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Objectives for this workshop . . . 

1. Introduce the Building America Research 

Program 

2. Review NSP2 construction specification 

3. Examine lessons learned  
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For consumers: 

• Lower energy bills and maintenance costs 

• More money for things other than energy 

• Healthier, more comfortable, more durable homes 

For the nation: 

• Wise use of resources through energy savings 

• Greater energy security through the use of domestic 

resources 

• A healthier environment through reduced emissions 

• Increased use of onsite power and renewable 

energy systems 

Why build energy efficient homes? 
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Assessing the Impact of US Buildings 

Source: EIA, Annual Energy Review, 2001 data - www.eia.doe.gov/emeu/aer

Total Energy Consumption by Sector, 2001

Residential 

21%

Commercial

18%

Industrial

34%

Transportation

27%
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Contribution to Climate Change 

Carbon Dioxide Emissions from Energy Consumption by Sector, 2001

Residential

20%

Commercial

18%

Industrial

30%

Transportation

32%

Source: EIA, Annual Energy Review, 2001 data - www.eia.doe.gov/emeu/aer
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Energy Efficient Construction is 

Catching on 
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But size matters . . . 

1. Wilson, Alex and Jessica Boehland “Small is Beautiful” Journal of Industrial Ecology, Vol 9, No 1-2. 2005 

2.  EIA, Annual Energy Review, 2001 data: www.eia.doe.gov/emeu/aer

• Average House Size in 1940: ~1100 sq ft1 

• Average House Size in 1973:   1660 sq ft2 

• Average House Size in 2005:   2434 sq ft 
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Total Energy Use is on the Rise 
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Building America 

The U.S. Department of Energy’s Building America Program is 

reengineering the American home for energy efficiency and 

affordability.  Building America works with the residential 

building industry to develop and implement innovative building 

processes and technologies – innovations that save builders 

and homeowners millions of dollars in construction and energy 

costs.  This industry-led, cost-shared partnership program 

uses a systems engineering approach to reduce energy use, 

utility bills, construction time, and construction waste. 

For more information, visit our website at:  

www.buildingamerica.gov  
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Overview of the Design approach 

Our approach follows three general steps: 
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Building America Research Goals 

40,000 houses in 34 states 
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Background – Energy Use in the Home 
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Systems Engineered for Zero Cost 
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Looking long-term . . . 

• Balance initial investment with long-term savings 

• Add technology in a cost-effective manner 
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WYANDOTTE NSP2  

NEW CONSTRUCTION 

SPECIFICATION 
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NSP2 Enclosure Specifications  

High R-value Wall 

– 2x6 Advanced Framing 

– 2” R-10 Insulating Sheathing, Exterior Drainage Plane 

– Hybrid wall insulation, 2” R-12 closed-cell spray foam 

insulation + R-12 fiberglass batt insulation  

– Airtight construction 

ENERGY STAR windows – U 0.28! 

Full Height basement R-10 insulation 

Compact High R-value Roof 

– 3” – 4” R-18 to R-24 closed-cell spray foam insulation 

– R-28 fiberglass batt insulation 
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NSP2 Enclosure Specifications 
ENCLOSURE  SPECIFICATIONS 

Roof   

Description -  Dark color asphalt shingles on rafter roof – unvented  

 cathedralized attic 

Insulation -  3” (R-18) ccSPF on underside of roof, R-28 fiberglass batt 

below 

Walls   

Description -  Hybrid wall with insulating sheathing and spray foam 

Insulation -  2” (R-10) XPS sheathing, 2” (R-12) ccSPF in cavity, 3.5” (R-12) 

  fiberglass 

Foundation   

Description -  Conditioned Basement / Crawlspace 

Insulation -  2” XPS (R-10) on walls or 2” (R-12) ccSPF  

Windows  

Description -  Double pane vinyl framed with LoE3 spectrally selective glazing 

Manufacturer -  Anderson  U-value = 0.28 (R-3.6), SHGC = 0.29 

Infiltration   

Specification -   2.5 sq in leakage area per 100 sf enclosure @ 50 Pa 

Performance test -  Initial test result = 2.0 sq in leakage area per 100 sf enclosure 

  @ 50 Pa
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The Year – 1854 

The Book – The American Cottage Builder 

History 
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1970s 

U.S. Department of Housing and Urban 

Development 

NAHB Research Foundation  

Operation Break-through delivered “optimum 

value engineering framing”  

Today this is “Advanced Framing” 

History 
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What is Advanced Framing? 

