not come with-
out an environmental cost. Indeed, even high-tech glass
window walls with their metal frames have similar issues.

Perhaps the best argument for reclaiming the path of
architectural design as the essential core of the energy
design process is that it results in simpler buildings
affordable to more of the world's burgeoning population.
High-performance, high-technology buildings that ignore

the fundamental levels of the net-zero energy design hier-
archy are expensive, even when the technology used is
“green.”

Over the decades, as buildings have become more
complex, architects have ceded much of their responsi-
bility over energy use in buildings to energy consultants
or engineers. For a series of reasons, design and perfor-
mance, what Lance Lavine calls, “mechanics and meaning
in architecture,” in his book of the same name, have been
isolated into separate professions, logics and methods.
While architects definitely have a role in the upper two
levels, and these levels have significant design implica-
tions for buildings, it is in the lower three levels where
architects find their voice as those who configure space
and form.

When architects claim the power of the design path in
shaping the form of sustainable high-performance build-
ings, then rich human experiences of nature and its forces
of sun, wind, light, earth, water and living things will be
present. Further, when the entire spectrum of the hier-
archy is passionately engaged by designers, these rich
experiences have the potential to develop into meaningful
cultural communications, into a symbolic language that
places us into relationship with nature. Frank Lloyd Wright
often spoke of the integral nature of design, the inter-
connection of forms, ideas and expression from the site
to the details, as for example, embodied in Unity Temple.
By engaging all five levels of this hierarchy, designers can
aspire to a similar kind of continuity of expression about
the relationship between humans and their designed
artifacts, along with their context in Nature. The wide-
spread cultural adoption of net-zero design may ultimately
depend on such an aesthetic and cultural expression that
only competent and conscious designers can manifest.

~—— Level of Archetypes

The level of archetypes is the level of basic architectural
design where issues of siting, orientation, location, shape,
proportion and surface to volume ratio are considered,
along with the neighborhood or urban fabric context of
building groups that set the pattern for access to sun,
wind and light. This third edition introduces a new set of



neighborhood-scale design strategy bundles (configura-
tions of strategies) that includes COOLING NEIGHBORHOOD,
SOLAR NEIGHBORHOOD, NEIGHBORHOOD OF LIGHT and INTE-
GRATED URBAN PATTERN. These are considerations nowhere
to be found in any high-performance building standards.
In SWL3, many of the design strategies address these
archetypes, such as SHARED SHADE, SOLAR ENVELOPES,
BREEZY OR CALM STREETS, MIGRATION, EAST—WEST PLAN,
DEEP SUN and ROOMS FACING THE SUN AND WIND. Addition-
ally, at this fundamental level designers consider a range
of zoning and room organization strategies that set the
possibilities for what comes next. These include strategies
such as DAYLIGHT ZONES, COOLING ZONES, HEATING ZONES,
BORROWED DAYLIGHT, BUFFER ZONES, and so on.

This first level insures access to sun, wind and light,
the formation of favorable outdoor microclimates, a good
bioclimatic site location, and a preliminary building
organizations that will work well for energy when more
detailed and complex strategies are employed.

== Level of Efficient Technology

The level of efficient technology is a prerequisite to the
design of passive systems. For example, the European
PassiveHaus standard is essentially a heating season
envelope performance standard driven by efficient
envelope technology. To use the relatively low grade
(temperature difference) energy of the sun as a winter
heat source, the building must have a low rate of heat
loss so that a small supply of heat can meet the load.
Similarly, in summer, a building with a high rate of heat
gain from its internal loads and through the building skin
will be difficult if not impossible to cool with natural
forces. Consider the analogy of a bathtub in which the
water level can be kept high with the drain open or
closed. The open drain is like a building with high heat
loads; it requires a large supply, with the tap wide open.
When the drain is closed, the tap can be closed with only
an occasional need to add small amounts of hot water to
offset the trickle that escapes the imperfect drain seal.
This is like a solar building with a tight envelope and a
low heat loss rate; it can be heated with a relative trickle
of energy from the sun.

SWL3 addresses this need for efficient buildings with
strategies and analysis techniques such as EQUIPMENT
HEAT GAIN, ELECTRIC LIGHTING HEAT GAIN, VENTILATION OR
INFILTRATION GAIN AND LOSS, SKIN THICKNESS, WINDOW
AND GLASS TYPES, EXTERIOR SURFACE COLOR and EXTERIOR
SHADES. Also introduced in this edition is the strategy
bundle RESPONSIVE ENVELOPE, which helps to sort out the
complexities present when designing high-performance
envelopes. Prescriptive envelope standards are often good
at improving performance using this level. Although many
of the decisions about envelope performance are detailed,
and thus tend to come later in the design process, SWL3
helps the designer make general typological choices up
front about the performance needed even if the specific
choice about the actual elements specified comes later.

Level of Passive Design

Much of Sun, Wind & Light helps designers with the level
of passive design, in which the building is configured to
consciously heat itself with the sun, light itself with the
sky and cool itself with the wind and other natural forces.
Given neighborhood, site and building massing solutions
addressed at level one of archetypes and given an efficient
envelope that reduces heat gain and loss insured by level
two efficient technology, passive design becomes possible.
This is the level in which the designer can engage the
various passive solar heating systems, such as DIRECT GAIN
ROOMS, SUNSPACES, THERMAL STORAGE WALLS and so on,
along with the details of these systems, such as THERMAL
MASS, SOLAR APERTURES and MASS SURFACE ABSORPTANCE.
This edition also introduces whole-building scale bun-
dles including PASSIVE SOLAR BUILDING, PASSIVELY COOLED
BUILDING, DAYLIGHT BUILDING and OUTDOOR MICROCLIMATE.
With respect to daylighting, the passive design level
engages a series of strategies that bring light supplied by
the design decisions made at previous levels to the scale
of rooms and building parts, such as DAYLIGHT ROOM GEOM-
ETRY, SIDELIGHT ROOM DEPTH, DAYLIGHT APERTURES and
DAYLIGHT REFLECTING SURFACES. Similarly, passive cooling
systems can be selected and designed at this level. Exam-
ples include CROSS-VENTILATION ROOMS, STACK-VENTILATION
ROOMS, NIGHT-COOLED MASS, EVAPORATIVE COOLING TOWERS,
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VENTILATION APERTURES and DOUBLE SKIN MATERIALS.

SWL3 deals less with the two upper levels in the hier-
archy, both because it focuses on preliminary design and
because it focuses more on architectural issues than on
engineering issues. SWL does, however, address these
levels as they intersect preliminary design and assump-
tions needed for preliminary phase estimation of net-zero
performance.

Level of High-Performance

The level of high-performance engages both sophisticated
and efficient HVAC systems and their integration with
architectural design and with passive systems. Strategies
include ELECTRIC LIGHTING ZONES, MIXED MODE BUILDINGS,
HEAT PUMPS, MANUAL OR AUTOMATED CONTROLS, MECHANICAL
SPACE VENTILATION and so on.

A

Level of Green Power

In the current edition, we address the level of green power
in strategies for PHOTOVOLTAIC WALLS AND ROOFS and for
SOLAR HOT WATER, along with their associated analy-

sis techniques. Both of these upper levels and the whole
hierarchy of strategies for net-zero buildings are sup-
ported by a set of high-performance buildings assessment
techniques designed to help users design and evalu-

ate net-zero and carbon-neutral buildings. These include
ENERGY TARGETS, ANNUAL ENERGY USE, NET-ZERO ENERGY
BALANCE, ENERGY USE INTENSITY, EMISSIONS TARGETS and
CARBON-NEUTRAL BUILDINGS.

New content in the third edition

In terms used by Paul Erlich, environmental impact in
the form of greenhouse gas emissions is driven by energy
use, and energy use is driven by energy demand. Energy
demand can be thought of as being driven by three
factors:

®  Population (which continues on its exponential
increase, passing 7 billion this year)

e  Affluence, which is the volume of goods and services
that a person or society expects (such as how many
miles we drive or how many square feet we live in)

e Technology, which is the efficiency with which a given

good or service is delivered (such as how much energy
it takes us to stay warm or how much material it
takes to span a roof)

Of these three drivers, design affects population lit-
tle, if at all. However, design does impact both affluence
and technology. Design is responsive to the demands and
expectations of culture, but it is also in a dialogue with
culture. Design can follow demand or create demand. It
can be seen as a mere service, shifting responsibility to
the client for its magnitude, such as the size of a building,
or the comfort criteria expected. Consider a given need
like a library that might be housed with a large building,
or, with more effective design thought, could be accom-
modated in a much smaller building; a designer may take
a proactive role with clients defining comfort criteria,
occupancy schedules and so on, in the context of energy
and environmental consequences. Particularly in its pro-
gramming and pre-design stages, design reaches deep into
the assumptions that drive culture and the variable of
affluence.

A colleague who is a sustainability architect-analyst
once told of a client who came to him and wanted to
make sure that the 18,000 ft? (1672 m?) house he had
planned would use 50% less energy than conventional
design. The architect said, “That's easy, why don't you
simply build a 9,000 ft? house?” Nowhere in LEED or any
other high-performance green guidelines or criteria will
you find criteria for building size. According to the codes
and standards, if you want to build 9,000 ft? (836 m?)
per person in your new house, that is fine, so long as you
meet the energy criteria on a per unit area basis. When
design meets environmental ethics such cultural insanity
can be overcome.

New analysis techniques have been added to address
some of these embedded assumptions in the process of
building design. New techniques such as ADAPTIVE COM-
FORT CRITERIA, ENERGY PROGRAMMING and LOAD-RESPONSIVE
SCHEDULING, along with new Synergies, including ENERGY
CONSCIOUS OCCUPANTS. Some of the simplest and most
cost effective strategies involve lowering the thermostat,
turning on a ceiling fan to allow a higher summer temper-
ature, scheduling to avoid peak cooling hours or changing



the corporate dress code to respond to the seasons. These
may seem like nonnegotiable cultural practices, but they
have real financial and environmental impacts, and as it
turns out, they are practices we have collectively created
only relatively recently.

Much of this book is bout the relationship between
energy use and architectural form at a range of scales.
This edition fills in some of the holes in SWL as a knowl-
edge base, thanks to students and clients.

New building groups scale content can be found in
strategies to support a NEIGHBORHOOD OF LIGHT in the form
of DAYLIGHT DENSITY and DAYLIGHT BLOCKS. The CLIMATIC
ENVELOPES Strategy helps designers create building mass-
ing that admits both winter sun and daylight all year, and
in some cases creates summer shade with the help of the
SHADOW UMBRELLA strategy.

The older SWL2 strategy BALANCED URBAN PATTERNS,
which addressed combinations of strategies for heating
and cooling issues in different climates, has been incor-
porated into a new strategy bundle, INTEGRATED URBAN
PATTERNS.

Two zoning strategies have been added: PERIODIC
TRANSFORMATIONS, in which space is “switched” depending
on seasonal or daily conditions (such as when a “thermal
enclave” is created); and MIXED MODE COOLING, a strat-
egy that recognizes the hybrid nature of many buildings
as using both passive and mechanical strategies. The
older strategy HEAT-PRODUCING ZONES has become HEATING
ZONES to cover a wider range of rooms and activities that
impacts heating. This is paired with the related COOLING
ZONES, for designing to meet the overheated season.

SWL3 adds several new daylighting design strategies
and makes several modifications to previous ones. The
older ATRIUM has become ATRIUM BUILDING to address the
planning and design options for a building's organization,
while the sizing tools for the atrium itself have been spun
off into a new TOPLIGHT ROOM strategy. SKYLIGHT BUILDING
helps the designer with single-story rooms lighted with
skylights, an issue not addressed in SWL2. DAYLIGHT ROOM
GEOMETRY treats the room design as a lighting fixture.

Strategies at the scale of building parts for 0PEN ROOF
STRUCTURE and DAYLIGHT ROOF address how to bring more

light through the roof assembly and roof structure, along
with how to configure clerestories and monitors in roof
systems. Guidance for the effect of arranging daylight
apertures on daylight distribution is developed in the wiN-
DOW PLACEMENT strategy.

Revisions to the ventilation strategies have updated
the SWL2 strategies of CROSS-VENTILATION and STACK-
VENTILATION to become CROSS-VENTILATION ROOMS and
STACK-VENTILATION ROOMS, which aligns them better with
other room-scale design strategies that focus on room
characteristics for a given issue. The aperture sizing tools
previously found in these strategies are now located in a
single VENTILATION APERTURES strategy that parallels the
related SOLAR APERTURES and DAYLIGHT APERTURES.

Strategies for thermal or fresh air and distribution
fill gaps from the second edition. Two strategies have
been added to address the need to store heat or to use
radiation as a means of delivering heat or cool. MOVING
HEAT TO COLD ROOMS is useful when the designer needs to
move heat from where it is collected (usually rooms with
an equatorial orientation) to rooms that cannot collect
their own heat. When rooms are adjacent, the CONVECTIVE
LooPs strategy helps insure the passive air distribution
will work properly. In many buildings, MECHANICAL HEAT
DISTRIBUTION is helpful in distributing passively generated
heating or cooling, and can be used with both passive
and active sources. Preliminary design guidance for the
critical issue of controls is given in MANUAL OR AUTOMATED
CONTROLS.

An expanded treatment of thermal storage and radi-
ant distribution can be found in the significant expansion
of the THERMAL MASS strategy to include sizing for not
only direct masonry and water thermal mass in the room,
but also remote and indirect masonry thermal mass cou-
pled by convection, along with new sizing for phase
change materials. A relatively detailed strategy on MASS
ARRANGEMENT has been added to address where to put
mass to be most effective for heating or cooling.

A series of new analysis techniques fill in a few holes
and add an entire section called High-Performance Assess-
ments. To design for daylighting, one can now begin with
DAYLIGHT DESIGN FACTOR to set design targets.
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The emphasis on net-zero energy design in this cur-
rent edition has necessitated a series of six additional
analysis techniques. These begin with setting ENERGY
TARGETS AND EMISSIONS TARGETS. One request received
from users on numerous occasions is for a simple ANNUAL
ENERGY USE calculation technique. Therefore, in this edi-
tion there are techniques for calculating the building's
ENERGY USE INTENSITY and comparing it to targets. Finally,
the new techniques are completed with NET-ZERO ENERGY
BUILDINGS and CARBON-NEUTRAL BUILDINGS evaluation.
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also became a test case for developing the first structure
for a bundle, using his design for a house in New Orleans
to study the RESPONSIVE ENVELOPE bundle. Joleen Darragh
and Jona Shehu found many examples of bioclimatically
designed buildings for the Climate Context reports found
on SWL Electronic; and Joleen helped with updating text
for the SWL2 strategies in InDesign.

Kelly Arnold, Emma Gill and Jennifer Nguyen con-
tributed to this edition's illustrations. Dede Christopher
contributed her substantial skills to the cover illustration
and to numerous others, especially the more complex per-
spective views in the new edition. Jared Eisenhower and
Reid Cimala dedicated their summer to completing the
illustrations. Jared and Reid both mastered the now arcane
techniques of hand-drawn ink on mylar, contributing the
majority of the new hand illustrations. Jared worked on
numerous digital illustrations, too. Reid deserves spe-
cial thanks for his commitment to the quality of the final



product and his mastery of all aspects of the produc-

tion. Jordan Etters joined the GreenVision team in the
final months, adding his substantial graphic skills to com-
plete the remaining digitally generated graphics. All three
of these students, still undergraduates, formed a team
exhibiting the highest level of professionalism. Their com-
mitment to excellence and their perseverance to complete
the work both shows clearly in the product and predicts a
bright professional future for each.

The project was also funded in part by a generous grant
from John Wiley & Sons, who agreed to let us design the
book, do the layouts and all of the illustrations, and sim-
ply deliver to them a finished product ready for publi-
cation. The AIA's Upjohn Initiative Award contributed
substantially towards the development of the “New Knowl-
edge Structure for Net-Zero Energy Design” as embodied in
the design strategy maps, the bundles and the energy de-
sign process, including the new net-zero design decision
chart. This funding was in part matched by the Universi-
ty of Tennessee College of Architecture and Design and by
the University of Oregon Department of Architecture. Sup-
port for illustrations was provided by a small grant from
the UT Humanities Initiative Book Subvention Awards and
by matching funds from the College of Architecture and
Design.

Some of the data used in the appendix and included in
SWL Electronic have been borrowed from work supported
by the Hay Fund of the Renewable Energy Institute at
Cal Poly, San Luis Obispo, a portion of which appeared in

the appendix of SWL2. Early work on the theory of Design
Strategy Maps and Bundles was supported by a generous
grant from the Graham Foundation, who also sup-

ported illustrations for SWL2 in an earlier grant. Further,
early development of the Design Strategy Maps concept
explored their structure at larger scales of green infra-
structure and was supported by a grant from the Boston
Society of Architects.

The excellent Sun, Wind & Light hand lettering font
used in the illustrations was created by vLetter from origi-
nal hand lettering (www.vletter.com).

From Charlie at the University of Oregon: I would like
to acknowledge the people who helped in the creation of
this edition of SWL. In particular, Gwynne Mhuireach was
invaluable in preparing and organizing new content. All of
my colleagues and students working in the Energy Studies
in Buildings Laboratory gave graciously of their time and
effort testing experimental concepts.

Many of the new ideas introduced in this book resulted
from discussions with architects and other design profes-
sionals during energy-efficiency design assistance projects.
My knowledgeable associates at Solarc Architecture and
Engineering, Inc. helped to refine some of the tools devel-
oped for this edition. Conversations with the architects at
SRG Partnership seeded a number of ideas and were instru-
mental in generating concepts that would resonate with
design professionals. SRG Partnership also generously pro-
vided photos and drawings to illustrate the new Synergies.
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Introduction

Premise

A basic premise of this book is that most decisions that
affect a building’s energy use occur during the pre-
design, schematic or preliminary design stages of the proj-
ect as the diagram, Front Loaded Sustainable Design
indicates. Furthermore, the effort required to implement
those decisions at the beginning of the design process

is small compared to the effort that would be necessary
later on. Therefore, if energy issues are going to receive
an appropriate level of consideration at the beginning

of the design process, an effective strategy is to present
them in a way that is useful to the designer and fits with
other things the designer is considering at that time. At
first, the designer works primarily in a synthesis mode,
bringing ideas together, rater than in an analysis mode.
Therefore, information and problem analysis in SWL is pre-
sented in a way that is generative of architectural form
and that helps the designer understand how the forms
generated by energy concerns fit with forms generated by
other architectural issues. The schematic design stage is
one in which things proceed very rapidly, involving exper-
imentation with many ideas and combinations of ideas.
The considerations are broad and conceptual rather than
detailed and fine. Therefore, information in SWL is acces-
sible and quick to use.

Pre-design

L

Schematico

Preliminary

Devalapmevﬁ'

Documents
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Operation

Environmental Impacts of Decigion 2

Front Loaded Sustainable Design

The authors anticipate that the users of this book will
have some background in energy issues and techniques,
so the book is not meant to be a complete, self-suf-
ficient reference or textbook; nor is it meant to be a
primer that is read from cover to cover. These consider-
ations have had a profound effect on the character of this
book. The information presented is at a rule-of-thumb or
design guideline level. Its intention is to give only gen-
eral ideas about architectural elements and their size and
relationship to other elements. Precision of the informa-
tion is sacrificed somewhat so that speed of use may be
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increased. The approximation methods are founded on cer-
tain assumptions about the elements under consideration.
Make sure to read carefully the text that accompanies each
tool and identifies its assumptions. If those assumptions
do not apply to the considerations of the moment, then
the approximations probably won't either. So, along with
the speed of use comes a certain need for caution, though
no more so than with many of the other concerns in the
schematic stage. It is important to realize that to develop
and detail a design based on the ideas in this book, the
designer must also go to other sources and use more
sophisticated tools.

Most of the ideas in this book are presented in a format
of a few pages. Each spread contains a statement of the
idea, a brief explanation of the phenomenon and its archi-
tectural implications, and an illustration of how the idea
has been used elegantly by other architects. The brevity is
aimed at increasing speed of use, and the illustrations are
a means of helping the designer translate ideas into archi-
tectural form.

Limits of scope

Readers will understand that this book deals primarily,
though not exclusively, with mixed heating and cooling
climates like those within the contiguous United States.
Many of the design strategies will be useful in other
climates, but there is a distinct bias towards those that
address the changing nature of mixed climates rather
than the more consistent needs of extremely hot or cold
regions. However, beginning with the second edition, the
range of coverage has been extended wherever possible
to cover latitudes from the equator to the poles, and
coverage of topics applicable to Canada and Alaska has
been added in many strategies.

The strategies often use language for northern latitude
sun positions, with southern latitude references given
parenthetically, for example, “(N in SH)” means north
in the Southern Hemisphere. Alternatively, we use the
terms equator-facing and polar-facing (or simply equato-
rial or polar) to apply to both sites in both hemispheres.
Many of the strategies assume a sun position to the south
of the building that stays low in the winter sky. These

assumptions may be inappropriate for regions near the
equator, so, use with caution.

Some strategies address an important consideration of
how passive design strategies are best integrated with
more conventional electrical and mechanical systems in
buildings. This integration is complex, especially in large
buildings, and could easily fill a book by itself. The inten-
tion is to identify recurring considerations, like how to
extend the heat storage capacity of passive systems, and
to explain their potential architectural impact, not to give
detailed methods for designing or sizing HVAC systems.

Organization of the SWL resources

This edition of SWL is organized in two complementary

parts:

1) SWL Printed, which offers multiple navigation tools,
describes how to use SWL and presents the energy
design process, including the new Design Decision
Charts, along with the spreads for the new Strategy
Bundles and new High-Performance Buildings
techniques.

2) SWL Electronic includes all of the SWL Printed content,
the Detailed Design Strategies and Detailed Analysis
Techniques, plus a rich collection of appendices,
including extensive climate data and the SWL Tools
zero-energy spreadsheet.

While Part VIII and Part IX are found only in SWL Elec-
tronic, SWL Printed is organized into Part I, “Navigation”;
Part II, “Using Sun, Wind & Light”; Part III, “Syner-
gies”; Part IV, “Bundles”; Part V, “Favorite Design Tools,
condensed”; and Part VI, “Favorite Design Strategies,
condensed.”

In Part I, “Navigation,” SWL Printed is organized in
several ways to help the user find a particular piece of
information. First, there are several tables of contents: a
short and a long version for both SWL Printed and for SWL
Electronic. The short “Abbreviated Contents” list all of the
synergies, bundles, techniques and design strategy names
for quick reference. These are most useful when one is
already familiar with the book. In addition to the names,
the “Detailed Contents” give action statements under their
major headings and subheadings so that in a few minutes



one can get a feeling for what is covered in the entire

book.

New to SWL is the “Alphabetical Contents,” which is
a speedy way to find the location of a synergy, bundle,
strategy or technique if you already know its name. The
“Navigation Matrix” is a graphic way to select and locate
strategies by a combination of scale and energy topic
(heating, cooling, lighting, ventilation or power).

The tool, “Navigation by Design Strategy Maps,” helps
identify strategies that may be related to a strategy the
designer is already using or considering. It is organized by
a nine-level system of increasing complexity. The knowl-
edge structure of the Design Strategy Maps is covered in
greater detail in the “Navigation” section.

The book is indexed in multiple ways: using a conven-
tional “Subject Index,” identifying the designers of the
examples and the examples themselves in the “Design-
ers and Precedents Index,” and indexing selected tables
and graphs in the “Design Tools Index.” After you've read
about an idea it will be easy to retrieve.

SWL Electronic reproduces the 8.5 x 11 landscape format
pages, now printable, from SWL2 with corrections, updates
and many new strategies and techniques. It is divided into
two main parts: Part VIII, “Detailed Design Strategies,”
and Part IX, “Detailed Analysis Techniques.”

Part VIII, “Detailed Design Strategies” is the heart of
SWL Electronic content. It is the section that designers
will find the most useful while formulating concepts for
a project. The design strategies are organized into sec-
tions first in terms of scale: Building Groups, Buildings
and Building Parts. This helps a designer understand a
particular principle, like sun movement, at a scale of con-
sideration that is similar to the project.

Part IX, “Detailed Analysis Techniques,” plays a cru-
cial but supporting role to the first part. These techniques
serve the designer in three ways:

e Defining the context of the problem by understanding
the sun, wind and light resources of a particular site
and climate

e Understanding the nature of the design problem itself:
Are the issues about heating, cooling or daylighting?
How do the problems change over the day and

from season to season, and how are they affected

by changes in the building’s form and envelope

construction? With this information the designer can

form an idea of what kinds of strategies are likely to

be important.
e  Fvaluating the success of the design at meeting net-

zero energy, lighting or emissions targets

The “Glossary” section provides definitions for technical

terms used in the text. All of the appendices are located
in SWL Electronic and “Appendix A” includes climate data
organized by city and keyed to the technique or strategy
where the data is needed. That way, most of the informa-
tion required to design in a particular place can be found
in one location. The appendices also include more general
climate data that is not specific to a particular city, such
as data in the form of maps.

