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Decay and Mold Under a Cool Roof

What went wrong?

• The State’s Energy Code did not require a cool roof at their location at 
the time and no added insulation was required either.  

• But, there was a lot of literature by the State and (Particularly!) by 
roofing material manufacturers promoting Cool Roofs.

• The roofer sold the Homeowners’ Association a Cool Roof.  It would 
“save them energy” and their units would be “cooler in summer”.

What went wrong?  2

• Air flowed freely through gaps in the ceiling and walls, up into the 
“attic”, through the fiberglass batt insulation

• Moisture condensed on the underside of the roof deck on cool nights.
• The attic air was not warmed by the cool roof during the days as 

much as it would have been under a traditional built-up “hot” roof.
• Cool air contains less moisture than warmer air.  
• Condensed moisture absorbed by wood (and some other materials)
• Less of the moisture in the wood re-evaporated.
• Condensed moisture accumulated over many days, permitting decay fungus 

(and mold) to grow and steel to rust.

Overview – Building Enclosure Systems

• What Can Go Wrong?
• Condensation Accumulation and How To Avoid the Self-Composting Building

• Classes by Gina Rodda (Gable Energy), Gavin Healey, RDH (particularly Dr. John Straube), 
and others – PG&E, SCE?

• Moisture Movement (in air) vs. Liquid Water Movement

• You can do everything “Right” and “To Code” and it still won’t work!
• You couldn’t have known – well, you could have; but, there was little need to 

in our area, because of the loose way we used to build.
• at least not until 2012 or 2013; after that, you probably should have known!  
• The information was and is still available, if hard to get.
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• How do we prevent things from going wrong?
• Understand the Physics!

• Design for condensation accumulation prevention
• Construction – don’t poke holes in the vapor retarder!

• Design Issues – Understand the Physics – the basics
• Thermal – keep cold in winter surfaces cold

• Studs / rafters reduce the effective thermal insulation (lower R-Value) – CEC table
• Air – eliminate air movement through wall and roof assemblies – blower door
• Moisture – keep inside air from contacting cold in winter surfaces

• Keep moisture from dissipating through interior materials – use a vapor retarder? CEC 
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• Design Issues, continued
• Air / Vapor porous insulation assemblies below the roof deck do not prevent 

condensation  - the biggest / most common mistake!
• They will retard air movement, and therefore also retard re-evaporation, contributing to 

condensation accumulation
• They will allow the deck to heat up more than if they were not installed under the roof deck 

in daytime, but also interfere with air circulation that would take any evaporated moisture 
away from the deck surface

• Facers further retard re-evaporation, by keeping the air adjacent to the wet wood closer to 
100% Relative Humidity

• Additional Concern:  The cost to replace building enclosure systems, 
when they wear out, is MUCH higher than most owners expect!!!!
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• Construction Issues
• Air sealing – at the tops of all interior walls, too!
• Moisture vapor retarder installation – no holes!  (how do you secure materials 

on top of a vapor retarder without making holes in it?)
• Insulation must fill all the space, from stud to stud or rafter to rafter (if below 

the roof deck) to be effective

California Codes 

• The California Energy Code is improved.  But, meeting the 
requirements is not sufficient.  

• It focuses on thermal resistance – insulation
• The required computer model ignores condensation!
• It set up the next ten years (or more) of lawsuits

• It will make some of us rich, explaining to the lawyers what went wrong.
• Whose fault is it?  Contractors?  Designers?  Manufacturers?  Owners?  Energy 

Commission?  Legislature?
• The courts will decide, eventually.  Everyone had a role to play!

• They “fixed” the Code now? (big maybe)  It is so complicated, I’m not sure.
• Remind our legislators:  “You can’t change the Laws of Physics.”

Some of the disasters I have encountered:
• 1st, a condo-conversion from an un-insulated masonry building 

(formerly a convent) in San Francisco – my project!
• 2nd, an apartment building south of Sacramento – expert witness
• 3rd, a condominium in the South San Francisco Bay – expert witness
• 4th, a commercial building in Modesto – my project!
• 5th, a house in Atherton – contractor blamed for “roof leak”, advised 

owner to call me.

Moisture Stains at Ceiling-Wall – Convent --> 
Condo But, the Wall is Wet, Too!
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Here is the NOT Cool Roof, Above – no leaks Here is the Attic Space – no insulation on wall 

Condominium Conversion – San Francisco
• Moisture Vapor Movement – into the Attic … and on the walls!
• Moisture Vapor flowed into the attic from the interior and condensed

• Flowed back down the wall surface and was soaked up by the ceiling gypsum 
board and wall board – where there was one.