Overview 

 Reduce Framing Material Use 

 Increases Insulation Volume 

 Improves Energy Performance 

 Reduces Labor Costs (eventually) 

 Framing system on 2’ centers 
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24” Centers Inline Framed 

No Headers in non-load 

bearing walls 

Single Studs at Rough 

Openings 

No Cripple studs under 

windows 

Two Stud Corners 

Single Insulated Header 

Header Hangers 

Single Top Plate 
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Advanced Framing and The Building Code  

Within the IRC the following are permitted: 

  24” On Centre Framing 

  Single Top Plates 

  24” On Centre Interior Partitions 

  No Headers in Non-Load-Bearing Walls 

  Interior and Exterior Wall Covering on 24” On Centre 

  Drywall Clips 

  Single Headers 

   

   

Overview 
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Reduced Framing Material Use 

Benefits 

Reduces Emissions from Space Conditioning 

Lower Construction Costs 

Reduced Number of Framing Members 

Reduces Labor Costs and Increases Speed 

Increased R-Value 

Lower Operating Costs 

Improved Energy Performance 
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Benefits 

Case Study – Residential House – Material   

8’Studs Board Feet  

Exterior Wall 467 1634 

Exterior Plate 95 331 

Interior Wall 715 2502 

Interior Plate 126 446 

Header  273 

Total 1403 5186 

8’Studs Board Feet  

Exterior Wall 238 1312 

Exterior Plate 63 347 

Interior Wall 279 977 

Interior Plate 85 298 

Header  148 

Total 665 3082 

Standard Framing  

Advanced Framing  
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Benefits 

Speed of Construction 

 Usually Takes 5 Houses to Gain Familiarity 

 Fewer Pieces of Lumber to Handle 

 Fewer Holes to Drill 

 Less Framing to Work Around 

 Larger Areas to Work  
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Benefits 

Fewer Holes to Drill 

Less Framing to Work Around 

Larger Areas to Work  

HVAC Installer ! 

Electrician ! 

Plumber ! 

Drywaller !  
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The Truth about R-VALUE 

 Wood is More Conductive than Insulation 

Benefits 

Less Framing Means Higher Overall R-Value! 
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Benefits 

Case Study – Residential House 1 – Energy  

 2,800 ft2   

 Slab on grade 

 2-story, detached single family house 

 R-13 Walls (2x4 Construction) 

 R-38 Ceiling 

 90% AFUE Furnace 

 14 SEER Air Conditioner 

 BSC Building America target enclosure airtightness  

  (0.25 CFM/ft2) 
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Benefits 

Case Study – Residential House 1  
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Reduce Unnecessary Thermal Bridging 

Where 4 is Good 
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Reduce Unnecessary Thermal Bridging 

Where 5 is Better 
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Reduce Unnecessary Thermal Bridging 

10 Has to Be Just GREAT! 
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Spray Foam in Wyandotte 
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Spray Foam in Wyandotte 
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Closed Cell Spray Foam in Wyandotte 
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Closed Cell Spray Foam in Wyandotte 
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Basement Slab Insulation 
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NSP2 Mechanical Specifications 

• Heating and cooling by Ground Source Heat 

Pump (GSHP) 

• Efficient electric hot water tank boosted by 

GSHP 

• Ductwork sealed with mastic 

• Central fan integrated ventilation system 

• ENERGY STAR appliances 

• CFL lighting package 
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NSP2 Mechanical Specifications 
MECHANICAL SYSTEMS  SPECIFICATIONS  

Heating and Cooling   

Description -   9.2 HSPF ground source heat pump 

Manufacturer & Model -  WaterFurnace 

Domestic Hot Water   

Description -   Tank electric hot water heater (EF=0.98), 

desuperheater 

Manufacturer & Model -  Rheem 

Distribution   

Description -   R-6 flex ducts in conditioned unvented cathedralized 

attic 

Leakage -   maximum 5% duct leakage to outside 

Ventilation   

Description -   Supply-only system with Aprilaire™ 8126 VCS, 33%  

Duty Cycle:    10 minutes on; 20 minutes off, 50 CFM average flow 

Manufacturer & Model -  Aprilaire™ 8126 VCS fan cycler 

Return Pathways   

Description -   Central return on first floor, jump ducts  in bedrooms
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Duct Mastic Sealing - Thick 
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Duct Mastic Sealing - Light 
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HVAC Overview 
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Energy Model – Parametric Study 
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Benchmark vs NSP2 Specification 
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Optimal Cost Study 
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WYANDOTTE NSP2  

LESSONS LEARNED 
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COMMUNICATION WITH 

DRAWINGS 
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‘Rough’ Framing 
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‘Rough’ Framing 
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‘Rough’ Framing 
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‘Rough’ Framing 
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‘Rough’ Framing 
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Advanced Framing – Walnut Street 
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Advanced Framing – Walnut Street 
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On-Site Framing in Wyandotte – Walnut Street 
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On-Site Framing in Wyandotte – Walnut Street 
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On-Site Framing in Wyandotte – Walnut Street 
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Advanced Framing – Walnut Street 
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On-Site Framing in Wyandotte – Walnut Street 
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Example “knock down” framing plan 
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Example HVAC coordination drawing 
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AIR BARRIER DETAILS 
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Common Points of Air Leakage 
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Common Points of Air Leakage 
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Common Points of Air Leakage 
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Common Points of Air Leakage 
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Spray Foam Air Sealing 

Spray foam is only and air barrier 

where the spray foam is applied! 

