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About SCI

The Sustainable Cities Initiative (SCI) is a cross-disciplinary organization at the University of
Oregon that promotes education, service, public outreach, and research on the design and
development of sustainable cities. We are redefining higher education for the public good

and catalyzing community change toward sustainability. Our work addresses sustainability

at multiple scales and emerges from the conviction that creating the sustainable city cannot
happen within any single discipline. SCI is grounded in cross-disciplinary engagement as the
key strategy for improving community sustainability. Our work connects student energy, faculty
experience, and community needs to produce innovative, tangible solutions for the creation of
a sustainable society.
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The Sustainable City Year Program (SCYP) is a year-long partnership between SCI and

a partner in Oregon, in which students and faculty in courses from across the university
collaborate with a public entity on sustainability and livability projects. SCYP faculty and students
work in collaboration with staff from the partner agency through a variety of studio projects and
service-learning courses to provide students with real world projects to investigate. Students
bring energy, enthusiasm, and innovative approaches to difficult, persistent problems. SCYP’s
primary value derives from collaborations resulting in on-the-ground impact and expanded
conversations for a community ready to transition to a more sustainable and livable future.
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About La Pine

La Pine is a small Central Oregon community located in Deschutes County. In the foothills of
the Cascade Mountains, La Pine is surrounded by open meadows, lakes, and rivers. It has a
long history dating back to French fur traders in the 1800s, but it was not until 2006 that the
city formally incorporated. The seven square miles of La Pine represent the newest city in
Oregon, and are home to a population of around 2,000 residents. According to the La Pine
Chamber of Commerce, Deschutes County has experienced the most rapid growth of any
county in Oregon over the last decade. La Pine itself is experiencing significant growth in
both population and economics. Key industries contributing to this growth include technology
and biotech, recreational and outdoor gear manufacturing, brewing and data centers. As

an emerging Oregon city, La Pine is in a unique position to develop and enact sustainable
practices for its future.

La Pine is the first ever Small City Pilot for the University of Oregon Sustainable Cities
Initiative’s Sustainable City Year Program (SCYP). Through this partnership, multiple university
courses in areas such as journalism, business, architecture, and more have provided tangible
recommendations for the city of La Pine to incorporate into its future development plans. As

a small city, La Pine balances day-to-day needs and long-range planning, making it an ideal
location for the infusion of energy and new ideas.

The SCYP Small Cities Pilot is made possible in part by a grant from The Ford Family Foundation.
These initiatives and outcomes from participation with SCYP will help develop ideas that

are cost-effective to build and operate, provide safe and convenient access, and achieve
sustainability goals while supporting La Pine’s projected growth in population

Work on this project was also supported by funds provided by the JPB Foundation.
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Executive Summary

The City of La Pine partnered with the University of Oregon’s Architecture and Environmental
Science Departments through the Sustainable City Year Program to develop implementation
strategies for passive heating and environmentally conscious design. The City asked students
to focus on ideas for a City Center, Balcony Sunspaces and a Community Greenhouse. Seven
student teams explored the potential for each project type. Two or more groups were assigned
to each project type to generate different design options.

The City Center designs were created by two teams; Team One: Jared Dukes, Zoe Walker-
Aparicio and Austin Daich; and Team Two: Courtney Cisler, Khiseth Abramvicka and James Li.

The Community Greenhouse designs were generated by two teams; Team One: Gabe Haug,
Zach Bradby, Kyomi Tamura and Kai Miyajima; and Team Two: Renee Dobre, Champe Holbeck
and Ryan Mark.

The Balcony Sunspace was the only project with three groups, as the teams were groups of
two. Spencer Boragine and Josh Rosenthal worked on a shaded version of this project, as did
Achyuthan Ramaswamy and Matt Olney. Pippa Bailey and Rowan Atherley designed ideas for
an unshaded version of the project.

All seven teams created site analysis documents, discovered optimal glass tilts, thermal goals,
designed the building and movable insulation and calculated the thermal mass and glass sizing
requirements. This report explains the specific passive heating strategies for each unique
project and how they can be applied to other structures in La Pine.

