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Introduction

 In United states in 2010, residential and 
commercial building sectors use 41% of nation’s 
primary energy

 Residential buildings use 43% for space heating 
and cooling.

 Building Energy Data Book states - 25% to 35% 
energy loss through inefficient windows.  

(chromasun.com)

(ecocel.ie)
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ENERGY STAR Federal Tax Credits 

 Biomass stoves
 Heating, Ventilation, Air 

Conditioning (HVAC)
 Insulation
 Roofs
 Water Heaters

 Windows and Doors
 Geothermal Heat pumps
 Small Wind Turbines
 Solar Energy Systems
 Fuel cells

ENERGY STAR provides incentives for technologies that lower 
energy bills.
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ENERGY STAR Tax Credits for Windows

Windows to qualify as ENERGY STAR 
certified, should meet three criteria:
 Manufactured by an ENERGY STAR 

partner
 Tested and certified by National 

Fenestration Rating Council (NFRC)
 Meets US DOE guidelines
 Credit: 10% of the cost, up to 

$200 airtightsidingandwindows.com
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ENERGY STAR Climate
Zones
 U-Factor – Heat transfer per unit 

of time per area and per degree of 
temperature difference.

 Solar Heat Gain Coefficient 
(SHGC) – The fraction of incident 
solar radiation entering the space 
through window.

ENERGY STAR qualification criteria for residential windows 
(EnergyStar, 2014c)

http://quakerwindows.com/
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Energy Model

Square single story 25 m2 (269 SF) model 
with  total 15 m2 (161 SF) glazing was 
simulated for the four ENERGY STAR climate 
zones.
 In baseline model glazing distributed 

equally on all  facades.
 Four alternative models glazing placed 

exclusively on North, South, East or West 
facades 
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Inputs
 TRNSYS energy modeling software
 Assumptions

 Existing Energy Modeling research
 ASHARE 2010
 One year simulation set time 

 Windows library Creation
 Lawrence Berkeley National Labs
 ASHARE 90.1.99 
 ASHARE Standard 140
 Building Energy Simulation Test 

(BESTEST)   Standard

Climate 
Zone

Representative
City

Window
Type U-value SHGC

Northern Denver, CO A 0.32 0.614

North-
Central Albuquerque, NM B 0.28 0.392

South-
Central Atlanta, GA C 0.17 0.230

Southern Miami, FL D 0.44 0.196

Selected (ENERGY STAR eligible) window performance 
criteria per climate zone
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Potential Cost Impacts

Climate Zone City, State Average Annual 
Electricity Bill by State

Potential Cost Variation 
per year (Electricity only)

Northern Denver, CO $971 $87  (9%)

North-Central Albuquerque, NM $895 $125 (14%)

South-Central Atlanta, GA $1473 $132 (9%)

Southern Miami, FL $1481 $15 (1%)

Potential cost Impacts of energy performance differences by climate zone
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Performance Analysis

Location Baseline South West North East

Climate City

Energy
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

%
Diff

Energy
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

%
Diff

Energy 
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

%
Diff

Energy
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

% 
Diff

Energy
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

%
Diff

Total 
Delta

Northern Denver, CO 479 N/A 468 2% 510 -7% 505 -5% 498 -4% 9%

North-
Central Albuquerque, NM 388 N/A 362 7% 413 -7% 406 -5% 413 -7% 14%

South-
Central Atlanta, GA 304 N/A 289 5% 316 -4% 305 0 306 -1% 9%

Southern Miami, FL 198 N/A 197 1% 198 0 173 13% 197 1% 1%

Estimated energy consumption (𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 ) and percentage differences by orientations
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Solar Irradiance

Location  

Average 
Vertical 
Surface 

Irradiance
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

South
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

%
Diff

West
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

%
Diff

North
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

%
Diff

East
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

%
Diff

Denver, CO 971.35 1331 37% 1064 10% 426 -56% 1064 10%

Albuquerque, NM 994.93 1354 36% 1083 9% 460 -54% 1083 9%

Atlanta, GA 805.34 1062 32% 850 6% 459 -43% 850 6%

Miami, FL 813.64 1061 30% 849 4% 495 -39% 849 4%

Average annual solar irradiance (kWh/m^2 ) on vertical surfaces
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Energy vs. Irradiance

Location South West North East

City

Energy
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

Average 
Vertical 
Surface 

Irradiance
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

Energy 
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

Average 
Vertical 
Surface 

Irradiance
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

Energy
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

Average 
Vertical 
Surface 

Irradiance
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

Energy
(𝐤𝐤𝐤𝐤𝐤𝐤
𝐦𝐦𝟐𝟐 )

Average 
Vertical 
Surface 

Irradiance
(𝑘𝑘𝑘𝑘𝑘
𝑚𝑚2 )

Denver, CO 2% 37% -7% 10% -5% -56% -4% 10%

Albuquerque, NM 7% 36% -7% 9% -5% -54% -7% 9%

Atlanta, GA 5% 32% -4% 6% 0 -43% -1% 6%

Miami, FL 1% 30% 0 4% 13% -39% 1% 4%
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Observations & Recommendations
 Annual energy consumption of buildings 

could vary up to 14% depending on 
placement of Energy STAR windows.

 Annual cost impact can vary from $15 
(Southern) to $132 (South-Central) 
annually.

 Placement of ENERGY STAR windows 
on the south façade improves 
performance in all climate zones.

 Placement of ENERGY STAR windows 
on all other orientations worsens 
building energy performance on all other 
orientation except in the Southern 
climate.
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OpenStudio

 OpenStudio is a cross platform 
collection of software tools 
developed by National Renewable 
Energy Laboratory (NREL).

 It is a whole building energy 
modeling software using 
EnergyPlus and advanced daylight 
analysis using Radiance.

 The software handles the building 
geometry, building envelope, plug 
loads, people and daylighting, along 
with many other inputs.
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Optimization Studies
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Conclusions and Policy Implications 

 The cost effectiveness of the ENERGY STAR Tax Credit program for 
windows will vary based on the performance characteristics of 
products, and orientation of installation.

 The energy usage performance varies up to 14%, although accurate 
estimates require detailed, custom energy modeling.

 Complex energy modeling is required to assess the impact of window 
orientation
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