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ABSTRACT: Novel means to reduce home cooling costs in warm climate construction as well as heating costs in cold 

climate construction are being developed continuously. The introduction of Low-E coatings on glass for windows has 

produced varying degrees of effectiveness in achieving this thermal efficiency goal. The coatings keep warm air from 

escaping and cold air from entering during the winter or keep cool air from escaping and hot air from entering during 

the summer.   This dichotomy has created the most difficult of all building products for which to establish energy code 

standards.  In fact, no one widely accepted standard for thermal performance by energy code programs has been 

established. And yet, because of our dependence upon windows, there exists a great need for establishing a better 

distinction of Low-E coating standards covering their thermal performance in different climatic regions.  No single 

Low-E coated glass can meet all diverse requirements. This paper stresses the necessity for the development of a 

standardized, sustainable specification for the coordination of building code provisions for building materials, such 

as Low-E coatings, necessary to promote energy efficiency and the reduction of carbon emission rates in buildings.  
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INTRODUCTION 

Energy consumption in buildings has increased 

exponentially in recent years.  The 2012 annual energy 

consumption of the building sector in the United States 

accounts for 41.1% of the nation’s total primary energy 

used [1].  Buildings consume almost 70% of the 

electricity in the United States [2]. In 2009, carbon 

dioxide (CO2) emissions (the primary greenhouse gas)  

attributed to lighting, heating, cooling, water heating, 

refrigeration and other building services totalled 2184 

million metric tons [3]; this is 33% of the US total and 

nearly 7% of the global total. With the raising pressure in 

societal and government pursuit to reduce the carbon 

footprint, regulatory agencies in the United States have 

been working to promote energy efficiency and the 

reduction of carbon emission rates in buildings, both 

commercial and residential.   

 

 Energy savings in buildings from an architectural 

perspective have been integrated in the thermal 

performance of the envelop design to minimize heat 

gains in buildings. In view of this architecture, the 

building glazing systems can reduce the annual energy 

consumption and significantly mitigate a building’s peak 

energy demand while achieving an artistic effect, visual 

perspective, and energy savings from natural ventilation 

and the integration of daylight and artificial light [4]. 

With up to 60% of the total energy loss of a building 

coming from its windows [5], improving the heat 

insulation performance of windows’ material and 

strengthening of the window’s obturation are the key 

factors of saving energy.  

 

 Windows in the United States consume 30% of 

building heating and cooling energy, representing an 

annual impact of 4.1 quadrillion BTU of primary energy 

[6]. Windows have an even larger impact on peak energy 

demand and on occupant comfort. In residential 

buildings, seemingly small energy efficient 

improvements, such as installing the right choice of 

glazing has significantly reduced a typical window’s 

energy liability. Window heat losses are significantly 

reduced in the way of coated infrared reflective glazing. 

Since the glazing of a window nearly always has the 

largest area of the constituent parts, the U-value of the 

overall window is greatly affected by the choice of 

glazing [7].  

  

 Energy performance rating and certification programs 

for fenestration products such as The National 

Fenestration Rating Council (NFRC), was created to 

administer uniform, independent ratings as well as a 

labeling system for the energy performance of windows.  

The two primary baseline model energy codes, The 

International Energy Conservation Code (IECC) and The 

American Society of Heating, Refrigerating, and Air-

Conditioning Engineers (ASHRAE) have both issued 

minimum standard requirements for building energy 

efficiency based on the NFRC ratings and have set long-

term energy conservation goals for the building sector 
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[8]. Beyond-code programs such as Energy Star, 

EarthCraft House, Building America, Leadership in 

Energy and Environmental Design (LEED), the National 

Association of Home Builders (NAHB), and the 

International Code Council (ICC) have even more 

rigorous requirements than minimum baseline energy 

codes and/or addresses additional issues not covered in 

the baseline energy codes [9]. This effort to minimize 

building energy consumption validates the relation 

between building regulations (including standards, 

building codes minimum requirements and energy 

standards) and energy demand or energy efficiency [10].  

 

 However, these baseline energy codes and beyond-

code programs have each established different criteria of 

emissivity for climate zones as well as different climate 

zone maps. This paper addresses the need for the 

development of a standardized, sustainable specification 

for the coordination of a building code provision for 

Low-e coatings for year round energy efficiency and 

comfort. We do not provide a general solution, but some 

of the inconsistencies are pointed out and a strategy for a 

standardized procedure is suggested. We have limited the 

study to the United States residential sector.  