Introduction

The growing city of La Pine strives to set an example for sustainable city development. As

the community grows so does the need for additional infrastructure. This led La Pine explore
design options for a City Center, a Community Greenhouse, and prototype Balcony Sunspaces
for multi-family housing.

The goal of passive heating is to harness the energy of the sun to heat spaces without the use
of electrical heating systems, or to at least significantly reduce the need for them. Through

the use of thermal mass, tilted glass, movable insulation, building orientation, and ventilation,
a building can reduce its carbon footprint. According to the U.S. Green Building Council, the
operation of buildings contributes about 40% of carbon emissions. If cities like La Pine can use
sustainable strategies like passive heating, global carbon emissions can be reduced. La Pine
is interested in testing these ideas in three different areas of development, with a public City
Center, a shared Community Greenhouse, and housing focused Balcony Sunspaces.

After being introduced to the goals of each project type, student teams identified strategies
based on site location, sun orientation, shading, and access. Each project type was designed
by two or more student groups to provide a wider range of options for La Pine to consider. The
focus was on more technical aspects of passive heating to inform the physical designs of each
project. This impacted the appearance in regards to glass tilting, roof pitch, movable insulation,
shading, user controls, and the depth and/or width of the space. The students used site context
to respect the current design preferences of the community and illustrate that sustainable
design is not exclusively entwined with modern design.

This report offers design options and recommendations for three different project types and
overall strategies for passive heating in La Pine. Along with visual representations of each
project, students created energy models to predict the performance of their designs. The
research that went into these models was compiled using information gathered in La Pine
and with assistance from programs like EnergyPlus™ and Climate Consultant 6.0. This report
synthesizes the complex, technical data into concrete applications for current and future
development in La Pine.
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Background
La Pine’s Climate

La Pine is in a mountain plateau area in the middle of Oregon with an elevation of 4,236 feet
above sea level. Weather patterns in this area are influenced by the elevation and surrounding
mountains. In winter, precipitation is more likely to be snow than rain, compared to its
counterparts at lower elevations. It also gets more sun than lower counterparts to the west. July
and August are the warmest two months where the average high temperature is just above
80°F, with June coming up close as the next warmest month. April, May, June, September,

and October are cooler than July and August with an average high temperature in the

60°F and 70°Fs, but warmer than the coolest months with an average total temperature of
between 50°F and 60°F. March starts to cool down a bit, getting closer to the coolest months,
November through February, which have average total temperatures in the low 30°Fs.
Therefore, the heating season is September through May or June depending on the goal
temperature of the space (through June for a higher goal temperature and through May if the
goal temperature is a bit lower).

Another element of La Pine’s climate is its cloud cover levels. November through March
average above 60% cloud cover; April and May above 50%; and June through October is
under 50% (as low as an average of 20%). This is just an indicator of how often solar radiation
is diffuse versus direct, which does not necessarily have a large effect on the capabilities of
passive heating design in La Pine.

A climate characteristic that is important for both heating and cooling, depending on how
the design needs to address it, is wind. Winter winds come primarily from the south and
summer winds primarily from the northwest. Windspeeds average between 5 and 10 mph
throughout the year.

Trees also hold importance for both heating and cooling as they block sunlight. This can
be advantageous when sunlight is not desired, but presents challenges in situations where
direct sunlight is needed. There are primarily pine trees in the region, which are coniferous
trees, meaning they do not lose their leaves. These trees have between about 50 and 75%
density, which means that when they are shading a space, they are blocking much of the
direct sunlight.

Passive Heating Design Elements

Solar Analysis

The sun is the primary instrument for heating a space passively, which requires many
considerations, such as shading elements, solar radiation levels, sun azimuth, and altitude
angles throughout the year. All of this information can be used to determine the orientation of a
space, the optimal angle of glass, the necessary amount of glass, the type of glass, and glass
treatments that are needed throughout the heating months of the year.

