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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

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

10’s of 1000’s Worldwide: Residential, Commercial, Institutional

i ,,////,m,ﬂ.."_‘:ﬁ, A%

World’s |5t Passive House It Passive House in US Ist Passive House in CA Ist Certified Passive House in CA
Kranichstein Passive House Smith House Tahan Residence Ist 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?

. . . Solar thermal coll.
 Optimized Solar Gains (optional)

 Draft-Free Shell

Super
insulation

extract

 Heat Recovery triple " '
Ventilation (typical) oot ar

 Continuous Insulation :;;VZ-; >

* High Performance = extract

air

Windows & Doors

* Efficient Equipment,
Appliances & Lighting

* Renewable Energy .

Ventilation system with
heat recovery

ground heatexchanger

Image: Passivhaus Institut (PHI)



Passive House Benefits

1. Health

24/7 Filtered Fresh Air & Quiet, Consistent Comfort
Supplemental Filtration (HEPA) for Wildfire Smoke
Durable Shell Free of Moisture & Mold Problems

2. Wealth

Tiny Energy Bills, High Quality Construction
Immune to Changing Energy Prices & Policy

“Thermal Battery” to Store Heating & Cooling

3. Happiness

A Safe, Healthy Home for You & The Planet

A “Legacy” Building for Your Family

Quiet, Secure, Comfortable Interior - “Sanctuary” in the Modern World

4. Wisdom

Based on 40+ Years of Research & Engineering
30+ Years of Proven Performance

Efficiency is a Permanent Gift
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Midori Haus, Santa Cruz




Midori Haus

Santa Cruz

1569 ft2, 3BR/2BA [
Built 1922, Remodeled 2013
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Midori Haus

Santa Cruz

VENTED ATTIC

(NET VENT AREA MIN 1/150TH OF ATTIC AREA) PASSIVE HOUSE RETROFIT
ROOF-WALL INTERSECTION
SCALE: 1" =1'-0"

© 2010 GRAHAM IRWIN, ESSENTIAL HABITAT

(E) RAFTERS, SHEATHING & ROOFING

(N) PLYWOOD LIBERALLY GLUED &
SEALED TO (E) ROOF SHEATHING &
RAFTER BLOCKS

””””””””””””””””””” HOUSE WRAP EXTENDED BEHIND

A BLOCKING, TAPED TO SHEATHING
(N) LOOSE CELLULOSE, THICKNESsTBD | (N C(fNS;TﬁFEiQX;FT‘Eg =
(INSTALLED AFTER BLOWER DOOR TEST) BLOWER DOOR TEST) %
= (N) FASCIA & BLOCKING
g (N) VENT STRIP
== COR-A VENT SV5 OR EQUIV.
(N) DENSE PACKED — W/ INSECT SCREEN
CELLULOSE OR FIBERGLASS— | .(——Jil -~ @ TOP & BOTTOM OF CAVITY
(N) PLYWOOD SHEATHING Z%z - (N) SIDING
GLUED TO FRAMING @ PERIMETER, SEAMS TAPED W/ =
PROTECTO SUPER STICK BUILDING TAPE® OR —
3M™ ALL WEATHER FLASHING TAPE 8067 OR EQUIV. =
(N) 3/4" FURRING STRIPS @ 16" OC
(BACK VENTED CAVITY)
(N) EXT RIGID INS.
MATERIAL & THICKNESS TBD : (N) HOUSE WRAP
(INSTALLED AFTER BLOWER DOOR TEST) SEAMS & PERIMETER
TAPED & SEALED




Midori Haus

Santa Cruz

ALL PENETRATIONS THROUGH SILL PLATE
TO BE SEALED WITH FOAM OR CAULK

(E) PLASTER

(N) DENSE PACKED CELLULOSE OR FIBERGLASS

=

PASSIVE HOUSE RETROFIT
FLOOR-WALL INTERSECTION
SCALE: 1" =1'-0"

