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The New York State Energy Research and Development Authority (NYSERDA) is a public benefit 
corporation created in 1975 by the New York State Legislature. F. William Valentino is President and 
Chief Operating Officer. 

NYSERDA’s primary mission is to carry out a broad program of energy research, development and 
demonstration projects designed to develop and apply efficient technologies to help ensure that New 
York has secure and economical future supplies of energy, while protecting environmental values and 
promoting economic growth. 

NYSERDA derives its basic research revenues from an assessment levied on the intrastate sales of New 
York State’s investor-owned electric and gas utilities. Additional research dollars come from limited 
corporate funds and a voluntary annual contribution by the New York Power Authority. 

In its research program, NYSERDA stresses consultation and collaboration with other organizations, 
including utilities, universities, industries, private engineering and scientific research firms, local 
governments, and State and federal agencies. These efforts stretch NYSERDA’s limited research funds 
and ensure the involvement of those who can use the results of the research. 

In its federally funded Energy Services program, NYSERDA provides technical assistance to improve 
the energy and environmental performance of businesses and institutions, helps secure energy-project 
funding from private and public sources, and converts fleet vehicles to alternative fuels. The Energy 
Analysis program focuses on using energy, regulatory, and environmental policies to help New York 
State businesses grow and to meet the needs of New York State’s energy consumers. 

NYSERDA also has responsibility for: 

Managing the 3,300-acre Western New York Nuclear Service Center at West Valley 35 miles 
south of Buffalo, the site of a former commercial nuclear fuel reprocessing plant and a low-level 
radioactive waste disposal area. These responsibilities include: 

- Participating in the West Valley Demonstration Project, a joint federal/State effort to 
solidify the high-level radioactive wastes left over from the reprocessing operation and 
to clean up the facilities‘used. 

- Maintaining the portion of the site not being used in the Demonstration Project, including 
the shut-down low-level radioactive waste disposal area. 

Issuing tax-exempt bonds to finance facilities for electric and gas utilities and energy projects 
for private companies. 

Constructing and operating facilities for disposal of low-level radioactive wastes produced in 
New York State, once the State makes disposal method and site decisions and approvals have 
been issued by State regulatory agencies. 

Managing a 365-acre portion of a Superfund clean-up site in Malta, 20 miles north of Albany. 
Part of the site was once owned by the federal government. Portions of it have been used by 
the federal government and its contractors since the 1940s for activities that have included rocket 
engine and fuel testing, weapons testing, and space research. 

For more information, contact the Technical Communications unit, NYSERDA, 2 Empire State Plaza, 
Suite 1901, Albany, New York 12223-1253, (518) 465-6251. 
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WINDOWS 

INTRODUCTION 

This assessment estimates that energy loss 
through windows is approxhnately 15 percent 
of all the energy used for space heating and 
cooling in residential and comnercial buildings 
in New York State. The rule of thumb for the 
nation as a whole is about 25 percent. The 
difference may reflect a traditional assuinptioii 
of single-pane windows while this assessment 
analyzed installed window types in the region. 
Based oil the often-quoted assumption, in the 
I Jnited States some 3.5 quadrillion British 
thennal unib (Btu) of primary energy, costing 
some $20 billion, is anIiually consumed as a 
result of energy lost through windows. Accord- 
ing to this assessment, in New York State, the 
energy lost due to heat loss through windows is 
approximately 80 trillion Btu at an arinual cost 
of approximately $1 billion. 

This assessment projects annual energy 
savings in New York Stare based on strict 
economic return-on-invesment, at more tlia~i 
2.5 trillion Btu by 2010. that could produce 
annual savings of some S 100 inillion applying 
the witidow technologies that become economi- 
cally attractive during the analysis period. 
Programs such as standardizing perf ortnance 
data, developing demonstration projects, sup- 
porting research and product development, 
providing iiicentives through dernand-side man- 
agement, a id  home-energy rating systems, will 
increase the projected savings estimates to 
levels ranging from 4.5 TBtu to 8.5 TBtu de- 
pending on the level of attention given to this 
are21. 

Assuming a 2.5 Tbtu energy savings, tlie 
resulting annual reduction in emissions to the 
erivironmenl will be 1.8 million tons of CY),, 
6,400 tons of NOx, 2,500 tons of  SOX, and 
3,050 tons of particulates using the present 
energy mix tha includes electrical generation. 

This assessinent evaluates applying new or 
emerging window technologies to existing and 
plarined commercial arid residential buildings in 
New York State. It characterizes physical 
properties, costs, perfonnance, and market 
penetration of such technologies, describes 
barriers aiid remedial actions and estimates 

present and future energy impacts of advanced 
window technologies. 

