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What is Passive House?

* Rigorous Building Design & Performance Standard

* Formalized by European Scientists ~1990

* Based on Super-Insulated, Passive Solar & “Low-Energy” Buildings

e “Quality” = How LITTLE Energy is Required for Comfort & Convenience
e Superior Comfort, Indoor Air Quality & Durability

* 30,000+ Worldwide: Residential, Commercial, Institutional Buildings
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World’s 1% Passive House 1%t Passive House in US 1t Passive House in CA 1%t Certified Passive House in CA
Kranichstein Passive House Smith House Tahan Residence 15t Certified PH Retrofit in US
Darmstadt, Germany (1990) Urbana, lllinois (2003) Berkeley, California (2007) O’Neill Residence

Sonoma, California (2010)



How Does Passive House Work?

Optimized Solar Gains
Draft-Free Shell

Heat Recovery Ventilation
(typical)

Continuous Insulation

High Performance
Windows & Doors
Efficient Equipment,
Appliances & Lighting
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Solar thermal coll.
(optional)
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Image: Passivhaus Institut (PHI)



Goal: Wider Adoption in CA




Study: CA Code - Passive House

2013 California Code vs. Passive House

1. Analysis of California Code-Minimum
Construction in Passive House Planning
Package (PHPP 8.4) by Climate Zone.

2. Step by Step Analysis of Cost Effective
Upgrades to Reach Passive House
Performance.



T24 Prototype Single-Story Home

Figure A-1: One Story Prototype Front View

Conditioned Floor Area: 2100 ft?2
Ceiling Height: 9 ft

Conditioned Volume: 18,900 ft3
Slab Area: 2100 ft?2

Slab Perimeter: 162 ft

Ceiling Area: 2100 ft?

Figure A-3: One Story 5rototype Floor Plan
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Source: 2013 Residential Alternative Calculation Method Reference Manual CEC-400-2013-003-SD-REV
2013 Residential ACM Reference Manual CEC-400-2013-003-CMF



Title 24 vs. PH Energy Modeling

“Modeled Compliance”

“Performance”

1 of 16 Cities
No Landscape Shading
Bug Screens Year ‘Round

D

Equal Wall Areas & Glazing (5% CFA)
Rotated to True North

Floor Area & Volume = Prop. Design
Prescriptive Measures

Standard Assumptions

No Overhangs

Proposed
——><| H/C/DHW D> €—
<= Std Design?

Localized Climate Data
Landscape Shading

H/C/Src. Energy
<=PH Standard?




2013 T24 Requirements/Assumptions

01 Arcata

02 Santa Rosa
03 Oakland

04 San Jose

05 Santa Maria
06 Torrance

07 San Diego
08 Fullerton

09 Burbank

10 Riverside

11 Red Bluff
12 Sacramento
13 Fresno

14 Palmdale

15 Palm Springs
16 Blue Canyon
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Results: CA Code =2 Passive House
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Heating & Cooling Savings vs. 2013 T24

NS 72N 72 72\

01 Arcata

02 Santa Rosa A
03 Oakland D
04 San Jose N
05 Santa Maria N

06 Torrance

07 San Diego b
08 Fullerton N
09 Burbank )
10 Riverside N
11 Red Bluff )

12 Sacramento

13 Fresno
14 Palmdale
15 Palm Springs

16 Blue Canyon



Optimized Building Shell
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16 Blue Canyon
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Most Effective Upgrades by Location

CZ01 - ARCATA

CZ02 — SANTA ROSA

° i ° i
5000 I _ -2000 I B Slab Insulation
H Slab Insulation
-4000 ® Windows/Doors
-10000 M Airtightness
Airtightness
Heat Recovery -6000
-15000 M Heat Recovery
B Windows/Doors -8000
m Slab Insulation
-20000 m No Screens
-10000 Wall Insulation
Wall Insulation
-25000 -12000 B No Screens
-30000 -14000
CZ03 - OAKLAND CZ04 — SAN JOSE
0 - 0
-2000 -2000
[ i [ i
2000 Slab Insulation 1000 Slab Insulation
M Airtightness M Airtightness
-6000
Heat Recovery -6000 Heat Recovery
-8000
M No Screens -8000 B No Screens
-10000
m Slab Insulation M Tuned Glazing
12000 -10000
Tuned Glazing iior Whole House Fan
-14000 -12000
-16000 -14000




