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There are approximately 60 million units of housing in the U.S. that 
were built prior to 1960.   

Most of these will need major systems replaced in the near future.  

As siding, windows, and roof claddings need to be replaced, 
opportunities arise to reduce the overall energy use of these homes. 

Insulating sheathings and new better performing windows will 
increase comfort while reducing energy use.   

Once enclosure losses are reduced, old boilers, furnaces, and air 
conditioners can be replaced and downsized with more efficient 
equipment.  

Whole house ventilation equipment completes the upgrades, insuring 
good indoor air quality.   

Details and results from several case studies of cold climate deep 
energy retrofits will be presented. 
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Assessing the Impact of US Housing 

Total Housing Units in 2001 (millions): 

 Single-Family Homes       73.7  

 Apartments (all buildings)       26.5  

 Mobile Homes        6.8  

 Constructed since 2001       10 

  Approx Existing Units: 115 million units1 

1. Energy Information Administration, Residential Energy Consumption Survey, 2001 data:  www.eia.doe.gov/emeu/

recs 

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



Deep Energy Retrofits 
14  April 2010 5 

Existing Housing Stock 
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Performance Issues driving Retrofit: 

Comfort 

More use 

Health 

Durability 

Operating Costs 

Energy Efficiency 

The Whole Building Approach 
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Expansion of space 
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Choices 

Changing mechanical systems is least invasive 

Lifespan is moderate, say (20 yrs) 

10% eff improvement = 10% operating savings = easy 

Lighting and ventilation 

Change is easy at any time 

Lighting and controls payback quickly 

Enclosures 

Windows last 25-50 yrs 

Insulation last 100+ yrs 

Cladding lasts 35-200+ years 

MUST have clear idea of enclosure upgrades 

before deciding on mechanical! 

BSI-014 
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Enclosure Retrofit 

Important target for many buildings 

Airtightness 

Windows 

Insulation 

Roof 

Walls 

Basement 

Slabs 

Prioritize by Ease and Impact 
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Mechanical Retrofit 

After enclosure upgrade 

Much smaller and quieter systems can be 
chosen 

Air-based can be replaced w/ hydro-air 

Steam-based can be replaced hot water 

Low-temperature (more efficient) systems can 

be used 

For ventilation load add HRV 

Variable speed fans 
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Deep Energy Retrofit 

Significant upgrades are incrementally less 

expensive 

Small upgrades very cost effective, but small 
(10-25% reductions) 

mid-range upgrades (15-50%) usually really 
expensive per energy saved 

Deep retrofits (>50%) secure buildings future 

Allow for new styles, use, etc. 

Leap frog current housing 
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Foursquare – Concord, MA 
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Deep Energy Retrofit 
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Deep Energy Retrofit 



Deep Energy Retrofits 
14  April 2010 15 

Air Barrier Continuity 
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Air Barrier Continuity 
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Air Barrier Continuity 
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Air Barrier Continuity 
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Drainage Plane Continuity 
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Drainage Plane Continuity 
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Drainage Plane Continuity 
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Drainage Plane Continuity 
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Thermal Continuity 
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Thermal Continuity 
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Thermal Continuity 
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Vapor Barrier Continuity 
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Vapor Barrier Continuity 
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Vapor Barrier Continuity 
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New Windows 

Photos courtesy of Dan Morrison, Fine Homebuilding Magazine 
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New Windows 
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Deep Energy Retrofit 
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Windows    
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Energy Measures = 
New Mechanical Systems ($25,000), Insulation ($25,000),  

and New Windows ($20,000) 

