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What is Passive House?

* Rigorous, Voluntary Energy Efficiency Standard

* Formalized by European Scientists ~1990

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

* 30,000+ Worldwide: Residential, Commercial, Institutional Buildings

The Passive House Standard is a rigorous building performance standard. O
Consultants, projects or building components that have obtained the right to
carry the logo have committed themselves to design excellence and the Passive
House energy performance criteria.

World’s 15t Passive House 15t Passive House in US 1%t Passive House in CA 15t Certified Passive House in CA
Kranichstein Passive House Smith House Tahan Residence 1%t Certified PH Retrofit in US
Darmstadt, Germany (1990) Urbana, lllinois (2003) Berkeley, California (2007) O’Neill Residence

Sonoma, California (2010)



Passive House in Marin County

The Blue, House (PH Retrofit) Blue, (Affordable Rental Housing)
Community Land Trust of West Marin (CLAM) Community Land Trust of West Marin (CLAM)
Point Reyes Station (2009) Point Reyes Station (2010)

James Residence (Staged Retrofit) Green Gulch Farm Zen Center (6 Unit Dormitory)
Larkspur, CA (2010) Muir Beach (2011) 1%t Certified Multi-Unit PH in US



Passive House in California Code

 Marin County Building Code (2013)

— Passive House recognized in Marin County Green
Building Requirements

* San Francisco Planning Code (2014)
— Priority processing for Passive House projects



15t Multi-Family PH in California

Sol-Lux Alpha, 4 Net-Zero Condominiums, San Francisco, CA (Under Construction)



How Does Passive House Work?

* Ventilation System is Main System
* Size Building Loads to Fresh Air Supply
* Invest in the Shell, Save on the Equipment

Minimize Losses Solar thermal coll.
(optional)

Super
‘ insulation

Maximize Gains

1. Super-Insulation e 7P
triple

Air-Tightness pane
L double
Heat Recovery Ventilation  low-e

) glazing v i
Controlled Solar Gains supply
Efficient Equipment,
Appliances & Lighting — SRR TR
Ventilation system with
heat recovery

extract
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ground heatexchanger

Image Source: Passivhaus Institut (PHI)



Centralized Ventilation
for “Heat Recycling” & Superior IAQ

. Centralized Ventilation

. Air Extracted from
“Wet” Rooms

. Air Supplied to Living &
Sleeping Rooms

. Balanced & Continuous

. Use Windows in Nice
Weather

Image Source: www.greenbuildingstore.co.uk/mvhr.php

Passive House HRVs Recover 8-15x Their Electrical Use (PHI)
Passive House Ventilation (0.3 ACH) Exceeds ASHRAE 62.2 Levels



What About Cooling?

Source: Passive Houses in Mediterranean Climates, PHI




What About Cooling?

Peak Loads: Seville, Spain, Standard Construction

~—Healing
—Cooling
— Dehumidification

227000 237 000 247 000 257 000 267 000 277 000 287 000
Date

Source: Passive Houses in Mediterranean Climates, PHI
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What About Cooling?

Peak Loads: Seville, Spain, Passive House
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Source: Passive Houses in Mediterranean Climates, PHI




Proof in Practice

A Passive House in a Heat Wave

Midori Haus, Santa Cruz, CA - Summer Comfort without Air Conditioning



Proof in Practice

A Passive House in a Heat Wave

Comfortable Inside Durin;ﬁeat Wave

example at 14-May-2014 14:35
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Midori Haus, Santa Cruz, CA - Summer Comfort without Air Conditioning



O
The “Classic” Passive House Standard l,)

Measured _- 1. Maximum Air Leakage: 0.6 ACH., -

" 2. Max. Heating or Cooling Demand

Shell Performance

15 kWh/m?/yr (4.75 kBtu/ft?/yr) - Comfort,

. Good IAQ,
OR Max. Heating Load Durability,
Open Buildin
vodeled 4 10 W/m?2 (3.17 Btu/hr./ft?) ’ ¢

