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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 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-

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 
that result 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 Silverton, Oregon

By 1921, Silverton industries were 
producing exports for other areas 
and even some foreign countries. The 
Fischer Flour Mills on South Water 
Street was among the exporters. Power 
for the mill was obtained by damming 
Silver Creek at a point near the present 
pool, diverting water into a millrace that 
ran along the creek to the mill and then 
dumped back into the creek. 

The development and opening of the 
Oregon Garden in the 1990s signify the 
success of a partnership between the 
Garden, a private enterprise attracting 
tourists to botanical displays, and the 
city of Silverton. The Oregon Garden’s 

expansive wetlands area has benefited 
from the City’s excess reclaimed water 
since 2000, while the community 
benefits from trade the Garden draws 
to the area. Silverton was recognized 
for these reuse efforts as a “Community 
Water Champion” by the National Water 
Reuse Association in 2018.

Today, approximately 10,380 
residents call the city of Silverton 
home. In addition to the Oregon 
Garden, the City features a historic 
downtown, hospital, community pool, 
and access to nature activities including 
nearby Silver Falls State Park.

The first settlers came to the banks of Silver Creek, following 
timber and water power, in the 1800s. Silverton was 
incorporated in 1885. The young town was a trading and 
banking center of prominence and ranked among the most 
progressive towns of western Oregon. 
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Executive Summary

Executive Summary

The city of Silverton partnered with the University of Oregon’s 
Sustainable City Year Program to analyze the proposed site 
for a new police station and city hall and propose passive 
heating strategies. 

Eight student teams analyzed the 
site, calculated optimal tilts for solar 
energy-collecting glass, determined 
thermal mass goals and sizes, proposed 
building masses and orientations, 
and investigated movable insulation 
solutions. This report explains the 
specific passive heating strategies that 
can be applied to the Silverton project 
and gives background on how students 
arrived at their recommendations. 
Each student group provided unique 
recommendations and designs for 

the building’s passive heating system. 
Recommendations include optimal 
siting locations, optimal glazing tilts, 
thermal mass considerations, and ideal 
moveable insulation options, among 
others. Incorporating passive heating 
into Silverton’s new police station 
and city hall can help the City move 
towards more sustainable and efficient 
construction modes while remaining 
economically feasible and people 
friendly.  
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Introduction

The goal of a passive building is to 
minimize reliance on energy-intensive 
mechanical systems for heating and 
cooling to keep people in the building 
comfortable. Mechanical systems can 
be complex, expensive, and redundant 
when the sun and wind can provide free 
heating and cooling. In reality, some 
mechanical systems will be necessary 
for the coldest days of winter and 
the warmest days of summer, but the 
goal of passive design is to reduce 
dependence on these artificial systems. 
The Passive Heating class focused on 
passive design strategies that can help 
heat a space such as overall building 
orientation, thermal mass, tilted 
glazing, and movable insulation. These 
strategies will help reduce the reliance 
on mechanical heating and thus lower 
the carbon footprint of the building.

Students in the Passive Heating 
course formed teams to analyze the 
site, Silverton’s climate, and project-
specific goals to propose ways that 
passive heating could be integrated 
into the building design. Students 
used scientific analysis of the climate 
and solar resources to ground their 
physical design recommendations. As 
the various design ideas in the student 
reports indicate, passive strategies do 
not necessarily dictate the aesthetic or 
form of the building. 

This report synthesizes student work 
and presents a range of scientifically-
based passive heating strategies. 
Students investigated strategies that 
are tailored to Silverton’s climate, and 
these results are intended to inform the 
City and their architects of the potential 
for passive heating in this and future 
developments.

The city of Silverton plans to anchor the historic downtown 
with a new community-oriented city hall and police station. 
The historic Eugene Field School site that has been chosen 
for this project sits at the north entrance of the downtown, 
where visitors get their first glimpse of the city core. One 
element of the community vision guiding the project is a 
focus on sustainability. As the City approaches the design 
stages of their project, they have expressed interest in 
exploring energy efficient architecture and site planning that 
complement the rich natural context of the City. Passive 
heating is one element of an array of “green” strategies 
including shading, natural ventilation, water reclamation, LED 
lighting, rain gardens, and low/no VOC finishes that the City 
may consider for the new buildings. 
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Background

PASSIVE HEATING IN SILVERTON AND THE PACIFIC NORTHWEST
Passive Design is deeply rooted in the climate of the specific place, and therefore 
it is important to begin with an understanding of Silverton’s climate. Silverton’s 
location in the Willamette Valley results in typical Pacific Northwest weather, 
including frequent rain and clouds. These overcast conditions might seem to 
limit the effectiveness of passive heating. However, just as a person can still get 
sunburned on an overcast day, the sun’s energy can still heat a building even when 
direct sun is not shining. 

Passive strategies in the Pacific Northwest cannot be expected to fully support 
the heating load of a building in the winter. Instead, passive strategies in this 
climate aim to reduce the period of time that mechanical heating is needed, 
reducing the load on mechanical systems during the coldest months and 
eliminating it altogether during “shoulder seasons” in which outdoor temperatures 
are milder.

Areas of Study

SITING THE BUILDING
The most important choice to be made 
with regard to passive heating is where 
to site the building. Maximizing sun 
exposure and minimizing shade are key 
for any passive solar heating strategy 
to work. In the Northern Hemisphere, a 
due south orientation is a good starting 
point, with adjustments made based 
on data collected on the site. Students 
started with a visual survey of the site, 
noting tree locations, species, and 
branch densities, as well as topography, 
ground cover, and surrounding 
buildings. They then used a specialized 
piece of equipment called a pathfinder 
to record the shading at different points 
throughout the site. These observations 
and pathfinder results allowed each 
group to determine the best location 
for solar exposure on the site. 

The solar pathfinder also helped 
students understand how the sun 
moves through the sky throughout 
the year, as it traces the sun’s altitude 
(angle above the horizon) as well as its 
azimuth (i.e. orientation). 

HEATING NEED
The heating need of a building is 
determined by the difference between 
a building’s heat losses through its 
opaque envelope, windows, and 
infiltration and its heat gains from 
people, lights, and equipment, at the 
desired indoor temperature. Here, 
students estimated envelope and 
infiltration heat losses according to 
envelope area estimates and ASHRAE 
90.1-2016: Energy Standard for 
Buildings Except Low-Rise Residential 
Buildings. Office lighting heat gains 
were also estimated from this standard, 
while office heat gains from equipment 
and people were estimated from 
National Renewable Energy Laboratory 
reports. These calculations revealed 
that the future buildings are likely 
to need heat primarily when the 
outdoor air temperature drops below 
60°F, assuming a desired indoor air 
temperature averaging 68°F during the 
winter. As a result, the heating season 
is expected to extend from October 
through May. The sun angles of interest 
were therefore those that occur during 
this 8-month period.
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SOLAR COLLECTION STRATEGY
Passive solar heating can be 
accomplished by several different 
strategies, and the best strategy for a 
specific project depends on the winter 
climate type, the clients’ desire for 
outdoor room character, and the hours 
during which heat is needed. Because 
Silverton’s winter climate is cloudy and 
mild, with limited solar resources during 
the coolest months, and because 
daytime warmth would be widely useful 
in both program types, “indirect gain” 
or Trombe wall systems were eliminated 
from consideration. These system 
types rely on the transmission of solar 
energy through vertical glass, which 
is not optimal in cloudy climates (see 
below), followed by interception by 
substantial thermal mass, which delays 
its delivery to the interior. Trombe 
walls are therefore best suited to sunny 
winter climates with large day-night 
temperature swings, because of their 
effectiveness in countering those 
temperature swings, and to spaces that 
benefit from nighttime heat. 

Instead, students found that “direct 
gain” systems were more promising, in 
which solar energy could be admitted 
directly to atria, corridors, lobbies, 
and other spaces in which temporary 
bright sun might be welcome. In this 
way, warm air would be created for 
immediate use; massive materials on 
floors, such as ceramic tile, would 
also receive some of the radiation and 
carry that energy through the following 
night hours. If an air-only system were 
desired, “flat panel” collectors would 
be another promising option, in which 
solar energy warms air in a clean, dry 
roof plenum that is then circulated to 
occupied space. 

OPTIMAL TILT FOR GLAZING
Vertical glass is not optimal for passive 
heating strategies in the cloudy Pacific 

Northwest climate. While intuitively it 
might seem that the brightest spot in 
the sky should be at the sun’s position, 
this is not the case. On overcast days 
when the sun is obscured behind 
the clouds, the brightest part of the 
sky is directly above the observer; in 
other words, the most energetic part 
of the sky is the top of the sky dome. 
Harnessing this energy is critical, 
especially in a climate where direct sun 
can be rare in winter and early spring. 
Vertical glass simply cannot capture 
much cloud-diffused solar energy 
because it encounters the glass at such 
shallow angles (i.e. nearly parallel to the 
glass itself) that much of it is reflected 
away. 

The natural question then becomes 
what angle to tilt the glass. Completely 
horizontal glass will capture maximum 
energy on cloudy days, but on sunny 
days, especially in the winter when 
the sun is low, very little energy will 
be captured. To maximize the energy 
captured during the heating season, 
students needed to find the optimal 
surface tilt. To accomplish this, 
students consulted solar resource 
charts generated from contemporary 
solar radiation models that mapped out 
the raw energy incident upon a surface 
tilted in increments of 10 degrees in a 
specified city. The solar resource charts 
pointed all the groups to an optimal tilt 
between 40 degrees and 50 degrees 
from the horizontal. This is a good 
target for all passive solar glass on the 
south side of the Silverton project.

GLASS AREA
Once the glazing tilt has been decided, 
the next step is to estimate the glazing 
area that would balance the solar heat 
gain benefit against the cost of night 
insulation. Here, students determined 
that a reasonable goal was to meet 
the full heating needs of March, April, 
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May, and October, but only part of the 
heating needs of the cooler months, 
since each additional unit of glass 
after that delivered progressively less 
benefit  per area but required just as 
much moveable insulation. The result 
is that most projects recommended 
solar glazing areas equal to about 10% 
of the total floor area, or 1000sf for the 
10,000sf city hall offices. Lesser areas 
could also be used effectively; they 
would simply offset smaller proportions 
of the heating need.

GLAZING FOR PASSIVE SOLAR 
WINDOWS
Passive solar windows should be 
treated as a completely different 
architectural element from the windows 
on the west, north and east facades. 
Passive solar design requires putting 
more thought into what each window 
aperture needs. For windows that 
are primarily for views and will not 
contribute to the passive heating 
strategy, windows that minimize heat 
loss are appropriate. However, the 
technology that keeps heat in also 
keeps heat out, which does not allow 
for very effective passive heating. 

Instead, when specifying windows 
for south-facing windows included in 
a solar heating scheme, it is important 
to pay attention to two main window 
performance metrics: the SHGC and 
U-value. The solar heat gain coefficient 
(SHGC) measures the portion of the 
heat energy incident upon the glass 
that will be transmitted through the 
window and into the space. The SHGC 
varies from 0 and 1, with 0 being a 
mirror (no energy passing through) 
and 1 being an impossibly thin piece of 
glass that allows all the energy to pass 
through. The super-insulating glass 
that often gets installed in ”efficient” 
buildings has a low SHGC, so these 
windows only permit a fraction of the 

solar energy they intercept into the 
building. These are not the windows 
one wants to be using for passive 
heating, as very little of the available 
solar energy will be transmitted. 
Instead, for passive solar windows, a 
high SHGC is best; above 0.7 is ideal. 
This window will let in 70% of the solar 
energy that reaches its surface. The 
second performance factor to become 
familiar with is the U-value (sometimes 
referred to as the U-factor). This unit 
measures the insulating property of a 
material: low U-values indicate a more 
insulating material, and vice-versa. The 
ideal passive heating window has a 
high SHGC, to collect as much heat as 
possible, and a low U-value to retain this 
heat. In practice, a high SHGC takes 
priority if the solar-collecting glazing is 
insulated at night, as it should be.

MOVEABLE INSULATION
Passive solar windows must be 
insulated at night for best performance, 
since solar-collecting windows tend to 
radiate some of the energy collected 
during the day back out into colder 
nighttime surroundings. To combat 
this, passive solar designers have come 
up with a wide array of strategies to 
insulate these windows at night. As 
indicated in the group suggestions, 
moveable insulation can be as 
complicated or as simple as desired; 
some projects propose automated 
shutters while others propose hand 
cranked systems or simple sliding 
panels. The best designs showcase 
how moveable insulation can become 
a beautiful expression of the building’s 
passive solar system as the building 
changes in harmony with the natural 
environment.

THERMAL MASS
Generally, thermal mass needs are 
low in cloudy climates as compared 
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with sunnier climates in the Southwest 
U.S., but thick thermal mass has been a 
large part of passive heating strategies 
since the 1970s. The basic idea is that 
dense materials provide thermal storage, 
counteracting outdoor temperature 
changes. In climates with large daily 
temperature swings like deserts, a 
properly sized thermal mass absorbs sun 
energy during the hot days and releases 
heat into the cold nights. The following 
day, the mass stays cool much longer 
than the air and will help cool the space, 
drawing heat out of the space for later 
release. In cloudy climates, the thermal 
mass does not receive as much solar 
energy, and thus it needs to be thinner to 
reach warm enough temperatures that 
it can re-radiate heat into the space 
during the night. If mass is oversized in a 
cloudy climate, the result will be that the 
building requires more heat to become 
warm than it would have, otherwise.

For best results in the Silverton project, 
thermal mass should be sized carefully, 
using an appropriate building energy 
performance simulator, and applied in 
relatively thin layers (up to 2”) to surfaces 
or added in the form of “internal mass” 
elements such as potted plants, furniture, 
or sculpture, that are exposed to the sky 
through solar-collecting glass. 

PASSIVE COOLING
All passive solar heating strategies and 
spaces have the potential to overheat in 
the summer if passive cooling strategies 
are not employed. Although detailed 
investigation of cooling measures was 
beyond the scope of the course, students 
did consider cooling measures in the 
configurations of their heating systems. 
In all climates, the easiest way to 
deactivate passive solar heating is simply 
by shading the solar-collecting glass, 
either internally or externally, to minimize 

solar collection. In many cases, the 
same elements that serve as moveable 
insulation for winter operation can 
serve as shading for summer operation. 
     In the Pacific Northwest, with reliably 
cool summer night air, another highly 
effective strategy is night ventilation 
of mass, in which the same mass that 
absorbed solar energy for heating is 
pre-cooled overnight to absorb some 
of the following day’s internal and solar 
heat gains. Removal of shading from 
glass at night is also recommended 
to facilitate radiative cooling to night 
skies, which can be tens of degrees 
Fahrenheit cooler than outdoor air 
temperatures on clear nights.

THERMAL DELIGHT
An essential feature of passive heating 
(and cooling) strategies is that they 
shape the experience of the occupied 
space itself. A space collecting solar 
energy will be bright, even on cloudy 
days, and will have a sense of airiness 
from the full-spectrum light; it may 
also be colored and textured by stone, 
brick, concrete, tile, or plants used as 
thermal mass. These elements provide 
a thermal sense separate from the air 
temperature itself. A space adjacent to 
one collecting solar energy will acquire 
part of that experience, as well, and a 
person passing from one to the other 
will sense the change in light color, 
distribution, and intensity, as well as the 
change in surface temperatures that 
make up the radiant environment. In 
the summer, a shaded space has bluer 
light and lower illumination, causing 
it likewise to feel cooler than its air 
temperature might suggest. In this way, 
passive systems support the creation 
of “thermal delight”, or sensations 
of thermal variety and interest 
independent of actual air temperatures. 



13

Analysis and Recommendations

FIG. 1 

Site solar exposure

Analysis and Recommendations

METHODOLOGY
Each group began the term with a 
field trip to the Silverton building site. 
Students analyzed site shading, tree 
canopy, and sun angles using a solar 
pathfinder. They researched Silverton’s 
climate and calculated the heating 
season for the buildings based on 
an estimated level of internal heat 
gains. Using this information, they 
identified an optimal tilt for glazing 
and ideal building orientation. The 
combination of heating needs and a 
strategically-chosen glazing assembly 
helped establish a ballpark glazing area 

recommended to meet about half of 
the annual heating need. Based on the 
need for nighttime insulation for solar 
collection glazing, students proposed 
different moveable insulation systems. 
They also diagrammed potential solar 
collection strategies on building 
masses. Finally, students calculated the 
amount of thermal mass needed to help 
store heat energy during the day and 
release it into the evening. The project 
summaries below highlight a few key 
takeaways from each student team’s 
project, and full projects can be found 
in the Appendix.

PROJECT 1 HIGHLIGHTS: ALEX AND NICK
Alex and Nick mapped out the shade across the full site to identify the areas with 
the most potential for passive heating. They identified the middle of the site as the 
best place for sun exposure, marked as spot 7 and spot 5 on their diagram below. 
These areas had the least shade coverage and will make for the best place to take 
advantage of passive heating strategies.