Most Effective Upgrades by Location

CZ05 — SANTA MARIA

CZ06 - TORRANCE

I. [ | L H Slab Insulation
-2000 i P
500 B Slab Insulation
-4000 I
m Slab Insulation -1000 B B A Airtightness
-6000
H Airtightness -1500 H (Heat Recovery)
-8000
Heat Recovery -2000 i:zor Whole House Fan
-10000
M No Screens -2500 No Screens
-12000
m Slab Insulation R M Night Ventilation
-14000 3000 8
16000 3500 B Overhangs
|
-18000 4000 Cool Roof
CZ07 — SAN DIEGO CZ08 - FULLERTON  ®slabinsulation
0 . 0 0 M Airtightness
H Slab Insulation III SlabInsulation
_10% -500
W Thermal Mass or Whole House Fan
. -1000
-2000 Airtightness H Thermal Mass
or Whole House Fan -1500
3000 W Overhangs
® (Heat Recovery) -2000 B No Screens
-4000
Overhangs 2500 M (Heat Recovery)
B Cool Roof
-5000 3000 H Cool Roof
H Night Ventilation
B Night Ventilation
-6000 -3500




Most Effective Upgrades by Location

CZ09 — BURBANK/GLENDALE

CZ10 - RIVERSIDE

B Slab Insulation

M Airtightness M Airtightness
0 0 o
II. izor Whole House Fan I.. or Whole House Fan
-500 Subsoil HX -1000 _
- M Subsoil HX
-1000 m SlabInsulation
= Slab I nsulation -2000 m Slab Insulation
-1500 =Th I'M (Heat Recovery)
ermal Mass -3000 ry
-2000 B (Heat Recovery) m Overhangs
m Overh -4000
-2500 vernangs B Thermal Mass
H Cool Roof
3000 = Night Ventilation -5000 B Night Ventilation
H Cool Roof
-3500 ® No Screens 6000
M Airtight
CZ11 - RED BLUFF CZ12 - SACRAMENTO rHgntness
B Heat Recovery
0 0 I . l SlabInsulation
-1000 W Airtightness 1000 II H Slab Insulation
2000 {:or Whole House Fan {zor Whole House Fan
' 20 .
3000 Heat Recovery 0 Windows/Doors
) B Overhangs
m Slab Insulation -3000 € _
-4000 et H Wall Insulation
B Wall Insulation -4000 B Thermal Mass
~000 m Subsoil HX
6000 ubsoi -5000 B No Screens
B B Cool Roof B Subsoil HX
- -6000 . -
7000 m Night Ventilation W Night Ventilation
[ ]
-8000 -7000 Cool Roof




Most Effective Upgrades by Location

CZ13 - FRESNO

izor Whole House Fan

CZ14 - PALMDALE

M Airtightness

izor Whole House Fan

B Airtightness
0 0 - Heat Recover
II Heat Recovery II y
. P -1000 - i
1000 = SlabInsulation Slabinsulation
R Slab Insulation
-2000 W Slab Insulation 2000 "
I I B Overhangs
® Overhangs -3000
-3000 € H Wall Insulation
P - -4000
4000 B Wall Insulation m Windows/Doors
W Subsoil HX -5000 H Subsoil HX
-5000 B Windows/Doors -6000 B Cool Roof
-6000  Cool Roof -7000 m Night Ventilation
-7000 H Night Ventilation -8000 m No Screens
M or Summer Shading B Slab Insulation
CZ15 — PALM SPRINGS CZ16 — BLUE CANYON
B Slab Insulation H Airtightness
0 - Overhangs 0 ..- - Windows/Doors
-1000 A -2000 M Heat Recovery
I M Airtightness
-2000 & -4000 m Wall Insulation
-3000 ™ Windows/Doors -6000 Attic Insulation
oo i Heat Recovery -8000 i:or Whole House Fan
- HNo S
-5000 2or Whole House Fan 10000 0 screens
-12000 H Overhangs
-6000 m Wall Insulation -14000 B Floor Insulation
-7000 H Cool Roof 16000 B Subsoil HX
-8000 ® Night Ventilation -18000 m Night Ventilation
m Slab Insulation
-9000  Subsoil HX -20000