3. Max. Primary Energy Demand* cource
120 kWh/m?/yr (38.1 kBtu/ft%/yr) - Energy

*BEfore PV < Efficiency vs. “Net” Zero Energy



Passive House Planning Package (PHPP)

for Predictable Performance

Passive House Planning . Climate Zone
SPECIFIC ANNUAL HEAT REQUIREMENT . BuildingForm&Orientation

. . Building Assembly R Values

Climate:iFrankfurt (Region 12) Interior Temperature 20.0 °C
Building:iEnd-of-Terrace Passive House Kranichstein Building Type/Use: Terr House / Dwellin:
Location::Darmst adt-Kranichstein Treated Floor Area (TFA): 1! im? ° Thermal Mass
Standard Occupancy: a0 _;Pers per m?
Area U-Value Temp. factor f, G Treated hd Heat LOSSGS tO GrOU nd
Building Element Temperature Zone m WM kihia Kvhia Floor Area
1 h:x:fer%or »{311 - Ambient | A 184.3 *i 0.138 (*. 100 (*! 81.1 | = 2055 ° Thermal Bridges
2.Exterior Wall - Ground B * * 0.57 " =
3.iRoof/Ceiling - Exterior | D 83.4 * 0.108 * 1.00 * 81.1 = 727 . .
.
4.F 1o Slab B 80.9 " 0.131 * 0.57 * 81.1 = 493 Alr Tlghtness
8. Windows A 43 .5 * 0.777 * 1.00 * 81.1 = 2739 . .
. e a . Nt - . Window U Values, SHGC & Installation
10 ior Thermal Bridge | A 116.9 *. -0.030 * 100 :*! B8l.1 |= -282 .
11[Perimeter Thermal Bridge D " A = o Shadlng
12.iGround Thermal Bridge (1 B 11.4 i 0.061 * 0.57 - 81.1 = 32 .
T Tolot ol buidng enveope arces 3921 — Khi(mia) ° Solar Heat Ga|n S
Transmission Heat Losses Q; o 5764 |
Area Room Heigh . Internal Heat Gains
m? m m*
Ventilation System: Effective Air Volume Vaac {71880 it 2.50 ‘= 3900 .
R Internal Heat Recovery
of Heat Recovery i . .
Etfciency of Subsai Hest Exchanger L . Bur e . Heating & Cooling Loads
1 1h 1
Energetically Effective Air Exchange n, 0.300 ‘(1 087 }+ 0.019 ‘ = ° Summer Conditions
My y Car G h I & I I
oy el T i . Mechanical & Natural Ventilation
Ventilation Heat Losses Qy 30t oo t0 o3 v 8 = es | [ a8 ]
Reduction Facto . DHW & Solar Thermal
ar Qv NightWeekend
KiAhia 1iAhia Saving Kvhia Khi(mia) . . .
Total Heat Losses Q, (e s ) o0 [ se | District Heating
Orientation Reduction Factor g-Value Area Global Radiation d Plug LoadS, Appliances, Lighting
of the Area see Windows (perp. radiation) Heating Period
m?* Kvhi(m?a) Kvhia
1.iEast 0 40 1+ 000 i+ 70 00 Y*{ 256 Y= i o Source Energy
2. South 0.44 ® 0.50 *30.42 i * 406 = 2701 . .
* West T M N T R T P . CO, Emissions
4.:North 0.45 * 0.50 *11.04 (7 161 = 397
s |ronzortal 040 [ 000 |+ o.60 |*| 396 ]=| 0 . Occupancy Patterns & Schedules
Khi(mia)

Gross Solar Heat Gains Qg Total| 3203



Passive House Planning Package (PHPP)

and Cost-Optimization

Heating & Cooling Demand

40.00 Roof Insulation

o= Clerestory Wall Insulation
o= \Nall Cavity Insulation

=== \Nall Exterior Insulation

35.00 Floor Insulation
Exterior Doors U-Value

=== Orientation

Roof Overhang
Roof Absorptivity
o= Aiir Tightness (ACH50)