The multiple organizations of design knowledge

For many years researchers have been exploring how to
organize design knowledge and, in particular, how to orga-
nize knowledge about designing with energy. It turns out
that there is no one perfect organizational system that
suits every purpose and every individual's orientation.
While print requires that a particular linear organization
be used, SWL also provides many ways via contents and
indices, Design Strategy Maps, the Design Decision Chart
and Strategy Bundles to arrive at which strategies to use
and how to access them. Locating the bulk of the content
on SWL Electronic also allows searching functions not pos-
sible in the printed book.

Organization by scale and complexity. As in SWL1 and
SWL2, the primary organization of strategies is by three
scale groupings: Groups of Buildings (anything larger than
a single building), Buildings and Building Parts. These can
be extended from an architecture-centric logic to include
the domain of landscape architecture. Thus, the scale of
Groups of Buildings also includes the scale of Site and the
space between and around building groups and complexes,
whatever it may be called. The scale of Buildings

includes the land and site, the scale of the Grounds of

an individual building, while the scale of Building Parts
includes landscape and living elements, termed the scale
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SCALE DESIGN COMPONENTS

¢ Rooms
Subspaces (alcoves,
activity areas)
Cores (serving spaces)
e Courtyards (outdoor rooms,
gardens, porches)

Buildings / Grounds e Circulation (paths, indoor streets,
L6 Whole Building corridors, stairs)

L5 Room Organizations e Transitional Space (in-between
L4 The Room space, entrances, arcades)

e

of Planting. In this edition each grouping is subdivided
into three subcategories to form a nine-level hierarchical
spectrum of complexity. The logic of this system are
explained in detail in Part I, “Navigation.” Essentially,
following systems theory, elements or strategies at any
lower level help to build strategies at the next higher
level. For example, Level 2 Elements such as windows,
are made of Level 1 Materials like glass and wood. Level

DESIGN CHARACTERISTICS

DESIGN ISSUES

Elements of the SWL Knowledge Structure

2 windows combine with other elements to make Level 3
walls, while combinations of Level 3 walls, floors and roofs
combine to make a Level 4 Room and so on. The compete
sequence is shown in the table Elements of the SWL
Knowledge Structure. Within the scalar organization,
which is also an organization based on complexity, the
strategies are organized by architectural elements, such

as streets, blocks, rooms, windows and walls, and by their



design characteristics and the relationships among those
elements, such as size, shape, layers and zones. Every
design strategy is defined by a relationship among its
elements. This approach was used because architectural
elements are the common denominator of the issues
under consideration at the scheming stage. They are what
the designer manipulates to develop a design concept.
For example, when considering the role of windows,

the designer can find heating, cooling and daylighting
strategies organized together under the categories of
window orientation, size, location and shape. These
strategies can be considered together and with other non-
energy window considerations, such as view or display.

At the scale of building groups, the elements of streets,
buildings and open spaces are primarily used. In a com-
plete set of design elements for neighborhood and urban
design a longer list that includes all the major elements
present in a site plan is required. Streets are allowed to
stand in for all circulation at this scale. For issues beyond
energy and climate, more distinctions are required, but the
basic framework is still valid and expandable, as shown in
the table.

At the scale of buildings, the primary elements are
rooms and courtyards. For simplicity, rooms cover all types
of rooms and courtyards stand for all types of outdoor
occupied spaces. Massing and volume are not elements
in themselves; in this way of thinking, they are patterns
resulting from the organization of the elements, rooms
and courtyards. Although not found necessary for the
issues in SWL3, the components at this scale also include
circulation, because a basic pattern of room organiza-
tion most often consists of rooms served by circulation
and the space of circulation itself. The basic distinction is
between rooms as indoor space and courtyards as outdoor
space, but it seems evident that transitional space is pres-
ent in many buildings and plays an increasingly important
climatic role in both cold climates and hot climates. While
each category can be further differentiated, the current
framework is shown in the table.

At the scale of building parts, the architectural compo-
nents used in SWL3 are primarily walls, floors, roofs and

windows, but also ducts and plenums, machines, stor-
age elements, etc. If the issues of this work were more
structural in nature, such elements might be expanded to
include columns, beams, footing and trusses. For land-
scape strategies, the elements become trees, vines,
ground cover, etc. A partial list of design components at
this scale is given in the table.

Organization by design characteristics. If a design strat-
egy is defined by the relationship among its constituent
design components, as are listed in the table Elements of
the SWL Knowledge Structure for different scales, then
the design characteristics specify the nature of the rela-
tionship among the elements. Often this relationship has
a magnitude expressed in terms of size or proportion. At
other times the relationships are patterns of organization
that might occur in the same configuration but at differ-
ent scales. Relationships can express either quantity or
pattern or both.

Each strategy in Sun, Wind & Light is located at a par-
ticular scale and level of complexity; it is also expressed
in terms of the components it addresses and how these
components are related to each other in terms of specific
characteristics. The list of the characteristics that are used
is by no means exhaustive and will expand over time as
needed.

Organization by design issue. Each strategy in SWL3 is
also categorized by its impact on an energy issue or topic.
In the scope of this work, the issues are heating, cooling,
daylighting, ventilation, emissions and power. Ventilation,
by which is meant the provision of fresh ventilation air

to building interiors (in contrast to ventilation with out-
door air for space cooling) is new to this edition. Some
strategies, such as SOLAR APERTURES Or DAYLIGHT ENVELOPE
address a single issue, while others such as CLIMATIC ENVE-
LOPE and SEPARATED OR COMBINED OPENINGS address several
or even all of the issues simultaneously.

As a general framework for design knowledge these
issues could be expanded to a wider range of objective
issues (material resources, pollution, water, air qual-
ity, habitat, etc.) for both environmental issues and

INTRODUCTION

-
~



INTRODUCTION

-
oo

explamaling of
precedouts

M) Ak / ol Bcalare )
.‘-:.. P ‘[

exylma‘h'm

prcrd ]

gxplomation
of Glewstnes
4 relationships

A
Hecedent L—" émfhio 6172»9 Todle /

Anatomy of a Gun, Wind ¢ Light Design Stratesy)



non-environmental issues. Conceivably there is also
no reason that the issues and intentions might not be
expanded to include subjective issues of beauty and

human experience, thus linking pleasure and performance.

The issues within the scope of SWL3 are given in the
table.

Anatomy of a Sun, Wind & Light design strategy

The organizational structure described in the preceding
pages is embedded in the header of each design strategy.
For example, the header for the ATRIUM BUILDING design
strategy looks like this:

Rooms and Courtyards: Shape and Enclosure

33 An ATRIUM BUILDING with a glazed or unglazed
light court within can provide light to
surrounding interior rooms. [daylighting]

The scale/level of complexity, given in the contents and
page footer is Buildings/Level 5, Room Organizations. The

design components in this case are Rooms and Courtyards.

The design characteristics are Shape and Enclosure, which
are also given in the footer. The name of the strategy,
Atrium Building, is formatted in all caps, italicized and
made a part of the bold formatted action statement. Each

strategy's action statement is followed by a design issue
that it concerns, shown in brackets; in this case the issue
is daylighting.
Each design strategy is intended to support design-
ers at making important schematic-level design decisions
about the form or organization of building groups, sites,
buildings or building elements. Each gives the following:
e a short statement of the strategy in the header
e a paragraph or more of explanation of its energy-
related phenomenon

e an example of how the strategy has been used in an
elegant way by another architect in buildings of high
design quality

® a tool that helps to make a design decision such as
size, shape, organization, color, material, etc.

Within the strategy statements, the discussion of the
illustration, such as the Larkin Building by Frank Lloyd
Wright, is given in bold type and the sizing rule-of-thumb
or other design guideline or instruction are highlighted in
bold italics so that they can be easily found. Within the
text, sources that contain a more detailed explanation of
the idea or the example are identified by author and date
in the form of: (Author, date). These sources frequently
aren’t the original source but are a convenient place to
find more information. A complete citation for all sources
mentioned in the text can be found in the bibliography.
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The knowledge contained in Sun, Wind & Light can be
accessed in many ways. Because it is structured in a mod-
ular way (as Synergies, Bundles, Design Strategies and
Techniques) and because there are many ways that these
“parts” can be related to each other and combined into
larger design patterns, there are several means offered to
access the content and to determine which components
the designer wants to employ.

One can take any of several perspectives on the knowl-
edge contained in SWL. The design strategies can be
accessed in terms of name, scale, complexity, design com-
ponents, energy issue or climate. Each reveals or discloses
something that a different viewpoint does not. Each per-
spective also conceals something that a different view
may not. No approach to access, structure or navigation is
necessarily better or worse. Each may appeal to a different
individual designer's learning style, temperament, design
process or worldview. Each approach to organization has
its strengths and weaknesses, so in this edition, designers
can select which is appropriate for his or her uses.

In previous editions, the contents were organized only

by scale and architectural element, a means that made
sense to the authors because we thought that it was
important to emphasize the relationship among heating,
cooling and daylighting at the scale of particular design
components, such as windows. All of the design strategies
for windows were grouped together, and if the designer's
concern that day was designing windows, everything in
the book about windows was located on adjacent pages.
The drawback to this organizational method was that if
a designer was interested in only one issue, such as day-
lighting, considered across a range of scales and design
components, it was more difficult to find the applicable
design strategies.

Because there is so much content, most of the new
information is in SWL Printed and all the new information,
including what is printed here plus over 700 additional
new and revised pages, is located in SWL Electronic. Sev-
eral kinds of tables of contents are included. In & SWL
Electronic, one will find reproduced all of these navigation
instruments from the printed book, plus searchable and
printable electronic versions of all of the content.



® Navigation Matrix by Scale and Energy Topic 37
Synergies, Bundles, Strategies and Techniques
are categorized by heating, cooling, lighting,
ventilation, power and combinations of these,
and by the scales of building groups, buildings
and building parts.

® Navigation by Design Strategy Maps 41
Uses the nine levels of complexity to organize
Bundles and Strategies and define nested
relationships where lower order strategies help
build higher order strategies.

® Navigation by Climate 52
Helps identify the Strategies applicable to all
climates and those useful when designing in a
particular climate.

For additional ways to find what you need in Sun, Wind
& Light, see:

e Appendix A: SWL Printed Contents, detailed 309
Contents detailing each Synergy, Bundle,
Design Strategy and Technique in the printed
book with categories and action statements
for each.

¢ Appendix B: »# SWL Electronic Contents,
detailed 315
Contents detailing each Synergy, Strategy
Bundle, Design Strategy and Technique in the
printed book with categories and action
statements for each.

Sun, Wind & Light also contains multiple indices. Each
index directs the reader to content in both SWL Printed
and ¥ SWL Electronic.

® Subject Index 355
A thorough conventional alphabetical subject
index

e Designer and Precedent Index 405
Helps find designers and built examples.

e Design Tools Index 422

Helps find rules of thumb, design guidelines,
charts and graphs.

PART 1: NAVIGATION
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Navigation Matrix

by Scale and Energy Topic

The Navigation Matrix on the following pages organizes
all of the Synergies, Bundles, Design Strategies and Tech-
niques in Sun, Wind & Light by scale and energy topic.
Find on the vertical axis the three scale groupings, Groups
of Buildings, Buildings and Building Parts, which apply to
the bundles and design strategies, plus the category of
Analysis & Evaluation [Techniques], which often relates
to multiple scales. On the horizontal axis are the catego-
ries of energy topics that the Synergy, Bundle, Strategy or
Technique helps the designer consider. The topics include,
Heating, Cooling, Ventilation, Daylighting and Power and
combinations of these.

Each of the knowledge modules in SWL is listed with
its sequential number. Synergies are designated S1, S2,
S3, etc. Bundles are listed as B1, B2, etc. Both are shown
in bold type. Design Strategies are listed as 1, 2, 3, etc.
Analysis Techniques are numbered A1, A2, A3, etc. and
the new High-Performance Buildings assessment meth-
ods are labeled P1, P2, P3, etc. This follows the naming
conventions in the text and in the other navigation
instruments.

Strengths

e  Useful for finding the strategies or bundles that
operate at a particular scale

¢  Helpful for finding design guidance on a particular
energy topic, such as daylighting

e  Useful for finding strategies that may be related
by scale and topic(s) to a strategy the designer is
already considering

® Helps understand the range of strategies that apply to
particular topics

Weakness

® Does not reveal the scalar or complexity of
relationships among strategies

e Implies but does not specify the relationships
between energy topics

NAVIGATION: Matrix by Scale and Energy Topic
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Matrix by Scale and Energy Topic

NAVIGATION
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COOLING

COOLING &
VENTLILATION

=21
i

HEATING &
COOLING

I

B3 Solar Neighborhood

8 Gradual Height
Transitions

11 Winter Courts

12 Neighborhood
Sunshine

15 Solar Envelopes

18 Tall Building
Currents

20 East-West Elongated

Building Groups

B2 Cooling Neighborhood
2 Shared Shade
9 Interwoven
Buildings & Planting
10 Interwoven
Buildings & Water
16 Shadow Umbrella
22 Green Edges
23 Overhead Shades

1 Converging

Ventilation Corridors
19 Dispersed Buildings

7 Loose/Dense Urban
Patterns
21 Wind Breaks

3 Topographic
Microclimates

70 Well Placed Windows

80 Breathing Walls*

81 Solar Reflectors

84 Solar Apertures

102 Mass Surface
Absorptance

*Heating & Ventilation

61 Water Edges

63 Layer of Shades

91 External Shading

92 Internal &
In-between Shading

105 Double Skin
Materials

Navigation Matrix by Scale and Energy Topic

69 Ventilation
Openings
Arrangement

86 Ventilation
Apertures

96 Mechanical Space
Ventilation

60 Mass Arrangement
62 Insulation Outside
74 Skin Thickness

75 Thermal Mass

76 Earth Edges

77 Radiant Surfaces

89 Movable Insulation

94 Rock Beds

95 Mechanical Mass
Ventilation

100 Heat Pumps

104 Exterior Surface Color



HEATING, COOLING
& VENTILATION

s dhed

17 Breezy/Calm Streets

71 Sympathetic HVAC

72 Mechanical Heat
Distribution

97 Ducts & Plenums

98 Earth-Air Heat
Exchangers

99 Air-Air Heat
Exchangers

HEATING, COOLING
& DAYLIGHTING

COOLING &
DAYLIGHTING

DAYLIGHTING

B4 Integrated Urban
Patterns
S3 Resource-Rich
Environments
5 Climatic Envelopes

B9 Responsive Envelope

S6 Multivalent Design

S7 Active Tailored
System

67 Separated or
Combined Openings

87 Air Flow Windows

106 Window & Glass

Types
101 Man/Auto Controls

*also Emissions

88 Light Shelves
90 Daylight Enhancing
Shades

B1 Neighborhood of Light
4 Daylight Density
6 Glazed Streets

13 Daylight Blocks

14 Daylight Envelopes

64 Reflected Sunlight

65 Open Roof Structure

66 Daylight Roof

68 Window Placement

73 Electric Light Zones

82 Low Contrast

83 Skylight Wells

85 Daylight Apertures

93 Task Lightning

103 Daylight Reflecting
Surfaces

78 Photovoltaic Walls &
Roofs
79 Solar Hot Water

*also Emissions

BUILDING
GROUPS

L7-L9

PARTS

Matrix by Scale and Energy Topic
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Navigation by

Design Strateqgy Maps

Key Points

e Strategies are organized in levels of complexity.

e less complex/smaller scale strategies help build
larger strategies.

e Every strategy has a context.

®  More complex/larger strategies organize patterns of
smaller strategies.

e A full range of complexity levels is necessary for a
whole and complete environment.

Strengths
e Helps identify relationships and link strategies across
scales

e Helps designers look vertically at the set of strategies
needed to be effective

e Identifies strategies that may be critical to the
success of another strategy or upon which a given
strategy may depend

® Provides a graphic overview of the whole knowledge
base of SWL

Weaknesses

e Only really helpful if the designer knows the essence
of several strategies already

e Best for advanced users; may be opaque for beginners

e Requires user to understand the rules for relationships
among strategies that are behind the graphics

The nested hierarchy of the Design Strategy Maps

The Design Strategy Maps are one way to look at the
structure of the knowledge base of net-zero energy design
and climatic design. They show the relationships latent
in the many design strategies in Sun, Wind & Light. They
organize the design strategies into a nested, lattice-like
hierarchical network.

The organization of the Design Strategy Maps is based
on the idea that each strategy is both a whole and a part.
Each strategy organizes and is made up of strategies at a
lower order of complexity and a smaller scale. Each strat-
egy also has a context, which is another larger, more
complex strategy.’

The second idea embodied in the Design Strategy
Maps is that this nesting of strategies within strategies
can be associated with levels of scale, where each larger
scale exhibits an increase in complexity. The spectrum of
complexity is organized in a system of nine levels, from
materials to regions, as shown in Levels of Complexity
for Design Strategy Maps.

1 The structure of the maps is based on observations about the relationships

of parts and wholes first formally identified in general systems theory and later in
ecological hierarchy theory. An informal version was employed by Alexander, et

al, in A Pattern Language (1977). Wilber (2000) articulated the logics of such sys-
tems structures that apply to many knowledge domains in what he calls “the twenty
tenets.”

NAVIGATION: Design Strategy Maps

N
~



NAVIGATION: Design Strategy Maps

N
o]

GROUPS OF BUILDINGS [Sites]
L9 Neighborhood
L8 Urban Fabric
L7 Urban Elements

BUILDINGS [Grounds]
L6 Whole Buildings [Plot]
L5 Room Organizations
L4  The Room [Garden]

BUILDING PARTS [Landscape Parts]
L3 Building Systems [Landscape Systems]
L2 Elements [Plantings]
L1 Materials

Levels of Complexity for Degign Stratesy) Maps

Using this logic of parts and wholes, an architectural
Element [L2], such as a window, is made up of and cannot
exist without its constituent Materials [L1], such as glass
and wood. L2 Elements help to build larger, more com-
plex strategies at the level of L3 Building Systems, such
as walls, roofs and floors. In turn, L3 Building Systems
are configurations of L2 Elements. Similarly, L4 Rooms are
configurations of L3 Building Systems; while L5 Room Orga-
nizations are made up of L4 Rooms, and L6 Whole Buildings
are combinations of L5 Room Organizations. Each increase
in complexity proceeds in this way, a nested hierarchy of
spatial order.

Of course, this is only one way to look at the order of
parts and wholes. One could generate a system with more
fine gradations or one with fewer levels. However, this is a
system that seems to fit the common logics that designers
use and the ways the profession speaks of the compo-
nents and scales in buildings, such as the way rooms and
courtyards are organized to make buildings and the way
materials are organized into building assemblies like walls
and roofs. It is about the simplest system of levels that
accounts for all of the physical elements of design and
how one can empirically observe parts combining to form
larger patterns.

The hypothesis of this ordering system is that these
relationships among scales are necessary for a whole
and complete built environment and that, in most cases,

L9 Neighborhoods: NEIGHBORHOOD OF LIGHT
L8 Urban Fabrics: CLIMATIC ENVELOPES

L7 Urban Elements: DAYLIGHT ENVELOPES

L6 Whole Buildings: DAYLIGHT BUILDING

L5 Room Organizations: THIN PLAN

L4  The Room: SIDELIGHT ROOM DEPTH

L3 Building Systems: WINDOW PLACEMENT
L2 Elements: DAYLIGHT APERTURES

L1 Materials: WINDOW & GLASS TYPES

Levels of Complexity: examples at each level for
SWL daylighting strategies(one possible example)

strategies at several scales are needed for a particular
strategy to function well and for the building as a sys-
tem to work. Without this kind of scalar continuity of
the strategies used in a building design, an entire archi-
tectural idea, such as the idea of a building as a lighting
fixture for daylight, may break down and fail.

The example of daylighting

One route (there could be many) through the full hier-
archy for a building and context designed for daylight is
shown in the above Levels of Complexity: examples at
each level for SWL daylighting strategies.

As an example, the SIDELIGHT ROOM DEPTH [L4] strat-
egy says that the depth of a room with windows on only
one side should be no more than 2.5 times the height
of the window head to achieve an acceptable ratio of
light between the windows and the back of the room.

It is based on the configuration of relationships among
sun, sky, window, room geometry, surface reflectance and
human visual perception. If this pattern is extended to

a consideration of a building plan, it generates another
strategy, called THIN PLAN [L5]. By this pattern, the plan
thickness of any part of a sidelighted building should not
exceed 6-7 times the window head height (if an internal
electrically lighted zone for circulation is allowed) or 5
times the window head height if good daylight is to reach
to every room.



LEVEL A
more compexity,
larger scale

LEVEL B
less compexity,

smaller scale

Stratesgy B

Stratesy B

Strateqy A

Stratesy B Stratesy B

Diagrammatic Relationshipe Among Stratesgies in the Design Stratesy Mape

If we then jump to the neighborhood scale, a simi-
lar pattern emerges when we intersect these articulated
thin plan buildings with a city grid, DAYLIGHT BLOCKS
[L7], which helps build DAYLIGHT DENSITY [L8] (For
more complete relationships, see the Design Strategy
Map: Building Group Scale). The NEIGHBORHOOD OF LIGHT
strategy, at level 9, helps to organize the smaller level
8 patterns of DAYLIGHT DENSITY and CLIMATIC ENVELOPES,
which, in turn, organizes both DAYLIGHT ENVELOPES and
SOLAR ENVELOPES at level 7, strategies that guide urban
building massing to insure access to light and sun.

It is also easy to demonstrate that poor daylighting will
result if a building lacks all strategies at a particular level.
For example, in the case daylight example, if the wiNDOW
AND GLASS TYPE [L1] is not transmissive enough, or the
DAYLIGHT APERTURES [L2] too small, the wINDOW PLACE-
MENT [L3] too concentrated or unilateral, the RoOM DEPTH
[L4] too deep or the plan too thick (not a L5 THIN PLAN),
daylight goals cannot be met. Similarly, if the large-scale
strategies do not create the synergy necessary to bring
sufficient daylight to the edge of the building, daylight
design success at the building scale is highly improbable.

Like all the tools in SWL, the maps don't specify exactly

what form to design or exactly what strategies to com-
bine. What the Design Strategy Maps do suggest is a way
to touch all the bases and check whether or not an impor-
tant strategy has been overlooked. A successful design for
a DAYLIGHTED BUILDING in a context that makes daylighting
possible will employ one or more of the SWL daylighting
design strategies at each of these levels of complexity.
Most often, there are several strategies available at each
level. Of course, not every building will typically employ
every possible strategy.

What the links and levels mean

Consider for example two strategies, A and B, as shown in
Diagrammatic Relationships Among Strategies in the
Design Strategy Maps. In general, if Strategy A is shown
above Strategy B in the Design Strategy Maps, then the
following relationships are usually observed in the form
given in the statements, but not vice versa. These are
multiple ways to say the same thing:

e Ais the whole of which B is a part.

® A helps to organize B or the pattern of Bs.

e A enfolds or contains or includes B.

e Ais an immediate context of B. B is nested within A.
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B can exist without A, but A cannot exist without higher, more inclusive, deeper design strategy than B. The
B (or some B; not all possible Bs are identified in principles above hold generally to be true, although every
SWL3). So, if all the Bs are destroyed, A is also variation of the list may not seem to apply to an individ-
destroyed. A needs B (or at least one B) to exist. ual strategy.
A is enhanced by B. o _ An excerpt from the map
The character of A is the configuration of relationships ) )
between Bs. To see the structure with more clarity, an excerpt from

the maps is shown in the graphic Sunspace Strategy and
Linked Strategies of Lower Complexity. A sunspace is a
type of solar heating system in which the collection and
storage for the building or a zone of the building are con-
centrated in one space. The SUNSPACE can be thought of as
a configuration of a conserving envelope, a concentrated

A transcends but includes B.

The deeper the A (more nested levels), the lower its
population. There are more Bs in the world than As.
A is more complex than B.

B can usually participate in multiple As.

An A design strategy can then be considered to be a



amount of thermal mass and glazing properly located and
sized. The diagram suggests that four L3 Building Sys-
tem strategies, when configured properly, are needed to
generate the larger strategy SUNSPACE. Without windows,
mass and an insulated envelope, the room will not be a
sunspace.

In a typical sunspace design, the heat is collected via
windows, which are concentrated on the equatorial fa-
cade while smaller glazing is placed on other orientations
to reduce heat loss [WELL-PLACED WINDOWS]. These sun-
collecting windows can serve the single purpose of heat
collection, but most often, some will have to also serve
for ventilation [SEPARATED OR COMBINED OPENINGS]. Simi-
larly, the openings in the interior mass wall can serve the
single purpose of ventilation between the sunspace and
the adjacent rooms, or they may also be enlarged to admit
light to the rooms. The mass and its location [MASS AR-
RANGEMENT] are critical to the sunspace's success. It works
best with a mass floor, a masonry wall dividing the suns-
pace and the heated rooms, and often, either additional
thermal storage in the form of water containers in the
space or as remote storage. The mass then has to be lo-
cated with its surfaces exposed to the sunspace interior
and with its INSULATION ON THE OUTSIDE to keep from los-
ing the captured heat. If a designer is working on creating
a sunspace, the links between the sunspace and the L3
strategies help remind the designer to consider these criti-
cal elements.

