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Glazings for the 21st Century

Development and Characterization of Advanced Glazing

he market for energy-efficient windows has

I grown considerably in just 20 years, as has
the number and sophistication of products

available to consumers. The
most important technical ad-
vances have been new types
of thin-film coatings for glaz-
ings that increase the energy
performance of the window.
LBNL's effortsin coating de-
velopment began in 1976 with
the establishment of severa
industrial partnershipsto de-
velop the first of these proto-
type coatings and a new low-
cost, thin-film deposition pro-
cess. Thiswork has continued
to the present day in the
Building Technologies Pro-
gram through avariety of pro-
jects aimed at developing and characterizing the
next generation of energy-efficient glazing tech-
nology. We provide a brief overview of four cur-
rent project areas.

1 l l

Smart Windows: Electrochromic Coatings

DOE has supported R& D on "switchable glaz-
ings' for 15 years. The research has progressed to
the stage where industry is now actively involved
in the development of electrochromic coatings.
DOE has launched a five-year, cost-shared, pub-
lic/private effort to remove critical market barriers
that impede advancement of this important tech-
nology. Two teams of companies are engaged in
development of prototypes of commercially viable
devices through the Electrochromics Initiative and
athird company is supported through an SBIR
small business grant (see page 5 for details). Mike
Rubin provides overall technical coordination of
the effort for DOE, and LBNL and another DOE
laboratory, the National Renewable Energy L abo-

ratory (NREL), perform avariety of measure-
ments to eval uate the energy performance and
durability of these prototypes. To assist industry
researchers, current LBNL
{ research focuses on rapid de-
velopment and analysis of
improved electrode materials.
Among recent accomplish-
ments was the production of
a stoichiometric form of lithi-
um nickel oxide by laser de-
position and sputtering with
excellent electrochromic
properties. EIC Laboratories
tested the films and reported
that they have the highest
coloration efficiency of any
known anodic electrochromic
material. EIC will test the
filmsin their own devicesin
the near future. We also work on several binary
electrodes produced by cosputtering from two tar-
gets simultaneously. For example, enhanced forms
of tungsten oxide produced in this way have wide

Thin-film Coater Wins R& D 100 Award

The constricted-plasmaion sour ce—a rugged, clean,
low-cost device with potential forapplying thin films
on everything from microchipsto glazings—has won
aprestigious R& D 100 Award forits developers,
Berkeley Lab researchers Andre Anders, Mike
Rubin, and Michael Dickinson.

See page 8 and the Berkeley L ab website
(http://lwww.lbl.gov) foradditional details.

application because of the prevalence of tungsten
oxide in today's devices. In addition to testing
durability, NREL also investigates the degradation
mechanisms which lead to failure in the hope of
being able to correlate accelerated testing to real-

(See 21st Century Glazings, page 8)
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Daylighting 98

An International
>onference on Daylighting
Technologies for Energy

Efficiency in Buildings

May 11-13, 1998
Ottawa, Ontario, Canada

iternational Daylighting Con-
yence ‘98 will feature advances
1 both the science and applica-
on of building integrated day-
ghting technologies. The con-
rence will focus on state-of-
le-art daylighting technologies,
3sign tools, manufacturing pro-
3sses, innovative building ap-
ications, and regulations and
)des affecting the daylighting
dustry.

he conference will bring
gether researchers, daylighting
idustry experts, regulators, gov-
‘nment and utility representa-
ves from North America,
urope, and Japan. Delegates

ill have an unprecedented op-
ortunity to meet leadersin the
aylighting industry, exchange
iformation about the latest in-
avations, acquire new skills
irough educational workshops,
1d debate creative approaches

) future regulations and codes.

or More Information:

arinka Tolot

atural Resources Canada

30 Booth Street, 13th Floor
ttawa ON KIAOE4 Canada
al: 613-943-2259

‘mail: dtolot@nrcan.gc.ca
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INTERNATIONAL ENERGY AGENCY
Solar Heating & Cooling Programme

IEA/SHC Task 18

IEATask 18 on Advanced Glaz-
ing and Associated Materials for
Solar and Building Applications
has concluded. Fifteen countries
contributed to the Task. Prof.
M.G. Hutchins from Oxford
Brookes University, U.K. served
as operating agent. In thisfinal
phase, 15 final project reports
derived from over 300 contribu-
tions from the individual coun-
tries were submitted, including
specific glazing material tech-
nologies, optical characteriza-
tion, and energy performance
and design assistance.

The U.S. participated in six
projects and contributed two
final project reports. Final re-
portswill be submitted at the
Executive Committee meeting
in Australiain November.

The 9th Experts' Meeting
took place in Rome, Italy,
September 23-27, 1996. The
Italian National Agency for
New Technology, Energy and
the Environment (ENEA) spon-
sored the event, and the host
was Mr. Augusto Maccari. Rep-
resenting the U.S. were Dr.
Mike Rubin of LBNL, project
leader for the chromogenic glaz-
ings activity, and Mr. Robert
Sullivan also of LBNL, project
leader for the Modeling and
Control Strategies activities. Dr.
Rubin gave three presentations
entitled: (1) Characterization of
Electrochromic Windows from
U.S. Industry Initiative, (2) New
Approach to Calculate Angle-
Dependent Properties from Nor-
mal Properties, and (3) New
Measurement Capability and
Calculation Procedure for Di-
rectional Properties. At the end
of the meeting there was a tour
of ENEA.

The 10th IEATask 18
M eeting, held in Nagoya, Japan
from March 10-14, 1997, was

sponsored by Dr. Sakae Tane-
muraand Dr. Kazuki Y oshimura
of the National Industrial Re-
search Institute. Atechnical tour
of Asahi Glassin Yokohama
was arranged by Dr. Junichi
Nagai of Asahi. Fina project re-
ports were presented. Comple-
tion of the Task report will pro-
ceed on schedule.

One day was devoted to an
industry workshop. Presenta-
tions were made by |EApartici-
pants on the outcome of certain
projects, aswell as by represen-
tatives of the Japanese window
and glazing industry. Mr. Sulli-
van, of LBNL, presented an
overview of the energy perfor-
mance results obtained by build-
ing simulation tools from vari-
ous countries. The importance
of thiswork prompted the task
leader to request that Mr. Sulli-
van prepare a graphical summa:
ry of the results to guide choices
of materials.