While windows originally were simply 
single-pane glass held in a frame, windows 
have improved with technical advances in ma- 
terials, design, and construction techniques. 
Stonn windows were the first technological 
improvement. Double glazing, widely used 
since the early lc)70s, has a thermal resistance 
or R rating of approximately R-2, depending on 
the frame, which is about twice the R-value of 
a single-glazed window. 

generally limited by weight, thickness, reduced 
visibility, and cost. Windows using newer 
technologies including double-glazed with low- 
emissivity (low-E) coatings and low-conductivi- 
ty gas fill usually have overall R-values of 3 to 
4, with center-of-glass values somewhat higher. 
These technologies will have the greatest im- 
pact on the market in the near term. 

"Superwindow" systems tiow under develop- 
ment combine low-E and low-conductivity gas- 
fill technologies with improvements in frame 
and edge materials, and design. These integrat- 
ed window systems, with perfonnance goals 
above K-10, are net energy gainers by inaking 
beneficial use of solar heat gain. Window 
frames have been iinproved through design and 
thennal breaks. 

Daylighting, using windows with selective 
or switchable optical properties. also has poten- 
tial to save energy by excludiiig solar heat gain 
when and where it is iiot waited. and admitting 
solar when desirable. 

Not all technical improvements are appro- 
priate for all applications. In cornrnercial build- 
ings, where cooling loads dominate energy 
consumption profiles, high-thermal-perforinam 
windows will riot have the same net impact as 
when applied t6 heating-dominated buildings 
because they hold in unwanted heat in the 
cooling mode. Solar rejection technologies 
such as reflective coatirigs and tinted glass may 
be the most appropriate improvement. Increas- 
ing thennal resistance is the preferred itnprove- 
merit for residential applications with high 
thermal requirements. 

Increasing the number of glazing layers is 

In New York State, 
the energy lost 
due to heat loss 
through windows 
is approximately 
80 trillion Btu at 
an annual cost of 
approximately $1 
billion. 
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ADVANCED WINDOW TECHNOLOGIES 

Low-E Coating 

A low-emissivity (low-E) coating on glass 
appears transparent to visible light (short-wave 
radiation) but reflects heat (long-wave radia- 
tion). Such selective capability can cut heat 
transmission through a typical double-pane 
window in half. Clear window glass is highly 
absorptive in the far infrared spectrum. Thus, 
room-temperature radiation is absorbed by the 
glass and re-radiated outside as well as inside. 
The low-E coating is reflective rather than 
absorptive in this portion of the spectrum, so 
the radiation from room-temperature objects is 
primarily retained in the room. Emissivity (E), 
the ability of a surface to emit infrared radia- 
tion, is defined between l arid 0. Clear glass 
usually has an E 01 0.84; for low-E coated 
glass, this rating can drop to the range of 0.1. 
Low-E is usually defined as below 0.2; mid-E 
is between 0.4 and 0.2. 

mercially available i n  1981 and 011 glass in 
1084. The present market is about 30 percent 
of the residential window market and about 15 
percent of the corlunercial window market, or 
about 25 percent ot the total window market. 
Low-E glass is now available from most major 
window manufacturer\ arid low-E films are 
available from the mqor producers of window 
film. Although improvements in perforinarice, 
durability. a id  cost continue to be made, gas- 
filled windows with low-E film have become 
standard for the building industry. 

Low-E coatings on plastic film became a m -  

Tinted, Reflective, and Other Spectrally 
Selective Glazing hlaterials 

In addition to low-E coatings, a variety of 
other tints and coatings may be used with glass, 
acrylic, or polycarbonate glazing materials. 
These control mechanisms act selectively on 
certain portions of the spectrum of radiation 
incident on a window. Low-E coatings act on 
the far-infrared spectrum. although they can be 
designed to act on the near-infrared solar spec- 
trum. Mier  treatments act selectively on the 
ultraviolet, visible, and near-infrared portions of 
the solar spectrum. 

Tinted glass arid plastic contain materials 
that absorb a range of incident solar radiation. 

Although these inaterials absorb in all parts of 
the solar spectrum, they tend to absorb more in 
some visible light frequencies than others. 
Blue, green, grey or bronze are most frequently 
used in architectural design. Although these 
colors reduce visible light uaiismission, their 
major energy impact is in reducing solar infra- 
red transmission; hence the tenn “heat absorb- 
ing” glass. Blue/greeIi glass traismits more 
visible light than solar infrared; bronze trais- 
mits less visible light than solar infrared: gray 
transmits roughly equal amounts of visible arid 
solar infrared radiation. According to industry 
sales data, demand for gray tint is increasing. 

Reflective coatings c m  be applied to either 
clear or tinted glazing materials. Optical prop- 
erties depend on the type of reflective material 
arid method of application. Reklective coatings 
usually reduce visible light transmission inore 
than overall solar radiation. 