30.00

Heat Recovery Efficiency

Thermal Mass
25.00 \ Front Windows
- Left Windows
4 \ Back Windows
/\\ Right Windows
20.00 # \ AN Glazed Doors
/7 “ Solid Door Glazing
Glazing U-Value

Glazing SHGC

kWh/m2/yr

Roof Exterior Insulation

15.00
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%110%120%130%140%150%160%170%180%190%

Design Value Adjustment



Perspective: Our California Projects

e

o Av. Min. Temperature (deq. F)
01/1/2014 — 1/31/2014

10 15 20 25 30 35 40 45 &0 55 60
Generated 2/1/2014 at WRCC using provisional data.
NQOAA Reqional Climate Centers




Perspective: Our California Projects

ey
A'l

Av. Max. Temperature (deq. F)
07/1/2013 - 7/31/2013

SO 55 60 65 70 75 80 B85 90 @5 100
Generated 12/1/2013 at WIRCC using provisional data.
NOAA Regional Climate Centers




Questions About Wider Adoption

1. How Well Does Passive House Work in other
California Climates? (Milder Has More
Houses, Harsher Offers More Savings)

2. How Does Passive House Compare with 2013
Title 24 (CA Energy Code)?

3. What is Generally Required in Other
California Climates?

4. What are the Most Effective Improvements?



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.



Study: CA Code - Passive House

T24 “Prototype” One Story House

Figure A-1: One Story Prototype Front View

Source: 2013 Residential Alternative Calculation Method Reference Manual CEC-400-2013-003-SD-REV



Study: CA Code - Passive House

T24 “Prototype” One Story House

Figure A-3: One Story Prototype Floor Plan
50

Conditioned Floor Area: 2100 ft?

Ceiling Height: 9 ft

Conditioned Volume: 18,900 ft3

Slab Area: 2100 ft?

Slab Perimeter: 162 ft | N

Ceiling Area: 2100 ft? ' ‘
Glazing: 5% “Conditioned Floor Area” "

(CFA) in Each Direction (108 ft?)
12” Overhangs

Source: 2013 Residential Alternative Calculation Method Reference Manual CEC-400-2013-003-SD-REV



Combined Heating and Cooling Demand (kBTU/yr)

Study: CA Code > Passive House
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ESSENTIAL

CA Code =2

CZ1 Arcata 76% Reduction
R21+4 Walls, R14 Slab, R5 Door
12” Overhangs, R7 Windows

0.6 ACH,,, 80% HRV

CZ11 Red Bluff 79% Reduction

R21+4 Walls, R14 Slab, R5 Door, Cool Roof
36" Overhangs, R7 Windows, 50% Shading,..,
0.6 ACH.,, 80% HRV

CZ2 Santa Rosa 77% Reduction
R21+4 Walls, R14 Slab, Code Door, Cool Roof

30” Overhangs, R6 Windows, 24% Shading,,,mer
0.6 ACH,,, 80% HRV,

65 CFM Night Ventilation

CZ3 Oakland 52% Reduction
Code Walls, R13 Slab, R5 Door
12” Overhangs, R3 Windows, 0.25/0.50 SHGC

0.6 ACH.,, 80% HRV

CZ4 San Jose 57% Reduction
Code Walls, R13 Slab, Code Door, Cool Roof
30” Overhangs, R3 Windows, 24% Shading,,...,

0.6 ACH,,, 80% HRV

CZ5 Santa Maria 55% Reduction
Code Walls, R12 Slab, Code Door
12” Overhangs, R3 Windows, 0.25/0.50 SHGC

0.6 ACH;,, 80% HRV

= 2
5ot

CZ6 Torrance 39% Reduction (75% w 80% HRV)
Code Walls, R10 Slab, Code Door, Cool Roof