• Water condensed on the bare masonry wall inside the units, also
• Be careful when converting the attic into conditioned space, as is REQUIRED

• Not a “Roof Leak”
• Cost me about $2,000 out-of-pocket and 3 trips to the site
• Still, the client doesn’t believe it is condensation – won’t pay me

Converting Attic to Conditioned Space

• What are we doing when we reroof an existing (occupied) building?
• Add insulation above the roof deck – the ceiling is often inaccessible
• Close off attic ventilation – no point in insulating it, only to let in outside air

• Outside air is cold in winter – will cool surfaces it contacts  condensation
• Stop and think about what this does:

• Moves the dew point up from the ceiling into the above-roof-deck insulation – that’s 
good!

• What about the perimeter attic walls?  Are they insulated?
• Are we still ventilating the attic? – as is required by the Building Code

Cool Roof on a Building – South of Sacramento
Moisture Stains, Rusty Fasteners. 
But, no Roof Leak!

It is NOT Always a Roof Leak
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Apartment houses South of Sacramento

• Lawsuit – Expert Witness
• There was a minor leak, easily patched, in one of the 5 apartment buildings
• These photos were in a building with no leak, but water damage!
• Owners reroofed one building before the settlement, unnecessarily?

• Condensation under the roof membrane caused considerable damage
• And significant cost – to pay Attorneys and Expert Witnesses

Cool Roof Membrane Added

• Ceiling insulation is air-permeable
• We seldom install vapor retarders below the insulation in most of California
• We usually rely upon the roof membrane as the air barrier

• Changing the reflectance and emissivity of the roof works on paper
• If we ignore moisture movement – as do the models the State uses to 

determine energy savings potential and develop the Energy Code
• Now – the Energy Code requires addition of insulation 

• But, we don’t trace the air barrier or vapor retarder layers, if there were any

Cool Roof on a “Self-Composting”
Residential Building in South SF Bay No Roof Leak – Condensation Damage

Here is what was under there Condensed Moisture in the Roof Deck

• Old “Hot” Roof:
• Moisture condenses on a cold night and is absorbed by the roof deck

• Roof heats up during the day and most of the moisture re-evaporates
• Air moves through the attic and takes a lot of the moisture out of the attic

• New Cool Roof:
• Moisture still condenses and is still absorbed by the roof deck

• Roof doesn’t heat up as much  attic air doesn’t heat up as much less moisture re-
evaporates

• Air movement still removes the air, but with less moisture in it
• Condensed moisture accumulates  decay, mold
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Condominium in the South San Francisco Bay

• Roofing Contractor sold them a “Cool Roof”
• No insulation added (there would be now, I presume)
• No “roof leak”
• Moisture found its way up to the underside of the roof membrane

• Condensed
• Soaked the gypsum board, roof deck, and into the framing
• Mold grew in the insulation
• Decay grew in the roof deck and framing

Cool Roof – Commercial Building - Modesto

Under the Uninsulated (Warehouse) Roof is: Modesto Commercial Building

• Insulation on top of the roof deck was added in the front, over the 
retail space – no condensation there – didn’t reach the Dew Point

• Owner refused to add insulation over roof deck in the warehouse
• Mech Cont. Warned Owner that there may be a moisture problem

• The Owner Fired the mechanical contractor who warned him about moisture issues
• New mechanical contractor wasn’t concerned about it – before I was aware of the issue
• Condensation under the roof membrane
• Soaked the gypsum board
• Soaked the roof deck

• Owner refused to pay for the investigation into the “Roof Leak”

A wood shingle roof on a house in Atherton Dehumidifier in the attic, pulling 5 gallons/day
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House in Atherton

• Foam board insulation over ceiling joists, but
• Gaps in the insulated ceiling around the access hatch
• Gaps at the perimeter, above the exterior wall, also
• Air and moisture were getting into the attic easily

• Fiberglass batts between rafters, with paper facer, not taped
• Moisture in the air condensed on the underside of the roof deck

• Water dripped into living space and they discovered:
• Decay grew and rotted the roof deck

• General Contractor called it a “Roof Leak” – common misdiagnosis!

What do they have in common?

• Moisture condensed under the roof membrane or on the wall.
• There was no “roof leak” in any of these cases (with one minor exception).