© 2011 GRAHAM IRWIN, ESSENTIAL HABITAT
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FOAM/CAULK PLYWOOD TO
SILL PLATE, RIM JOIST &

LALL PENETRATIONS BOOTED,
SEALED & FOAMED

(N) SOLID BLOCKING
FOR PENETRATIONS

(N) HOUSE WRAP AIR BARRIER, SEAMS & PERIMETER TAPED & SEALED
(N) 2" EPS INSULATION, SEAMS FOAMED/CAULKED & TAPED

FOAM/CAULK & TAPE EPS TO CONCRETE
ADHERE HOUSE WRAP TO CONCRETE

MUDSILL

FOAM/CAULK & TAPE
PLYWOOD TO CONCRETE

IS
AT

SRS

(N) VENT STRIP

COR-A VENT SV5 OR EQUIV. |
W/ INSECT SCREEN

@ TOP & BOTTOM OF CAVITY

(N) TERMITE SHIELD

6" MIN ABOVE GRADE




Thermal Storage

Passive House in a Heat Wave, No A/C

I e =isEip s
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©2015 Essential Habitat
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Passive House = Thermal Battery

Midori Haus, Santa Cruz www.midorihaus.com

Comfortable Inside Durmg

example at 14-May-2014 14:35
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Seasonal Demand

My Energy Use My Energy Use
Select fuel type: | electricity | | Select fuel type: | natural gas | v/
[ Mar 2013 — Feb 2014 ol i ( Mar 2013 — Feb 2014 e Vo
€ | 7 similar homes comparison iow: l@ \ € | ?  Similar homes comparison MW [@
552 kWh 83 therms

Jul Aug Sep Oct Nov Dec Jan Feb

B You
I Al similar homes
Similar homes Il Efficient similar homes

What homes are compared?

63

42

21

Jul  Aug  Sep Feb

What homes are compared?

Il You
I A similar homes
Similar homes Il Efficient similar homes

......-. 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















Floorplan Before & After
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3. DETAILS: FLOOR

ROOF ASSEMBLY TO CONFORM WITH CRC SECTION
R806.5 FOR UNVENTED ASSEMBLIES. SEE GENERAL
NOTES ON A0.1

DENSE PACKED INSULATION IN TRUSS BAYS

= 11'-0 3/4" TO B.O. RIDGE

8'-0" CLR.

soFrT || o

9'-5" CEILING HT.

FUMIIY WV Tl ¥ WA YW MU R VIR b |

W/ EXT. RIGID INS. SEE A5.0-A5.1

VAULTED CEILING

EXTERIOR RIGID INSULATION

HEADER(S) ABOVE
TOP PLATE ON NORTH
WALL CONDITIONED
SPACE: SSD &
COORDINATE W/
TRUSS FABRICATOR

7'-0"
8'-10 1/4"

12" MIN.

'—'_'_'_'_'ﬂ‘
/_/’
/"-’,/
"z’ VAULTED CEILING
w )
'o:- Lol .
[11]
0
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w
m -
d %
F
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g
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d 18" MIN. -
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AS5.1

| Air Sealing (Plywood Deck)

3. DETAILS: FLOOR

ROOF ASSEMBLY TO CONFORM WITH CRC SECTION
R806.5 FOR UNVENTED ASSEMBLIES. SEE GENERAL
NOTES ON A0.1

DENSE PACKED INSULATION IN TRUSS BAYS
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T
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FUMIIY WV Tl ¥ WA YW MU R VIR b |