First, the orientation of the building, or space, needs to be determined. This is often found to
be due south in the Northern Hemisphere, but is also dependent on shading elements around
the site and where the most sunlight access is. In order to determine this a pathfinder—a
mechanism that reflects the surrounding elements onto a sun path chart—can be used to
analyze where and when elements surrounding the site will block the sun (Figure 1). This will
lead to an optimized building orientation with the least amount of elements blocking the sun.
Sun altitude, the angle the sun is above the horizon, and azimuth, the angle of the sun along
the horizontal ranging between east and west of true south, change throughout the year
(Figure 2). Altitudes, along with solar radiation measurements at different tilts (Figure 3),
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determine the optimal tilt for glass in order to allow the greatest solar access. Solar radiation
information that measures both diffuse and direct radiation can be found through universal
climate measurement data online or in applications like Climate Consultant. The altitudes for
La Pine, measured at noon, range from 22° on the winter solstice (December 21) to 70° on the
summer solstice (June 21). While it is not strictly necessary to tilt the solar-collecting glass for
passive design, tilted glass provides the greatest solar energy gain per square foot of glass.

In a sunny climate like La Pine’s, vertical glass can also be effective if the area is enlarged as
described below.

After determining the tilt, the necessary amount of glass can be established. This requires a
comparison of the solar radiation gains for each potential glass area to the heating need for
that space. The heating need is determined based on the goal for the minimum temperature of
the space and how many days need heat to reach this temperature, referred to as the heating
degree days (HDD). The ideal glass area can be chosen based on which glass area collects
the right amount of solar radiation to cover as much of the heating need as desired. There are
reasons, such as cost, lack of insulation on glass and summer heat gain, to choose a smaller
glass area that does not necessarily cover all of the heating need but just most of it.

NORTH

Jun 21 Jun 21
Jul 21 Jul 21
e
Aug 22
Aug 22
Sep 22 E E Sep &2
g 4
Oet 21
Oct 21
Nov 21 é‘; Nov 21
Dec 21 Dec 21
< 50 Btu/sf
50-100 Btu/sf
HLNOS 1 100-150 Btu/sf

B >150 Btu/sf

Figure 1: An example of a sun path shading chart for La Pine. The grey represents shading elements and the
colors represent solar radiation. This shows that the shading elements are only shading right after sunrise and

right before sunset all year.
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Another important aspect of passive heating design is the glass type and treatment. Primary

considerations for glass type are how much light they let through, transmittance, and how
insulating they are. The more insulated they are, typically the less transmittance there is,
but these decisions are made based on how much light needs to make it through the glass,

particularly for thermal mass systems, and if there is any movable insulation.
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Figure 2: Visualization of azimuth and altitude angles (Grondzik and Kwok, page 175).

Radiation Energy at Tilts (degrees above horizontal)

90 80 70 60 50 40 30 20 10 0
January 90 94 97 97 94 89 82 73 62 50
February 91 98 103 105 104 101 95 87 77 65
March 113 127 138 145 149 150 147 140 130 117
April 110 129 146 159 169 175 177 174 168 157
May 102 125 147 166 182 194 201 204 202 196
June 96 123 148 171 191 207 218 224 225 222
July 105 133 159 183 203 219 229 235 234 229
August 123 149 172 191 206 215 220 219 213 201
September 136 155 170 180 187 188 185 177 164 147
October 136 148 157 161 162 158 150 138 122 104
November 90 96 99 99 97 92 85 76 65 53
December 90 94 95 94 91 85 77 67 55 42

Figure 3: Solar radiation through glass at each of these angles. The solar radiations of each tilt, for the months that

need heat, need to be added up where the tilt with the highest summer solar radiation indicates the optimal tilt.
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Movable Insulation

In order to make up for the poor insulative quality of glass, movable insulation can be used.
Movable insulation is insulation that can be added and removed to keep heat in the space
during the times where it is not gaining heat from solar radiation. These systems vary in style,
and can be automated or manual, but all share the common goal of insulating the glass at
night. Movable insulation systems have not yet been widely commercialized, so must usually
be custom designed. The upside to this is that the system can be designed specifically to the
windows in the space, the aesthetic quality desired, and any multiple uses desired. Primary
functioning considerations for creating a movable insulation system are the insulative value
of the material(s), the way it seals along all edges to the window or surrounding walls, and
how it is operated.