KEY 

• 15 -20 % SHADE COVERAGE 

• 10-15% SHADE COVERAGE 

• 5-10% SHADE CONVERAGE 

0 0-5% SHADE COVERAGE 

Sun Exposure Diagram 
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FIG. 2 

Corridor Sunspace

Based on their research, Alex and Nick 
recommended a set of south-facade 
corridor sunspaces to capture heat 
during the day. They positioned a thin 
layer of thermal mass on the back of 
each sunspace to absorb the energy 
from the sun and radiate heat into the 
adjacent space. This separation yields 
three main benefits, the most important 
being occupant comfort. Sunspace 
solar collection would also heat air 
for delivery to adjacent spaces. They 
proposed the sunspaces to work as 
circulation for the building, thus these 
would not be spaces where people 
would spend a large portion of their 
time. Some mild temperature swings 
would be more tolerable in corridors 

than in office spaces. Another benefit 
of the thermal separation would be 
the thermal lag between energy 
collection by the thermal mass and 
its eventual radiation into the space. 
The mass would absorb heat during 
the day and then radiate heat into the 
adjacent space in the early evening and 
night, offsetting night heating needs. 
Finally, the physical separation would 
eliminate glare, or high visual contrast, 
which is very uncomfortable in work 
environments. Alex and Nick also 
included vents at the topsand bottom 
of the thermal mass to allow warm air to 
flow into adjacent office spaces. These 
vents could be closed on days when 
warm air is not desired.

Sun 
Space 

L 

Movable Insulation 

-
- Radiation 

-
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One possible arrangement of buildings on the site is portrayed below in Figure 3. 
Most importantly, note the south exposure and the location of buildings in the 
middle zone of the site. Both of these factors help to maximize the solar energy 
available to heat the building.

FIG. 3 

Building position and 
orientation

Recommendations:
• Site buildings near the middle of the property or farther north
• Orient the long edge of the buildings to face South
• Collect solar energy with thermally separate sunspaces adjacent to offices

' ~ j\ 
~"~ 

' .. _A '-) 
... v • " ~ 
i .. 
t. .,_ ' 

-~-~ ,, 
' .,,.,.., 

., 

\ 

f'~ 
- ~ 1 

.. _.J 



16

Winter 2020 Passive Heating Strategies for Silverton, Oregon

PROJECT 2 HIGHLIGHTS: YUMNA AND SAEIDEH
Yumna and Saeideh calculated the heating need met for three different areas of 
solar collecting glazing. The table below helps illustrate that greater glazing area 
meets a greater proportion of the heating need. The orange line represents a 500 
square foot (sf) area of glass. This would make only a small contribution to the 
heating need, while the remaining portion of the heating need would have to be 
met with active heating systems. In contrast, the yellow line represents a 2000sf 
area of solar collecting glazing, amounting to 14% of the 14,000sf city hall floor 
area. With this much solar glazing, the entire heating need could be met from 
March through October, with active systems required primarily from November 
through February. Glazing beyond this area would not be recommended, however, 
because of the diminishing additional solar gain per area combined with the need 
for additional moveable insulation.

Yumna and Saeideh proposed sawtooth glazing over two internal direct-gain 
atria as shown below, creating potential gathering and vertical circulation spaces. 
The sawtooth roof pitch remains within the recommended 40-50 degree tilt, but it 
gives the architectural design more flexibility, consistent with a contemporary city 
hall aesthetic.

FIG. 4 

Perspective showing 
sawtooth roofs of 
internal atria

FIG. 5 

Heating need met as a function of solar-collecting glazing area 

Monthly heating need:
Solar heat gain: 2000sf glazing
Solar heat gain: 1000sf glazing
Solar heat gain: 500sf glazing
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FIG. 6 

Atrium with sawtooth 
roof and internal mass

Recommendations:
• Consider a large glazing area, up to 30% of roof area for maximum passive 

heating in shoulder seasons.
• Passive heating has evolved since the 1970’s. There are functional, modern 

alternatives like the sawtooth roof.

FIG. 7 

Tree identities and 
heights

PROJECT 3 HIGHLIGHTS: BROOKE, EJ, AND KYLE
Brooke, EJ, and Kyle began with a thorough analysis of the existing trees on the 
site, taking careful note of species, branch density, height, and position. This 
information helped them understand seasonal changes in the tree canopy as well 
as identify shady zones. Using information from their tree analysis as well as their 
solar pathfinder analysis, they were able to map the levels of sun to identify where 
the site would provide the greatest solar resources. They identified the two points 
marked with red circles (next page) as those with the greatest solar exposure.

Sequiola 
Ht 165 feet 

Cherry Blossom 
Ht 21.24 feet I20% 

Cherry Blossom 
Ht 21 .24 feet 120 
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Site Tree Heights 
and Branch Densty 

Doughlas Fir 
Ht 42. 7 ft (86% Branch Dens ity) 

Oregon White Oak 
Ht 77.65 feet(46¾ Branch Dens ity) 

Oregon White Oak 
Ht 83. 12 feet j46% Branch Density) 

Oregon White Oak 
Ht 124.17 feet f46% Brand, Dens ity) 

Oregon White Oak 
Ht 105 feet (46% Branch Density) 

Big Leaf Maple 
Ht 37.47 feet (27% Branch Density) 

Oregon White Oak 
Ht 57.73 feetl46% Branch Density) 
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FIG. 8 

Positions of greatest 
solar exposure

Figure 8 (next page) illustrates the integration of tilted glazing, thermal mass, 
and moveable insulation. Sunlight streams through the tilted glazing to warm the 
thermal mass below. The thermal mass absorbs the heat through the day and 
at night, the moveable insulation is deployed to retain the heat that is released 
from the thermal mass. Without any one of these elements, the system would not 
function properly.

) 

Point 14 

Point 13 
• 

• 

0 
O~t4 

5 

Point 12 
• 

C 
Point11 V 
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Point 7 
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Analysis and Recommendations

FIG. 9 

Direct-gain atrium 
space on the south 
facade with moveable 
insulation

Recommendations:
• Site the building in the middle or northern part of the property for optimal sun 

exposure. 
• Include the three major elements of passive heating: tilted glazing, thermal 

mass, and moveable insulation

PROJECT 4 HIGHLIGHTS: BEN AND OLIVIA
Like Alex and Nick, Ben and Olivia found that sunspaces would be among the most 
effective passive heating strategies in this climate. Their sunspace configuration 
would allow energy to flow through the tilted glazing into the thermal mass in the 
back wall and the floor. An operable vent on top of the thermal mass would also 
allow warm air to move from the sunspace into the space on the other side of the 
mass. Operable windows allow the sunspace to be vented in the summertime to 
prevent overheating.

FIG. 10 

Cafe sunspace with 
vent to release warm air 
to adjacent space

East - West Section 
TIited Glazing Heat Collection 
SO" Tilt 

■ ThermalMass 

■ Moveable lnsulation 

f 

I---------- 60ft -----I 
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Winter 2020 Passive Heating Strategies for Silverton, Oregon

FIG. 11 

Flat collector, corridor sunspace, and cafe sunspace 
working in concert to heat individual spaces

A set of different solar heating strategies is shown working side-by-side to 
address different spaces in the same building, below; this is often a very effective 
approach, as it limits the distance collected heat must travel. The roof holds 
a flat collector. This system is fan-assisted, in which cool air is drawn from the 
outside, warmed as it travels through the collector plenum backed by black 
roofing material, and then delivered to the receiving space. Flat collectors do not 
require major design interventions, but the roof tilt is very important, and as this 
is the solar absorbing surface, it needs to be angled at the optimal tilt angle of 45 
degrees. Flat collectors are particularly flexible as they can be turned off in the 
summer simply by switching off the fan and venting the plenum to the exterior. 

Each of the solar heating systems shown above are shown to the left on a building-
wide scale: a flat collector system on the top, with isolates and direct gain spaces 
on the sides.

fLA1 tOLLECTOR. - -

rA_L 
1 

Flat Collector 

Direct Gain Ha llway w ith 
pull down insulation 

■ Isolated Gain (Sunspace) with 
fastened curtain insulation 

■ Thermal Mass Placement 
(Concrete) 
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Analysis and Recommendations

FIG. 12 

Multiple passive solar 
heating strategies 
working together

Recommendations:
• Consider operable exterior windows throughout the building to help mitigate 

overheating in direct gain and isolated gain spaces.
• Identify the passive solar strategies that will work best for the project goals and 

budget.

PROJECT 5 HIGHLIGHTS: SUMMER AND EMILY
Summer and Emily investigated glazing assemblies closely, ultimately finding one 
with particular promise for solar heating. In searching for assemblies with the 
highest possible solar heat gain coefficient (SHGC) and lowest possible thermal 
transmittance (U-value), they found an unusually high-performing passive solar 
window. This assembly has an SHGC of 0.687, meaning that about 70% of the 
energy incident upon the outer window surface should be transmitted to the 
space, and a U-value of 0.39 Btu/h-sf-°F (2.25 W/m2-K), which quite low for a 
window of such high SHGC. It is challenging to find a window that has both a high 
SHGC as well as a low U-value because the elements of a window like extra panes 
and special coatings that slow heat loss, including additional panes of glass and 
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Winter 2020 Passive Heating Strategies for Silverton, Oregon

FIG. 13 

High solar gain Low-E 
glazing assembly

FIG. 14 

Optimally-tilted 
direct gain glazing 
with louvered night 
insulation

applied coatings, tend to reduce the SHGC. This assembly is a Pilkington Glass 
product, consisting of an outer pane of Clear Optifloat glass, a 16.5mm air gap, and 
an inner pane of EnergyAdvantage LowE, with the coating placed on surface #3. 

Summer and Emily also explored custom moveable insulation in which automated 
shutters pivot with the push of a button. These could be on a timer, and 
mechanically actuated, or they could rely on manual operation. They could also be 
useful in a gathering hall where it would be helpful to limit the glare while watching 
a presentation or performance. An occupant could adjust the shutters based on 
the needs of the room, but the shutters would need to be re-opened for passive 
heating to continue after the event.

SOLAR COLLECTING GLASS 
Li-value of 2.25 W/m2-K and SHGC of 0.687. 

There are two panes of glass, one with a low-e coating 

and one without, and the middle features a helpful air 

gap. 

ID Name Mode Thick Flip Tsol ] Rsol1 ] Rsol2 

Glass 1 •· 9803 CLEAR5.LOF # 4.7 
D 107~ 

0.074 0.074 

Gap 1 n 1 Air 16.5 

Glass2 ►• 9923 LOW-E_5.LOF # 4.7 D 0.676 0.117 0.105 

Tvis Rvis1 

0.888 0.082 

0.826 0.115 

Rvis2 Tir E1 E2 ] Cond 

0.082 0.000 0.840 0.840 1.000 

0.109 0.000 0.158 0.840 1.000 

CE ILI NG INSULATION 

W INDOW SEAL 

INTERIOR W INDOW PAN E 

A IR SPACE 

EXTER IOR W INDOW PAN E 

MOVEAl:lLE INSULATIO N 

O PERATIO N 

55° TILT 

CONCRETE 
SLA0 
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Analysis and Recommendations

Recommendations:
• For solar-collecting glass, consider one of the new “high solar gain Low-E” 

assemblies that has an unusual combination of high solar heat gain and high 
resistance to heat loss (moderately low U-value)

• Make the movable insulation as easy to operate as possible, perhaps through 
manually operated remote-control systems that allow convenient regular 
opening and closing without the expense of full automatic control.

PROJECT 6 HIGHLIGHTS: SYDNEY AND BEN
Below, Sydney and Ben diagrammed their process for finding the optimum glazing 
tilt for the solar-collecting windows. They began by analyzing the solar resource 
chart for a nearby city: Salem, Oregon (no data were available for the city of 
Silverton specifically). First, they marked which angles of tilt received the highest 
radiation during each individual month of the heating season in orange. This gives 
a visual representation of the optimal angle for sun exposure in each month of the 
heating season. To try to balance the angle at something that would work year 
round, they went for the middle set of angles. To further refine the comparison, 
they added up the energy quantity for each angle. Even though the 30 degree  
tilt yielded the highest yearly energy gain, it contributed most of this energy in 
summer months when heat is not needed as much and could even increase the 
summer cooling need. The 50 degree tilt provides almost as much energy as the 
30 degree tilt but limits summer heating as well as increases energy collected 
in the coldest months. Consequently, students recommend the 50 degree tilted 
above the horizon.

FIG. 15 

Schematic-design level 
estimation of optimal 
solar glazing tilt

Stereographic sunpath diagrams helped inform each group about a number of 
important elements of the site. The base layer is a gray shading mask generated 
from the solar pathfinder imagery obtained at the site. The shading mask with 
the radiation overlay determines how much of the radiation will get shaded out, 
making it unavailable for solar heating. Based on the radiation plotted below, not 
very much is shaded out, so a normal southern exposure will yield the most solar 
gain throughout the year.

EUGENE, OR Solar radiation (kBtu/ft2 mo) on a surface of tilt: 

Mo D65 90° 80° 70° 60° 50° 40° 30° 20° 10° oo 
Jan 753 19 20 21 21 21 20 19 17 15 12 
Feb 617 22 23 25 25 25 25 24 22 20 17 
Mar 569 28 31 33 35 36 36 36 34 32 29 
Apr 446 27 32 36 39 42 43 44 44 42 40 
May 307 27 33 38 43 47 50 52 53 53 52 
Jun 157 27 34 41 47 53 57 61 63 63 62 
Jul 36 31 39 47 54 60 65 68 69 69 67 
Aug 31 36 43 50 56 60 63 65 64 63 59 
Sep 121 36 41 45 48 49 50 49 47 43 39 
Oct 382 32 35 37 38 39 38 37 34 31 27 
Nov 603 17 18 19 19 19 18 17 16 14 12 
Dec 784 15 16 16 16 16 15 14 13 11 9 

- - -

Highest solar gain per month Optimum Tilt Angle 
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Winter 2020 Passive Heating Strategies for Silverton, Oregon

FIG. 16 

Sunpath diagram 
showing hourly
solar radiation 
intensities as well as site
shading, Dec-June

FIG. 17 

Sunpath diagram 
showing hourly
solar radiation 
intensities as well as site
shading, June-Dec

Recommendations:
• Tilt solar collecting glass 50 degrees above the horizon.
• Orient building to the south or south-southwest to maximize glazing effectiveness

Stereographic Sunpath Diagram 
N 

Latitude 45N 
Hour lines are shown in solar time. 

w 

s 

D < 50 Btu/sqft D 50-150 Btu/sqft ■ > 150 Btu/sqft 

Stereographic Sunpath Diagram 
N 

Latitude 45N 
Hour lines are shown in solar time 

w E 

s 

□ < 50Bt u/sqft □ 50-150B!u/sqft ■ > 150B!u/sqft 
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Conclusion

Conclusion

As environmentally-friendly design grows more mainstream, 
it is increasingly important that sustainable strategies 
are employed on a well-grounded, scientific basis. Close 
attention to the building’s site and climate is critical to the 
proper design of these green buildings.

The University of Oregon Passive 
Heating class thoroughly researched 
and analyzed the proposed site for the 
new Silverton police station and city 
hall. Five key findings were present in 
each group’s analysis. First, the project 
is expected to have an approximate 
8-month heating season in the Silverton 
climate, causing the months of interest 
for clear-sky sun angles as well as 
extent of cloud cover to be October 
through May. Second, the best-suited 
passive solar heating strategies are 
expected to include direct-gain spaces 
such as atria, lobbies, and cafes 
where intermittent bright sunlight is 
acceptable; thermally separate spaces 
such as sunspace corridors that can 
deliver warm air to adjacent spaces 
and/or buffer those spaces from the 
cooler exterior; and flat collectors that 
deliver warm air rapidly to occupied 
spaces. Third, a due south or slightly 
southwest building orientation would 
be ideal to minimize shading by site 
trees. Fourth, solar-collecting glazing 
should be tilted between 40 and 50 

degrees. Fifth, the glazing chosen for 
the solar collecting glass should have a 
high solar heat gain coefficient (SHGC), 
with a U-value as low as the high SHGC 
will permit; new “high solar gain Low-E” 
assemblies are worth consideration.
Sixth, moveable insulation should 
be employed to prevent heat loss at 
night, with excellent edge sealing 
to avoid the circulation of warm air 
behind the insulation to reach cold 
glass. This should be as convenient 
to operate as possible, to ensure that 
it is operated daily. Seventh, thermal 
mass should be sized carefully for 
Silverton’s climate using appropriate 
performance simulators. And finally, the 
opportunity for thermal delight should 
be celebrated in the design.