Each L3 Building Systems strategy is linked to one or
more L2 Elements strategies. For example, the mass ar-
rangement strategy helps find the best locations for
THERMAL MASS and NIGHT-COOLED MASS. The sunspace de-
signer might be thinking only of winter heating when
deciding on the size and location of the mass, but the
links remind him to also consider the summer night-
cooled mass. The MASS ARRANGEMENT strategy configures
the elements of thermal storage. Similarly, the INSULA-
TION OUTSIDE strategy configures the insulation in SKIN
THICKNESS and the thermal mass in the wall or roof. It is
composed of them. If INSULATION OUTSIDE is an A level
strategy, then THERMAL MASS and SKIN THICKNESS are
its Bs.

Remember that the Design Strategy Maps show poten-
tial linkages and a large set of strategies from which the
designer can select. All the strategies will not be used in
one building. The sunspace, for example, will in all likeli-
hood, not use all of the strategies that are linked to it at
lower levels. For example, both EXTERNAL SHADING and IN-
TERNAL OR IN-BETWEEN SHADING are linked to SEPARATED OR
COMBINED OPENINGS and from there to SUNSPACE. The sun-
space might use only one of these. Some strategies, such
as SOLAR REFLECTORS and AIR FLOW WINDOWS, can be con-
sidered optional refining strategies. Some designs may use
them and others will not.

Thinking in terms of both analysis and context

Form is often conventionally understood in architectural
terms as the pattern that configures parts within the
whole. Many, if not most, ways of understanding these
formal patterns involve techniques of analysis that break
down, dissect or deconstruct the larger whole into its con-
stituent elements or their fundamental arrangements and
relationships. The analytic method is a valid approach,
from which one can learn much about buildings. It can be
thought of as moving from higher to lower levels of com-
plexity in the maps. Analysis is true and correct in that it
describes one portion or aspect of design, however, alone
it is incomplete and insufficient in two ways:

1) The emergent qualities unique to the whole are never
found via analysis, only those qualities found in the
parts.

2) Atomistic analysis misses how the whole is
simultaneously a part of something larger.

The yin of analysis’s yang is holism and contextualism. To
understand anything as a whole, one has to look for what
is unique to the whole and not found in the parts. The
contextual method looks for the larger whole to which a
part contributes. One way this is often done in design is
by mapping the pattern that defines the whole, that is
representing the relationships among the parts. In addi-
tion to breaking it down, one can understand the whole
by placing it within its larger, containing context where it
becomes a part of a whole larger than itself.
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In architectural terms, designers can think of a build- Q
ing’s form as both a product of its constituent parts, the S
internal “order within” and at the same time, as a product o =
of its external context-based order, the “order without.” -
This logic applies at every scale of design. Instead of form 3 B Neighborhood
alone, consider thinking of the more inclusive idea of E of Light
“place-form,” which is a multitiered nesting of part, whole
and context. From this perspective, every whole at every
level is made up of parts. Such things with their whole/
part nature are known in systems theory as holons. A hier-
archy of nested holons is a holarchy. SWL3 terms these
spatial holons “design strategies.”
The Design Strategy Maps reveal the most significant =
of these nested complexity relationships among the design = E
strategies in Sun, Wind & Light, though more connec- = @
tions could, of course, be drawn and more strategies could 0o L -
be added. At the scales of Building Parts, there are defi- 492‘:\2'!?,;” o Glazed Smf:,";;jj
nitely important relationships not revealed in this edition @
of the maps. The Design Strategy Maps address only one
very significant kind of relationship and make no attempt @
to illustrate all possible relationships among strategies.
Finally, it is clear that the SWL collection of strategies is
incomplete and that the knowledge base keeps expanding!
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Bundle variations based on climate

One fundamental context used in SWL is the building's
climatic region. Except for daylighting, most design
strategies can be divided into heating or cooling or
both heating and cooling; a few are only applicable to
hot-humid or hot-arid conditions. All of the daylighting
strategies can be used to some degree in any climate.
Three basic climate categories are designated for strate-
gies and bundles of strategies:

e Cold (C)
* Hot-Humid (H-hu)

* Hot-Arid (H-ar)

A combination of climate and internal gains can
account for much in determining appropriate ener-
gy strategies for preliminary design. The table Bundle
Variations by Climate and Internal Gains shows how
the three fundamental climate variations can be adapt-
ed to cover a wide variety of building situations. In
general, a building with high internal gains, known as
internal-load-dominated (ILD), such as a conventional
sealed office building that does not make significant use
of daylighting, has a lower balance point and more need
for cooling than a similar building with low internal
gains, known as skin-load-dominated (SLD), such as the

one you might design using SWL. The ILD building will act
like a building in a hotter climate and have greater needs
for shading, cooling, etc. Similarly, because it has no en-
velope and no internal gains, an outdoor space will have
conditioning needs more like a climate a step cooler than
that of a SLD building.

The table’s “center of gravity” assigns the basic climate
types to an SLD building in a climate as typically per-
ceived. For example, the table shows the Cold climate (C)
in a cold, heating-dominated climate, like Duluth, Minne-
sota, Zone 6A and a Hot-Humid climate (H-hu) in a hot
humid, cooling-dominated climate, like Miami, Florida,
Zone 1A. For climate zone designations, see the Maps of
International Climate Zones (following spread and larger
versions in Appendix D).

The designation “H2” or “C2” means that the ba-
sic climate type conditions are exacerbated and that the
dominant heating or cooling emphasis drives the climatic
design responses even more than a condition with a des-
ignation of H or C. For example, an SLD building in a cold
climate has a climate type designation of C. An outdoor
room, which is more subject to the outdoor condition and
has no internal loads, shifts to a C2 designation, meaning
that it has a more intense cold condition to address. Sim-
ilarly, an ILD building with large internal gains in a hot



Navigation by Climate

CLIMATE PERCEIVED CLIMATIC ILD/THICK BUILDING  SLD/THIN BUILDING OUTDOOR ROOMS
CONDITION
COLD Heating Dominated C + H-hu C C2
C + H-ar
MIXED Combined H-hu C + H-hu C
Heating & Cooling H-ar C + H-ar
HOT HUMID Cooling Dominated: H2—-hu H-hu C + H-hu
Humid
HOT ARID Cooling Dominated: H2-ar H-ar C + H-ar
Arid

HIGH INTERNAL GAINS

Bundle Variations by Climate and Internal @aine

LOW INTERNAL GAINS

NO INTERNAL GAINS

ILD = Intermal-Load-Dowinated; SLD = Gkin-Load-Dominated; ¢ = Cold Bundle;, H = Hot Bundle; ar = arid; hu = humid
Hz = very hot, heavily cooling dominated, cz = very cold, heavily heating dowinated
Thick Building = a building with a low percentage of passive zones (see text)
Thin Building = a building with a high percentage of passive zones (see text)

arid (H-ar) climate may need cooling all the time. (H2-ar) one of the Hot climate groups. Remember that it is not

Most climates in North America are mixed climates,
that is, their buildings require both heating and cool-
ing for some periods of the year. For buildings with some
combination of heating and cooling, the designer can
use design strategies or bundles from both the Cold and

just the climate that determines the need for heating or
cooling but rather the combination of Climate + Use + De-
sign (for more on this, see “Buildings and Energy Use” in
Part II). This combination of factors drives the building’s
BALANCE POINT TEMPERATURE and BALANCE POINT PROFILE.

3
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Marine (C) definition: Locations meeting all four of the following criteria:

1. Mean temperature of the coldest month between 27°F (-3°C)

2. Warmest month mean < 72°F (22°C)

3. At least four months with mean temperatures over 50°F (10°C)

4. Dry season in summer. The month with the heaviest precipitation in the cold
season has at least three times as much precipitation as the month with the
least precipitation in the rest of the year. The cold season is October through
march in the Northern Hemisphere and April through September in the
Southern Hemisphere.

Note: Larger versions of these maps are located in Appendix D of SWL Electronic

Dry (B) definition: Locations meeting the following criteria:
1. Not marine and
2. P<0.44x(T-19.5) [IP units]
3. P<20x(T+7) [Slunits]
where:
P = annual precipitation in inches (cm) and
T = annual mean temperature in °F (°C).

Moist (A) definition: Locations that are not marine and not dry.
(ASHRAE, 2007, Appendix B)
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CLIMATE ZONE IP Units, DD °F SI Units, DD °C

Humid 1A
VERY HOT > 9000 CDD50 > 5000 CDD10

Dry 1B

Humid 2A
HOT 6300-9000 CDD50 3500-5000 CDD10

Dry 2B

Humid 3A

4500-6300 CDD50 2500-3500 CDD10

WARM Dry 3B

Marine 3C < 4500 CDD50 and < 3600 HDD65 < 2500 CDD10 and < 2000 HDD18

Humid 4A

< 4500 CDD50 and 3600-5400 HDD65 | < 2500 CDD10 and 2000-3000 HDD18

MIXED Dry 4B

Marine 4C 3600-5400 HDD65 2000-3000 HDD18

Humid 5A

cooL HE:D] Dry 5B 5400-7200 HDD65 3000-4000 HDD18

I werine s

COLD 7200-9000 HDD65 4000-5000 HDD18
- Dry 6B

VERY COLD g2 7 9000-10800 HDD65 5000-6000 HDD18

SEVERE COLD @ 7.5 10800-12600 HDD65 6000-7000 HDD18

SUBARCTIC m 8 12600-14400 HDD65 7000-8000 HDD18

ARCTIC m 9 > 14400 HDD65 > 8000 HDD18

Intetnational Climate Zones, definitions




Outdoor conditions that drive envelope and solar loads
are determined by the Climate. See CLIMATE RESOURCES.
The Use factors set internal comfort criteria, occupancy
schedules and rates of internal heat gain. See 0CCUPANT
BEHAVIORS. The building’s form requlates envelope heat
loss and gain, the amount of sun collected through win-
dows or blocked by shading and so on.

The table shows the basic climate categories used to
classify strategies in SWL. Individual design strategies are
all too broad to be associated with a single climate zone.
Many are too broad to be limited even to one of the 3 ba-
sic climate types. Instead, many strategies address a range
of conditions from mild to extreme. For example, the tools
in SOLAR APERTURES relate sun-facing solar glazing to an-
nual solar savings fraction (SSF) for a range of climates
from hot-humid climates like Zone 1A, Miami, Florida—
which still has a short heating season—to very cold
climates like Zone 7B Edmonton, Alberta.

The climate zone numbers in the maps and diagrams
are from the International Climate Zones definitions, and
representative cities are for the climate zones in the Unit-
ed States. Cities in Zones 1-7 and 8 are those that have
been selected by the U.S. Department of Energy based on
where the most people live in that zone; therefore, they
are not always the cities with statistically typical climate
conditions within the zone itself. Zone 7.5 has been add-
ed to SWL as a subdivision of Zone 7. This follows zones
proposed by Canada. Zones 9 and 10 are subdivisions of
Zone 8 because the heating degree day variation in Zone
8 as defined by ASHRAE is actually equivalent to several
other zones combined. Zones 7.5, 9 and 10 are exclusive
to SWL.

To select strategies and bundles appropriate to a
building's climate:

1) Find the climate zone for your building site using
the Maps of International Climate Zones (United
States, Alaska or Canada).

2) Select the base climate condition from Climate
Zones and Their Priorities for Heating and Cooling
Strategies (next spread).

3) Modify your base climate zone using the table of
Bundle Variations by Climate and Internal Gains,
(two spreads back), if required, depending on whether
you are designing an ILD building, an SLD building or
an outdoor room.

4) Select a new equivalent climate zone, if you are
designing an ILD building or an outdoor room. From
your base climate zone condition, if required, move
in the Hot direction (left) or the Cold direction
(right). From the diagram, Climate Zones and Their
Priorities for Heating and Cooling Strategies, (next
spread) read the recommended weighting of Hot
(cooling) vs. Cold (heating) strategies.

5) Select appropriate Synergies, Design Strategies
and Analysis Techniques. Using these weightings as
priorities, refer to Strategies by Climate and Energy
Intentions (two spreads forward).

Of course, not every strategy on the list must be used
and an energy intention may still be achieved by
employing various combinations.

6) Use the weightings to create custom bundles from a
mix of strategies drawn from hot and cold variations.
See the section, “Making Your Own Bundles” in
Part IV, “Bundles.” Some strategy bundles are
differentiated by climate. When selecting among
them, use the same steps above to determine your
equivalent climate zone.
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The table of Strategies by Climate Type and Energy shows a series of energy intentions designated as S1, S2,
Intentions on the following pages divides strategies into  S3, etc. for Sun; M1, M2, M3, etc. for Moisture, and so on.

groups based on their potential applicability to All Cli- Beneath each bold intention statement are strategies
mates, or to the climate conditions of Cold, All Hot, that can be used to address its issue.

Hot-Humid, or Hot-Arid. Each climate type has a set of Some strategies help to achieve more than one energy
energy intentions relative to Sun, Wind, Daylight, Tem- intention, so the user will find these repeated. Like all of
perature, Moisture, or combinations of these (Multiple the SWL navigation aids, the advice is general and dif-
Forces). Daylighting strategies apply to all climates. ferent strategies or combination of strategies can often
Within each of these climate force categories the table achieve the same end.
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Strategies by Climate Type and Energy Intentions

ALL CLIMATES SYNERGIES BUNDLES
S1 Climate Resources B1 Neighborhood of Light
S2  Occupant Behaviors B4 Integrated Urban Patterns
S3  Resource-Rich Environment B5 Daylight Building
Wm] S4  Spatial Zoning B7  Outdoor Microclimates
—_— S5  Thermal Sailing B9 Responsive Envelope

S6  Multivalent Design
S7 Tailored Active Systems

HIGH- MOISTURE DAYLIGHT
ré'g PERFORMANCE :\94 '%/1

b2 METRICS

pl Performance targets. m1 Allow vapor to dry d1 Preserve daylight access on d4 Admit reflected or
A30 Energy Targets inward/outward. the site. diffuse light to reduce
A33 Emissions Targets m2 Remove excess moisture A9 Daylight Availability heat gains.
A1l Design Layout Factor by ventilation. A10 Daylight Obstructions Al Sundial
84 Solar Apertures A12 Temperature and humidity 4 Daylight Density A2 Sun Path Diagram
p2 Assess energy performance [SWL4] 13 Daylight Blocks A26 Shading Calendar
A27 Total Heat Gains & A24 Bioclimatic Chart 14 Daylight Envelopes 64 Reflected Sunlight
Losses 44 Cross-Ventilation Rooms d2 Capture daylight 88 Light Shelves
A31 Annual Energy Use 53  Stack-Ventilation Rooms architecturally. 90 Daylight Enhancing Shades
A32 Energy Use Intensity 69 Ventilation Openings A8 Sky Cover 106 Window and Glass Types
A34 Net-Zero Energy Balance Arrangement A11 Design Daylight Factor d5 Provide a range of
p3 Assess emissions perform. 86 Ventilation Apertures 6  Glazed Streets lighting conditions.
A35 Carbon-Neutral Building 96 Mechanical Space 31 Borrowed Daylight Al4 Energy Programming
Ventilation 33 Atrium Building 25 Periodic Transformations
WIND 35 Thin Plan 31 Borrowed Daylight
-@ MULTIPLE 38  Skylight Building 41 Daylight Zones
N FORCES 47 Topli.ght Room 95 Task Lighting
w1l Control infiltration. - 22 Bgy Egm ggg? Geometry 101 ?g;frillsor Automated
A4 Wind Rose fl  Preserve access to on-site 19 :
s . . - 67 Separated or Combined d6 Control glare.
A23 Ventilation/Infiltration Gain resources. h
and Loss A7 Site Microclimates Openings 56 Glare-Free Rooms [SWL4]
) P 68 Window Placement 64 Reflected Sunlight
21 Windbreaks 5  Climatic Envelopes .
: 85 Daylight Apertures 82 Low Contrast
76  Earth Edges f1  Provide a range of . . :
. s d3 Reflect daylight deep into 88 Light Sleeves
70  Well-Placed Windows . thermal conditions. interiors 106 Window and Glass Types
w2 Admit controlled fresh air /4 f,ﬁ;;gtykfgo‘-”amm‘”g 57  Sidelight Room Depth d7 Integrate daylight and
A23 Ventilation/Infiltration Gain 25 Periodic Transformations 65 Open Roof Structure electric light.
. 66 Daylight Roof 41 Daylight Zones
and Loss 26 Cooling Zones 83  Skylight Wells 73  Electric Light Zones
67 Separated or Combined 27  Mixed Mode Cooling 88 Ligyhthhelves 03 Task Light?ng
Openings 28 Heating Zones : .
80  Breathing Walls 40 Stratification Zones 103 Daylight Reflecting Surfaces 101 I\C/lgnéj?)llsor Automated
87  Air Flow Windows f3 Passive design; use nr
98 Earth-Air Heat Exchangers efficient equipment.
99  Air-Air Heat Exchangers 71 Symphatic HVAC [SWL4]
100 Heat Pumps [SWL4]
SUN 101 Manual or Automated
éﬂg’;‘ﬁ Controls

26  Cooling Zones
27 Mixed Mode Cooling

s1 Collect sun for service hot 28 Heating Zones

water.

A20 Hot Water Loads

79 Solar Hot Water

s2 Collect sun for producing
electricity.

A19 Electric Loads

78 Photolotaic Walls/Roofs



COLD CLIMATES BUNDLES
B3  Passive Solar
Neighborhood
B7 Outdoor Microclimates
B8 Passive Solar Building
SUN a MULTIPLE * TEMPERATURE
A N m:
§g=*==g ? ~ FORCES
s3 Preserve site solar f4 Create a warmer outdoor t1 Decrease allowable t5 Store daytime heat for
access. microclimate. interior temperature. use at night.
A7  Site Microclimates A7 Site Microclimates A13 Adaptive Comfort Criteria 50 Thermal Storage Wall
12 Neighborhood Sunshine 3 Topographic Microclimates Al4 Energy Programming 52 Roof Ponds
15 Solar Envelopes 7 Loose/Dense Urban A16 Occupancy Heat Gains 60 Mass Arrangement
18 East-West Elongated Patterns A24 Bioclimatic Chart 62 Insulation Outside
Building Groups 8  Gradual Height Transitions 24 Migration 75 Thermal Mass
s4 Admit sun when there’s 11 Winter Courts 29 Buffer Zones 77 Radiant Surfaces [SWL4]
a heating load at night. 18 Tall Building Currents 40 Stratification Zones 94 Rock Beds
A3 Solar Radiation 21 Wind Breaks t2  Shift schedules to avoid 102 Mass Surface
A29 Balance Point Profile 24 Migration peak cold. Absorptance
36 East-West Plan 32 Locating Outdoor Rooms A15 Load Responsive t6 Move heat to storage
37 Deep Sun 58 Breezy/Calm Courtyards Scheduling or where needed.
43 Rooms Facing Sun/Wind t3 Increase/concentrate 39 Moving Heat to Cold
48  Direct Gain Rooms WIND internal heat generation. Rooms
49  Sunspaces A18 Equipment Heat Gain 42 Convective Loops
50 Thermal Storage Wall A16 Occupancy Heat Gain 72 Mechanical Heat
51 Thermal Collector Walls . A17 Electric Light Heat Gain Distribution
and Roofs w2 A.dm1t cgnt(olled fresh 28 Heating Zones 97 Ducts and Plenums
52  Roof Ponds air ventilation. t4 Block heat loss through 95 Mechanical Mass
67 Separated or Combined 89  Breathing Walls the envelope. Ventilation
Openings w3 Block cold wind. A21 Skin Heat Flow
82 Solar Reflectors A4 Wind Rose A25 Earth Contact
84 Solar Apertures A5 Wind Square A27 Total Heat Gains/Losses
106 Window and Glass Types A6 Air Movement 21  Windbreaks
s5 After passive design, 3 Topographic 29  Buffer Zones
collect sun for active Microclimates 34 Clustered Rooms
heating. 7. Loose/Dense Urban 70 Well-Placed Windows
51 Thermal Collector Walls Patterns 74 Skin Thickness
and Roofs 11 Winter Courts 76 Earth Edges
21 Windbreaks 89  Movable Tnsulation
;g Egﬁﬁea%;ooms 104 Exterior Service Color
70 Well-Placed Windows 106 Window and Glass Types
w4 Decrease interior air
velocity.
75 Thermal Mass
77 Radiant Surfaces [SWL4]

te

ima

: By Cli

NAVIGATION

N
~



Strategies by Climate Type and Energy Intentions

ALL HOT CLIMATES BUNDLES

T — B2 Cooling Neighborhood
B6 Passively Cooled Building

'; ; \ B7 Outdoor Microclimates

"] MULTIPLE
\LL"-E FORCES
N =

/ TEMPERATURE

% WIND

t7 Increase allowable interior t11 Store heat when it's too w5 Preserve wind access on f5 Create a cooler outdoor
temperature. hot to ventilate. the site. microclimate.

A24 Bioclimatic Chart A24 Bioclimatic Chart A4 Wind Rose A7 Site Microclimates

A13 Adaptive Comfort Criteria A25 Earth Contact 5  Wind Square A24 Bioclimatic Chart

Al4 Energy Programming A27 Total Heat Gains and Losses A6 Air Movement Principles 9  Interwoven Buildings

A16 Occupancy Heat Gains 52 Roof Ponds 1 Converging Ventilation and Planting

24 Migration 54  Night-Cooled Mass Corridors 10 Interwoven Buildings

By Climate

NAVIGATION
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29 Buffer Zones 60 Mass Arrangement 3 Topographic Microclimates and Water
40  Stratification Zones 62 Insulation Outside 7 Loose/Dense Urban 16 Shadow Umbrella
96 Mechanical Space Ventilation 75 Thermal Mass Patterns 22  Green Edges
t8 Shift schedules to avoid 77 Radiant Surfaces [SWL4] 17 Breeezy Streets 23 Overhead Shades
peak heat. 76 Earth Edges 19 Dispersed Buildings 24 Migration
See daylight strategies (All 94 Rock Beds w6 Admit outside air when 32 Locating Outdoor Rooms
Climates) 95 Mechanical Mass Ventilation it's not too hot for 58 Breezy/Calm Courtyards
Al4 Energy Programming t12 Move coolth to storage or cooling. 59  Shady Courtyards
A15 Load-Responsive Scheduling to where it is needed. A4 Wind Rose
t9 Decrease/isolate/disperse 72 Mechanical Heat A24 Bioclimatic Chart SUN
internal heat genneration Distribution A27 Total Heat Gains and Qg_«_,g‘
A18 Equipment Heat Gains 97 Ducts and Plenums Losses ==
A16 Occupancy Heat Gains 95 Mechanical Mass Ventilation 26 Cooling Zones .
A17 Electic Lighting Heat Gain 27  Mixed Mode Cooling s6 Block sun when outside
26 Cooling Zones 30 Permeable Buildings temp. is above the
t10 Block heat gain and allow 43 Rooms Facing Sun and balance point.
heat loss through envelope Wind A1 Sundial ]
when indoors is hotter 44 Cross-ventilation Rooms A2  Sun Path Diagram
than outdoors. 45 Wind Catchers A22 Wmdpw Solar Heat Gain
A21 Skin Heat Flow 53  Stack Ventilation Rooms A26 Shading Calendar
A25 Earth Contact 58 Breezy Courtyards A29 Balance Point Profile
29  Buffer Zones 67 Separated or Combined 2 Shared Shade
74 Skin Thickness Openings 29  Buffer Zones
76  Earth Edges 69 Ventilation Openings 63  Layer of Shades
89  Movable Insulation Arrangement 59  Shady Courtyards
104 Exterior Surface Color 86 \Ventilation Apertures 90  Daylight Enhancing
106 Window and Glass Types 96 Mechanical Space Shades
Ventilation 91 External Shades
w7 Block wind when it's too 92 Internal and In-Between
hot for cooling. Shades
21 Windbreaks 106 Window and Glass Types
58 Breezy/Calm Courtyards 105 Double Skin Materials
w8 Increase interior air s7 Use sun to enhance
velocity. stack-ventilation.
69 Ventilation Openings 53  Stack-Ventilation Rooms
Arrangement

86 Ventilation Apertures
96 Mechanical Space
Ventilation



HOT-ARID CLIMATES

HOT-HUMID CLIMATES

m3
46
71
mé4

99
98

m5

10
46

34
61

: MOISTURE

Add moisture to indoor
air (humidify).
Evaporative Cooling
Towers

Sympathetic HVAC
[SWL4]

Add moisture to
ventilation air.
Air-Air Heat Exchangers
Earth-Air Heat
Exchangers

Use evaporative
cooling when it’s too
hot for other cooling
strategies.
Interwoven Buildings
and Water
Evaporative Cooling
Towers

Clustered Rooms
Water Edges

m6

71

m7

99

m8

10

46

61

: MOISTURE

Remove moisture from
indoor air.

Sympathetic HVAC
[SWL4]

Remove moisture from
ventilation air.

Air-Air Heat Exchangers
Avoid creating
additional humidity.
Avoid these strategies:
Interwoven Buildings
and Water

Evaporative Cooling
Towers

Water Edges
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Part II

USING SUN, WIND & LIGHT

PART II: USING SUN, WIND & LIGHT
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Designers seeking to produce net-zero and peak-zero,
net-positive energy buildings require an understanding

of what causes buildings to use energy as well as how to
harness the energy design process by integrating multiple
design strategies.

The first section of Part II, “Using Sun, Wind & Light,”
illustrates and explains the basic components and rela-
tionships of an integrated design process for “Buildings
and Energy Use.”