Thermal Mass

Thermal masses (Figure 4) are masses of material, typically a floor or wall, that collect and
store heat from solar radiation and then radiate this heat back out of the material when it
becomes warmer than its surroundings. These can be used as both cooling and heating
elements. For cooling, a larger mass is more optimal; for heating, the mass needs to be big
enough to heat when and how much is desired, but not too big that it cannot radiate enough
heat back out. Thermal mass works best in direct sunlight, but still works under diffuse light.
Many different materials, even water walls, where the wall has water inside it, can be used
for a thermal mass wall or floor depending on what the goals are for the heating of the space
by the wall. Thermal masses can be used to reheat the space they collect from or to heat
spaces behind them that are not receiving direct heat. Vents, placed in the thermal mass wall
between two spaces, can be used in combination with the mass wall to heat the space that

is not receiving solar radiation directly. Vents are placed in a wall to transfer hot air from the
warming space to the cool space and cool air back into the warming space. They can be set on
a schedule to open depending on temperature in the warming space where the air, in addition
to the wall, is heating up from direct solar radiation.

|
H Vent

Figure 4: Thermal masses (orange) radiating heat collected from the sun into adjacent spaces. Vents allowing for
warm air to travel into cooler space and cool air to be pushed back into the warming up space.
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Overheating and Passive Cooling

Many passive heating systems can create spaces that sometimes overheat, particularly in
warmer months. Primary strategies to deal with this are shading devices and operable windows
for natural ventilation. Movable insulation, overhangs, and deciduous trees can be used to
shade the spaces. In addition, windows can be operable, or there can be exterior vents, to
either have natural ventilation across the space or stacked ventilation where cool air comes in
the bottom and pushes warm air out of openings at the top (Figure 5).

Figure 5: An example of stack natural ventilation where the cool air is coming in a vent at the bottom and, because
hot air rises, hot air is being pushed out of an operable window at the top.

Analysis and Recommendations
Balcony Sunspaces

Introduction

Unlike the other project types, the Balcony Sunspaces are a prototype, meaning that these
spaces will be designed as potential ways of retrofitting existing living units. The sunspaces
are intended to promote passive solar heating in multi-family residential design and to provide
additional outdoor-like living space in the cold winter climate. As an example, the Little
Deschutes Lodge was chosen as the site and shaded/unshaded conditions were applied to the
building. The Balcony Sunspaces will be small in square footage, only about 100-400 square
foot per unit, but they will have extensive controls. Mid-State Electric Cooperative is highly
interested in this project as it could help reduce energy loads in the growing city of La Pine.

12 ()
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Project Highlights

The Little Deschutes Lodge, a two-story apartment building, enabled the student teams to
consider what a stacked sunspace system might look like and how to optimize it. Two of the
groups determined that a 40°angle was the optimal tilt when considering the entire heating
season (September-June), while one group used a 70° angle as it was optimal for the coldest
part of the heating season and reduced the solar gain in the cooling season.

Two of the student groups then used this optimal angle to pull the lower level unit out from
above to increase available sunlight.

Summer Altitude Peak
at Noon: 70°

R
VIR

- E—

.
70°
Winter Altitude Peak )
at Noon: 22°

Figure 6: Little Deschutes Lodge with a 70° optimal tilt.

Optimal Tilt: /E‘
40°

Distance to Trees: 90"

Figure 7: Little Deschutes Lodge with a 40° optimal tilt.
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In order to provide shading in the summer and reduce heat loss in the winter, movable
insulation shoulder be used with these sunspaces. Movable insulation is often custom made
per project in order to guarantee the best fit for the site. As these sunspaces are attached to
dwellings, each individual sunspace’s insulation can be controlled by the user as necessary.
The thickness of the insulation is dependent on the thermal abilities of the chosen material.
Two of the groups created rolling movable insulation shades, while another offered a louvered
panel design. This cooling mechanism will give occupants control of their environment and
allow them to use the sunspaces as additional square footage in their units.