• The designer (roofer) did not consider moisture vapor / condensation. 
• Even a not-cool roof can permit condensation accumulation!

• Why didn’t it happen before?  Oh, it may have!  
• It’s just worse under a cool roof because less moisture re-evaporates
• If you had to replace some plywood the last time you re-roofed, maybe it wasn’t all a 

roof leak!

How to Avoid Similar Disasters:

• Supplement the California Energy Code with knowledge of moisture 
movement (and how to avoid trapping it).

• Know how to: 
• design to prevent moisture vapor from condensing (new construction), or
• design to allow condensed moisture to dissipate before it accumulates:

• Ventilate – maybe.  But don’t let cold air inside!  
• Conditioned Space and Vented Attic don’t mix!

• Calculate dissipation through the finishes – vapor retarders do work both ways, trap!

• There are some rules of thumb that can be useful.  But, do not rely 
upon them exclusively.

Five Critical Roof / Wall System Components:

1. Structural Support – I assume you have this handled.  Moving on:
2. Liquid Water Shedding (shingles) or Membrane
3. Thermal Barrier – Resistance:  “U-factor” or “R-value”
4. Moisture Vapor Retarder – If and where to put it?
5. Air Barrier – Definitely!!!  This is new and a significant change!

• All five must work together, if the assembly is to succeed

Liquid Water Shedding or Membrane
• Has been the main design focus for enclosure systems for a long while

• Changes are coming, as we build with continuous insulation and air barriers
• We know how to build good water-shedding membranes!

• Keep this in mind, as we incorporate the changes necessary to comply 
with the California Energy Code 

• Air-tight construction
• Increased thermal resistance – continuous external insulation
• Moisture vapor movement (as opposed to liquid moisture movement) is not 

considered adequately!
• Vapor retarders are required, but insufficient guidance on how or where to use them
• Sometimes, the assembly would work better without them – as we are used to building!  

Thermal Barrier – Insulation 
• Continuous Insulation is the ideal, from the energy efficiency view

• No Thermal Bridges!!!
• No gaps in insulation layer at edges – perimeters and corners!
• It also solves most of the moisture vapor movement issues if done well!

• Most foam board insulation is a vapor retarder – just tape the seams / joints

• Do not let surfaces within the roof or wall assembly get below the 
dew point, unless:

• No moisture can reach those surfaces, or
• The moisture that reaches them can be absorbed, stored, and dissipate 

quickly when the surface reheats
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Moisture Vapor Retarder (not “Barrier”)

• Use of a Vapor Retarder allows you to Prevent moisture from 
condensing or to Manage the moisture that gets into the assembly

• Permeability of materials 
• Absorption of some materials

• Plan for the dissipation of the moisture – re-evaporation vs. diffusion
• Avoid liquid water (from condensation, as well as leaks) in the 

assembly 
• at least – it must not stay there for more than 30 days

Liquid Water

• Decay Fungus needs it to grow
• Mold needs it to grow
• Steel needs it to rust
• Etc.

Air Barrier

• Air carries moisture in it.  
• Loose (mechanically attached) roof membranes can billow in the wind

• Pump moist air up to the cold surface – underside of the roof membrane
• Consider how to prevent this in the design 

• Fully adhered membranes
• Air Barrier – Taped insulation joints, membrane, other? 

Watch Finishes!

• Exterior finishes are desired, to protect the other materials from 
direct exposure to sun, wind and rain, if not for aesthetic reasons.

• Interior finishes are also desirable, most of the time (some 
commercial stores and most industrial buildings are exceptions) 

• Paint can have low permeability, trapping moisture – as will wallpaper
• Don’t make a  moisture vapor impermeable sandwich 

• It’s easy to do, unintentionally

Those who do not understand the Science …

• Can get into a lot of trouble!
• And, there is a lot of science needed that is not commonly taught in the USA

• Those who know a little science, can get into trouble, too
• Most of what is needed to manage moisture is not taught to architects, or 

most engineers in the USA
• The Legislature wants to save energy, a laudable goal

• But, they can’t pass laws that violate the laws of physics and expect it to work
• The Energy Commission staff  may not be guiding them well, but they seem to be getting 

better.

Even if you Understand the Science, …

• There are times that decisions are made that make us wonder:
• Example:  A hotel in South Florida loves its foil wallpaper

• It kept falling off after a couple of years, revealing moldy gypsum wallboard
• Moisture vapor drive was Outside  Inside in summer
• Foil trapped the moisture on the cold outside (inside the wall) surface of the wallpaper
• Moisture condensed, Mold grew, …
• They change their interior wallboard and wallpaper every year (or two?)