Low-Conductivity Gas Fill 

Replacing air in the “air gap” of a multiple- 
glazed window with an alternative gas of lower 
thennal conductivity, usually argon. is now 
cormnonly used to improve performance 0 1  it 
low-E window. Some leading window manu- 
facturers include argon fills with all tlieir low-E 
multiple-glazed products. a id  most manufactur- 
ers offer argon fill as an option. Krypton, 
which has superior ttiermal properties but much 
higher cost, is tiow used only in the most high- 
ly insulated windows or where gap space must 
be reduced. Its use would increase inore rapid- 
ly if its cost could be decrexwd. Window 
perfonnaiice using air, argon, arid krypton ;ti 
different gap widthis is presented in Figure 1. 
It is notable that a s  Lhe gap width increases, tfie 
performance rating of  krypton and argon n:u- 
rows, giving a tradeoff between pap width and 
type of gas used. 

Evacuated Windows 

An alternative method to eliminate heat-flow 
across an air gap between glazing layers is to 
evacuate the air space. This approach, howev- 
er. introduces problems of sealing arid main- 
taining vacuum during the window’s lifetime, 
as well as thennal and mechanical stresses in 
the glass. To maintain the required degree of 
vacuum for 20 years or more, the only technol- 
ogy currently available is all-glass seals that 
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fuse the glass directly. Manufacturing tempera- 
tures, however, would damage soft-coat low-E 
coatings. During use, extreme temperature 
differences would cause thennal stresses across 
the perimeter weld, requiring expensive, high- 
strength glass. This technology is not commer- 
cially available. 

Transparent Irisulation 

An alternative approach to filling the air gap 
with different gases is to use a transparent 
insulating material. AerogelTm, a microporous 
silica with a 99-percent void fraction, is the 
material most often used. It is mostly transpar- 
ent, although hazy to look through: it does not 
scatter light because its pores are sinaller than 
the wavelength of visible light. Aerogel has a 
yellowish tinge and refracts light enough to 
cause some rainbow effect. Because the 
iunount of solid material is so small, aerogel 
causes little thennal bridging, and evacuation to 
a "soft" viicuuin of 0.1 atmospheres further 
lowers the tbennal conductivity. giving an K- 
value of 10 for a hypothetical window with a 
(Winch gap spacing. 

While Aerogel is currently being produced 
sornmercially in S wetien for solar collector 

insulation and radiation detectors, further devel- 
opment is required before they can be manufac- 
tured. The material is difficult to prepare in 
large sizes and, until its optical properties are 
improved, its architectural uses are probably 
limited to skylights or applications where view 
is unimportant. As with evacuated glazing, 
Aerogel's primary competition is low-E win- 
dows, that offer only marginally less insulation 
with far superior visual properties. 

Superwindows 

Supenvindow systems k ing  developed 
combine low-E with plastic film dividers with 
krypton gas fill technologies, with improve- 
ments in frame, edge materials, a id  design. 
Supenvindows are for cold-climate heating 
applications in residential a id  commercial 
buildings. In commercial buildings, superwin- 
dows could eliminate the need for perimeter 
heating systems, saving both energy and space; 
however, their impact on air-conditioning loads 
would have to be considered. 

available, using multiple glazing with selective 
coatings, inert-gas (argon or krypton) fill in the 
gap space. and insulated frames with improved 

A first-generation supenvindowTm is now 

U-value 
Btu/ft2 O F  

0.50 , 
0 Air 

r 
0.25 

Argon Krypton 

0.375 0.5 

Gap Width (Inches) 
1 

Figure 1. U-value (thermal transmissivity) window performance using 
air, argon, and krypton at different gap widths. 
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edge seals to reduce air leakage. These win- 
dows advertise a center-of-glass R-value of 8 or 
9; however, residential applications usually 
have an overall window R-value of only about 
4 or 5 due to edge aid frame losses. 

The best window currently available adver- 
tises an overall R of 6.5. based on a square 
window five feet on a side. The goal is to 
push performance above R- 10, allowing super- 
windows to outperform the best insulated walls 
by using solar energy gain to contribute to 
heating duriug winter days. 

Figure 2 represents the thermal perfonnance 
of different technologies and shows when they 
were or are expected to be commercialized. 
This figure depicts the adaption of windows to 
buildings where heat loads predominate. In 
these applications, windows with R values of 
seven will represent a breakeven between ener- 
gy loss arid eiiergy gain. 

Daylighting Approaches 

Daylighting technologies increase the use of 
natural daylight while maintaining or improving 
the thermal properties of windows. "Switch- 
able" glazings using electrochromic, thermo- 
chromic or other coatings for dynamic control 
of optical properties. or various means of direc- 

tional control bring the incident claylight into 
the building to replace electric illumination. 

Switchable Optical Materials. A window 
with "switchable" or "smart" optical properties 
could control solar heat gain and daylighting 
during the &ay and radiant heat loss at night. 
Chromogenic Inateriais have optical properties 
that can be actively or passively altered. The 
four types under consideration for architectural 
applications are electrochromic, liquid crystals, 
photochromic, and thennochromic. Of these, 
electrochromic materials are currently receiving 
the most attention because they are the inost 
versatile and have the greatest probabilily for 
significant market penetration in the next 20 
years. 