30” Overhangs, R3 Windows, 24% Shading,,,

0.6 ACH,,

‘5’-’

Passive House

CZ16 Blue Canyon 84% Reduction

R62 Ceiling, R21+20 Walls, R18 Slab, R5 Door
36” Overhangs, R7 Windows, 50% Shading, ..,
0.6 ACH.,, 80% HRV

CZ12 Sacramento 82% Reduction

R21+4 Walls, R19 Slab, R5 Door, Cool Roof

36” Overhangs, R7 Windows, 50% Shading,,,.,
0.6 ACH.,, 80% HRV

CZ13 Fresno 78% Reduction

R21+4 Walls, R13 Slab, R5 Door, Cool Roof

36” Overhangs, R7 Windows, 50% Shading,,.
0.6 ACH.,, 80% HRV

CZ14 Palmdale 83% Reduction

R21+4 Walls, R12 Slab, R5 Door, Cool Roof

36" Overhangs, R7 Windows, 50% Shading, .,
0.6 ACH,,, 80% HRV

CZ9 Burbank 62% Reduction (82% w 80% HRV)
Code Walls, R19 Slab, Code Door, Cool Roof

36” Overhangs, R3 Windows, 50% Shading,,,

0.6 ACH,,

CZ8 Fullerton 64% Reduction (84% w 80% HRV)
Code Walls, R19 Slab, Code Door, Cool Roof

36” Overhangs, R3 Windows, 50% Shading,,,.,

0.6 ACH.,

TN

Code Walls, R18 Slab, Code Door, Cool Roof
36” Overhangs, R3 Windows, 50% Shading,,,.,
0.6 ACH.,

CZ7 San Diego 67% Reduction (87% w 80% HRV)

-t

CZ10 Riverside 59% Reduction (82% w 80% HRV)
Code Walls, R19 Slab, Code Door, Cool Roof

36” Overhangs, R3 Windows, 50% Shading,,,

0.6 ACH

CZ15 Palm Springs 65% Reduction
R21+4 Walls, R16 Slab, R5 Door, Cool Roof

36” Overhangs, R7 Windows, 90% Shading,,,m
0.6 ACH.,, 80% HRV

—




Title 24 vs. PH Energy Modeling

“Modeled Compliance”

“Performance”

1 of 16 Cities

No Landscape Shading
Bug Screens Year ‘Round

“Proposed Design”

“Standard Design”
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(72 <= Std Design?

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

Floor Area & Volume = Prop. Design
Prescriptive Measures

Standard Assumptions

No Overhangs

Localized Climate Data
Landscape Shading

\4

O

VAN

H/C/Src. Energy
<=PH Standard?
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Performance vs. Compliance

2012 GMC Yukon Denali 1500 (15 MPG) 2012 Honda Civic HF (33 MPG)

40% (6 MPG) Improvement 33% (11 MPG) Improvement

Reference: www.fueleconomy.gov, US DOE
Performance is an absolute standard, compliance is always relative.



Compliance Approach
Compares the Building to Itself, Not to a Standard

§od>

______lowRise ____|Bungalow | L Shape

Surface/Floor Area 2.1:1 3.0:1 3.5:1
UA (R11 Shell) 384 544 567
UA (R17 Shell) 248 352 357
Improvement 35% 35% 35%

Total Heat Flow x1.0 x1.4 x1.5



Compliance is “Sticky” to Baseline

Regardless of Reference Point

% of Reference Energy Use

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Compliance vs. Construction Cost

Reference Energy Use

/_ Typical Efficiency vs. Cost Curve

Constant Cost (Steeper = Cheaper)

“Expensive” Improvement

Y Construction Cost

Reduction




Orientation & Shading Matter

\ P e PN 2 S
h« N W N TR

Cliff Dwelling, Mesa Verde, CO (Wikipedia) Priene, Ancient Greece (Solarpedia)

...without purpose they wrought all things in confusion. They had neither
knowledge of houses built of bricks and turned to face the sun nor yet of work in
wood; but dwelt beneath the ground like swarming ants, in sunless caves -
Aeschylus, PROMETHEUS BOUND



Air Sealing Matters

for Health

Source: Terry Nordbye, The Practical House

A Washington State University Extension Energy Program (WSU-EEP) study found that up to 40% of
the air in the test homes originated in the crawl space.