• Are they sane?
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The Science 
Condensed Version – Design Focus
• Design for either:

• Prevent condensation from occurring at all – the Sure-Fire / Never-Fail path, 
or

• Manage condensation, such that condensed moisture (liquid form) does not 
accumulate for too long:

• Greater than 80% (some say 70%) relative humidity is needed to grow mold & fungus
• Must remain wet for more than 30 days

• Yes, they actually do teach college-level courses on this in Canada and 
Europe!

Method 1:  Prevent Condensation

• Air contains moisture
• How much moisture?

• Look at the Psychrometric Chart (available online in many forms or from 
ASHRAE) to find how much moisture

Glasser Method

• We can predict condensation using the Psychrometric chart
• The air from the warmer, more moist side is the concern

• The temperature of any surface that moist air can touch must be above the 
Dew Point – the Saturation Temperature or 100% Relative Humidity

• If the moisture can condense, this method has failed -> mold, decay, rust
• There is no calculation in this method for the re-evaporation and dissipation of moisture

The Dew Point ~ Saturation Temperature

• Dew Point / Saturation Temperature varies with:
• Relative Humidity
• Air Density – Pressure (Elevation) – ASHRAE publishes a series of charts

• If the temperature of a layer of the wall or roof assembly is below the 
Dew Point / Saturation Temperature

• And if moist air can reach that layer
• Water will condense  This method has Failed!

Example:

• Condominium conversion (from a convent) in San Francisco
• Masonry walls, no insulation (or very little)
• The designer liked the look of exposed brick on the inside

• No insulation added (in many areas)
• Every condominium unit has a bathroom and kitchen, of course.
• Every resident likes to keep the windows closed in winter, of course.
• The residents like to keep the interior temperature around 70°F, of course.
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Example:  Condominium Conversion, S.F. –
Left (West) Coast - Winter
• 45°F and 80% R.H. outside - 70°F and 80% R.H. inside

• Find 70°F Dry Bulb Temperature
• Draw a vertical line to 80% R.H.

• To the right is the amount of moisture in the air – Humidity Ratio
• Draw a horizontal line to the left, intersect the Saturation Temperature curve
• Follow the curve down to 45°F (the temperature of the masonry wall)

• To the right is the amount of moisture the air can hold at this temperature
• The difference on the vertical axis is the amount of moisture that has condensed

How do we design correctly?

• Option 1 – Prevention
• Option 2 – Allow moisture to condense, but make sure it re-

evaporates and dissipates.

Option 1:
The Perfect Wall
(Roof similar)
• Building Science Corporation 

• BSC Insight-001
• www.buildingscience.com

• Take down this Web Site!!
• It is full of useful information!

Sure-Fire Never-Fail Walls and Roofs
Depend on:
• Continuous insulation - Thermal barrier

• Even around corners.  Especially around corners and at transitions!
• Thermal breaks – No thermal bridges in metal window and door frames and 

flashings, …  No metal penetrations!

• Water shedding or membrane layer
• Air barrier
• Vapor retarder

Preventing condensation is possible!
• California Energy Code has requirements for: 

• Airtightness 
• Thermal efficiency - insulation

• Meeting these requirements and preventing condensation:
• Is not the way we have been accustomed to building --> requires re-education

• Continuous insulation
• No thermal bridges
• Air seal
• Vapor retarders (sometimes?)

• Is expensive – But, it is now “Required” by the California Energy Code!
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Managing Moisture Vapor Movement and 
Condensation Prevention – Option 2
• Prevent moisture from contacting a cold surface inside the wall or 

roof assembly, where practical, but
• Where infeasible, allow building materials to absorb some moisture

• Wood is good at absorbing moisture – OSB less so, mostly glue

• Allow limited moisture accumulation for a short period (<30 days)
• Computer modeling required – it is far more complex than Option 1:  

Prevention – Glasser

Option 2

• Let moisture condense 
• Absorbed by materials (wood)
• Re-evaporates and dissipates without permitting decay, mold, and rust

• Computer model to evaluate - WUFI
• Weather Data
• Material Data
• Interior “weather” Data

Building materials – 5 key properties

• Bulk Density – mass, weight (lb/ft3)
• Porosity – liquid water absorption / transmission (ft3/ft3)
• Heat Capacity – heat absorption (Btu/lb °F)
• Thermal Conductivity – heat flow through the material (Btu/h ft°F)
• Vapor Resistance – moisture vapor transmission (perm in)

• Manufacturers of building materials used to claim this was 
proprietary information and refused to share it!