Electrochromics. Most research on switchable 
glazing, including that of the I J.S. Dep rutlneiit . 
of Energy. is focused on electrochromics. 
These multilayer f i lm  on glass alter tlie win- 
dow's trmsmissiou of heat and light in re- 
sponse to an applied electric voltage and can 
vary over a wide rarige of optical parameters in 
response to changing external conditions and 
the requirements of the building's occupant\. 

containing layer, ai electrolyte layer. arid iui 
The electrochromic device includes an iou- 

! 
i 
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active electrochrornic layer between two layers 
of transparent electrodes that establish the elec- 
tric field. Light transmission changes when 
ions are inserted in or removed from the elec- 
trochroinic layer in response to a small voltage. 

Electrochromics offer the potential to con- 
trol visual and thennal comfort, peak-load 
management, and other building functions, as 
well as privacy. For optimum energy impact, 
their coiitrol would have to be integrated with 
electric lighting and HVAC system controls. 

Liquid Crystals. Like electrochrornics, the 
optical properties of liquid crystals change in 
response to an applied voltqe. Liquid-crystal 
molecules usually are randomly oriented and 
scatter light; however, when an electric field is 
applied through transparent electrodes, the 
rnolecules align and allow light to pass through. 
Thus in the "ON" state, the device is clear, but 
in  the "OFF" state it is cloudy. Liquid-crystal 
displays are widely used in watches and other 
electronic devices. The only coininercially 
available product for building applications is 
for privacy control. 

uid suspension" is an electrochrornics hybrid. 
Still under development, the prototype can vary 
light transinission through a range, like an 
electrochrornic fihn, but still turns cloudy in the 
absence of ai applied voltage. like a liquid 
crystal. 

A liquid-crystal technology known as "liq- 

I'hotochromics. Photochromic materials 
cha~tpe their optical properties in response to 
light intensity. A cwrunon application for 
photochrornics is sunglasses. Although poten- 
tially useful for glare conuol, photochrornics do 
not offer seasonal selectivity to control solar 
heat gain. In addition. re-radiation of the ab- 
sorbed solar radiation would contribute to the 
building's cooling requirements. Photo- 
chrornics could reduce the need for such uadi- 
tional shading devices as blinds. 

Thermochromics. Thennochromic materials 
change their optical properties ib a function of 
temperature. A familiar application is a liyuid- 
crysml temperature indicator that changes color 
when heated. Thennochromics can be made in 
variouh forms. with switching ternperature 
controlled by doping. 

Cloud G e P m  is it polymer-water gel sand- 
wiched between two layers of plastic film that 
switches froin transparent when cool to a re- 

flectivekliffusive white when heated. Light- 
absorbing dyes can be added to make the mate- 
rial heat up inore in sunlight, making its optical 
properties responsive to light levels. Cloud Gel 
could be useful for roof apertures a id  curtain 
walls for increased use of daylighting and air- 
conditioning savings. However, Cloud Gel will 
probably not be used for direct-view windows. 
when building occupants need inore flexible 
shading. Long-term durability is unknown; 
however. for current prototypes the lifetime 
probably does not exceed five to 10 years. 

Holowaphic Films. Holograms can be used to 
control light transmission and direction. Holo- 
graphic pattents on silver-emulsion films, 
photopolymers. or embossed films applied to 
window glass can successfully redirect incident 
sunlight into a room 40 feet or more, which 
improves daylight distribution and increases the 
floor space that can use daylighting. The cur- 
rent approach is to fabricate embossed diffrac- 
tive patterns on polyester films and apply them 
to the upper parts of windows that receive 
direct sunlight. The pattern diffracts sunlight 
toward the ceiling deep into the room where it 
reflects diffusely and glare-free to work surfac- 
es below. 

Other Directional Control Strategies 

Methods being developed to increase and con- 
trol the mnounl of daylight that enters a build- 
ing's interior space include: 

Light Shelves. Light from the upper part of a 
window is reflected from a horizontal "shell" to 
the interior ceiling to provide daylight over a 
larger floor space than can be illuminated by 
direct daylighting of the perimeter. This design 
is applicable to new construction. 

Other Reflective or Refractive Devices. 
Prisms, mirrors, and light guides, some using 
solar tracking hardware, are being incorporated 
into daylighting designs. Because they are not 
prirnarily related to windows, they will not be 
discussed here. 

Atria and skylights 

The atrium design is a relatively coimnoit 
architectural approach to increasing day lighting 
that will probably continue to be used in new 
construction, although it raises other energy-use 



issues. Skylights are mostly applicable to new 
construction but can be retrofit into some resi- 
dential and commercial buildings. While atria 
and skylights directly increase the amount of 
fenestration, they are not discussed in this 
assessinen t. 

Emerging Glass Developments 

Technologies such as dielectric glass, photo- 
voltaic integrated glass, and fluorescent glass 
collectors are in the emerging development 
stage and are not part of this assessment. 