The second section introduces the Design Deci-
sion Chart for Net-Zero and Peak-Zero, Net-Positive
Buildings. This chart guides designers through a decision-
making process that leads to seven generalized Synergies,
which are in turn supported by a range of design Strat-
egies and Bundles of strategies that can help buildings
achieve maximum performance. An overview of the chart's
structure is given first, followed by the chart itself, then
an example and finally, suggestions for remembering seven
synergies that answer each question set in the chart.

USING SUN, WIND & LIGHT

PART II:
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Buildings and Energy Use

Building loads and energy use

Modern buildings use energy to power equipment and pro-
vide occupants with comfortable conditions. Over half of
the energy consumed by buildings is used to meet heat-
ing, cooling, ventilation and lighting loads (U.S. DOE,
2012). The diagram Influence of Climate, Use and
Design (next spread) shows the primary determinants of
these loads.

Climate is the set of external factors (temperature, rela-
tive humidity, radiation, wind patterns, etc.) that affect
building loads.

Use comprises the operational characteristics associated
with a building’s program and occupants. How a build-
ing is used is critical to the magnitude and timing of the
loads, since loads tend to follow people.

Design includes all aspects of a building's form, orga-
nization, parts and materials over which a designer has
control.

Load reduction strategies

In the effort to save energy, the first conventional
response is often to improve the efficiency of the mechan-
ical and electric lighting systems (e.g., changing from
T-12, a historically common fluorescent lamp, to more

efficient T-8 lamps). However, if the loads are reduced
with passive strategies before the systems efficiency

is improved, greater reductions in energy use can be
achieved, along with a reduction in the size and initial
cost of the systems. This is shown in the diagram Load
Reductions Minimize Energy Produced (next spread).

Interactions among Climate, Use and Design provide
key opportunities for load reduction strategies. For exam-
ple, NIGHT-COOLED MASS is a passive Design strategy used
to reduce or eliminate cooling loads. It works most effec-
tively in climates where nighttime temperatures drop
below the upper limit of the occupant comfort zone and
when the internal gains created by the Climate and Use of
the building are small enough to be absorbed by the ther-
mal mass.

Reducing loads to a minimum makes it possible to use
on-site energy production strategies to meet the remain-
ing demands of any necessary mechanical, lighting or
electrical systems, resulting in a net-zero or peak-zero,
net-positive building.

Net-zero and net-positive EUI buildings

Energy use intensity (EUI) is a common metric used to
quantify and compare the operational energy consumed

USING SWL: Buildings and Energy Use
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CLIMATE

1

USE
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LOADYG are
determined by the
interactions among
CLIMATE, UgE
and DESIGN.,

T

DESIGN

Influence of cClimate, Uze and Design

by buildings. The EUI measures the amount of energy
required by a building on a per unit area basis and is cal-
culated by dividing the total annual energy use by the
total floor area of the building. The EUI can be weighed
against a building's energy production intensity (EPI), an
estimate of the energy that is generated within the site's
boundaries based on available climate resources for pho-
tovoltaic panels, wind turbines or other renewable power
generation methods employed in the design. Regardless of
the power generation method used or fuel type consumed,
all production units are converted to annual kBtu/ft? (or
annual kWh/m?) so that equivalent comparisons can be
made between buildings and across different fuel types.
Using these two metrics, we can view the energy demand
versus energy production as a spectrum where an energy
balance index (EBI) is equal to EPI minus EUI:

(—‘(— ENERGY

9YSTEMS use
enerygy) to satiofy
LOADG, and they
algo impose
additional LO ADS
of their own.

Buildings draw
ENERGY
produced on-site
or off-site to
supply 9YSGTEMS.

Energy Balance Index =
Energy Production Intensity — Energy Use Intensity

Conventional buildings have a negative EBI value, since
they draw power from off-site in order to satisfy thermal,
lighting and plug loads. A zero value for EBI means that
demand equals supply, indicating a building that is net
zero. A net-zero energy building is defined as one that pro-
duces as much energy as it consumes during a given time
period (Torcellini et al., 2006), usually calculated on an
annual basis. In SWL, “net zero” always refers to a site
net-zero building [see definitions in NET-ZERO ENERGY BAL-
ANCE]. An even more efficient building would produce at
least as much energy as it consumes at any point in time
(including at its peak load hour), resulting in more energy
generation than consumption at all other off-peak times;
it would have a positive value on the EBI scale. This
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Load Reductions Minimize Energy Produced

would be referred to as a peak-zero, net-positive build-
ing. Other buildings might have an annual positive EBI
and therefore be considered net-positive, yet still import
energy to handle their peaks.

Integrated design

Integrated design is both a theoretical approach to cre-
ating more sustainable buildings and a practical method
for the actual work of designing and constructing build-
ings: “In the creation of the built environment, integrated
design is the synthesis of climate, use loads and systems
to achieve a more comfortable and productive environ-
ment for the occupants, and a building that is more
energy-efficient than current best practices” (Brown and
Cole, 2006). At its heart, integrated design is an itera-
tive search for synergies between two or more aspects
of a project that can create benefits greater than the

sum of those resulting from individual design decisions.
Integrated design occurs in the context of the many con-
siderations that are part of any design project—including
structural systems, project budget, security and code
requirements—and provides a lens through which to view
these factors. Collaboration among project stakeholders
throughout the design and construction process increases
the likelihood that synergies will be found and imple-
mented in the project.

USING SWL: Buildings and Energy Use
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Integrated Design Process

The Integrated Design Process diagram reorganizes
the components of preceding diagrams to show the itera-
tive nature of the design process and it defines the lens
through which each component can be viewed. Climate,
for example, could be considered either a positive or neg-
ative influence on the project. The integrated design
lens urges designers to view Climate as a resource. Like-
wise, the Use of the building (e.g., schedules and comfort
criteria) could be viewed either as a fixed requirement

or, according to the integrated design lens, as a mal-
leable element that can be influenced by the building
design. The diagram also groups the components accord-
ing to conceptual similarities. Climate and Use are paired
together because they are the two aspects of the design
process that define the problems and opportunities of the
project. They also share the attribute of being “unbuilt,”
or lacking a physical form, in contrast to both Design and
Systems, which constitute the designer's “built” responses



to the Climate and Use pair. The outermost arrows repre-
sent the iterative process of viewing opportunities and
designing responses, while the inner circular arrows show
the iterative search for synergies among two or more of
the components.

Using synergies to achieve net-zero and peak-zero,
net-positive performance

Since certain characteristics are common to most build-
ings—they exist within a climate, they are designed,
they get used, they create an indoor environment and
they have structure—a handful of cardinal concepts can
be distilled that constitute synergies in the relationships
among Climate, Use, Design and Systems. The seven Syn-
ergies presented in the next section can serve to guide
the designer from the beginning of each project towards
specific strategies that take advantage of these synergies,
ultimately making it easier to achieve net-zero and peak-
zero, net-positive buildings.

For example, a synergy that exists between Use and Cli-
mate is that energy-conscious occupant behaviors can
reduce peak heating, cooling and lighting loads. A spe-
cific instance of this synergy is the high level of climate
responsiveness exhibited by occupants of Pueblo Acoma,
near Albuguerque, New Mexico, where MIGRATION within
the building occurs according to outdoor conditions. In
contrast, many conventional buildings are operated in
ways that directly conflict with climate, such as offices in
warm climates that have peak occupancy and solar and
equipment loads during periods of high temperature.

USING SWL: Buildings and Energy Use
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Design Decision Chart

for Net-Zero and Peak-Zero, Net-Positive Buildings

The Design Decision Chart for Net-Zero and Peak-Zero, Net-
Positive Buildings helps designers make decisions early

in the design process. It provides a method for linking a
small number of memorable design concepts, or Synergies,
with Bundles and individual Strategies.

Synergies, as described in the previous section, are fun-
damental concepts based on relationships among Climate,
Use, Design and Systems. They are designated in the chart
and in the table of contents by a capital letter S preced-
ing each synergy number.

Bundles are sets of related strategies that work together
to resolve commonly occurring design problems. They are
defined and detailed further in Part IV, “Bundles,” where
“Some Fundamental Bundles” are offered. Bundles are des-
ignated in the chart and in the table of contents by a
capital letter B preceding each bundle number.

Design Strategies are generalized solutions to recurring
design problems that connect architectural form to perfor-
mance in ways that allow for design flexibility. All of the
Strategies can be found in #SWL Electronic, and a few of
the most commonly used Strategies are located in Part V,
“Favorite Design Tools,” and in Part VI, “Favorite Design
Strategies.” Strategies are designated in the chart and
table of contents simply by a number and capital letter
preceding it.

Analysis Techniques enable the designer to under-
stand, before the building is designed, how the building
is likely to use energy, what the climate is like and which
architectural design strategies are appropriate. They are
designated in the chart and in the table of contents by a
capital letter A preceding each Analysis Technique num-
ber. All of the Analysis Techniques can be found in # SWL
Electronic.

High-Performance Buildings Techniques provide tools
to set targets for energy use and building emissions and
to evaluate net-zero energy and carbon-neutral build-
ing performance. They are designated in the chart and in
the table of contents by a capital letter P preceding each
High-Performance Building Technique number. All of these
techniques can be found in Part VII, “High Performance
Building,” and are also supported by the SWL Tools spread-
sheet found in ¥ SWL Electronic.

The Design Decision Chart Overview Diagram pro-
vides a summary of the structure and logic of the Design
Decision Chart found on the following pages. The chart is
horizontally divided into two main parts that correspond
to the Opportunities and Responses, or Unbuilt and Built,
pairs described previously in the “Integrated Design” sec-
tion of “Buildings and Energy Use.” In the Opportunities
part of the decision chart, question sets 1 and 2 deal with
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DESIGN QUESTIONS SYNERGIES BUNDLES & STRATEGIES

YES

(1 Resources )9 CLIMATE
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e Impact on design freedom and

ability to achieve energy goals.
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environmental and occupant variables, which fall into the
Climate and Use categories, respectively, while question
sets 3 through 7 pertain to Design and Systems, the built
Responses.

A negative answer to any question leads to an expla-
nation of the relative design importance of each answer
both in terms of achieving net-zero or peak-zero, net-
positive buildings and in terms of the constraints it may
place on design freedom. Affirmative answers lead to the
Synergy that applies to each question set and to the asso-
ciated Bundles and Strategies on the right-hand side of
the chart. Each Synergy diagram highlights its focus of
with black shading, while the remaining parts of the icon
appear white.

The questions can be addressed nonsequentially, and
questions that are not applicable to a particular project
can be skipped.

Conceptual breakdown of questions and synergies

Net-zero and peak-zero, net-positive buildings can be
achieved at different scales and in multiple ways. The
greater the number of possible solutions, the more free-
dom the designer has to make a high-performance
building that also accomplishes other architectural goals.
Some of the questions listed in the chart have greater
potential impact on design freedom than others.

Question 1 [Resources] and the related CLIMATE AS A
RESOURCE synergy are intended to help the designer think
about the climate resources available on the site and their
relationship to the potential building loads. In climates
characterized by extreme heat, cold or lack of sunlight
it becomes critical to trim building loads to a minimum.
However, some aspects of even the most extreme climates
can be viewed as opportunities; for example, in hot desert
climates the plentiful sunlight can be converted to power
and used for supplemental cooling. The Strategies listed
on the right-hand side of the chart can help determine
important climate variables and load profiles.

Question 2 [Use] points out occupancy patterns and
behaviors as elements that can be influenced by design
and that have a large impact on building energy use. The

associated ENERGY-CONSCIOUS OCCUPANT BEHAVIORS syn-
ergy suggests ways to design buildings that encourage
energy-saving occupant behaviors or that take advantage
of physiological traits, such as adaptation to thermal or
lighting levels, to reduce loads. The four related Strategies
show specific examples of how to harness occupant behav-
iors to minimize energy use.

Question 3 [Neighborhood Access and Site Microcli-
mate], which has two parts, addresses outdoor spaces and
access to climate resources at the neighborhood or urban
scale. Both parts of the question emphasize the impor-
tance of access to sun, wind and light over the possible
utility of blocking access to the resources at this scale, so
that in most climates and sites the choice of admitting or
blocking resources is preserved at the scale of the build-
ing or its parts. Outdoor comfort; access to site resources
of sun, wind and light; and power generation are the pri-
orities of this question set and its synergy, RESOURCE-RICH
ENVIRONMENTS. A number of neighborhood scale strategy
bundles, NEIGHBORHOOD OF LIGHT, COOLING NEIGHBOR-
HOOD, SOLAR NEIGHBORHOOD, INTEGRATED URBAN PATTERN,
along with associated strategies are suggested to help
users optimize the arrangement of building groups and
landscape elements, primarily for purposes of insuring
access to on-site energy resources for passive design and
renewable energy production. The OUTDOOR MICROCLIMATES
bundle and several design strategies help configure space
to improve outdoor conditions and improve the climate
around and between buildings.

Question 4 [Morphology, Zoning and Pathways],
which has three parts, focuses on design decisions deal-
ing with the morphology of the building and its interior
organization. This question and the SPATIAL ZONING syn-
ergy highlight the need to think about climate and use
considerations together when seeking to optimize zon-
ing and spatial relationships for energy use reductions
and occupant comfort. The bundles at the whole building
scale, DAYLIGHT BUILDING, PASSIVELY COOLED BUILDING and
PASSIVE SOLAR BUILDING, along with strategies they help
organize, identify building scale methods for ensuring
access to resources for all spaces. [continued on p. 86]
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RESOURCES?

Are site resources sufficient to meet YES
1 heating, cooling, lighting, ventilation
and power needs?

~LNo

Net-zero or peak-zero, net-positive buildings cannot be
achieved unless loads can be met with site resources. It
may be possible to substitute one resource for another, or
to stockpile resources from one time to another.

gl VIEW cLIMATE A9 A RESOURCE for load
reduction and power generation.

OPPORTUNITIES

ey
?
5 USE?
=
': Can schedules, comfort criteria or occupant YES
° 2 behavior be changed to avoid or reduce
w
5 peak loads?
a
NO
c
2
7] Design freedom, or the range of strategies available
[} - .
(=} to reduce loads, is highly constrained and therefore
o achieving a net-zero or net-positive building becomes ‘
= much more difficult. Breaking the building into parts
v based on the malleability of schedules or comfort criteria
o
= may allow some of the parts to be net-zero or peak-zero,
a net-positive.
=

92 ENERGY-cON9cIoVG OccUPANT BEHAVIOR G reduce
peak heating, cooling, ventilation and lighting loads.
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NEIGHBORHOOD ACCESS?

If the project includes multiple buildings, YES
3a can they be arranged to allow access to
fresh air and sunlight throughout the site?

NO

This decision will greatly affect the ability of the
individual buildings to achieve net-zero or peak-zero,
net-positive. One solution is to zone the site into areas
that have different degrees of access to resources and
then match buildings with fewer resource requirements
to areas that have less access to resources and buildings
with higher requirements to areas with greater access to
resources.

SITE MICROCLIMATE?

Can the site design enhance access to desir-\ YES
3b able resources while mitigating unwanted
resources for part or all of the year?

NO

Design freedom will be constrained on sites that lack
access to sun, wind and light; creating a net-zero or peak-
zero, net-positive building becomes very difficult. If the
site has limited access to necessary resources, one option
is to seek a different site where resources better match
the building's needs.

9% Form and organize buildings and open spaces to create

REGOUR CE-RIcH ENVIRONMENTS that provide livable

ontdoor space and access to site resources.
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MORPHOLOGY?

Can the building form and orientation al- YES
4a low access to sun, wind and light for most
internal and external spaces?

iNo

Achieving net-zero or peak-zero, net-positive is
moderately to highly difficult if buildings have an
unfavorable form or orientation, especially in demanding
climates or when internal loads are high. The design may
be driven towards a “thermos” approach, in which the
building is isolated from the climate.

ZONING?

Can spaces with similar heating, cooling, YES
4b ventilation and lighting requirements be
grouped together?

NO

Design freedom is slightly to moderately constrained. It
may still be possible to achieve net-zero or peak-zero,
net-positive if similar spaces are grouped together and
the remainder are served by mechanical systems suited to
their individual needs.

PATHWAYS?

94 lIntegrating climate and use variables yields opportunities
Can the design accommodate unobstructed YES for GPATIAL ZONING according to “beot-fit" passive
4c pathways, allowing sun, wind and light to be design stratesies.
distributed throughout the entire building?

iNo

Achieving net-zero or peak-zero, net-positive becomes
very difficult, and whole building solutions are nearly
impossible. A “NO” answer here pushes the design
towards a mechanical distribution method, which in turn
increases the importance of sizing the mechanical systems
accurately.
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THERMAL STORAGE?

Can the design include thermal mass, and YES
5a do daily temperature swings and radiation
levels promote storage strategies?

NO

Depending on climate and internal loads, design freedom

becomes moderately to severely constrained. When

resource availability and resource need do not coincide

(for example, a need for solar gain at night) and the

resource cannot be stored, a non-passive source must be

used. The design will likely be driven towards a highly

insulated envelope with minimal glazing and an efficient

mechanical system. .

ENVELOPE?

Can the envelope be designed to resist or YES
5b allow convective, conductive and radiative
heat transfer when desirable?

NO
95 A building designed for THRER MAL SAILING uses thermal
. The likelihood of achieving net-zero or peak-zero, net- storage and a responsive envelope to regulate comfort and
- positive will be highly dependent on climate and use energy) Use by exploiting changing patterne of sun, wind 4 light.
3 factors. In climates with large diurnal and seasonal
E variation or high internal loads, a net-zero or peak-
= zero, net-positive building will be extremely difficult to
achieve.
=)
S
_::“ APERTURES?
5 ?
§ Can apertures be designed to admit YES
8 6 resources without adverse effects such as
a overheating or glare?
= NO
M
(=} Design freedom will be constrained by the necessity to
I either block the desired resource (e.g., allow fewer and
a smaller apertures, if any) or mitigate the associated
o problems through strategies that do not involve the
= aperture design (e.g., provide more cooling if solar gain
a cannot be excluded in the window design).
=
S0 MULTIVALENT DEGIGN combines two oF more functions within
68 a zingle building element,
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SYSTEMS?

If needed, are mechanical and/or electrical \YES
7a systems selected and sized appropriately to
supplement passive strategies?

lNo

A net-zero or peak-zero, net-positive building is more
difficult to achieve if mechanical systems are not tailored
to the building load characteristics. If performance
uncertainty has resulted in too large a safety margin and
systems that are too extensive or large, consider making
the building or parts of it HVAC-ready.

CONTROLS?

Can manual controls be used reliably given
the program and climate context?

J,NO
Automatic controls are expensive and decrease people's E E
understanding of building operation. Consider training the
occupants in the proper use of manual controls, or add
building operation as a job requirement.

GENERATION? 97 When all available load reduction strategies and their
controls have been exploited, meet the remaining load
with an ACTIVE TAILORED SYSTEM that fits the load
characteristics.

Are power generation systems sized appro-
priately to provide power when needed?

NO

Without adequate on-site power production, net-zero or
peak-zero, net-positive cannot be achieved. It may still
be possible to design a very energy-efficient building, and
environmentally benign off-site power can be purchased.
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Lane Community College Downtown Campus, Eugene, Oregon, 2012
Robertoon Sherwood and SR & Partnership, architects

Question 5 [Thermal Storage and Envelope], which DESIGN synergy concentrate on some of the complex con-
has two parts, addresses the integration of thermal stor- siderations involved in designing apertures and other
age and responsive envelopes in buildings to create a multi-use elements. Sizing methods and other pertinent

system that interacts positively with temporal variations  information are given by the design Strategies on the

in sun, wind and light resources. The associated THERMAL  right side of the chart.

SAILING synergy suggests a dynamic building that incor- Question 7 [Systems, Controls and Generation],

porates the bundle RESPONSIVE ENVELOPE, which has three  which has three parts, constitutes the stage of design

climatic variations, as well as design Strategies that sup-  decision-making when mechanical systems, controls and

port designing for thermal mass. on-site power generation systems are selected. The pri-
Question 6 [Apertures] and its associated MULTIVALENT  mary message of this question set and its corresponding

cmem e ccacvammccmme e’
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ACTIVE TAILORED SYSTEMS synergy is to tailor the systems
as precisely as possible to the size and timing of the peak
heating, cooling, ventilation and lighting loads. Several
design Strategies are suggested to help identify appropri-
ate energy use targets and select efficient mechanical and
lighting systems, if needed.

Example of Design Decision Chart use

The Lane Community College Downtown Campus in
Eugene, Oregon, was chosen as an example of using the

Atrium Building

—"

|

Design Decision Chart for several reasons: One of the
authors of SWL3 had intimate knowledge and involve-
ment during the design phase of the project; the use of
the Integrated Design Process was a vehicle for early
communication between design team members; and all
project stakeholders were committed to achieving a “net-
zero-ready” building. For this project, the use of the term
“net-zero-ready” indicated a desire to reduce building
loads to the point that they could be met entirely by pas-
sive strategies and on-site power generation when funding
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for sufficient photovoltaic panels became available.

Although Eugene has a heating-dominated climate,
cooling was the condition that required the most problem
solving and design manipulation, since the requirements
for a PASSIVELY COOLED BUILDING bundle using NIGHT-
COOLED MASS span the entire gamut of architectural
considerations, including structural, mechanical, electri-
cal, lighting and acoustical systems; occupant scheduling,
comfort criteria and security; climate patterns; and exist-
ing site or code constraints. In addition, while the mass
was sized for cooling, it also functions as storage for
the high internal gain and solar gain during the heat-
ing season. Daylighting was also considered an imperative
objective, as it is recommended in most climate and pro-
gram combinations, due to the high level of electricity
used for electric lighting, the productivity and health
improvements that have been observed in well-daylighted
buildings and the high visual quality of natural lighting.

A step-by-step review of the design decision-making
process, numbered according to the Design Decision Chart,
follows below.

Question 1—YES.

The design team used WIND ROSE, SOLAR RADIATION,
DAYLIGHT AVAILABILITY, DAYLIGHT OBSTRUCTIONS, SKY COVER
and temperature and relative humidity information from
TMY3 weather data from the National Solar Radiation
Data Base (NREL, 2005). Based on potential load profiles
determined from BIOCLIMATIC CHART, TOTAL HEAT GAINS
AND LOSSES, HOT WATER LOADS and ELECTRIC LOADS, the
team concluded that a net-zero or peak-zero, net-positive
building was possible, given the climate and program.

Question 2—YES.

Using a combination of ADAPTIVE COMFORT CRITERIA,
LOAD-RESPONSIVE SCHEDULING and close scrutiny of DESIGN
DAYLIGHT FACTORS, the designers seized an opportunity to
reduce occupant-associated loads.

Questions 3a and 3b—N/A and YES.

While the urban infill site was constrained by lot
size and surrounding context, GREEN EDGES along the
stepped-back south side of the site and SHADY COURTYARDS
were used to create a comfortable 0UTDOOR MICROCLI-
MATE without reducing the desired area for on-site power
generation.

Questions 4a, 4b and 4c—YES, SOMEWHAT and MAYBE.

As outlined in the DAYLIGHT BUILDING bundle, this
solution is a combination of thin and thick building strat-
egies. To make a THIN PLAN that allows access to sun and
wind, while still fitting on the site and housing all of the
required program elements, the building was split into two
L-shaped pieces that wrap a central courtyard. The long
legs of the L are oriented to form an EAST-WEST PLAN, and
ATRIUM BUILDING was used to both bring light into the
central space and to provide ventilation inlets and out-
lets. Spaces needing higher light levels were strategically
placed in the DAYLIGHT ZONES and SIDELIGHT ROOM DEPTH
maintained appropriate lighting distribution throughout
the classrooms. PERMEABLE BUILDINGS and STACK-VENTI-
LATION ROOMS were used to ensure adequate openings and
unobstructed pathways for cooling and ventilation of all
spaces.

Questions 5a and 5b—YES and YES.

THERMAL MASS was incorporated into the design of the
building from the inception of the project, used primar-
ily for NIGHT-COOLED MASS but also for DIRECT GAIN ROOMS.
MASS ARRANGEMENT called for exposed concrete floors that
also provide the ceiling of the space below and concrete
masonry walls to accommodate the mass surface area that
was required. The RESPONSIVE ENVELOPE bundle, which
includes EXTERNAL SHADES, SKIN THICKNESS and EXTERIOR
SURFACE COLOR, is illustrated by the facade design and
exterior wall section. Innovative design strategies such as
MOVABLE INSULATION and PERIODIC TRANSFORMATIONS were
also considered but were not implemented.
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Question 6—YES.

External glazing design used SEPARATED OR COMBINED
OPENINGS to accommodate the multiple functions of win-
dows, lightwells and skylights. Proper sizing was achieved
with VENTILATION APERTURES and DAYLIGHT APERTURES. The
large windows allow for INTERNAL/IN-BETWEEN SHADES and
LIGHT SHELVES to control glare and heat gain and distrib-
ute light without falling below minimum daylight levels.

Questions 7a, 7b and 7c—VYES, SOMEWHAT and
SOMEWHAT.