W/ EXT. RIGID INS. SEE A5.0-A5.1

EXTERIOR RIGID INSULATION

HEADER(S) ABOVE
TOP PLATE ON NORTH
WALL CONDITIONED
SPACE: SSD &

7% Insulation

Water Supply Pipes in Joist Bays

q
[}
=
'- TR

12" MIN

'8 (N I

NKTT‘.‘I ‘hrW‘r“f
“|4 /\

ANV I\




e PLY BUCK @ no.
W/ 1/2° INSTALLATION GAP FOR
WINDOW/DOOR UNIT

SIGA CORVUM TAPE OVER
WIGLUV 230 AND FRAME

PIGSHED FLOOAING

ENTRY 5.0.0.: 550

ROCK BASE PER STRUCTURAL

1

| {K) FLOOR FRAMING

DENSE PACKED INSULATION

(E) FOOTING

IN-SWING ENTRY DOOR HEAD & THRESHOLD

Scale: 3" = 1'-0"

3. DETAILS: WALLS

PRIMARY AR AR
TIGHTNESS TO BE VERIFIED Ne
BEFORE COVERING OR

INSULATING ‘\\

SHEATHING AND HEADER \

WIGLUV SIGA WIGLUV TAPE
2040 SPLITBACK OVER FRAME
AND ONTO TAPE OVER HEADER

24" PLY BUCK @

RLO. W/ 1/2* INSTALLATION GAP
FOR WINDOW/DOOR UNIT

FACE OF FINISH BEYOND —————————————

THAESHOLD SET ON TOP OF —————
SUBFLOOR. SET ON TWO BEADS.
OF SILICONE, SIAFLEX OR EQUNV.

-

2

LIFT SLIDE DOOR HEAD & THRESHOLD

Scale: 3" = 1'-0"

ARCHITEC

24" PLY BUCK @ PERIMETER OF ———
RLO. W/ 1/2° INSTALLATION GAP \
uNIT

WIGLUV SIGA TAPE 150 OVER ————
SHEATHING AND SLL

PRIMARY
TIGHTNESS TO BE VERFIED
COVERING OR

INSULATING

- S3GA CORVUM TAPE OVER
WIGLUY 230 AND FRAME

WINDOW HEAD & SILL TYP.

3

Scale: 3" = 1'-0"



3. DETAILS: WALLS

PRIMARY AR BARRIER. AR
TIGHTNESS TO BE VERIFIED

BEFORE COVERING OR
INSULATING
PRIMARY AIR BARRIER. AIR
TIGHTNESS TO BE VERIFIED N W ) =
BEFORE COVERNG OR ) SIGA WIGLUY TAPE 230 OVER
ST b SHEATHING AND HEADER
i i
SHEATHING AND HEADER N - 1 WIGLUV SI0A WIGLUV TAPE
¢i 20/40 SPLITHACK OVER FRAME
\:i L | AND ONTO TAPE OVER HEADER
b L 1
4/4° PLY BUCK @ PERMETER OF R.0. - i 34° PLY BUCK @ PERIMETER OF
W/ 1/2° INSTALLATION GAP FOR E | RO, W/ 172* INSTALLATION GAP
WINDOW/DOOR LNIT / {71 FOR WINDOW/DOOR UNIT
==n

32" Cellulose + 2)2” Surplus Polyiso
Air Sealing (Zip Sheathing)

Doors & Windows: Zola Thermo uPVC

T E e —
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R

-
] — - |
RIGID INSULATION : - Lo 1'
|
e <SS g noor e |
ENTRY 5.0.0. 550 -~ | |
B L ki padaN !
{ ‘ ‘
* £ » WL, B =P il
1 ! l :
a ' | i
| = i
B 0 e ‘
[ . -, - g (E) FOOTING
B  EERARAS e
POK BASE POR STRUCTUAL e, 2
t fEe it

L

7), Triple Pane

]
|
A
1
|
1
|
1
|
1
|
4
|

4\ IN-SWING ENTRY DOOR HEAD & THRESHOLD (5 ) LIFT SLIDE DOOR HEAD & THRESHOLD

) (
\__/ Scale:3" = 1'-0" \?/ Scale: 3" = 1'-0"