CODES ANI) STANDARDS 

Building energy codes have been a primary 
means of cormnercializiiig increased-perfor- 
tnaice windows. Since 1073, a number of 
energy codes, standards and regulations have 
been implemented by federal, state, and local 
governments. Nearly every state has adopted 
some kind of code for new construction. The 
specific requirements for windows in the New 
York State Energy Conservatioii Construction 
code are: 

For one- and two-family buildings less than 
or equal to 5000 square feet, aid less than 
or equal to three stories: Minimum R-value 
of 1.7 hr.%ft'/Btu for non-electric heat and 
2.6 hr."F.ft2/Btu lor electric heat, with glaz- 
ing ;rea less than o r  equal to 17 percent of 
gross wall area. Skylights are limited to one 
percent of tokd roof area and must meet the 
R-value for windows. A thennal rating 
approach is also allowed. 

For all other buildings, the code specifies a 
m~xximum average IJ-value of 0.20 Btu/hr-- 
*F.ft? for exterior walls, including foundation 
walls above grade. a maximum air infiltra- 
tion rate of 0.17 cubic feet per minute per 
foot of sash crack, and at inaximurn area- 
weighted shading coefficient for glazing on 
non-north walls. ranging from 0.80 for 10 to 
20 percent glass-to-wall area to 0.40 for 
inore than 40 percent glass-to-wall XCA. 

Window technology has lacked standardized 
testing and performaice rating procedures. In 
October 1092. the Federal Government enacted 
legislation as pcwt of the National Energy Poli- 
cy Act that directed the National Fenestration 

Rating Council to administer a voluntary na- 
tional window-rating program to develop ener- 
gy ratings and labeling for windows and win- 
dow systems. This program has developed 
testing procedures and the Federal Trade Com- 
mission has established labeling rules to enable 
policymakers, designers, builders, and consum- 
ers to make more informed decisions about 
window selection. All of the major wiridow 
manufacturers now provide ywrfonnance labels 
on their windows. This is leading to a more 
unifonn approach and better rationale for the 
development of better state and local codes. 

The present New York State codes do not 
represent the application of cost-effective tech- 
nologies readily available in tlie market. With 
the development of new technologies and better 
standardized tools to evaluate window perfor- 
marice and present comparative performame. ii 

significant opportunity exists to achieve energy 
savings through upgrading the Energy ( 'onher- 
vation Construction C'ode in New York State. 

ENERGY AND ECONOMIC LMPACTS OF 
ADVANCED WINDOW TECHN( )L< I G  LES 

Selected Window Technologies 

The performance characteristics 01' d l  potew 
tial technologies were analyzed that delermine 
the appropriate application of advanced win- 
dows on different building type5 and in  some 
cases on different building orientations. These 
technologies are most likely to have significant 
energy impacts in New York State over the 
next two decades: 

Glazing Technologies 

Gas-filled double-pane windows with low-E 
coating: 
Low-E f i lm for upgradiiig existing win- 
dows: 
SupenvindowsT'"': 
Tinted glass: 
Reflective glass: auld 
Daylighting using elecuochromics a i d  dim- 
ming controls. 

L0w-E coatiligs: 

Edge Spacer Technologies 
Insulating spacers; and 
Insulating fiberglass a id  insulating vinyl 
frames. 
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Retrofit Technologies 
Plastic films; 
Interior storms; and 

* Glazing/sash unit replacements. 

('haracteristics of the glazing technologies 
are presented in Table 1. 

Modeling Approach 

A market penetration model based on first 
cost, window energy perfonnance, and the 
available markets for new and retrofit windows 
was used. The methodology used in the model 
to estimate the energy xid  economic porential 
of advanced window tech~iologies consists of 
these steps: 

Estimate c o h t  and performuice: 

Estimate new and retrofit markets: 

Compute the nonnalized market share; an 

Pro-ject the energy arid economic impacts, 

Analysis Results 

The results of the analysis project that com- 
pared to double-pane clear windows, cost- 
effective advanced window technologies can 
save the State of New York more than 2.5 
trillion Btu of end-use energy per year by the 
year 2010, producing savings of some $100 
inillion annually. Of this total the energy sav- 
ings in the commercial sector by 2010 represent 
1.4 trillion Btu per year or almost $67 million 
per year. 011 the residential side, advanced 
window technologies could avoid the consump- 
tion of 1.1 trillion Btu of energy annually with 
a savings of $33 million per year by 2010. The 
potential reducbon in electricity demand due to 
the adoption of advmced window technologies 
ranges from 500 to 700 megawatts (MW) by 
20 10. 

market in the next two decades were selected 
based on computer analysis using the preceding 
methodology. In this analysis the perfonnance 
of the different technologies determined where 
they would be applied. The cost of the tech- 
nologies is the prhnary variable in detennining 
if and when and at what rate they will penetrate 

The technologies predicted to penetrate the 

LOW-E 
Coatings 

I 

Low-E 
Film 

Low-E 
with 

*EYl 
Super- 
window 

Tinted Retlective 

I 
4 

Electro- 
chromic 

Note: Costs are incremental compared to double-pane clear windows. 
Incremental costs lor all window types are cwent costs except for 
superwindows and elec!rocnromics, which are the initial costs at the 
time of commercial availability. 