The mechanical systems were selected and sized appro-
priately. Both AIR—AIR HEAT EXCHANGERS and EARTH-AIR
HEAT EXCHANGERS were used, along with MECHANICAL HEAT
DISTRIBUTION and DUCTS AND PLENUMS. ELECTRIC LIGHT
ZONES and TASK LIGHTING were used in concert with MAN-
UAL OR AUTOMATIC CONTROLS to provide combinations of
controls that would work reliably in different program
scenarios. Overall, the site area constraints do not allow

for sufficient PHOTOVOLTAIC ROOFS AND WALLS to achieve
net-zero energy use at its current projected ENERGY USE
INTENSITY. However, the SOLAR HOT WATER system does pro-
vide a significant energy contribution by supplying most
of the academic hot water needs.

Remembering the Synergies

Design is a complex task. The process of designing net-
zero and peak-zero, net-positive buildings has been sim-
plified into seven sets of questions for your consideration.
The diagram Synergies and the Elements of Integrated
Design, is offered as an aid to help remember the syner-
gies that correspond to these question sets.

The diagram shows the four primary elements (Climate,
Use, Design and Systems) of integrated design, each of
which has one associated synergy, except for the Design
component, which has four synergies that apply to differ-
ent scales (Building Groups, Buildings and Building Parts).
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Part III

SYNERGIES

This Part describes seven Synergies, or key design con-
cepts, that if implemented properly, can help designers
create net-zero and peak-zero, net-positive buildings. As
explained in Part 1V, each of the synergies primarily ad-
dresses one of the four aspects of integrated design: one
synergy each for the Climate, Use and Systems compo-
nents and four synergies for the Design component that
covers the range of scales from building groups to build-
ings to building parts.

The primary integrated design component is listed
in bold above each synergy title, along with any sec-
ondary components. As an additional cue, the relevant
question(s) from the Design Decision Chart are reiterated
at the beginning of each synergy description.

SYNERGIES
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CLIMATE

S1 VIEW CLIMATE AS A RESOURCE for load
reduction and power generation. 94

USE

S2 ENERGY-CONSCIOUS OCCUPANT BEHAVIORS
reduce peak heating, cooling, ventilation and
lighting loads. 96

DESIGN

S3 Form and organize buildings and open spaces to
create RESOURCE-RICH ENVIRONMENTS that
provide livable outdoor space and access to
site resources. 98

S4 Integrating climate and use variables yields
opportunities for SPATIAL ZONING according
to "best-fit" passive design strategies. 100

S5 A building designed for THERMAL SAILING
integrates thermal storage and a responsive
envelope that exploit changing patterns of
sun, wind and light to regulate comfort and
energy use. 102

S6 MULTIVALENT DESIGN combines two or more
functions within a single building element. 104

SYSTEMS

S7 When all available load reduction strategies and
their controls have been exploited, meet the
remaining load with an ACTIVE TAILORED
SYSTEM that fits the load characteristics. 106

SYNERGIES
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CLIMATE + DESIGN

SYNERGIES: S1 Climate as a Resource

oo
o

S1 VIEW CLIMATE AS A RESOURCE for load reduction
and power generation.

This synergy addresses Question 1 in the Design Decision
Chart for Net-Zero and Peak-Zero, Net-Positive Buildings:

q )

The physical location of a given building site defines a
set of climatic conditions that will influence the energy
use of the building. Key climate variables include tem-
perature and relative humidity, the position and intensity
of the sun, the speed and direction of the wind and the
dominant sky conditions, or cloudiness, which influences
the quality and quantity of light. More important than
simply analyzing the climate resources is an ability to rec-
ognize the architectural implications of certain climatic
conditions.

Net-zero and peak-zero, net-positive buildings strike a
balance between resource supply and demand. A climate
with optimal sun, wind and light resources coupled with
a building program that introduces relatively few addi-
tional loads allows the designer latitude in implementing
passive strategies. At the opposite end of the spectrum,
an extreme climate coupled with high internal loads
requires more careful consideration of each design deci-
sion. Designers are advised to address early in the design
process the potential conflicts between building loads and
climatic resource availability over time, since the size and
timing of the various loads determine whether they can be
met with on-site climatic resources.

First analyze the climatic conditions of the site, in-
cluding temperature, relative humidity, wind, daylight and
solar radiation using design strategies such as BIOCLIMATIC
CHART, WIND ROSE, DAYLIGHT AVAILABILITY and SOLAR RA-
DIATION.

Are site resources sufficient to meet heating, cooling,
lighting, ventilation and power needs?

Then assess the anticipated building loads with ToTAL
HEAT GAINS AND LOSSES, ELECTRIC LOADS and HOT WATER
LOADS and compare them to the previously determined
climatic resources. Based on this information, identify
opportunities for creating synergies with the building
design and program to reduce loads.

After implementing load reducing strategies, use the
climate resources to generate on-site power.

The graph of Photovoltaic Area Required for Net-
Zero can be used to estimate the area of PHOTOVOLTAIC
WALLS AND ROOFS needed to satisfy the target building
Energy Use Intensity (EUI) for several example climates.

To use the nomograph, enter on the right-hand side
at the target EUI value. Move vertically to intersect
the desired Energy Balance Index (EBI) performance,
and then move horizontally to intersect an appropriate
climate line and drop to the lower left axis to read the
ratio of PV area to floor area.

EBI = 0 is a net-zero building. EBI > 0 is a net-positive
building. EBI < 0 is an energy consuming building. It is
also possible to begin from the PV area/floor area ratio or
from the vertical Energy Production Intensity (EPI) axis,
depending on which values are known or prioritized. The
following assumptions were used for PV panel area cal-
culations: weather based on TMY2 data, fixed axis panels
facing south, tilt equal to latitude and an overall DC to AC
derate factor of 0.77.

For a more detailed look at loads versus on-site produc-
tion, see NET-ZERO ENERGY BALANCE. PV sizing is covered
in PHOTOVOLTAIC WALLS AND ROOFS. EUI targets can be
evaluated in ENERGY USE INTENSITY.

EUI is an annual energy use rate that doesn't address
the amount of energy used on a daily or hourly basis,
which may vary significantly. A building may have a low



EUI but still have a high peak load or have most of its
energy use in one season or another. Two questions arise:
1) Does the generating capacity equal the annual EUTI or
the peak demand? 2) Does the highest generation coincide
with the peak demand? The nomograph does not answer
either question, but rather allows the designer to estimate
the area needed to accommodate sufficient PV panels
(which can be sizable) to satisfy the energy demand in
the absence of peaks.

Assuming that the building loads have been reduced
as much as possible, peaks can occur when climate and
occupancy factors align. The cooling peak occurs when
the outdoor temperature is highest and often the greatest

number of occupants are present. By contrast, the heat-
ing peak occurs when it is coldest, generally at night, and
when, in nonresidential buildings, fewer people tend to be
present. A low peak is desirable since equipment is often
sized based on peak loads, and higher capacity equipment
is both more expensive to purchase and less efficient to
run during low demand. When resource availability does
not coincide with the need for heating, cooling and light-
ing, the energy must be stored for later use, for example,
in batteries or pumped water. The efficiency of the stor-
age system will affect the amount of power generation
required.

EUI, annual kWh/m?2
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USE + CLIMATE + DESIGN

SYNERGIES: S2 Occupant Behaviors
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S2 ENERGY-CONSCIOUS OCCUPANT BEHAVIORS reduce
peak heating, cooling, ventilation and lighting
loads.

This synergy addresses Question 2 in the Design Decision
Chart for Net-Zero and Peak-Zero, Net-Positive Buildings:

Can schedules, comfort criteria or occupant behavior
be changed to avoid or reduce peak loads?

The primary purpose of the built environment is to pro-
vide places for humans to work, play and live. According
to the 2011 Buildings Energy Data Book (DOE, 2012, Table
3.1.4), a large percentage of the energy used in buildings
is expended to keep thermal and visual conditions within
fixed ranges. For example, in 2010 almost 60% of the pri-
mary energy used in commercial buildings was spent on
lighting, thermal conditioning and ventilation. Because
building loads tend to follow users, significant progress
towards net-zero or peak-zero, net-positive buildings can
be made by coupling occupant habits to climatic con-
ditions and minimizing the periods when those habits
exacerbate climate peaks.

It is important to recognize the different roles played
by people and by climate in driving peak building loads.
While climate conditions can contribute to either a heat-
ing or cooling peak, human occupants are always heat
sources (and often turn on additional heat sources) and
thus may increase the climate-driven cooling peak or may
decrease the climate-driven heating peak.

When occupants are allowed the flexibility to adapt
to environmental conditions (either spatially, temporally
or behaviorally), their ability to be comfortable indoors
is increased. Occupants are spatially flexible if they can
migrate to areas that they find most comfortable at dif-
ferent times of the day and year, for example, to sunny
east-facing spaces on cold winter mornings [see MIGRA-
TI0N]. Temporal flexibility means that occupants can
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Designing Well-Lighted Primary Spaces

shift their schedules, either as a group or individually,
according to seasonal conditions [see LOAD-RESPONSIVE
SCHEDULING]. Behavioral flexibility describes the physical
and psychological adjustments that occupants can make
in order to adapt to their surroundings. These behavioral
adaptations include changing the amount and type of
clothing, drinking warm or cold beverages and doing light
exercise [see ADAPTIVE COMFORT CRITERIA]. How flexible
occupants can be is partly determined by the building's
type and use.

Spaces that encourage climate-responsive use patterns
can influence operational energy use. For example, peo-
ple turn on lights in rooms if they perceive the room to be
dark relative to other rooms. The diagram Designing Well-
Lighted Primary Spaces shows a daylighting strategy for
ensuring that a double-loaded corridor has lower illumi-
nance than the classrooms it serves. The apertures into
the corridor are smaller than those for the classrooms,
allowing less daylight into the corridor while the majority
is reflected into the classroom. Since the perceived bright-
ness of any space is influenced by the light level of the
most recently occupied space, people entering a classroom
from the hallway will perceive it to be brightly lighted



Oak Alley Plantation, Vacherie, Louisiana, 18%0's, architect unknown

because their eyes have adapted to the lower light level of
the hallway. They will then be less inclined to turn on the
lights in the classroom. To set lighting criteria see DESIGN
DAYLIGHT FACTOR.

Design internal building spaces that allow occupants
opportunities to adjust their comfort criteria, schedules,
or behavior patterns in a way that minimizes energy
use.

Conscious behavioral patterns can also be harnessed
to reduce loads and energy use. Oak Alley Plantation in
Vacherie, Louisiana, is a traditional-style plantation house
that employs a responsive envelope to modulate indoor
conditions throughout the year and relies on the building
users to operate the building effectively. The variety of
thermal and luminous conditions characterizing the house
allows occupants to consciously seek out more pleasur-
able spaces [MIGRATION]. The house is divided into two

distinct zones: an outdoor gallery shaded by the parasol
roof and an indoor thermal enclave operating by PERIODIC
TRANSFORMATIONS that can be closed or open depending
on season and occupant preferences. During the summer,
people tend to occupy the outer gallery under the LAYER
OF SHADES, while during the winter they are more likely to
use the thermal enclave. In the spring and fall, the enve-
lope of the interior thermal enclave can be opened up to
make the space behave more like the outdoor gallery or
kept closed to exterior conditions. Occupants can also
alter their behaviors within a diurnal time frame: they can
choose to stay outside under the shelter of the parasol all
day and night, moving furniture out to the gallery when
it is more comfortable, or they can choose to inhabit the
thermal enclave at night, while opening the windows to
make it more like the outdoor conditions.

SYNERGIES: S2 Occupant Behaviors
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DESIGN + CLIMATE

SYNERGIES: S3 Resource-Rich Environments
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S3 Form and organize buildings and open spaces
to create RESOURCE-RICH ENVIRONMENTS that provide
livable outdoor space and access to site resources.

This synergy addresses Questions 3a and 3b in the Design
Decision Chart for Net-Zero and Peak-Zero, Net-Positive
Buildings:

If the project includes multiple buildings, can they
3a be arranged to allow access to fresh air and sunlight
throughout the site?

Can the site design enhance access to desirable
3b resources while mitigating unwanted resources for
part or all of the year?

Urban outdoor spaces, including plazas, sidewalks, streets
and parks, constitute the majority of a city's land use.
Together they form important meeting and resting places,
and their character largely determines the image of the
city. Using site energy to produce thermally comfortable
conditions extends the occupancy period of these spaces.
Habitable outdoor rooms can result in less conditioned
indoor area and therefore reduce energy consumption. An
energy-conscious city provides human habitat with less
energy, cost and environmental impact.

Microclimate conditions change throughout both the
day and the year. Design strategies that manifest con-
currently or that involve a time lag can promote outdoor
comfort during different seasons or periods of the day.
Microclimates also have qualities that can be character-
ized as either static or dynamic depending on whether
they alter their state over time. In the diagram Static
Versus Dynamic Strategies, the tree represents both con-
current and dynamic strategies in that it does not store
heat or coolth over time, but it does drop its leaves to
admit the sun during the winter and leafs out to provide
shade during the summer. The masonry wall stores heat
that it collects from the sun during the day and releases it
gradually after the sun goes down, and thus is static with

Gtatic Verous Dynamic Strategies

a temporal lag.

When designing outdoor microclimates, ensure that
outdoor spaces and neighboring buildings have ad-
equate access to climatic resources, because sun and
wind can be blocked at smaller scales, but cannot be
created if they are not present [see bundles NEIGHBOR-
HOOD OF LIGHT, COOLING NEIGHBORHOOD and SOLAR NEIGH-
BORHOOD].

Once resource access is established, site organization
and elements can be used to create localized conditions
of variation in sun, shade, wind and lee [see bundles IN-
TEGRATED URBAN PATTERN and OUTDOOR MICROCLIMATES].

In the North Macadam Greenway Microclimate Study
for Portland, Oregon, the patterns of sun, shade, wind
and lee are determined by the configuration of the build-
ings and vary by season and time of day. The diagram
illustrates the shading impact of buildings built to the
maximum zoned heights of 125' (38 m) at a 25' (7.6 m)
setback and 250' (76 m) at a 50' (15.2 m) setback dur-
ing the months of February and June at noon and 3:00
pm. In February, the greenway adjacent to the river is
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Full Sun and Wind: massing provides full access for passive
design and green power, while achieving microclimates using
vegetation or small-scale formes.

Microclimate -Shaping Scenarios
significantly shaded by buildings in both height zones at

3 pM, although shading is undesirable at this time of year.
In June, shade is desirable at noon and at 3 pm, but the

Climate Gmorgasbord: a variety of shade and wind conditions,
uzing building form, o0 some space i always comfortable

greenway is not significantly shaded by the buildings at
any time. Other options are shown by the Microclimate-
Shaping Scenarios.
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DESIGN + CLIMATE + USE

SYNERGIES: S4 Spatial Zoning
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S4 Integrating climate and use variables yields
opportunities for SPATIAL ZONING according to
"best-fit" passive design strategies.

This synergy addresses Questions 4a, 4b and 4c in the
Design Decision Chart for Net-Zero and Peak-Zero,
Net-Positive Buildings:

Can the building form and orientation allow access to
sun, wind and light resources for most internal and
external spaces?

G‘b Can spaces with similar heating, cooling, ventilation )

and lighting requirements be grouped together?

Can the design accommodate unobstructed pathways
4 that allow sun, wind and light to be distributed
throughout the entire building?

Initial decisions about building form, orientation and
organization set the stage for patterns of sun, wind and
light interaction that vary with changing climatic condi-
tions over the course of days and seasons. The building
design modulates sunlight and wind resources by control-

ling their access and distribution throughout the building.

Building form determines which internal spaces have
direct access to sun, wind and light [DEEP SUN, SKYLIGHT
BUILDING]; one of the primary drivers of building form is
the desirability of spaces along the skin of the building
[THIN PLAN; EAST—WEST PLAN].

Orientation influences the quantity and quality of the
resources that enter the building, as well as the degree to
which admission can be controlled, as observed in south-
facing glazing, which permits the best access to solar
radiation during winter months while also being the easi-
est to shade during summer months [ROOMS FACING THE
SUN AND WIND, LOCATING OUTDOOR ROOMS].

Internal organization groups together spaces with sim-
ilar needs [HEATING ZONES, COOLING ZONES, DAYLIGHTING

FORM
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Building Form and Subdivisions Matrix

ZONES, ELECTRIC LIGHT ZONES, STRATIFICATION ZONES].

The Building Form and Subdivisions Matrix shows
the four primary building form categories—short and fat,
short and thin, tall and fat, or tall and thin—and four
possibilities for subdivisions of internal spaces. Of the
four form types, the tall and fat building has the least
amount of surface area relative to floor area, and thus its
internal spaces have the least access to sun, wind and
light resources. The short and thin building has the great-
est amount of surface area relative to floor area and the
best access to resources.

Internal spaces can be organized in a number of ways.
In plan, for example, a double-loaded corridor might be
divided into different zones lengthwise, transversely, or
from the middle core out, as illustrated by the Spatial



Zoning in Section and in Plan diagram. Additionally, it
shows how the building can also be divided into zones
sectionally, by floor or by orientation. The subdivision

of internal spaces affects distribution pathways through
the building. Air flow and daylight are particularly sensi-
tive to internal partitioning [PERMEABLE BUILDINGS] and in
thick buildings may require MOVING HEAT TO COLD ROOMS or
methods for getting daylight deep into the building, such
as DEEP SUN, ATRIUM BUILDING, BORROWED LIGHT or SKY-
LIGHT WELLS, to achieve the desired distribution to interior
rooms.

Design buildings to provide access to sun, wind and
light for as many of the interior spaces as possible [see
DAYLIGHT BUILDING, PASSIVELY COOLED BUILDING and PAS-
SIVE SOLAR BUILDING]. Often this means that buildings
will be thin (either literally or functionally, e.g., courtyard
buildings)

Use ENERGY PROGRAMMING to identify the degree to
which different types of spaces require different levels
of heating, cooling, lighting and ventilation. Use the
many zoning strategies in SWL to organize, locate and
orient groups of spaces with similar needs.

The Lane Community College Health and Wellness
Building in Eugene, Oregon, by SRG Partnership is an
example of using zoning principles and distribution path-
ways to achieve a primarily daylit and naturally ventilated

Without sliding door
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Gpatial Zoning in Section and in Plan

building. The building is divided into two parts for the
purpose of night cooling the thermal mass. A sliding door
located in the central hallway is closed at night to ensure
that ventilation air travels the planned route through each
separate zone of the building so that the thermal mass in
each zone receives adequate night ventilation to remove
heat collected during daytime use.

With sliding door

Lane Community College Health and Wellness Building, Eugene, Oregon, 2010, 9R & Partnership
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DESIGN + USE + CLIMATE

SYNERGIES: S5 Thermal Sailing
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S5 A building designed for THERMAL SAILING
integrates thermal storage and a responsive
envelope that exploit changing patterns of sun,
wind and light to regulate comfort and energy use.

This Synergy addresses Questions 5a and 5b in the Design
Decision Chart for Net-Zero and Peak-Zero, Net-Positive
Buildings:

Can the design include thermal mass, and do daily
b5a temperature swings and radiation levels promote
storage strategies?

Can the envelope be designed to resist or allow
5b convective, conductive and radiative heat transfer
when desirable?

Designers of net-zero or peak-zero, net-positive buildings
are attuned to the pulse of climatic patterns. Similarly,
building operators can adjust building controls to harvest,
reject or modulate climatic forces. Examples of building
elements (both active and passive) that can be combined
to form a RESPONSIVE ENVELOPE bundle include: INTERNAL
AND IN-BETWEEN SHADES, EXTERNAL SHADES, operable VENTI-
LATION APERTURES and MOVABLE INSULATION panels.
Integrating THERMAL MASS into the building design
helps modulate temperature swings, resulting in greater
thermal comfort and less energy use. To realize these
potential benefits, designers can consider not only the
gross area and thickness but also other details that affect
mass performance, such as the provision of INSULATION
OUTSIDE the THERMAL MASS and the different pathways
and sources for heat loss and gain. Many other fac-
tors play a role in the effectiveness of thermal storage
strategies. MASS ARRANGEMENT, for example, affects its
access to either warm or cool air and its ability for radi-
ant exchange. The surface reflectivity and MASS SURFACE
ABSORPTANCE also influences how much heat is gained or
lost through radiation.

During the cooling season when it is desirable to reject
heat gain while promoting heat loss in a masonry storage
system, exterior or interior shades can be used to prevent
direct radiation from entering the space and VENTILATION
OPENINGS ARRANGEMENT provides a pathway for cool night
air to flow across the mass. In the heating season, an
opposite strategy applies: solar gain is encouraged during
the daytime, and MOVABLE INSULATION is used to prevent
heat loss at night. It is worth noting that selectively
applying insulation to some high-loss areas of external
walls, such as window apertures, has more impact on the
overall wall R-value than increasing the level of insula-
tion in the wall area itself. For example, a wall insulated
to R-30 with a 30% glazing fraction has an overall wall
R-value of 7.79 using windows with 0.35 U-factor, but the
same wall has an overall wall R-value of 18.75 when R-10
shutters are used.

To design a building for THERMAL SAILING, first deter-
mine whether the exterior envelope elements are to act
as a connector, barrier, filter or switch, or combinations
of these (Norberg-Schulz, 1965) based on prevailing cli-
matic conditions and indoor comfort criteria.

A fixed window acts as a barrier to air movement,
and as a connector for sunlight and daylight. An oper-
able window acts as a switch in terms of air flow, while
an electrochromic window and operable shades act as
switches for sunlight. Switches and filters are more adapt-
able to varying conditions than barriers or connectors
alone.

Consider the following general principles for a mixed
climate with heating and cooling needs:
¢ During overheated periods, when the indoor

temperature is above the outdoor temperature,
VENTILATION APERTURES may be opened to allow
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Midnight: Vents and night insulation are open. Cool night
air circulates through the meeting hall, cooling the trombe
wall, masonry interior walle and floor.

Suntize: Vents and night insulation are open, allowing
breezes. Shades and exterior louvers prevent direct sun
from heating the cool mass.

Noon: Az it gete too hot out, vents and windows are
closed and can be covered with the insulation to keep the
meeting hall cool. Shading io used to exclude direct sun, and
the night-cooled mass keeps interior temperatures down.

Gunset: Nents, windows and night insulation are opened
a% the outside aivr coole off. Interior walle, floor and trombe
wall remain well-shaded.

natural ventilation for cooling.

e If the outdoor temperature is warmer than the upper
limit of the comfort range, close apertures to retard
excess heat gain.

e If NIGHT-COOLED MASS is employed, open apertures
at night once the outdoor temperature has dropped
below the indoor temperature.

e (rganizing occupancy patterns in LOAD-RESPONSIVE
SCHEDULES so that occupant-associated heat gains do
not exceed the rate at which the THERMAL MASS can
absorb heat will increase the ability of the mass to
provide cooling throughout the day.

® During the cooling season, shade all glazing from
direct radiation. Employ MOVABLE INSULATION as a
barrier against heat gain during the daytime, so long
as sufficient glazing area for daylight is maintained,
or in the case of unoccupied rooms.

e During underheated periods, open INTERNAL SHADES
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WINTER

Midnight: Vents, windows and night insulation are closed to
keep warmth inside. The masonry walle and floors warmed by
yesterday's sun radiate heat throughout the building.

Noon: Vents and windows are kept shut. Night insulation i
opened to adwit direct sun which heats the trombe wall and
masonry floors and walls, as well as the people.

Sunset: Night insulation is closed after sunset. The thermal
mass radiates heat collected during the day.

Deadwood creek Community Center, Deadwood,
Oregon, 1990, Equinox Design, Inc.

and operable EXTERNAL SHADES to admit sun.

e (rganize occupancy patterns using MIGRATION SO
that the parts of the building that warm up first,
such as those with east-facing glazing and those
on upper levels, are occupied early in the day. As
spaces become unoccupied and lose access to direct
solar radiation, employ MOVABLE INSULATION over the
glazing to reduce heat loss.

e All glazing can use MOVABLE INSULATION at night when
windows are the main source of heat loss.

In the Deadwood Creek Community Center, in Dead-
wood, Oregon, by Equinox Design, night insulation and
THERMAL MASS in a trombe wall [THERMAL STORAGE WALL],
as well as in masonry walls and floor, passively condition
the space throughout the year. Users proactively operate
the MOVABLE INSULATION, ventilation openings and oper-
able shading devices to keep the building comfortable
while using a minimum of off-site energy.

ing

S5 Thermal Saili
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DESIGN + USE

SYNERGIES: S6 Multivalent Design
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S6 MULTIVALENT DESIGN combines two or more
functions within a single building element.

This synergy addresses Question 6 in the Design Decision
Chart for Net-Zero and Peak-Zero, Net-Positive Buildings:

(s )

Some building elements, such as windows, can be
designed to perform multiple functions, often simulta-
neously. These elements are important loci for synergies
among heating, cooling, lighting and ventilation strate-
gies, but can introduce problems when designed poorly.
For example, a well-designed window can provide views
in and/or out, sitting places and visual modulation of the
wall, all possible sources of sensory pleasure. It can also
contribute to a high-performance building. However, win-
dows can also present problems: they can reduce privacy,
increase heating and cooling loads, create potential for
glare, demand sizing for different needs, introduce secu-
rity issues, or require appropriate operation.