We are delighted that the city of 
Silverton is exploring passive heating 
strategies in their new buildings, 
and we look forward to supporting 
these efforts as they proceed. This 
project has exceptional potential to 
embody climate-responsive design in 
contemporary Oregon architecture.
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Appendix A
Brooke, EJ, and Kyle
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Site Plan
Silverton, Oregon. 

 Sequiola 
Ht 165 feet 
(86% Branch Densit 

Doughlas Fir 
Ht 147.81 feet (6B 

Cherry Blossom 
Ht 21 .24 feet 120% 

Cherry Blossom 
Ht 21 .24 feet 120 

Big Leaf Maple -
Ht 57.73 feet (27% Branch Density) 

O' 50' 100' 

~ 
Site Tree Heights 

and Branch Densty 

Doughlas Fir 
Ht 42. 7 ft (86% Branch Density) 

Oregon White Oak 
Ht 77.65 feet (46% Branch Density) 

Oregon White Oak 
Ht 83.12 feet (46% Branch Density) 

Oregon White Oak 
Ht 124.17 feet (46% Branch Densit y) 

Oregon White Oak 
Ht 105 feet (46% Branch Density) 

Big Leaf Maple 
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Oregon White Oak 
Ht 57. 73 feet (46% Branch Density) 
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Site Sections
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Point 5 and 6 w
ere the m

ost optim
al location for the proposed 

buildings due to their increase in solar exposure and lack of 
shainding influences (e.g. trees)

Solar Site Survey
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Silverton, OR Climate Data

● Weather file for Salem, OR was used due to 
lack of weather file for Silverton, OR 

● Highs: 65 F; Lows: 38 F 
● Cloudy winters and sunny summers

Source: Climate.onebuilding.org, “TMYx 2004-2018 weather file”. 
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D
esign Intent 

●
Accom

plish positive therm
al gains w

ith lasting im
pact throughout the day and night both 

socially and experim
entally 

●
C

apture heat throughout the day from
 solar gains and redistribute it back into the space 

●
Avoid integrating w

ork/private environm
ents w

ith high therm
al fluctuations due to 

passive technologies 
●

M
aintain a consistent tem

perature in the space, helping m
itigate m

echanical system
 

usage
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Envelope Assembly Areas and U-Values

Envelope Assembly Areas and U-Values  

Envelope Heat loss 

Envelope Infiltration 

Building Internal Heat Gains 

Balance Point Temperature 

Heating Season 

Optimal Solar Collector Tilt 

Solar Collector System 

Moveable Insulation System 

Thermal Mass

Source: American Society of Heating Refrigeration, and Air Conditioning Engineers. 2016., Table 5.5-4. 

Police Building (2 story) 

Total Floor Area: 27,000 SF 
 Floor 1: 18,000 SF 
 Floor 2: 9,000 SF 
Height: 24 ft 
Width: 60ft 
Length: 300 ft 
Total Glazing Area: 30% window to 
wall ratio 

City Hall (2 story) 

Total Floor Area: 15,750 SF 
 Floor 1: 10,500 SF 
 Floor 2: 5,250 SF 
Height: 24 ft 
Width: 60ft 
Length: 175 ft 
Total Glazing Area: 30% window to 
wall ratio 

Table 5.5-4 Building Enl/9/ope Requirements for Climate Zone 4 (A,B,C)* 
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abo,odsck_ 
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Building Heat Loss / Gain

● All monthly heat loss 
through envelope and 
infiltration were based on 
approximate size of each 
building 

● All internal loads were 
calculated using 24 hour 
occupancy

Envelope Assembly Areas and U-Values  

Envelope Heat loss 

Envelope Infiltration 

Building Internal Heat Gains 

Balance Point Temperature 

Heating Season 

Optimal Solar Collector Tilt 

Solar Collector System 

Moveable Insulation System 

Thermal Mass

Source: Grondzik, Walter T., and Kwok, Alison G. Mechanical and Electrical Equipment for Buildings. Thirteenth ed., John Wiley & Sons, Inc., 2019. 

Monthly envelope heat loss (kBtu ), Monthly infiltration heat loss 
(kBtu) and Monthly internal heat gain (kBtu) 

- MonWy envelope he,I Ion (kBtu) - Monthly infdtratton heat Ion (kBtu) 
- Monlhly ln1emal l'leat gain (kBtu) 

75,000 

-~~ -fr 
"~----------- - -~------
-25.000 

• - - • • • • - • m - ~ 

Police Building: Monthly Envelope Heat loss (kBtu) 

.11111. .di 
Police Building: Monthly Infiltration Heat loss (kBtu) 

150,000 

.11111. .di 
"'<Js.r,IOcl-0.C 

Police Building: Daily Internal Heal Gain (Btu) 

-

City Hall: Monthly Envelope Heat loss (kBtu) 

, 11111. .di 
City Hall: Monthly Infiltration Heal loss (kBtu) 

, 11111. .di 
"'<I s.r,I Ocl - o.c 

City Hall: Daily Internal Heat Gain (Btu) 

-
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Balance Point Temperature / Heating Season

The outdoor temperature at which internal + solar heat gains “balance” 
envelope heat losses, to maintain a desired indoor temperature, over the 
course of a 24 hour day. 

Our BPT is:  55oF 

Our Heating Season is:  
Oct - May

Envelope Assembly Areas and U-Values  

Envelope Heat loss 

Envelope Infiltration 

Building Internal Heat Gains 

Balance Point Temperature 

Heating Season 

Optimal Solar Collector Tilt 

Solar Collector System 

Moveable Insulation System 

Thermal Mass

Source: Grondzik, Walter T., and Kwok, Alison G. Mechanical and Electrical Equipment for Buildings. Thirteenth ed., John Wiley & Sons, Inc., 2019. 

Heating Season 

LL 
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60 
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Monthly Average Dry Bulb Temperatures 
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Optimal Solar Collector Tilt

● 30 degrees tilt is the optimal angle for our solar collector 
given the climate of Silverton, OR 

● Decision based on calculating average solar radiation 
exposure for each angle per month

Envelope Assembly Areas and U-Values  

Envelope Heat loss 

Envelope Infiltration 

Building Internal Heat Gains 

Balance Point Temperature 

Heating Season 

Optimal Solar Collector Tilt 

Solar Collector System 

Moveable Insulation System 

Thermal Mass

Source: Grondzik, Walter T., and Kwok, Alison G. Mechanical and Electrical Equipment for Buildings. Thirteenth ed., John Wiley & Sons, Inc., 2019. 

Solar Radiation (kbtu/ft2 month) on a surface of tilt 
D65 go· so· 10· 60" so· 40" 30· 20· 10· o· 

January 731 19 20 21 21 20 20 18 16 14 12 
February 594 22 24 25 26 26 25 24 22 20 17 
March 522 29 33 35 37 38 38 37 36 33 30 
April 383 27 31 35 38 40 41 42 41 40 37 
May 224 28 34 40 45 49 52 54 54 54 52 
June 91 27 33 40 45 50 53 56 58 58 57 
July 17 31 38 45 51 56 59 62 63 63 61 
August 10 34 41 47 52 56 58 59 59 57 54 
September 76 34 39 42 45 47 47 47 45 42 38 
October 315 28 31 32 34 34 33 32 30 27 24 
November 551 17 18 19 19 19 19 18 16 15 13 

December 763 17 18 19 19 18 17 16 15 13 10 
Avg. solar radiation 26.1 30.0 33.3 36.0 37.8 38.5 38.8 37.9 36.3 33.8 
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Solar Collector System 

Design Intent for Heat Return:  
● Direct solar gains for heat return 
● Thermal delight 

Climate Characteristics: 
● Overcast/low sun exposure

Envelope Assembly Areas and U-Values  

Envelope Heat loss 

Envelope Infiltration 

Building Internal Heat Gains 

Balance Point Temperature 

Heating Season 

Optimal Solar Collector Tilt 

Solar Collector System 

Moveable Insulation System 

Thermal Mass

Source: Grondzik, Walter T., and Kwok, Alison G. Mechanical and Electrical Equipment for Buildings. Thirteenth ed., John Wiley & Sons, Inc., 2019.

Is the south fac,ade available 
for solar-collecting glass? 

!yes! 
SUNSPACE (SS) 

Is an outdoor room desirable? 

Are daytime heat and 
glare acceptable? 

Fig. 11.25 Decision tree for passive solar heating system selection. 

D option la 

D option lb 

D option 2 

Is the winter sunny 
and is the site unshaded? 
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Movable Insulation System

Intent: To reduce envelope,  infiltration and interior heat loss, the flat collector glazing 
is covered with movable nighttime insulation that features a rubber gasket seal. 

Envelope Assembly Areas and U-Values  

Envelope Heat loss 

Envelope Infiltration 

Building Internal Heat Gains 

Balance Point Temperature 

Heating Season 

Optimal Solar Collector Tilt 

Solar Collector System 

Moveable Insulation System 

Thermal Mass

Source: Source: Grondzik, Walter T., and Kwok, Alison G. Mechanical and Electrical Equipment for Buildings. Thirteenth ed., John Wiley & Sons, Inc., 2019. 

\ 

--- Direct Gain Floor 



40

Therm
al M

ass Proposal - D
irect G

ain Floor  

C
oncrete M

ass 
●

Logic: C
oncrete can store therm

al energy 
deep w

ithin itself and em
m

it that heat 
consistently over a long period of tim

e 
●

P
osition: B

elow
 flat collector  

●
Thickness: 3.6 (in) 

●
Volum

e: 449 sf 

S
late M

ass 
●

Logic: S
late is very sim

ilar to concrete, 
how

ever it excels in solar absorptance, 
therm

al conductivity and em
issivity 

●
P

osition: B
elow

 flat collector 
●

Thickness: 9.5 (in) 
●

Volum
e: 1,183 sf

C
oncrete P

roperties 
●

D
ensity: 140(Ib/sf) 

●
 S

pecific H
eat C

apacity: 0.189 (B
tu/Ib F) 

●
 Volum

etric H
eat C

apacity: 29 (B
tu/sf F),  

●
A

bsorb Factor: 0.60 
●

Therm
al C

onductivity: 0.231-0.405 (B
tu/ft F) 

S
late P

roperties 
●

D
ensity: 80 (Ib/sf) 

●
 S

pecific H
eat C

apacity: 0.182 (B
tu/Ib F) 

●
 Volum

etric H
eat C

apacity: 15 (B
tu/sf F),  

●
A

bsorb Factor: 0.87 
●

Therm
al C

onductivity: 1.16 (B
tu/ft F) 

E
nvelope A

ssem
bly A

reas and U
-Values  

E
nvelope H

eat loss 

E
nvelope Infiltration 

B
uilding Internal H

eat G
ains 

B
alance P

oint Tem
perature 

H
eating S

eason 

O
ptim

al S
olar C

ollector Tilt 

S
olar C

ollector S
ystem

 

M
oveable Insulation S

ystem
 

Therm
al M

ass

S
ource: “E

m
issivity C

oefficients for S
om

e C
om

m
on M

aterials.” E
ngineering ToolB

ox, w
w

w
.engineeringtoolbox.com

/radiation-heat-em
issivity-d_432.htm

l.
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Section Drawings

15 ft

West - East Section 
Heat Gain System: Flat Collector 
- 30 Degree Tilt 

■ Thermal Mass: Direct Gain Floor 
- 3.6 in thick, 1 S ft long 

■ Night Insulation: Flat Collector Cover - ..... 

- - ...... - -
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C
onclusions 

C
entral R

ecom
m

endations:  

●
Intent: To design a passive a building w

ith passive heating strategies. 
●

O
ptim

al O
rientation: Based on our calculations and clim

ate data the optim
al 

tilt for our solar collector should be 30 degrees. 
●

G
lazing C

hoice: G
lazing for our solar collector should have a high SH

G
C

 and 
a low

 U
-value such that it w

ill allow
 the m

ost solar radiation to transm
it 

through the glass. 
●

System
 Type: Flat solar collector 

●
Therm

al M
ass: A C

oncrete or slate floor m
ass in the C

ity H
all gathering room

.  
●

M
ovable Insulation: M

ovable panel w
ith rubber gasket seal. 



44

Appendix B
Nick and Alex
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Silverton Proposal:
Passive H

eating StrategIES

A
le

xan
d
ria C

lark &
 N

ick D
w

o
rshak 

A
R
C

H
 49

4M
/59

4M
 

U
nive

rsity o
f O

re
g
o
n 

3/17/20
20
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Design Intent

● Variety of Thermal Spaces for 
Thermal Delight 

● South Facing Glazing for best sun 
exposure 

● Vernacular Design & Materials 
● Opportunity for Natural Light 
● Designed for the heating needs of 

February. 
● Non-Invasive Moveable Insulation

Natural Light 

Movable  
Insulation 

Vernacular 
Architecture

'/ 
~ 

~ 

~ 
~ 
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Site PLAN
Tree D

ensities

G
iant 

S
e
q
u
o
ia 

(73.3%
)

S
p
ru

ce
 

(76
.3%

)
M

ap
le

 
(36

%
)

O
ak        

(33%
)

C
alle

ry 
P
e
ar 

(24%
)

1.
2.

3.

4.
5.

1.
2.

3. 4.

5.

1.
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We combined the area and density of 
the shade during daylight hours to find 
% Coverage at each location. We 
chose photo 4 to represent the average 
shade conditions for the building at it’s 
ideal location for further solar analysis. 

Sun Exposure-
PathFinder Data

1. 2. 3. 4. 5. 6. 7. 8.

9. 11.10. 12. 13. 14. 15.

• 15 -20% SHADE COVERAGE \ 
'\ 

I 
\ 't ~ I 

,\\•@-\ 
• 10-15% SHADE COVERAGE 

\ 

• 5- 10% SHADE CONVERAGE 

0 0-5% SHADE COVERAGE 
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O
ptim

al O
rientation

W
hich d

ire
ctio

n the
 g

lazing
 sho

u
ld

 b
e
 facing

, b
ase

d
 o

ff o
f the

 
S
o
lar R

ad
iatio

n D
ata fo

r a 50
 °F tilt, as w

e
ll as the

 shad
o
w

s caste
d
 

o
n the

 site
 b

y ne
arb

y tre
e
s an

d
 b

u
ild

ing
s.  

C
H

O
SEN

 O
R

IEN
TATIO

N
: S

o
u
th
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Tilted SOLAR RADIATION

LEGEND 

TILTED SURFACE RADIATION 

(Btu/sq.ft) 

49•/4 ■ Night Time 

15% ■ 1 50 

12% 0 50 - 100 

10% ■ 100 - 150 

14% ■ > 150 

Tilted Surface Radiation: 

~ BearingdegreesfromSouth 

(South • 0°,West • +90°) 

~ %Ground Reflectance 

{20%•grass) 

Latitude /Longitude: 44 .909 17° North , 123 .0083° West , nme Zone from Greenwich -8 

Data Source : ISD-T MYx 726940 WMO Station Numbe r, Elevati on 203 fl 

0 a.m. 

2 a.m. 

4 a.m. 

6 a.m. 

8 a.m. 

10 a.m. 

12 noon 

2 p.m. 
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StereoGraphic Sun-Path Diagrams
January• June 
Optimum Orientation: 
South 

w 

170 

10 

N 170 

s 10 

Hour lines shown in solar time 

~ 1 ~ 
D 

"'' .;J."' 
E 

w,f>-l'-1-' 

July - December 
Optimum Orientation: 
South 

w 

170 N 

10 s 

Hour lines shown in solar time 
170 

"'' ,::,0 
~ 

c-,<S 
-i' 

E 

oc"'1-' 

10 
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GLOBAL HORZ. SOLAR RADIATION

The Global Horizontal Solar Radiation Chart is evidence that flat surfaces are not ideal for 
collecting solar gains during the heating season. While there is an abundance of Solar 
Radiation during the middle of the year, it does not expand into months that actually need 
it for our climate (as compared to the 50 deg. Tilt Solar Radiation graph above). 

TIMETABLE PLOT 

LEGEND 

[Btul1q.ft) 

'9'll. ■ NlghtTlm• 

15% ■ 1 • SC 

'll'll. CI S(l -100 

n. ■ 100 - 150 

14% ■ >1SC 

~ •=•= 

@Mon11i\'A"II QO.Ji' 

LOCATION: Salem Muni AP-McNary Field, OR, USA 
L1tltudell..ongltud1 : 44 90917" Nonh, 123 0083" West , Time 2on1 from Greenwich -8 

ISD-TMYJ 7269◄0WMO Stat10n Number, El1v1tion 203 n Average Air Temperatures 
80 

60 

~ 
~ 
~ 

40 

" C. 
E 
~ 

20 

0-----------------------------
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Month 
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Building
Placem

ent

●
S
o
u
th O

rie
ntatio

n 

●
P
lace

d
 in a sp

o
t w

hich has the
 le

ast shad
e
 an

d
 inte

rru
p
tio

n.  