Study Assumption: No Thermal Bridges!

Hot Hot

117217200882 561 8rAM

Cold
Cold

Images: Gavin Healy, Balance Point Home Performance




SoCal Passive Houses
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Passive House to “Tame the Duck”

Net load - March 31

28,000

26,000

24,000

22,000

20,000

18,000

Megawatts

16,000

14,000

12,000

10,000

12m  3am  6am  9am  12pm  3pm  6épm  9pm

Hour

- California Independent System Operator (CAISO)



Proof in Practice:

Passive House in a Heat Wave, No A/C _




Proof in Practice:

Passive House in a Heat Wave, No A/C_

Comfortable Inside Duing Heat Wave

example at 14-May-2014 14:35
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Sensor data from WELserver
WEL: View NAMED Devices (1 Errors)
| Name FV  Raw | Scaled Day:_DMonth: M
Mastor_Tomp Y5 24.562498 76.212501
3 Y5 1.360000 18.063599
voc ¥54.638660 4.638660
MastesBath T Y5 23.750000 74.
¥51.570000 24.818196
EL_E:: 5 38.249996100.849998
0 Humid Y10 0.940000 4.514400
=2 40 Mucroom_T Y5 264.937498 76.887489
% 262973001 3 Mudoom H Y5 1.640000 27.096397
262C9730010000AT/15  |Mudroom VOC  ¥/5 8544900 8.544900
Y5 40.749996 105349998
¥/522.499990 72.499992
Y5 22.49999872.499992
TS 25074996 96.574989
1 ¥/522.749998 12949989
13 201D47970200008340 |Lving Room T Y'S 22.37499872.275001
10077CAG02080066/16 T ¥'523.06249873.512489
%Wn‘u"x‘mq}n—"“‘omn 51.490000 22.257393
1:Wire Status = Devices Found




Proof in Practice:

Passive House Seasonal Energy Use.

My Energy Use My Energy Use
Select fuel type: |electricity | ~| Select fuel type: | natural gas v,l
. » — <
Mar 2013 — Feb 2014 Select . Mar 2013 — Feb 2014 oo
l, € | 7 similar homes comparison e ‘MJ | i € | 7 Similar homes comparison Select view- \@'

552 kWh | | 83 therms
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Il You
I Al similar homes
Similar homes I Efficient similar homes

What homes are compared?

Feb I Apr  May  Jun Feb

Il You
I Al similar homes
Similar homes Us: Il Efficient similar homes
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What homes are compared?

- www.midorihaus.com

2869 kWh Elec. + 50 Therms (1,465 kWh) Nat. Gas = 4,334 kWh (before PV!)
Before: 21,928 kWh/yr (80% Reduction), Similar CA Home: 19,596 kWh/yr



House of Batteries or House as Battery?

5

Passive House = Thermal Battery
©2015 Essential Habitat



Steps Toward Wider Adoption

“Pocket Production” Passive Houses

-

e

L -
D y “The Mendocino”

“ ' ” 2270 SF (4 BR, 3-1/2 BA)
The Healdsburg
2790 SF (4 BR, 3-1/2 BA)

N e

“The Mojave”




k You! Questions?

Graham Irwin, AlA ESSENTIAL
Principal, Essential Habitat Architecture H A B | TAT
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