* Figure 3. IIicremeiital Costs of Window Technologies. 
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Table 1. Window Parameter Values for Analysis. 

Thermal Rating 

R Window SHGC** SC* 

1 .OO 

U 

Single-pane, clear glass 
(for cornparison) 

1.11 0.90 0.86 0.90 

0.49 2.04 0.8 1 0.76 

0.77 

Double-pane, clear glass 
(for comparison) 

Single-pane, low-E 

0.89 

0.89 0.76 1.32 0.82 

0.69 0.75 0.32 0.60 

0.59 

0.45 

0.45 

3.13 

3.85 

1.92 

0.26 0.77 0.69 

0.53 

0.52 

0.69 

0.71 

Double-pale, low-E, 
argon-filled 

Retrofit of low-E film on double- 
pane clear glass 

Supenvindow 

0.52 0.55 

0.12 8.33 0.62 

1.09 0.92 0.50 0.43 Single-pane. tint (gray) 

Double-pane, tint (gray) 0.49 2.04 0.6 1 0.55 

0.90 1.11 0.25 0.14 Single-pane, reflective 

Double-pax, reflective 

0.29 

0.20 2.43 0.17 0.13 0.41 

0.49 
0.49 

0.26 
0.26 

Electrochromic coating 

Case 1: I Tiiswitched 
Switched 

2.04 
2.04 

3.85 
3.85 

0.76 
0.61 

0.59 
0.37 

0.8 1 
0.55 

0.77 
0.44 

0.89 
0.7 1 

0.69 
0.43 

('ase 2: C Jnswi tched 
Switched 

Thermal 
Rating: 

SC: 

SHGC: 

T& 

Thermal Conductance (U) (total heat transfer coefficient), mexwred 
in utiiL4 of B tu/hr."F.ft' (inch-pound units, as used in  this report) under stitudard conditioiih. 
The I J-value I \  usually quoted at the center-of-glass (ignoring edge and lrrvne el"ect\) its 
well it\ lor  the overall window. The Thermal Resistance (R). a term coininonly used to 
describe tioiltrailsparent iiisulating materials, is the inverse of the thennal conductance (It = 

' lkJ) ,  

Shading coefficient is the ratio of the solar heat gain ot a total window systern compxed 
to a atadard reference window of 3-Inm, single-pane, double-strength clear g l a s  uiidcr the 
sane conditions. 

Solar heat gain coefficient solar heat gain through the tot11 window systern relative to tlie 
incident wlau radiation over the full spectrum. 

Visible transmittance measured as a fraction of the ilicideiit visible sunlight. 



the market. Figure 3 present? actual or project- 
ed costs of the different technologies. 

Table 1 shows the analysis results of the 
energy performance of different window tech- 
nologies relative to end-use energy (accounting 
for mechanical system efficiencies). Table 2 
illustrates the energy savings resulting from the 
use of these window technologies in cornmer- 
cia1 and residential buildings. In the analysis 
period, some 80 percent of the commercial 
energy savings, and 85 percent of the dollar 
savings, result from the application of tinted 
and reflective windows. The other 20 percent 
of the commercial energy savings come from 
low-E and gas-fill window technologies. Low- 
E and low-conductivity gas-fill wiiidow tech- 
iiologies account for all residential energy 
savings. 

cornmercial sector, there are negative natural 
gas arid fuel-oil energy impacts due to the 
heating penalties associated with tinted and 
reflective windows. These technologies reduce 
the solar heat gain through the windows, result- 
ing in a reduced cooling load and an increased 
heating load. The cooling energy savings out- 
weighed the heating energy costs in all but 
electrically heated buildings where heating 
penalties were more costly I h ~ i  buildings heat- 
ed with gas or oil. 

The commercial energy irnpatcts are project- 
ed to be three times more than the residential 
impacts in 1095 due to the continued use of 
tinted and retlective windows. However. by 
2010 the residential energy impacts are project- 
ed to be roughly equivalent to comrnercial 
impacts due to the increasing use of low-E aid 
gas-fill window technologies. 

These results are achieved through market 
lbrces with no intervention to stimulate acceler- 
ated acceptance. If  ;ui aggressive program is 
iinplemented to stimulate the adaption of these 
technologies, the energy savings can be a s  high 
a s  8.6 trillion Btu per year in the year 2010. 
This analysis is summarized in Table 3. 