●
S
e
t far e

no
u
g
h ap

art to
 avo

id
 o

ne
 b

u
ild

ing
 fro

m
 shad

ing
 

the
 o

the
r.  

●
East to

 W
e
st le

ng
th to

 allo
w

 fo
r the

 m
o
st S

o
u
the

rn 

Exp
o
su

re
 an

d
 o

p
p
o
rtu

nity fo
r natu

ral lig
ht.  
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Balance Point Temperature
Definition: The building balance point temperature is the outdoor air temperature when the 
heat gains of the building are equal to the heat losses. 

Internal Gains = Envelope Losses + Infiltration Losses

POLICE STATION - BPT 44 (F) CITY HALL - BPT 56 (F)

Average Outdoor Air Temp. vs Balance Point Temp. 
■ Monthly average air temperature (F) ■ Monthly average air temperature above BPT (F) 

- Balance Point Temperature (F) 

80 

a. 60 
E 
~ 

< 
g 40 

,l 

6 
t 20 I ■ ■ -I 1-1 1-1 1-1 1-1 1-1 1-11-■ ■ 

o • • • r, r, r, r, r, r, r"' • • 

- - - ~ - - ~ ~ ~ ~ - = 
Month 

Average Outdoor Air Temp. vs Balance Point Temp. 

■ Monthly average air temperature below BPT (F) ■ Monthly average air temperature above BPT (F) 

- Balance Point Temperature (F) 
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Exam
p
le

 P
ro

b
le

m
: M

arch (A
vg

. O
u
td

o
o
r: 47 F) 

q
 e

nv = (1,546
 B

tu
/hF) * (6

8
 F - 47 F) * (720

 h) 

 
= 23,374,310

 B
tu

   O
R
     = 23,374 kB

tu

Envelope Losses:

C
IT

Y
 H

A
LL -

P
O

LIC
E S

T
A

T
IO

N
 -

●
Σ
U

A
 = 1,546

 (B
tu

/hF) 
-

S
u
rface

 A
re

a 
-

U
-V

alu
e
 

●
D

e
sire

d
 In

d
o
o
r Te

m
p
e
ratu

re
 (F) : 6

8
 

●
H

o
u
rs in a m

o
nth: (h) : 720

●
Σ
U

A
 = 1,720

 (B
tu

/hF) 
-

S
u
rface

 A
re

a 
-

U
-V

alu
e
 

●
D

e
sire

d
 In

d
o
o
r Te

m
p
e
ratu

re
 (F) : 6

8
 

●
H

o
u
rs in a m

o
nth: (h) : 720

q
 e

nv = Σ
Q

A
 * Δ

T

Exam
p
le

 P
ro

b
le

m
: M

arch (A
vg

. O
u
td

o
o
r: 47 F) 

q
 e

nv = (1,720
 B

tu
/hF) * (6

8
 F - 47 F) * (720

 h) 

 
= 26

,0
0
3,376

 B
tu

   O
R
     = 26

,0
0
3 

kB
tu
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Exam
ple P

ro
blem

: M
arch (A

vg
. O

utdo
o
r: 47 F) 

q
 inf = (114,750 ft^3) * (0.24 B

tu/lb F) * (0.075 lb/
ft^3) *(6

8 F - 47 F) * (720 h) 

 
= 39

,39
5,16

0 B
tu   O

R
     = 39

,39
5 

kB
tu

Infiltration Losses:

C
ITY

 H
A

LL -

PO
LIC

E S
TA

TIO
N

 -

●
V
o
lum

e (V
) = 114,750 (ft^3) 

●
A

ir D
ensity (ρ

) = 0.075 (lb/ft^3) 
●

A
ir H

eat C
apacity (cp) = 0.24 (B

tu/lb F) 
●

D
esire

d Indo
o
r Tem

perature (F) : 6
8 F 

●
H

o
urs in a m

onth: (h) : 720 h

●
V
o
lum

e (qⅴ) = 16
5,000 (ft^3) 

●
A

ir D
ensity (ρ

) = 0.075 (lb/ft^3) 
●

A
ir H

eat C
apacity (cp) = 0.24 (B

tu/lb F) 
●

D
esire

d Indo
o
r Tem

perature (F) : 6
8 F 

●
H

o
urs in a m

onth: (h) : 720 h

q
 inf = (cp) * (ρ

) *(n) *(V
) * (Δ

T)

Exam
ple P

ro
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: M
arch (A

vg
. O

utdo
o
r: 47 F) 

q
 inf = (16

5,000 ft^3) * (0.24 B
tu/lb F) * (0.075 lb/

ft^3) *(6
8 F - 47 F) * (720 h) 

 
= 44,9

06
,400 B

tu   O
R
     = 44,9

06
 kB

tu
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Exam
ple

 P
ro

ble
m

: G
ains fro

m
 P

e
o
ple

 

q
 int = (2.3 B

tu/hsf) * (12 h) * (14,475 sf) 

 
= 39

9
510

 B
tu   O

R
   = 39

9
.5 kB

tu

Internal G
ains:

C
IT

Y
 H

A
LL -

P
O

LIC
E S

T
A

T
IO

N
 -

●
P
e
o
ple

: 2.3 (B
tu/hsf) 

●
Lig

hts: 2.73 (B
tu/hsf) 

●
Eq

uipm
e
nt: 1.6

7 (B
tu/hsf) 

●
O

ccupie
d
 ho

urs p
e
r d
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●

B
uild

ing
 A
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●
P
e
o
ple

: 2.3 (B
tu/hsf) 

●
Lig

hts: 2.73 (B
tu/hsf) 

●
Eq

uipm
e
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●
O
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d
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urs p
e
r d

ay (h): 24 h 
●

B
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ing
 A
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,50

0
 sf

q
 int =  (Inte

nsity B
tu/hsf)*(hrs)*(B

uild
ing

 A
rea)

Exam
ple

 P
ro

ble
m

: G
ains fro

m
 P

e
o
ple

 

q
 int = (2.3 B

tu/hsf) * (24 h) * (16
,50

0
 sf) 

 
= 9

10
,8

0
0
 B

tu   O
R
   = 9
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.8

kB
tu
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M
onth

M
onthly	average	air	
tem

perature	(F)
M
onthly	envelope	heat	

loss	(kBtu)
M
onthly	infiltration	heat	

loss	(kBtu)
M
onthly	internal	

heat	gain	(kBtu)
N
et	heat	loss	(kBtu)

Jan
41

33,433
57,737

61,024
30,146

Feb
42

32,195
55,598

61,024
26,769

M
ar

47
26,003

44,906
61,024

9,886

Apr
50

22,289
38,491

61,024
-244

M
ay

55
16,097

27,799
61,024

-17,127

Jun
62

7,430
12,830

61,024
-40,764

Jul
69

1,238
2,138

61,024
-57,647

Aug
68

0
0

61,024
-61,024

Sept
63

6,191
10,692

61,024
-44,140

O
ct

54
17,336

29,938
61,024

-13,750

N
ov

45
28,480

49,183
61,024

16,639

Dec
38

37,148
64,152

61,024
40,276

Total
--

--
--

--
123,717

Net Heat Loss - Police Station

+ 

+ 

+ + + 

+ 
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Loss vs Gains - Police Station

Total Heat Loss vs Internal Heat Gain 
e Total Heat Losses (kBtu) - • Monthly internal heat gain (kBtu) 

125000 
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Net Heat Loss - City Hall

M
onth

M
onthly	average	air	
tem

perature	(F)
M
onthly	envelope	heat	

loss	(kBtu)
M
onthly	infiltration	heat	

loss	(kBtu)
M
onthly	internal	

heat	gain	(kBtu)
N
et	heat	loss	(kBtu)

Jan
41

30052.6848
50650.92

26767.17
53936.4348

Feb
42

28939.6224
48774.96

26767.17
50947.4124

M
ar

47
23374.3104

39395.16
26767.17

36002.3004

Apr
50

20035.1232
33767.28

26767.17
27035.2332

M
ay

55
14469.8112

127565.28
26767.17

115267.9212

Jun
62

6678.3744
11255.76

26767.17
-8833.0356

Jul
69

1113.0624
1875.96

26767.17
-23778.1476

Aug
68

0
0

26767.17
-26767.17

Sept
63

5565.312
9379.8

26767.17
-11822.058

O
ct

54
15582.8736

26263.44
26767.17

15079.1436

N
ov

45
25600.4352

43147.08
26767.17

41980.3452

Dec
38

33391.872
56278.8

26767.17
62903.502

Total
--

--
--

--
403152.2928

+ + + 

+ + + + + 

+ + + + + 

+ + + + + 

+ 
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Loss vs Gains - City Hall

Total Heat Loss vs Internal Heat Gain 
e Total Heat Losses (kBtu) - • Monthly internal heat gain (kBtu) 
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Tilted W
indows

W
hat ang

le is b
est at allo

w
ing

 S
o
lar R

adiation penetrate thro
ug

h the g
lazing

. This w
ill 

depend on the decide
d heating

 season and the site lo
cation. W

ith the pro
per ang

le o
f 

incidence, w
e w

ill have o
ptim

al lig
ht transm

ission.  

O
PTIM

AL TILT
: 50 D

eg
rees
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Solar R
adiation Table -

50 degree tilt
 

M
onth

O
ptim

al	Tilt	(D
egrees)

Solar	Radiation	(kBtu/ft^2)

Jan
50,	60,	70

21

Feb
40,	50,	60,	70

25

M
ar

30,	40,	50
36

Apr
20,	30

44

M
ay

10,	20
53

O
ct

50
39

N
ov

50,	60,	70
19

D
ec

50,	60,	70,	80
16

●
H

ig
he

st S
o
lar R

ad
iatio

n d
u
ring

 the
 

H
e
ating

 S
e
aso

n. 
-

Janu
ary 

-
Fe

b
ru

ary 
-

M
arch 

-
O

cto
b
e
r 

-
N

o
ve

m
b
e
r 

-
D

e
ce

m
b
e
r

●
U

se
d
 fo

r b
o
th b

u
ild

ing
s fo

r 
u
nifo

rm
ity. 

+ + 
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G
lazing Type

C
ho

o
sing

 a type o
f g

lass w
hich w

ill allo
w

 the m
o
st S

o
lar G

ains. 

G
o
als: 

●
H

ig
h S

o
lar H

eat G
ains (S

H
G

C
) 

●
D

o
uble G

lazing
 

●
Lo

w
-E C

o
ating

 on S
urface  

C
ho

sen G
lazing

: D
o
uble Lo

w
-E 

●
S
H

G
C

: 0.754 
●

Lo
w

-E C
o
ating

 on S
urface #

3 
●

U
-V

alue: 0.273 B
TU

/h sf F 
●

A
ir g

ap: X
enon 
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G
lazing Area

T
he

 sq
u
are

 fo
o
tag

e
 o

f g
lazing

 ne
e
d
e
d
 to

 fu
lfill a larg

e
 p

o
rtio

n o
f the

 m
o
nthly he

ating
 

ne
e
d
 d

u
ring

 the
 he

ating
 S

e
aso

n.  

C
hosen Area(s) 

-
C

ity H
all: 150

0
 sq

 ft 
-

P
o
lice

 S
tatio

n: 10
0
0
 sq

 ft
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Glazing Area -
City Hall

We chose 1,500 sf 
because when designing 
for February, is was 
capable of fulfilling about 
half of the heating need 
without being over 
designed for later months 
of the heating need. 

Heating Need vs Solar Radiation per Glazing Area 

:::, 

in 
C, 

ro 
Q) 

I 

■ Net heat loss e Solar Gain - 500 sf e Solar Gain - 1000 sf e Solar Gain - 1500 sf 

80000 

60000 

40000 

20000 

0 
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Month 
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Glazing Area -
Police Station

We chose 1,000 sf 
because when designing 
for February, is was 
capable of fulfilling about 
two thirds of the heating 
need without overheating 
(as shown with the 1,500 
sf). 

Heating Need vs Solar Radiation per Glazing Area 

:::, 

in 
::=-
co 
Q) 

I 

■ Net heat loss e Solar Gain - 500 sf e Solar Gain - 1000 sf e Solar Gain - 1500 sf 

80000 

60000 

40000 

20000 

0 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Month 
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SYSTEM
 TYPES

C
ho

o
se Passive S

ystem
s that are m

o
st appro

priate fo
r a co

m
m

ercial building
 in the 

appro
priate C

lim
ate.
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● Sun Space  (SS) - Great method for Thermal Delight in break rooms, cafe spaces, and corridors. Thermal Delight. 

● Direct Gain (DG) - In areas that have a lot of light, and are allowed glare (non-working spaces). 

● Flat Collector (FC) -Versatile Design. Works well in colder climates for morning heating. 

● Atrium (AT) - Good for large public areas, internal natural lighting opportunity from South.. 

WHAT PASSIVE SYSTEM DO YOU CHOOSE?

Is an outdoor room desirable? 

yes n 

r 'r 

Is the south fac;:ade available Are daytime heat and no Is the winter sunny 
for solar-collecting glass? glare acceptable? ~ and is the site unshaded? 

yes no yes yes no 

,r ,r ,r ,r ,r 

SUNSPACE (SS) ATRIUM (AT) DIRECT GAIN (DG) TROMBE WALL (TW) FLAT COLLECTOR (FC) 

Fig. 11.25 Decision tree for passive solar heating system selection. 
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Therm
al M

ass
B
asalt (w

all) and C
oncrete (flo

o
r) 

●
M

o
derate Therm

al C
onductivities 

●
V

ernacular m
aterial/A

esthetic quality 
●

B
asalt H

eat C
apacity: 0.2 B

TU
/lb F 

●
C

oncrete H
eat C

apacity: 0.19
 B

TU
/lb F 

S
unspaces 

●
2”-4” Thick 

●
C

ity H
all W

all M
ass: 57,49

0 lbs 
●

C
ity H

all Flo
o
r M

ass: 28,9
42 lbs 

●
Po

lice S
tation W

all M
ass: 9

0,341 lbs 
●

Po
lice S

tation Flo
o
r M

ass: 28,9
42 lbs 
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W
hy Sunspaces?

●
T
he

rm
al D

e
lig

ht S
p
ace

s (te
m

p
o
rarily o

ccu
p
ie

d
) to

 cre
ate

 sp
ace

s that 
have

 varie
ty b

u
t w

ill no
t o

ve
rw

he
lm

 o
the

rs w
ho

 m
ay p

e
rce

ive
 it as to

o
 

ho
t.  

●
S
o
u
th facing

 ro
o
m

s 
●

H
e
at is ab

so
rb

e
d
 an

d
 rad

iate
d
 into

 ad
jace

nt ro
o
m

s 
●

2”-4” thick 
●

T
hicke

r in P
o
lice

 S
tatio

n an
d
 thinne

r in C
ity H

all 
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● Early Morning - Flat Collectors 
● Mid-Day -  Low-Mass SS and TW. 
● Evening - DG at Floor

City Hall POLICE STATION

● Early Morning - Flat Collectors 
● Evening - DG at Floor 
● All Night - High Mass TW, DG, and 

SS. 

EARLY MORNING 
or at a distance 
from the collector 

AIR 

FLAT COLLECTOR 

VENTEDTW 

NO-MASS SS, DG, AT 

When is heat needed most? 

MID-DAY 

WATER 

WATERTW 

SS WATER WALL 

SOLID 

LOW-MASS 

SS, DG, AT, TW 

EVENING 

SOLID 

DG, SS, AT FLOOR 

MEDIUM-MASS TW 

ALL NIGHT 

SOLID 
WATER 
or PCM 

WATER BARRELS 

PCM PANELS 

Fig. 11.37 Decision tree for thermal mass configuration in conceptual design. 7W = Trombe wall; ss = sunspace; DG = direct gain; AT 
= atrium; PCM= phase-change material. Low, medium, and high mass levels are defined in Table 11.2. 
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Building Plan
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b
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p
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d
e
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p
e
n atriu

m
 

●
N

e
u
tral W

o
rk S

p
ace

s: N
o
n 

sp
e
cific te

m
p
e
ratu

re
s to

 
acco

m
m

o
d
ate

 the
 m

asse
s.  

●
S
u
n S

p
ace

 C
o
rrid

o
rs: Te

m
p
o
rary 

u
se

 circu
latio

n sp
ace

.  
●

Flat C
o
lle

cto
rs: In ro

o
m

s that are
 

no
t g

o
o
d
 w

ith g
lare
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M
O

VABLE INSULATIO
N

!
D

iscrete: R
em

ains relatively 

unno
ticeable o

r ab
rasive.  

●
C

an b
e M

o
dern: S

leek curtain 

m
aterials 

●
P
revents Leakag

e: S
ew

n in ro
ds w

hich 

snap into
 the w

all to
 prevent leakag

e.  