 

 

Overview of Low-E Glazing 

The development of low-emissivity (Low-e) glass 

created a high reflectivity in the near-infrared and 

middle-far infrared regions that are responsible for 

blackbody radiation to preserve heat loss and reduce 

consumption [11]. High reflectance is achieved by thin 

silver films made from either metal or metal oxide 

coatings on the glass substrate which can operate as a 

mirror for long-wave infrared radiation of building 

interiors. The thin reflective films limit absorption of 

infrared radiation within the glass pane and reduce 

emission of long-wave infrared radiation [12]. The effect 

of the coating lowers a window’s U-factor, creating a 

higher insulating performance.   

 

 Low-E glass will also transmit less solar energy. The 

Solar Heat Gain Coefficient (SHGC) measures how 

much solar heat is transmitted through the glass; lower 

numbers indicate less of the sun’s heat is transmitted 

through the glass. As a result, a lower SHGC rating 

indicates a greater shading ability of the glazing. In the 

summer, Low-E glass allows the sunlight to pass 

through. Simultaneously, the infrared radiation produced 

by the exterior environment due to solar absorption is 

reflected outdoors. In the winter, the Low-E glass allows 

part of the visible solar energy to pass through and reflect 

the long wave radiation of the interior environment to 

prevent its external radiation loss. This dichotomy 

greatly reduces the cost to comfortably condition the air 

in the buildings during both the summer and winter.  

 

 Different types of Low-E coatings have been 

designed to allow for high solar gain, moderate solar 

gain, or low solar gain. However, present Low-E glazing 

options represent a compromise on effectiveness: they 

perform best in climates where either heating or cooling 

is the dominant space conditioning, but not both [13]. 

Unfortunately, most U.S. climates require both heating 

and cooling throughout the year. No single Low-E coated 

glass can meet all diverse requirements. With energy 

needs varying from climate to climate and manufacturing 

specifications varying for different types of windows, the 

development of two different types of Low-E glass has 

provided specific solutions for targeted climate needs and 

energy code requirements. 

 

 However, in the United States, only low-solar-gain 

glazing is readily available from manufactures rather 

than high-solar-gain glazing. Although high-solar-gain, 

low-e glazing is produced; U.S. window makers rarely 

offer it. It is easier for window manufacturers to stock 

and sell windows with one kind of glazing throughout 

North America rather than to offer glazing choices. 

Consequently, most Low-E windows sold in the U.S. 

have a low SHGC, in the range of 0.27 to 0.35 [14].  

 

 

Thermal Performance Code Analysis 

Building energy codes mandate a minimum performance 

requirement for window glazing. These requirements 

depend on the specific jurisdiction’s building energy 

code. Progressive states and local jurisdictions build 

upon the baseline energy codes that are promulgated 

every few years and adopt beyond-code programs, either 

as their minimum codes or as a component of a program 

that provides incentives to those that comply [15].    

Energy efficiency requirements for windows vary not 

only by jurisdiction but also by climate. Integrated with 

these modelling codes are different specific U-factor and 

SHGC maximums as well. These further complicate the 

process to analysis and interpret what specific code 

requirement is necessary.  

  

 The 2012 IECC is a comprehensive energy 

conservation code that contains separate provisions for 

commercial and low-rise residential buildings. 

Performance criteria for windows (Table 1) are based on 

8 subdivided climate zones (Fig. 1). It also provides an 

international forum to discuss performance and 

prescriptive code requirements. Published with 

ANSI/ASHRAE/IES 90.1 (commercial energy building 

code), the dual edition makes it easier to choose between 

different design options.  
 

 

 

 

 

 

http://www.nahb.org/
http://www.nahb.org/
http://www.energystar.gov/index.cfm?fuseaction=windows_doors.search_climate
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Table 1: 2012 Performance criteria for IECC certified windows 

 

IECC Window Performance Criteria 

Climate Zone 
Maximum U-

Factor 
Maximum 

SHGC 
1 0.65 0.25 

2 0.4 0.25 

3 0.35 0.25 

4 Except Marine 0.35 0.4 

5 and Marine 4 0.32 NR* 

6 0.32 NR* 

7 and 8 0.32 NR* 
*No restrictions 

 

 

 
 

Figure 1: 2012 IECC Climate Zones 
  

   

 ENERGY STAR is outlined by the U.S. 

