Sonoran Desert Passive House

David Brubaker, AIA, CPHC
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Learning Objectives:

Learning Objective #1

Energy use comparison:

e As modeled in WUFI Passive

e Three years of monitored data

e Using the house as a thermal battery to reduce load on grid

Learning Objective #2

Discussion of building siting, shape, thermal mass, insulation, shade and common hot dry climate
misconceptions.

Learning Objective #3

Mechanical discussion for hot regions
e Radiant cooling benefits in a dry climate.
e ERV summer humidity issues and how to solve them.

Learning Objective #4
e Lessons learned
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Tucson, Arizona
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Tucson Climate

< ;|4
< L

\4
v

Marine (C) Dry (B) Moist (A)
5C—A 2w
by
32°N, 110°W VM ek PORET tece cimate zones

Heating degree days — 1,850
Cooling degree days — 3,500; 3c [ 7 ] HHEEC T
Percent of possible sunshine 85%; — TR T

-

[l 1A Very Hot Humid
[ 2AHot Humid
[ 2B Hot Dry
[ 3AWarm Humid
I 7 [] 3B warm Dry
e A [ 3C warm Marine
ol [] 4AMixed Humid
[] 4B Mixed Dry
[] 4C Mixed Marine
[l 5A Cool Humid
[] 5B Cold Dry
[l 5C Cool Marine
1A [l 6A Cold Humid
[ 6B Cold Dry
Il 7 Very Cold
[ 8 Subarctic/Arctic

phiuscon 2023 brubaker architects 4



Tucson Climate
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Goals

 To design a minimalist, serene environment

« To create a piece of architecture that evokes the spirit of the place

 To connect to the natural landscape and views

* To optimize a Passive House Principles for the Sonoran Desert’s harsh
environment

* Preservation of the natural landscape
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Site Selection

« Must be wide enough in east-west direction to stretch out building to minimize west facing afternoon sun
« No Home Owner’s Associations
— To ensure that design is not getting dictated by another entity
* No visible telephone lines
 Preferably views to the north
— Best orientation for glass in this climate
 Disturb as little as possible of native landscape
— Site building between existing saguaros and mesquite trees
— Keep construction area tight to structure
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Site and orientation
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Site and orientation
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Site and orientation

HIEHHIH ;
10 |
T . |
A ] |
== | J:
i ' ' lower level
el e SCale
0 3 6 12

phiuscon 2023 brubaker architects 10



phiuscon 2023 brubaker architects




phiuscon 2023 brubaker architects




Envelope: Air tight

Zip system with zip tape
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Envelope: Air tight

Zip system with zip tape
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Envelope: Air tight

Zip system with zip tape

Sealing between base and
sheathing
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Envelope: Air tight

Zip system with zip tape

Sealing between base and
sheathing
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Envelope: Air tight

Zip system with zip tape

Sealing at windows
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Envelope: Insulated box
Zip system with zip tape

Sealing between base and
sheathing
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Envelope: Sunscreen Wall System
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Envelope: Sunscreen Wall System

phiuscon 2023

2a
2b

Ja

~ o o

10
1

12
13

Wall Section Notes

B* Minzral weol batts

B corfruses mineral woal bad - 2 bryers
slagperad 3 thick

Cascadia dip 6 - used fo connect
suncreen wal §1ud 1o
stnctural stud an preven! thermal bridas

4 EPS foam foundation insudation exiends doen 4
below grade

4° EPS faam slab insukaticn with lermite resistant
Folystyrena

Zip beaed fully laped air and wiather resistant
barriar

Phywaod with waterprood membrane

Termile stk vapor bermrier

14* T roaf support with metal stud framing beiow
For con suppert

Typlcal wails - metel stud structural framing. Metal
studs chosen for femite resistance and recyding
ablity

Steel baam header cnly a1 large expanse of ivng
foam windows

Metal roof pairted while for crabilly and rainwater
harvesting

Synthatic stucco on 587 glass mat axtariar gypsum
shaalhing

Trioke glazed Zola sluminum clad wood windows.