Another half-day in Nagoya
was devoted to discussion of
the next phase of work on ad-
vanced glazing materials. At the
previous meeting, aworking
group, led by Mr. Dick van Dijk
of TNO in the Netherlands, pre-
pared a draft proposal for a new
“Knowledge Base for Solar
Building Envelopes’ task,
which the | EAExecutive Com-
mittee approved. Amajor com-
ponent of Task 18 was the de-
velopment and use of character-
ization methods for advanced
glazings. The goal of the new
task is seen as creating a bridge
between this database and other
tasks on facades and whole
buildings, some of which are
currently underway. Proposed
elements or subtasks include (1)
standards for components and
systems, (2) control strategies
and energy performance, (3)
new and improved materials,
and (4) technology transfer. The
U.S., through DOE, agreed to be
the lead country in defining the
task definition phase with Dr.
Mike Rubin in charge. The defi-
nition phase has just begun and

will last for approximately one
year. Thefirst meeting is pro-
posed for the spring of 1998 in
theU.S.

Contact

Mike Rubin

U.S. Representative

e-mail: MDRubin@lbl.gov

http: //mmww-iea.vuw.ac.nz 90/ Task18

IEA/SHC Task 21

The U.S. isnow formally par-
ticipating in and providing the
following specific contributions
to |IEA Task 21 on Daylight in
Buildings.

Subtask A: Design, characteri-
zation, and performance infor-
mation for deep-penetration
window-shelf daylight systems.

Subtask C: Algorithmsfor sim-
ulating complex fenestration
daylighting systems, and a
web-page-linked network of
other simulation and modeling
resources.

Subtask D: The National Re-
newable Energy Laboratory’s
Solar Energy Research Facility
building (SERF) in Golden,
Colorado has been selected as
one of the subtask case studies
to be monitored and document-
ed.

The 4th Experts Meeting
was held in Veldhoven, Nether-
lands, April 21-25, and the 5th
Experts Meeting washeld in
Brisbane, Australia, October 27-
31. Bill Carroll presented
LBNL’swork on Subtask C:
Daylighting Algorithms, and
Steve Selkowitz participated in
Subtask A: Daylighting Systems
Characteristics and Subtask B:
Lighting Controls. Amore de-
tailed update will be presented
in the next issue of this newslet-
ter.

Contact
William Carroll
U.S. Representative

e-mail: WLCarroll @Ibl.gov
http: //mmw-iea.vuw.ac.nz: 90/ Task21



I nternational Conference on Building Envelope Systems
Europe Ahead in Building Application of
Sophisticated Envelope Technologies

The International Conference
on Building Envelope Systems
and Technology, hosted by the
Center for Window and

Cladding Technology (CWCT),
brought together 300 re-
searchers and practitioners from
26 countries at the University of
Bath, UK in April 1997 to re-
view the state-of-the-art in
building envelope technology.

Papers addressed glazing,
window, and fenestration sys-
tems for the transparent element
of the facade, and opaque
cladding, sealants, and structure
for the non-transparent ele-
ments. Although energy perfor-
mance was an important theme,
it was not the dominant thrust of
the meeting.

Steve Selkowitz, Building
Technologies program head,
presented “ Design and Perfor-
mance of an Integrated Enve-
lope/Lighting System,” based
on Berkeley Lab’swork in de-
veloping, prototyping, and test-
ing automated venetian blind

systems with new lighting con-
trols for daylight dimming.

Overall observations:

« Europeisahead of the U.S. in
the application of sophisticated
new active envel ope technology
in commercial buildings, dueto
differencesin costing and con-
struction practice.

* Better design tools are needed
to predict the energy perfor-
mance of these state-of-the-art
buildings, and to assess comfort,
occupant satisfaction, and ener-
gy performance.

* RADIANCE isused widely by
leading design and engineering
firmsin Europe. No other tools
seem to be close in terms of
their analysis capabilities.

* Increasing recognition that a
life-cycle performance perspec-
tiveis crucial to address durabil-
ity and performance issues of fa-
cade systems.

» Growing interest in “green
buildings’ in Europe, but no
clear definition of term.

The ICBEST'97 Proceedings are available at £75 per copy, plus £25 airmail cost. Payment should
be made to CWCT Services Ltd, preferably in sterling, or direct to their bank, Barclays Bank plc,
Milsom Street, Bath, UK, sort code 20 05 06, account No. 20298506.

DOE’s Efficient Window Collaborative
Alliance to Save Energy Partners

with Berkeley Lab

The Washington, D.C.-based
Alliance to Save Energy (ASE)
has joined Berkeley Lab to as-
sist in the launch of the Effi-
cient Window Collaborative.

The objectives of the collab-
orative are to work with the
glass and window industry,
builders, and consumersto in-
crease the sales of efficient win-
dow technol ogies throughout
the United States.

Berkeley Lab estimates that
efficient windows sold today
represent only 35% of the mar-
ket. Bill Prindle, who is lead-
ing the ASE new window effort

said, "Windows are a key focus
for building energy efficiency;
we want to double the market
penetration of efficient win-
dows." ASE brings strengthsin
marketing, communications,
and codes and standards to the
Collaborative, which comple-
ment Berkeley Lab's technical
support of the EWC.
Contact
Bill Prindle

(202) 530-2214 Fax (202 331-9588
e-mail:bprindle@ase.org

Dariush Arasteh

(510) 486-6844 Fax (510 486-4089
e-mail: D_Arasteh@lbl.gov

Web: http: //mww.efficientwindows.org

I nteroperability Alliance

IAl Seeks Window
Industry Members

In the course of creating a new
building, information about win-
dow productsis transferred nu-
merous times by many partici-
pants. The architect sketches a
window in a CAD drawing, a
colleague renders aview of the
building, the engineer develops
thermal performance data, a
lighting designer analyzes the
window impact on daylight lev-
els, and a cost estimator adds
the cost of the window to a
building in along series of steps
that span months and years.

Along the way, window data
islost, recreated, modified,
transferred between drawings,
disks, or filesin a process that
increases cogt, error, and liabili-
ty to al members of the design
team. The International Alliance
for Interoperability, 1Al, hasthe
solution to this problem—a
shared description of all build-
ing components that can be used
by all participantsto describe all
the properties and behaviors of
windows.