Air Sealing Matters

for Comfort

100
90
80
70
60
50
40
30
20
10

wall R-value at 0 with Tyvek® without Tyvek®
wind pressure HomeWrap® at 9 mph HomeWrap® at 9 mph

Insulated wall with insulated sheathing

COMMON AIR LEAKS

- AirLeaking into the house
~\ Air Leaking out of the house

Duct Register
Dropped Soffit
©
Top Plate
(=]
e
o
Sill Plate ®
W
- S T Dryer Vent
s R P NI R -~y
q an o e | D0 A0 R i)
=2 | G W ROSR DR e St
= e T | G T = CH Outdoor Faucet
B = _ . W Ml Y3 ) &l
4 © e s O |
A N

9 mph Wind = -30% R Value (Dupont, 2007)



Air Sealing Matters

for Durability

4x8 sheet of

gypsum board
with a 1 in? hole

Inderior at 70°F
and 40% RH

|

N

[ L)

and 40% RH 113 quan

-

7

Air movement accounts for 98%+ of water vapor movement in building cavities
Canadian Study (One Heating Season, Indoors @ 702F, 40% RH)
o) Diffusion: 4’x8’ sheet of drywall = 1/3 quart of water

o Infiltration: 1 in? hole = 30 quarts of water

o) 90:1 ratio!!!

am V¥ ge

of water

Y Y ¥y
In Quickly (Air Leakage) - Out Slowly (Diffusion) = Accumulation



Air Sealing Matters

for Durability
i \
gypsum board
with a 1 in? hole
g | e N
{ s -
interior at TO'F LJ
% S o

-

7

Air movement accounts for 98%+ of water vapor movement in building cavities
Canadian Study (One Heating Season, Indoors @ 702F, 40% RH)

o) Diffusion: 4’x8’ sheet of drywall = 1/3 quart of water

o Infiltration: 1 in? hole = 30 quarts of water

o) 90:1 ratio!!!

“Walls don’t need to breathe, but they do need to sweat!!!”



Air Sealing Matters

for Performance

30-50% of Space Conditioning Energy (DOE)
9 MPH Wind =-30% R-Value (DuPont, 2007)

Average US House: 3 ft? of Holes
Typical 2500 ft> Home: % Mile of Cracks

Pl w'?g;):?’ Investigation of the
13%  Doors Impact of Commercial
Ducts V il Building Envelope
9% Airtightness on HVAC

Electric Fireplace

outlets 14%
29, Floors, walls,

and ceiling
31%

Energy Use (NISTIR 7238)
- NIST, US D.O.C.

Passive House: 60-70% Savings, BEFORE PV

Table 6 Energy cost savings for office building

Gas Electrical  |Total
i Savings Savings Savings
ismarck $1,854] 42%| $1,340] 26% $3,195
|Minneapolis | $1,872] 43%]| $1,811] 33%)| $3,683
St. Louis $1,460] 57%]| $1,555] 28% $3,016|
Phoenix $124] 77%|  $620] 9% $745
[Miami $0] 0% $769] 10% $769
Table 8 Energy cost savings for retail building
Electrical |Total
Eig Gas Savings| Savings |Savings
ismarck $1,835] 26% $33] 2% $1,869)
|Minneapolis | $1,908] 28%| $364] 18% $2,272
St. Louis $1,450] 38%| $298] 9% $1,748
[Phoenix $176] 64%| $992| 14% $1,169)
|Miami $6] 98%| $1,224] 14% $1,231
Table 10 Energy cost savings for apartment building
Gas Electrical  |Total
i Savings Savings Savings
Eismarck $2,187] 40%| -$116] -9%, $2,071
|Minneapolis | $2,421] 43%]| -$165] -14% $2,256
ISt. Louis $1,794] 57%| -$232] -12% $1,562
|Phoenix $133] 65%|  so] 0% $133)
|Miami $31] 63%| $380] 9% $411|