Sunscreen wall - ventilated air space. 67 air space
unider main roof, 1 aispaca an south bedroom
wing

14
15a

15b
16a

16b
17
18
19

20
21

22
23
24

25

26

T ouwerhang on the norh side o block summer sun

Perforabed stainkess sleel air venl 3l high and ke
sida of roof

Parforated malal ar intaie:

Temperaiure sensors embedded in ool deck and
in girspace

Temperatune sensars embedded i stucea, i
airzpace and befind confinuous insulatian

ERV Zehncer lubing on interor side of eding

Feadiant tubing covenng ceiling in alumirum

weapped ol panis

ERN ar supgdy and exhaust in coves to hide
it and avaid unslighlly oels in wals and
caiings

12" gypsum board far radiant parformance

Benice disimbuton layer for shelving, power,
blinds, wiring

Blinds.
Poroslain tie ficors for radiant performance

Readiant fubing in door slab - only &t exteror walls
\indows sel toward interiar to masimize shading of
window boves

Large winiiow sill paintid whibe rellects ot to
imprave daylignig

A
ott

bo%et

tole]

o
pgerete!
b

L
o, K
o
i

7
ity

<

0

e
wiere)

ot
<5
e,

Ko
2

!
2525
255
b

A
fetess!

i)
|

‘g

<
!

Y

¢
<4

<A
e

Tals
%
tots

Ly,

Ty
B
R

o
o

S
o
X

i,

o

o
ot
.
.
i

<
o8
o

o
o8
o
o

0

o
<5

o
‘.
<

50

s
ots
ot

<

9]
!

’e!

ool

o

.
o

tate!
R
<
otet
ool

et
bt

ety
o
<5

,
e

o
e

.
s

el

QIJ

n—/

23

4

3b

2

15b

12'



Envelope: Sunscreen Wall System
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Envelope: Sunscreen Wall System

Building Section Notes

Roof with mineral wool insulation R-83
Walls with mineral wool insulation R-38

Underslab insulation R-9

1

2

3

4 6" mineral wool batt insulation L= _
5 Foundation insulation 'ﬂ'//j—_-[
6

. i

8

9

6" air space, typ

12" air space
Triple glazed windows

Original photovoltaic panels

10 Photovoltaic panels added in 2022

11 Unconditioned space
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Envelope: Sunscreen Wall System
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Envelope: Sunscreen Wall System
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Envelope: Sunscreen Wall System

phiuscon 2023

brubaker architects

26



Envelope: Sunscreen Wall System
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Envelope:
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Sunscreen Wall System
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Envelope: Sunscreen Wall System

phiuscon 2023

brubaker architects

29



Envelope: Sunscreen Wall System
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Envelope: Sunscreen Wall System
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Envelope: Sunscreen Wall System
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Envelope: Sunscreen Wall System

July 8, 6:20 am, 73°F on

the way to 100°F
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Envelope: Sunscreen Wall System

July 8, 6:25 am, 73°F on the way to
100°F
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Envelope: Sunscreen Wall System

August 4, 12:51 pm, 103°F, sun
angle - about 75°
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Envelope: Thermal Bridge Free Design
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Envelope: Thermal Bridge Free Design
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Envelope: Insulation
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Envelope: Insulation
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Envelope: Insulation
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Envelope: Insulation
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Envelope: Insulation
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Envelope: Insulation
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Sensors

Envelope
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Envelope: Sensors
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Mechanical Systems

Radiant Cooling and Heating

phiuscon 2023
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Radiant Cooling and Heating
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Mechanical Systems

Fresh Air System
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Mechanical Systems

Fresh Air System
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Mechanical Systems

Fresh Air System
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Mechanical Systems

Fresh Air System
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Mechanical Systems

Fresh Air System
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Mechanical Systems

Fresh Air System
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Mechanical Systems

Dehumidification System
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Mechanical Systems

Dehumidification System
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Mechanical Systems

Domestic Hot Water System
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Rainwater Harvesting

I

| 1!'1/

phiuscon 2023 brubaker architects 68



Rainwater Harvesting
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Rainwater Harvesting
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Electrical Systems

Solar

2022 - System
expanded from 4.4
kW system to 10
kW system
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Results

Building envelope and insulation concepts versus WUFI, versus monitored data
Shaded walls versus non-shaded walls measurements

Mechanical system concepts versus measured performance

All circuits are individually monitored
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Measured Ground Temperatures

Annual Ground Temperatures
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Electrical Systems

Solar

il Location Usage: By Equipment - Past Day

® Chiller ® Hest pump water heater @ Qutlets - library
® Outlets - bedroom norsh @ [T Room Outlets @ Lighting - exterior
7.5k
Sk
25k