When designing multivalent elements, create a table
like the example for vertical windows given in the Multi-
valent Elements Table, which lists the functions of each
element and the potential conflicts or problems. Fill in
possible design strategy solutions for each problem and
then look for strategies that fulfill multiple functions.

When aperture sizing conflicts arise between two or
more of the needs for heating, cooling, daylighting and
ventilation, consult SEPARATED OR COMBINED OPENINGS for
alternatives. If SOLAR APERTURES present glare issues or

Can apertures be designed to admit resources without
adverse effects, such as overheating and glare?

seem too large, collection openings for DIRECT GAIN ROOMS
can be combined with other solar heating systems, such
as THERMAL STORAGE WALLS, SUNSPACES, Or THERMAL COL-
LECTOR WALLS AND ROOFS to provide heat with less daylight
and glare, as outlined in the RESPONSIVE ENVELOPE bundle.

For the Lane Community College Health and Well-
ness Building, in Salem, Oregon, the SRG Partnership
designed window apertures and lightwells to fulfil multi-
ple functions. Apertures in the exterior wall are sectioned
into distinct parts that permit views, daylighting and ven-
tilation. The VENTILATION APERTURES provide inlets for
CROSS VENTILATION ROOMS and STACK-VENTILATION ROOMS,
used both to supply outside air requirements and for
cooling. The DAYLIGHT APERTURES are equipped with EXTER-
NAL SHADING louvers which allow a high percentage of
reflected light to enter while minimizing unwanted solar
gain when the sun is at a high angle, thus serving as
DAYLIGHT ENHANCING SHADES. Central SKYLIGHT WELLS are
used to provide daylight and become STACK-VENTILATION
RooMS with exhaust outlets for ventilation air. Automati-
cally actuated glazing in the vertical south-facing side of
the lightwells opens at night to allow sufficient nighttime
air to flow through the building for NIGHT-COOLED MASS.
Translucent panels separate the classrooms from the light-
wells, allowing additional BORROWED DAYLIGHT to enter the
rooms.
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Lane Community College Health and Wellness Building, Eugene, Oregon, 2010, SR & Partnership

Function &
Prime
Element Strategy Potential Problems Possible Solutions
Vertical Daylight: e (lare and uneven light distribution ®  LIGHT SHELVES; DAYLIGHT ENHANCING SHADES; LOW CONTRAST;
Windows DAYLIGHT APERTURES . Heat gain and loss from radiation WINDOW PLACEMENT; DAYLIGHT REFLECTING SURFACES
and conduction ®  EXTERNAL SHADING; INTERNAL AND IN-BETWEEN SHADES;
. Inadequate privacy, appropriate operation WINDOW AND GLASS TYPES
®  MANUAL OR AUTOMATIC CONTROLS
Ventilation: e Heat gain/loss from ventilation and infiltration AR FLOW WINDOWS; WINDOW AND GLASS TYPES
VENTILATION APERTURES | ® Security, pollution [ SEPARATED OR COMBINED OPENINGS
. Appropriate operation ®  MANUAL OR AUTOMATIC CONTROLS
Cooling: . Heat gain from conduction ®  WINDOW AND GLASS TYPES; MOVABLE INSULATION
VENTILATION APERTURES | ®  Security, pollution ®  MANUAL OR AUTOMATIC CONTROLS; SEPARATED OR COMBINED
. Appropriate operation OPENINGS
Heating: e  Glare ®  WELL-PLACED WINDOWS; SOLAR REFLECTORS
SOLAR o Heat loss from conduction and radiation MOVABLE INSULATION; WINDOW AND GLASS TYPES
APERTURES . Appropriate operation [ MANUAL OR AUTOMATIC CONTROLS
Other Design . Conflicts with structural system o Integrated design process

Considerations
(structure, views, etc.)

Multivalent Elements Table

Increased cost
Increased design time and expertise needed

S6 Multivalent Design
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SYSTEMS + DESIGN + CLIMATE + USE

S7 When all available load reduction strategies
and their controls have been exploited, meet the
remaining load with an ACTIVE TAILORED SYSTEM that
fits the load characteristics.

This synergy addresses Questions 7a, 7b and 7c in the
Design Decision Chart for Net-Zero and Peak-Zero, Net-
Positive Buildings:

If needed, are mechanical and electrical systems se-
7a lected and sized appropriately to supplement load
reduction strategies?

<7b Can manual controls be used reliably given the pro-

gram and climate?
(e

Net-zero and peak-zero, net-positive buildings are most
effectively achieved by reducing building loads to a
minimum through design and use strategies before deter-
mining mechanical system requirements and on-site power
generation capacity. Building loads can be evaluated using
ANNUAL ENERGY USE and then be compared to the on-site
generation potential using NET-ZERO ENERGY BALANCE.
Many buildings have a generally consistent and moder-
ate load with occasional extreme peaks when climatic and
occupancy conditions coincide. These peak loads compli-
cate sizing mechanical systems. Should they be sized for
the peak, making equipment less efficient during average
conditions, or should a variable or two-component system
be used that can adapt its output to fit load profiles?
Machinery runs most efficiently at its designed load
and continuously, but that is not how systems operate in
actual buildings. Building loads change minute to minute
as occupants come and go, equipment runs or not, and
the climate changes. In an ideal world for building sys-
tems, loads would be level, without peaks by the hour, day
or season. Designers can use load reduction strategies to

Are power generation systems sized appropriately to
provide power when needed?
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Lillie Pusiness Complex, University of Oregon,

Eugene, Oregon, 200%, SR & Partnership

make energy demands more level and smaller so that there

is less difference between average and peak loads.

Assuming load reduction strategies have already been
applied to the degree possible, consider the following
principles for tailoring active systems to building loads:

e See the architectural fabric and the mechanical and
electrical systems as an integrated whole.

e Segregate the heating, cooling, ventilation and
lighting systems so that each can be sized and
efficiently controlled for its own load; systems are
efficient at constant operation levels.

e Condition spaces only where and when they are
occupied. In other words, use mechanical and
electrical systems for the benefit of people rather
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than the spaces alone.

®  Give people control of their thermal and visual
environments; use a combination of MANUAL AND
AUTOMATIC CONTROLS to optimize energy use and
occupant comfort.

e Use a spectrum of task/ambient heating, cooling and
lighting systems matched to occupants' needs. Allow
the potential for variety in thermal and luminous
conditions [TASK LIGHTING, ADAPTIVE COMFORT].

e  (enerate renewable energy during peaks, and use it
for supplemental heating/cooling or store the energy
for later use.

One method that can be used to tailor active systems
more precisely to building loads is to design modular
spaces that have separate systems sized to meet only the
demands of each space. In this way, rooms can be oper-
ated independently according to occupancy levels and use,
reducing overall building energy consumption. The Mount
Angel Abbey Annunciation Academic Center in St.

temperature sensor
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Benedict, Oregon, by SRG Partnership, uses load reduction
strategies to eliminate the need for mechanical cooling
systems and relies on hydronic baseboard radiant heaters
to supply heating and AIR—AIR HEAT EXCHANGERS to temper
ventilation air, all sized and operated independently for
each classroom. Heating, lighting and ventilation systems
within the classrooms use a mix of MANUAL OR AUTOMATIC
CONTROLS. The baseboard heaters are operated automati-
cally by the building control system; the electric lighting
systems are controlled by photosensors, but can be manu-
ally overridden; outside air vents use automatic controls
for night ventilation and manual controls for increased
ventilation.

In the Lillis Business Complex at the University of
Oregon, in Eugene, Oregon, by SRG, photovoltaics are
integrated into the building envelope [PHOTOVOLTAIC ROOFS
AND WALLS]. The building employs key load reduction
strategies, including THERMAL MASS used to store both
heat and coolth; solar gain allowed in the winter when
needed and excluded in the summer; ceiling fans used
to expand the comfort zone; lights automatically turned
on or off depending on ambient lighting conditions and
temperature; and windows opened for natural ventila-
tion when outdoor temperature is 2-3 °F (1-1.7 °C) below
indoor temperature [MIXED MODE COOLING]. Overall the
building uses 41% less energy than Oregon code requires.

Tailored Systems
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Part IV

BUNDLES

The first section of this part, “Bundles Explained,” intro-
duces strategy Bundles in more detail as sets of related
design strategies that work together synergistically to
solve common problems encountered when designing
high-performance buildings. It explains the principles that
define a bundle and their graphic representation in the
bundle diagrams used throughout the bundle spreads in
the last section, “Some Fundamental Bundles.”

The second section of Part IV is “Making Your Own
Bundles,” which offers the reader a step-by-step process
for creating customized bundles for a particular building
project or for adding new bundles to the repertoire beyond
those fundamental bundles presented in SWL. Bundles
offer a flexible and creative conceptual framework that
is only begun in this edition. The number of potential
bundles and their variations equals that of the recurring
problems and situations encountered in high-performance
building design.

PART IV: BUNDLES
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The final section, “Some Fundamental Bundles,”

presents nine bundles: four at the L9 Neighborhoods
scale, four at the L6 Whole Buildings scale and one at
the L4 Rooms scale.

L9 NEIGHBORHOODS

B1

B2

B3

B4

A NEIGHBORHOOD OF LIGHT configures urban
fabric in response to climate to provide

daylight access for all buildings and the

spaces between. [daylighting] 124

A COOLING NEIGHBORHOOD configures urban
fabric in response to climate to promote

passive cooling for all buildings and the

spaces between. [cooling] 132

A SOLAR NEIGHBORHOOD configures urban

fabric in response to climate to promote the

use of solar power and heating of all buildings
and the spaces between. [heating] 142

INTEGRATED URBAN PATTERNS of streets and
blocks can be organized to integrate concerns

for light, sun and shade according to the
priorities of the climate. [heating, cooling

and daylighting] 152

L6 WHOLE BUILDINGS

B5 A DAYLIGHT BUILDING is organized to light
itself with the sky using a family of strategies
fit to place and purpose. [daylighting]

B6 A PASSIVELY COOLED BUILDING is organized
to cool itself with site resources using a
family of strategies fit to place and purpose.
[cooling]

B7 A PASSIVE SOLAR BUILDING is organized to
heat itself with the sun using a family of
strategies fit to place and purpose. [heating]

B8 Comfortable OUTDOOR MICROCLIMATES
adjacent to buildings use a family of
strategies fit to place and outdoor use.
[heating and cooling]

L4 ROOMS

B9 A RESPONSIVE ENVELOPE regulates comfort
and energy use by adapting to changing
patterns of sun, light and air movement.
[cooling, heating, lighting, ventilation
and power]

162

170

180

190

198
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Bundles Explained

Relationships Among Strategies

Birth of the Bundle

The second edition of Sun, Wind & Light included 109
techniques and design strategies across a range of scales.
These strategies addressed issues of heating, cooling,
lighting and power. The bundle was born in part as a
result of finding three challenges that surfaced in over a
decade using the second edition:

1 Difficulty in knowing which strategies to use for a
particular design situation, such as designing the
building envelope, especially for novice passive
designers.

2 Identifying how the strategies were related to each
other—or not related—was sometimes implied but
often opaque and required substantial practical
experience.

3 Also hard to find in the text was knowing how major
variables, like climate type, changed which strategies
to employ or emphasize.

The concept of bundles attempts to address these chal-
lenges. Additionally, two other observations are crucial to
understanding the purpose of bundles:

Strategies are related to each other across a range of
scales, often in nested and hierarchical ways, as described
in the section “Navigation by Design Strategy Maps.”
This new navigation tool is another basis for organizing

strategies into bundles.

A strategy that addresses one energy issue, such as heat-
ing, often has impacts on other energy issues, such as
lighting or cooling. Because designers think about energy
issues in more than one way, some bundles address multi-
ple issues and others focus on a single energy issue.

Bundles as generalized solution types to
recurring problems

A bundle proposes a set of the almost always required
strategies that come together to form solutions to design
situations encountered repeatedly in buildings. Some
design situations are recurring, such as the problem of
how to bring in light through a roof or how to use the
building to collect and store heat from the sun in a cold
climate. When one is able to generalize about these design
situations, one can also generalize about the solutions
and the characteristics of these solutions that seem to be
workable across a variety of conditions. If a problem is
encountered thousands of times in buildings, the building
community develops particular solution types from which
designers can learn. In many cases, researchers turn their
attention to the common and perennial problems of design
to verify or improve upon the informally developed solu-
tions of builders and designers. SWL attempts to capture

BUNDLES: Explained
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The Structure of a Pundle

this kind of wisdom in the individual design strategies and
now, in the bundles, as associations of related strategies.

What is a Bundle?

A Bundle in Sun, Wind & Light is a set of related strategies
working together to resolve commonly occurring design
problems. A bundle may address a single energy issue or it
may address two or more energy topics (heating, cooling,
daylighting, ventilation or power. In general, a bundle

has the following characteristics, as illustrated in the

diagram The Structure of a Bundle.

e A Bundle covers two or more scales in the hierarchical
system for levels of complexity (such as L1 Elements
and L2 Building Systems). Most of the fundamental
bundles cover three levels (the gray bars). The black
lines connecting the squares represent a particular
kind of relationship among the strategies of lower and
higher complexity. The levels function to make clear
how lower complexity strategies help to build higher
complexity strategies.

e A Bundle has 3-5 invariant core strategies (the solid
black squares) that can always be used in the given
design situation. Core strategies are recognized as
those that apply to all the bundle's variations.

e A Bundle has two or more situational variations, each
with its own bundle diagram. These adapt the bundle

to a major variable commonly present (such as the
difference between designing in a cool versus a hot-
arid climate) by the addition of situational strategies
(hollow squares inside the dashed line) beyond the
core strategies. Again, remember that core strategies
are common to all of the situational variations. If it is
a core strategy, it will be present in all variations as
an important strategy.

® A Bundle may also identify refiner strategies (squares
in the lower grey bars outside the dashed line), which
are related to the bundle and are recommended to be
considered as the design develops to greater levels of
detail.

Because each strategy has a range of variables and can

be adapted to variations in its context, the particular
combination of strategies suggested for a bundle can yield
thousands of formal outcomes. Similarly, the relationship
of one strategy to another in a bundle will influence

the way in which each strategy is applied. The designer
fits one strategy to the others in the network of design
strategies that forms the bundle.

How to read a bundle diagram

The example bundle diagram for a Passive Solar Building:
Thick Plan Bundle, one of its two variations, illustrates
these four organizational principles of a bundle.

The bundle organizes design strategies at multiple scales,
covering three levels of complexity, from lower complexity
L3 Building Systems, to L4 Rooms, to higher complex-
ity L5 Room Organizations. This is shown in the range of
grey bars on the diagram. Typically, the is also a range
from smaller parts to larger wholes. The scale of L6 Whole
Buildings is the contextual scale for this bundle and is
the level where its particular emergent characteristics are
evident.

The gray lines connecting the squares represent a par-
ticular kind of relationship between the strategies of lower
and higher complexity. For example, the less complex
strategies of SUNSPACES, ROOMS FACING THE SUN AND WIND
and THERMAL COLLECTORS are all strategies for designing
at the L4 Rooms scale; they help to build the more com-
plex strategy MOVING HEAT TO COLD ROOMS, which operates
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PASSIVE 90L AR BUILDING: Thick Pan Bundle

at the more complex scale of L5 Room Organizations to
orchestrate heat distribution between rooms that collect
heat and those that do not. SUNSPACES helps build MOVING
HEAT TO COLD ROOMS, while the higher, deeper, larger strat-
egy also depends on the lower, less deep, smaller strategy
and its associates.

Note that, for simplicity, the relationship lines for
refiner strategies are not shown in the diagrams, but they
can be seen on the Design Strategy Maps. Also bear in
mind that the bundles represent the most important asso-
ciations of strategies, and that many additional strategies

may be used. For more details of these relationships and
their graphic depictions, see the section “Navigation by
Design Strategy Maps.”

Each graphic icon represents an individual design strat-
egy in Sun, Wind & Light. The core strategies are shown
with a bold outline: HEATING ZONES, ROOMS FACING THE
SUN AND WIND, DIRECT GAIN ROOMS, MASS ARRANGEMENT
and WELL-PLACED WINDOWS. These strategies will apply to
almost all passive solar buildings of both variations.

The bundle has two situational variations, one for a
thick plan building (shown in the diagram), in which a

BUNDLES: Explained
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BUNDLES: Explained
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significant portion of rooms do not face the sun, and one
for a thin plan building, in which access to the sun by
each room is easier. The situational strategies are located
within the bundle boundary (bold dashed line); their icons
have no border, for example: CLUSTERED ROOMS, SUNSPACES
and MECHANICAL HEAT DISTRIBUTION. These design strate-
gies will typically apply to one of the bundle variations,
but not to all of the variations. The situational strategies
are appropriate almost all of the time, yet not every strat-
egy will be used on every project. For example, most thick
plan buildings will need MECHANICAL HEAT DISTRIBUTION to
move heat from rooms or surfaces that collect solar heat
to remote rooms without direct access to solar heat, but
a thin plan building can usually use passive radiation or
local passive CONVECTIVE LOOPS to distribute heat.

Refiner strategies are less critical to the bundle's success
or have less impact on architectural form than core or sit-
uational strategies. However, they may still have a large
impact on performance, depending on the situation. The
refiner strategies are located outside the bundle bound-
ary (bold dashed line) and their icons have no borders:
ATRIUM BUILDING, INSULATION OUTSIDE and SEPARATED OR
COMBINED OPENINGS. For example, in a thick plan PASSIVE
SOLAR BUILDING, a light court may be used in an ATRIUM
BUILDING arrangement; the atrium may also double as a
SUNSPACE to collect heat if its roof or one wall has SOLAR
APERTURES oriented to the sun. This refiner strategy will
not apply to all buildings, but if used, could improve the
performance of the bundle.

Two broad types of Bundles

Bundles can be thought of in two main ways:

Topically focused Bundles are composed of strategies
that are primarily related by their association with a par-
ticular climatic design issue, such as the way a daylighted
building needs strategies that cross a range of scales.
Bundles of this type include:

NEIGHBORHOOD OF LIGHT
SOLAR NEIGHBORHOOD
COOLING NEIGHBORHOOD
DAYLIGHT BUILDING
PASSIVELY COOLED BUILDING

PASSIVE SOLAR BUILDING

Topically integrated Bundles are related across multiple
topics, such as the way the building envelope can address
heating, ventilation, cooling and daylighting. Bundles of
this type include:

OUTDOOR MICROCLIMATES
RESPONSIVE ENVELOPE

Situational variations

In theory, a bundle can have situational variations based

on any variable that significantly changes the design-

er's response because of a relatively large change in the

design situation. These could relate to the following situ-

ational factors, among others:

o Different climates (cold/hot, humid/arid, low/high
altitude or continental/marine)

®  Rates of internal gains (high lighting, people and
equipment density vs. low density)

®  Occupancy schedules (no summer use vs. buildings
used all year, no weekends vs. seven days a week)

e Morphological alternatives (short/tall and thick/thin
buildings, etc.)

e fnergy goals (such as site net-zero energy buildings/
net-positive energy buildings, etc.)

Bundle variations could also be based on combinations
of these and other variables. The point is that when the
situation changes significantly, the strategy family that is
appropriate may also change.

It is also important for the user to remember that many
of the SWL strategies already have built-in recommenda-
tions for differences in design response based some of the
variables mentioned above. Therefore, in some cases, one
strategy will apply to all situations. This is the root of the
core strategies found in the bundle variations based on
climate. As covered in greater depth in “Navigation by Cli-
mate” in Part II, one fundamental context for design used
in SWL is the building's climatic region. Some bundles use
climate as a situational differentiator. When using these
bundles, refer to the basic climate types and guidance on
their selection and/or combination found in “Navigation
by Climate.”



Bundles in the design process

When Bundles are used in a design process, they are a way
of touching the bases to make sure that critical strategies
in the network of the design have not been left out. This
usually takes two forms:

1  The designer checks for the presence of the family of
strategies needed for the success of one system, such
as a solar-heated building, and that, at a minimum,
nothing critical has been left out.

2 The designer checks that the major common
implications of that system are accounted for, such as
the extra attention to shading and glare needed when
using large, sun-facing windows for collecting solar
heat.

The fundamental bundles included in this edition

are simply examples and not intended to represent an
exhaustive list. However, they are based on decades of
experience with designing and thinking about the best
way to design climate-responsive buildings that use very
little energy. Two things are certain in this regard: First,
additional important bundles can and will be defined in
the future, whether by the SWL authors or others. Hope-
fully, you will create your own bundles that work in your
practice, climate and projects. Second, the details of each
bundle could be written or defined in different ways. SWL
takes a particular perspective and defines the design situ-
ation in a broad and generalized way so that the bundle
might be widely applicable in a variety of building design
situations. If you have a specific situation that calls for
adaptation, by all means, adapt away!

BUNDLES: Explained
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Making Your Own Bundles

There are several ways to select bundles in SWL. First, the
Design Decision Chart in Part II suggests a set of broad,
topically integrated synergies that apply to almost all
buildings almost all the time. The seven sets of questions
there identify the bundles that help the designer explore
design schemes based on the questions' themes.

Second, each bundle is listed in the other naviga-
tion methods in Part 1, “Navigation”; so if the designer is
working at a particular scale or is investigating a particu-
lar issue, such as cooling or daylighting, then the bundles
most related to these concerns can be easily identified.

Third, designers oriented toward what works in a cer-
tain climate will find the “Navigation by Climate” section
helpful in identifying bundles and their climatic variants
that are most appropriate. Sometimes the fundamental
bundles defined in this edition may not work for a par-
ticular project and the designer will want to construct
a custom bundle or a set of custom bundles. A common
example would be the custom bundle constructed for a
mixed climate having both heating and cooling needs.
The call for custom, make-your-own bundles is espe-
cially apparent in these mixed climates for two reasons:
First, the hot climate strategies are further differentiated
by arid vs. humid summers. And second, the weighting
between heating and cooling concerns in mixed climates

varies between about 5:2 and about 1:6; that is, from a
heavy weighting toward cooling, with minor concern for
heating, such as in Atlanta, Georgia, Zone 2A, to a heavy
weighting towards heating with minor concern for cool-
ing, such as in Minneapolis, Minnesota, Zone 6A. In such
cases, first determine the weighted mix for the building in
“Navigation by Climate.”

Other combinations or hybrids of the bundle varia-
tions are possible and often appropriate. An example is
the variations of SOLAR NEIGHBORHO0D, which are “Low
Density Urban Fabric” and “High Density Urban Fabric.”
Clearly there can also be a “medium density urban fabric”
between the two ends of the spectrum, calling for a cus-
tom bundle variation. In other cases, the designer may
wish to invent new bundles or to add strategies not cur-
rently defined in SWL. On one hand, constructing custom
bundles is an advanced art requiring substantial experi-
ence; on the other hand, it is a process done informally in
every building design.

To construct your own custom design strategy bundle:
1) Define the design situation that the bundle addresses,
usually a recurring problem in architectural design. This

will be related to the “Forces” section of the fundamental
bundles. For example in DAYLIGHT BUILDING, the situation

BUNDLES: Making Your Own
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DAYLIGHT BUILDING: Thin Alan Bundle

is to design a building that maintains the geometric rela-
tionships between building and sky.

2) Name the bundle and write an action statement. Use

the bold header statements in the SWL bundles as a guide.

The action statement also captures the intention of the
bundle. A bundle that cannot be named will not be mem-
orable and may suggest that the design idea is not clear
enough or powerful enough to have a significant influ-
ence on design. An example of an action statement is, “A
DAYLIGHT BUILDING is organized to light itself with the sky
using a family of strategies fit to place and purpose.”

3) Define the situational variations. One bundle will
rarely if ever address all situations with a fixed set of
strategies. Explore the range of variables that influence
the context of the design problem and the strategies that
one might use. From your own experience and viewpoint,
select the one situational variable that has the greatest
architectural form impact. Alternatively, choose the situ-
ational variable that is likely to have the greatest impact
on energy or emissions performance—or on an issue
defined by the designer. For example, the DAYLIGHT BUILD-
ING bundle focuses on strategies that work best with thin



buildings, which can use primarily sidelight, and thick
buildings, which most often require toplight.

4) Beginning with the blank Bundle Diagram Form,
determine the scales at play in the bundle. The form is
found on the following page. Any three scales in the nine-
level system may be chosen. Write in the three scales that
make up your bundle and the scale of the bundle itself
(top band). For example, the DAYLIGHT BUILDING bundle
organizes strategies at L3 Buildings Systems, L4 Rooms
and L5 Room Organizations. The bundle itself is located at
L6 Whole Buildings.

5) Fill in the square on the top level with the name of
your bundle(s).

6) Make a copy of the Bundle Diagram Form for the
other variation(s) you have identified. For example, the
DAYLIGHT BUILDING bundle has a bundle diagram for each
of two situational variations: “Thin Plan” bundle (shown
on previous page) and “Thick Plan” bundle (see the B5
bundle spread). Fill in the blank on each form with the
situation name.

