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About SCI

The Sustainable Cities Institute (SCI)
is an applied think tank focusing on
sustainability and cities through applied
research, teaching, and community
partnerships. We work across
disciplines that match the complexity
of cities to address sustainability
challenges, from regional planning to
building design and from enhancing
engagement of diverse communities
to understanding the impacts on
municipal budgets from disruptive
technologies and many issues in
between.

SCI focuses on sustainability-based
research and teaching opportunities
through two primary efforts:

1. Our Sustainable City Year Program
(SCYP), a massively scaled university-
community partnership program that
matches the resources of the University
with one Oregon community each

year to help advance that community’s
sustainability goals; and

About SCYP

The Sustainable City Year Program
(SCYP) is a year-long partnership
between SCl 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-

4

Passive Heating Strategies for Dunes City

2. Our Urbanism Next Center, which
focuses on how autonomous vehicles,
e-commerce, and the sharing economy
will impact the form and function of
cities.

In all cases, we share our expertise
and experiences with scholars,
policymakers, community leaders, and
project partners. We further extend
our impact via an annual Expert-in-
Residence Program, SCI-China visiting
scholars program, study abroad course
on redesigning cities for people on
bicycle, and through our co-leadership
of the Educational Partnerships for
Innovation in Communities Network
(EPIC-N), which is transferring SCYP

to universities and communities
across the globe. Our work connects
student passion, faculty experience,
and community needs to produce
innovative, tangible solutions for the
creation of a sustainable society.

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 Dunes City, Oregon

Located along the visually stunning coast of Oregon coast
east of Highway 101, the city of Dunes City (population 1,325)
is a small town surrounded by unique natural features and a
variety of recreational opportunities including fishing, hiking,
ATV touring, and hunting. Resources include the 515-acre
Jessie Honeyman State Park and the 40-mile Oregon Dunes
National Recreation Area, which are the largest coastal dunes
in the United States. Lakes bordering Dunes City include
Woahink Lake and the 3,164 acre-Siltcoos Lake. With 30 miles
of shoreline and the Siltcoos River Canoe Trail, Siltcoos is the
largest lake on the Oregon Coast and is thought to be named
for Siuslaw Indian headman Tsiltcoos.

Dunes City Hall is home to the city’s Triathlon and Duathlon, an Olympic-

council chambers, community and sanctioned event that attracts athletes
visitor center, and all city offices. City from all over the world.

Hall also serves as the meeting place

for commissions and committees Work on this project was supported by
that serve the area’s residents. Dunes funds provided by the JPB Foundation.

City hosts the annual Oregon Dunes
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Executive Summary

Executive Summary

Three student groups collaborated with city of Dunes City
city council and staff to develop passive heating strategies
to achieve winter sustainability after the predicted 9.0
magnitude earthquake and accompanying tsunami that will

occur just off the Oregon coast.

Students investigated ways to
create a shelter outside of the tsunami
inundation zone for people to seek
refuge after a disaster. The Dunes
City city council believes they may be
without assistance for an extended time
period due to their distance from major
highways. It is unknown how much
infrastructure will be destroyed in the
earthquake so the council assumes that
assistance will reach them much later
than nearby Florence, Oregon.

The class visited Dunes City and met
Jamie Mills, Dunes City city administrator.
During the visit the students learned
how Dunes City was already preparing
for the earthquake and tsunami. City
staff have determined that city hall will
be their health center during a disaster
and picked out select plots of land
where they hope to build relief shelters.

Mills also facilitated a visit to both
sites. The first site was very sandy
and far away from city hall. City staff
expressed their concerns about
resilience of the structures and the
potentially difficult path for citizens
travelling to this location. The second
site that was a short walk from city hall
on a dirt road. The ground on this site
was a combination of dirt and sand
making it more ideal for disaster relief
shelters. At the second site the students
performed a site analysis.

After the site visit, the student groups
discussed their findings as a class and
began deciding how relief shelters
could be built. Students adhered to the
City’s assumptions and goals, including:
7

* Assume post-disaster conditions (e.g.
destroyed infrastructure, debris, etc.)

