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The Holistic Building

• Buildings are compilations of many different 
systems all designed to work as a single unit.

• Individual Systems anomalies often have an affect 
on multiple systems operationon multiple systems operation.

• All Buildings should:

1.  Provide a Comfortable and Healthy Environment

2.  Be Durable, Safe and Secure; and

3.  Be Energy Efficient
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Building Science

The study of the interaction between:

– The design, materials, products and systems used in construction;

– the building occupants, and;

– the environment or zone in which they are located. y

• Physics is nature’s laws and rules that govern energy

• Entropy = Balance

• Energy moves by Conduction, Convection and Radiation

• Temperature is a measure of molecular vibration.

• Heat is the addition or subtraction of energy that changes 
the motion of molecules 3
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Heat

• Specific heat – The number of BTU’s of heat that one 
pound of a material holds for each degree of 
temperature increase.

• Sensible heat is the relationship between a material’sSensible heat is the relationship between a material s 
temperature and the amount of heat it contains.

• Latent heat is the unexpectedly large amount of heat 
absorbed or released when a material changes phase 
from a liquid to a gas or from a solid to a liquid and 
back again.

• Heat flow – Temperature Difference or Delta T.
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Sample Energy Math

• Basic Plane Geometry

• R-Value = 1/U-Factor & U-Factor = 1/R-Value

• Assembly Heat Loss y
Q = U x  A  x T

• Air leakage Heat Loss 
Sensible Heat loss q = (1.08 x ACHn x V x T)/60

Latent Heat Loss q = (0.68 x ACHn x V x T)/60
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The Hierarchy of Efficiency

• Testing and Inspection 

• Quality Assurance

• Insulation

D t k• Ductwork 

• Building Envelope 

• Lighting

• High Efficiency Equipment 

• Windows
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• A Key to the success of any program

• Targeted Auditing

• The Comprehensive Home Assessment

Home Auditing

The Comprehensive Home Assessment

• Pre and Post Testing and Inspections

• Energy Modeling

• Project Management

• The Devil in the Details
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The Code Built Building

• Building a Community

• Minimum Standard allowable by law

• 10 years behind the science

• Idaho’s Construction CultureIdaho s Construction Culture

• Modeling Energy Efficiency

• HERS Ratings

• Commercial Energy Star

• Scoring an above code building

• The value of Certification
9
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Setting Retrofit Project Goals

• Targeted performance improvements

• Must be Creative, Dynamic and Flexible 

• Holistic Additions

• Efficient Components

• The importance of Lighting Efficiency

• Qualified Retrofit Contractors

• The need for Quality Assurance
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Progressive Retrofit 
Recommendations

Do these First!

• Insulation
– Ceilings – R-38 vaulted areas & R-49 Flat

– Walls – blown in to the extent possiblep

– Floors – R-30 where possible

– Foundation Walls and Perimeter Insulated Crawl Spaces

• Duct Sealing – 50% reduction or .10 x home SF

• Air Sealing – Target 3.5 - 7 Air Changes per Hour 
when tested at 50 Pascals  (3.5 - 7 ACH50)

• Lighting – Assess Lighting and change where effective
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Progressive Retrofit 
Recommendations

Do these things next!

• Furnaces – 90+ AFUE Gas

• Air Conditioners – 13 SEER

• Heat Pumps – 8.5 HSPF/13 SEER

• Water Heaters - .93 EF

• Windows - .35 U-Factor

• Other – As determined
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Putting it All Together

• Carbon Reduction

• Reduced Utility Expenses

• Reduced Stress on Existing Infrastructure

• Benefits of Energy Efficiency

• Comfort, Health, Safety, and Durability
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Typical Certificate
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Replacement of a typical 6040 Window

• Existing, Aluminum Frame w/ ½” Air Space

• New, Vinyl Frame, Low-e w/ ½” Air Space,
– Purchase Price $250.00

– Demolition 1 hr @ $45.00/hr

– Installation 1 hr @ $45.00/hr

– Repairs to building after replacement $250.00

– Total Estimated Cost  =  $595.00
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Q btu/yr = U-Factor x Area x HDD x 24 hours

Old Window
Q = .70 x 24 sf x 9866 HDD x 24 hrs
Q = 3 977 971 btu/yr

New Window
Q = .35 x 24 sf x 9866 HDD x 24 hrs
Q = 1 988 985 btu/yrQ = 3,977,971 btu/yr Q = 1,988,985 btu/yr

Total Savings = 1,988,985 btu/yr
kWh = 3413 btu/kwh = 583 kWh/year

Therms = 100,000 btu/Therm = 19.9 Therms/Yr

Electric Heat
583 kWh x $.086 = $50.14/Yr
$595.00 / $50.14 = 11.9 yrs

Gas Heat
19.9 Therms x $.9428 = $18.76/yr 
$595.00 / $18.76 = 31.7 yrs
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Insulation Upgrade 

