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What is High Performance?

• Comfortable

• Healthy

• Energy efficient

• Resilient

• Affordable

• Beautiful
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Credit: The Graduate, 1967, 

MGM
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Foam – Less is Best
Dangerous Toxic Ingredients

Unacceptable Fire Accelerant

This fire started during 

installation due to an excessive 

exothermic reaction

High Level of Embodied 

Energy & Global Warming 

Potential 

Unreliable Performance

Reversible?



475.supply |   800-995-6329

How to Mitigate Climate Change

“Global climate change is the challenge of our generation.”                      

- Mayor Bill de Blasio, One City: Built to Last

Credit: Passive House Accelerator
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Why Embodied Carbon Matters
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Components of High Performance

1. Robust enclosure

2. Quality daylighting  

3. Less toxic and more 

sustainable.

4. Healthy indoor air quality

5. More predictable and durable 

6. Low Energy – “Zero Energy 

Ready”
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The Order of Importance

Enclosure Performance

1. WATER CONTROL– shed it.

2. Ever greater AIR CONTROL – toward Passive House

3. More resilient VAPOR CONTROL – avoid mold

4. THERMAL CONTROL - toward thermal bridge free 
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WATER CONTROL – Shed it
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Water Control
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AIR CONTROL
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THE BLOWER DOOR DOESN’T LIE 

Passive Passion
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The Primary Air Barrier 

should be inboard of the 

insulation

Missing 

Air Barrier

Air Control
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Air Control Progression
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0.22 ACH50 14 kWh/(m²a) 10 W/m²

0.60 ACH50 15.4 kWh/(m²a) 12 W/m²

1.50 ACH50 20 kWh/(m²a) 17 W/m²

3.00 ACH50 27 kWh/(m²a) 25 W/m²

5.00 ACH50 38 kWh/(m²a) 36 W/m²

ACH50

Annual

Heating 

Demand Heating Load

Air Control: 

Heating Load/Demand Correlation



475.supply |   800-995-6329

0.22 ACH50 14 kWh/(m²a) 10 W/m²

0.60 ACH50 15.4 kWh/(m²a) 12 W/m²

1.50 ACH50 20 kWh/(m²a) 17 W/m²

3.00 ACH50 27 kWh/(m²a) 25 W/m²

5.00 ACH50 38 kWh/(m²a) 36 W/m²

ACH50

Annual

Heating 

Demand Heating Load

Air Control: 

Heating Load/Demand Correlation



475.supply |   800-995-6329

Wetting of the enclosure from 

inside Moisture Load: Diffusion and Convection

Without gap: Diffusion 0.3 perms:

e.g. Intelligent vapor retarder:             0.017oz  water/10 sqft x24h

40“
5.5 in

40“

28.2 oz    water/3,17 ft x 24h

With a 0.04 in gap: No vapor diffusion

Only vapor convection: 

Without a gap: Diffusion 35 perms 

e.g. Painted sheetrock:                      5.3 oz    water/ 10 sqft x24h

Gap width: 

0.04 in

Difference of 1600x
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Air Control Fundamentally Effective

Disproportionately effects: 

1. Indoor air quality: control 

the air to control the quality

2. Comfort: drafts are 

uncomfortable

3. Air transported wetting: 

a bigger liability than 

diffusion wetting

4. Heat loss & energy 

efficiencyAIR 

CONTROL

VAPOUR 

CONTROL
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Thermal bypass

To optimize insulation 

surround it with 

airtightness on all 6 sides. 