» Lack of resources (e.g. food, shelter,
medicine, etc.) for at least a month

» Lack of services (e.g. electricity, heat,
water, etc.) for at least a month

» Create shelters large enough to
house the citizens of Dunes City and
potential tourists (about 50 people)

Afterwards, the student groups
decided how they would achieve
the aforementioned goals through
different contextual considerations as
well as experimentation with software:
Climate Consultant 6.0, EnergyPlus,
and Window 7.6. This allowed them to
visualize design options for disaster
relief shelters that could successfully
meet specified goals and serve a variety
of purposes before and after a disaster.

In conclusion, the student groups
determined an ideal site orientation
of a variation between south and east.
Furthermore, the optimal tilt for any
possible glazing system is between
40 and 50 degrees. The student
groups experiemented with a variety
of different shelter functions for before
and after the disaster. Combining
adaptible functionality and succesful
passive heating strategies, the students
show the efficiency and effectiveness
of capturing solar resources in a mostly
overcast Dunes City.
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Introduction

Passive Heating Strategies for Dunes City

Dunes City partnered with University of Oregon’s Sustainable
City Year Program to design disaster relief shelters that would
provide housing and resources to citizens and visitors in town
if a disaster were to occur. This is a high priority problem
because of the predicted 9.0 magnitude earthquake that is
expected when the Cascadia Subduction Zone shifts.

The city of Dunes City and many
other coastal cities in Oregon are trying
to improve their disaster readiness.
Dunes City’s current efforts include
making sure that city staff are able
and ready to assist if necessary. City
employees have been first aid trained
so that they would be able to administer
different medications that are currently
being stored for emergencies.
Additionally, the City is establishing

a robust tsunami evacuation route
with clear directional signage. Staff
have also been educating locals about
disaster preparedness.

Three student groups, with input
from city administrator Jamie Mills,
generated a collection of passive
heating strategies that could help
Dunes City continue to prepare for a
disaster and also be functional and
useful to their town pre-disaster.



Background

Background

Dunes City is a small coastal city just south of Florence,
Oregon. It is about 3.5 square miles in size and sits at an
elevation of 39 feet. It is surrounded by the Honeyman

State Park sand dunes, the Siuslaw Forest, and two lakes:
Woahink Lake and Siltcoos Lake. There are about 1,325
current residents in the city, although this number fluctuates
seasonally due to the increased number of summer visitors.

Dunes City’s climate is relatively mild.
There are only 156 sunny days during
the year and on average about 55%
cloud coverage on days with overcast
conditions. The City typically gets 74
inches of rain and about a half inch
of snow per year. The summer winds
predominately come from the North
at 12 to 16 miles per hour but increase
along the dunes. Winter winds vary
much more in direction and during
intense winter storms can exceed 100
miles per hour. Overall, the summers
are relatively comfortable, dry, and

clear, while winters are cold, wet, and
mostly cloudy.

Dunes City is covered by large sand
dunes just off the Oregon coast. While
these dunes are an attraction during the
summer, they are also a large liability
in the event of an earthquake. Sand is
highly prone to liquefaction, defined as
when the strength and stiffness of sand
or soil is reduced by the shaking of an
earthquake. This could be a major issue
for Dunes City depending on where
buildings are located and how deeply
they are anchored into the earth.
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SOLAR SITE SURVEY

The Dunes City climate provides
context for the site analysis conducted
on the site. A site analysis is important
because there could be unique site
characteristics that do not directly
correlate to Dunes City’s overall
climate. An analysis of the site allows a
more detailed understanding of climatic
factors that directly impact the success
of passive solar heating.

Passive Heating Strategies for Dunes City

Overall, the site was very similar to
Dunes City climate. It was located on
the sand dunes about a ten-minute
walk from City Hall, which would serve
as the city’s medical treatment facility
in a post-disaster scenario. Both City
Hall and the proposed location for
the disaster relief shelter are outside
the inundation zone of the predicted
tsunami that will hit shortly after an
earthquake occurs.

LOCAL TSUNAMI
EVACUATION ZONE

DISTANT TSUNAMI
EVACUATION ZONE

LOCAL TSUNAMI
EVACUATION ZONE
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FIG. 1

Map of the predicted
inundation zone of
the tsunami post-
earthquake.
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This tsunami evacuation zone map was developed by DOGAMI
for the purpose of evaluating the most effective means to guide the
public in the event of a tsunami evacuation. The map is based on
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This map adopts recommendations from the Oregon Tsunami Advisory
Council. The evacuation routes were developed by local emergency
officials and reviewed by the Oregon Department of Emergency
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FIG. 2

Students on site using
the solar pathfinder
equipment to measure
solar exposure.

