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Abstract: 

Many concerns, including the rising cost of energy, climate change concerns, and demands for increased 

comfort, have lead to the desire for increased insulation levels in many new and existing buildings.  
Building codes and green building codes are being changed to require higher levels of thermal insulation 

both for residential and commercial construction.  This report will review, and summarize the current 
state of understanding and research into enclosures with higher thermal resistance, so-called “High R 

Enclosures”.  Recommendations are provided for further research.
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Term Definition 

BA Building America Program, a research program of the U.S. Department of 
Energy. Building America forms research partnerships with all facets of the 
residential building industry to improve the quality and energy efficiency of 
homes. The goal is to develop cost effective solutions that reduce the average 
energy use of housing by 40% to 100%. Ultimately, Building America research 
will lead to net zero energy homes, which produce as much energy as they use.  
More information about Building America can be found at 
www.buildingamerica.gov. 

DOE U.S. Department of Energy 

EPS Expanded polystyrene insulation 

IECC International Energy Conservation Code 

R-value Quantitative measure of resistance to heat flow or conductivity, the reciprocal of 
U-factor. The units for R-value are ft2 F hr/Btu (English) or m2 K hr/W (SI or 
metric). While many in the building community consider R-value to be the 
primary or paramount indicator of energy efficiency, it only deals conduction, 
one of three modes of heat flow, (the other two being convection and radiation). 
As an example of the context in to which R-value should be placed, 25% to 40% 
of a typical home's energy use can be attributed to air infiltration. 

SHGC Solar heat gain coefficient 

SIPS Structural insulated panel system 

UL Underwriter’s Laboratory 

U-factor Quantitative measure of heat flow or conductivity, the reciprocal of R-value. 
While building scientists will use R-values for measures of the resistance to heat 
flow for individual building materials, U-factor is usually used as a summary 
metric for the ease of heat transfer through building assemblies. 

XPS Extruded polystyrene insulation 



Table 1: RECS 2005 Energy Consumption Data 



 

 

 

 

 

 







Climate 
Zone 

Wall Vented 
Attic 

Compact 
Roof 

Basement 
Wall 

Exposed 
floor 

Slab 
edge

1
 

Windows 
(U/SHGC) 

Sub-
slab

2
 

1 10 40 35 5 10 none yes none 
2 15 50 40 10 20 5 0.35/<.25 none 
3 20 50 45 10 20 7.5 0.30/<.3 5 
4 25 60 45 15 30 7.5 0.30/<.35 7.5 
5 30 65 50 15 30 10 0.24/<.50 7.5 
6 35 75 60 20 40 10 0.18/-- 10 
7 40 90 65 25 45 15 0.15/-- 15 
8 50 100 75 35 50 20 0.15/-- 20 
Table 2: Current Recommended “True” Minimum R-value (+/- )

3
 including thermal bridging 

1. Slab edge insulation includes all of stem wall or monolithic slab edge 

2. Full area coverage of slabs  

3. these are recommended values based on experience - see economics section 
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Figure 1: Plot of thermal conductivity vs gas pressure of a fumed silica board insulation [IEA 2001] 





Figure 2: Embodied energy for an assembly of up to RSI10 (R56) is saved within two years for even 

energy intensive products in the a 7000 HDD climate (Harvey 2009) 



 
 
 
 





Figure 3: A common design of double stud wall. The thermal bridging at the floor and top plate can 

be seen in this Building America prototype design (Aldrich et al, 2010). 



Figure 4: Standard 2x6 wood-frame wall with high-R, air impermeable, spray-applied cavity fill 



Figure 5 : Advanced framing combined with insulating sheathing (of 1 to many inches) controls 

thermal bridging, reduces the risk of condensation, and improves the R-value 



Figure 6: EIFS are an exterior insulated wall system that can reach very high R-values, airtightness, 

and durability targets. 



 
 

 

Figure 7: ICF wall system 

 

Figure 8: SIPS wall system 

 







Figure 9: The lowest-cost, highest thermal performance roof system with good durability 
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Figure 10: Ventilated cathedral ceiling.   



Figure 11: Vented cathedral ceiling 

 

 

Figure 12:  Cathedralized or Unvented Attics 



Figure 13: Example High R hybrid unvented cathedralized ceiling/attic 



Figure 14: True R60 cold climate unvented cathedral ceiling 

  



Figure 15: Plastic foam insulation and fiberglass batt high R-value basement wall (BSC 2010) 



Figure 16: 2.0 PCF spray urethane foam high R-value basement wall (BSC 2010) 



Figure 17: Heat loss through slabs in Minneapolis MN climate using BASECALC [BSC 2010] 



Figure 18: The optimal slab on earth design is both well established and affordable. 



Figure 19: Recommended Unvented and Conditioned Crawlspace 



Figure 20: Ventilated High R Crawlspace 



Table 3: Different programs and standards apply different air tightness requirements on different 

parts of the enclosure 

Figure 21: Even modest airflow rates through highly-insulated enclosures can result in significant 

(20-40%) increases in heat flow. 



Figure 22: Possible airflow paths within and through an insulated enclosure 



Figure 23: Influence of wind speed on heat loss for a wall with no wind washing (Henning ASTM 

STP 779)





 
 
 



 

 

 



 
 

 
 

 

 

Figure 24: Examplel of rigid insulation and replacement cladding.  Although 4» of polyisocyanurate 

is shown, the approach is similar for any thickness over about 2» for all types of  rigid insulation. 

 
 

 
 



 

Figure 25: Exterior Insulation Finish System (EIFS) with drainage gap and plane 

 

 
Figure 26: Urethane spray foam 





Figure 27: Typical failures of an interior 

insulated assembly due to air leakage bypassing 

insulation 

Figure 28: Typical recommended interior 

insulation assembly (interior spray foam) 

 
 
 
 
 





Figure 29: Rubble basement drainage/insulation 

system, directed to footing drain (Lstiburek 

2010) 

Figure 30: Rubble basement insulation, with 

drainage through sub-slab drainage mat 

(Lstiburek 2010) 
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This report was prepared with the cooperation of the U.S. Department of Energy’s, 
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Limits of Liability and Disclaimer of Warranty: 
 
 
Building Science documents are intended for professionals.  The author and the publisher of this article have used their best efforts to 
provide accurate and authoritative information in regard to the subject matter covered.  The author and publisher make no warranty of 
any kind, expressed or implied, with regard to the information contained in this article.  
 
The information presented in this article must be used with care by professionals who understand the implications of what they are 
doing.  If professional advice or other expert assistance is required, the services of a competent professional shall be sought. The author 
and publisher shall not be liable in the event of incidental or consequential damages in connection with, or arising from, the use of the 
information contained within this Building Science document. 
 

 

 

 