• 1,700 SF Home

• Existing Flat Ceiling Insulation R-19 Battsg g

• Proposed Add R-30 Blow-in Fiberglass
– Installed Purchase Price = $1,500

18
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Cost to Benefit Analysis

Q btu/yr = U-Factor x Area x HDD x 24 hrs

Existing Ceiling
Q = .053 x 1,700 sf x 9866  HDD x 24 hrs 
Q = 21,334,238 btu/yr

New Ceiling
Q = .021 x 1,700 sf x 9866  HDD x 24 hrs 
Q = 8,453,189 btu/yr

Total Savings = 12,881,049 btu/yr
kWh = 3,413btu/kwh = 3,774 kWh/yr

Therms = 100,000 btu/Therm = 129 Therms/yr

Electric Heat
3,774 kWh/yr x $.086 = $324.56/yr
$1,500 / 324.56 = 4.6 yrs 

Gas Heat
129 Therms x $.9428 = $121.62/yr
$1,500 / 121.62 = 12.3 yrs
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Cost to Benefit for Both Improvements
Blend the costs and Recalculate the Payback

Retrofit Cost
Window = $595 

Btu/yr
Window = 1,988,985 btu/yr

Insulation = $1,500
Combined =  $2,095

y
Insulation = 12,881,049 btu/yr

Combined = 14,873,034 btu/yr    

Total Savings = 14,873,034 btu/yr 
kWh = 3413btu/kWh = 4,358 kWh/yr

Therms = 100,000 btu/Therm = 149 Therms

Electric Heat
4,358 kWh/yr x $.086 = $374.79/yr
$2,095 / $374.79 = 5.6 yrs 

Gas Heat
149 Therms x $.9428 = $140.48/yr
$2,095 / 140.48 = 14.9 yrs 20
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Summary

• Window Only
– Electric Heat $50.14/Yr savings 11.9 yrs Payback

– Gas Heat $18.76/yr savings 31.7 yrs Payback

• Insulation Only• Insulation Only
– Electric Heat $324.56/yr savings 4.6 yrs Payback

– Gas Heat $121.62/yr savings 12.3 yrs Payback

• Combined
– Electric Heat $374.79/yr savings 5.6 yrs Payback

– Gas Heat $140.48/yr savings 14.9 yrs Payback

21
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Monthly Benefit

• Electrically Heated Home
– $374.79/year / 12 months = $31.23 / monthy

• Gas Heated Home
– $140.48/year / 12 months = $11.71 / month
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Air Sealingg
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If light shines through, 
air gets past.

Foam is cheap but 
Energy is expensive.
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Open Chases 
permit air flow

Capped Chases 
halt air flow
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Insulation is not an air 
barrier, it is however a 
good filter.

Fit it tight and 
seal it right!
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Those Pesky 
Bonus Rooms

Stopping the air 
saves the energy
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Hot Chimneys really 
draw the heat, it’s 
what they do.

$5.00 worth of caulk 
can save hundreds in 
energy loss
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Ductwork
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Tape is typical

Mastic works 
much better.
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Ducts did not always get 
completely assembled.

Tape is not a good solution 
for sealing.

Gores need air seal too!

Mastic is the only 
way to assure a 
permanent, tight seal.
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Unsealed and 
Uninsulated Duct 
Boots loose energy

Insulated and Airsealed 
duct boots get the 
energy where intended.
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Panned Building 
cavities are common 
and never work right.

The Retrofit Options 
are limited, difficult 
and very expensive.
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Convoluted Duct Runs Duct pinched by Tight Strap

Ground Mounted Ducts Unsupported Ducts and No Elbow
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Ducts with Smooth 
bends move air better

Proper support prevents 
crushed insulation
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Insulation
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Gaps and Holes in 
a “stretched” batt

A seemingly small void 
can mean big losses.
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Compressed Insulation 
in the wall creates a 
convection loop

Insulation off the 
ceiling creates another 
convection loop.
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Too bad they can’t all look like this.
39
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Wind affect on 
unbaffled Soffit

Well baffled soffit 
keeps wind away 
from insulation
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Anyone have any Questions?
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Contact Information

Tim O’Leary, Residential Energy Efficiency 
Programs Manager
Phone # (208) 332-1676

E-mail:  tim.oleary@oer.idaho.gov
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Stacey Donohue, Appliance Rebate
Program Manager

Phone # (208) 332-1674
E-mail: stacey.donohue@oer.idaho.gov