●
Easy S

to
rag

e: P
ushe

d to
 the sides 

w
itho

ut taking
 up nee

de
d space.  

●
Lo

w
 R

-V
alue: C

o
uld have tro

uble 

actually insulating
 the space unless a 

certain fab
ric w

ere cho
sen. 

●
V

ertical G
lass: W

o
uld no

t o
perate 

w
ell on the preferre

d tilte
d g

lass.  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●
Easy to

 o
p
e
rate

: T
his syste

m
 slid

e
s 

u
p
 o

n a track an
d
 re

tracts e
asily. 

●
C

o
ve

ring
 P

o
te

ntial: C
o
u
ld

 co
ve

r 
o
ne

 o
r m

u
ltip

le
 skylig

hts at o
nce

. 

●
W

o
o
d
 P

ane
ling

 to
 m

atch w
all 

sid
ing

:T
his p

ane
ling

 m
atche

s the
 

inte
rio

r an
d
 is no

t no
ticab

le
 w

he
n 

b
e
ing

 u
se

d
. 

●
W

e
ar an

d
 Te

ar: T
his has the

 
p
o
te

ntial to
 fall ap

art o
r 

m
alfu

nctio
n o

ve
r tim

e
.  

●
Q

u
e
stio

nab
le

 S
e
al: M

ay no
t b

e
 

ab
le

 to
 b

e
 clo

se
 e

no
u
g
h to

 the
 

w
in

d
o
w

 to
 p

ro
p
e
rly se

al.  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●
Easy to

 o
perate: These o

perate 
by a m

anual pulley system
 w

hich 
sho

uld b
e lig

ht and sm
o
o
th. 

●
H

idden panelling
: N

o
t a separate 

piece that requires sto
rag

e.  
●

W
ear and Tear: This has the 

po
tential to

 fall apart o
r 

m
alfunction o

ver tim
e.  

●
C

onvection: A
 leak in the seal 

co
uld create sig

nificant currents 
and dew

 along
 the g

lazing
. 

●
C

o
m

plex to
 B

uild: M
ig

ht no
t b

e 
easy to

 install into
 new

 o
r 

preexisting
 structures.  

M
O
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!
M

u
ltifu

nctio
nal: Is a g

o
o
d
 u

se
 o

f 
sp

ace
 d

u
ring

 the
 d

ay w
he

n it 
ne

e
d
s to

 b
e
 sto

re
d
. 

●
W

e
ar an

d
 Te

ar: T
his has the

 
p
o
te

ntial to
 fall ap

art o
ve

r tim
e
, 

e
sp

e
cially if p

e
o
p
le

 sit o
n it 

fre
q
u
e
ntly.  

●
C

o
nve

ctio
n: A

 le
ak in the

 se
al 

co
u
ld

 cre
ate

 sig
nificant cu

rre
nts 

an
d
 d

e
w

 alo
ng

 the
 g

lazing
. 

●
Lab

o
r Inte

nsive
: C

o
u
ld

 p
re

ve
nt 

p
e
o
p
le

 fro
m

 g
o
ing

 thro
u
g
h e

ffo
rt 

to
 p

u
t u

p
.  

●
D

ifficu
lt to

 O
p
e
rate

: M
ay b

e
 hard

 to
 

p
u
t u

p
 w

itho
u
t he

lp
.  

M
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SU
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Conclusion
● South Orientation 
● 5o Degree Glazing Tilt 
● High SHGC Glazing 
● City Hall - 1,500 sf Glass 
● Police Station - 1,000 sf Glass 
● None-Medium Thermal Mass 

Thickness 
● Use Moveable Insulation (Good 

Seal, high R-Value) 
● Provide a variety of room 

experiences for variety and 
“Thermal Delight”.  

Section Drawing

Movable Insulation 
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Appendix C
Olivia and Ben
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Solar Site Survey
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1.) Position on the site

Our Path�nder photos point to the middle of the site, 
slightly to the west and south of the actual center, as 
having the greatest solar exposure. Large trees 
occupy the northwest, east, and southeast edges of 
the site. These trees limit solar exposure on the east 
and south portions of the site, while only small trees 
exist to the west side of the site. These are newer 
trees however, so it would be best to push the site 
slightly to the center to account for future growth. 
The �nal chosen position on the site is #13.
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O
ptim

al Collector orientation

For m
onths June- D
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ber , the optim

al orientation is 
South, w

here the red indicates Btu/ft^
2 is greater than 150.

O
livia W

ebster, Ben M
artinez, Passive H

eating · A
RC

H
/EN

VS 494M
/594M

, U
O

, 3/18/2020

■ ■ ■ 



88

=
<

50 Btu/ft ^
2

=
50-150 Btu/ft^

2

=
>

150 Btu/ft^
2

Jun 21

D
ec 21

Jan 21 Feb 21

M
ar 21

A
pr 21

M
ay 21

5

6

7

8

9

10
11

12
1

2
3

4

5

6

7






-20

-15

-10 -5 0 5 10 15 20

Jan
F

eb
M

ar
A

pr
M

ay
Jun

Jul
A

ug
S

ep
O

ct
N

ov
D

ec
Jan

Equation of Time [mins]

M
onth

D
ifference betw

een S
olar T

im
e

and Local M
ean T

im
e






















For m
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ber-June, the optim

al orientation is 
South, w

here the red indicates Btu/ft^
2 is greater than 150.
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Building H
eat Loss
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Avg. Temperature (f*)
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M
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utdoor Air Tem
peratures

Balance Point Tem
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 72.3*

H
eating Season=

  M
onths that the avg tem

p is below
 69.3* 

(every m
onth based on 3* low

er than balance point tem
p)

Balance Point Tem
perature:

The outdoor air tem
perature at w

hich total heat gains equal total heat losses. A
llow

s 
one to estim

ate the heating season as m
onths that are 2 to 3 degrees cooler than the 

balance point tem
perature. 
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For m
onths D

ecem
ber-June, the optim

al orientation is 
South, w

here the red indicates Btu/ft^
2 is greater than 150.
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M
onths

Avg M
onthly Tem

perature
Envelope H

eat Loss
Infiltra�on H

eat Loss
Internal H

eat G
ain

Jan
41

17,802
16,008

18,584
Feb

42
17,143

15,456
18,584

M
ar

47
13,846

12,420
18,584

Apr
50

11,868
10,764

18,584
M

ay
55

8,571
7,728

18,584
Jun

62
3,956

3,588
18,584

Jul
69

-659
-552

18,584
Aug

68
0

0
18,584

Sept
63

3,296
3,036

18,584
O

ct
54

9,231
8,280

18,584
N

ov
45

15,165
13,800

18,584
Dec

38
19,780

17,940
18,584

O
livia W
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RC

H
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VS 494M
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O
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ASH
RAE Standards 90.1-2016: Energy Standard for Buildings Except Low

-Rise Residential Buildings, Table 5.5-4 pg. 55

G
rondzik, W

alter T., and Alison G
. Kw

ok. M
echanical and Electrical Equipm

ent for Buildings. 13th ed., John W
iley &

 Sons, Incorporated, 2019.
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Since solar heat gain only needs to cover approxim
ately one-third of total heat loss due to 

this space being a w
orkplace, around 1000 square feet m

eets the building’s heating needs 
on m

ost m
onths. Therefore, approxim

ately 500 square feet of skylighting m
eets half of the 

need, and around 100 m
eets 10%

 of the total need. 
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Citations: 

G
rondzik, W

alter T., and A
lison G

. Kw
ok. M

echanical and Electrical Equipm
ent for Buildings. 13th ed., John 

W
iley &

 Sons, Incorporated, 2019.

A
SH

RA
E 90.1- 2016, Table 9.5.1

2016 N
REL Plug Loads docum

ent, Table 3-2

M
onths

Average Tem
perature

Envelope H
eat Loss

Infiltra�on H
eat Loss

Internal H
eat G

ain
Jan

41
70,554

50,784
36,984

Feb
42

67,942
48,576

36,984
M

ar
47

54,876
39,192

36,984
Apr

50
47,036

33,672
36,984

M
ay

55
33,970

24,288
36,984

Jun
62

15,678
11,040

36,984
Jul

69
-2,652

-1,656
36,984

Aug
68

0
0

36,984
Sept

63
13,064

9,384
36,984

O
ct

54
36,584

25,944
36,984

N
ov

45
60,102

43,056
36,984

Dec
38

78,394
56,304

36,984

O
livia W

ebster, Ben M
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H
/EN
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, U
O

, 3/18/2020
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Solar Collecting G
lass

 Collector Tilt

From
 Previous lab: 

Balance Point Tem
perature: 58.7 °F

H
eating Season: O

ctober - M
ay 

A
ccording to M

eeb A
pendix I;

the Solar degree tilt of 40* had the highest solar gain 
over the totality of the heating season. 

O
ptim

al Tilt: 40° above the horizontal

Solar Radia�on (kBtu/sq�
) on a surface of a �lt:

70°
60°

50°
40°

30°
M

onth: 
O

ct
32

34
34

33
32

N
ov

19
19

19
19

18
Dec

19
19

18
17

16
Jan

21
21

20
20

18
Feb

25
26

26
25

24
M

ar
35

37
37

38
37

Apr
35

38
40

41
42

M
ay

40
45

49
52

54
Total:

226
239

243
245

241

O
livia W

ebster, Ben M
artinez, Passive H

eating · A
RC

H
/EN

VS 494M
/594M

, U
O

, 3/18/2020

:G
rondzik, W

alter T., and A
lison G

. Kw
ok. M

echanical and Electrical Equipm
ent for Buildings. 13th ed., John W

iley &
 Sons, Incorporated, 2019. 

A
pendix I, Table I.1, Eugene O

r.
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Citations: 

G
rondzik, W

alter T., and A
lison G

. Kw
ok. M

echanical and Electrical Equipm
ent for Buildings. 13th ed., John 

W
iley &

 Sons, Incorporated, 2019.

A
SH

RA
E 90.1- 2016, Table 9.5.1

2016 N
REL Plug Loads docum

ent, Table 3-2

G
lass choice

 Sizing
M

onth:
Envelope H

eat Loss: (Btu/h)
M

onthly Solar H
eat G

ain (Btu/h*sf)
100 sf

1000 sf
1500 sf

O
ct

128,590
78.6

7,860
78,600

117,900
N

ov
211,255

57.6
5,760

57,600
86,400

Dec
275,550

49.2
4,920

49,200
73,800

Jan
247,995

45
4,500

45,000
67,500

Feb
238,810

57.6
5,760

57,600
86,400

M
ar

192,885
75

7,500
75,000

112,500
Apr

165,330
84

8,400
84,000

126,000
M

ay
119,405

87
8,700

87,000
130,500

Fibertec W
indow

Triple glazed glass

A
rgon/Krypton

U
-factor: <

0.22

SH
G

C
: 0.41 - 0.60

V
T =

 0.41-0.50

This w
indow

 w
as selected because it had the highest SH

G
C

 Value, 
w

hile having a relatively low
 U

-Value in com
parrison to the high 

SH
G

C
. This com

bination allow
s for m

ore solar heat gain through the 
w

indow
 due to the transm

ittance from
 the high SH

G
C

, w
hile the low

 
U

-factor
reduces the am

ount of heat loss through the w
indow

.

A
dditionally, the argon and Krypton gas in betw

een the three panes 
of glass helps w

ith 
insulation. 

W
indow

 found from
 : E�

cient W
indow

s Collaborative
M

anufactures of W
indow

 18
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System
 Types

W
hile an atrium

 w
orks w

ell in a situation w
here the south facade m

ay be un-
available to glazing, south glazing is available for this project so w

e’re focusing 
m

ore on other system
 types. W

e believe indirect gain by using a trom
be w

all is 
the least e�ective system

 type for this project. W
hile a trom

be w
all system

 is less 
prone to overheating, it also provides less opacity, less heat delivery, and less 
control over heating. A

lternatively, a direct gain heating system
 provides rapid 

heating to the living space. 

U
nfortunately, a direct gain system

 can result in glare and overheating in the 
m

ain occupied space, w
hich is undesirable for a w

ork-space. This can be 
m

itigated by m
aking the direct gain space prim

arily circula-tion and lobby 
space. The next heating system

, using a sunspace, provides a de-sirable outdoor 
room

 and allow
s for easy heat delivery. The m

ain disadvantage, rapid heat loss 
at night, m

atters very little to a w
orkspace. Flat collector system

s have a sim
ilar 

disadvantage, w
hile also providing rapid, easily distributed, 

low
-glare heating. W

e believe prim
arily focusing on flat collectors and sunspac-

es, w
ith direct gain circulation spaces, w

ill be the m
ost effective com

bination of 
system

s for this site. 

O
livia W

ebster, Ben M
artinez, Passive H

eating · A
RC

H
/EN

VS 494M
/594M

, U
O

, 3/18/2020
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Olivia Webster, Ben Martinez, Passive Heating · ARCH/ENVS 494M/594M, UO, 3/18/2020

Grondzik, Walter T., and Alison G. Kwok. Mechanical and Electrical Equipment for Buildings. 13th ed., John Wiley & Sons, Incorporated, 2019.

How to choose passive heating system type:

Is an outdoor room desirable? 

yes 

---------------------------- - -, 
Is the south favade available 

for solar-collecting glass? 

I 
I 
I 
I 
I 
I 
I , , 

L'.,_- _- _- _::-:_:-=_:-::_--._r:_::-:_:-::_:-::_--_=-:_::-:_:-::_:-::_--_=-:_::-:_:-::_:-::_--_=-:_::-:_:-::_:-::_--,.r;_::-:_c--=_ , 

yes no 

no 

,-------------------- * -, r---------------------------
I I 1 
I I I 

: Are daytime heat and : no !, 
: glare acceptable? : ~ 
I I I 

Is the winter sunny 
and is the site unshaded? 

,L..._ ___________ ___J , ~LI_- -- .=~ -- -- _- _- _-_- _- _- _-_-_- _- _- _-_- _- _- _- _~ .. ~ -- -- _-_-' 

yes yes no 
........ 
• 

........ . ............... . ..... 
• • • • 

SUNSPACE (SS) 
• • 
: ATRIUM (AT) : 
• • 

DIRECT GAIN (DG) 
• • •................• . ..................• 

TROMBE WALL (TW) FLAT COLLECTOR (FC) 
• • • • • . ......................• 
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W
hile an atrium

 w
orks w

ell in a situation w
here the south facade m

ay be un-
available to glazing, south glazing is available for this project so w

e’re focusing 
m

ore on other system
 types. W

e believe indirect gain by using a trom
be w

all is 
the least e�ective system

 type for this project. W
hile a trom

be w
all system

 is less 
prone to overheating, it also provides less opacity, less heat delivery, and less 
control over heating. A

lternatively, a direct gain heating system
 provides rapid 

heating to the living space. U
nfortunately, a direct gain system

 can result in glare 
and overheating in the m

ain occupied space, w
hich is undesirable for a w

ork-
space. This can be m

itigated by m
aking the direct gain space prim

arily circula-
tion and lobby space. The next heating system

, using a sunspace, provides a de-
sirable outdoor room

 and allow
s for easy heat delivery. The m

ain disadvantage, 
rapid heat loss at night, m

atters very little to a w
orkspace. Flat collector system

s 
have a sim

ilar disadvantage, w
hile also providing rapid, easily distributed, 

low
-glare heating. W

e believe prim
arily focusing on �at collectors and sunspac-

es, w
ith direct gain circulation spaces, w

ill be the m
ost e�ective com

bination of 
system

s for this site. 

Con�guration vision

N

Flat Collector

D
irect G

ain 

Sunspace

O
livia W

ebster, Ben M
artinez, Passive H

eating · A
RC

H
/EN

VS 494M
/594M

, U
O

, 3/18/2020
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•
Passive heating system

 that releases heat during the w
ork day hours,

especially in the afternoon.

•
N

o glare created for the w
orkers.

•
G

ood acoustic qualities for the w
orkspace.

•
The di�erent space types include the lobby, o�

ces, café spaces, circulation
areas and hallw

ays, and com
m

unity gathering spaces.

•
U

se therm
al m

ass to di�erentiate betw
een program

 spaces in the building.

•
The w

all separating our direct gain circulation spaces from
 the o�

ces w
ould

m
ake a good therm

al m
ass, to distribute heat to the o�

ces.

•
Com

bination of �oor therm
al m

assing w
ith vertical w

alls placed directly next
to solar collecting sun spaces.

•
M

ake the �oor a thin therm
al m

ass m
aterial that is com

pletely insulated.

•
W

e w
ant the heat to stored and released quickly back to the building spaces,

since it is a w
ork environm

ent and the o�
ces are prim

arily occupied during the
m

id-day and afternoon.