Background

SOLAR ANALYSIS

The first step of the solar site survey
was to measure solar exposure on the
site. Students took these measurements
from many different locations on the
site to ensure they picked the area with
the most sun exposure.

The angle, path, and strength of the
sunlight are some of the most important
elements in passive solar heating. In
order to make well informed design
decisions, it is crucial to develop an
understanding of how the sun will move
through the sky. Solar pathfinders were
used to measure the solar exposure
from different positions on the site.

11

Further analysis using the solar
pathfinder data calculated relevant
design criteria like optimal tilt, site
orientation, space arrangement, and
other passive heating strategies. The
latitude of Dunes City is about 44° N,
which determines the angle that the
sun crosses the sky at a given time of
day throughout the year. Post-survey
solar radiation data was derived from
the software Climate Consultant 6.0
and overlaid onto the sun path diagram
for 44° N latitude. The sun path data
were then combined with the solar
pathfinder data to draw conclusions
about positioning and building
orientation on the site.
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FIG. 3

View of Solar Pathfinder
on site measuring the
amount of sunlight that
will reach the site at
different times of the
year. Photograph by
Hannah McKay.
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FIG. 5

Students on site using
the inclinometer
equipment to measure
the angle to the top of
the tree.

Background

VEGETATION ANALYSIS

The next step during the solar

site survey was to document the
surrounding vegetation. This process
was completed in two parts. First,
students measured the height of a
shading object. A student stood at
the proposed site location with an
inclinometer at eye-level and measured
the top of a shading object, while
another student recorded the angle
displayed on the inclinometer.

In order to complete the height
calculation, students measured the
position of the object. Students used
tape measurers to record the shading
object’s distance from the proposed
site location. Once this information was

13

collected, the height of the shading
object was calculated.

For shading objects located off-site,
the process was very similar. In this
case, distance was measured on-site
from the proposed building location
to the edge of the site. This gave the
relative height of the shading object.
While this calculation did not determine
the exact object height, it approximated
the object height if it were located on
the edge of the site. Students used this
method because some objects were
far away from the actual site location
but still created shade. In this scenario
the important information is how much
shade this object will create at certain
times of day.
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FIG. 6

Diagram of the
calculation for
measuring the height
of shading objects on
the site.
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FIG. 7

Diagram of the
calculation for
measuring the height
of shading objects on
the site.
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Angle= 32

Distance= 14'6"
Height= 14"

FIG. 8

Sketches of different
tree species displaying
different branch
densities and shapes.

Background

Angle= 36
Distance= 21'6"
Height= 21’

Angle= 50 C
Distance= 21'6"
Height= 31’

The second step was to collect tree
debris and make note of the existing
types of vegetation on site. Students
used this information to identify the
different vegetation species on site.
Knowing types of vegetation species is
crucial in understanding what types of
sunlight will reach the site. Depending
on the species, the density of branches
may allow some sunlight to shine on the
site even though a shading object has
been recorded.

Through the samples collected
from the site, photos taken of different
vegetation, and notes from the solar
site survey, it was determined that

15

the main forest types surrounding
the site are Douglas fir and spruce-

hemlock. These types of forests
commonly include the following

tree species: cascara buckthorn
(Rhamnus purshiana), Douglas-fir
(Pseudotsuga menziesii), lodgepole
pine (Pinus contorta), Port Oxford-cedar
(Chamaecyparis lawsoniana), Sitka
spruce (Picea sitchensis), and western
hemlock (Tsuga heterophylla).

Knowing most vegetation on site is
an evergreen species simplifies the
shade challenges because students can
assume these trees will not lose their
leaves during winter months.
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Passive Heating Strategies

Passive heating strategies vary by climate and function.
Because Dunes City lies in an overcast climate in the
Northern Hemisphere, examples and recommendations are
specific to this type of environment.

Additionally, this climate-based variation means that there
is not one “correct” strategy, but instead ane array of different
options that Dunes City could successfully implement with

their disaster relief shelters.

MOVABLE INSULATION
Selecting the proper movable insulation
is as important as determining the best
passive heat building strategies. Passive
heating has one major trade-off: more
glass area increases solar energy, but
also increases heat loss when exterior
temperatures are low. This trade-off
can be lessened with proper movable
insulation.