Such a common software
language would enable the de-
velopment of anew generation
of interoperabletools. The Al
isavoluntary, open, non-profit,
action-oriented alliance of over
100 companiesin North Ameri-
ca (over 400 internationally)
working to create a future with
interoperabl e software tools.
Therole of the lAl isto develop
and publish the software specifi-
cations, called Industry Founda-
tion Classes (IFC) that already
include an initial definition of
window objects. By joining the
IAl you can participate in the
process of refining and extend-
ing these window specifications
and collaborating with the soft-
ware vendors whose tools de-
scribe your products.

Contact

Stephen Selkowitz

(510) 486-5064 Fax (510) 486-4089
e-mail: SESelkowitz@lbl.gov

Web: http//mwww.interoperability.com
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Integrating Energy-Efficient Features
Into a Window/Wall Panel System

To integrate or to segregate?
Residential windows combine a
complex set of material proper-
ties, mechanical mechanisms,
and functional reguirements.
Windows must last many years
while keeping the elements out,
the occupants comfortable, al-
lowing daylight in, and provid-
ing view out. All thisin a pack-
age that can be easily and reli-
ably installed in abuilding en-
velope.
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lllustration: Trevor JohnstonAfaragraphics! Inc., email: trevj@ sympatico.ca
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Integrated Window System

Ongoing research in many
sectors of the building industry
have created improvementsin
all areas of window design and
function. To achieve the next
step, researchers at Berkeley
Lab areintegrating several key
energy-efficient featuresinto a
window/wall panel, an Integrat-
ed Window System (IWS).

The key elements of an Inte-
grated Window include an exte-
rior sun shade to block the sun's
heat, and an interior insulation
that covers the window at night
to keep the warmth inside. A
manufactured construction ap-
proach includes these energy-€f-
ficient featuresin afull height
wall panel providing the wall
structure, the structural header
to transfer roof |oads around the
window, and araceway for utili-
ties run under the window.

Each of these elements adds
measurable gainsin comfort and
thermal control to the building’s
occupants that are more reliable
and more useful than devicesin-
stalled in the field. By placing
these elementsin a manufac-
tured unit they can be employed
to their optimum.

Contact
Paul LaBerge

(510) 486-6830 Fax (510) 486-6099
e-mail: P_LaBerge@Ilbl.gov

Striking Changes
in Russian Window
Production

Until recently, windows in Rus-
sian residential buildings were
limited to three types: single
glazed, double-glazed, and
triple-glazed. Insulated glass
units were used on rare occa-
sion, but only in municipal
buildings and in public trans-
portation. Thiswas of little con-
cern when heat prices were low.
In fact, the cost of energy was
such that an investment to re-
place double-glazed with triple-
glazed windows would have
had a payback period of at least
20 years.

Striking changes have oc-
curred in the field of window
production in Russiawithin the
past two years. Russia's transi-
tion to amarket economy, and
the sharp risesin prices of fuel
and energy have stimulated in-
terest in energy-efficient win-
dows. Based on areview of
Russian legislation on foreign
investment, the most favorable
course of action for foreign in-
vestors in the construction sec-
tor is probably the establish-
ment of joint ventures with
Russian partners. The following
developments are indicative of
the changing market environ-
ment:

* Adoped new Federal construc-
tion standards.

« Established new voluntary cer-
tification program by Ministry
of Construction.

* Increased Russian companies’
manufacturing of new windows
by licensing foreign technology.
* Russian companies producing
glass and film with low-
emissivity coating with purchas-
es of foreign equipment.

* In-country production capacity
for ordinary 3-6-millimeter
glassis approximately 135-140
million square meters per year,
enough to meet current demand.
» More than two billion square
meters of buildings constructed
since 1961 need windows
replaced to meet current
buildings standards.

» Market potential for IGUs esti-
mated at 24 million square feet
per year. Currently, only 10 per-
cent of this need is being met.

* New construction in Moscow
areaincludes office buildings,
business centers, and hotels, in
preparation for Moscow's 850th
anniversary.
Contact
Alex Spiridonov
SOL Research Company,
Moscow, Russia
7 095 401-1960 Fax 7 095 482-4460
e-mail: spiridon@santeh.msk.su

For more information, see
http://Amww.pnl.gov/aisu/spiridon.htm.

Moscow Workshop
Planned for May 1998

Avery successful joint meeting
was held in Moscow in May
1997 between a U.S. team,
comprised of DOE researchers
and manufacturers, and a Rus-
sian team, comprising code of -
ficials and manufacturers. Afol-
low-up workshop is planned for
May 1998 in Moscow.
Contact
John Hogan

(206) 386-9145 Fax (206) 233-7883
e-mail: john.hogan@ci.seattle.wa.us

William Dupont
(202) 484-0887 Fax (202) 484-0888
e-mail: Waupi @msn.com




U.S Department of Energy
The Electrochromics Initiative

In 1995, the U.S. Department of Energy (DOE)
launched an Electrochromics Initiative to accel er-
ate research and devel opment on electrochromic
materials that would lead ultimately to commer-
cia products. After issuing a competitive solicita-
tion for Phase One of the Initiative, the Depart-
ment chose two manufacturersto develop elec-
trochromic window prototypes, Optical Coating
Laboratory, Inc. (OCLI) of Santa Rosa, California,
and the Donnelly Corporation of Tucson, Arizona.
Berkeley Lab'srolein thiswork isto provide
technical oversight of the Initiative for DOE, to
supply technical assistance to these companies, to
work on improved materials for the coatings, and
to assess the performance of el ectrochromic coat-
ings in buildings using simulation tools, field
tests, and demonstration projects. Both vendors
have now delivered prototype windows of about
one square foot in size. Berkeley Lab has conduct-
ed optical characterization tests and Berkeley Lab
researchers have also performed computer simula-
tions of the prototypes energy and visual perfor-
mance using, respectively, the DOE-2 and RADI-
ANCE models. Al Czanderna's group at the Na
tional Renewable Energy Laboratory (NREL) has
been conducting durability tests on the samples
(see article below). The results of the durability
tests have proven useful in helping the Initiative's
industrial partnersimprove their processes and de-
fine where the work will proceed in the Initiative's
second phase.
Contact
Mike Rubin

(510) 486-7124 Fax (510) 486-6099
e-mail: MDRubin@lIbl.gov

National Renewable Energy Laboratory
Developing Testing Protocol
for Electrochromic Windows

The National Renewable Energy Laboratory is
leading the effort to develop atesting protocol for
electrochromic windows (ECWSs). This protocol
will beideal for testing electrochromic samples,
such as the one-foot-sgquare specimens now under
development at Optical Coating Laboratory, Inc.
(OCLI) and Donnelly Corporation. Visua inspec-
tion and initial characterization for optical re-
sponse properties are the first two steps of the pro-
tocol, followed by two tests, performed in parallel.