Therm
al M

ass Proposal

O
livia W

ebster, Ben M
artinez, Passive H

eating · A
RC

H
/EN

VS 494M
/594M

, U
O

, 3/18/2020
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M
ass M

aterial 
D

ensity 
(lb/�

3) 
Specific heat 
capacity: cp  
(Btu/lb*F)) 

Volum
etric 

heat capacity 
(Btu/cu.�

-*F) 

Absorb Factor 
Therm

al 
Conduc�vity 
(Btu/(�

hF)) 
G

ranite 
140 

0.189 
38 

0.55 
0.982-2.31 

Concrete 
140 

0.21 
28 

0.60 
0.231-0.405 

1,036,800 Btu (0.55)=
 570,240 Btu

115*F-64*F=
51*F

((1/0.189 Btu/lb*F) (570,240 Btu))/ 51*F=
 59,160 lb

59,160 lb (1/140 lb/ft^
3)=

422 ft^
3/1500 ft^

2=
 0.281 ft =

 3.5 
in1,036,800 Btu (0.6)=

 622,080 Btu
115*F-64*F=

51*F
((1/0.21 Btu/lb*F) (622,080 Btu))/ 51*F=

 58,084 lb
58,084 lb (1/140 lb/ft^

3)=
415 ft^

3/1500 ft^
2=

 0.277 ft =
 3.5 

in A
 therm

al m
ass w

hich is m
uch higher than surrounding space is m

ore desirable for 
a w

orkplace, as it w
ill release heat rapidly and w

arm
 during the busiest tim

es of the 
day.

O
livia W

ebster, Ben M
artinez, Passive H

eating · A
RC

H
/EN

VS 494M
/594M

, U
O

, 3/18/2020
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O
livia W

ebster, Ben M
artinez, Passive H

eating · A
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H
/EN

VS 494M
/594M
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O

, 3/18/2020
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1,036,800 Btu (0.55)=
 570,240 Btu

115*F-64*F=
51*F

((1/0.189 Btu/lb*F) (570,240 Btu))/ 51*F=
 59,160 lb

59,160 lb (1/140 lb/ft^
3)=

422 ft^
3/1500 ft^

2=
 0.281 ft =

 3.5 
in1,036,800 Btu (0.6)=

 622,080 Btu
115*F-64*F=

51*F
((1/0.21 Btu/lb*F) (622,080 Btu))/ 51*F=

 58,084 lb
58,084 lb (1/140 lb/ft^

3)=
415 ft^

3/1500 ft^
2=

 0.277 ft =
 3.5 

in

Flat Collector

D
irect G

ain H
allw

ay w
ith 

pull dow
n insulation

Isolated G
ain (Sunspace) w

ith 
fastened curtain insulation

Therm
al M

ass Placem
ent 

(Concrete)

O
livia W

ebster, Ben M
artinez, Passive H

eating · A
RC

H
/EN

VS 494M
/594M

, U
O

, 3/18/2020

f 
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Sources:G
rondzik, W

alter T., and Alison G
. Kw

ok. M
echanical and Electrical Equipm

ent for Buildings. 13th ed., John 
W

iley & Sons, Incorporated, 2019.

ASH
RAE 90.1- 2016, Table 9.5.1

2016 N
REL Plug Loads docum

ent, Table 3-2

 
https://w

indow
s.lbl.gov/softw

are/w
indow

Efficient W
indow

s Collaborative: https://w
w

w
.efficientw

indow
s.org/m

anu_products.php?
m

fgID
=2722&id=68&w

indID
=18&city=D

es%
20M

oines&state=Iow
a&houseType=2story&prodType=W

N
&new

=N
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Appendix D
Summer and Emily
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m
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1.D
ESIG

N
 IN

TEN
T

●
Th

e tow
n

 h
all an

d
 p

olice d
ep

artm
en

t sp
aces 

w
ill b

e on
e sin

g
le b

u
ild

in
g

 w
ith

 a larg
e cen

tral 
p

oin
t (atriu

m
) for en

tran
ce, m

eetin
g

s, an
d

 
even

ts

●
Th

e cen
tral su

n
n

y atriu
m

 sp
ace fi

lled
 w

ith
 

lig
h

t an
d

 p
lan

ts as a com
m

u
n

ity sp
ace w

ill 
create a w

on
d

erfu
l en

tran
ce an

d
 fu

n
ction

 as 
solar collection

 for th
e w

h
ole b

u
ild

in
g

.

●
For occu

p
ied

 w
ork sp

aces, a flat collector w
ill 

fu
n

ction
 to p

rovid
e h

eat
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2.
SOLAR SITE 
SURVEY

G 

H 
~ ;, .. -:. 

\ 

16 

\ _ " ~ ,,,., Brnnch Density 67% 
Tree Height: 16' ~ o __ ~, K \ ,- ' 19 Tree Type Oa 

\ \ _,\-·-_;/ Trne He,ghl 7 6 

~ --1__ \ ~ o ~+ Branch Den;. ty 61% 
Tree Height 18 _i - Tree Ty~e.}1 □ ple 

1 Tree He~ t: 26 85' 

N 2~ Tree Height: 42 .67' 

Branch Density 47% 8 3 ~ Tree Height: 27.22' 

TreeType:Pear ~ •~. T H · ht·6197 Tree Height: 16" M 5 - / ree eig · · 

~ Tree Height: 59.35 
6 ~ rree Height: 73.15 

7 Tree Height: 64.85 
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2.
SOLAR SITE SURVEY

f5 '6· "..<'. :: · I · . ... 
Position A Position B 

: 1 • • • 

(~ 
~ . . 

' j.. , '·:• 
~ 

Position D Position E 
~ . . 

~ 
Position G Position H 

--:.;,.~:--- . or 
r~ ( ~ : 

-~ , -- ··,.·,. _ ., 

, 

. 

i. .. ~·- - ,..~ 
Position C 

,;_ .. ~·.·";"' • re ".•--~· 
~ ' ., 

Position F 

~ .~!J 
'' na Position I 

-,r 
·~ - ---~v ... 
. , - . . ,,. - . 

~ 
-~ 

. . 
I,._ 

Position M 

'J., .~_-;.f ~~ 

?fjjt,·' ',_ 
~ . ~ 
- . • . ·,':!: h,'..·· ·t .. :._ . 

. !(''--....,., ' 

Position P 

Position N 

~- ~ · 

\!._!/ 
. . . 

I ~.. ~ 

PositionQ 

Position 0 Pear Trees #8-12 

Position R 

Oak Trees #16-19 

Branch Density: 67% 

Oak Trees #16-19 
Branch Oensity: 67% 

Maple Trees #1-7 
Branch Density: 61 % 
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2.SO
LA

R SITE SURV
EY

●
A

ccord
in

g
 to th

e solar p
ath

fi
n

d
er 

im
ag

es, p
olision

 G
 h

as th
e g

reatest 
am

ou
n

t of solar exp
osu

re. Th
ere is 

also g
ood

 su
n

 exp
osu

re in
 th

e D
, E

, H
, 

K
 an

d
 J section

s so an
y b

u
ild

in
g

 
p

laced
 in

 th
at area w

ill h
ave g

ood
 

op
p

ortu
n

ities for solar exp
osu

re. 
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2.
SOLAR SITE SURVEY

Stereographic Sunpath Diagram 
.lune·~be• N 

Latitude: 45N 
Hour lines are shown in solar time. 

Sept21 

w .I ,;ic I /' I 1 ,= E \ I 1- "l?-, ,J. I I ~ I c=r= I 1 • ., , - , 

s 

□ <~''" 

Opti mal orientation: South 

Stereographic Sunpath Diagram 
DKe,mbef . June 

w 

■ 
■ 
□ 

Opti mal orientation: South 

Latitude: 45N 
N Hour lines are shown in solar time. 

E 

s 
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3.
BUILDING HEAT LOSS

Heating Season

File: USA_OR_Salem-McNary.Field.726940_TMY

80 

60 

11. • 
~ 40 

~ 

20 

0 --- ,-.. ,- -
Jan Feb March April May June July Aug Sept Oct Nov Dec 

Month 
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3.
BUILDING HEAT LOSS

Grondzik, Walter T., and Kwok, Alison G. Mechanical and Electrical Equipment for Buildings.
Thirteenth ed. Hoboken, New Jersey: John Wiley & Sons, 2019

I 

Monthly average air Monthly envelope Monthly Infiltration Monthly internal Net heat loss 
Month temperature (F) heat loss (kBtu) heat loss (kBtu) heat gain (kBtu) (kBtu) 

_, Jan 41 71945.57 124043.70 81325.00 114664.27 _, 
~ Feb 42 62576.32 107889.86 81325.00 89141.18 

~ Mar 47 55957.67 96478.43 81325.00 71111.10 

u Apr so 46416.50 80028.19 81325.00 45119.69 
ii 
C May 55 34640.46 59724.74 81325.00 13040.20 :g 

Jun 62 15472.17 26676.06 81325.00 0.00 .. .e Jul 69 -2664.65 -4594.21 81325.00 0.00 
C 
St Aug 68 0.00 0.00 81325.00 0.00 

"C 
Sept 63 12893.47 22230.05 81325.00 0.00 Ill a. 

~ 
E Oct 54 37305.11 64318.96 81325.00 20299.07 

8 Nov 45 59309.97 102258.25 81325.00 80243.22 

Dec 38 79939.53 137826.33 81325.00 136440.86 - -
Total 570059.59 
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3.
BUILDING HEAT NEED

150000.00 

:, 100000.00 

iii 
:::-
"O 
Q) 
Q) 

z 
Cl 
C 

~ 
Q) 50000.00 I 

0.00 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
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3.
BUILDING HEAT LOSS
● BALANCE POINT TEMPERATURE

Part 4: Balance point temp and heating season 

q internal = q external in BT U/h 

internal q (BTU/h) 

386799.22 

386799.22 

Change in T 

Balance Point Temp= 6S-(change in T) = 

Heating degree days 

Month Temp °F 

Jan --
Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

41 

42 

47 

50 

55 

62 

69 

68 

63 

54 

45 

38 

~ 

Envelope q 

32173.83444 x change in T 

43543.57477 x change in T 

8.883037786 

59.12 

BPT °F difference 

59.12 , 18.12 

17.12 

12.12 

9. 12 

4.12 

-2.88 

59. 12 -9.88 

59. 12 -8.88 

-3.88 

Heating season- October through May (8 months) 

I 

l 
I I 

+ 

-
infiltation q -

+ 11369.74033 x change in T 

f 
days in mo nth HOD per month 

31 561 .63 

29 496.39 

31 375.63 

30 273.51 

31 127.63 

30 

31 t 31 

30 

31 158.63 

30 423.51 

31 654.63 
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4.
SOLAR COLLECTING GLASS
● OPTIMAL GLAZING TILT - 55 degrees above the horizon

Temp °F vs. Month 

80 

60 

11-
~ 40 

~ 

20 

0 

■ Temp"F - 59.12*F 

- ~ ~ ~ -~ - ~ - ~ ~ ~ 
Month 

= Heating Season 

Incident Solar Radiation on Tilted Surface 

MEEB ed. 131 Appendix I - location Portland, OR 

Month D65 60° 50° 

Oct 315 34 34 

Nov 551 19 19 

Dec 763 19 18 

Jan 732 21 20 

Feb 594 26 26 

Mar 522 37 38 

Apr 383 38 40 

May 224 45 49 

In the middle= most optimal 

Most optimal tilt: 55° above the horizon 
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4.
SOLAR COLLECTING GLASS
● U-value of 2.25 W/m2-K and SHGC of 0.687. 
● There are two panes of glass, one with a low-e coating 

and one without, and the middle features a helpful air 
gap. 

I ID Name Mode Thick Flipl Tsol Rsol1 Rsol2 Tvis Rvis1 Rvis2 i Tir fE1JE2 Cond ] 

Glass 1 ►► 9803 CLEAR5.LOF # 4.7 D 0.796 0.074 0.074 0.888 0.082 0.082 0.000 0.840 0.840 1.000 

Gap 1 ►► 1 Air 16.5 

Glass 2 ►► 9923 LOW-E_5.LOF # 4.7 o lo.676 0.117 0.105 0.826 0.115 0.109 0.000 0.158 0.840 1.000 
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4.
SOLAR COLLECTING GLASS

500 sq ft glass

1000 sq ft glass

2000 sq ft glass

Heating need

Sizing: 1000 sq ft 
of glass

150000 

100000 

::::, 
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::it:. 
C -nl 
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I 
50000 

0 

f----------

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

■ 

■ 

■ 

■ 
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5.SYSTEM
 TYPES

●
A

 su
n

n
y atriu

m
 sp

ace w
ill b

e a g
reat 

ad
d

ition
 to th

e city h
all

●
In

 th
e com

m
u

n
ity sp

ace, it w
ou

ld
 

b
e g

reat to h
ave a b

rig
h

t room
 w

ith
 

p
lan

ts
●

Th
is is a w

orkp
lace th

at w
ill b

e 
occu

p
ied

 th
rou

g
h

ou
t th

e d
ay

●
Toleran

ce is low
 for th

e city h
all, 

m
akin

g
 it b

est to h
ave a flat 

collector or trom
b

e w
all
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●
Silverton

’s w
in

ters are fairly su
n

n
y an

d
 th

e site is n
ot 

very sh
ad

ed
, m

akin
g

 a trom
b

e w
all p

ossib
le an

d
 

effective
●

H
ow

ever, th
e flat collector is still th

e b
est system

 for 
th

e city h
all over th

e trom
b

e w
all, w

h
ich

 w
ou

ld
 still 

b
e h

elp
fu

l for p
assive h

eatin
g

P
rim

ary system
: A

triu
m

 sp
ace

Secon
d

ary system
: Su

n
sp

ace
Tertiary system

: Flat collector

5.SYSTEM
 TYPES

'--
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5.SYSTEM
 TYPES
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5.SYSTEM
 TYPES
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Located
 in

 th
e com

m
u

n
ity atriu

m
, th

e m
ain

 th
erm

al m
ass w

ith
in

 th
e 

atriu
m

 is th
e larg

e volu
m

e of air. Th
is allow

s th
e sp

ace to b
e w

arm
 w

h
en

 
m

ost n
eed

ed
 (m

id
-d

ay). Th
e secon

d
 effective th

erm
al m

ass w
ill b

e a th
in

, 
solid

, con
crete floor, w

h
ich

 is effective for clim
ates w

ith
 clou

d
y w

in
ters 

an
d

 b
u

ild
in

g
s th

at n
eed

 h
eat released

 from
 th

erm
al m

ass d
u

rin
g

 th
e 

m
id

-d
ay (M

E
E

B
 Tab

le 11.2). Th
is floor w

ill b
e g

ood
 in

 th
e com

m
u

n
ity sp

ace 
b

ecau
se it w

ill b
e a p

leasan
t area for p

eop
le of Silverton

 to sit an
d

 relax in
. 