Insulation will reduce the amount
of heat lost through glazing surfaces
when outside temperatures are low.
During the day the insulation can be
removed to ensure proper solar energy
collection. There are many different
types of movable insulation. It can be
rigid or soft, exterior or interior, small or
large, and automatic or manual. Most
solutions are unique to the associated
passive heating strategy.

SPACE TYPES

Conventionally, there are three main
passive heating strategies: direct

gain, indirect gain, and isolated gain.
Each strategy creates a different type
of space that could serve a different
function. It is important to recognize
these methods do not need to be used
in isolation; a combination could offer a
unique solution to a site.

16

Direct Gain

Direct gain is the simplest strategy for
passive heating. The living space of
a building, meaning rooms regularly
occupied by people, is physically
used as a solar collector for heating.
The sunlight shines directly through
a window and into the room where

it heats the space up and keeps
occupants warm. A dining room or
study in a house could potentially be
used as a direct gain space.

The benefit of this type of strategy
is solar energy traveling directly into
the space where heating is required.
Less direct methods may have a
difficult time transferring the heat to
the necessary space. Challenges of this
strategy include controlling the solar
energy allowed into the space. Since
these spaces are physically inhabited
by occupants, the temperature may
become too hot at certain times
of the day in order to remain warm
throughout the night. Some direct gain
spaces can reach temperatures as
warm as to 100°F. Shading and natural
ventilation need to be included to
keep temperatures manageable in the
summer.

The cloudiness in Dunes City winters
causes tilted glazing to be much more
effective than vertical glazing.



2 panes of glass ~3
separated by 24" iy

FI1G. 9

Diagram of a direct gain

space (Marzia, 32).

FIG. 10

Diagram of an indirect
gain space (Marzia, 45).
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diffusing glass

9" brick wall
<l faced with plaster

e 5" insulation
—— 9" concrete

2 panes of glass
= separated by 24"

=3 4" screed
a—_— 6" concrete

DOUBLE GLAZING—

AIR SPACE

Indirect Gain

Challenges of direct gain spaces can
be mitigated through indirect gain
strategies. There are two main types of
indirect gain strategies: thermal storage
walls and roof ponds. Seeing as water
could be a scarce resource for Dunes
City post-disaster, a thermal storage

17

wall is a more viable solution. A thermal
storage wall, also known as a Trombe
wall, is a wall placed adjacent to a large
glazing system. The sun enters through
the glazing system and is absorbed

by the wall. This wall then stores the
solar energy and slowly releases it
throughout the day.
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This strategy creates a small barrier
between the living space and the solar
collection space. The small space in
between the window and the Trombe
wall can heat to uncomfortable
temperatures while the living space
remains comfortable all day long.

The challenge with this method is
timing when and how the wall releases
heat into the living space. Material

and thickness of the Trombe wall is
dependent on when and how quickly
heat is needed. Sometimes this can
be difficult to successfully execute in a
predominately overcast climate.

In cloudy climates it is ifficult for
vertical walls to efficiently absorb the
sun. Cloud cover diffuses the sunlight,
altering the optimal angle needed to
collect solar heat. On a clear day, the
sun’s orientation dictates the optimal
capture angle, but on a cloudy day the
best angle is from directly above. Dunes
City’s overcast climate makes solar
collection more difficult than in clear
climates.

18
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Isolated Gain

An isolated gain system uses an
external surface that absorbs solar
energy that is then transferred to

the living space when needed. The
benefit of this strategy is that it gives
maximum temperature control to the
occupant. When the space feels too
hot the occupant can vent the space,
preventing heat accumulation. In
contrast, when a space is too cold

the occupant can close the vent and
increase the temperature of the space.
The main challenge of the strategy is
effectively transferring solar energy
from the external surface into the living
space.

In the case of Dunes City, a viable
strategy could be a separate glazed
space such as a greenhouse or sun
space. This would allow a separate,
less inhabited space to heat up to
uncomfortable temperatures while
the main living space would remain
unaffected. Heat in the uninhabited
space could then be released into the

HEAT
STORAGE
BIN

FIG. 11

Diagram of a convective
loop (Marzia, 60).
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main living space via venting. In the
absence of venting, heat can be stored
in a greenhouse space throughout the
day. The main challenge of this strategy
is the insulation requirements. In order

to store solar energy through the night,
movable insulation will need to be

come from directly above a surface.
Tilted glazing will still be able to collect
this solar heat. While vertical glazin is
more effective on sunny days, it fails

to collect solar resources on overcast
days.

deployed and occupants will need to

be educated about the schedule of this

THERMAL COMFORT
operation.

