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1. PROJECT 1: HIGH R-VALUE ENCLOSURES 

1.1 Executive Summary 

High R-value Enclosures Overview 

 

 

 

 

Key Results 
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Gate Status 

Table 1: Stage Gate Status Summary 

“Must Meet” Gate Criteria Status Summary 

Source Energy Savings and 
Whole Building Benefits 

Pass High R-value enclosures provide significant source energy savings and whole 
building benefits.  BSC’s research work aims to establish a set of 
recommended assemblies for that have approximately 50% greater thermal 
resistance under installed conditions.  The work to date has demonstrated 
this for Cold Climate walls and has produced promising results for foundation, 
roof and retrofit assemblies. 

Performance-based Code 
Approval 

Pass All of the high R-value enclosure recommendations detailed under Part D: 
Implementation meet performance-based safety, health and building code 
requirements.  We consider these enclosure assemblies ready for 
deployment in prototype research houses.  Some BSC prototype houses 
have employed recommended enclosure assemblies in FY09.  Further 
examination of some code-related issues is expected in FY10. 

“Should Meet” Gate Criteria Status Summary 

Prescriptive-based Code 
Approval 

Partial 
Pass 

Some of the enclosure assemblies have not yet been fully reviewed and do 
not meet all prescriptive requirements.  However, the recommended high R-
value wall assemblies detailed under Part D: Implementation have completed 
internal review and meet prescriptive safety, health and building code 
requirements for use in new homes, with some restrictions on cladding types 
and applicable wind zones. 

Cost Advantage Pass Both the recommended High R-value wall assemblies and the roof, 
foundation, and retrofit assemblies still under review, provide strong potential 
for cost benefits relative to current systems when considered as part of the 
whole building. All of the assemblies developed for this research project have 
undergone a detailed thermal performance analysis.  The assessment is 
intended to increase our understanding of physical characteristics (such as 
thermal bridging, susceptibility to convective air looping, resistance to 
infiltration/exfiltration, etc.) that degrade the performance of the assemblies.  
We have selected assemblies for our recommended list that will perform as 
close as possible to the nominal R-value of the insulating materials used – 
thereby providing the “best value” compared to similar wall assemblies 
designed and constructed in a manner that results in poorer performance. 

Reliability Advantage Pass Where possible, BSC has developed high R-value enclosure 
recommendations that are based on conventional technologies and existing 
products that offer the level of reliability that would be expected from 
assemblies with lower thermal performance.  Durability assessments have be 
finished for wall assemblies and are being conducted for roof, foundation and 
retrofit assemblies, with the goal of providing recommended assemblies that 
both substantially increase the thermal performance of the enclosure and 
have less risk of moisture-related problems. 

Manufacturer/Supplier/Build
er Commitment 

Pass BSC has found that there is generally strong support for this research from 
both manufacturers and builders.  There are some supply issues that have 
been identified as new enclosure assemblies are developed.  Long shank 
screws suitable for the attachment of thick insulating sheathing, for example, 
were not found to be available “over-the-counter” at typical residential building 
supply stores, but were easily sourced in most locations from commercial 
roofing suppliers.  We anticipate that supply issues such as these will be 
resolved an high R-value enclosures are more widely deployed. 
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Gaps Analysis Pass More detail will be added to our analysis of the major technical and market 
barriers as research work progresses.  However, this research project has 
already identified a number of important barriers that must be addressed: 

 Attachment of various cladding materials over insulating sheathing. 

 Fire-testing of high R-value assemblies with foam sheathing.  

 Use of combustible foam insulation in exposed applications.  

 Wind design requirements impact high R-value construction.  

 Understanding the influence of airflow on heat transfer. 