Th
e w

arm
 floor w

ill b
e th

erm
ally en

joyab
le on

 th
e cold

 toes of 
p

asserbyers. Th
e th

erm
al m

ass floor slab
 w

ill b
e located

 in
 th

e atriu
m

 
com

m
u

n
ity sp

ace to m
axim

ize its solar h
eat collection

 an
d

 w
ill b

e a 34
.2 

sq
.in

. (0.237 sq
 ft) slab

 at 1.5 in
ch

es th
ick.
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Appendix E
Sydney and Ben
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B U I L D I N G  H E AT  L O S S
B U I L D I N G  H E AT  L O S S  S I M P L I F I E D  S P R E A D S H E E T  

B E N  C L A R K  A N D  S Y D N E Y  PA L M E R ,  PA S S I V E  H E AT I N G ,  A R C H  4 9 4 ,  U N I V E R S I T Y  O F  O R E G O N ,  W I N T E R  2 0 2 0

S O U R C E S :   

E U G E N E  F I E L D  S I T E :  C O N C E P T  P L A N :  B U I L D I N G  F O O T P R I N T  A R E A S  
C L I M AT E . O N E B U I L D I N G . O R G :  “ U S A _ O R _ S A L E M . M U N I . A P - M C N A R Y. F I E L D . 7 2 6 9 4 0 _ T M Y X . 2 0 0 4 - 2 0 1 8 . E P W ”  
A S H R A E  9 0 . 1 - 2 0 1 6 ,  TA B L E  9 . 5 . 1 :  P O L I C E  S TAT I O N  L P D  0 . 8 0  W / F T ^ 2 ;  T O W N  H A L L  L P D  0 . 8 0  W / F T ^ 2  
M E E B  A P P E N D I X  G ,  TA B L E  G . 1 :  H E AT  F R O M  P E O P L E  1 . 3  W / F T ^ 2  
2 0 1 6  N R E L  P L U G  L O A D S  TA B L E  3 - 2 :  M U L I T E N A N T  P L U G  L O A D S  0 . 4 9  W / F T ^ 2  

A S H R A E  9 0 . 1 - 2 0 1 6 ,  O N L I N E ,  TA B L E  5 . 5 :  U - VA L U E S  O F  M AT E R I A L S  

D E S I G N  I N T E N T     S O L A R  S I T E  S U R V E Y     B U I L D I N G  H E AT  L O S S     S O L A R - C O L L E C T I N G  G L A S S     S Y S T E M  T Y P E S     T H E R M A L  M A S S     C O N C L U S I O N S

Monthly average air Monthly envelope 
Month temperature (F) heat loss (kBtu) 

Jan 41 43732 .224 111974.4 59174.4 96532.224 

Feb 42 42112 .512 107827.2 59174.4 90765 .312 

Mar 47 34013.952 87091.2 59174.4 61930.752 

Apr so 29154.816 74649.6 59174.4 44630.016 

May 55 21056.256 53913.6 59174.4 
j 

15795.456 

Jun 62 9718.272 24883.2 59174.4 -24572.928 

Jul 69 1619.712 4147.2 59174.4 -53407.488 

Aug 68 0 0 59174.4 -59174.4 

Sept 63 8098.56 20736 59174.4 -30339.84 

Oct 54 22675 .968 58060.8 59174.4 l 21562 .368 

Nov 45 37253.376 95385.6 59174.4 73464.576 
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O P T I M A L  G L A Z I N G  T I LT
M A X I M I Z E  S O L A R  R A D I AT I O N  I N  T H E  H E AT I N G  S E A S O N  ( R E D  H I G H L I G H T )

B E N  C L A R K  A N D  S Y D N E Y  PA L M E R ,  PA S S I V E  H E AT I N G ,  A R C H  4 9 4 ,  U N I V E R S I T Y  O F  O R E G O N ,  W I N T E R  2 0 2 0

S O U R C E :  M E E B  1 3 T H  E D ,  P.  1 7 8 3 ,  A P P E N D I X  I  TA B L E  I . 1  

T H E  I D E A L  T I LT  T O  M A X I M I Z E  R A D I AT I O N  I N  T H E  H E AT I N G  S E A S O N  I S  
B E T W E E N  4 0  A N D  5 0 ˚ .  C H O O S E  T H E  S T E E P E R  T I LT  T O  M I N I M I Z E  S U M M E R T I M E  
H E AT  G A I N S .  
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D E S I G N  I N T E N T     S O L A R  S I T E  S U R V E Y     B U I L D I N G  H E AT  L O S S     S O L A R - C O L L E C T I N G  G L A S S     S Y S T E M  T Y P E S     T H E R M A L  M A S S     C O N C L U S I O N S

EUGENE, OR Solar radiation (kBtu/ft2 mo) on a surface of tilt: 

Mo D65 90° so· 70° 60° so· 40° 30° 20° 10° o· 
Jan 753 19 20 21 21 21 20 19 17 15 12 
Feb 617 22 23 25 25 25 25 24 22 20 17 
Mar 569 28 31 33 35 36 36 36 34 32 29 
Apr 446 27 32 36 39 42 43 44 44 42 40 
May 307 27 33 38 43 47 50 52 53 53 52 
Ju n 157 27 34 41 47 53 57 61 63 63 62 
Jul 36 31 39 47 54 60 65 68 69 69 67 
Aug 31 36 43 50 56 60 63 65 64 63 59 
Sep 12 1 36 41 45 48 49 50 49 47 43 39 
Oct 382 32 35 37 38 39 38 37 34 31 27 

Nov 603 17 18 19 19 19 18 17 16 14 12 
Dec 784 15 16 16 16 16 15 14 13 11 9 

Highest solar gain per month Optimum Tilt Angle 
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1
43

3.Low E Coating 

4.Visible Light Transmittance: 79%

1.SHGC: 0.7 

2.U-Value: 0.28

Cardinal Glass Industries, LoE-179 Window

G L A S S  F O R  PA S S I V E  S O L A R
W H AT  W E  F O U N D

B E N  C L A R K  A N D  S Y D N E Y  PA L M E R ,  PA S S I V E  H E AT I N G ,  A R C H  4 9 4 ,  U N I V E R S I T Y  O F  O R E G O N ,  W I N T E R  2 0 2 0

S O U R C E :  W W W. L O R M A . C A / M E D I A / 1 7 9 B R O C H U R E . P D F  

D E S I G N  I N T E N T     S O L A R  S I T E  S U R V E Y     B U I L D I N G  H E AT  L O S S     S O L A R - C O L L E C T I N G  G L A S S     S Y S T E M  T Y P E S     T H E R M A L  M A S S     C O N C L U S I O N S

GLASS PERFORMANC 

VISIBLE LIGHT SOLAR HEAT WINTER FADING 
PRODUCT TRANSMITTANCE GAIN U- FACTOR UV TRANSMISSION 

% COEFFICIENT (ARGON) 

Single-pane, clear 90% .86 -- . 71 .84 

Double -pane, clear 81 % .76 -- .56 .74 

Ordinary low-e 75% .72 .31 .44 .63 

LoE-179 79% .70 .28 .24 .61 
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1
4
6

 P O T E N T I A L  S O U T H  
E X P O S U R E  
 B R I N G S  I N  N AT U R A L  
L I G H T  
 I N C O R P O R AT E  I N T O  
H A L LW AY  
 P O T E N T I A L  
O V E R H E AT I N G  
 G L A R E  R E S T R I C T S  
L O C AT I O N

Sunspace Flat CollectorAtrium 
 N AT U R A L  E N T R A N C E   
 C O N N E C T I O N  T O  
O U T D O O R S  
 D I F F I C U LT  T O  
I N S U L AT E  AT  N I G H T  
 “ G L A S S  B O X "  M AY  
N O T  B E  S U I T E D  T O  
S M A L L  T O W N  
 H A R D  T O  C L E A N

 H I D D E N  S Y S T E M  
 W A R M  A I R  E A R LY  I N  
T H E  W O R K D AY  
 W O R K S  I N  C L O U D Y  
C L I M AT E S  
 A C T I V E  E L E M E N T  
P R O B A B LY  N E E D E D   
 M A I N T E N A N C E  O F  
FA N  S Y S T E M

B E N  C L A R K  A N D  S Y D N E Y  PA L M E R ,  PA S S I V E  H E AT I N G ,  A R C H  4 9 4 ,  U N I V E R S I T Y  O F  O R E G O N ,  W I N T E R  2 0 2 0

D E S I G N  I N T E N T     S O L A R  S I T E  S U R V E Y     B U I L D I N G  H E AT  L O S S     S O L A R - C O L L E C T I N G  G L A S S     S Y S T E M  T Y P E S     T H E R M A L  M A S S     C O N C L U S I O N S

S O U R C E :  M E E B  1 3 T H  E D ,  P.  4 0 0 ,  PA S S I V E  H E AT I N G  S T R ATA G I E S  F I G .  1 1 . 2 5  

yes 

Is the south fa«tade available 
for solar-collecting glass? 

yes no 

ATRIUM (AT) 
----

Is an outdoor room desirable? 

no 

Are daytime heat and 7 no 
glare acceptable? 

yes yes 

Is the winter sunny 
and is the site unshaded? 

no 

DIRECT GAIN (DG) TROMBE WALL (TW) FLAT COLLECTOR (FC) 

Fig. 11.25 Decision tree for passive solar heating system selection. 
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Appendix F
Yumna and Saeideh
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Silverton City Hall and 
Police Station

ARCH/ENVS 595 M: Passive Heating 
Winters 2020

Yumna Imtiaz, Saeideh Nekouee

0 UNIVERSITY OF 

OREGON 
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Yum
na Im

tiaz, Saeideh N
ekouee 

Process of Study
This is a passive solar heating project. The aim

 is to design tw
o passive 

solar heated  buildings in Silverton, O
regon. 

The project process:

Solar radiation + Site survey (D
esign alternative selection, site survey)

C
lim

ates and heating needs (Estim
ating heating needs and heating season 

for our buildings)

G
lass and design strategy (finding an optim

al tilt and orientation, choosing a 
glazing assem

bly, specifying and sizing the system
)

M
ovable insulation (w

here to put the glass in a m
assing m

odel, proposing a 
m

oveable insulation)

Therm
al m

ass (Tem
perature range estim

ation for the m
ass to w

arm
 and cool, 

area and thickness of m
aterial calculation)

2
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ekouee 

D
esign Intent

•
W

e envision the solar-collection spaces to be integrated into active 
areas that are used com

m
only by the users.

•
These spaces can be entrance, lobbies, casual sitting areas, cafe etc.

•
These spaces w

ill be brighter and w
arm

er than the rest of the building 
providing a pleasant contrast.

•
The intensity of activities in such spaces can add to the perception of 
w

arm
th.

•
Integrating eating spaces into such spaces w

ill add the arom
as, adding 

to the coziness of spaces.
•

The spaces can be differentiated into public, sem
i-public and sem

i 
private spaces, for varying levels of privacy.

•
The solar collection spaces w

ill be the hallm
ark of building. The w

ill be 
put on the front for publicizing the use of sustainable practices of using 
solar heating.

3
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ARCH/ENVS 595 M Passive Heating | Winters 2020
Yumna Imtiaz, Saeideh Nekouee 

Solar Site Survey
• Site Plan

4

USA_OR_Salem.Muni.AB-McNary.Field.726940_TMYx.2004-2018,climate.onebuilding.org 
Project conceptual design documents 

Police Station

City Hall

Sequioa 
Ht 165 feet 

Doughlas Fir 
Ht 147.81 feet 

Cherry Blossom 
Ht 21 .24 feet 

Cherry Blossom 
Ht 21 .24 feet 

Big Leaf Maple ~ / \ 
Ht57.73feet / ~ 

50' 100' 

~ 

Doughlas Fir 
Ht42.7 ft 

Oregon White Oak 
Ht 77 .65 feet 
Oregon White Oak 
Ht 83.12 feet 

Oregon White Oak 
Ht 124.1 ?feet 

Oregon White Oak 
Ht 105 feet 

Big Leaf Maple 
Ht 37.47 feet 

Oregon White Oak 
Ht 57.73 feet 
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Solar Site Survey•
Sun-path Finder 

•
D

uring our site visit w
e recorded data about 

sunshine hours on each point.
•

Based on findings w
e identified points w

ith 
m

axim
um

 sunshine hours during heating 
season

•
W

e placed our building on the site in these 
spaces, to m

axim
ize the possibilities of solar 

gains.
•

W
e identified point 5 and point 7 as best 

positions for the buildings.

5

Point 5 
Point 7 

5

7

::r 
0 
C 
ii1 
V, 
11) 

"tJ 
7 
~ 
OJ 

V, .., 
::r n 
OJ ::r 
a. 
11) 
a. 
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Yumna Imtiaz, Saeideh Nekouee 

Solar Site Survey
• Solar resource chart and optimal orientation

• According to the solar resource chart the optimal orientation will be due south.

6

USA_OR_Salem.Muni.AB-McNary.Field.726940_TMYx.2004-2018,climate.onebuilding.org via Climate Consultant Software
NOAA Magnetic Field Calculator (www.ngdc.noaa.gov/geomag/calculators/magcalc.shtml#declination)

Stereographic Sunpath Diagram 

Latitude: 45N 

Hour lines are shown in solar time. 

w 

■ > 150 Btu/sf 

■ 100-150 Btu/sf 

■ 50- I 00 Btu/sf 

■ <50 Btu/sf 

N 

s 

Apr21 
E 

Stereographic Sunpath Diagram 

Latitude: 45N 

Hour lines are shown in solar time. 

■ > 150 Btu/sf 

Sep 21 
w 

Oct21 -

■ 100-150 Btu/sf 

■ 50-100 Btu/sf 

■ <50 Btu/sf 

N 

E 

s 
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Building H
eating N

eeds

•
Silverton C

lim
ate

•
The tem

perature rem
ains 

m
oderately cold, how

ever 
the low

 tem
peratures last 

longer
•

The solar radiation am
ount 

decreases during w
inters 

due to cloudy skies. 

7

U
S

A
_O

R
_S

alem
.M

uni.A
B

-M
cN

ary.Field.726940_TM
Y

x.2004-2018,clim
ate.onebuilding.org

Average daily drybulb temperature 'F 
I-' I-' 

~ co N O'I 
0 0 0 0 

)> 
< 

~ (1) .., 
A.lenuer Q) 

OQ (1) 
(1) 

~ c.. 
!!1. AJenJqa:i -< (1) 

OQ 

0 0 
C'" ~-!!1.. 4:>Je1N 

'< -:::t' 
0 

~ 
.., 
;::;· 
0 l!Jd'V' 3 :::, ,... 
!!1.. -g .., 
Q) 

Al c.. Aew 
i:ij' ,-+ ,... 

C o· ro :::, 

'@ aunr Q) ,... 
C: :::, ......... 0.. "' ;:;, 

A1nr G) 22 
0 

■ lSnSnv g-
~ :r:: (1) .., 0 Q) Jaqwaldas OQ :::l. 
(1) 

~ c.. 
!!1. :::, 
-< JaqOlJQ 6T c.. 
< ::;o C'" 
£. JaqwaMN ~ C'" ,... 

~ (1) 

3 
"C Jaqwa:>aa <5" (1) .., :::, Q) ,... 
C: .., 
(1) 0 N 

0 ~ 8 gg 

Average global horizontal radiation (Btu/sft.ft) 
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Building H
eating N

eeds

•
Balance Point Tem

perature
•

The outdoor tem
perature at w

hich Buildings energy gains are equal to 
building energy losses at a desired internal tem

perature.
•

Internal gains + Solar gains=Envelop Losses+Infiltration Losses or q
e 

+ q
inf = q

s + q
i (W

here q
e + q

inf are dependant on tem
perature 

difference betw
een indoor and outdoor)

•
To isolate balance point tem

perature
tb=ti-[(q

s + q
i)÷(q

e as a function of Δ
t+q

inf as a function of Δ
t)]

8
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Building H
eating N

eeds
•

Envelop losses as a function of tem
p. difference-C

ity H
all

•
Envelop Losses = U

 X A X Δ
T

9

Com
ponent

Length	(ft)
W
idth	or	

Height	(ft)
Area	(sf)

U
-value	

(Btu/sf	h	F)*
UA	(Btu/h	F)

Roof
140

50
7000

0.032
224

W
all	1

140
24

2352
0.064

151

W
all	2

50
24

840
0.064

54

W
all	3

140
24

2352
0.064

151

W
all	4

50
24

840
0.064

54

W
indow

s
--

--
2736

0.46
1259

Exterior	
Floor

140
50

7000
--

--

Total
--

--
--

--
1,891

*ASH
R

AE Standards 90.1-2016: Energy Standard for Buildings Except Low
-R

ise R
esidential Buildings, Table 5.5-4 pg 55. 