Thermal comfort is important when
considering passive heating options.
Often this idea is thought of as the
physical comfort an occupant feels
when in a space. The main metrics for
measuring thermal comfort are relative
humidity, humidity level, wet bulb
temperature, operative temperature,
and clo level, defined as follows:

A tilted glazing surface is critical

to this strategy’s success. Tilting the

FIG. 12

Psychrometric chart
from ASHRAE Standard
55 used to measure
thermal comfortina
conditioned space.

glass with maximize solar collection
on both sunny and overcast days. As
mentioned above, overcast weather
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Relative humidity: the percentage

of water vapor pressure in the air
relative to the amount of water vapor
necessary to reach equilibrium.

Humidity: the amount of water vapor
present in the air.

Wet bulb temperature: the
temperature of the air passing over a
thermometer wrapped in a wet cloth.

Operative temperature: a
measurement of thermal comfort
that is simplified from three different
factors: air temperature, mean radiant
temperature, and air speed.

Clo level: a measurement of thermal
insulation a person receives from
wearing different articles of clothing.

The psychrometric chart combines all

of

these metrics into one simplified

thermal comfort zone.

32

30

28

26

24

22

20

18

16

14
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This chart is specific to conditioned
spaces. Specifically, the standard
comfort zone measures thermal
comfort in conditioned office spaces.
For any unconditioned areas, the
Adaptive Comfort Zone chart should be
referenced.

In the case of Dunes City, no spaces
within the disaster relief shelter will
be unconditioned due to the relatively
cold temperatures in winter months.
However, passive heating strategies
are more appropriately measured by
the Adaptive Comfort Zone. Because
heat is generated solely by the sun
without mechanical systems, passive
heating conditions are similar to an
unconditioned space.

Thermal delight is an additional sense
to be considered in addition to thermal
comfort. Thermal delight refers to the
warming sensation an individual feels
in response to specific colors, textures,
and materials. Keeping thermal delight
in mind will be crucial to maintain

FIG. 13

Adaptive Comfort
Zone chart from
ASHRAE Standard

55 used to measure
thermal comfort in an

comfortable disaster relief shelters. unconditioned space.
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Project 1: Bailey and Martinez Project

Project 1: Bailey and Martinez Project

This project focused on creating a shelter with year-round
comfort and flexibility of public and private spaces. The
design intent addressed the thermal comfort goals to
maintain steady and comfortable temperature levels, allowing
occupants to experience a variety of different temperatures

throughout the sheltered space.

INTRODUCTION

The project emphasized year-round
comfort with the shelter so it could

be usable at any point in the year.

The project also drew on direct

gain passive heating strategies with
effective shading for cooling during
warmer months. In terms of flexibility,
the group wanted the shelter to have
pre-emergency and post-emergency
uses. Pre-emergency it could serve as a
mechanism to educate the public about
earthquake preparation while being an
identifiable landmark and communal
space. Post-emergency it could serve
as a shelter to residents. Furthermore,
the shelter will be divided up into
multiple spaces: a sunspace, an area
with operable windows, and an outdoor
thermal mass. This group focused on
the conceptual design of a disaster
shelter. Each individual living quarter
would be built out of a cargo shipping
container. This keeps costs low and
allow the shelter to be assembled and
deconstructed with ease. The design’s
multi-level component gives more
space for larger groups and families
without people up. Lastly, a large
retaining wall at the north end of the
site protects against liquefaction and
damage to the shelter.

21

METHODOLOGY

This group started by examining
different tree heights to help determine
the shading objects that surround

site. They compared the results to

solar pathfinder images to determine
an ideal building location. The team
also calculated the optimal tilt for the
location at 40 degrees. Next, they
looked at the solar radiation available
during different times of the year (see
Appendix A for initial analysis).The
team chose recycled polycarbonate for
window glazing, which is more durable
in the event of a disaster. This material
is ideal for this design because it has
high solar absorbance despite the lower
light transmittance.

