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Why Hygrothermal Engineering?

The Price of Energy Efficiency
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Impact of Thermal Insulation on Moisture

No Cavity Insulation Fibre Glass Insulation

Higher Temperature Gradient has the result that cold spots are closer to warm 

spots  Higher condensation risk in case air tightness is not 100%
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Not Air Tight

Moisture transport due to air infiltration into the envelope

Energy leak

Warming of the leakage area 

in case of strong air flux 

 Only a little condensation

Moisture leak

Cooling of the air in case of 

slow and tortuous air flux

Much more condensation

Risky

Impact of Air Tightness on Moisture

„Air Tight“ Air Tight
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Impact of Air Tightness on Moisture

Result of ORNL studies about air flow
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Importance of Moisture

To meet needs of 

industry on how to 

predict moisture 

behavior

But:

Has to be 

revised/improved in 

some particular points
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Importance of Moisture
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Importance of Moisture

Must follow ASHRAE 

Standard 160

Hygrothermal behavior of all 

critical enclosure components 

must be demonstrated

Clearly conceived 

redundancy against water 

penetration

3D details to see joints 

to be sealed properly
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Importance of Moisture

4 out of 5 main articles deal 

with moisture
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Importance of Moisture

Inspection of all papers of 

“Thermal Performance of the Exterior Envelopes

of Whole Buildings XI International Conference 

2010” results in:   

Moisture related 
Papers

Practices 61%

Principles 55%
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Importance DOE Role Relevance

1's

2's

3's

4's

5's

Official Participant's Feedback regarding Moisture Research.

(= Low Rated)

(= High Rated)
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Moisture Balance

Non Energy Efficient Envelope                             Energy Efficient Envelope
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Vliet test building 

KULeuven

BEG hut Waterloo Canada

Field tests:

 Very time consuming

 Very expensive

 Search for alternative ways to investigate  

hygrothermal performance

Previous Assessment

Fraunhofer IBP, Germany

Offices and 

laboratories

Energy 

test 

houses 
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IBP outdoor test site in Holzkirchen

Coconut beach in Hawaii:

Field tests

 limited transferability to another climate

Previous Assessment
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Field test site in Bangkok Vliet test building KULeuven

BEG hut Waterloo Canada

Field tests: solution to climate dilemma

 new test sites

 search for alternative ways to investigate  

hygrothermal performance

Previous Assessment
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Previous Assessment

Laboratory tests: climate chambers                            

(hot box / cold box)

 realistic conditions (θ,φ)

 sky radiation and precipitation                     

difficult to simulate

 limited capacity

 Time consuming

 expensive
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Hygrothermal Modeling
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Basics
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Transistent Hygrothermal Processes in 

Building Envelope

Example Flat Roof
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Material Properties Measurement

 Density

 Porosity

 Heat Capacity                                       ASTM (Calorimeter)

 Thermal Conductivity                          ASTM C518, C177

 Moisture Sorption Function               ASTM C1498, C1699

 Water Vapor Permeability                   ASTM E96

 Free water saturation                          ASTM C1699

 Water Absorption Coefficient            ASTM C1794 

The complexity of heat and moisture analysis material properties 

can be approximated with the following rel. simple and 

standardized material properties:
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Model Validation
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Condensation Risk of Cool Roofs

Mechanically attached Commercial
Metal Deck Flat Roof 
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Analysis of meteorological data

Weathering-roundabout with 

intermittent heating, cooling and spray-

wetting at IBP

Hot box / cold box at ORNL 

Solar Radiation Impact
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SPRI / ORNL Investigation

Condensation Risk of Cool Roofs

• White membranes to reduce the solar heat load

• Black membranes are typically 50 deg F warmer 

than white membranes on a sunny day

• Theorized impact

– Location/occurance of dew point

– Impact ability of system to dry out
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Climate

Zone 4 – Baltimore, MD

Zone 5 – Chicago, IL

Zone 6 – Minneapolis, MN

Zone 7 – Fargo, ND

Solar Surface Absorptivity

α=0.30 (White Surface)

α=0.85 (Dark Surface)

Indoor Moisture Supply

ASHRAE 160, Low

EN-15026, Normal

EN-15026, High

ASHRAE 160, High

Air Tightness

Q50=0.27 [l/s,m2] – no perforations

Q50=0.56 [l/s,m2] – little leaky

Q50=1.0 [l/s,m2]   – average leaky

Q50=2.0 [l/s,m2]   – totally leaky

Cool Roofs: Variation Scenario

 Combination: 

128 WUFI Simulations!
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Cool Roofs: WUFI Results
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Indicators for the reliability of the roof construction at given 

conditions. 

safe roof construction, gray indicates           Black Surface

risky construction                                          White Surface

expected failure

Cool Roofs: Final Evaluation of Results 

Not Leaky Little Leaky Avg. Leaky Very Leaky
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Mech. attached Roof, Sensitivity Analysis
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Mech. attached Roof, Sensitivity Analysis

Step1: Measurement of Material Properties for

Polyiso, facers separately

Coverboard

TPO
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Mech. attached Roof, Sensitivity Analysis

Polyiso foam 

core Facers

High density 

polyiso coverboard

Cellulosic 

coverboard TPO membrane

Bulk density ORNL ORNL ORNL ORNL Manufacturer

Porosity est est est est est

Specific heat capacity est est est est est

Thermal conductivity Manufacturer est Manufacturer Manufacturer est

Water vapor permeability Manufacturer Manufacturer Manufacturer Manufacturer Manufacturer

Moisture storage function ORNL ORNL ORNL ORNL est

Water absorption coefficient ORNL ORNL ORNL ORNL est

Thermal conductivity 

dependence on temperature Manufacturer Manufacturer Manufacturer Manufacturer Manufacturer

Thermal conductivity 

dependence on moisture est est est est est

Measurement Methodology
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Mech. attached Roof, Sensitivity Analysis

Properties of polyiso insulation board
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Mech. attached Roof, Sensitivity Analysis

Initial and boundary conditions

• Horizontal flat roof

• White, reflective roof

• Metal roof deck – 1 
perm

• EMC 80 – initial 
moisture content

• Interior climate: 
ASHRAE 160
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Mech. attached Roof, Sensitivity Analysis

Results
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Mech. attached Roof, Sensitivity Analysis

Sensitivity Analysis

• Four systems – Polyiso, TPO, + two coverboards + 
with two facers

• Two climates – Miami and Chicago

• Properties were varied +/-20%

• Total moisture content maximum in the 3rd year 
compared to baseline
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Mech. attached Roof, Sensitivity Analysis

Sensitivity Analysis Results
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WUFI Application for Pipe Insulation

Jacket with 
specified 
Vapor 
Permeance

Fiber Glass 
Insulation Steel Pipe
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WUFI Application for Pipe Insulation
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Heat vs. Moisture

Important for any

Insulation!
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Heat vs. Moisture

Hygrothermal material properties are highly 

non-linear.

(unlike thermal material properties)
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Measurement & Calculation
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