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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

World’s 1st Passive House
Kranichstein Passive House
Darmstadt, Germany (1990)

1st Passive House in US
Smith House
Urbana, Illinois (2003)

1st Passive House in CA
Tahan Residence
Berkeley, California (2007)

1st Certified Passive House in CA
1st Certified PH Retrofit in US
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
• Renewable Energy

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





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



Midori Haus
Santa Cruz

7(::0=,�/6<:,�9,;96-0;
966-�>(33�05;,9:,*;065
:*(3,!��	�$�����	
�������.9(/(4�09>05��,::,5;0(3�/()0;(;

�,��73(:;,9

�5��366:,�*,33<36:,��;/0*25,::�;)+
�05:;(33,+�(-;,9�)36>,9�+669�;,:;�

�5��**:-�(:�9,8<09,+
�05:;(33,+�(-;,9

)36>,9�+669�;,:;�

�5��+,5:,�7(*2,+
*,33<36:,�69�-0),9.3(::

�5��73@>66+�:/,(;/05.
.3<,+�;6�-9(405.�'�7,904,;,9��:,(4:�;(7,+�>�

796;,*;6�:<7,9�:;0*2�)<03+05.�;(7,��69
�4��(33�>,(;/,9�-3(:/05.�;(7,������69�,8<0=�

�5��,?;�90.0+�05:�
4(;,90(3�
�;/0*25,::�;)+

�05:;(33,+�(-;,9�)36>,9�+669�;,:;�

�5��=,5;�:;907
*69�(�=,5;�:=��69�,8<0=�
>��05:,*;�:*9,,5
'�;67�
�)6;;64�6-�*(=0;@

���	�405�.(7

�5��:0+05.

�5��-(:*0(�
�)36*205.

�5�����	�-<9905.�:;907:�'���	�6*
�)(*2�=,5;,+�*(=0;@�

�5��/6<:,�>9(7
:,(4:�
�7,904,;,9
;(7,+�
�:,(3,+

�5��73@>66+�30),9(33@�.3<,+�
�
:,(3,+�;6��,��966-�:/,(;/05.�
�
9(-;,9�)36*2:

�,��9(-;,9:��:/,(;/05.�
�966-05.

=,5;,+�(;;0*
�5,;�=,5;�(9,(�405�����6;/�6-�(;;0*�(9,(�

/6<:,�>9(7�,?;,5+,+�),/05+�
)36*205.��;(7,+�;6�:/,(;/05.



Midori Haus
Santa Cruz

�,��73(:;,9

�5��+,5:,�7(*2,+�*,33<36:,�69�-0),9.3(::

�5���	�,7:�05:<3(;065��:,(4:�-6(4,+�*(<32,+�
�;(7,+

�5��/6<:,�>9(7�(09�)(990,9��:,(4:�
�7,904,;,9�;(7,+�
�:,(3,+

(33�7,5,;9(;065:�;/96<./�:033�73(;,
;6�),�:,(3,+�>0;/�-6(4�69�*(<32

�	
�4

05
�(
)
6
=
,
�.
9
(
+
,

�5��;,940;,�:/0,3+

-6(4�*(<32�
�;(7,�,7:�;6�*65*9,;,

�5��=,5;�:;907
*69�(�=,5;�:=��69�,8<0=�
>��05:,*;�:*9,,5
'�;67�
�)6;;64�6-�*(=0;@

-6(4�*(<32�
�;(7,�
73@>66+�;6�*65*9,;,

-6(4�*(<32�73@>66+�;6�
:033�73(;,��904�160:;�
�
4<+:033

(+/,9,�/6<:,�>9(7�;6�*65*9,;,

�5��:630+�)36*205.
-69�7,5,;9(;065:

(33�7,5,;9(;065:�)66;,+��
:,(3,+�
�-6(4,+

7(::0=,�/6<:,�9,;96-0;
-3669�>(33�05;,9:,*;065
:*(3,!��	�$�����	
�������.9(/(4�09>05��,::,5;0(3�/()0;(;



Thermal Storage
Passive House in a Heat Wave, No A/C

Midori Haus, Santa Cruz www.midorihaus.com



Seasonal Demand

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

www.midorihaus.com



MCM ReEnvisioned, Sunnyvale

BEFORE (2019, Constructed 1955):
1,193 SF (3 BR/1¾ BA)



MCM ReEnvisioned, Sunnyvale

AFTER (2022):
1,767 SF (3 BR/2½ BA)