Original oil bills $4,000 per year 
Original electric $1,500 per year 

First and Second Year Performance 

3500 kWh and 700 Therms 

Electric @ $.15 /kWh  Gas @ $1.50/therm 
Electric $528   Gas  $1050 

Electric/mth - $44  Gas/mth = $87 
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Actual Performance 
 Without the PV’s, the house had a 72% reduction with respect to its original energy use. 
 Without the PV’s, the house had a 44% reduction with respect to the national average. 
 With the PV’s, the house had an 80% reduction with respect to the national average. 
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METRICS 
 Total Energy Use is 62 MMBtu’s source.  National average is  190 MMBtu’s source.   
 Total conditioned square ft = 3600.  kBtu’s per sq. ft. before PV’s = 33.5 
 With the PV’s, kBtu’s per sq. ft. = 17.1 
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Lowell HFH Farmhouse, Bedford - MA 
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Parametric Study 
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Building Profile 
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Roof Assembly 
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Wall Assembly 
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Windows 
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Air Sealing 
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Foundation Assembly 
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Sealed Combustion Gas Furnace 
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Ventilation 
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Space Conditioning Distribution 
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On-Demand Gas Water Heater 
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Lighting 
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Appliances 
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Rim joist 
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Window sill dam 
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Duct blaster testing 
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Air Leakage Control 
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Air Leakage Control 
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Air Leakage Control 
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Air Leakage Control 
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Freeport Retrofit 

57 Depot Street prior to construction 
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Freeport Retrofit 

Project Overview 

Builder: Warren Construction Group 

Location:  Freeport, ME 

Climate:  Cold (6A) 

Type:   Single Family 

Stories: 2 

Bedrooms:  3 

Baths:   1.5 

Floor Area:  1,600 sq.ft. 

Basement Area: 886 sq.ft. 
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Freeport Retrofit 

Source Energy Savings 
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Freeport Retrofit 

Wall Section 



Deep Energy Retrofits 
14  April 2010 68 

Freeport Retrofit 

Roof R-50 
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Freeport Retrofit 

Wall R-40 Windows R-5 
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Freeport Retrofit 

Foundation, Slab R-10, Walls R-12 
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Berletts Road House, Waterloo - Ontario 
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Above Grade Walls 

• Interior retrofit limits improvements to 
airtightness, rain control,thermal bridge 

• Exterior allows excellent improvements and 
increased durability 

• Windows should be done at the same time 

• Installation cost $200+/- so get good 
windows, eg vinyl triple glazed for $30/sf 
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Above Grade Walls 
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Above Grade Walls 
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Windows    

• Important choice! 

• Need better rain control 

• Improved R-value of course 
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Above Grade Walls 
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Fully Vented Attics    

• Can re-roof whenever, with whatever 

• Deal with moisture, then add insulation 

• Rain leaks, air leaks 

• If possible, keep ventilated attic 

• Inspect ceiling plane, plug all holes with 
caulking and foam 

• Consider 1” of spray foam air barrier 

• Blow in minimum R60 cellulose, R75-R100 
sensible 
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 Joseph Lstiburek – Repair & Retrofit  90 





Deep Energy Retrofits 
14  April 2010 92 

Energy/Economy 

Energy-related upgrades cost :$25K 

Heat-pump, ducts, HRV $6000+2000+500 

Basement/walls insulation $5200+4200 

Windows $5000+ 2500 

Attic $1250 

Many other upgrades: bed, bath, flooring, 
basement double floor space (another 30K) 

Savings: ca $2000 / yr 
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Clark Residence – Belchertown, MA  
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Parametric Study 
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Building Profile 
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Roof Assembly 
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Wall Assembly 
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Windows 
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Air Sealing 
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Foundation Assembly 
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Sealed Combustion Propane Furnace 
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Ventilation 
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Space Conditioning Distribution 
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On-Demand Propane Water Heater 
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Lighting 
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Appliances 
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Window installation 
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Soffit 
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Ceiling Deck 
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Duct blaster testing 
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Design Challenge 
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Design Challenge 
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For More Information Go To: 

www.buildingscience.com 
Search Info and Recent Presentations 

www.affordablecomfort.org 
See Thousand Home Challenge 

www.powerofaction.com 
National Grid’s Deep Energy Retrofit Program 