Air Sealing Matters

for Predictable Performance
. ACH,,r Very Unpredictable

. “Infiltration: Just ACH, Divided by 20?”
- Alan Meier, Home Energy Magazine, January/February 1994
. “Translating blower door measurements into an average infiltration rate has
bedeviled the retrofitter and researcher alike.”
e N=C*H*S*L LEAKAGE/EWILTRATION RATIO
e C= cI|r.nate factor ) Mﬁ < \&
* H = height factor £l T — %

* S =wind shielding factor ” g
W *Z >
L =leakiness factor W PN A
X ¥ GRS
‘;\.;/' \\\ N \\\:\\\ Ratio
1 lk % ' X ; A

N\ N \ -
‘.\\\;\ b 11-17
.

o D 17-20

20-23

M 2%
Flgure 1. Climate correction factor, “C,” for culculating Qe ratea [0 NOrth Amenica. Nate Ihaf thy limety correction
lachot dapands on bath aversga L anvd Wi It oiso Ible #ir Inkitvatlon during the coolng season,

For these mmsons, locations in grewtly dssimlle climates, such s Texes cndenom. can heve aqual (aciors. Select (ha value
naarest 10 the house's location and lnsart Itin Equelion 2. Thit mep 18 bassd on dats (rom 250 wealher stationy,

Source: PHI



Air Sealing Matters

for Predictable Performance

. ACH,,r Very Unpredictable
. “Infiltration: Just ACH, Divided by 20?”
- Alan Meier, Home Energy Magazine, January/February 1994

. “Translating blower door measurements into an average infiltration rate has
bedeviled the retrofitter and researcher alike.”

w
o

e C=climate factor
* H = height factor

N
o

. —C*H *Q* : :
N C H S L || one tilted window O
' each room ‘7)

~
o

* S =wind shielding factor

air change rate (daily mean) h

155 ; I ' b =i

* L =leakiness factor E,h#“d U'!L E}IJ ; I [} Y j{ | H‘,L
g iRl vt 1) 31 vl L A s ,ﬂ

PR T

01/30 |
07/29
0828 |
o027 |
127
1126
12/26

123
0301

031

0430 |

0530

0629

Source: PHI




Insulate Slabs!

United States Average Annual Temperature (Fahrenheit)

CA Ground Temp. - Fine in Summer, Winter’s a Bummer!



The Windows Matter

For Performance

Energy Star
Double Pane
U=0.3(R3)

Passive House
Triple Pane
U=0.12 (R8)

Source: Zola Windows



The Windows Matter

For Performance

2X4 Wall 7.4” Cavity 2X6 Wall 19.4” Cavity

20% Glazing 20% Glazing 20% Glazing 20% Glazing
5= ¢ \ — = =
— — = g
= g ‘ = \/\/\JS

R10 (R8 Window) R10(R3 Window) R14 (R8 Window) R14 (19.4” Cavity)



The Windows Matter

For Performance

2X4 Wall
20% Glazing

i

ST TN T TR

B

R10 (R8 Window)

7.4” Cavity
20% Glazing

i

§

T

—)

R10 (R3 Window)

NN SRR

2X6 Wall + R8
20% Glazing

|

§

—
—

s

R18 (R8 Window)

Infinite Cavity
20% Glazing

Wb

R17 (R3 Window)



