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Safety portion of the presentation 

Always secure cargo appropriately. 
Courtesy of Bill Nash 
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The 1970s….. 
• The environmental movement 
• Women’s rights and Roe vs. 

Wade 
• The antiwar movement 
• Watergate 
• Beatles break up 
• NIBS founded 
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1970s trivia 
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1st version of ASHRAE Standard 90 
adopted 
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How do you measure R-value? 
• Federal Trade Commission R-value Rule 
• ASTM C177, C518, and C1363 greatly improved  

• How do you test radiant barriers 

• Insulation thickness effect 
• Computer automation allows for in-situ testing 
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The 1980s….. 

• Reaganomics and the end of the 
Cold War 

• The Miracle on ice 
• Space shuttle program’s first flight 

and then Challenger 
• George Bush Sr. announces he 

hates broccoli 
• BETEC founded 
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1980s trivia 
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ASHRAE Standard 90.1-1989 requires 
14% energy efficiency improvement 
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Thermal performance of foam plastics 
historically a contentious issue…. 

• NRCA/MRCA field study 
proposes R-value of 5.56 

• PIMA protocol (Bulletin 
101) proposed to deal with 
“thermal drift” 

• ASTM C 518 test at 75°F 
after 180 day conditioning 
at 75°F and 50% RH 
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Public/private collaboration   

• Stratospheric ozone 
shields against UV 
radiation 

• Montreal Protocol calls 
for freeze in CFC-11 
and CFC-12 production 

• Public/private 
cooperative programs 
offer resources and 
clout needed 

• Research agenda 
developed 
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How do you test products whose R-
value changes 

• First proposed by 
Isberg in 1978 

• Use geometric scaling 
to accelerate aging 

• Allows collection of 
long term aged results 
quickly 

• Task force formed in 
1989; standard first 
adopted in 1995 



13 

The 1990s….. 

 

 

• The 1st Gulf War 
• Soviet Union dissolves and 

Germany reunited 
• Mandela freed and elected 

President 
• OJ Simpson 
• Columbine High School 
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1990s trivia 
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ASHRAE Standard 90.1-1999 requires 
4% energy efficiency improvement 
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Moisture induced failures 
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What is WUFI? 
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Hygrothermal Model 
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“Must follow ASHRAE 
Standard 160…” 

“Hygrothermal behavior of all 
critical enclosure 
components must be 
demonstrated…” 

“Clearly conceived 
redundancy against water 
penetration…” 

Importance of moisture research 
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The 2000s….. 

 

 

• 9/11 and invasions of Afghanistan 
and Iraq 

• Hurricane Katrina 
• Facebook, YouTube, and Twitter 

launched 
• World economic downturn 
• BEST 1 Conference held 
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2000s trivia 
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Three updates of ASHRAE Standard 
90.1 requires 17% energy efficiency 
improvement 

0.0

5.0

10.0

15.0

20.0

25.0

1975 1980 1989 1999 2001 2004 2007

hr
 ft

 °F
/B

tu
 

R-Values 

Wall

Roof

Wall and Roof Requirements for Kansas City MO 



23 

Cities can be HOT 

NASA infrared Sacramento (1998) 
Image: NASA/Marshall Space Flight Center 

Presenter
Presentation Notes
The white areas, mostly rooftops, are about 122 deg. C (140 deg. F) and the dark areas are approximately 29-36 deg. C (85-96 deg. F). The hottest spots are buildings, seen as white rectangles of various sizes. Sacramento's rail yard is the orange area east of the Sacramento River, which flows from top to bottom. In the complete image, the state capitol is the red spot in the green rectangle to the right center of the river. 
UHI is 5F – 8F 
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Proof of concept 
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When do cool roofs save energy? 

• What climate zone? 
• What happens when 

they get dirty? 
• How about more 

insulation….. 
• Ballast…...  
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Two parts to an energy bill 

• http://web.ornl.gov/sci/roofs+walls/facts/CoolCalcPeak.htm 

http://web.ornl.gov/sci/roofs+walls/facts/CoolCalcPeak.htm
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Today….. 

 

 

• Japan hit with 9.0 earthquake 
• The iPad 
• US credit rating lowered 
• Mayan calendar reaches end…. 
• BEST 4 Conference! 
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2010s trivia 
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Two updates of ASHRAE Standard 90.1 
requires 30% energy efficiency 
improvement 
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Facing our energy challenges 

“We're using 19th and 20th century 
technologies to battle 21st century 
problems like climate change and 
energy security.” 

Remarks of President Barack Obama, 
Signing of the American Recovery and 
Reinvestment Act, February 17, 2009 
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Accelerating emerging building 
technologies to market by leveraging 
additive manufacturing  

Enabling Tool 

• Modified Atmosphere Insulation 
(MAI), emerging technology 
being developed under BTO 
FOA 

• Achieves vacuum insulated 
panel performance at half the 
cost 

• Big Area Additive Manufacturing 
• Design and integration 

challenges can be determined 
and resolved rapidly 

Technology Solution 
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Creating a energy efficient shell 
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Creating a energy efficient shell 
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Extreme innovation demonstration 
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Buildings still use a lot of energy 

40% of all energy and 
75% of all electricity 
used in the US 
 
Source: US Department of 
Energy 
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Andre Desjarlais 
Building Envelopes Group 
Oak Ridge National Laboratory 
desjarlaisa@ornl.gov 

Questions? 
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Three updates of ASHRAE Standard 
90.1 requires 17% energy efficiency 
improvement 
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Potential MAI-composite Insulation 
Applications 

• “Continuous exterior insulation” 
applications 
– Eliminate thermal bridges 
– Required by newer building codes 

• Additively-manufactured walls 
with MAI cores 
– Highly thermally-resistant 

walls 
– Walls formed around apertures 

– no infiltration 

MAI Core 

MAI-foam composite MAI-siding composite 
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Vacuum Insulation Panels (VIPs) 

• Vacuum  insulation provides a significantly higher R-value 
that current insulation materials. 