7) Complete the bundle in one of several ways. Depend-
ing on the designer, the route to bundle definition could
be more or less linear. Some designers begin with the
strategies that are already known and will most likely be
used in the design. For example, in the Thin Plan varia-
tion on DAYLIGHT BUILDING, the THIN PLAN strategy is a
given, see Daylight Building: Thin Plan Bundle. So this
is a good place to start. Some strategies may be prese-
lected; for example, the engineer may wish to use ELECTRIC
LIGHT zONES along with daylight as a way to save energy.
Another designer may begin with a strategy that to her
seems most essential to the success of the bundle. In any
case, it is easiest to begin somewhere where the strategy
is more known.

8) Now ask three kinds of questions:

o IWhat other strategies are essential to this bundle?
For example, from experience, it was known that
DAYLIGHT ZONES applies to most buildings and would
likely be helpful in the Thin Plan variation.

What smaller strategies does this strategy help to
organize, or what lower level strategies does it help to
organize, configure or relate?

For example, the THIN PLAN strategy depends on

an appropriate SIDELIGHT ROOM DEPTH and a good
DAYLIGHT ROOM GEOMETRY to establish room size and
shapes that are organized into a plan.

What other strategies does this strategy help to build?
Or what higher level strategies depend on it?

For example, proper WINDOW PLACEMENT, ideally on
multiple orientations, helps build a GLARE-FREE ROOM.

9) Work on two or three variations of the bundle dia-
gram simultaneously. As you add strategies related to
one another, look for those strategies that occur in each
and every situational bundle. These are candidates for core
strategies. As these Core Strategies become clear, move
them to the center of the diagram into the bold squares.
For example, in the DAYLIGHT BUILDING bundle, five strat-
egies will work in both the “Thin Plan” and the “Thick
Plan” variations. Signified by the bold borders in the dia-
gram, they are: DAYLIGHT ZONES, DAYLIGHT ROOM GEOMETRY,
GLARE-FREE ROOMS, ELECTRIC LIGHT ZONES and WINDOW
PLACEMENT. The Bundle Diagram Form provides space

for these Core Strategies with at least one at each scale.
Look for about 3-5 Core Strategies. If you find more than
three—and this is common—add a bold border to the
squares that contain them in a position adjacent to the
printed central core square on that level.

10) Fill in the links between strategies. Consult the
Design Strategy Maps in Part I for possible important
linkages. Linkage lines in the SWL bundle diagrams define
their nested relationships as outlined in “Navigation

by Design Strategy Maps” in Part I, “Navigation.” Many
other kinds of relatedness are possible, including hori-
zontal relationships within a level. Feel free to improvise
on top of the structure provided and identify other kinds
of relationships or associations and to represent these
graphically. For example, conditional or impact relation-
ships might be represented with directional arrows. In
the largest sense, since bundles are simply configurations

BUNDLES: Making Your Own
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of relationships among strategies, the designer is free
to define both the set of strategies and their significant
relationships.

11) Look for ways to simplify the bundle. Can some
strategies that are less important be moved to the refiner
strategy squares or eliminated entirely? Do your Core
Strategies work in all the bundle's variations? For example,
when writing the DAYLIGHT BUILDING bundle, there were
initially variations for “Clear Skies” and “Overcast Skies.”
It became apparent that very few of the daylighting strat-
egies applied to only one sky condition and that many

strategies applied to both or were a matter of degree. One
strategy, REFLECTED SUNLIGHT, was primarily applicable to
clear skies, it was moved to a Refiner Strategy status.

12) Share your draft custom bundles with your knowl-

edgeable colleagues for feedback on what may be missing.

Determine whether they agree with the core strategies
you have chosen. Inquire into how they would propose to
solve the problem that the bundle addresses. The funda-
mental bundles included in this edition were significantly
improved and refined by peer input. Have fun improvising
and inventing!

BUNDLES: Making Your Own

107



BUNDLES: Some Fundamental

-

Bundles may combine strategies for multiple integrated
topical issues (heating, cooling, lighting, ventilation or
power) into associations that help the designer resolve
the relationships among the issues. Often the relation-
ships take the form of a context of conflicting forces. Such
conflicting forces generate recurring questions for design-
ers, some of which rise to what can be called “perennial
questions,” or concerns that are present over and over
again in buildings.

In addition, bundles may combine strategies organized
around a single topical issue (heating, cooling, lighting,
ventilation or power) that are linked across multiple scales
into associations that help the designer resolve the rela-
tionships among the issues.

Bundles answer the primary design questions:
® How do smaller and less complex strategies help to

build larger and more complex strategies?

¢ How do larger, more complex strategies help or organize
groups of smaller, less complex strategies?

e What strategies are critical at each scale for the
building or neighborhood to work as a system with
regard to the particular energy topic?

Traced for each of these bundles is the “flow” of the
forces from where it arrives at the urban scale, down
through a series of smaller scales to where it is used for
heating, cooling, lighting or ventilation.



Some Fundamental Bundles

Each scale of design has a role to play in employing
the forces of climate for human use. For example, in con-
sidering the neighborhood bundles it becomes clear that
when the form of buildings blocks access to the sun, wind
or light resources at any point before it reaches the pho-
tovoltaic array, the solar hot water collector, passive solar
aperture, daylight aperture or ventilation aperture, the
passive strategy at the building will fail. In this way, the
levels of complexity are like the links in a chain.

Included on the pages that follow are these fundamen-
tal bundles, a few of the many possible:

L9 Neighborhoods

B1 A NEIGHBORHOOD OF LIGHT configures the
urban fabric in response to climate to provide
daylight access for all buildings and the
spaces between. [daylighting] 124

B2 A COOLING NEIGHBORHOOD configures the
urban fabric in response to climate to promote
passive cooling for all buildings and the
spaces between. [cooling] 132

B3 A SOLAR NEIGHBORHOOD configures urban
fabric in response to climate to promote solar
power and heating of all buildings and the
spaces between. [heating and power] 142

B4 INTEGRATED URBAN PATTERNS of streets and
blocks can be oriented and sized to integrate
concerns for light, sun and shade according
to the priorities of the climate. [heating,
cooling and daylighting] 152

L6 Buildings

B5 A DAYLIGHT BUILDING is organized to light
itself with the sky using a family of strategies
fit to place and purpose. [daylighting] 162

B6 A PASSIVELY COOLED BUILDING is organized
to cool itself with wind, sky and earth using
a family of strategies fit to place and purpose.
[cooling] 170

B7 A PASSIVE SOLAR BUILDING is organized to
heat itself with the sun using a family of
strategies fit to place and purpose. [heating] 180

B8 Comfortable OUTDOOR MICROCLIMATES
adjacent to buildings are organized using a
family of strategies fit to place and outdoor
use. [heating and cooling] 190

L4 Rooms
B9 A RESPONSIVE ENVELOPE regulates comfort and
energy use by adapting to changing patterns of

sun, light and air movement. [cooling,
heating, lighting, ventilation and power] 198

BUNDLES: Some Fundamental
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BUNDLES: B1 Neighborhood of Light
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NEIGHBORHOODS - URBAN FABRICS =
URBAN ELEMENTS

B1 A NEIGHBORHOOD OF LIGHT configures the
urban fabric in response to climate to provide
daylight access for all buildings and the spaces
between. [daylighting]

KEY POINTS

e Urban pattern can insure that daylight reaches each
building.

e Open space proportions are the key daylight access
variable.

¢ Daylight is closely connected to solar access and
shading; thus, variations are driven by climate type.

CONTEXT

Each bundle helps build one or more larger strategies at
the next scale of complexity. In our system of complex-
ity, the scales above the neighborhood are truly urban and
beyond the scope of the current book; these are the scales
of Urban Quarter (a configuration of neighborhoods), City,
Metro and Region. The design strategies for light at these
more complex scales are yet to be defined. Speculatively,
they might include strategies such as those to support
clean air and reduce urban clouds or fog.

FORCES

In the USA, buildings are responsible for 70% of electric-
ity use and an even greater proportion of peak energy use.
The single most cost-effective way to reduce energy use
in nonresidential buildings is the replacement of electric
light, which constitutes about one-third of commercial
building energy use, with daylight.

For any building to use daylight, it first needs access
to daylight. This means that windows must be able to
“see” enough of the sky, a simple idea that has enor-
mous implications for neighborhood design.

What would the form of our neighborhoods and urban
districts be like if we were to take seriously the provision
of free daylight to all buildings? Light has a behavior and
a geometry; it has a logic and a rhythm. Built form has all

these, too; the intersection of these logics—of light and
form—creates a NEIGHBORHOOD OF LIGHT.

Light arrives to buildings from both the sun and the sky
and from light reflected in the spaces between and around
buildings. This geometry of window and sky in dense set-
tings is driven by the proportions of the spaces between
buildings. The design criterion, which varies with climate
and the project's goals for indoor daylight, is to keep an
appropriate sector of the sky dome visible to apertures.
This can be done prescriptively, like the DAYLIGHT ENVE-
LoPE, or performative ways, such as Boston's BRADA tool.

Sky exposure planes and daylight envelopes are the
basis of almost all urban daylight planning regulations and
zoning rules (DeKay, 1992). They limit heights of build-
ings along streets and, when based on rational criteria,
tend to drive buildings to cover more of the site, so there
is distance from building to the street. Buildings in a
NEIGHBORHOOD OF LIGHT will tend to have strong relation-
ships to the street and create pleasant, climate-moderated
and active streets and public spaces. Regulating develop-
ment for daylight access produces buildings of finer grain
than does conventional development regulations, a pat-
tern more prevalent in inner historic city districts prior to
fluorescent lighting.

RECOMMENDATIONS

® lay out neighborhoods by proportioning blocks,
streets alleys and buildings to preserve the sky view
from the building facade.

e In colder climates, combine daylight access with
solar access.

e In hotter climates, combine daylight access
with daylight-enhancing shading and reflection
strategies.



Hypothetical Daylight Development in Chattanooga, Tenessee, GreenVision Gtudio, 2006
View from southeast (ooking towards northwest)

EXAMPLE

The Climatic Neighborhoods Study of Chattanooga Ten-
nessee's Downtown Plan by GreenVision Studio (DeKay
and Moir-McClean, 2003) shows that substantial increase
in density is possible while protecting each street facade's
access to daylight. The drawings in Hypothetical Daylight
Development in Chattanooga show possible DAYLIGHT
BUILDING massing configurations, generated by students,
that satisfy composite cLIMATIC ENVELOPES (for both solar
and daylight) and follow several daylighting design strate-
gies, allowing good natural lighting for most rooms, while
attempting to maximize development potential (DeKay,
2010).

Within the DAYLIGHT ENVELOPE, buildings can be taller
on the wider streets. Relatively tall buildings, up to 14
stories, are possible along Broad St., while cross streets
allow for 6 stories. The large parcels and the wide right-
of-way along the highway (left side) create tall peaks on
the district’s western edge, so this is a good place for tall

buildings. Buildings follow one of two patterns: buildings
with THIN PLANS of 50-70 ft thick or ATRIUM BUILDINGS
where the size of DAYLIGHT BLOCKS allow. The envelope
peaks have been cut off where the size of the floor under
the envelope was too small to be practically occupied.
Light courts are shown without roofs, but in many cases,
could be a TOPLIGHT ROOM covered in a glazed or partially
glazed OPEN ROOF STRUCTURE. Often, though not always,
we have located light courts with an open side to the
south. This allows an occupied roof garden to be a sunny
and wind-protected WINTER COURT. If the southern side
of an atrium is lower than the north side it also works
better as a solar heated SUNSPACE. Finally, students were
instructed to add a certain amount of randomness, based
in part on the underlying parcel sizes and configurations
and on the patterns of existing development. Some blocks
were treated as a single large building, others as two large
sites, and some as composed of several smaller parcels.

In creating this speculative downtown NEIGHBORHOOD

BUNDLES: L9 Neighborhoods

11

-



BUNDLES: B1 Neighborhood of Light

[N
[N

Daylight Envelopes, East-West Gection Looking North

WY R NY T L

Hypothetical Buildings Under Envelopes, East-West Section Looking North

Hypothetical Daylight Development in Chattanooga, Tennessee, Green\Nision Gtudio, 2000

OF LIGHT, students attempted to maximize floor area ratio
(FAR) within the development envelopes. Density analysis
of the project is discussed in DAYLIGHT DENSITY.

/; 4 CORE STRATEGIES
V / The core strategies apply to almost all neigh-

borhoods and groups of buildings where the
de51gner or planner has control over more than a single
building. The daylighting-specific strategies are written
to cover a wide range of variables for different climates;
however, because heating or cooling strategies can affect
lighting, there are two variations based on “Cold Climate”
and “Hot Climate.”

CLIMATIC ENVELOPE combines DAYLIGHT ENVELOPE with
SOLAR ENVELOPE (cold climate) or SHADOW UMBRELLA (hot
climate) or with both (temperate climate) to propose
development envelopes that balance site resources.

DAYLIGHT DENSITY helps the designer configure streets,
blocks and buildings to support light to each building. It
demonstrates that while daylighting design may generate
urban forms different from those generated by rules that
ignore daylight, high density development is indeed possi-
ble. It combines DAYLIGHT BLOCKS and DAYLIGHT ENVELOPES

into a composite pattern.
DAYLIGHT BLOCKS helps the designer determine block

sizes based on daylighted building form or, conversely, to
fit appropriate daylight massing of buildings to existing
block dimensions.

DAYLIGHT ENVELOPES is perhaps the most critical
strategy in this bundle. It creates a three-dimensional
development envelope that, if building massing is kept
within it, insures that all surrounding buildings will get
adequate access to daylight. It can be applied at the
building or block scale, depending on which adjacent
facades are being protected.

DAYLIGHT BUILDING is itself a bundle of numerous strat-
egies in the sequence from sky to interior surfaces. Each
scale along the way is critical to effective daylighting. It
offers combinations of strategies for THIN PLAN and thick
plan buildings [ATRIUM BUILDING and TOPLIGHT BUILDING].

SITUATIONAL STRATEGIES
Variations Based on Hot and Cold Climates

Depending on the climate, access to daylight has to be
balanced against access to sun, which on some orien-
tations may be more restrictive, and against needs for
shade, which for some geometries can reduce the available
daylight. For this reason, and perhaps counterintuitively,
we have selected hot and cold climates for the variations,
rather than clear and overcast skies.
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NEIGHBORHOOD OF LIGHT: Hot Climate Bundle

Urban scale research on daylighting design is not well
developed. Most studies use overcast conditions. Clear
sky cities are still able to use the strategies given here
because, “without the sun,” illuminance from the clear sky
is similar to that of overcast skies at the same latitude;
however, the distribution of that light over the sky dome
is different [see DAYLIGHT AVAILABILITY and SKY COVER].
The clear sky makes for uneven and changing light, a pat-
tern to which the building envelope scale can respond.

In terms of design, a clear sky climate often has very
bright, glare-inducing outdoor light, so many of the

shading strategies in COOL NEIGHBORHOOD are appropri-
ate, as they also reduce daylight levels. In warm clear sky
climates, consider OVERHEAD SHADES and SHARED SHADE.
However, take care not to reduce the light to the daylight
apertures too much by shading strategies at any scale
[DAYLIGHT ENHANCING SHADES].

V’; I
/ + Designing for access to light in a hot climate
tends to limit building height along the street edges. This

1. Hot Climate NEIGHBORHOOD OF LIGHT
Bundle

BUNDLES: L9 Neighborhoods
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NEIGHBORHOOD OF LIGHT: cold Climate Bundle

is good if winter solar access is desired, but care must be SHADOW UMBRELLA provides building massing strategies
taken not to be overprotective of daylight at the expense  for shading open spaces. Open spaces, such as courtyards
of shade. help bring light to rooms on the interior of a site. Remem-

ber that the same principles of daylight access can be

) ] ) ] applied to open spaces as those applied to streets.
SHARED SHADE helps designers size height to width (H/W) OVERHEAD SHADES are elements in the horizontal plane

ratios for shading streets and adjacent buildings in hot for shading high sun in the middle of the day. When H/W
cl?mates. Compare the H/W nefzded for ?AYLIGHT ENVELOPES 45 small and space between buildings large, ample light is
with the !'I/W needed for shading criteria. DAYLIGHT APER- 5 ided, but overhead shade is often required. Consider
TURES facing shaded streets can be enlarged to account for ¢ strategy along south facades and for pedestrian circu-

4 less daylight availability. lation along the north side of streets.

Hot Climate Situational Strategies

BUNDLES: B1 Neighborhood of Light
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Notthern City Center: newer coarse grain buildings with leisure and educational uses
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Nottingham city Center Analyses: Sky View Factor Mapping (left) and Passive Zones (right)

2. Cold Climate NEIGHBORHOOD OF LIGHT
Bundle

V/’ 4

/ 1 Cold climate neighborhoods have to provide
access to both daylight and direct-beam sunlight. This sit-
uational bundle adds three strategies.

Cold Climate Situational Strategies

GLAZED STREETS in cold climates provide wind protected
BUFFER ZONES for buildings and function like a linear
atrium [ATRIUM BUILDING] that will be hotter than outside.
They are generally not appropriate for hot climates as they
perform these same functions in summer.

SOLAR ENVELOPES regulate building massing to protect
the neighboring buildings' access to winter sun and in
some cases, year-round for PV and solar hot water. Since
DAYLIGHT ENVELOPES are orientation neutral and SOLAR
ENVELOPES are solar orientation specific, this relationship
is resolved by CLIMATIC ENVELOPES.

Cold Climate Example

The Martin Center at Cambridge University conducted mor-
phology studies for the Nottingham City Center Urban
Design Guide (Urbanism, Environment and Design, 2009).
They analyzed the existing urban fabric for sky view factor
(SVF) and for passive zones.

The images in Nottingham City Center Analyses
shows sky view factor mapping and passive zones based
on analyses from 3D digital models using image analysis
techniques. The sky view factor indicates how much sky is
visible from each street. According to the Martin Center
“A low SVF creates a feeling of density and enclosure and
a sheltered microclimate, but reduces natural daylight-
ing and solar gain so increasing energy usage.” Higher
sky view factors allow more light and sun to buildings
and streets and reduce the need for electric lighting and
mechanical heating. Higher SVFs can also increase both
summer and winter winds and reduce urban shade, a ben-
efit in winter, but a liability in summer. For more on SVF,

BUNDLES: L9 Neighborhoods
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Historic Core: fine grain buildings with retail/food areas
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see the COOLING NEIGHBORHOOD bundle, and the DAYLIGHT
ENVELOPES and DAYLIGHT APERTURES strategies.

Passive zones are defined in Nottingham as “the propor-
tion of a building’s floor area that can be naturally daylit,
heated or ventilated,” identified as floor areas within 6
m (20 ft) from the facades. Deep plan buildings with low
ceilings require more electric lighting [DAYLIGHT ROOM
DEPTH] and typically, more mechanical heating [unless
designed for DEEP SUN] and more mechanical cooling
[unless designed as PERMEABLE BUILDINGS], significantly
increasing their energy use. The passive zone analysis
shows how the historic core works far better for passive
strategies than the large buildings in the northern part of
the city center.

In response to this analysis, Nottingham's urban design
guide addresses both passive design and traditional urban

design issues. Building heights are limited to 5-8 stories
for residential and 4-6 stories for commercial buildings.
Their desired sense of street enclosure further limits build-
ings heights along streets in proportion to their width
(H/W ratio). These range from 1:0.5 (H/W = 2) on alley-
ways to 1:2 (H/W = 0.5) on multilane arterials. High
(commercial) streets are limited to 1:1 (H/W = 1). This
has the effect of preserving better SVF. Design rules call
for commercial buildings limited to 12 m (39 ft) deep

for single story spaces with windows on both sides and

8 m (26 ft) deep if lighted from one side or on narrower
streets. Single exposure residential occupancies are lim-
ited to 6 m (20 ft) depth and are prohibited on northerly
facing streets. Minimum glazing ratios for daylight are set
at 30-50% of the elevation, depending on orientation.

7
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BUNDLES: B2 Cooling Neighborhood

[N
[N

NEIGHBORHOODS - URBAN FABRICS =
URBAN ELEMENTS

B2 A COOLING NEIGHBORHOOD configures the
urban fabric in response to climate to promote
passive cooling for all buildings and the spaces
between. [cooling]

KEY POINTS

e  Both minimizing solar gains and maximizing night sky
exposure are important to urban cooling.

e Arid climates can benefit from urban water strategies
while humid climates may not.

e Trees and colonnades can improve cooling in most
urban fabrics.

CONTEXT

Each bundle helps to build one or more larger strategies
at the next scale of complexity. In our system of complex-
ity, the scales above the neighborhood are truly urban and
beyond our scope; these are the scales of Urban Quarter (a
configuration of neighborhoods), City, Metro and Region.
The design strategies for cooling at these more complex
scales are yet to be defined. Speculatively, they might
include strategies such as those to support clean air,
reduce anthropogenic heat sources, preserve regional tree
cover, intersperse neighborhoods with larger parks and
locate tall building districts downwind from lower height
districts.

FORCES

If buildings are to be passively cooled, they need max-
imum summer shade and access to cool outside air,
whether that is wind for cross-ventilation or clean,
cool outdoor air to feed stack-ventilation. At night,
outdoor surfaces need a way to be cooled; in the day,
pedestrians require cool microclimates.

The design of urban neighborhoods can either make the
outdoor climate more intense and uncomfortable or more
moderate and comfortable. The effect of urban design on
microclimate can make air quality worse and buildings
more expensive to operate, or it can help clean the air and

help buildings be more energy efficient. In many places,
urban development replaces vegetation with asphalt and
buildings. Cool, transpiring green surfaces are replaced
with heat-absorbing dark surfaces and heat-storing mas-
sive surfaces such as concrete. Taller buildings in the
inner city block the wind, create more friction and reduce
the ability of other buildings to lose heat to the night
sky. This causes the urban heat island effect in which cen-
tral city temperatures are significantly hotter than the
surrounding countryside. Higher summer temperatures
increase energy costs and health risks.

RECOMMENDATIONS

Integrated effects. Building form, particularly the roof
area and east and west wall areas exposed to the sun,
affect the cooling load in summer.

An urban fabric that uses taller buildings (thus less
roof area) organized in EAST—WEST ELONGATED BUILD-
ING GROUPS and with buildings having EAST=WEST PLANS
(less east and west wall area) reduces summer solar
gains and increases winter gains. This is particularly
important in mixed climates.

On the other hand, if winter heat gain is not a pri-
ority, and if the height to width ratio (H/W) is large
enough, narrow north-south streets can create SHARED
SHADE such that longer east and west facades are much
less a heat gain liability.

This variation is more appropriate at tropical latitudes
or where cooling is needed year round. One of the con-
flicts in designing COOLING NEIGHBORHOO0DS in both humid
and arid climates is the tension between low building
height to width ratios (H/W), which increase the sky view
factor and are good for daylighting and radiant cooling,
vs. high H/W ratios (taller buildings with narrower spaces
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between), which are good for reducing solar gain. In gen-
eral, larger H/W creates more shade, cooler daytime street
temperatures, less solar gain, lower wind speeds, less day-
light access, greater increases in the night time urban
heat island, and less night sky cooling. A smaller H/W
ratio will have the opposite characteristics.

The combination of efficient building form that
minimizes solar exposure and building-to-building rela-
tionships with open sky view factors that encourage night
cooling and promote wind flows are the fundamental

Reference Model for Graphs: 9 structures,

evenly opaced, surrounded by wall = H, plan = LxD
urban morphology variables for a COOLING NEIGHBORHOOD.
Similar results can be achieved with different combina-
tions of these two factors.

The graphs of Solar Intercept Factor vs. Sky View Fac-
tor for Building Groups (Mills, 1997) demonstrates the
relative cooling potential of a range of different organi-
zations. The study compares different building shapes for
the same total volume, combined with a range of build-
ing spacings. On the solar intercept factor (SIF) scale,
lower values mean less sun on the building surfaces and
less solar heat for the cooling load. On the sky view factor
(SVF) scale, lower values mean less view of the sky, thus
less daylight and less night sky radiant cooling. Both of
these factors are significant indicators for cooling urban
neighborhoods.

In a hot climate, a building group fabric with a com-
bination of high cooling potential (high SVF) and low
solar load (low SIF) is ideal. Configurations on the
upper left of the chart perform best.

E.ﬁf‘ CORE STRATEGIES
NI There are four strategies that form the core of

- both variations on this bundle.

LOOSE OR DENSE URBAN PATTERNS sets the basic wind
regime in the fabric for streets parallel to the wind. The
blockage ratio is a function of the height of buildings, the
area of their faces to the prevailing wind, and the width of
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COOLING NEIGHBORKROOD: Hot-Humid Climate pundle

streets. Wider streets, lower buildings and narrower faces  for shading of pedestrian circulation, of smaller open
to the wind create more wind in the streets. This is espe-  spaces and of buildings where H/W admits significant sun,
cially significant for the windward edge of building groups, such as the south facade (N in SH). Both built shade, such

BUNDLES: B2 Cooling Neighborhood

which can be designed to allow winds to pass into the as arcades, and vegetation such as street trees, cool the

fabric of the neighborhood. This strategy is modified by afternoon air; but as the urban canyon (H/W) increases,

BREEZY OR CALM STREETS and by the concerns for H/W and  the cooling effect diminishes.

building form covered below. Good air movement through PASSIVELY COOLED BUILDINGS are both the benefactors
streets is important in all hot climates. of a cooling neighborhood and help to create its pat-

20 OVERHEAD SHADES is a particularly important strategy tern. It is its own bundle of smaller strategies for cooling
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Mount Peter Tropical Urbaniom, Cairne, Queensland, Australia, DPZ Pacific and Seth Harry Assoc., 2010

buildings in both humid and arid situations.