The Details Matter
Thermal Bridges

Material “R” Value -
Aluminum 0.0006/in o
Steel 0.04/r —~
Concrete 0.08/in “V
Glass (Single Pane) ~1 ~‘.:?<;
Glass (Double Pane) 2to4 - “W“
Glass (Triple Pane) 3to 11 =T NH“
Wood 1.25/in =
Icynene Spray Foam  3.6/in —
Fiberglass 3.14-4.30/in e
Cellulose 3.70/in S
EPS Foam 4.00/in *r::::?j
XPS Foam 5.00/in §"\’
CC Spray Foam 6.25/in — ]
Poly-Iso (Foil Faced)  7.20/in | H



The Details Matter
Thermal Bridges

Material “R” Value

Aluminum 0.0006/in -
Steel 0.04/in
Concrete 0.08/in <«
Glass (Single Pane) ~1 -
Glass (Double Pane) 2to4 (__
Glass (Triple Pane) 3to 11
Wood 1.25/in «
lcynene Spray Foam 3.6/in
Fiberglass 3.14-4.30/in
Cellulose 3.70/in -
EPS Foam 4.00/in
XPS Foam 5.00/in <——
CC Spray Foam 6.25/in <«
Poly-Iso (Foil Faced) 7.20/in (__;?fj




The Details Matter
Thermal Bridges

Hot

11/211200837:58:184AM

Cold

Images: Gavin Healy, Balance Point Home Performance




The Details Matter

Thermal Bridge Analysis of Intersections

PASSIVE HOUSE RETROFIT

VENTED ATTIC ROOF-WALL INTERSECTION
(NREETA\)IENT AREA MIN 1/450TH OF ATTIC SCALE 1 " 1 |_0||

© 2010 GRAHAM IRWIN, ESSENTIAL HABITAT

ALL PENETRATIONS THROUGH CEILIN (E) RAFTERS, SHEATHING & ROOFING

TO BE BOOTED & SEALE!
(N) PLYWOOD LIBERALLY GLUED &
SEALED TO (E) ROOF SHEATHING &
RAFTER BLOCKS

-

B ws T s el A HOUSE WRAP EXTENDED BEHIND
BLOCKING, TAPED TO SHEATHING

|
(N) LOOSE CELLULOSE, 12" MIN (N) CCSF AS REQUIRED i
(INSTALLED AFTER BLOWER DOOR TEST) (INSTALLED AFTER E
BLOWER DOOR TEST) /=
= {N) FASCIA & BLOCKING
= 1/4" MIN GAP
ALL PENETRATIONS THROUGH TOP PLATE TO BE SEALED WITH FOAM OR CAULK T
= N) VENT STRIP
1= COR-A VENT SV5 OR EQUIV.
= W/ INSECT SCREEN
(E) PLASTE = @ TOP & BOTTOM OF CAVITY
é N) SIDING
(N) DENSE PACKED =N
CELLULOSE OR FIBERGLASS—/ | =—
B N) 3/4" FURRING STRIPS @ 16" OC
(N) PLYWOOD SHEATHING | (BACK VENTED CAVITY)
GLUED TO FRAMING @ PERIMETER, SEAMS TAPED W/ 7=
PROTECTO SUPER STICK BUILDING TAPE® OR =
3M™ ALL WEATHER FLASHING TAPE 8067 OR EQUIV. = N) HOUSE WRAP
= SEAMS & PERIMETER
% TAPED & SEALED
(N) EXT RIGID INS. =
2" ROCKWOOL (ROXUL TOPROCK OR EQUIV.) =
(INSTALLED AFTER BLOWER DOOR TEST)—/ =




The Details Matter

Thermal Bridge Analysis of Intersections
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Thermal Bridge Analysis of Intersections
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The Details Matter

Thermal Bridge Analysis of Intersections

Color Legend
35.1° 392° 432° 4‘]'.3°I 51.4° 55.4°I 59.5° 636° 6717° F

Close




The “Duck Curve”

and the End of Net-Zero?