Other Properties in the Computer Model –
also important, but not (usually) as much
• Moisture Storage Function
• 2 Liquid Transport Coefficients – Suction and Redistribution
• Permeability – Moisture Dependent
• 2 Thermal Conductivities – Moisture- and Temperature-Dependent
• Enthalpy – Temperature Dependent

• These are not usually constants!  They can vary considerably!

Most important factor – how it is built!

• Computer models can’t model the thermal bridges or gaps in 
insulation, holes in water barrier, holes in moisture (vapor) retarder, 
or holes in air barrier in the roof and wall systems.

• Design:  
• One must be able to draw a continuous line for each system, without the pen 

leaving the paper
• Around corners
• Through penetrations

• This is just as important for Glasser-based systems as Moisture-
management systems, maybe more so!

5 Components of a Wall or Roof

1. Structural Support
2. Liquid Water Shedding or Membrane
3. Thermal Barrier – Resistance:  “U-factor” or “R-value”
4. Moisture Vapor Retarder
5. Air Barrier

All five must work together, if the assembly is to succeed
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Assumptions for Managing Moisture:

• No air flow through the assembly
• No thermal bridges
• Moisture storage (most of the time out west – wood & concrete, not 

steel, plastic, or glass)
• Minor amounts of liquid water tolerated, for less than 30 days
• Homogeneous system (no structural component interruptions)

WUFI Computer Model

• Developed in Germany – Fraunhofer Institute
• Complicated
• Developed from scientific knowledge (far more complicated than this talk)
• Field tested – verified  
• Extensively used with reliable results

• Allows design and construction with some condensation
• calculates drying (dissipation) after condensation

• Uses the Material Data given above

Changes in Design

• Continuous Air Barriers are a must! 
• Continuous Vapor Retarders in many cases – more often than before

• But, not always – WUFI can help

• Keep in mind that insulation in-between studs/rafters is not the only heat 
path!  So are the studs/rafters!

• The California Energy Code has an adjustment table of effective U-factors or R-values

A Trick that can help

• Dehumidifiers
• Install dehumidifiers for Winter use, or
• Use the Dehumidifier in the Air Conditioner

• Mechanical Designer or Contractor can rig separate controls
• Set it so that interior humidity does not permit condensation – Glasser, or
• So that the moisture can be managed - WUFI

One Last Thought

• Advising a client re:  the eventual replacement of press-board siding
• Adding insulation – no good options

• Interior – would need to remove gypsum wallboard to redo insulation
• Even so – would there be enough space?
• Add insulation inside studs?  Decrease living space.

• Exterior – would change configuration of window & doors 
• Flashings reconstructed
• Windows replaced with energy efficient models
• Other changes?  

• Cost increase – much more than the current Reserve Study indicates!

Let Me Focus on Design & Construction

• Rather than on forensic evaluations of failures
• I can do a good business as an Expert Witness, but it is not very fulfilling

• Consider the science in design and construction and you will have 
fewer failures

• The new Energy Code is better, but still not very good – far too complex
• The State is paying PG&E (and SoCal Edison) to educate the professions

• Meanwhile, mistakes  are being made by those who don’t understand the science 

• Tell your legislators:  You can’t change the laws of Physics!
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Cool Roofs on the West Coast: Has Roofing 
Science Been up to the Task?
by Thomas J. Taylor of GAF
Available from: 
• GAF
• RCI-Inc., or 
• Me (I have a PDF I can send you)

(write “paper” on your card and give it to me after the talk)

Resources – Others
• RDH Building Science, John Straube (Toronto / University of Waterloo) 

and Conin Shane (Oakland) – https://www.rdh.com/
• Technical Roof Services, Phil Dregger, Chris Nelson, and John Govia –

https://www.trsroof.com/
• Matt Risinger – https://www.mattrisingerbuilds.com/
• Building Science, Joe Lstibruk – https://buildingscience.com/
• Gina Rodda – Gabel Energy https://www.gabelenergy.com/

Questions?

Richard E Norris PE RRC D.Eng.
Norris Consulting Services
43255 Mission Blvd. #203

Fremont, CA  94539
510 440-0141 office

RNorrisConsulting.com
Richard@RNorrisConsulting.com
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