\Summer Solstice (June): 70"

\End of Heat\Season (August): 58"
\

\

_Winter Solstice (December): 22°
Winter Winds . g
— ™ Optima
~ Tilt: 707
> y

>

60 ft tall trees (do not shade site)

.3
F o il v - n ~'. v ' B ° B . B ’. .
. ; g 3 - & .
¢ “ 100t | ’ » B .2l 25 ft | 10t
» _ R ol - ’ . - T 7 .
Figure 8: Cooling mechanisms for a 70° optimal tilt design.
Tree 15: 47’

Tree 16: 45’

/
/
/
/
/ 6/2169°
/

Site Section Looking East:

10 20 30 40’
I I ]

Figure 9 Cooling mechanisms for a 40° optimal tilt design.

Another method to control the temperature of the space is thermal massing. Based on the
surface area of the sunspace, the concrete thermal mass will need to be approximately three
inches thick. This will release heat in the evening as temperatures outside drop. The volume

of the sunspace overall is quite small, only 100-400 square feet, which means that the thermal
mass can be placed very near to the windows, preferably less than ten feet. Venting in the form
of physical vents or operable windows, will be used to release heat in the summer and pull heat
into the dwelling zone in the winter.

14 ()

UNIVERSITY OF

OREGON




Recommendations for Balcony Sunspaces
* Pull lower levels out further than levels above to give them more access to sunlight.
* Have a concrete thermal mass of around three inches and locate it close enough to the
windows (no more than 10’) that it gets a reasonable amount of direct solar radiation to
heat the dwelling behind the sunspace.

Community Greenhouse

To strengthen an existing community gathering space and to support the city’s interest in
growing food, La Pine asked the University of Oregon to produce ideas for a Community
Greenhouse. For this project a site was chosen at the corner of Morson and Main Street,
across from the La Pine Library and directly behind the La Pine Community Center. This
section will explain the project in detail and provide specific recommendations.

Introduction/Explanation

In order to support sustainable living and promote community involvement, La Pine expressed
interest in a Community Greenhouse. The site for this project is an existing, under-utilized
gathering space that could improve with the addition of a greenhouse. Additional gardens
could surround the greenouse, with casual seating to create a welcoming environment. Within
approximately 1,000 square feet of space the minimum temperature will be 40 °F while the
spring/fall temperatures will be controlled to prevent overheating. This Community Greenhouse
is a high priority for La Pine as they continue to support community interest in growing food.

Project Highlights
Both teams determined that the greenhouse should be at least partially underground to take
advantage of the consistent temperature and thermal qualities of the earth.

In addition to being subterranean, movable insulation will be required at night and during the
winter seasons to prevent heat loss through the glass. The double pane glass will allow the
ideal amount of solar heat gain through while also reducing the overall heat loss. Due to the
optimal glass tilt existing between 50° and 60°, and the tailored nature of passive heating,
the insulation system will need to be custom made. The team of Gabe, Kyomi, Kai, and Zach
proposed a spring arm system that would allow the insulation to spread across the entire

expanse of glass.

SITE SECTION
Summer

Maximum Sun Altitudes at noon Q
ﬁring/Fall

g

Winter

MovableInsulatior Operable Shading
Operable Ventilation
Thermal Mass

Figure 10: Maximum sun altitudes at noon throughout the year.
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SOUTH FACING GLAZING AT

60 DEGREE ORIENTATION
T0 MAXIMIZE SOALR GAIN
OPERABLE CLERESTORY FOR

NATURAL VENTILATION

NORTH FACING RAMMED

EARTH THERMAL MASS

WALL
DOUBLE PANE

POLYCARBONATE GLAZING

SUBSURFACE WATER
CATCHMENT TANKS FOR
CROP IRRIGATION

\ OPERABLE WINDOW OPENINGS
_u  ALLOWING FOR THERMAL
VENTILATION AND OCCUPANT &

CONTROL :

SUNKEN SPACE TO PROVIDE
CONSISTENT SOIL
TEMPERATURE FOR PLANTS

Figure 11: Passive heating methods that could be implemented in a La Pine community greenhouse.