• VIPs usually comprise of a nano/micro-porous core (e.g., 
fumed silica) encapsulated in an air and vapor impermeable 
barrier film and evacuated (~ 5 mbar). 

Outer 
barrier film 

Core 

Inner, 
porous bag 



40 

Lower gas 
pressure 

Reduced 
pore size 

Sources: Shukla et al., 2013, Buildings XII International 
Conference; Doug Smith (NanoPore). 

0.004 W/mK ≈ R40 

Heat Transfer in Insulation Materials 
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Initial design 

Modeled Performance 
Prototype 

Rapid innovation in building technologies 
 

Increases thermal 
performance from 
~R-15 to ~R-30  From design to 

prototype < 3 hours 

New design reduces 
thermal bridging 
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Which k-value for a product that ages? 
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How does geometric scaling work? 
• Aging follows Fick’s Law of gas diffusion 
• Cutting thickness by 2 reduces aging time by factor 

of 4 

Gas at centerline 
same as outside 

in 4 years 

Gas at centerline 
same as outside 

in 1 year 
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ASTM C1303 
• Does theory work for ‘real’ products? 
• 2006 - 2012  

– Four manufacturers 
– Eight products  
– Comparing predictions to 5 year lab aging 
– Learning which test parameters work best for each product 
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Alternate product 
thickness 

PIR XPS 

Stack Surface 2.2 -1.0 
Core -0.8 5.5 
Mixed 1.5 2.4 
Profile Not 

app 
Not 
app 

Math 0.9 2.1 
Slice 
origin 
product 
thickness 

1 inch -1.0 Not 
sig. 

2 inch 0.6 .8 
3 or 4 
inch 

3.5 4.9 

Same product 
thickness 

PIR XPS 

Stack Surface 1.6 -2.2 
Core -0.5 3.4 
Mixed 0.9 0.8 
Profile 0.9 0.7 
Math 0.3 1.1 

Product 
thickness 

1 inch -2.1 2.4 
2 inch 2.4 0.7 
3 or 4 
inch 

5.0 2.3 

Constructing the data set: ~ 1300 
observations 
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WUFI software 
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Hygrothermal balance 

Safe Storage 
Capacity 
 

Drying 

Wetting 

Building Envelope 
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• The operator requires knowledge, 
skill, and experience 

• Important to balance input data and 
results with engineering experience 
and judgement 

• Must understand  
– boundary conditions 
– material properties 
– transport mechanism 
– deterioration/damage 

mechanism 
– construction realities 

• Most models are presently 1-D 
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Hygrothermal models 



49 

ASHRAE standard available 

    ASHRAE 160 
Standard: Criteria 
for Moisture 
Control Design 
Analysis in 
Buildings  
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WUFI modeling of cool roofs 
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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] – slight leak 

Q50=1.0 [l/s,m2]   – average leak 

Q50=2.0 [l/s,m2]   – real leaky 

 Combination: 128 WUFI Simulations 

Model scenario: inputs 
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Thresholds 

 0.5 mm:       from German Standard DIN 4108-3,  (Hens et al, 2003) 

 1.0 mm:       from German Standard DIN 4108-3 
 

Model scenario: evaluation of results 
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Indoor moisture supply

ASHRAE - Low B W B W B W B W

EN - Normal B W B W B W B W

EN - High B W B W B W B W

ASHRAE - High B W B W B W B W

Indoor moisture supply

ASHRAE - Low B W B W B W B W

EN - Normal B W B W B W B W

EN - High B W B W B W B W

ASHRAE - High B W B W B W B W

Indoor moisture supply

ASHRAE - Low B W B W B W B W

EN - Normal B W B W B W B W

EN - High B W B W B W B W

ASHRAE - High B W B W B W B W

Indoor moisture supply

ASHRAE - Low B W B W B W B W

EN - Normal B W B W B W B W

EN - High B W B W B W B W

ASHRAE - High B W B W B W B W

Climate Zone - 4

Q50 = 0.27 Q50 = 0.56 Q50 = 1.0 Q50 = 2.0

Q50 = 0.27 Q50 = 0.56 Q50 = 1.0 Q50 = 2.0

Climate Zone - 5

Q50 = 0.27 Q50 = 0.56 Q50 = 1.0 Q50 = 2.0

Climate Zone - 6

Q50 = 0.27 Q50 = 0.56 Q50 = 1.0 Q50 = 2.0

Climate Zone - 7

Model scenario: 
evaluation of 
results 
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Working together……. 
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Quiz 

With Comfort and Energy Efficiency in mind, which 
car do you select to drive in the summer? 
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