Conclusions 
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1.2 Research Plan Overview and Sub-Project Reports 

1.2.1. Research Plan 
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1.2.2. A. Theoretical Background 

 

 

1.2.2.1. Influence of Air Flow on Heat Loss in High R-value Enclosures 
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1.2.2.2. Heat Losses Below Grade in Low Energy Buildings  
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1.2.2.3. Planned Future Work 

 

 

 

1.2.3. B. Prediction: Modeling and Analysis 
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1.2.3.1. Updates to 2008 High R-value Wall Case Studies Report 

1.2.3.2. High R-value Wall Supplemental Case Studies 

• 

• 

• 

• 

• 

• 

• 
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• 

• 

• 

• 

1.2.3.3. High R-value Foundation Case Studies 
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Figure 1 : Analysis matrix for High R-value Basement Proposed Wall Systems 

1.2.3.4. Planned Future Work 
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1.2.4. C. Measurement 

 

 

 

 

 

 



C-17

1.2.4.1. Laboratory Studies – Hot Box Calibration and Commissioning Report 

Figure 2: Precision Calibrated Hot Box 
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1.2.4.2. Planned Future Work 
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1.2.5. D. Implementation 

1.2.5.1. High R-value Enclosure Details 

High R-value Topic Status 

High R-value Walls Recommended, Complete 

High R-value Foundations/Crawlspaces/ Slab-
on-grade 

Proposed – Under review pending analysis 

High R-value Roofs/Attics Proposed – Under review pending analysis 

High R-value retrofit penetration details Recommended, Complete 

Wall Type Exterior finish Insulation, Nominal R-
Value 

Air Barrier  

Wall-02-1: 

2X6 with 1.5” exterior insulating 
sheathing 

Vented lap 
siding  

5.5” cellulose in cavity + 1.5” 
foil-faced polyisocyanurate 
rigid insulation, R-29 

Airtight Drywall Approach  

Wall-02-2: 

2X6 with 2” exterior insulating 
sheathing 

Vinyl or 
aluminum siding  

5.5” cellulose in cavity + 2” 
XPS rigid insulation, R-29 

Airtight Drywall Approach 

Wall-02-3: 

2X6 with 4” exterior insulating 
sheathing 

Vented lap 
siding  

5.5” cellulose in cavity + 4” 
foil-faced polyisocyanurate 
rigid insulation, R-45 

Airtight Drywall Approach  

Wall-02-4: 

2X6 with 4” exterior insulating 
sheathing 

Wood shingles 

over ” plywood 
nail base  

5.5” cellulose in cavity + 4” 

foil-faced polyisocyanurate 
rigid insulation, R-45 

Airtight Drywall Approach  
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Wall Type Exterior finish Insulation, Nominal R-
Value 

Air Barrier  

Wall-04-1: 

double stud wall with interior 
load bearing wall 

Vented siding 10.5” cellulose in cavity, R-
37 

Fiberboard sheathing to 

exterior side of interior 
stud wall 

Wall-11: 

11” wide 2X6 stud wall with 2x3 
exterior offset framing 

Vented lap 
siding 

5’5” cellulose in cavity  + 

4.5” closed cell spray foam 
on exterior, R-46 

Exterior closed cell spray 
foam  

Type Foundation Wall 
Type 

Finished or 
Unfinished 

Location of 
Insulation 

Type of Insulation Climate 

#1 8” Concrete Unfinished Interior 2” XPS slotted insulation + 

2” foil-faced 
polyisocyanurate 

Cold 
Climates 

#2 8” Concrete Unfinished Interior 3.5” closed cell SPF (high 
density 2.0 pcf) 

Cold 
Climates 

#3  8” Concrete Unfinished Interior 6” open cell SPF (low 
density 0.5 pcf) 

Cold 
Climate 
Zone 5 

#3A 8” Concrete Unfinished Interior 6” open cell SPF (low 
density 0.5 pcf) 

Cold 
Climate 
Zone 6 

#3B 8” Concrete Unfinished Interior 6” open cell SPF (low 
density 0.5 pcf) 

Cold 

Climate 
Zone 7 

#4 8” Concrete with 

interior insulated 2x4 
wall offset 2” from fdn 
wall 

Finished  Interior  

 

2” XPS + 3.5 unfaced 
fiberglass batts in cavity 

Cold 
Climates 

#5 8” Concrete with 

interior insulated 2x4 
wall offset 2” from fdn 
wall 

Finished Interior  2” foil-faced 

polyisocyanurate + 3.5” 
cellulose in cavity 

Cold 
Climates 

#6 8” Concrete with 
interior insulated 2x4 

wall offset 2.5” from 
fdn wall 

Finished Interior 6” open cell SPF (low 
density 0.5 pcf) in and 
behind cavity 

Cold 
Climate 
Zone 5 

#7 8” Concrete Unfinished Exterior 4” XPS Cold 
Climates 

#8 ThermoMass  

(2 - 4” concrete layers) 