Primary Inboard

Secondary Outboard 

(windtight)

Mark Siddall
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1. Robust materials

2. Simplify the details

3. Consider the sequence

4. Seal penetrations

5. Repairable and verified

6. Protected

Continuity: In Design & Construction
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Inboard:

– Primary Air Barrier

– Tightest PHI Certified 

Membrane System

– Vapor Control Layer

Outboard:

– Secondary Air Barrier

– v̶a̶p̶o̶r̶ ̶o̶p̶e̶n̶

– FLATROOF membrane

Air Control

E2357

ASTM E2357 Testing

ASTM E2357 Testing
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Robust Air Barriers?  …. (Lab-) Tested?!
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Foam is Not airtight or optimal
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Robust Connections are Essential

PSA adhesives can move with building

New Approach Traditional

• Many sealants dry, 

embrittle and fail over 

time
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Window integration 
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Wire and Pipe Penetration Sealing

Credit: Ed May, BldgTYp

Allow for room to gasket properlyAir Control
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Service Cavity

Service 
cavity 
protects 
airtight 
layer
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VAPOR CONTROL
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Poorly insulated buildings heat 

themselves dry.

Well built assemblies dry 

through vapor diffusion.

“Stuff happens so build a 

moisture tolerant design”

Smart Vapor Control

Passive House Institute (PHI)

Passive House Institute (PHI)

Pinkbrownstone
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Work with the Dominant Vapor Drive…

Go with the Flow
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Winter Drives Outward

Outside Inside
Vapor Retarding
(or variable)  
How variable?

Vapor Open

Minimize Potential 
Wetting from InsideDrying Out

Winter
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Summer Drives Inward

Outside Inside
Vapor Open 
(retarding/variable)  
How variable?

Vapor open

Drying In

Summer

Vapor 

Drive
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Why are we installing vapor dams?
Credit:  Synergy Companies Construction LLC
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Foam is Addressing Dew Point

Dewpoint at 50oF

How much foam to raise 
sheathing temp to 50o F?

Vapor “Open”

Credit: Building Science Corp.
www.buildingscience.com
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Foam is Hydrophobic and doesn’t aid drying 
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Foam can make wetness

Credit:  Building Science Corp,   Building America Special Research Project: High R Walls Case Study Analysis 

Minneapolis MN
30% winter indoor RH

80% RH
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Foam makes enclosures more intolerant
Credit: Fraunhofer Institute

Vapor Control
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Wet 

Construction

In winter construction is 

exposed to moisture

Note: Many sources of moisture

Vapor Control
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Vapor Open Sheathing at Exterior

Credit: Ed May, http://bldgtypblog.blogspot.com/ Credit: Gutex woodfiber board insulation
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Or No (exterior) Sheathing

Vapor Control
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Or No Sheathing at All!

Credit: Three Tree Home Performance

Vapor Control
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Airtight / vapor 
open 
membrane

Vented gap

Roofing/Siding

Airtight / vapor 
open 
membrane

Vented gap

Roofing/Siding

Back Vented Rain Screens 

(Roofs and Walls)
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Traditional
Vapor barrier tape

New Options

Vapor Open 
Tapes And 
Membranes

Vapor permeable tape

At sill, high quality modified 
butyl-acrylic tape - is vapor 

closed
but doesn’t lap over ext >1”

no vapor damming!

Don’t Dam Moisture Around Openings
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THERMAL CONTROL
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THERMAL CONTROL

• Enclosure

– Continuous 

insulation

– Thermal bridge 

free joints and 

penetrations

• THINK 

THERMOS

Aqua Tower, Chicago
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Thermal Breaks 

A2M, Passive + Architecture
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Consider an Insulation that Helps Drying

Wood Fiber Board

Cellulose

Sheeps Wool

Thermal Control
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Outboard Vapor Open Insulation
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Thermal Breaks (…almost foam free)
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About Using WUFI Pro

• A relative risk assessment not an 
absolute risk assessment

• Examining for high moisture risk 
at critical components

• 5-10 year analysis 

• Using Moisture Content as proxy
– <15%MC = safe/low risk OSB, plywood

– <18%MC = acceptable risk for wood> OSB?

– 20%MC = danger threshold, significant risk also 
for solid wood

– >20%MC = rising risks

• Higher insulation values = Higher 
risks

• Don’t design safety factors out of 
the wall: maintain drying reserves
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Moisture-Driven Damages

• Condensation

• Wood rot

• Corrosion

• Interstitial mold

• Freeze-thaw
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Design Methods

Dewpoint vs Dynamic Method (ASHRAE 160)



Winter time snap shot….