The group calculated the heating
need of the building and solar energy
collected through the potential glazing
system. Here, they assumed that any
excess heat could be mitigated using
shading and moveable insulation
(see Appendix A for heating need
calculations). The team used the
EnergyPlus software to test the
effectiveness of their movable
insulation schedule and found that
it works adequately for the passive
heating system (see Appendix A for
graphs of EnergyPlus results).



Winter 2019

RECOMMENDATIONS
This group recommended placing
the building north of the site’s access
road and orienting it eastward to
maximize solar collection. The team
recommended using a tiled glazing
surface of 40° wherever possible. This
will absorb the most solar radiation.
Furthermore, the group
recommended a strict moveable
insulation schedule. Through this

Passive Heating Strategies for Dunes City

project the team realized that within
their passive heating system the
moveable insulation, glazing, and
thermal mass are all interdependent.
These three factors create a well-
conditioned space year-round, thus
if one factor changes others should
as well. For example, improvements
to the insulation system should be
coupled with increased thickness to the
proposed insulation.

SITE SECTION
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FIG. 14

Section of proposed
shipping container
building with clerestory
windows.



FIG. 15

Section of proposed
modular building
showing the thermal
gradient from the East
West view.

East-west site section

Project 2: Blankenberger and Solorzano Project

Project 2: Blankenberger and

Solorzano Project

This project focused on creating a multipurpose and modular
disaster relief shelter. The design intent addressed the
thermal comfort goals to provide warmth in the winter and
relief from hot summer temperatures with programmatic and

thermal gradients.

INTRODUCTION

This project was inspired by the idea
of one building with two functions:
community building and adequate
shelter. In terms of modularity, the team
wanted to add a level of adaptability.
The shelter is constructed of smaller
pieces that fit together to create one
large shelter depending on how many
people need shelter or how big of a
community space Dunes City wants to
create. This makes it easy to expand
the space over time as the City deems
necessary. Furthermore, the team
incorporated a thermal gradient with

o
|1}
’ subsoil |~

bedrock

warmer public spaces and cooler
shelter and storage spaces during the
day. Shelter spaces would become
warmer during the night. These spaces
can be opened up and connected to
each other or partitioned off depending
on the desired functionality.

METHODOLOGY

The group started by determining

the optimal location and orientation
of their building. They looked at the
solar pathfinder images to see which
locations had the best solar radiation
and compared this with the shade that

gravel
access
road
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would appear on the site from nearby
trees. The team also considered views
the building would have depending

on its position. After combining all the
information on a 44° latitude sun path,
they placed their shelter’s ideal location
at either side of the access road
oriented east.

Next, the group studied different
solar radiations for the optimal tilt of
the glazing surface. They decided that
40° was the optimal tilt. This decision
was based on heating need and solar
radiation potential. They also explored
how different sizes of glass effect solar
collection. From these calculations they
determined that 10 to 15 square meters
of glass would provide the necessary
solar energy to heat the building.

The student group assumed that the
extra solar energy collection could be
mitigated through other methods.

The group used the Window 7.6
software to choose their glazing type.
They chose a double-pane system of
clear float glass. This type of glass has
very high solar absorbance and visible
transmittance, which helps maximize
the solar energy collected through the
sunspace. The high collection energy
required that moveable insulation be
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applied at night time. The team used
EnergyPlus to test the effectiveness of
their movable insulation schedule and
found that it is adequate for the passive
heating system (see Appendix B for
graphs of EnergyPlus results).

RECOMMENDATIONS

This group recommended placing the
building on either side of the site’s
access road and orienting it eastward
to maximize solar collection. The team
recommended using a tiled glazing
surface of 40° wherever possible to
absorb the most solar radiation. The
building should have somewhere
between 10 to 15 square meters of solar
collection glazing.

Furthermore, the group
recommended following a strict
moveable insulation schedule. Even
with this schedule the sleeping quarters
can get quite cool. If improvements
were to be made, the team
recommends adjusting the thickness
of the thermal mass to better insulate
the bunk bed areas. Another solution
to this issue is to provide an additional
personal heat source for occupants
while they sleep.



FIG. 16
Section of proposed
site positioning based
on solar resource
measurements.