Unfinished Middle of wall 4” XPS Cold 
Climates 

#9 ICF (8” concrete core) Unfinished Exterior and 
Interior 

4” XPS Cold 
Climates 

Type Vented or 
Unvented 

Foundation Wall  Crawl Space 
Floor  

Insulation Climate 

#1 Unvented Brick veneer + 14” 
CMU  

Polyethylene 
ground cover  

4” XPS insulation internal to 
walls  

Cold 
Climates 

#2 Unvented 8” CMU foundation  2” concrete slab  4” rigid insulation internal to Cold 
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walls and 4” rigid insulation 
under slab 

Climates 

#3 Unvented 8” concrete 
foundation 

Polyethylene 
ground cover  

3.5” high density interior 

spray foam with spray on 
thermal barrier 

Cold 
Climates 

#4 Vented Piers No ground cover 6  1/3” high density spray 
foam in floor joists 

Cold 
Climates 

Type Slab Type Insulation  Climate 

SG Type #1A Monolithic slab (slab with 
integrated grade beam) 
with brick veneer shelf 

4” XPS under slab and on interior and exterior 
sides of integrated grade beam; 2” XPS below 
grade beam; 2” XPS horizontal frost protection 

Cold 
Climates 

SG Type #1B Monolithic slab (slab with 
integrated grade beam) 
with brick veneer shelf 

1” XPS on exterior side of integrated grade 
beam 

Mixed 
Humid 
Climates 

SG Type #2 Independent slab w/ 

concrete stem foundation 
walls 

4” XPS on interior side of foundation wall; 4” 
XPS under slab 

Cold 
Climates 

SG Type #3 Independent slab w/ 

concrete stem foundation 
walls 

4” XPS on exterior of foundation wall; 4” XPS 
under slab 

Cold 
Climates 

Roof 
Type 

Structure Vented/ 

Unvented, 
Attic/Cathedral 

Location of 
Insulation 

Type of Insulation Climate 

#1 2x12 rafters  Vented, Attic Perimeter and 
attic floor  

Perimeter: 2” foil-faced 

polyisocyanurate + high 
density spray foam; Attic 
floor: 18” cellulose 

Cold 
climates 

#2 2x4 raised 
truss 

Vented, Attic Perimeter and 
attic floor 

Perimeter: 6” high density 

spray foam; Attic floor: 10” 

cellulose over 3” high 
density spray foam 

Cold 
climates 

#3 2x12 rafters  Unvented, 
Cathedral 

Above roof deck 

and in rafter 
cavities 

Above roof deck: 4” foil-

faced polyisocyanurate; 
Rafter cavities: 11 1/4” 
netted cellulose 

Cold 

climates 
up to Zone 
6 

#4 2x10 rafters  Unvented, Attic Above roof deck, 

perimeter, and in 
rafter cavities 

Above roof deck: 4” foil-
faced polyisocyanurate;  

Perimeter: 6” high density 
spray foam; Rafter cavities: 
netted cellulose 

Cold 

climates 
up to Zone 
6 

#5 2x10 rafters  Unvented, 
Cathedral 

In rafter 
cavities/perimete

r and below 
rafters  

Rafter cavities/perimeter: 9 
1/4” high density spray 

Below rafters: 1” rigid 
insulation 

Cold 
climates 

#6 2x4 raised 
truss 

Unvented, Attic Under roof deck 
and at perimeter 

Under roof deck/perimeter: 
10” high density spray foam 

Cold 
climates 
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Drawing No. Location of Window 