MCM ReEnvisioned, Sunnyvale



MCM ReEnvisioned, Sunnyvale



Floorplan Before & After



3. DETAILS: FLOOR



3. DETAILS: FLOOR

Clean Crawl Space: 1/10th Typical Vent Openings
Air Sealing (Plywood Deck)
7¼” Insulation
Water Supply Pipes in Joist Bays



3. DETAILS: WALLS



3. DETAILS: WALLS

3½” Cellulose + 2½” Surplus Polyiso
Air Sealing (Zip Sheathing)
Doors & Windows: Zola Thermo uPVC (R7), Triple Pane



3. DETAILS: ROOF



3. DETAILS: ROOF

“Milburn Truss”: Parallel Chord for Insulation Net
Air Sealing (Zip Sheathing), Overhangs Above
12” Cellulose + 2½” Surplus Polyiso
‘Cool’ (Reflective) Roofing



3. DETAILS: GARAGE ROOF
Air 

Barrier



3. DETAILS: SHADING

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



ENERGY USE

Before Remodel: $150/month (55-95ºF 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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SOLAR SYSTEM
8.5kW PV + 2 Tesla Powerwalls 



WATER

SANCO2 Heat Pump Water Heater
Drainwater Heat Recovery (1 Story?)
Structured Plumbing (DHW Delivery)
Rainwater Ready (Indoor Use)
Low Water, Permeable Landscape
Graywater Ready (Outdoor Use)



AIR QUALITY

Zehnder ComfoAir 160 HRV
Vented Range Hood (with Dampers)
HEPA Filter @ HRV for Wildfires

7-Month-Old HRV Filters vs. New



QUALITY OF LIFE & JOY

Agnieszka Jakubowicz Photography

“The design really encapsulates everything we were hoping to enjoy, and the Passive House 
benefits have really been as great as you said they would be.” - John & Adrienne



Study: CA Code à 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.

2013 Residential ACM Reference Manual A-7  

ACM Appendix A – Certification Tests 

Figure A-3ȱthroughFigureȱAȬ1ȱandȱError!ȱReferenceȱsourceȱnotȱfound.ȱdefineȱtheȱ2100ȱft2ȱprototype.ȱ

Noteȱthatȱtheȱglassȱareaȱandȱdistributionȱprovidedȱonȱtheseȱdrawingsȱisȱonlyȱtoȱshowȱaȱrealisticȱimageȱofȱtheȱhome.ȱGlassȱareaȱandȱ
orientationȱforȱimpactȱandȱcostȱeffectivenessȱisȱsetȱusingȱaȱglassȱdistributionȱtypicalȱofȱCaliforniaȱhomes.ȱȱ

Figure A-1: One Story Prototype Front View 

�

Figure A-2: One Story Prototype Back View 
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Results: CA Code à Passive House



Heating & Cooling Savings vs. 2013 T24
Location # Passive Houses = 1 Code House,  (      ) = w/ Optional Heat Recovery

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

( )

( )
( )

( )

( )



Optimized Building Shell
Location Roof Walls Raised Floor Slab Windows Air-Tightness

01 Arcata Code R21cavity+R4 Code R14 U 0.14  0.35 SHGC 0.6 ACH50

02 Santa Rosa

03 Oakland Code R13 Code   0.50 South

04 San Jose

05 Santa Maria R12

06 Torrance R10 Code

07 San Diego R18

08 Fullerton R19

09 Burbank

10 Riverside

11 Red Bluff R21cavity+R4 R14 U 0.14  0.35 SHGC

12 Sacramento R19

13 Fresno R13

14 Palmdale R12

15 Palm Springs R16

16 Blue Canyon R62 R21cavity+R20 R19cavity+R4 R18



Most Effective Upgrades by Location

-30000

-25000

-20000

-15000

-10000

-5000

0

CZ01 - ARCATA

Slab Insulation

Airtightness

Heat Recovery

Windows/Doors

No Screens

Wall Insulation

-14000

-12000

-10000

-8000

-6000

-4000

-2000

0

CZ02 – SANTA ROSA

Slab Insulation

Windows/Doors

Airtightness

Heat Recovery

Slab Insulation

Wall Insulation

No Screens

-16000

-14000

-12000

-10000

-8000

-6000

-4000

-2000

0

CZ03 - OAKLAND

Slab Insulation

Airtightness

Heat Recovery

No Screens

Slab Insulation

Tuned Glazing

-14000

-12000

-10000

-8000

-6000

-4000

-2000

0

CZ04 – SAN JOSE

Slab Insulation

Airtightness

Heat Recovery

No Screens

Tuned Glazing

or Whole House Fan



-18000

-16000

-14000

-12000

-10000

-8000

-6000

-4000

-2000

0

CZ05 – SANTA MARIA

Slab Insulation

Airtightness

Heat Recovery

No Screens

Slab Insulation

-4000

-3500

-3000

-2500

-2000

-1500

-1000

-500

0

CZ06 - TORRANCE

Slab Insulation

Slab Insulation

Airtightness

(Heat Recovery)