5:00pm 6:00pm 7:00pm 8:00pm 9:00pm 10:00pm
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Convection Oven
® Lighos-gerace

11:00pm

1:00am

ERV

House Controls

2:00am

3:00am

@ Lights - west wing, libra
® Outlet - garage ejectoris

@ Refrigerator
@ Lights - living, dining,

Induction Cooktop
@ Lights - hall,_powder

4:00am 5:00am 6:00am 7:00am
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9:00am

® Outlets - kicchen island

10:00am

11:00am

@ Data Panel

e

Radiant Pump

® Dishwasher

7:00pm
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Electrical Systems

Solar

il Location Usage

@ Past Day o Past Week O Custom

Start Date = End Date =

G 11/2/2023 8 11/3/2023 al °

@ Usage O Cost O Daily Summary O Monthly Summary

[ ] Usage ® Production — QOurdoor Temperature
90 °F

8,000 W

5,000W 80 °F
4,000W 70°F
2,000W 60°F
50°F

Nov3 1:00am 2:00am 3:00am 4:00am 5:00am 9:00pm 10:00pm 11:00pm
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Electrical Systems

Solar

il Location Usage

@ Usage O Cost O Daily Summary O Monthly Summary O Past Day O Past Week @ Custom
Start % =

Date End Date
° 6/22/2020 a 6/21/2023 m °

® Usage @ Production — Qutdoor Temperature
100 kWh
75 KWh ' Ih J r| "
1)
50 kWh ! I ﬂ ﬂ“ ' | \ \
‘ ‘ i
25KWh ! bl\ H ”‘ M“l‘ ‘*l / ~ / W‘ .‘ '
Jul1 Sep 1 Nov1 Jan1 Mar1 May 1 Jul1 Sep 1 Nov1 Jan1 Mar1 May 1 Jult Sep1 Nov1 Jan1 Mar1
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Measured versus Energy Models

Heating Demand
Cooling Demand
Total HVAC

Site Energy

WUFI Monthly Report

phiuscon 2023

Phius + 2015

Phius Core 2021 Zero

Measured

Target Target kWh WUFI WUFI WUFI WUFI Core 2021 Core Core 2021 Core 3 year average
kBtu/ft2yr kBtu/ft2yr  kWhlyr kBtu/ft2yr  kWhyr Target Target kBtu/ft2yr  kKWh/yr Temp set
Temp set Temp set kBtu/ft2yr  kWh/yr Temp set 74 Heating
to 74/75 to 74/75 to 74/75 75 Cooling
1.00 856.94 0.42 359.91 193 1,653.89 3.1 2,656.51 1.8 1,542.49
11.30 9683.42 8.89 7618.19 9.62 B8,243.76 15.4 13,196.87 96 8,226.62
10,540.36 7,978.11 9,897.65 15,853.38 9,769.11 6,414.71
6,200 KWh/ 5,500 KWh/
person 24,800.00 10,932.00 11,188.00 person 22,000.00 10,872.00 13,838.58
10,405.00
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Lessons Learned

With radiant system, internal dewpoint must be kept below 55°.
— Between mid-July and mid-September, the external dewpoint is often above 55°.
— Dehumidifier creates heat — noticeable if all of it is put into one room and running often
— PHIUS guidelines recommend that the ventilation system is capable of 0.3 ACH at least. 0.3 ACH brings in a lot of humidity
— Added coil from radiant tank to dehumidifier supply stream - brings dehumidified air down to 60°.
Add cooling coil from the radiant system to fresh air supply stream
— On hot dry days the ERV brings the temperature down from 112° outside to 78°.
— Added coil to ERV supply stream brings down fresh air to 60°.
Radiant system allows control
— Can add coils to ERV and dehumidifier
— Can adjust water temperature per season
— Adapts well to requirements of each zone during the day
— WUFI needs improvement for radiant systems
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Conclusions:

« Cooling load is about 5 times heating load so decisions should be made that favor the cooling benefits.
« Dehumidification is critical even in the desert.
 Shading is important and will reduce amount of insulation required, but has a slight penalty in heating season.

« Slab insulation is beneficial.
« Sunscreen walls are beneficial and will reduce the max temperature that the insulation must overcome

« WUFI passive is accurate and can be trusted to get close to goals
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Passive House Principles allow for comfort and connection with nature
— Even temperatures
— Less radiation to outside walls
— Radiant system is very comfortable - less blowing air
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