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Introduction

� Background
� System Interaction

� Cost and Performance
� Measure Implementation
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Background

Poor performing window are one of the most 
significant performance issues for building 
enclosures

�Common location of water infiltration
�Common source of air infiltration
�Common source of significant space conditioning 
loads
�Common source of user comfort issues
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Background

� Repair and rehabilitate (add seals and gaskets)
� Coverings (awnings, shades, blinds, films, etc.)

� Additional glazing elements (exterior and interior 
storms and windows)

� Modification (retrofit existing sashes with IGU’s)

� Sash replacement
� Window insert into existing frame

� Window replacement

Multiple means to improve performance
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System Interaction

� It is important to understand the system components and 
connection/interaction details with the wall enclosure, as 
well as the functions of a traditional wood window in order 
to properly apply the various measure recommendations

� Water Management
� Air Infiltration
� Interstitial Condensation
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System Interaction

�Water Infiltration
� Important to properly identify existing water infiltration concerns prior 

to window retrofit
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System Interaction

�Common water infiltration locations
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System Interaction

� Water Management
� Traditional windows use a shingle lapping approach

Window Repair, Rehabilitation and Replacement 9

System Interaction

�Deteriorated Materials
�Most of the retrofit measures 

require the existing window 
frame to be in good condition

� Any damaged or deteriorated 
window sills will need to be 
replaced, unless a full window 
replacement is done
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System Interaction

� Water Management - Jambs
� overlap of materials and/or use of sealants is generally required
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System Interaction

� Water Management
� Most window retrofit measures do not specifically address the 

interface of the existing window frame to the wall

� If concerns exist regarding the performance of the existing window 
to wall, then a more extensive retrofit may be warranted

� Full window replacement strategies provide the best means to 
integrate a window into an existing wall assembly.
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System Interaction

� Air Infiltration
� Common pathways are at sash to frame interfaces
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System Interaction

� Air Infiltration
� Common pathways are at sash to frame interfaces
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System Interaction

� Air Infiltration
� Alternate pathways between window frame 

and rough opening
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System Interaction

� Air Infiltration
� Alternate pathways between window frame 

and rough opening
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System Interaction

� Air Infiltration
� Infiltration between the sashes and the 

window frame are address with all window 
retrofit measures

� Infiltration between the frame and the rough 
opening are only addressed as part of a 
complete window replacement

� Additional air sealing outside of the window 
retrofit is generally needed – typically 
through the use of spray foam insulation
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System Interaction

� Interstitial Condensation
� Concern created by uncontrolled air leakage into space between 

original “prime” window and interior or exterior storm window
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System Interaction

� Interstitial Condensation
� Concern created by uncontrolled air leakage into space between 

original “prime” window and interior or exterior storm window
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System Interaction

� Interstitial Condensation
� For cold climates, the inner glazing element needs to be as air 

tight as possible (Drive is reversed for hot humid climates).

� The exterior glazing element should be as air tight as possible to 
maximize performance.

� If needed the exterior glazing element can be made incrementally 
more air leaky to help alleviate any condensation problems that 
may occur (increasing air leakage will reduce overall window 
energy performance).

� Be aware of air by-pass through elements such as sash weight 
pulleys
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Cost and Performance
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Window U-Value

Impact of window U-value on effective thermal resistance of complete wall assemblies 

(based on 18% glazing ratio compared to total wall area)
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� Effect of window conductance on whole wall R-Value

Energy Star 
Window

Vinyl double 
glazed clear

Single glazed 
wood
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Cost and Performance

� Energy 
Performance
� Energy transfer 

through windows is 
complicated with 
many interacting 
mechanisms
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Cost and Performance

� Energy 
Performance
� Understanding how 

the retrofit measure 
impacts the various 
energy transfer 
mechanisms will 
help to determine 
the effectiveness of 
the measure
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Cost and Performance

� NFRC Documentation 
relating performance 
of window attachment 
products
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Cost and Performance

Window U-value and SHGC for various windows systems and exterior storm configurations 
(source US DOE “Highly Insulating or Low E Storm Windows Energy Savings Estimator “)
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Cost and Performance

�Modification or replacement of existing single 
glazed windows is generally cost effective in every 
climate zone.
�Cost of each measure is highly variable depending 
on existing conditions, retrofit measure chosen, 
and products used.
�Cost optimization should be done on a project by 
project basis.
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Cost and Performance

Parametric step Cost/ft2

Benchmark = single glazed wood (U=0.87, SHGC=0.62) N/A

Single glazed wood + clear exterior storm (U=0.49, 
SHGC=0.60)

$7.81

Single glazed wood + lowE exterior storm (U=0.40, 
SHGC=0.52)

$12.14

Double Glazed LowE Energy Star Window (U=0.30, 
SHGC=0.30)

$40.73

Single glazed wood + interior Double Glazed LowE
Energy Star Window (U=0.25, SHGC=0.25)1

$40.73

Triple Glazed LowE Window (U=0.20, SHGC=0.20) $77.76

1Values were assumed due to unavailability of actual modeled or measured values for this configuration
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Measure Implementation

� Several options for improving the performance of 
existing windows was used

� Stepping through the various strategies using a 
single starting condition as a baseline in order to 
illustrate the differences in the various strategies

� Highlighting potential durability concerns as part 
of the individual strategy
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Measure Implementation

List of Measures
� Window Rehabilitation

� Exterior Storms
� Interior Removable Storms

� Interior Permanent Storms
� Window Sash Modification

� Window Sash Replacement
� Insert Replacement Window

� Complete Replacement Window
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Measure Implementation

Window Rehabilitation
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Measure Implementation

Window Rehabilitation
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Measure Implementation

Exterior Storms
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Measure Implementation

Interior Removable Storms

Window Repair, Rehabilitation and Replacement 33

Measure Implementation

Interior Permanent Fixed Storms
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Measure Implementation

Sash Modification
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Measure Implementation

Sash Modification
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Measure Implementation

Sash Replacement
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Measure Implementation

Sash Replacement
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Measure Implementation

Insert Replacement Window
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Measure Implementation

Insert Replacement Window
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Measure Implementation

Insert Replacement Window
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Measure Implementation

Complete Window Replacement
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Measure Implementation

Complete Window Replacement
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Measure Implementation

Complete Window Replacement
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Measure Implementation

Complete Window Replacement
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Questions?
Peter Baker
pbaker@buildingscience.com
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