Environmental Protection Agency (EPA) and provides 

certification of homes and commercial buildings. New 

York State allows local jurisdictions to adopt ENERGY 

STAR as their minimum residential energy code and 

many, such as Brookhaven, have done so. Performance 

criteria for windows (Table 2) are based on the climate 

zones (Fig. 2). Ratings are certified by the NFRC. 

 
 

Table 2: Proposed 2012 performance criteria for Energy Star 

certified windows. 

 

        

 
 Figure 2: 2012 Energy Star Climate Zones 

 

  

EarthCraft House is built upon ENERGY STAR and the 

2006 IECC and is a points-based program that includes 

ENERGY STAR certification as its baseline. The 

program is designed to address climate, energy and water 

issues unique to the Southeastern United States: Virginia, 

North Carolina, South Carolina, Tennessee, Georgia, and 

Alabama. EarthCraft serves as a blueprint for sustainable 

single-family homes, renovation projects, multifamily 

structures, community developments and light-

commercial buildings [16].   

      

 Building America is an industry-driven research 

program, sponsored by DOE, designed to accelerate the 

development and adoption of advanced building energy 

technologies in new and existing homes. Building 

America help builders achieve whole-house energy 

savings in five major climate zones (Fig.3) [17].  

 

 
 

Figure 3: 2010 Building America Climate Zones 
  

 LEED for New Construction and Major Renovation 

program requires a minimum 10 percent compliance 

beyond ASHRAE 90.1-2007. Many federal agencies, 

states, and local jurisdictions have mandated or 

encouraged LEED certification for municipal buildings. 

Local jurisdictions, such as Rohnert Park, California 

(mandatory) and Charlotte County, Florida (voluntary) 

have adopted LEED as their standard [18].  

  

 In 2007, the NAHB  and the ICC partnered to 

establish the ICC-700-2008 National Green Building 

Standard. The code exceeds the 2006 IECC by a minimum 

http://www.energystar.gov/index.cfm?fuseaction=windows_doors.search_climate
http://www.energystar.gov/index.cfm?fuseaction=windows_doors.search_climate
http://www.energystar.gov/index.cfm?c=windows_doors.pr_ind_tested
http://www.nahb.org/
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of 15 percent and defines green building for single and 

multi-family homes, residential remodeling projects, and 

site development. Local jurisdictions and utilities promote 

the program and provide verification, such as in Pierce 

County, Washington, where it is supported by 

Washington State Department of Ecology, Puget Sound 

Energy, and Tacoma Power [19].  
  

 Jurisdictions and states have also adopted the 2012 

IECC energy codes integrated with locally developed 

beyond-code programs. Primary examples are the City of 

Albuquerque’s 2009 Interim Energy Conservation Code; 

Boulder County’s Colorado BuildSmart Program and North 

Carolina’s 2012 North Carolina Energy Conservation Code 

(NCECC). Prescriptive values for windows in North 

Carolina (Table 3) are based on the NFRC. Even lower 

values are offered in the High Efficiency Residential Option 

(HERO, Table 4) which delivers a greater peak power and 

air-conditioning savings of 30% [20]. A climate zone map 

for North Carolina reflects 3 subdivisions which coincide 

with the IECC.    

  
Table 3: 2012 Performance criteria for NCECC certified 

windows 

 

NCECC Window Performance Criteria 

Climate Zone 
Maximum U-

Factor 
Maximum 

SHGC 
3 0.35 0.30 

4 0.35 0.30 

5 0.35 NR* 
* No restrictions 

  
Table 4: 2012 Prescriptive HERO criteria for NCECC certified 

windows 

 

NCECC HERO Window Performance Criteria 

Climate Zone 
Maximum U-

Factor 
Maximum 

SHGC 
3 0.32 0.25 

4 0.32 0.25 

5 0.32 NR* 
*No restrictions 

 

 The Building Codes Assistance Project (BCAP) has 

created a map to provide a national snapshot of building 

energy code adoption and implementation status. Energy 

codes can vary greatly from state to state and even from 

edition to edition of codes developed by the same 

authority. 

  

 The International Green Construction Code (IgCC) 

was recently established to develop building energy code 

requirements for new construction and renovation to 

existing buildings in collaboration with the American 

Society for Testing and Materials (ASTM) International, 

the American Institute of Architects (AIA), ASHRAE, 

the Illuminating Engineering Society (IES) and U.S. 