The team of Renee, Ryan, and Champe proposed a louvered unit system that could be used to
bring light further back into the space when needed.

The movable insulation only prevents heat loss; the thermal mass is required to absorb and
retain energy until it is needed. Both teams discovered that with the subterranean floors, only
approximately three inches of concrete thermal mass would be required and it does not need to
cover the entire area of the greenhouse floor.

Movable Insulation:

Roller Motor

Layers of Metallized
Film:

4inch- thick multiple
layers of metallized film
used as movable insula-
tion.

e'arm which contains spring has
large tension that wanted to
stretch to certain direction.

Tension Wire roller:

Inserting the wire
inside of insulation
stables and con-
troles the insulation.

e

Opening/ Closing . . Closed I

Figure 12: The spring arm system for movable insulation proposed by the team of Gabe, Kyomi, Kai, and Zach.
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Venting through operable glass panels will be used to cool the greenhouse in the summer. This
will enhance the comfort for users and keep the plants at an appropriate temperature.

Operable Shading/Insulation Device

399

i

o BB G0

Scale:1/2"=1

The Unit

Asingle rotating louvre is repeated to form the opera

ble shading and insulation device. Each louvre is composed
of alayer of insulation covered with a reflective surface
that faces either upward to reflect light when the shade

is open orform an insulating membrane when in the closed
position. The device would be operated mechanically and
adjusted by a user controlled switch.

Closed

Scale:1"=1"

Partially Open Open

Figure 13: The louvered unit system for movable insulation proposed by the team of Renee, Ryan, and Champe.

Information about thermal mass

Loamy moist soil

Density 1600|kg.mA3
Heat Capacity 0.89|KJ/kgk
Solar absorbtance 0.7

Total Surface areal| 118.916|mA2

February solar radiance

Monthly (60) |105 Kwh/mA2
Daily 3.5|Kwh/mA2
Glazing cut 2.0755|Kwh/mA2
Total 80.98186|KWh
Convert 291534.7|KJ
February Temperature
Warmest 12.7|C
Coolest -8.9|C
Change 21.6|C
Glazing Information
Area 600|ftA2
55.74|mA2
Transmittance 0407

60 degree tilt Daily solar energy x Total glazing area x Transmittance

=80.9

Conversion:

80.9 x 3600K)J

Warmest - Coolest

{(1/Heat Capacity) x Solar Radiation}

Desired Temperature increase

=15165.14 kg

15165.14 / Density / Total surface area

=0.08m

Figure 14: Solar radiance and thermal mass calculations for the community greenhouse.
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Recommendations for Community Greenhouses

* Have a thin concrete thermal mass on at least part of the floor to radiate heat into the
space at night.

» Have a portion of the greenhouse below grade to provide a consistent temperature
from the ground.

City Center

Every developing city could utilize a central gathering space in the heart of their downtown. La
Pine asked the University of Oregon to develop ideas for their proposed City Center. This site
is bound by Huntington Road, 4th Street, and Dalles-California Highway. The city would like
this project to act as a transportation hub and a social hub. This section will explain the project
in detail and provide specific recommendations for designing a City Center on this site.

Introduction

La Pine is a growing city and as a part of this expansion the city is focused on connecting to the
more developed cities nearby by promoting bus and shuttle transportation to Bend, Redmond,
and Sisters. The City Center will serve as a town hub and open market with market booths,
small eateries, and outdoor space. An enclosed building space of approximately 1,000 square
feet will provide an area for commuters and visitors as they wait for the next bus. The site will
need to include parking and landscaping to invite visitors to the center of La Pine. This project is
of great importance to La Pine as they hope it will act as inspiration for other green design.

Highlights of Projects

The two teams generated different concepts for La Pine’s City Center. Both teams came to

a similar conclusion that the angle of the tilted glass should be between 50° and 60° and it
should be double pane. This will create a warm, welcoming space for visitors while minimizing
heat loss. The team of Courtney, Khiseth, and James proposed a sawtooth roof with skylights
to help create natural feeling divisions throughout the building. The team of Jared, Zoe, and
Austin proposed a series of pop-up skylights that would remain relatively unnoticed as they
filter light through.