For athermal qualification test, the samples
will be cycled between 76°C and -26°C at acycle
rate of five cycles per day (4.8 hours/cycle). The
samples will not be exposed to solar radiation or
humidity, and they will not be switched during the

test, whose purpose is to establish that ECWs will
survive the thermal cycling anticipated when they
arein service.

In the temperature-radiation-cyclic |-V (current
voltage) test, alkali halide lampsin an Atlas
XR260 four-by-six-foot accelerated testing cham-
ber will irradiate the sample. These lamps are fil-
tered to provide an AM 1.5 solar spectrum, includ-
ing UV radiation from 290 to 400 nm. The ECWs
liein ahorizontal plane, and a detector measures
irradiation intensity in this plane. The chamber's
air temperature is constant and is chosen to pro-
vide a mean ECW coating temperature of 60°C
during the test. Each device will receive the |-V it
requires for coloring and bleaching, generally in
the range of one to ten minutes per cycle. Irradia-
tion by the alkali halide lamps increases the tem-
perature of the ECWSs, especially in the colored
state. Relative humidity in the chamber will be
measured, but not controlled.

Contact

Al Czanderna

(303) 384-6460 Fax (303) 384-6604
e-mail: a_czanderna@nrel.gov

Florida Solar Energy Center
Computational
Analysis of Complex
Fenestration Systems

Ross McCluney of the Florida Solar Energy Cen-
ter, Coco, Florida, isleading the computational
part of the effort to analyze complex fenestration
systems.

ASAPis adesign and analysis computer pro-
gram for large optical systems that evaluates not
only specularly reflecting and transmitting ele-
ments, but diffuse surfaces aswell. An ASAPuser
can enter complex shading and other fenestration
system geometries, and specify a distribution,
both geometric and spectral, of electromagnetic
radiation incident on the system. The program
generates output data that characterizes the whole
fenestration system as an object, and predicts the
complete angular and spectral distributions of its
optical properties.

Since ASAPis an optical programming lan-
guage, as well as a powerful computational toal, it
should be possible to prepare a custom version
adapted to the specific problem of calculating the
optical properties of complex fenestration sys-
tems.

Contact
Ross McCluney
Florida Solar Energy Center

(407) 783-0300 Fax (407) 783-2571
e-mail: rmecluney @fsec.ucf.edu

MOWIiTTTests of
Electr ochromic Prototype:

Small-scale electrochromic
prototypes from Donnelly
and OCLI, participantsin
the DOE/Electrochromic
Initiative, have recently
been tested in the MOWIiTT
field test facility. The glaz-
ings were incorporated into
skylight frames supplied by
Velux. The summer test
program included commer-
cialy available clear, tinted,
and spectrally selective
glazings aswell. This pro-
ject represents the first use
of MoWiTTfor skylight
testing and will provide
valuable field experience
and performance data on en
ergy flows and temperature:
experienced by the skylight:
and their glazing assemblies

Contac

Joseph Klem

(510) 486-556

Fax (510) 486-408
e-mail: JHKlems@lbl.go
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=enestration Facts

‘The most promising smart
vindow technology may be
Jevices based on

3 ectrochromic coatings.
Although not yet commer-
sialy available, they appear
'0 have agood chance to
neet performance, cost, and
nanufacturing requirements
hat would result in amar-
cetable window system.”

Residential Windows
John Carmody et a
1996
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The Glazing Optics

Characterization Laboratory

Soecialized Equipment Helps Accurately Determine the Energy and Visual
Performance of Existing Products and Experimental Glazing Materials

lazing exists because of its optical clarity
Gand light transmission properties. Increas-

ingly important is the ability of coated
glazing to control infrared and ultraviolet radia-
tion. Dynamic coatings such as electrochromics,
anisotropic and light-redirecting materials, geo-
metrically complex insulation and shading sys-
temswill control optical radiation in new ways.
Optical and radiative properties of glazing materi-
astherefore are primary
inputs for determining
the energy performance
of buildings. According-
ly, LBNLmaintains one
of the most extensive fa-
cilitiesin the world for
characterizing the optical
properties of glazing
materials, including
seven specialized instru-
ments and the analytical
tools needed to interpret
the results and extract
useful information.

The optical properties of simple glazing types
such as coated and uncoated glass and plastic are
conventionally tested at normal incidence (light
strikes the glass at 90° to the surface). The Nation-
al Fenestration Rating Council (NFRC), with the
technical assistance of LBNL, established proce-
duresthat provide for accurate measurement and
calculation of several different optical properties.
These properties are then used in a nationwide
program to rate and label the energy performance
of windows. Asaresult, all magjor U.S. glazing
manufacturers now follow a uniform characteriza-
tion procedure. LBNL has collected and validated
spectral datafor over 750 glazing products, and
distributes the data on a diskette or by download
from our web site. The 5th release occurred in
September and is the first to include international
data, although it is not yet NFRC certified.

The integrity of the glazing database is guaran-
teed both by peer comparison and by checks of
each fileat LBNL. Atypical operation involves
the measurement of product parameters needed
for calculations of SHGF, U-factor, and even an-
nual energy performance. Standard measurements

Figure 1. Ellipsometer determination of optical
indices.

of spectral transmittance and reflectance at nor-
mal incidence are made with highly automated
spectrometers. APerkin-Elmer Lambda 19 with
Labsphere RSA-19 integrating sphereis used for
solar range measurements on glazing products.
Emittance is measured with aNicolet FTIR with a
Csl beamsplitter for extended range in the thermal
infrared. Under the auspices of the NFRC, glazing
manufacturers can measure their own materials

. using similar spectrome-
ters. Significant error in
this type of measure-
ment, however, is com-
mon, as shown by round
robin studies among the
NFRC manufacturers to-
gether with the IEA
Task 18. If any feature
of a spectrum appearsto
be incorrect, more ver-
satile and accurate
equipment is employed
as described below.