24" PLY BUCK @ PERIMETER OF
RLO. W/ 1/2° INSTALLATION GAP

WIGLUV SIGA TAPE 150 OVER
SHEATHING AND SLL

PRIMARY AIR BARRIER. AIR
TIGHTNESS TO BE VERFIED
BEFORE COVERING OR
INSULATING

[/5\,'7\7NI7NDOW HEAD & SILL TYP.
\>/ scale: 3" = 1-0"



3. DETAILS: ROOF

ASPHALT SHINGLES
ROOF SHEATHING

RIGID INSULATION BTW 2x4 SLEEPERS

RAIN SCREEN VENT AT TOP OF ASSEMBLY
|\ 5/8" TYPE X GYP. BD. FOR 1-HR. ‘1
| FIRE RATING PER CRC-R302.1 /

CEMENT SIDING
PER CLIENT

2x4 BLOCKING

2x10 FASCIA TYP.

3'-0" FROM EXT. F.O. FIN.

DENSE PACKED INSULATION

CEMENT SIDING OR EQUIV.

1x STRAPPING FOR VENTED RAIN SCREEN

RIGID INSULATION

PRIMARY AIR BARRIER. AIR TIGHTNESS TO BE
VERIFIED BEFORE COVERING OR INSULATING

SUPPORT BATTENS AS PER
MEMBRANE MANUFACTURER

INSULATION NETTING ATTACHED TO
PARALLEL CHORD OF TRUSSES

2 LAYERS 5/8" GYP BD AT EXTERIOR
WALLS AND CEILINGS TYP.

DENSE PACKED
INSULATION IN STUD BAYS

WALL SHEATHING



3. DETAILS: ROOF

“Milburn Truss’: Parallel Chord for Insulation Net
Air Sealing (Zip Sheathing), Overhangs Above

12” Cellulose + 22 Surplus Polyiso

‘Cool’ (Reflective) Roofing
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3. DETAILS: GARAGE ROOF

- RAIN SCREEN SIDING ASSEMBLY
Air W/ EXT. RIGID INS. SEE A5.0-A5.1 /
Barri 4
EXTERIOR RIGID INSULATION arrier ROOF ASSEMBLY TO CONFORM WITH CRC SECTION /
R806.5 FOR UNVENTED ASSEMBLIES. SEE GENERAL
NOTES ON A0.1 /
———— DENSE PACKED INSULATION IN TRUSS BAYS /

|
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o
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o
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Ao Fay Py A A A A A an A A ey sy A oy b 1 2 M | N . "

S.0.G. - SSD DENSE-PACKED INSULATION /




3. DETAILS: SHADING

36” Eaves
Low-g Glazing
Seasonal Pergola Shade (West)




ENERGY USE No Intereonnecs

1500

1000

500

0

kWh

-500

-1000

-1500

-2000

Monthly Energy Use Peak Grid Draw
f . 1 "“‘688 kWh
= Home (kWh)
05/21 06/21 07/21 08/21 09/21 10/21 11/21 12/21 01/22 02/22 03/22 04/22 05/22 06/22 07/22 08/22 09/22 10/22 11/22 12/22 01/23 02/23 03/2304/23 Solar (kWh)
Grid (kWh)

Before Remodel: $150/month (55-95°F House, No Cars)

After Remodel, Before Solar: $180/month (Perfect Comfort, Two Electric Cars @ ~340 kWh/month)
With Solar, Jan-Mar 2023: ~$9/month + $11 Connection Fee (Perfect Comfort, Two Electric Cars)
With Solar, Apr 2023: -$67.48

Typical CA Home: 1,667 kWh/month, Typical CA Car: 1,630 kWh/month = 3,297 kWh/month
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SkW PV + 2 Tesla Powerwalls

SOLAR SYSTEM

8



WATER W

SANCO2 Heat Pump Water Heater

Drainwater Heat Recovery (I Story?) |/

Structured Plumbing (DHW Delivery) |/~

Rainwater Ready (Indoor Use) ? |
Low Water, Permeable Landscape ... I 7 :

FFFFF

Graywater Ready (Outdoor Use) iz




ARR QUALITY

Zehnder ComfoAir 160 HRV e
Vented Range Hood (with Dampers) | ===
HEPA Filter @ HRYV for Wildfires e —

o Month/Gid HRV Fliters vs New N



“hihe design really encapsulates eyerythineiwenweremoping to enjoy, and the Passive House
] / 5 ‘

ber- have really been as great @Siyoulsaiditheyiwould be.” - John & Adrienne
g
i1

—

/ Agnieszka Jakubowicz Photography



Study: CA Code - Passive House

2013 California Code vs. Passive House

|. 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.