The potential for peak electric demand re- 
duction associated with adopting advanced 
window technologies in New York State will 
range froin 500 to 700 MW by 2010. The 
potential electric dernand reduction in 2010 
from the commercial building sector is approxi- 
mately 300 to 400 MW, or 55 percent of the 
total. Of the commercial demand reduction, 
about 75 percent comes from the adoption of 
tinted and reflective windows. The poteiitial 

It  is interesting to note in Table 2 that in tlie 

electric demand reduction from the residential 
building sector is approximately 200 to 300 
MW by 2010, with all the demand reduction 
resulting from using low-E and low-conductivi- 
ty gas-fill window technologies. These demand 
reductions can be significantly increased by 
pursuing actions that stimulate the adaption of 
energy-efficient window technologies. 

Table 4 shows the economic impacts of ad- 
vanced window technologies. Whereas, by 
2010, the commercial and residential energy 
impacts are on the same order of magnitude, 
the commercial economic impacts are twice 
those of the residential sector. This is because 
all the savings in the commercial sector are in  
electrical energy, while about one-third of the 
residential total is uatural gas a id  fuel-oil sav- 
ings. I11 New York State, electricity is roughly 
five times as expensive per unit of end-use 
energy as gas or oil. 

advanced window technologies 011 New York 
State's commercial and residential new con- 
struction and retrofit window markets. The 
commercial retrofit window market is expected 
to be 10 times the new construction market due 
to the large number of older buildings in New 
York a id  limited new construction. As ii re- 
sult. the economic impact of advanced windows 
in the commercial retrofit market is expected to 
be three times that in the new constructio~i 
market in 1095. However, as less coinrnercial 
buildings are subject to retrofit and the energy 
impacts in the new constructiou market ;iccu- 
rnulate over time. the economic impact of tlie 
commercial new construction market is expect- 
ed to outweigh the retrofit market by 2010. 

of the retrofit market is approximately equal to 
the new co~istruction market in 1095, since the 
near-tenn retrofit market is only twice a s  large 
ais the new co~istructioii market. compared to 
ten times fhi the commercial sector. The resi- 
dentid retrofit potential is limited in size pri- 
marily because a high percentage of windows 
in New York State have Aready been reuofit 
by adding multiple glazing or stonn windows 
due to the cold climate. These retrofit windows 
are unlikely to be replaced in the loreseeable 
future and were not included in the retrofit 
window mark!. Following the trends observed 
in the cormnercial sector, by 2010 the economic 
impact in the new residential constructio~i 1nar- 
ket is expected to outpace that in the retrofit 
market. 

Table 4 also shows the economic impact of 

On the residential side. the economic impact 

If an aggressive 
program is imple- 
mented to stimu- 
late the adaption 
of these technolo- 
gies, the energy 
savings can be as 
high as 8.6 trillion 
Btu per year in the 
year 2010. 
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Total Commercial 

TOLA Residential 

Table 3. New York State Energy Impacts of Advanced Window Technologies - 
Aggressive Technology Implementation 

(Billion Btu per Year) 

Building Sector Fuel Source 1995 2000 2005 201 0 

Electricity 1,498.2 2,038.0 2,545.7 3,132.3 

Natural Gas -209.3 -192.5 -90.3 131.5 

Fuel Oil -07.0 -61.9 1.5.1 156.2 

Total 1,191.8 1,783.6 2,470.4 3,420.0 

Electricity 312.7 603 .S 073.4 1,436.1 

Natural Gas 49.7 378.1 875.9 1,637.1 

Fuel Oil 174.5 607.7 1,276.3 2,116.4 

Total 537.0 1,589.3 3.125.6 5,189 6 

Total Commercial 

Total Residentid 

Electricity 1,8103 2,641.6 3,519.0 4,568.4 

Natural Gas -159.6 185.7 785.6 1,768.6 

Fuel Oil 77.4 545.8 1,29 1.4 2,272.6 

Total 1,728.8 3,373.0 5,596.0 8,609.6 

New York State Total 
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Table 4. New York State Economic Impacts of Advanced Window Technologies in New and Retrofit Applications 
(Thousands of Dollars per Year) 

Application 1995 

$6,354.0 

Retrofit $20,292.5 

2000 2005 2010 

$15,387.9 $25765.1 $36,720.6 

$29,759.1 $25,506.4 $23,6 14.1 

Total Commercial II $26,646.5 1 $39,002.0 I $51,361.5 I $66,479.7 11 
RESIDENTIAL: 

New Construction $3,468.7 

Retrofit $3,308.4 

$8,181.5 $14,732.3 $22,140.4 

$4,62 1.6 SS ,824.0 $10,805.7 

Total Residential $6,777.1 

New York State Total $33,423.6 

Superwindows aid electrochroinic windows 
do not penetrate the commercial window mar- 
ket during the study period due to their high 
first cost. A brief sensitivity aialysis deter- 
mined the maxiInum first-cost premium that 
would allow them to become economically 
viable. For superwindows at today's perfor- 
iniuice levels, the first-cost premium compared 
to double-pane clear windows would have to 
come down to iuouiid $6 per square foot of 
window, see Figure 3 for prices. As perfor- 
maice continues to improve, reductions in the 
first-cost premium required to penetrate the 
commercial market become more lenient. For 
example, at the 2005 perfonnance goals, super- 
windows would begin to penetrate the com- 
mercial market at a first-cost premium of about 
S7.50 per square foot. 