With the basic rating
system working smoothly, the issue of properties
needed to calculate annual energy performance
becomes primary. Sunlight often strikes glass at
oblique angles for which the transmittance and re-
flectance are significantly different from their val-
ues at normal incidence. Areliable procedure for
extrapolating from normal propertiesto oblique
properties is thus needed for accurate annual ener-
gy performance calculations. Several instruments
are available to measure angle-dependent proper-
ties with high accuracy. Asingle-beam goniopho-
tometer employing afeedback-stabilized laser
diode with a short coherence length in conjunction
with alarge-area silicon detector provides abso-
lute verification at 670 nm and any angle of inci-
dence. We a so have a goniospectroradiometer de-
scribed in more detail below in connection with
complex glazing. In principle, thisinstrument can
measure all required angle-dependent properties,
but accuracy is till an open issue. No standard
procedures or reference materials yet exist. Final-
ly, we have a variable-angle spectroscopic elip-
someter (Fig. 1) which is used to determine funda
mental optical constants of the glazings. These ca-
pabilities, however, do not exist in most industrial



Figure 2. Angular motion stage of bidirectional
spectroradiometer.

|aboratories. Therefore we have used the advanced
capabilities of the optics lab to develop simple
correlation models for angle dependence that rely
only on readily available normal incidence data
from the database.

Glazing manufacturers need other analytical
toolsfor avariety of purposes. Prediction of the
properties of composite systems such as applied
flexible films and laminated glazing can not be di-
rectly obtained from measurements on isolated
components with air on each side. Acalculation
procedure to circumvent this difficulty has been
developed. Also, from a single careful measure-
ment, it is possible to simulate the properties of
families of similar products. For example, the
properties of a sheet of glass with a standard sub-
strate thickness can be measured, and then the
properties could be calculated for all other avail-
able substrate thicknesses. Similarly, a coating
could be transferred to an entirely different type of
substrate. Not only would such procedures reduce
the measurements on existing products but they
would also allow the creation of "virtua" products
without the trouble of manufacturing prototypes.
Thefirst version of anew optical engine for Win-
dow 5, incorporating al of the capabilities men-
tioned above, is nearing completion.

Research on the coating deposition process and
improvements to the material s often require an
analysis of more fundamental optical properties.
Furthermore, as mentioned above, methods for de-
termining some optical properties such as trans-
mittance and reflectance at oblique incidence, or
the properties of coated laminates, cannot be de-
veloped or verified with standard equipment only.
One important source for thisinformationisa J.A.
Woolam variable-angle spectroscopic ellipsometer
operating over the ultraviolet, visible, and near in-
frared range from 250-1700 nm. Supplementary
radiometric data are taken on one of the Lambda
19 spectroradiometers which also extend the range
of the ellipsometric measurements so that the en-
tire solar spectrum is covered to 2500 nm.

For the characterization of complex window
systems, an approach has been adopted that has
many similarities to the successful method for
simple glazings. Rather than make measurements
on full-sized windows that may have shading de-
vices, measurements are made on small samples of
each layer only and then the resultant properties of
the system are calculated. Fewer permutations
need to be measured, less datais collected and
stored, and much of the work is done with inex-
pensive computer time. We are now testing a new
goniospectroradiometer (Fig. 2) designed to mea-
sure the bidirectional properties of any glazing
material. Four angular degrees of freedom are suf-
ficient to cover the angular variations of the most
asymmetric sample. Atranslational degree of free-
dom isaso built in to account for small-scalein-
homogeneities in samples such as rough glass. A
commercia ray tracing program isthen used to
simulate the system properties. The computational
aspect of the process will be more fully developed
at the Florida Solar Energy Center (see page 5).

Amultichannel optical test station for elec-
trochromics allows continuous monitoring of opti-
cal and electrochemical properties during cyclic
testing (Fig. 3). Both devices and electrodesin so-
[ution can be tested either inside or outside of a
dry box. Remote access has been built into this
system because experiments of this type tend to
run unattended for days or weeks. Tests can be
monitored and if desired the testing protocol can
be altered from an office PC on the LBNL net-
work. Off-site accessis also possible. Optical in-
dices needed for design of electrochromic systems
are not widely available. With the instruments de-
scribed above, we have embarked on along-term
project to catalog the basic optical parameters of
electrochromic materials. Datafor avariety of ma-
terialsis available on the web site, http://win-
dows.Ibl.gov.

Figure 3. Smultaneous collection of cyclic
voltammograms and optical changes of elec-
trochromic materials.

Fenestration Facts

““Smart windows are able
to dynamically change their
solar-optical propertiesin
response to changing
performance requirements.
There are two basic types of
smart windows—passive
devices that respond direct-
ly to environmental condi-
tions such as light level or
temperature, and active de-
vices that can be directly
controlled in response to oc:
cupant preferences or heat-
ing and cooling system re-
quirements.”
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=enestration Facts

‘Avariant of the liquid
crystal display technology
JIsed in wristwatches is now
¥rving as aprivacy glazing
‘or new windows. Avery
hin layer of liquid crystals
s sandwiched between two
ransparent electrical
sonductors on thin plastic
‘ilms and the entire package
s laminated between two
ayers of glass. When the
yower is off, the liquid
srystals are in arandom and
Jnaligned state. When
Jower is applied, the elec-
ricfield in the device
dignstheliquid crystals
and the glazing becomes
slear in afraction of a sec-
nd, permitting view in

yoth directions.”

Residential Windows
John Carmody et a
1996
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’ROGRAM
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21st Century Glazings ...
(continued from page 1)

time failure as well asto diag-
nose and correct device prob-
lems (see page 5).