Site Section

Project 3: Mckay, Naganuma, and Shortall Project

Project 3: Mckay, Naganuma,
and Shortall Project

This project focused on creating an adaptable and mixed-
use cottage. The design intent addressed the thermal
comfort goals of capitalizing on the solar energy available in
Dunes City and incorporating the use of colors and textured
materials to create thermally delightful spaces.

INTRODUCTION occupants have the option of inhabiting
The project was inspired by the idea a very warm, bright space or a cooler,
of a livable solar collecting space. darker space. Furthermore, having
Because of uncertain circumstances adaptable functions is also a major
surrounding the disaster relief shelter, design element. The site location is very
it was crucial that the space be close to Highway 101, a major road for
adaptable with a mix of uses. In terms long distance bikers. Pre-disaster, this
of adaptability, the group wanted to space can act as a temporary overnight
incorporate social gradients as well shelter for bikers to safely stop and rest.
as thermally contrasting spaces. By Post-disaster it will become a shelter for

creating a livable solar collection space, residents.

OTHER POSSIBLE SITINGS VERTICAL EVACUATION TOWER

/ OR DISASTER LOCKERS

VIEWS TO WATER
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METHODOLOGY

This student group started by looking
at the different solar pathfinder images
to see which areas on the site had the
most solar exposure. Since Dunes
City’s climate is relatively overcast, it is
important to ensure that solar radiation
is maximized. The team chose an area
just north of the site’s access road.

After choosing a proposed building
location, the team looked at daily
radiation levels and their variation
throughout the year. These data came
from the software Climate Consultant
6.0 and weather data from Florence,
Oregon. The Florence weather data
station is the closest weather station to
the site in Dunes City. By pairing these
data with the shade measures from
the site visit, the group determined
they would orient the building to the
southwest.

Next, the passive heating strategy
needed to be determined. This was
done by defining the heating season, or
the months of the year that heating is
necessary to keep indoor temperatures
comfortable. The group used heating
degree days (HDDs) to determine
the heating season. An HDD is a unit
that measures the amount of energy
necessary to heat the building. They
also used weather data from Climate
Consultant to rule out the summer
months of June through August.

To ensure the most accurate heating
season possible, the group examined
the solar radiation collected based
on the glazing surface tilt. To see the
impacts that different heating seasons
would have on the amount of energy
collected through the glazing surface
they did a variety of calculations (see
Appendix C for calculations). The group
found that no matter how the heat
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season was defined the optimal tilt was
either 40° or 50°. In order to determine
optimal tilt, they graphed the heating
need verses the solar radiation. They
found that a tilt of 50° gave more heat
in colder winter months and less heat in
hotter summer months (see Appendix
C for graph). The team decided that the
heating season would exclude June,
July and August with an optimal tilt of
50°.

The student group used Window
7.6 to select their glazing material.
They chose an acrylic glass that
would be more resistant to shattering
in an earthquake but also has high
absorbance of solar radiation. This high
absorbance requires movable insulation
to keep the heat in during cool evening
hours. The team used EnergyPlus to
test the effectiveness of their movable
insulation schedule and found that
it works adequately for the passive
heating system (see Appendix C for
graphs of EnergyPlus results).

RECOMMENDATIONS
This group recommended placing
the building just site’s access road
and orienting it to the southwest to
maximize solar collection. The team
recommended using a tiled glazing
surface of 50° wherever possible. This
will absorb the most solar radiation.
Furthermore, the student group
recommended following a strict
moveable insulation schedule. If
improvements were to be made
to the insulation system, they
recommended increasing edge sealing
around the window and potentially
leaving the moveable insulation on
longer in morning hours (Dunes City
temperatures do not warm up until later
in the morning).



Conclusion

Conclusion

Dunes City is a challenging place for passive solar design
due to the relatively overcast climate. However, through a
variety of calculations and measurements, student groups
determined that solar energy is a reliable and plentiful
heating source post-disaster when access to other resources
is limited. Researching different passively heated space
types and movable insulation strategies reveals a variety of
plausible solutions for disaster relief shelters.

Overall conclusions that can be
drawn from research include that the
ideal orientation on the site is at some
variation between south and east.
Additionally, the optimal tilt for glass
surfaces to collect the most solar heat
is between 40° and 50°. There are also
many ways to occupy the space pre-
disaster and many different strategies
that are equally effective at capturing
solar energy post-disaster.