Two versions of electrochromic windows 
were modeled. In the fist case. the window in 
the "unswitched" state has the same chzuacteris- 
tics as a double-pane window with clear glass, 
and in the "switched" state the window charac- 
teristics change to match those of ;I double- 
pane window with tinted glass. I n  the second 
CILSC, the window emulates a double-pane ar- 
gon-filled window with low-E coating; switch- 
ing essentially adds a grey tint to the window, 
For tlie f is t  electrochromic configuration to 
penetrate the commercial market, the t'irst-cost 
premium would have to come down to auound 
$0.70 per square foot at the perfonnance levels 
anticipated at the time of its introduction. At 
initial performance levels, a first cost premium 
of $5.00 per square foot would make the sec- 
ond electrochroinic configuration economically 
attractive. 

$12,803.1 $20,557.2 $32,946.1 

$51,805.1 $7 1,918.7 $99,425.9 

BARRIERS TO WINDOW TECHNOLOGY 
DEVELOPMENT AND USE 

While some barriers are specific to window 
technologies, maiy are coinmoii to the develop- 
ment and marketing of other new products as 
well. The barriers to window technology de- 
velopment and use include: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Higher initial costs: 

High-risk nature of K&l)  and lack of a 
long - tenn comn i tme n t; 

Nature of the window and construction in- 
dustries; 

DiTficulties estimating size of the market: 

1)iffusion rate of new technologies; 

Lack of information - general public and 
prol'essiorrals: 

Energy prices not reflecting true cost - 
uncertainty over future energy costs; 

Lack of unifonn stan&uds for coinp;uisoo: 

Building codes a i d  standards: 

Laridlord/tenant relations!iip: 

Traditional construction and design 
methods; and 

Qualitative concerns. 

1 1  



Many barriers to developing and introducing 
new technologies into the market are too broad 
and complex to be solved solely by individual 
state actions, industry efforts or federal inter- 
vention or support. However, action can be 
t'aken to reduce the effect of these obstacles. 
For example, controlling rapidly rising research 
costs may be best addressed at the national 
level. ( )her  funding for fenestration research 
could be targeted at overcoming regional prob- 
lems, such ac unique climatic conditions, build- 
ing characteristics. or energy supply and use. 

Barriers and strategies to overcome these 
b[uriers. are enurnerated in Table 5.  

Kespoiise strategies include: 

Marketing and public infonnation programs; 

Labeling; 

Demonstration projects: 

Technical assistance programs; 

Design and research centers; 

Leveraged R&I) funding: 

Grants or rebate programs; 

lJtility demand-side management rebates; 

Low-interest financing: 

Tax credits: 

* Home energy mting hystems; 

Energy-efficient mortgages; 

Codes, smidards, and certification. 

The introduction of a national whole-window 
energy-performance labeling system has allow- 
ed designers, specifiers and users to make more 
informed decisions. This is facilitating the 
evaluation of window perfonnaice and the 
inclusion 01 window\ a s  ii utility dernaid-side 
nnmagement option 

The emergence of state and regional Home 
Energy Rating Systems will stimulate the inclu- 
sion of high-perfonnmce windows in home 
construction. A reevaluation and revision of 
national fenestration standards aid local fenes- 
tration codes will result in the use of more 
efficient windows 

Research in window technology develop- 
ment. production process improvements and 
ways to more effectively infonn decision 

makers, specifiers and end users about window 
performance will insure that these technologies 
are developed and used. 

A comprehensive collaborative effort that in- 
cludes the window and construction industries, 
government, utilities, and the financial commu- 
nities is needed to alleviate the series of bani- 
ers and achieve the energy savings. environ- 
mental, and economic benefits attainable from 
the widespread use of these new and emerging 
window technologies. 
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Table 5. Window Technologies Barriers and Strategies for Response 

I 

e Technical Assis- 
tance Programs 
Design & 
Research Centers 

8 

Limrted 
~ ‘~~ps ~ Higher ~ un%:ty 1 Te:?s ~ ‘f’ 

Initial Future Owners 
Research Costs Energy Paying 

costs 

RESPONSE 
STRATEGIES 

Awareness 

Marketing & Public 
Information 

0 

0 

La bel i n g I 

Low-I nt erest 
Financing 

Tax Credits 

I I  

e e 0 

e e 0 

I I *  
I./ I Demonst ration 

Projects I l e  

Leveraged R&D 
Funding I I  

I l e /  l o l o  Grants & Rebate 
Programs 
Utility Demand- 
Side Management 
(DSM) Rebates 1 . 1  l o l o  
Home Energy 
Rating Systems 1 . 1  I 
Energy-Efficient 1 ~ ~ 

Mortgages 
New Codes & 
Standards 

= Primary Effect 
0 = Secondan/ Effect 

1 1 
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