Thin Film Deposition
Processes

Process modification for devel-
opment of improved low-emit-
tance and solar control coatings
can be achieved through the use
of advanced plasma technology
developed at LBNL. Anew
type of constricted glow-dis-
charge plasma source was re-
cently selected for the presti-
gious R&D 100 Award. Invent-
ed by LBNL researchers Andre
Anders, Mike Rubin, and Mike
Dickenson, the source was de-
signed to be compatible with in-
dustrial vacuum deposition
equipment and practice. Con-
struction is simple, rugged, and
inexpensive. The source can op-
erate indefinitely over awide
range of chamber pressure with-
out any consumable parts such
as filaments or grids. Among the
uses of the source are densifica-
tion of coatings for greater dura-
bility, crystallization at low tem-
peratures for increased reflectiv-
ity or electrical conductivity, en-
hancement of reactivity to pro-
duce an otherwise unstable
phase or increase deposition
rate, and control over composi-
tion. Several of these sources
have been fabricated for specific
uses by glazing manufacturers.
LBNL will assist these manu-
facturers to optimize the source
characteristics and to develop
new coating types. Recently, a
linear configuration was suc-
cessfully tested. Consisting of
an array of miniaturized ver-
sions of the original source, this
linear source is extendibleto a
deposition system of any width.

International Collaboration
on Optical Materials

LBNLstaff continue to partici-
pate actively in several interna-
tional forums under the auspices
of the International Energy

compas lsoe = alecircchromicn aed

Smulation tools, such as these RADIANCE ray tracing images, compare
visibility of a computer screen with conventional clear glass (lower left),
tinted glass (lower right), and electrochromic glass (top left), using two dif-

ferent control strategies.

Agency (IEA). LBNL led the
subtask on Chromogenics under
IEATask 18 which concluded in
March. Switchable glazing tech-
nologies such asliquid crystals
and thermochromics, as well as
electrochromics, were investi-
gated and compared. Asurvey
was made of the companiesin-
volved worldwide and the status
of their technology. Test meth-
ods and results were compared
for avariety of small sample
types and some large elec-
trochromics. Energy perfor-
mance of these technologies
was evaluated in another sub-
task led by Bob Sullivan of
LBNL. Reports were produced
on various specific technologies
and afinal report will be avail-
able later this year. One new
study used DOE-2 to evaluate
the performance of angle-selec-
tive prototypes devel oped by
Prof. Geoff Smith of the Uni-
versity of Technology at Syd-
ney. (See the regular update on
IEATask 18 on page 2).

Materials Characterization
Studies

Characterization of these new
glazing materialsis an impor-
tant part of our research. Struc-
tural and compositional analysis

is performed using a variety of
facilites available at LBNL.
These techniques range from
standard techniques such as x-
ray diffraction, or less common
techniques such as Nuclear Re-
action Analysisfor detection of
lithium in electrochromics, to
exotic and unique applications
of atomic resolution electron
microscopy or the syncrotron at
LBNL's Advanced Light
Source. Amore complete listing
and description of these genera
materials science capabilities
may be found on LBNL's web
site, http://mamw.1bl.gov. Optical
and thermal characterization of
windows are of particular im-
portance to our energy efficien-
Cy program, SO we maintain
specialized facilitesin these
areas. Thermal facilites were
highlighted in previous issues.
The Optical Characterization
Facility for glazing is described
in detail in a separate article on
page 6.

Contact

Mike Rubin

(510) 486-7124 Fax (510) 486-6099
e-mail: MDRubin@lIbl.gov



Exciting New Publications
for the Building Industry

Residential Windows,

A Guideto New
Technologies and Energy
Performance

John Carmody, Stephen
Selkowitz, Lisa Heschong

Available from W. W. Norton &
Company, paperback, 214 pp,
1996, $22.00. Website orders:

http: //Aww.wwhnor ton.convcat-
alog/spring96/073004.htm

Acomprehensive overview
of design principles, applica-
tions guide for windows and
skylights, description of latest
technology innovations and
their energy impacts, and re-
source materials.

Contact

Pat Ross

Building Technologies Program,
Lawrence Berkeley

National Laboratory,

MS: 90-3111, Berkeley CA94720
Fax (510) 486-4089

e-mail: PLRoss@Ibl.gov

Tl FOF DANLILHTING

Tipsfor Daylighting
with Windows:
The Integrated Approach

Jennifer O'Connor, Eleanor Lee,
Francis Rubinstein, Stephen
Selkowitz, Building
Technologies Program,
Lawrence Berkeley National
Laboratory, 1997.

Apractical "how-to" guide
for applying daylighting strate-
giesin commercial buildings,
with a systems integration per-
spective. Chapters include Day-
light Feasibility, Envelope and
Room Decisions, Glazing Selec-
tions, Shading Strategy, Me-
chanical Coordination, Lighting
Coordination, Sensors and Con-
trols, Calibration and Commis-
sioning, Maintenance, and Cost-
Benefit Analysis.

Review the table of contents
and sample chapter under Publi-
cations at Building Technolo-
gies Program’s web site:
http://eande.Ibl.gov/btp. Single
copies of the document can be
downloaded in PDF format
from the web site. If you arein-
terested in reprinting the docu-
ment, please contact us.

Contact
Steve Selkowitz

Fax (510) 486-4089
e-mail: SESelkowitz@lbl.gov

Salectimg Windows
for |"n|_-r;|!,' 1o henry

Selecting Windows for
Energy Efficiency

This 16-page brochure discusses
the new residential window
technologies that have increased
energy benefits and comfort,
providing more practical options
for consumers. Written asa
guide for homeowners, archi-
tects, and builders, the brochure
provides guidance on the Na-
tional Fenestration Rating
Council’ s window energy rating
and labeling, design recommen-
dations, and a val uable window
checklist for design, specifica
tion, and installation.

Review the table of contents
and download the document in
PDF format from the Building
Technologies Program web site;
http://eande.lbl.gov/btp.

Copies are available from
EREC/Energy Efficiency and
Renewable Energy Clearing-
house, P.O. Box 3048, Merri-
field, VA22116 or call (800)
363-3732, fax (703) 893-0440.
If you areinterested in reprint-
ing the brochure to include your
organization' sidentification,
please contact us directly.