Flange Relative to 
Insulating Sheathing 

Detail Title Climate 

Win-1 Interior side  Window Details Cold 

Win-2 Interior side Window Installation Sequence Cold 

Win-3 Interior side Window Trim Installation Sequence Cold 

Win-4 Interior side Enclosure Assembly with Window Opening Cold 

Win-1A Interior side Window Details Cold 

Door-1 Interior side Door Details Cold 

Door-2 Interior side Door Installation Sequence Cold 

Door-3 Interior side Door Trim Installation Sequence Cold 

Pen-1 Interior side Penetration Details – Exterior Light Cold 

Pen-2 Interior side Penetration Details – Electrical Box Cold 

Pen-3 Interior side Penetration Details – Vent Pipe/Duct Cold 

Pen-4 Interior side Penetration Details – Vent Pipe/Duct Installation 
Sequence 

Cold 

Win-1 Exterior side Window Details Cold 

Win-2 Exterior side Window Installation Sequence Cold 

Win-1A Exterior side Window Details Cold 

Door-1 Exterior side Door Details Cold 

Door-2 Exterior side Door Installation Sequence Cold 

Pen-1 Exterior side Penetration Details – Exterior Light Cold 

Pen-2 Exterior side Penetration Details – Electrical Box Cold 

Pen-3 Exterior side Penetration Details – Vent Pipe/Duct Cold 

Pen-4 Exterior side Penetration Details – Vent Pipe/Duct Installation 
Sequence 

Cold 

1.2.5.2. Advanced Framing Implementation 

Builder  Number of Homes 
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Ark Ventures, LLC 1 

C.Nelson 7 

Colter Construction 1 

David Weekley Homes 77 

Greencraft LLC. 5 

Moser Builders 1 

Project Home Again 32 

Synergy Companies Construction LLC 1 

Zeta Communities 1 

Grand Total 126 

 

1.2.5.3. Planned Future Work 
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1.3 Project Evaluation 

1.3.1. Source Energy Savings and Whole Building Benefits 

Requirement: New whole house system solutions must provide demonstrated source energy and whole 

building performance benefits relative to current system solutions based on BA test and 
analysis results. 

Conclusion:   Pass 
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1.3.2. Performance-based Code Approval 

Requirement: Must meet performance-based safety, health, and building code requirements for use in new 
homes. 

Conclusion:   Pass 

1.3.3. Prescriptive-based Code Approval 

Requirement: Should meet prescriptive safety, health and building code requirements for use in new homes. 

Conclusion:   Partial Pass 

Wall Type Exterior finish Insulation, Nominal R-
Value 

Air Barrier  
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Wall Type Exterior finish Insulation, Nominal R-
Value 

Air Barrier  

Wall-02-1: 

2X6 with 1.5” exterior insulating 
sheathing 

Vented lap 
siding  

5.5” cellulose in cavity + 1.5” 

foil-faced polyisocyanurate 
rigid insulation, R-29 

Airtight Drywall Approach  

Wall-02-2: 

2X6 with 2” exterior insulating 
sheathing 

Vinyl or 
aluminum siding  

5.5” cellulose in cavity + 2” 
XPS rigid insulation, R-29 

Airtight Drywall Approach 

Wall-02-3: 

2X6 with 4” exterior insulating 
sheathing 

Vented lap 
siding  

5.5” cellulose in cavity + 4” 

foil-faced polyisocyanurate 
rigid insulation, R-45 

Airtight Drywall Approach  

Wall-02-4: 

2X6 with 4” exterior insulating 
sheathing 

Wood shingles 

over ” plywood 
nail base  

5.5” cellulose in cavity + 4” 

foil-faced polyisocyanurate 
rigid insulation, R-45 

Airtight Drywall Approach  

Wall-04-1: 

double stud wall with interior 
load bearing wall 

Vented siding 10.5” cellulose in cavity, R-
37 

Fiberboard sheathing to 

exterior side of interior 
stud wall 

Wall-11: 

11” wide 2X6 stud wall with 2x3 
exterior offset framing 

Vented lap 
siding 

5’5” cellulose in cavity  + 
4.5” closed cell spray foam 
on exterior, R-46 

Exterior closed cell spray 
foam  
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1.3.4. Cost Advantage 

Requirement: Should provide strong potential for cost benefits relative to current systems within a whole 
building context. 

Conclusion:   Pass 

1.3.5. Reliability Advantage 

Requirement: Should meet reliability, durability, ease of operation, and net added value requirements for 
use in new homes. 

Conclusion:   Pass 

1.3.6. Manufacturer/Supplier/Builder Commitment 

Requirement: Should have sufficient logistical support (warranty, supply, installation, maintenance support) 
to be used in prototype homes. 

Conclusion:   Pass 
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1.3.7. Gaps Analysis 

Requirement: Should include system’s gaps analysis, lessons learned, and evaluation of major technical 
and market barriers to achieving the targeted performance level. 

Conclusion:   Pass 
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1.4 Conclusions/Remarks 