California Grid Load (March 31) S ——
30,000.00
GrossLoad a4
25,000.00 t
I
2014 :
20,000.00 2015 7 H ~13 GW in
— 2016 / : 3 HRS
§ 15,000.00 2017 :
~ i
g i Gross Load
3 1000000 F———————————J/5020~" < S\TTTT~~ Wind (2014)
a
Solar
5,000.00
Wind (2014)
0.00
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 [~ ~°
Data: CAISO
-5,000.00

Hour
Energy: 13 GW x 3 hrs / 2 = 19,500,000 kWh / 10 kWh / 70% = 2,790,000 Tesla 10 kW Powerwalls
Power: 13 GW / 2 kW = 6,500,000 Tesla 10 kW Powerwalls
California: 12% Renewable in 2014, 33% by 2030, 50% Renewable by 2050



The Dao of Tau (@ N

Unheated Building vs. T (San Francisco, CA, July)
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The Dao of Tau (@ N

Unheated Building vs. T (San Francisco, CA, December)
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Net Zero Energy

Just Add Solar & Call It Done?
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Net Zero Energy

Just Add Solar & Call It Done?

Winter
B Heating Demand

OSolar

B Internal Heat Gain
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Net Zero Energy

Just Add Solar & Call It Done?

Winter
B Heating Demand

OSolar + IHG

B Internal Heat Gain

Winter

Summer



Proof in Practice

Passive House “Flattened” Seasonal Energy Use

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



Proof in Practice

Passive House “Flattened” Seasonal Energy Use

My Energy Use My Energy Use
Select fuel type: | electricity | | Select fuel type: | natural gas |~/
[ Mar 2013 — Feb 2014 Skt view: ( Mar 2013 — Feb 2014 Silact dows |
< 2 Similar homes comparison View: lby bil v] g \ “ Similar homes comparison YIOW: \@

Jul Aug Sep Oct Nov Dec Jan Feb Feb

What homes are compared?

What homes are compared?

Il You H You
Il Al similar homes I A similar homes
Similar homes EpElidontsimize homos Similar homes Il Efficient similar homes
T
¥

«--.."-. www.midorihaus.com

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



Where Does Our Energy Go?

Average PG&E Household (1584 ft?)

PG&E Household Electricity Use

Electronics Misc.

Lighting 18% h
9% Heating
3%
Refrigerator/
Freezers

Cooling

6%

Hot Water
1%

Pool/Spa _,
6%

20%

Cooking Laundry
1% 6%

Electricity: 6446 kWh/yr

PG&E Household Natural Gas Use
Pool/

Laundry Cooking
- 2%

—— Misc

0%

Hot Water '/
41% l

Natural Gas: 399 Therms/yr

Reference: 2009 Residential Appliance Saturation Survey (RASS), California Energy Commission (CEC)



Where Does Our Energy Go?

Average PG&E Household (1584 ft?)

PG&E Household Electricity Use PG&E Household Natural Gas Use
Laundry Cooking pool/s
2% 4% ool/Spa
_ 2%
Electronics  Misc. \ _
Lighting 18% Misc
9% Heating Hot Water V 0%
3% 41%
Refrigerator/
\ Freezers
Pool/Spa _ 20% Cooling

6%
Hot Water

6%

0,
Cooking Laundry 4%
4% 6%

Electricity: 6446 kWh/yr Natural Gas: 11,683 kWh/yr

Reference: 2009 Residential Appliance Saturation Survey (RASS), California Energy Commission (CEC)



Where Does Our Energy Go?

Average PG&E Household (1584 ft?)

PG&E Household Site Energy

Lighting Electronics

3% ﬁ\\ 7% Misc.
Pool/Spa 9%
3% O

Refrigerator/Freezers
7%

Cooking

4%

Laundry
3%

Cooling
2%

Site Energy: 18,263 kWh/yr
Electricity: 35%
Natural Gas: 65%

Reference: 2009 Residential Appliance Saturation Survey (RASS), California Energy Commission (CEC)



Thank You! Questions?

)

Graham Irwin ESSENTIAL 22N

Principal, Essential Habitat Architecture
www.essentialhabitat.com