Contact

Pat Ross
Fax (510) 486-4089
e-mail: PLRoss@lbl.gov

Fenestration Facts

“Adopt aholistic design ap-
proach, where the building
is viewed as awhole and
not just a collection of parts.
Common practice often
failsto address the critical
interactions between the
building facade (which ad-
mits heat and light) and the
electric lighting system, re-
sulting in an uncomfortable
and ineffecient building that
is expensive and difficult to
retrofit.”
Tips for Daylighting
with Windows
The Integrated Approact
Jennifer O’ Connor et &
1997

LAWRENCE BERKELEY
NATIONALLABORATORY

ENVIRONMENTALENERGY
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PROGRAM

WINDOWS & DAYLIGHTING
GROUP
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‘When shopping for
vindows and skylights, pay
>lose attention to whether
he U-factor listed by the
nanufacturer appliesto the
Jlazing only or to the entire
Jnit. If it isfor the glazing
ly, the overall U-factor
nay be considerably higher
Jecause of the frame and
ypacer effects. These effects
ncrease with decreasing
'otal window area.”

Selecting Windows for
Energy Efficienty

U.S. Department of Energy
1997
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Recent Research

Publications

Electrochromic Lithium Nickel
Oxide by Pulsed L aser Deposition
and Sputtering. 1996. Rubin M.,
Wen S-H., Richardson T., Kerr J,,
von Rottkay K., Slack J. SPIE In-
ternational Symposium on Optical
Materials Technology for Energy
Efficiency and Solar Energy Con-
version XV, Freiburg, Germany. To
be published in Solar Energy Mate-
rialsand Solar Cells.

Abstract: Thin films of lithium
nickel oxide were deposited by
sputtering and pulsed laser deposi-
tion (PLD) from targets of pressed
LiNiO, powder. The composition
and structure of these films were
analyzed using a variety of tech-
niques, such as nuclear-reaction
analysis, Rutherford backscattering
spectrometry (RBS), x-ray diffrac-
tion, infrared spectroscopy, and
atomic force microscopy. Crys-
talline structure, surface morpholo-
gy and chemical composition of
Li,Niq.,O thin films depend strong-
ly on deposition oxygen pressure,
temperature, as well as substrate-
target distance. The films produced
at temperatures lower than 600°C
spontaneoudly absorb CO, and H,O

at their surface once they are ex-
posed to the air. The films deposit-
ed at 600°C proved to be stablein
air over along period. Even at room
temperature the PLD films are
denser and more stable than sput-
tered films. RBS determined the
composition of the best filmsto be
LigsNig 50 deposited by PLD at 60

mTorr O, pressure. Electrochemical

tests show that the films exhibit ex-
cellent reversibility in the range 1.0
Vto 3.4 Vversus lithium. Electro-
chemical formatting which is used
to develop electrochromism in other
filmsis not needed for the stoichio-
metric films. The optical transmis-
sionrangeis almost 70% at 550 nm
for 150-nm thick films. Devices
made from these films were ana-
lyzed using novel reference elec-
trodes and by disassembly after cy-
cling.

Ener gy Perfor mance of Evacuat-
ed Glazingsin Residential Build-
ings. 1995. SullivanR., Beck F.,
Arasteh D., Selkowitz S. ASHRAE
Transactions 102(2) (1996). (LBL-
37130 Rev.)

Abstract: This paper presentsthe
results of a study investigating the

energy performance of evacuated
glazings or glazings which maintain
avacuum between two panes of
glass. Their performanceis mea-
sured by comparing results to proto-
type highly insulated superwindows
aswell asamore conventional in-
sulating glass unit with alow-E
coating and argon gasfill. We used
the DOE-2.1E energy analysis sim-
ulation program to analyze the an-
nual and hourly heating energy use
due to the windows of a prototypi-
cal single-story house located in
Madison, Wisconsin. Cooling ener-
gy performance was also investigat-
ed. Our results show that for highly
insulating windows, the solar heat
gain coefficient is asimportant as
the window's U-factor in determin-
ing heating performance for win-
dow orientations facing west-south-
east. For other orientationsin
which there is not much direct solar
radiation, the window's U-factor
primarily governs performance.
The vacuum glazings had lower
heating requirements than the su-
perwindows for most window ori-
entations. The conventional low-E
window outperformed the super-
windows for southwest-south-
southeast orientations. These per-
formance differences are directly
related to the solar heat gain coeffi-
cients of the various windows ana-
lyzed. The cooling performance of
the windows was inversely related
to the heating performance. The
low solar heat gain coefficients of
the superwindows resulted in the
best cooling performance. Howev-
er, we were able to mitigate the
cooling differences of the windows
by using an interior shading device
that reduced the amount of solar
gain.

Advanced Optical Daylighting
Systems: Light Shelvesand Light
Pipes. 1995. BeltranL.O., Lee
E.S., and Selkowitz S.E. 1996.
IESNAAnnua Conference, August
4-7, 1996, Cleveland, OH, and to be
considered for publication in the
Journal of the IES and Lighting De-
sign and Application. (LBL-38133)

Abstract: We present two perime-
ter daylighting systems that pas-
sively redirect beam sunlight fur-
ther from the window wall using
specia optica films, an optimized
geometry, and a small glazing aper-
ture. The objectives of these sys-
tems are (1) to increase daylight il-
luminance levels at 4.6-9.1 m (15-
30 ft) from the window aperture

with minimum solar heat gains and
(2) to improve the uniformity of the
daylighting luminance gradient
across the room under variable
solar conditions throughout the
year. The designs were developed
through a series of computer-assist-
ed ray-tracing studies, laser visual-
ization techniques, and photometric
measurements and observations
using physical scale models. Bidi-
rectional illuminance measurements
in combination with analytical rou-
tines were then used to simulate
daylight performance for any solar
position, and were incorporated into
the DOE-2.1E building energy anal-
ysis computer program to evaluate
energy savings. Results show in-
creased daylight levelsand an im-
proved luminance gradient through-
out the year compared to conven-
tional daylighting systems.