Green Building Council (USGBC). Residential 

construction is within the scope of the International 

Residential Code (IRC) and ICC 700-2008 National 

Green Building Standard [21].  

  

Discussion 

Though the savings of present building energy codes is 

clear, there are difficulties involved in their adoption, 

implementation, compliance, and enforcement. As an 

example, adoption is not automatic in most states. 

Without statewide adoption, jurisdictions are left without 

state guidance or resources, and enforcement can be 

difficult. Most beyond-code programs use the IECC 

and/or ASHRAE 90.1 as a baseline, with additional 

requirements beyond that.  As of August 2009, there 

were over 300 such programs adopted by states and 

jurisdictions nationwide [15].  

 

 These vast arrays of energy code programs available 

today have created challenges in the building sector.  

Conflicting climate zone maps between the baseline 

energy codes and the beyond-energy code programs must 

be unified to support a progressive guideline for 

economical and efficient energy consumption. The 

thermal performance criteria between the programs must 

be addressed as well. At present, jurisdictions such as 

North Carolina have different climate zones represented 

in IECC, Energy Star and the Building America energy 

code programs. The NCECC climate zone map does, 

however, align with the IECC climate zone map. Yet, 

there is no consistency in the thermal performance 

ratings of the U-Factor and the SHGC from the NCECC, 

IECC, and Energy Star for North Carolina.   The U-

factor for climate zone 3 is 0.35 for NCECC and IECC 

while Energy Star is 0.30-0.32. The U-factor for climate 

zone 4 is 0.35 for NCECC and IECC while Energy Star 

is 0.28-0.30. The U-factor for climate zone 5 is 0.35 for 

NCECC is 0.35; IECC is 0.32; while Energy Star is 0.28-

0.30. The SHGC for climate zone 3 is 0.30 for NCECC; 

IECC and Energy Star is 0.25. The SHGC for climate 

zone 4 is 0.30 for NCECC; IECC is 0.40; while Energy 

Star is 0.35-0.40. The SHGC for climate zone 5 is Not 

rated (NR) for NCECC and IECC; while Energy Star is 

0.35-0.40.  

 

 The thermal performance criteria between the 

programs must be integrated. This would help to 

standardize product and materials for manufactures. As a 

result, consumers would not only experience the energy 

savings, but reduced building costs as well. These 

positive measures would facilitate the development of 

further research of building materials, such as Low-E 

coatings, to yet further reduce energy consumption and 

the carbon footprint. This consolidation should be 

promulgated every few years to address the change in the 

ambient temperature as it continues to rise with global 
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warming. Thermal envelop criteria could be affected in 

terms of thermal performance.   
 

  

CONCLUSION 

Windows are among the most complex building 

component in the residential sector. The transparent parts 

of the building envelop have a major influence on 

thermal and visual comfort in buildings. In addition to 

the important architectural contribution they make, 

windows have more far-reaching energy consequences. 

Hence, windows with a low thermal transmittance, or U-

value, can substantially reduce energy losses. Yet, the 

optimal window properties depend on a complex 

interaction among factors such as climate and window 

orientation [22].  

 

 Recently, building codes have been requiring lower 

U-values for new windows and this trend will continue as 

regulatory agencies seek to save energy and reduce 

emissions. The use of Low-E glass has become typical as 

it is energy efficient due to its low infrared emissivity 

ratio, leading to significant energy savings in the typical 

home.  The defined energy-efficiency levels of windows 

take into consideration heat loss and gain, depending on 

whether heating or cooling of the building is the 

predominant concern, and daylighting.  

  

 One widely accepted standard for thermal 

performance must be established. A single, 

comprehensive code regulation must contain clear and 

concise requirements to promote the integration of all 

current codes. One governing body must be recognized 

to develop, in collaboration with the current existing 

programs and councils, a better way to adopt, implement, 

and enforce the energy codes. The current lag in the 

building construction industry should provide an 

opportunity to unify the diverse energy codes for a 

positive impact on the buildings and structures within our 

environment. The development of a standardized, 

sustainable specification for the coordination of building 

code provisions for building materials, such as Low-E 

coatings for year-round energy efficiency and comfort, is 

necessary to promote energy efficiency and the reduction 

of carbon emission rates in buildings.  
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