Results: CA Code - Passive House

Combined Heating and Cooling Demand ( kBTU/yr)

60000
CZ16

CZ15

50000

40000

30000

20000 PH Limit

10000
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Heating & Cooling Savings vs. 2013 T24

NS 72N 72 72\

01 Arcata

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

06 Torrance

07 San Diego N
08 Fullerton )
09 Burbank SO
10 Riverside N
11 Red Bluff SOOI
12 Sacramento A
13 Fresno D
14 Palmdale )

15 Palm Springs

16 Blue Canyon



Optimized Building Shell

01 Arcata Code R21,,,+R4 Code R14 U0.14 0.35SHGC 0.6 ACH,
02 Santa Rosa ‘ ‘ ‘

03 Oakland Code R13 Code 0.50 South
04 San Jose ‘ l

05 Santa Maria R12

06 Torrance R10 Code

07 San Diego R18

08 Fullerton R19

09 Burbank l

10 Riverside \ / v

11 Red Bluff R21,.,+R4 R14 U 0.14 0.35 SHGC
12 Sacramento R19

13 Fresno R13

14 Palmdale R12

15 Palm Springs Y v v R16

16 Blue Canyon R62  R21.,,,+R20 R19.,,,+R4  R18 v v



Most Effective Upgra

des by Location

CZ01 - ARCATA CZ02 — SANTA ROSA
e ° nn
-5000 I . -2000 I B Slab Insulation
H Slab Insulation
-4000 Windows/Doors
-10000 Airtightness
Airtightness
Heat Recovery -6000
-15000 Heat Recovery
Windows/Doors -8000
H Slab Insulation
-20000 m No Screens
-10000 = Wall Insulation
H Wall Insulation
-25000 -12000 B No Screens
-30000 -14000
CZ03 - OAKLAND CZ04 — SAN JOSE
O | 0 . ' """
-2000 -2000
[ i [ i
2000 Slab Insulation 1000 Slab Insulation
Airtightness Airtightness
-6000
Heat Recovery -6000 Heat Recovery
-8000
No Screens -8000 No Screens
-10000
m Slab Insulation M Tuned Glazing
12000 -10000
M Tuned Glazing iior Whole House Fan
-14000 -12000
-16000 -14000




Most Eff

ective Upgrades by Location

CZ05 — SANTA MARIA CZ06 - TORRANCE
0 0 )
[ | I... H SlabInsulation
-2000 i P
500 m Slab Insulation
-4000
m Slab Insulation -1000 Airtightness
-6000
= Airtightness -1500 (Heat Recovery)
-8000
Heat Recovery -2000 i:ior Whole House Fan
-10000
No Screens -2500 M No Screens
-12000
m Slab Insulation . H Night Ventilation
-14000 3000 &
W Overhangs
-16000 -3500 8
|
-18000 4000 Cool Roof
CZ07 — SAN DIEGO CZ08 - FULLERTON  ®slabinsulation
0 l 0 0 M Airtightness
I H Slab Insulation III Slab Insulation
_lom -500
® Thermal Mass or Whole House Fan
. -1000
-2000 Airtightness B Thermal Mass
or Whole House Fan -1500
3000 W Overhangs
H (Heat Recovery) -2000 B No Screens
-4000
H Overhangs 2500 H (Heat Recovery)
B Cool Roof
-5000 _ o 3000 B Cool Roof
H Night Ventilation
B Night Ventilation
-6000 -3500