or Whole House Fan

No Screens

Night Ventilation

Overhangs

Cool Roof

-6000

-5000

-4000

-3000

-2000

-1000

0

CZ07 – SAN DIEGO

Slab Insulation

Thermal Mass

Airtightness

or Whole House Fan

(Heat Recovery)

Overhangs

Cool Roof

Night Ventilation
-3500

-3000

-2500

-2000

-1500

-1000

-500

0

CZ08 - FULLERTON Slab Insulation

Airtightness

Slab Insulation

or Whole House Fan

Thermal Mass

Overhangs

No Screens

(Heat Recovery)

Cool Roof

Night Ventilation

Most Effective Upgrades by Location



-3500

-3000

-2500

-2000

-1500

-1000

-500

0

CZ09 – BURBANK/GLENDALE
Airtightness

or Whole House Fan

Subsoil HX

Slab Insulation

Slab Insulation

Thermal Mass

(Heat Recovery)

Overhangs

Cool Roof

Night Ventilation

No Screens

Most Effective Upgrades by Location

-6000

-5000

-4000

-3000

-2000

-1000

0

CZ10 - RIVERSIDE Slab Insulation

Airtightness

or Whole House Fan

Subsoil HX

Slab Insulation

(Heat Recovery)

Overhangs

Thermal Mass

Night Ventilation

Cool Roof

-8000

-7000

-6000

-5000

-4000

-3000

-2000

-1000

0

CZ11 – RED BLUFF

Airtightness

or Whole House Fan

Heat Recovery

Slab Insulation

Wall Insulation

Subsoil HX

Cool Roof

Night Ventilation
-7000

-6000

-5000

-4000

-3000

-2000

-1000

0

CZ12 - SACRAMENTO Airtightness
Heat Recovery
Slab Insulation
Slab Insulation
or Whole House Fan
Windows/Doors
Overhangs
Wall Insulation
Thermal Mass
No Screens
Subsoil HX
Night Ventilation
Cool Roof



Most Effective Upgrades by Location

-7000

-6000

-5000

-4000

-3000

-2000

-1000

0

CZ13 - FRESNO or Whole House Fan

Airtightness

Heat Recovery

Slab Insulation

Slab Insulation

Overhangs

Wall Insulation

Subsoil HX

Windows/Doors

Cool Roof

Night Ventilation -8000

-7000

-6000

-5000

-4000

-3000

-2000

-1000

0

CZ14 - PALMDALE Airtightness

or Whole House Fan

Heat Recovery

Slab Insulation

Slab Insulation

Overhangs

Wall Insulation

Windows/Doors

Subsoil HX

Cool Roof

Night Ventilation

No Screens

-9000

-8000

-7000

-6000

-5000

-4000

-3000

-2000

-1000

0

CZ15 – PALM SPRINGS
or Summer Shading

Slab Insulation

Overhangs

Airtightness

Windows/Doors

Heat Recovery

or Whole House Fan

Wall Insulation

Cool Roof

Night Ventilation

Subsoil HX -20000

-18000

-16000

-14000

-12000

-10000

-8000

-6000

-4000

-2000

0

CZ16 – BLUE CANYON Slab Insulation
Airtightness
Windows/Doors
Heat Recovery
Wall Insulation
Attic Insulation
or Whole House Fan
No Screens
Overhangs
Floor Insulat ion
Subsoil HX
Night Ventilation
Slab Insulation



Title 24 vs. PH Energy Modeling

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

“Proposed Design”

“Standard Design”
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“Modeled Compliance” “Performance”

Equal Wall Areas & Glazing (5% CFA)
Rotated to True North
Floor Area & Volume = Prop. Design
Prescriptive Measures
Standard Assumptions
No Overhangs



Performance vs. Modeled Compliance

Reference: www.fueleconomy.gov, US DOE

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

2012 Yukon Denali 1500 Hybrid (21 MPG) 2012 Honda Civic Hybrid (44 MPG)

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

Performance is an absolute standard, compliance is relative.



Thank you! Questions?

Graham Irwin, Principal
Essential Habitat Architecture

www.essentialhabitat.com