Because a City Center is not an ideal place for tilted glass, a significant portion of vertical glass
was used in both designs. This inspired deep overhangs and custom movable insulation systems.

\ =

Figure 15: Partial section of La Pine City Center, including 50° tilted glass, skyliight movable insulation, and wheel
system movable insulation.
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Figure 16: A sawtooth skylight design can be used to adjust solar heating and insulation throughout the day.

Figure 17: The wheel system of movable insulation is one potential mechanism that can be used to adjust insulation

throughout the day.
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Figure 18: Sun altitude peaks throughout the year.
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Due to the large square footage of the overall building, the City Center only requires about
an inch of concrete thermal mass. This provides a quick release of heat and it will allow the
building to maintain a relatively constant temperature. In addition to this, operable doors and
windows were designed to act as a ventilation system and a way for visitors to appreciate the
views of La Pine.

Recommendations for City Center
* Movable insulation system should be automated so that it works efficiently in a large,
public place.
* Have a thin concrete thermal mass (around one inch, depending on the surface area of
the mass) on the floor.
» Place large overhangs where appropriate for sheltering bus station areas and to shade
the interior for the warmer summer months.

General Recommendations for Passive
Heating Projects

Tilt glass between 50° and 70° (depending on cooling strategies and aesthetics) as the
optimal tilt for gaining enough solar radiation in the coldest months while gaining less in
the warmest months.

* Use a combination of double pane glass and movable insulation to insulate the windows
when the space is not gaining heat, and manipulate movable insulation to act as shading
when space is gaining too much heat.

» Use operable windows and vents, either across the space from each other or stacked
on top of each other, to cool the space when it overheats (in winter and summer) and to
give occupants more control over the environment.

Figure 19: Rendering of a possible design for the La Pine City Center.
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Conclusion

The City of La Pine is an ideal climate for passive heating strategies. Passive heating is a
simple way for cities to reduce their carbon footprint and limit their need for electrical heating
systems. By researching project types that include public and private spaces, La Pine can gain
a sense of what is required to alter existing buildings or build new structures. For any future
passive house project in La Pine, the research reveals that glass should be double pane, and
tilted between 50° and 70°, with custom movable insulation systems, venting and thermal mass
appropriate for the square footage. Through thoughtful design, the City of La Pine has the
potential to inspire other developing cities to make sustainable design a priority.
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Appendix A: Balcony Sunspaces Presentations
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Existing Structure

Add Vents
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Add Vents
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Appendix B: Community Greenhouses Presentations
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ZONE OPERATIVE TEMPERATURE [FI(HOURLY)
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TIMES FOR THE MONTH OF MARCH
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m CITY CENTER ZONE:Zone Windows Total Heat Loss Energy [kBtu](Hourly)

mCITY CENTER ZONE:Zone Windows Total Heat Gain Energy [kBtu](Hourly)
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Summer Solstice | 10am, 12pm, 2pm
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Appendix C: City Centers Presentations

Passive Heating

Khiseth Abramvicka, Courtney Cisler, James Li

LA PINE CITY CENTER
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temperature, which tells us when we compare the mean air temperature to operative

Based on the graphic showing the operative temperature has more stable indoor door
areq, operative are has better control in temperature.
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EAST WING: Zone Operative Temperature [F](Hourly)
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STEEPWIND CITY CENTER (West Wing):
Zone Operative Temperature [F](Hourly)
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WEST WING: Window Heat Gain & Total Heat Loss (Hourly)
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+ moveable insulation was effective in west wing with some loss in the evenings when

insulation is in use
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EAST WING: Window Heat Gain & Total Heat Loss (Hourly)
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+ moveable insulation could be more effective in east wing, currently it is losing

approximately 5-8 kBtu/hr while th emoveable insulation is in use at night

window heat gain&loss hourly | east wing



WEST WING: Floor Thermal Mass Temperature and Heat Transfer
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