Most Effective Upgrades by Location

CZ09 — BURBANK/GLENDALE CZ10 - RIVERSIDE ® Slab Insulation
M Airtightness M Airtightness
° B 0 ’ 0
II izor Whole House Fan I l or Whole House Fan
-500 Subsoil HX -1000
I Subsoil HX
-1000 SlabInsulation
= Slab I nsulation -2000 m Slab Insulation
~1500 ETh M B (Heat Recovery)
ermal Mass -3000 ry
-2000 M (Heat Recovery) W Overhangs
W Overhangs -4000
-2500 i B Thermal Mass
Pl B Cool Roof
3000 BN B Night Ventilation -5000 M Night Ventilation
3500 B No Screens 6000 Cool Roof
m Airti
CZ11 - RED BLUFF CZ12 - SACRAMENTQ ®Artightness
W Heat Recovery
0 — g . . 0 Ill SlabInsulation
M Airtightness ;
-1000 g -1000 I SlabInsulation
2000 Izor Whole House Fan {zor Whole House Fan
-2000 ;
3000 Heat Recovery B Windows/Doors
B W Overhangs
Slab Insulation -3000 &
-4000 : H Wall Insulation
m Wall Insulation -4000
|
-5000 b 1 Thermal Mass
ubsoi
6000 -5000 B No Screens
heaediEN [ B Cool Roof B Subsoil HX
- -6000 . T
7000 m Night Ventilation M Night Ventilation
-8000 7000 Cool Roof




Most Effective Upgrades by Location

CZ13 - FRESNO iior Whole House Fan CZ14 - PALMDALE B Airtightness
M Airtightness i:or Whole House Fan
0 0
I I Heat Recovery I l Heat Recovery
-1000 III = Siab Insulation -1000 III 1 Slab Insulation
-2000 m Slab Insulation -2000 :Soolablhnsulatlon
- P verhangs
-3000 = Overhangs o m Wall Insulation
-4000 = WallInsulation 000 B Windows/Doors
B Subsoil HX -5000 B Subsoil HX
-5000 B Windows/Doors -6000 P B Cool Roof
-6000 H Cool Roof -7000 B Night Ventilation
7000 B Night Ventilation -8000 No Screens
W or Summer Shading .
CZ15 — PALM SPRINGS CZ16 — BLUE CANYON *®Slabinsulation
m Slab Insulation M Airtightness
0 Overhangs 0 I’ i Windows/Doors
-1000 o -2000 Heat Recovery
-2000 Alrtightness -4000 I = Wall Insulation
3000 = Windows/Doors -6000 m Attic Insulation
-4000 ® Heat Recovery -8000 zor Whole House Fan
-5000 #ior Whole House Fan -10000 W No Screens
-12000 W Overhangs
-6000 = Wall Insulation -14000 H Floor Insulation
-7000 M Cool Roof -16000 W Subsoil HX
-8000 m Night Ventilation -18000 m Night Ventilation
-9000 = Subsoil HX 20000 m SlabInsulation




Title 24 vs. PH Energy Modeling

“Modeled Compliance”

“Performance”

(V]
|
()
S 1 of 16 Cities
% No Landscape Shading
A Bug Screens Year ‘Round
1o}
=
]
3
%
=
>
2 \’
(J]
c
L
g “Standard Design” 7]
>
5 |
Q
<
) Proposed
8 ——><] H/c/onw <«
v <= Std Design?

Equal Wall Areas & Glazing (5% CFA)

/ Rotated to True North

Floor Area & Volume = Prop. Design
Prescriptive Measures

Standard Assumptions

No Overhangs

- — — — PHPP/WUFI Passive/Energos, etc. — —

Localized Climate Data
Landscape Shading

O

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




Performance vs. Modeled Compliance

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

r:-l \

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

Reference: www.fueleconomy.gov, US DOE

Performance is an absolute standard, compliance is relative.
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