+ 

+ 
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Building H
eating N

eeds
•

Envelop losses as a function of tem
p. difference-Police Station

•
Envelop Losses = U

 X A X Δ
T

10

Com
ponent

Length	(ft)
W
idth	or	

Height	(ft)
Area	(sf)

U
-value	

(Btu/sf	h	F)*
UA	(Btu/h	F)

Roof
175

90
15750

0.32
5040

W
all	1

175
24

2940
0.064

188

W
all	2

90
24

1512
0.064

97

W
all	3

175
24

2940
0.064

188

W
all	4

90
24

1512
0.064

97

W
indow

s
--

--
15744

0.46
7242

Exterior	
Floor

175
90

15750
--

--

Total
--

--
--

--
12,852

*ASH
R

AE Standards 90.1-2016: Energy Standard for Buildings Except Low
-R

ise R
esidential Buildings, Table 5.5-4 pg 55. 

t 

t 
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Building H
eating N

eeds

•
Infiltration losses as a function of tem

p. difference-C
ity H

all
•

Infiltration losses= C
p X Air D

ensity X AC
H

 X Volum
e X Δ

t
Infiltration losses= 0.24 Btu/lb-F X 0.075lb/cft X 1/h X 16,800 cft X Δ

t

Infiltration losses= 3024 X Δ
t B

tu/h-F

•
Infiltration losses as a function of tem

p. difference-Police Station
•

Infiltration losses= C
p X Air D

ensity X AC
H

 X Volum
e X Δ

t
Infiltration losses= 0.24 Btu/lb-F X 0.075lb/cft X 1/h X 378,000 cft X Δ

t

Infiltration losses= 6804 X Δ
t B

tu/h-F

11

G
rondzik, W

alter T., and Alison G
. Kw

ok. (2019) M
echanical and Electrical Equipm

ent for Buildings, C
hapter 11 page 414
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Building H
eating N

eeds
•

C
alculating Internal G

ains
•

Internal gains= G
ains from

 (People+Equipm
ent+Lights)

12

Com
ponent

Intensity	
(Btu/sf	h)

O
ccupied	hours	
per	day	(h)

Building	
area	(sf)

Daily	internal	
heat	gain	(Btu)

People*
2.3

12
14,000

386,400

Lights**
2.69

12
14,000

451,920

Equipm
ent***

1.36
12

14,000
228,480

Total
--

--
--

1,066,800

C
ity H

all (avg. internal gains per hour= 44,505 Btu/hr)

*G
rondzik, W

alter T., and A
lison G

. K
w

ok. (2019) M
echanical and E

lectrical E
quipm

ent for B
uildings, A

ppendix G
, Table G

.1 pg. 1744 
***A

S
H

R
A

E
 S

tandards 90.1-2016: E
nergy S

tandard for B
uildings E

xcept Low
-R

ise R
esidential B

uildings, Table 9.5.1 pg 151. 
****S

heppy, M
ichael and G

entile-P
olese, Luigi. (2014) P

lug and P
rocess Loads C

apacity and P
ow

er R
equirem

ents A
nalysis, N

R
E

L P
lug 

Loads G
uidelines, 2014, Table 3-2, pg. 11
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Building H
eating N

eeds
•

C
alculating Internal G

ains
•

Internal gains= G
ains from

 (People+Equipm
ent+Lights)

13

Com
ponent

Intensity	
(Btu/sf	h)

O
ccupied	hours	
per	day	(h)

Building	
area	(sf)

Daily	internal	
heat	gain	(Btu)

People*
2.3

24
31,500

1,738,800
Lights**

2.7
24

31,500
2,041,200

Equipm
ent***

1.7
24

31,500
1,285,200

Total
--

--
--

5,065,200

Police Station (avg.  internal gains per hours = 211,050 Btu/h)

*G
rondzik, W

alter T., and A
lison G

. K
w

ok. (2019) M
echanical and E

lectrical E
quipm

ent for B
uildings, A

ppendix G
, Table G

.1 pg. 1744 
**A

S
H

R
A

E
 S

tandards 90.1-2016: E
nergy S

tandard for B
uildings E

xcept Low
-R

ise R
esidential B

uildings, Table 9.5.1 pg 151. 
***S

heppy, M
ichael and G

entile-P
olese, Luigi. (2014) P

lug and P
rocess Loads C

apacity and P
ow

er R
equirem

ents A
nalysis, N

R
E

L 
P

lug Loads G
uidelines, 2014, Table 3-2, pg. 11

+ 
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Building H
eating N

eeds

•
B

alance Point Tem
perature For C

ity H
all at setpoint of 68 F

tb=ti-[(q
s + q

i)÷(q
e as a factor of Δ

t+q
inf as a factor of Δ

t)]
t b=68 F-[(0 + 44,450 Btu)÷(1891 Btu/h-F + 3024 Btu/h-F)]

tb = 59 F

•
B

alance Point Tem
perature For Police Station at setpoint of 68 F

tb=ti-[(q
s + q

i)÷(q
e as a factor of Δ

t+q
inf as a factor of Δ

t)]
t b=68 F-[(0 + 211,050 KBtu)÷(12,852 Btu/h-F + 6804 Btu/h-F)]

tb = 57 F

14
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Building H
eating N

eeds

15

U
S

A
_O

R
_S

alem
.M

uni.A
B

-M
cN

ary.Field.726940_TM
Y

x.2004-2018,clim
ate.onebuilding.org
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Building H
eat Loss

•
N

et heat losses C
ity H

all

16

M
onth

M
onthly envelope heat 

loss (kB
tu) (68 - avg. 

outdoor tem
p) X

 ∑
U

A 

M
onthly infiltration heat 

loss (kB
tu) (68 - avg. 

outdoor tem
p) X

 C
p X

 air 
density X

 V
 X

 A
C

H

M
onthly 

internal 
heat gain 
(kB

tu)

N
et heat loss 

(kB
tu) ∑

heat 
losses - heat 
gains

Jan
36,989

59,146
24,536

71,599

Feb
32,994

52,759
24,536

61,217

M
ar

29,374
46,970

24,536
51,808

A
pr

23,281
37,227

24,536
35,971

M
ay

17,997
28,778

24,536
22,239

O
ct

19,270
30,813

24,536
25,546

N
ov

30,236
48,348

24,536
54,047

D
ec

41,555
66,448

24,536
83,467

Total
--

--
--

405,895
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Building Heat Loss
• Net heat losses City Hall

17

~ ..... 
a:l 

~ 

120 

80 

40 

0 
'-
Q) 

~ 

"Tl 
ct) 

O" 

Monthly Gains and Losses 

~ 
Q) ., 

)> 
"O ., ~ 

Q) 

-< 

'--
c 
~ 

'--
c )> 

C 
O'Q 

(/') 
ct) 

"O 
r-t-

0 
n 
r-t-

z 
0 
< 

- Monthly envelope heat loss (kBtu) - Monthly infiltration heat loss (kBtu) 

- Monthly internal heat gain (kBtu) 

0 
ct) 
n 
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Building Heat Losses
• Heating Needs-City Hall (406 MBtu)

18

:J .._. 
co 
~ 

80 

60 

40 

20 

0 

Net heat loss (MBtu) 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
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Building H
eat Loss

•
N

et heat losses Police Station

19

M
onth

M
onthly envelope heat 

loss (kB
tu) (68 - avg. 

outdoor tem
p) X

 ∑
U

A

M
onthly infiltration heat 

loss (kB
tu) (68 - avg. outdoor 

tem
p) X

 C
p X

 air density X
 V

 X
 

A
C

H

M
onthly 

internal heat 
gain (kB

tu)

N
et heat loss 

(kB
tu) ∑

heat 
losses - heat 
gains

Jan
251,374

133,079
116,500

267,954

Feb
224,229

118,708
116,500

226,438

M
ar

199,626
105,684

116,500
188,810

A
pr

158,214
83,760

116,500
125,474

M
ay

122,308
64,751

116,500
70,560

O
ct

130,956
69,329

116,500
83,785

N
ov

205,481
108,783

116,500
197,765

D
ec

282,408
149,509

116,500
315,417

Total
--

--
--

1,476,202
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Building Heat Loss
• Net heat losses Police Station

20
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Building H
eat Losses

•
H

eating N
eeds-Police Station (1,476 M

Btu)

21
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Solar-Collecting Glass

• We need a tilt that gathers 
most sunlight during heating 
season i.e. Oct-May

• A tilt of 40 and 50 degrees 
receives maximum radiation 
during Heating season.

• We chose to use 45 degree 
as the intermediate value.

22

• Optimum tilt

Grondzik, Walter T., and Alison G. Kwok. (2019) Mechanical and Electrical Equipment for Buildings, Appendix I, Table I.1, Eugene OR

Glazing 

Tilted at Glazing Glazing Glazing Glazing Glazing Glazing Glazing Glazing Glazing 

90 Tilted at Tilted at Tilted at Tilted at Tilted at Tilted at Tilted at Tilted at Tilted at 0 

Degree 80 70 60 50 40 30 20 10 Degree 

Month Vertica l Degree Degree Degree Degree Degree Degree Degree Degree Horizontal 

Jan 19 20 21 21 21 20 18 16 14 12 

Feb 22 23 25 25 25 25 24 22 20 17 

Ma 28 31 33 35 36 36 37 36 33 30 
r 

Apr 27 32 36 39 42 43 42 41 40 37 

May 27 33 38 43 47 50 54 54 54 52 
,4 41 " ;j 

Jul 
31t 

39 
47t 

54 
60t 

65 
62t 

63 63t 61 
r r r r r 

Aug 36 43 50 56 60 63 59 59 57 54 
r ~ ~ ~ 

~ ~ ,1 <+" - .. ~., -~ 
r 

Oct 32 35 37 38 39 38 32 30 27 24 
r 

Nov 17 18 19 19 19 18 18 16 15 13 
r 

Dec 15 16 16 16 16 15 16 15 13 10 

Total 

gains 

oct-may 187 208 225 236 245 245 241 230 216 195 
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Solar-C
ollecting G

lass
•

G
lazing specification

The specifications of the glazing assem
bly w

e generated through W
indow

 7 are as follow
s:

•
W

indow
 N

am
e: D

ouble C
lear G

lass
•

G
lass N

am
e: Extra C

lear 4.gvb
•

Air G
ap: Air 10%

, Argon 90%
•

U
 Factor: 0.550

•
SH

G
C

: 0.72
•

VT: 0.691

23

"
w

indow
 7 softw

are (softw
are)
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Solar-Collecting Glass

• 2000 sft fulfills 75% of 
building heating needs 
and covers 30% of the 
roof area.

• 1000 sft fulfills 50% of 
buildings heating needs 
and covers  and covers 
15%of the roof area.

• We will use 2000 sft of 
solar-collecting glass.

24

• Glazing size-City Hall

::I ..... 
al 
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1,000 

800 
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Heating needs Fulfilled by Solar-collecting Glass 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

- Net heat loss (kBtu) - Monthly so lar gain Area 1 (kBtu) 

- Monthly so lar gain Area 2 {kBtu) - Monthly so lar gain Area 3 (kBtu) 
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Solar-Collecting Glass

25

• 4000 sft fulfills 50% of 
building heating needs 
and covers 25% of the 
roof area.

• 2000 sft fulfills 25% of 
buildings heating needs 
and covers  and covers 
13%of the roof area

• We will use 4000 sft of 
solar-collecting glass.

• Glazing size-Police station

:::J 
.,J 
Cl) 
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~ 200 

100 

0 

Heating needs Fulfilled by Solar-collecting Glass 
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C 
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Vl 
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Heat Collection System

• Based on the size and functions of our buildings outdoor rooms are desirable. 
They can be integrated with the casual areas such as lobby, cafe or waiting 
space.

• The south face is available for solar collection, however keeping in view the 
cloudy winters, and the scale of our buildings, sunrooms alone cannot fulfill the 
heating needs. An atrium can work better in this case.

• Atrium will be the main outdoor room and will have the reception lobby, waiting 
spaces and cafe.

• Sun spaces will be adjacent to groups of offices. They function well in smaller 
size, thus they will serve lower number of occupants. Sunrooms will reduce the 
glare into office spaces, compared to office spaces with direct gain.

26

Grondzik, Walter T., and Alison G. Kwok. (2019) Mechanical and Electrical Equipment for Buildings, Chapter 11, Fig 11.25 Pg 400

IE] 

Is the south fa9ade available 
for solar-collecting glass? 

l yes I no 

Is an outdoor room desirable? 

Are daytime heat and 
glare acceptable? 

yes 

no 

no 

yes 

Is the winter sunny 
and is the site unshaded? 

no 

DIRECT GAIN (DG) TROMBE WALL (TW) FLAT COLLECTOR (FC) 
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27

H
eat C

ollection System
C

ity H
all

•
Atrium

 as the grand entrance
•

Sunspaces w
ill be shared by offices

•
Sm

aller atrium
s for penetration of sunlight into dark 

areas
•

Air from
 the atrium

 w
ill be circulated throughout the 

building for heating other spaces

- --- -, ~=-=====~==-=;, I 

4:---- " 
I ~ 
I 1/ 
I O ~ 

i f} 
I .,. ::; 
I .,_ 

: --f 
I ___ , 

! ---------- 1 



184

AR
C

H
/EN

VS 595 M
 Passive H

eating | W
inters 2020

Yum
na Im

tiaz, Saeideh N
ekouee 

28

H
eat C

ollection System
Police Station

•
Tw

o Atrium
s as com

m
on spaces

•
Sun spaces over entrance lobby

•
Sun spaces shared betw

een offices
•

Air from
 the atrium

 w
ill be circulated 

throughout the building for heating 
other spaces

I 

-· 

____ t _ 
I r --'1 
I 

~ I 

,_ - - - - - __ , 

,-------, 
I 
I ,> (; 

(---'- ! f ~ 



185

AR
C

H
/EN

VS 595 M
 Passive H

eating | W
inters 2020

Yum
na Im

tiaz, Saeideh N
ekouee 

H
eat Storage

29

•
Therm

al M
ass - C

ity H
all

•
W

e w
ant the heat in the city hall to be delivered day tim

e, as soon as it starts 
collecting.

•
The floor of atrium

 w
ill act as sm

all am
ounts of therm

al m
ass (0”-2”)

•
In w

inters the floors can be covered w
ith carpets to further reduce the 

absorption of heat by the floors. They help in creating perception of therm
al 

com
fort visually as w

ell.
•

D
uring sum

m
ers plants can be brought into the atrium

 to increase therm
al 

m
ass and for cooling

•
Therefore w

e w
ill use an air based heat collection system

•
The atrium

 space and sunspaces w
ill acts as zones w

here air w
ill be heated 

up.
•

The heat w
ill be delivered to other areas inside building through air circulation.

•
Air circulation can be done through natural or m

echanical m
eans
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H
eat Storage

30

•
Therm

al M
ass - Police Station

•
The occupancy of police station is 24 hours, so w

e w
ant 

heat to be delivered throughout the day.
•

W
e are using 4”-6” of therm

al m
ass in the form

 of concrete 
floor in the atrium

s and sunspaces.
•

The atrium
s w

ill have a basalt centerpiece sculpture, w
hich 

w
ill also act as therm

al m
ass.

•
In sum

m
ers plants w

ill be added to atrium
s for cooling.
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H
eat Storage

•
Therm

al m
ass-Police Station

•
D

ensity of concrete= 137-150 lb/ft 3 (using 143 as the interm
ediate value)

•
Solar Absorptance of concrete= 0.4-0.5

•
H

eat capacity of concrete= 0.22-0.24 (using 0.23 as interm
ediate value)

•
Solar radiation transm

itted through 4000 sft of glass=103680 KBtu/m
onth or 

3344 Kbtu/day
•

D
aily U

ptake by C
oncrete=3344 KBtu/day X 0.5 = 1,672 KBtu/day

•
D

esired Tem
perature D

ifference for round clock heat return = 85-60 = 25 ‘F
•

R
equired w

eight of concrete = 1/C
p X Solar radiation ÷ tem

p. difference
1/.23(lb F/Btu) X 1,337,000 (Btu) ÷ 25 F =232,500 lb

•
Volum

e of concrete = W
eight ÷ density

232,500 lbs ÷ 143 (lbs/cft ) = 1,626 cft
•

For 5 inch thick concrete 1626 cft = 3,965 sft (approxim
ately equal to 

glazing area)

31

G
rondzik, W

alter T., and Alison G
. Kw

ok. (2019) M
echanical and Electrical Equipm

ent for Buildings, Appendix I, Table I.2, Pg 1818
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Night Insulation

• Insulation will be modular, transformable and fully retractable
• The insulation panels will be upto 1 feet wide.
• In summers it can serve as a screen letting in patterns of light and shade for a 

dynamic experience
• It can be used to deliver diffused light in summers

Skylight frame 

Double glazed skylight 

Jamb with gasket 

Insulation panel 

Insulation frame 

Rail for retracting the 
louvre insulation panels 



1
89

ARCH/ENVS 595 M Passive Heating | Winters 2020
Yumna Imtiaz, Saeideh Nekouee 

Night Insulation

33

• Louvered panels can swing open and close, this providing better seals with the 
help of rubber gaskets

• The pivots will allow the panels to rotate around and change the angle of louvres
• Louvres will be installed on rails and can be fully retracted to allow maximum 

sunlight during winters.

Rail for sliding insulation 

/ 

X Edgeseal 

Pivot 

Insulation Panel 

Pivot for rotation of the louvre 

Louvres with insulation 

Rail for retraction of 
louvres. 

Rubber gaskets 

Rubber jamb 
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R
esults at a G

lance

34

Location on the site: points w
ith m

axim
um

 sunshine hours
O

ptim
al orientation: tow

ards south
H

eating season: Jan to M
ay and from

 O
ctober to D

ecem
ber (8 m

onths)
G

lazing specification: U
-factor: 0.550- SH

G
C

: 0.72
N

ight insulation: m
odular, transform

able and fully retractable

C
ity H

all:

•
H

eating needs:  405 M
Btu

•
O

ptim
um

 tilt: 45 degrees
•

G
lazing size: 2000 sft of solar collecting glass fulfills 75%

 of building 
heating needs and covers 30%

 of the roof area.
•

H
eat collection system

: Atrium
 + Sunspace

•
Therm

al m
ass:  Air based heat collection system
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R
esults at a G

lance

35

Police station:

•
H

eating needs:  1,476 M
Btu

•
O

ptim
um

 tilt: 45 degrees
•

G
lazing size: 4000 sft of solar collecting glass fulfills 50%

 of building 
heating needs and covers 30%

 of the roof area.
•

H
eat collection system

: Atrium
 + Sunspace

•
Therm

al m
ass: 5” of therm

al m
ass in the form

 of concrete floor in the 
atrium

s and sunspaces =3,965 sft (approxim
ately equal to glazing area)

•
Basalt centerpiece sculpture in atrium
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