56
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Inputs

Interior Conditions Exterior Conditions Interstitial Conditions

(Dynamic) (Dewpoint vs Dynamic) (Dynamic)

● Occupancy
● ACH50
● Ventilation rate

● T (fixed vs hourly)
● RH (fixed vs hourly)
● Wind (none vs dynamic)
● Rain (none vs dynamic)

Assumed embedded moisture 
after construction



Hourly calculations!
WUFI: Wärme und Feuchte instationär
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• Basic building sciences to understand the moisture risk and detect risky

assembly

• A helpful tool: WUFI 

– How to run a calculation and be confident in an assembly to prevent

potential risks



Heat, air and moisture transfer
WUFI: Wärme und Feuchte instationär
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• The tool: WUFI Pro (6.3) with plug-ins  

• Calculation/assement. To be confident in 

an assembly design

• Prevents risky assembly,  guides design 

before construction or damages occur

• Code compliance: ASHREA 160p or DIN 

EN 15026:
– “design using accepted engineering practice for hygrothermal analysis” as described 

in  1404.3 (walls) etc.



Performance assements

Takes time! Test huts

To validate

Computer model....
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Material values are not static
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Fibrous ins can see R-value reduced by factor 10 (from 30 to 70% h2o)



Intelligent vapor retarders: 
prevent wetting and promote drying
for maximum protection (factor 100)
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But when/how – where/why

0.13 perms                         >13 perms



From vapor closed in winter to vapor open in summer
<2.2 perms till 70%RH – prevents during winter construction etc

Vapor Intelligent Membrane
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Hydrosafe Smart Vapor Control



It’s complicated
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It’s complicated
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It’s complicated
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It’s complicated
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Vapor 
Barrier

Cathedral Ceiling 

Growing
moisture
levels
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Often roofs are vapor barriers, 
so don’t make it worse 
(even in mild climates (even in climate zone 4,3), watch out for radiant cooling)

Vapor 
Barrier?

Roof

Smart Vapor Control
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Walls – can be “easy”

Vented rain screened walls/roofs
with PH interior airtightness
Better than PERFECT – 6 sides & dry both ways

@TEstudioarch



Credit: FineHomebuilding
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Roofs are often vapor closed

Asphalt and flatroofs….prone to damage

Can’t dry outwards…
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Maximize drying potential

Credit: Pro Clima

Hydrosafe

Intelligent vapor 

retarder

Hydro safe vapor

variable membrane

PE sheet

OSB equivalent

Study: Steep pitched, north facing roof at high altitude (a worst case scenario).

Smart Vapor Control



Intelligent vapor retarder

72

Ideally suited for:

1. Meeting Code for Class II vapor retarders.

2. Assemblies with significant vapor retarding or   
vapor closed outboard layers.

3. Historic Masonry Retrofits

4. Cellulous and fibrous insulation 

5. Highly insulated assemblies

6. Where increased drying reserves are desired

Smart Vapor Control



See blog post: Yes, Unvented Roof Assemblies Can Be Insulated 

With Fiberglass – A WUFI Post

What about ADA?
Unvented Sloped Roof w/ Fiberglass

Study: 10:12 pitch, north facing roof at high altitude (a worst case scenario)



1
Study: 10:12 pitch, north facing roof at high altitude (a worst case scenario)

ADA vs Intelligence – what is save M%



1
ADA vs Intelligence – what is save M%

Study: 10:12 pitch, north facing roof at high altitude (a worst case scenario)
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Roof WUFI model



Vapor closed materials meet 
hygroscopic materials in roof

Minneapolis, MN

Climate Zone 6

Follow  ASHRAE 160 w/additional air leakage

First Example - Asphalt Shingle Roof, ½” OSB, R31 Fiberglass (Not 
even code minimum!), PE airbarrier, Gypsum Board

Second Example - Asphalt Shingle Roof, ½” OSB, 2” Vented Air Space, 
SOLITEX MENTO 3000, ½ OSB, R51 Fiberglass, INTELLO PLUS, Service 
Cavity, Gypsum Board



Build in construction moisture

DRIES TO SLOW!