80

©2012

Building Science 
Consulting

Spray Foam Air Sealing 
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Spray Foam Air Sealing 
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Spray Foam Air Sealing 

83

©2012

Building Science 
Consulting

Spray Foam Air Sealing 
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Retrofit Air Sealing 
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Retrofit Air Sealing 
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Retrofit Air Leakage 
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Retrofit Air Leakage 
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Retrofit Air Leakage 
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Retrofit Air Leakage 
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Retrofit Air Leakage 
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Airtightness Test Results 

House Number  Airtightness Test results   

   CFM50 ACH50  CFM50/ft2   

Walnut 1   1030  2.7  0.20   

Walnut 2   1007  2.6  0.19   

Cora 5    678  3.6  0.49   

Vinewood 2   539  2.7  0.36   

Poplar 4   447  2.3  0.31   

Cora 1    407  2.1  0.28   

Poplar 3   202  0.92  0.14   

Cora 2    197  1.0  0.14   

Cora 6    148  0.8  0.11   

Vinewood 1   n/a  n/a  n/a   
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ccSPF Other Benefits 

Structural Analysis 

ASTM E72 Racking Testing 

Deflection as a result of loadings 

• Ram locates wall and zeros its displacement measurement 

• Loadings applied 395 lbs/minute 

• Loading to 790lbs 

• Release loading 

• Loading to 1570 lbs 

• Release loading 

• Loading to 2360 lbs 

• Release loading 

• Load to failure (4” deflection or 30,000 lbs) 
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Structural Analysis 

                ASTM E72 Racking Testing 
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Structural Analysis 

Base Case OSB Wall 
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Structural Analysis 

Base Case OSB Wall 
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Structural Analysis 

Base Case OSB Wall 
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Structural Analysis 

Base Case 1 – XPS Exterior Insulation 
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Structural Analysis 

Base Case 1 – XPS Exterior Insulation 
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Structural Analysis 

Hybrid Test 2 – XPS Exterior Insulation 
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Structural Analysis 

Hybrid Test 2 – XPS Exterior Insulation 
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Structural Analysis 

Hybrid Test 2 – XPS Exterior Insulation 
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Structural Analysis 

Hybrid Test 3 – ffPIC Exterior Insulation 
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Hybrid Construction Costs 

RSMeans CostWorks 2011 

• Industry average costs 

• Production builders may have better prices  
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DRAINAGE PLANE DETAILS 
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Making the sheathing water tight 
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Making the sheathing water tight 
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Making the sheathing water tight 
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Keeping the Water Out 
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Keeping the Water Out 
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Keeping the Water Out 
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Making the sheathing water tight 
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Making the sheathing water tight 
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Making the sheathing water tight 
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Making the sheathing water tight 
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Making the sheathing water tight 
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Making the sheathing water tight 
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Keeping Moisture Out! 
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Keeping Moisture Out! 
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Keeping Moisture Out! 
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Keeping Moisture Out! 
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Construction Moisture and Insulation 
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Construction Moisture and Insulation 
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Construction Moisture and Insulation 
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Standard Wall - 2x6 Advanced Frame, OSB Sheathing 
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Hybrid Wall 2 - 1.5” XPS, 1.5” ccSPF, Fiberglass 
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FINISHING DETAILS 
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Tricky finishing details 
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Tricky finishing details 
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Tricky finishing details 
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AIR SOURCE HEAT PUMP AS 

OPTION 
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Considering ASHP 
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Costs vs Energy Savings 
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Final Thoughts 
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Final Thoughts 
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Final Thoughts 

• Achieving a coordinated approach between the 

architectural plans and the mechanical system design 

and installation. 

• Supporting multiple builders as they adjust to new 

construction techniques and new materials. 

• Implementing a quality control process based on 

performance testing and feedback for the builder, 

specifically in the areas of air sealing and cladding 

attachment. 

• Adjustment of plans and specifications to incorporate 

solutions for issues observed on site, specifically 

involving framing and water management details. 

• Developing a plan for marketing to buyers and 

educating homeowners.   
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Resources 
Building Science Corporation 

Designs that Work – Cold 

Climate Case Study 

    find this at: 

www.buildingscience.com/dtw 
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Resources 
Building Science Corporation 

Builder’s Guide to Cold 

Climates 

    find this at: 

www.buildingsciencepress.com 
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Resources 
Building America 

Cold Climate Best Practices 

Guide  

    find this at: 

www.buildingamerica.gov 

(look for “publications”) 
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Questions? 

Contact us: 

• Aaron Grin, Building Science Corporation 

– agrin@buildingscience.com 
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