In terms of the glazing material,
most teams decided to use a non-
glass material. Materials like acrylic or
recycled polycarbonate have similar
properties to glass but are resistant to
the effects of an earthquake.

Potential functions for the disaster
relief shelter pre-disaster include but
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are not limited to a community center,

a public landmark, or an overnight
shelter for Highway 101 bikers. The

City will have to decide post-disaster if
the shelter will return to a pre-disaster
function or serve another purpose.

In conclusion, there are many ways to
achieve a successful passive heating
strategy. Properly locating and orienting
the building, determining the correct
glazing material, and ensuring adequate
moveable insulation are critical to the
system’s success. Other important
factors include the building’s heating
needs and solar energy collection of
the glazing system. We recommend
that Dunes City consider these factors
when designing its passively heated
disaster relief shelter.
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Appendix A

Project 1: Virginia Bailey and Francisco

Martinez Final Presentation
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Heat Gain / Heat Loss
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Appendix B

Project 2: Denise Blankenberger and

Estefania Solorzano Final Presentation
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Occupied
Space

warmer than the outdoor temperature
except in the early hours of the morning.
This means that our thermal mass is not
buffering the cool evening hours as much

Sunspace
The occupied zone stays about 10°F
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Performance - Operative Temperature
Sunspace and Occupied Space Operative Temperature (F)
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as we would like. We could improve this

with more thermal mass or choose a

material with a higher conductivity.
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Performance - Heat Flux

Sunspace and Occupied Space Operative Temperature (F)

Thermal mass (6”
concrete wall)

indicate that the thermal mass has reached

performs really well for heat flux: it rapidly
shares its heat with the surrounding
environment when the insulation is

its maximum load. We could actually size
ours down a bit so that it releases more

deployed, but the inside face temperature
never gets significantly hot - that would

The thermal mass in the sunspace
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Performance - Window Heat Gain/Loss
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but during the covered hours (gray bars),
there is very little heat loss (blue line).

00:00°TZ £O/ED
00'00°LT LO/ED
00:'00€T £LO/ED
00:00:60 £O/ED
00:00°50 LO/ED
00°00°T0 LO/ED
00:00°TZ 90/E0
00:'00°4T 90/E0
00'00€T 90/E0
00:00:60 90/E0
00°00:50 90/€0
00:00°T0 90/E0
00:00°TZ SO/ED
00'00'T SO/ED
00'00€T SO/ED
00:00:60 SO/E0
00:00:50 SO/ED
00:00°T0 SO/E0
00:00°TZ ¥O/ED
00:00:LT FO/ED
00'00€T ¥O/ED
00:00:60 ¥O/E0
00:00:50 ¥O/ED
00:00°T0 ¥O/ED
00:00°TZ £0/E0
00:'00:T £0/E0
00:'00€T £0/E0
00:00:60 £0/E0
00:00:50 £0/E0
00:00°T0 £0/E0
00:00°TZ Z0/ED
00:00:T Z0/ED
00'00€T Z0/ED
00:00:60 Z0/ED
00:00:50 Z0/ED
00:00°T0 Z0/ED
00:00°TZ TO/ED
00:00:£T TO/ED
00:00€T TO/ED
00:00:60 TO/ED
00:00:50 TO/E0
00:00°T0 TO/ED

Date andtime (in hours)



Appendix C

Project 3: Hannah McKay, Lindsey Naganuma

and Bryce Shortall Final Presentation
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SILTCOOS LAKE

VIEWS TO WATER

VERTICAL EVACUATION TOWER

/ OR DISASTER LOCKERS

: ! /
= ,lg:i,, I%
567

OTHER POSSIBLE SITINGS

Site Section



43ANIHHLVd

ANLONYLS QSO0

AUV

NnO4 LS

SPLIHORH AL - -

& ONILIS d3S0dO¥d

SANIM|
NIINIM ONITIVAIY

7l

1/,

7

UE|d a}S Ul paWiooy/



SOLAR SITE SURVEY: TREE HEIGHTS
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[ENERGY MODEL]

Heat Flux
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Surface Inside Face Conduction Heat Transfer Rate [kBtuh]

Tromb Wall Temperature (F)

The trombe wall heat transfer is highest during late afternoon to early evening
The trombe wall continues to transfer heat consistantly throughout the

evening and night

During the day when solar radiation and temperatures are higher the trombe

wall is absorbing heat instead of releasing it to the space
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