Real world verification - Good Energy Haus

Minneapolis, MN

Climate Zone 6 - Passive House

Airtightness: 0.4ACH60

Foam free wall and roof

HERS index: 8



Real world verification - Good Energy Haus



Real world verification - Good Energy Haus

Wall R-50?

Corr metal rainscreen

hor battens

3 layer monolithic WRB

Cellulose

airtight sheathing - taped

2x4 wall w fiber insul

gypsum wall board

NO WUFI needed -

proven vented assembly

Can dry out easily 

and in if needed (slowly)



Real world verification - Good Energy Haus

Roof R-77

-flatroof (TPO)

-tapered foam 

-¾” plywood sheathing

-16” truss w Cellulose

- Reinforced -

intelligent vapor retarder

-2x4 service cavity

- gypsum wall board



Real world verification - Good Energy Haus

Roof R-77 - airtight details:



Real world verification - Good Energy Haus

Moisture monitoring:

Upward trend in winter is ok, as long as it only happens in year 1,2 

Stays below 18-20M% and summers below 15M%



Real world verification - Whitchurch house

Middlesex, VT

Climate Zone 6 - Passive House

Airtightness: 0.28ACH60

Timber frame with

Foam free flatroof

and walls



Real world verification - Whitchurch house

Walls - R50

Vented rainscreen

16” I-joist 

w cellulose behind MENTO PLUS

Paper based smart vapor retarder (reinforced)

t&G sheathing (interior) 

NO WUFI needed -

proven vented assembly

Can dry out easily 

and in if needed (slowly)



Unvented Flat Roof w/ cellulose



Real world verification - Whitchurch house

Monitored wall:

North wall

13-16M%

South < 12.5%

acceptable 

for wood



Real world verification - Whitchurch house

2013 - First foam free roof 

w PE sign off (code requirement)

- EPDM roof (black)

- White pine 1x’s

- 16" I-joists filled w cellulose (3’ o.c.)

- Intelligent/smart vapor retarder on

2x6  Hemlock interior



Real world verification - Whitchurch house



Real world verification - Whitchurch house

Dark vs light roof (in WUFI Pro):

10 Golden roofs for FOAM FREE FLATROOFS



Real world verification - Whitchurch house

Monitored results:

Below 10M%

nice and dry!



Moisture monitoring
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Omnisense

- Accurate remote temp, 

RH and M%

- Cell or WIFI gateways



Unvented Flat Roof #1
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Grey house - Ecocor.usNaomi Beal Photography

Area of Flat 

Roof



Vapor closed Roof data…
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The trajectory is down and increased reserves. Source:Ecocor.us

This is inline with WUFI Pro modelling 
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Straw Bale



Vapor closed materials meet hygroscopic materials

Boulder, CO

Climate Zone 5

Follow  ASHRAE 160 w/additional air leakage

First Example - Portland cement stucco, 22” straw bale insulation @R2 

per inch, ¾” plywood, Vapor closed WRB, Vented Cavity, Siding

Second Example - Clay stucco, 22” straw bale insulation @R2 per inch, 

¾” plywood, SOLITEX MENTO 1000, Vented Cavity, Siding

Note - M% of straw should not surpass 25M% of mass as per Wihan, J. 2007. Humidity in straw bale walls and its effect on 

decomposition of straw. PhD thesis of University of East London School of Computing and Technology.







How to put it all together

Our free e-books

Project support

WUFI modelling
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SUMMARY

Make it tight.  Make it right.

• Make continuous control layers with properly 

placed high performance materials and readily get 

great airtightness and smart vapor control.

• Minimize (or eliminate) the use of plastic foams

and make a more durable and sustainable assembly.

• Always blower door your buildings  - make them as 

tight as you can.

• Protect your control layers with sacrificial finishes.