OUTDOOR MICROCLIMATES benefit from the larger cooling
neighborhood strategies that form its context and block or
admit forces of sun, wind and light. It is also a bundle of
smaller strategies that shapes outdoor comfort.

SITUATIONAL STRATEGIES
Variations Based on Hot-Arid and Hot-Humid Climates

This bundle may be varied by whether the neighborhood

is located in a “Hot-Arid” or a “Hot-Humid” climate. In
composite humid-arid climates, such as in west India,
which shift seasonally dry to wet with the monsoon, the
designer will need to construct a project-specific bundle
using both. In mixed heating and cooling climates (the
majority of the United States), COOLING NEIGHBORHOODS
are balanced by concerns in SOLAR NEIGHBORHO00D. Also see
INTEGRATED URBAN NEIGHBORHOOD for advice on multiple
urban climatic issues.

T 1. Hot-Humid cOOLING NEIGHBORHOOD Bundle
2 & I

*-{%-; The hot-humid bundle focuses on reducing
M solar gain and ventilating.

Hot-Humid Situational Strategies

CONVERGING VENTILATION CORRIDORS is a topographic
strategy encouraging cooler air from upslope and outlying

areas to drain toward the more built-up areas creating a
kind of urban stack effect where polluted hot air rises.
Large green source areas draining to green corridors and
wide avenues are required.

INTERWOVEN BUILDINGS AND PLANTS has two compo-
nents: green areas concentrated, such as in parks, and
distributed, such as street trees. Plants cool by shading
and by evaporation.

BREEZY OR CALM STREETS help designers configure and
orient streets to either promote or retard air movement
This is important to cool the spaces between buildings
and to provide air to buildings for natural ventilation.

DISPERSED BUILDINGS help preserve each building's
access to breezes. Combined with breezy streets it makes a
composite pattern.

Hot-Humid Example

The Mount Peter Tropical Urbanism Study developed
design guidelines for urban development in the hot-humid
tropics of Cairns, Queensland, in northern Australia (DPZ
Pacific and Seth Harry, 2010). The study draws heavily on
strategies from Sun, Wind & Light, 2nd edition. The exam-
ple application of the guidelines shown above combines
BREEZY STREETS orientation with wide streets for wind

flow [LOOSE URBAN PATTERNS] with shady sidewalks [over-
head shades]. Wind brings cool air from undeveloped land

BUNDLES: L9 Neighborhoods
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down wide avenues, similar to CONVERGING VENTILATION
CORRIDORS. Blocks are oriented so that buildings’ short
sides face east and west [EAST-WEST ELONGATED BUILDING
GROUPS] and are interspersed with greens of different sizes
[INTERWOVEN BUILDINGS AND PLANTING]. Buildings are stag-
gered on lots so as to direct air flow across the fabric and
courts are wide [BREEZY COURTYARDS], while building types
are selected to facilitate PERMEABLE BUILDINGS.

Night flow from green slopes cools downtown
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Mixed—-Humid Example

The Downtown Cooling Plan for Chattanooga by Green-
Vision Studio (DeKay and Moir-McClean, 2006) shows an
integration of numerous urban design strategies to adapt
the existing urban fabric to create a cooler summer ouT-
DOOR MICROCLIMATE and to help distribute winds to more
PASSIVELY COOLED BUILDINGS. There are five basic ideas to
this approach:

1 Heavily plant the western undeveloped slopes with
open understory trees [GREEN EDGES] for night
flow from green slopes to CONVERGING VENTILATION
CORRIDORS.

2 Cool the downtown district by increasing dispersed
vegetation [INTERWOVEN BUILDINGS AND PLANTS],
which takes the form of street trees, urban forests and
green squares and parks.

3 Disperse wind throughout the urban fabric by creating
passages in the middle of blocks and in-between
buildings [DISPERSED BUILDINGS] and by encouraging
a “densify and withdraw” pattern over time that
opens the southwest corners of blocks to help redirect
breezes. [LOOSE OR DENSE URBAN PATTERNS]

4 Disperse wind throughout the urban fabric by using
landscaping and open space patterns to direct wind
to cross streets. [BREEZY AND CALM STREETS]

5 Build on and extend the pattern of cross-block
pedestrian mews, providing OVERHEAD SHADES and
north-south alleyways that provide SHARED SHADE.

,.;;;‘ 2. Hot-Arid COOLING NEIGHBORHOOD Bundle
i

i As in hot-humid climates, shading is important
-, hot-arid climates, but the skies are clearer
and the sun often more intense. Similarly, wind access is
important, but the air can be very hot at times and dust-
laden. These factors combine to shift the strategies more
toward shade and less toward ventilation. Evaporative
cooling strategies also become available in arid climates.

Hot-Arid Example

The German-Iranian research project, Young Cities, devel-
oped a master plan for a 35 ha (87 ac) area, applying

Neighborhood Cluster, Hashtgerd New Town

climate-sensitive urban form and culturally adapted build-
ing typologies for reduced heating and cooling in the
Hashtgerd New Town in the Tehran province of Iran
(Young Cities, 2011; Seelig, 2011). Like traditional towns
in the region, the quarter takes on a compact DENSE URBAN
PATTERN, as shown in the Neighborhood Cluster drawing,
where 29 compact neighborhood clusters are organized
along north-south primary roads with each cluster defined
by a central SHADY COURTYARD of 15 m x 30 m (49 ft x 98
ft) and surrounded by four building groups. See also the
Site Plan, Hashtgerd New Town on the next spread. Nar-
row 6 m (20 ft) wide streets, running N-S connect the
courts, giving SHARED SHADE. The arrangement of build-
ings blocks the prevailing western/northwestern winds
and the hot, dusty southeast summer winds while admit-
ting cooler north-south winds from the Alborz Mountains.
Solar exposure is minimized by longer south facades
[EAST-WEST ELONGATED BUILDING GROUPS], giving each unit
winter solar access. INTERWOVEN BUILDINGS AND PLANTING
is achieved by a variety of green spaces and tree planting,
including constructed wetlands for waste water recycling.

Hot-Arid Situational Strategies

INTERWOVEN BUILDINGS AND WATER can reduce air temper-
atures if the water is either very large, such as a large lake

12
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COOLING NEIGHBORHOOD: Hot-Arid Climate Pundle

or ocean with winds blowing over it, or if it is located relatively large and especially if irrigated and/or shaded.

within semi-enclosed spaces, such as courtyards. When located leeward of the built neighborhood, the
SHARED SHADE helps designers configure buildings to green edges can also help to remove dust.

shade each other, particularly on north-south streets. RECOMMENDATIONS

SHADING UMBRELLA works similarly to shared shade, but
on a smaller scale by providing shade to particular open
spaces or courts by shaping surrounding buildings and
edges to cast shadows.

GREEN EDGES of vegetation can cool incoming breezes if

Integrated Cooling Effects. A more sophisticated mea-
sure than H/W ratio was developed by Shashua-Bar, et al
(2006) and is defined as the envelope ratio. It is the ratio
of the ground area between buildings to the total surface
area of the ground and walls, including any articulations

BUNDLES: B2 Cooling Neighborhood
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such as with colonnades.

Design for low envelope ratios on N-S streets, but
balance with daylight access criteria. On E-W use low
envelope ratios (0.1-0.3) in hot climates. In mixed
climates, use medium envelope ratios (> 0.3) but
remember to limit these ratios to ensure winter solar
access. In all cooling climates, use colonnades along
street edges and/or trees for shade, especially for built
form envelope ratios greater than 0.4.

The graphs of Cooling Effects from Built Form and
Cooling Effects from Trees and Colonnades (next page)
illustrate the effectiveness of this morphological char-
acteristic at explaining urban cooling for different
configurations. The study is for a hot-humid city at 32° N
latitude for the extreme temperature conditions of 3 pm in

July, 30.2 °C (86.4 °F)/60% RH under clear skies (adapted
from Shashua-Bar et al, 2006).

Built Form Effect is given relative to the temperature for
an envelope ratio of 0.3 (set at 0 degrees C temperature
difference). From the left graph, note that as envelope
ratio gets smaller than the 0.3 reference value, the rela-
tive cooling effect increases and the air temperature falls.
As envelope ratio increases, the cooling effect is less and
the temperature rises relative to the reference condition.

The right graph, Cooling Effects from Trees and Col-
onnades, demonstrates that both trees and colonnades
have an additional cooling effect that can be added to
that of the urban form effect. The largest cooling effect
from trees or colonnades comes when the envelope ratio is
larger (wider, more open configuration.) As the envelope

BUNDLES: L9 Neighborhoods
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Cooling Effects from Built Form

envelope ratio = ground area / (ground area + wall area)

ratio decreases, so does the effect of these additional

strategies. For example, for the 70% tree cover (measured

at noon) studied, the maximum cooling effect of 2.8 °C
(5 °F) is seen in shallow configurations. The graph's axis

“Trees Effect and Colonnade Effect” show the differences in
air temperature between the same configuration with and

without 70% ground cover shaded by trees or with colon-

nades at the edges.
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NEIGHBORHOODS - URBAN FABRICS =
URBAN ELEMENTS

B3 A SOLAR NEIGHBORHOOD configures the urban
fabric in response to climate to promote solar
power and heating of all buildings and the spaces
between. [heating and power]

KEY POINTS

e Buildings, streets and open spaces work together to
bring sun to each building and reduce energy use.

e Urban patterns can make outdoor climates more
intense or more moderate.

e Taller building heights increase density but decrease
surface area per dwelling for solar collection.

CONTEXT

Each bundle helps build one or more larger strategies

at the next scale of complexity. The scales above the
Neighborhood—Urban Quarter (a configuration of neigh-
borhoods), City, Metro and Region—are truly urban and
beyond our scope. The design strategies for solar heat and
power at these more complex scales are yet to be defined.
Speculatively, they might include strategies such as those
to support clean air; increase solar gain; create urban
shelter belts; promote development based on topography
and solar aspect; develop 3-D, form-based solar zon-

ing, create sheltered pedestrian networks; and locate tall
building districts.

FORCES

If buildings are to be solar heated, they need access to
the winter sun, as do solar collectors for making elec-
tricity and hot water. As density increases in urban and
even in suburban settings, buildings create shade on
each other and on solar collectors. Pedestrians require
warm microclimates. Excessive winter winds cool build-
ings and make outdoor spaces uninhabitable.

Sun and wind are both scalable phenomena; that is
they operate at every scale from the region to the building
parts. Because the direct sun has to reach the solar aper-
tures or collectors, its access has to be considered and

Reconagtruction of a Prostas House, Priene,
Turkey, 4th c. BC

maintained at each scale of design. Similarly, wind can be
blocked at a number of different design scales. However,
because the effect of windbreaks is proportional to their
height, the blocking of wind becomes a pattern that needs
to be repeated throughout the urban fabric. The combina-
tion of these two fundamentals—providing access to sun,
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90L AR NEIGHBORHOOD: Low Density Fabric Bundle

which calls for more space between buildings, and block-
ing cold winds, which argues for tighter and more dense
configurations—is the essential climatic tension to be
resolved by the SOLAR NEIGHBORHOOD.

Solar neighborhood planning goes back perhaps three
thousand years in Greece. An example of such a solar city
is the ancient Greek Town of Priene, Turkey, where east-
west residential blocks contained rowhouses, each with a
south-facing courtyard and portico, insuring winter sun
reaches each house, as shown in the Reconstruction of a

Prostas House (Whitley, 2001), a house type thought to
have developed during a firewood shortage (Butti and Per-
lin, 1980).

CORE STRATEGIES

There are five strategies common to all well-
designed SOLAR NEIGHBORHOODS.

LOOSE OR DENSE URBAN PATTERNS sets the basic wind
regime for streets parallel to the wind. The wind block-
age ratio is a function of the height of buildings, the area

BUNDLES: L9 Neighborhoods
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of their faces to the prevailing wind and the width of
streets. Wider streets, lower buildings and narrower faces
to the wind create more wind in the streets. This is signif-
icant especially for the windward edge of building groups,
which can be designed to block winds from passing into
the fabric of the neighborhood. This strategy is modi-
fied by BREEZY OR CALM STREETS. Taken to the extreme by
eliminating all spaces between buildings on the leeward
edge of a cluster or neighborhood, buildings function as
continuous WINDBREAKS and the strategy becomes WINTER
COURTS.

EAST—WEST ELONGATED BUILDING GROUPS create long
sun-facing winter facades and space buildings in the
north-south direction so that these long facades get
access to winter sun. This is critical in winter heating
climates because the radiation available from the lower
winter sun arrives mostly in the midday hours when the
sun is in the southern sky (N in SH). The urban impli-
cation is for east-west elongated blocks with shorter
east and west faces and midblock open spaces. In many
neighborhood configurations, some east- and west-fac-
ing buildings are inevitable. In that case, building design
using DEEP SUN sections and rooftop SOLAR APERTURES can
solve the solar access problem.

SOLAR ENVELOPES is a flexible tool that uses solar
access criteria to define a maximum development enve-
lope so that one building or group of buildings does not
block solar access to the neighboring buildings. It can be
applied at the parcel or block level and to provide sun to
passive SOLAR APERTURES, PHOTOVOLTAIC WALLS AND ROOFS,
BREATHING WALLS and to SOLAR HOT WATER collectors.

PASSIVE SOLAR BUILDING both benefits from a solar
neighborhood and helps to create its pattern. It is its own
bundle of smaller strategies for heating buildings in both
low and high density situations.

OUTDOOR MICROCLIMATES benefits from the larger solar
neighborhood strategies that form its context and block or
admit forces of sun, wind and light. It is also a bundle of
smaller strategies that shapes outdoor comfort.

SITUATIONAL STRATEGIES
Variations Based on Low and High Density Fabric

The basic requirements for this bundle are the same for
most situations. Significant variables include latitude,
which affects sun angles; severity of the winter climate,
which affects the length of the heating season; and sky
cover in the climate, which can affect orientation and
available radiation. The solar heating strategies in SWL
typically account for the range of these variables. From
a design standpoint, perhaps the greatest impact on
this bundle is whether the neighborhood is low or high
density. The bundle diagrams show two variations: Low
Density Fabric and High Density Fabric.

1. Low Density Fabric SOLAR NEIGHBORHOOD
Bundle (see diagram, previous page)

‘=N Low density fabrics have shorter buildings that
tend to be more detached, with more space between. This
gives flexibility for arrangement of individual small build-
ings on larger sites so that winter overshadowing can
mostly be avoided. However, the problem is not always a
simple one, especially because the high surface to volume
ratio (S/V) of freestanding buildings, and their residential
uses with low internal gains, contribute to maximizing the
heating loads and season. Additionally, their loose organi-
zation is less conducive to blocking winter winds.

(o

Low Density Situational Strategies

In addition to the five core strategies applicable to
all neighborhoods, this variation on the bundle adds
these strategies that will apply to most lower density
neighborhoods.

TOPOGRAPHIC MICROCLIMATES can be used to locate
building groups in any climate and at any density; how-
ever, new development with a choice of topographic
location is much more common at lower density. Locations
on south-facing (N in SH) slopes that avoid cool valley
pockets and windy ridge tops are best. Steeper sun-facing
slopes can promote solar access with increased density.
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Geos Net-Zero Energy Mixed-Use Neighborhood, Arvada, colorado, 2006, Michael Tavel Architects
and David Kahn Studio

NEIGHBORHOOD SUNSHINE helps the designer find Low Density Fabric Example
combinations of street orientation, parcel size and config-
uration and building placement that provide solar access
to all buildings. This strategy applies in situations where
building location is not fixed, as it can be in dense urban
settings where buildings are large relative to their site.

WINDBREAKS at the site scale are more important in low
density settings because the fabric as a whole is looser
and the more DISPERSED BUILDINGS allow more wind to
pass. Therefore, combinations of buildings, walls and veg-
etation can be employed to both reduce the convective
heat loss of buildings caused by winds and to improve the
comfort of OUTDOOR MICROCLIMATES.

The Geos Net-Zero Energy Mixed Use Neighborhood

in Arvada, Colorado, by Michael Tavel Architects and
David Kahn Studio, a 25 ac (10 ha) development, is a
good example of the low density fabric bundle (Kracauer,
2007; McCornick, 2008; Tavel, 2010). The project com-
bines contemporary urbanism approaches, expanded by
solar orientation, high-efficiency building design (Pas-
sivehaus) and renewable energy power systems. It uses
what the designers call a “checkerboard plan” to increase
net density up 20 dwelling units per acre while providing
NEIGHBORHOOD SUNSHINE to each unit. Alternating PASSIVE
SOLAR BUILDINGS are set back from the N-S streets and

BUNDLES: L9 Neighborhoods
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Gtaggered Arrangements for Solar Access in the Geos Neighborhood

accessed by alleys so their longer south faces are in the
sun in EAST—WEST ELONGATED BUILDING GROUPS. Half the
units have porches on the street with a courtyard behind,
and half have porches facing a courtyard that fronts the
street. Outdoor spaces around homes are treated like rela-
tively CALM COURTYARDS where the buildings and landscape
elements serve as WINDBREAKS to shield from the prevail-
ing north winds in a relatively DENSE URBAN PATTERN. Each
unit has a front and back outdoor room that can receive
winter sun. Winter sun is also provided to common spaces
as the homes open onto common greens [WINTER COURTS]
that will receive full midday sun in winter. In summer
MIGRATION between different seasonal OUTDOOR MICROCLI-
MATES is supported by the shady private courts.

The diagrams of Staggered Arrangements for Solar
Access in the Geos Neighborhood show the final selected
study of massing for solar access. The designers used
extensive shadow analyses to calibrate building place-
ments on lots such that urban density was optimized for
each building type with excellent passive solar access for
south walls and active solar access on roofs. Planting is
arranged and selected to insure year-round 100% solar

access to south-facing roofs, avoiding any shading from
trees, for PV and potential solar hot water collectors.

2. High Density Fabric SOLAR NEIGHBORHOOD
Bundle

Higher density fabrics are even more challeng-
ing for solar access, particularly as latitude increases and
winter sun is lower. On the positive side, dense urban pat-
terns and more continuous buildings yield calmer streets
and open spaces.

High Density Fabric Situational Strategies

In addition to the five core strategies applicable to all
neighborhoods, this variation on the bundle adds strate-
gies that can apply to most higher density neighborhoods.

GRADUAL HEIGHT TRANSITIONS reduce downwash wind
effects when there are changes in allowable height
between one neighborhood and another. Abrupt height
changes between a lower leeward row of buildings and a
taller downwind row can significantly increase wind veloc-
ity and discomfort in the streets.

TALL BUILDING CURRENTS can be used to positive effect
in hot-humid climates, but their effects are better reduced
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3

in heating climates. As buildings become larger, the effect shared and concentrated solar collection can supply solar .E
an individual building can have on the ouTDoOR MICROCLI- heat to buildings that lack winter solar access. S
MATE is more pronounced. WINTER COURTS are the urban scale version of a sunny '§1
GLAZED STREETS offer a unique option in cold climates  CALM COURTYARD and incorporate the strategies for admit- 2
to both create a thermal buffer zone outside buildings, ting sun and blocking wind. As density increases and o
thus reducing heat loss from the envelope, and the poten- private outdoor space decreases, providing comfortable a
tial to capture solar gain in an urban scale SUNSPACE. This public outdoor space becomes more important. r
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Sumetrset Parkside Housing, Sacramento, California, 1984, Van der Ryn, Calthorpe and Matthews

BUNDLES: B3 Solar Neighborhood

Examples High Density Fabric Example

Numerous solar neighborhoods have been designed around In the urban core of Sacramento, California, architects
the world; examples from Sun, Wind & Light, include Van der Ryn, Calthorpe and Matthews designed 107 units
Pueblo Acoma, in New Mexico, and Selar City Pich- at Somerset Parkside Housing covering a full 2.5 ac (1
ling, in Austria [both in EAST-WEST ELONGATED BUILDING ha) city block at 43 units/acre (107 units/hectare), which
GROUPS]; Solar Village 3 in Athens [SOLAR HOT WATER]; approaches the maximum density possible with full solar

-

34 and Resolute Bay, in Canada [WINTER COURTS]. access at the 38° latitude (Woodbridge, 1984; Van der Ryn



and Calthorpe, 1986). The project is outstanding for its
low-rise, high-density, context-sensitive and socially con-
scious mixed size and income approach to a fabric that
supports PASSIVE SOLAR BUILDINGS. Apartment size is mod-
est, ranging from 584 ft? (54 m?) one-bedroom units to
1116 ft? (104 m?) three-bedroom units. The designers
created buildings that support and reinforce street activi-
ties and spatial definition. At the same time, the project
creates a protected interior zone for social life and chil-
dren and a wide variety of open space and outdoor room
types, including both WINTER COURTS and shaded summer
retreats. The plan shows an organization of EAST-WEST
BUILDING GROUPS; in the N-S section, the scheme cre-
ates a fine-grained GRADUAL HEIGHT TRANSITION from taller
commercial context on the north, where its 3.5-story
mixed-use buildings are placed, to the 2-story detached

Sumetrset Parkside Housing, S9acramento,
california, 1984, Van der Ryn, Calthorpe and

Matthews
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apartments on the south edge, compatible with the
duplexes across the street. Although Sacramento has a rel-
atively mild winter climate, each unit receives full winter
sun. It demonstrates that passive solar design is com-
patible with urban density. The technologies are simple:
south-facing DIRECT GAIN ROOMS, balcony overhangs and
movable canvas EXTERNAL SHADING, insulating drapery for
MOVABLE INSULATION and 1 in (2.5 cm) plaster throughout
as THERMAL MASS. Summer and winter winds are both from
the south, and Sacramento has warm summers and cool
winters, so the project rightly admits winds along a per-
meable south edge, while providing migration options for
winter wind protection. As a low rise complex, TALL BUILD-
ING CURRENTS are not an issue. Somerset Parkside also uses

a variety of shading and ventilation techniques to func-
tion also as a COOLING NEIGHBORHOOD.

RECOMMENDATIONS

Density that supports solar access has an upper limit at
each latitude; Calthorpe's Studies of Housing Form and
Density for Solar Access (previous page) (Van der Ryn
and Calthorpe, 1986) demonstrate that for a given solar
access criteria and latitude, many different configurations
and building types are possible. The table shows an upper
limit at 38° latitude of about 42 du/ac (104 du/ha), for
units averaging 1500 ft? (140 m?), a density similar to the
old quarters of Savannah, Georgia, which can support a
rich urban life.

As building height increases, so does the spac-
ing between buildings, as shown in EAST-WEST BUILDING
GROUPS. The graph of Building Height vs. Density for
Solar Access shows that up to a point, increasing building
height while maintaining a profile angle for spacing also
increases development density.

Therefore, to maximize density while preserving solar
access at midlatitudes, limit building heights to 5-6
stories. At high latitudes, limit building heights to 2-3
stories and at low latitudes, 6-8 stories.

At higher latitudes, the maximum density for solar
access decreases. The graph of Solar Collection Sur-
face Area & Building Height indicates that, as building
heights increase and roof area stays constant, the total
surface area of walls and roof available for solar energy
collection surface per unit of floor area decreases rapidly.
The graph applies to all latitudes.

Building heights of 5-6 stories maximum is a good
design guideline to keep enough south wall (N in SH)
and roof surface area for passive solar heating and
active solar conversion. For a more detailed approach,
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find the area of SOLAR APERTUR

E required per unit of

floor area and select heights and density from the
graphs that preserve this amount of collection surface.

Perhaps the critical factor to
borhood fabric that will provide
promoting the urban effect of w

consider is the neigh-
solar access while best
alkable pedestrian-ori-

ented, safe, vibrant and active streets. This suggests
relatively narrow streets in a low-rise, high-density

pattern.

(2]
o
o
o
=
S
o
o0
=
o
o=
[
=
(<))
-
w
Ll
e |
[=]
=
=
[--]

13

~



BUNDLES: B4 Integrated Urban Patterns

-

NEIGHBORHOODS = URBAN FABRICS =
URBAN ELEMENTS

B4 INTEGRATED URBAN PATTERNS of streets and
blocks can be oriented and sized to integrate
concerns for light, sun, wind and shade according to
the priorities of the climate. [heating, cooling and
daylighting]

KEY POINTS

e Integrated urban patterns balance needs for heating,
cooling and daylighting based on the variables of Use
and Climate.

e The pattern of streets and buildings sets the stage for
the possibility of passive strategies at the building
scale.

e The orientation and layout of streets, combined with
the spacing of buildings, has a significant effect
on the microclimate around buildings and on the
blocking of or access to sun and wind for use in
buildings.

FORCES

Different combinations of Use and Climate call for vary-
ing weightings of priorities for heating and cooling, as
described in the chapter “Navigation by Climate.” The mix
of heating and cooling needs translates to criteria for the
urban pattern to admit sun and block wind (cold climate),
to admit wind and block sun (hot climate), or to accom-
modate some mix of both needs (mixed climate).

In energy terms, one of the jobs of the neighbor-
hood pattern is to admit desirable site resources and
when possible to block the undesirable resources.
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