Surface Temperatures of I nsulat-
ed Glazing Units: Infrared Ther-
mography Laboratory Measure-
ments. 1995. Griffith B.T., Turler
D., and Arasteh D. 1996 ASHRAE
Transactions 102(2), San Antonio,
TX. (LBL-38117)

Abstract: Data are presented for
the distribution of surface tempera-
tures on the warm-side surface of
seven different insulated glazing
units. Surface temperatures are
measured using infrared thermogra-
phy and an external referencing
technique. This technique allows
detailed mapping of surface temper-
atures that is non-intrusive. The
glazings were placed between warm
and cold environmental chambers
that were operated at conditions
corresponding to standard design
conditions for winter heating. The
temperature conditions are 21.1°C
(70°F) and -17.8°C (0°F) on the
warm and cold sides, respectively.
Film coefficients varied somewhat
with average conditions of about

7.6 W/m2K (1.34 Btu/h-ft2°F) for
the warm-side and 28.9 W/m2K

(5.1 Btu/hft2°F) for the cold-side.
Surface temperature data are plotted
for the vertical distribution along
the centerline of the IG and for the
horizontal distribution along the
centerline. This paper is part of a
larger collaborative effort that stud-
ied the same set of glazings.
For copies contact
Pat Ross
(510) 486-6845 Fax (510) 486-4089
e-mail: PLRoss@Ibl.gov
http://eande.|bl.gov/btp



Industry isinvited to collaborate
in the use of these facilities. In
each issue of Fenestration

R& D we will take a closer look
at one of our user facilities.
Please contact the individual re-
searcher listed under each facili-
ty to discuss potential use.

O Mobile Window Thermal Test
Facility (MoWIiTT) The MoWITT
facility contains two highly instru-
mented, side-by-side calorimetric
test chambers that are used to test
window and wall elements under
actual outdoor conditions. The fa-
cility may be rotated to face in any
direction and is currently located in
Reno, Nevada, which experiences
both summer and winter extreme
climate conditions. It can directly
measure solar heat gain and can be
used to determine window and
shading system properties for a
wide variety of solar control op-
tions. With 200 data channels col-
lecting data every few seconds, the
facility can directly measure cool-
ing load shapes on peak summer
days with excellent time resolution.
The facility can also be used to val-
idate computer models and to com-
pare various technologiesin real
time. Industry has used MOWIiTT
results to justify new product devel-
opment.

Contact

Joseph Klems
(510) 486-5564 Fax (510) 486-4089
e-mail: JHKlems@LBL .gov

0 IR Camera Test Facility This
facility includes a high-resolution,
infrared imaging camera, a comput-
er processor/printer, and a cold/hot
chamber to hold samples for test-
ing. The camera system is portable
and can measure surface tempera-
tures that can then be correlated to
various heat loss or gain parame-
ters. The IR camerais useful for as-
sessing heat loss from existing
buildingsin thefield aswell as
from building components and ap-
pliancesin the laboratory setting.
Contact
Brent Griffith
(510) 486-6061 Fax (510) 486-4089
e-mail: BTGriffith@LBL.gov

0 Thin-Film Materials Laboratory
This laboratory includes awide
range of apparatus to deposit and
analyze thin-film coatings for ener-
gy control purposes. The laborato-
ry’ s thin-film deposition systems
are used to make new types of se-
lective and electrochromic coatings.
The laboratory also includes spec-
trophotometers to measure solar,
near IR, and far IR properties.
Contact
Mike Rubin
(510) 486-7124 Fax (510) 486-6099
e-mail: MDRubin@LBL.gov

0 Sky Simulator The 24-foot-di-
ameter sky simulator is a hemi-
spherical facility used to test day-
lighting performance in scale-
model buildings under controlled
and reproducible conditions. Com-
puterized control of light sources
within the hemisphere can create
luminous distributions typical of
clear, uniform, or overcast skies
representative of any desired loca-
tion, orientation, climate, and sea-
son on Earth. It can also be used as
asun simulator to test shading
strategiesin scale modelsup to 1.5
square metersin size. Light levels
within the models are measured by
60 photosensors and the measure-
ments are used to predict daylight
illuminance conditions within full-
sized buildings.
Contact
Stephen Selkowitz
(510) 486-5064 Fax (510) 486-4089
e-mail: SESelkowitz@LBL.gov

O Solar Heat Gain Scanner This
deviceis used to characterize the
complex optical properties of glaz-
ings and shading systems that are
geometrically complex, such as
venetian blinds. The system mea-
sures transmitted and reflected en-
ergy and light at all incidence and
outgoing angles. The scanner has
been used to develop a new proce-
dure to predict solar heat gain
through complex shading systems.
Contact

Joseph Klems
(510) 486-5564 Fax (510) 486-4089
e-mail: HKlems@LBL .gov
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O ADELINE 2.0 analyzes lighting
energy savingsin buildings that uti-
lize daylighting. Its unique collec-
tion of softwaretoolsfor the MS-
DOS platform includes Radiance
v2.4, Superlite 2.0 IEA, Scribe (a
3D editor for simple scenes), and a
Windows-like graphical user inter-
face that ties these tool s together.
The package comes with an exten-
sive 475 page manual in aloose-
leaf 3-ring binder, context-sensitive
help menus, online hyper-text help,
and installs from CD-ROM.
Contact
Charles Ehrlich
FAX (510) 486-4089
e-mail: CKEhrlich@Ibl.gov
Web: http://radsite.lbl.gov/adeline/
HOME.html

O RESFEN 3.0isaWINDOWS
95 (or NT)-based PC program for
calculating residential fenestration
heating and cooling energy use and
costs. This new program (which
uses the DOE-2 calculation engine)
is currently being evaluated for pos-
sible use as part of awindow rating
system being devel oped by the Na-
tional Fenestration Rating Council
(NFRC).

0 SUPERLITE 2.0 isaPC pro-
gram that calculates daylight illumi-
nance distributions for complex
room and light source geometries
with tested accuracy. SUPERLITE
will model daylight coming through
as many as five openings and being
reflected from as many as 20
opague surfaces oriented in any di-
rection.

0 WINDOW 4.1 isathermal
analysis PC program that is the de
facto standard used by U.S. manu-
facturersto characterize product
performance. The program is used
by the National Fenestration Rating
Council asthe basis for develop-
ment of energy rating labels for
windows.

0 THERM 1.0 isaMicrosoft
Windows-based 2D heat transfer
analysistool, based on finite ele-
ment analysis and can model two-
dimensional heat transfer with a
minimum of simplificationsto
exact cross-section geometries.
Contact
Pat Ross

(510) 486-6845 Fax (510) 486-4089
e-mail: PLRoss@LBL.gov

The Fenestration R& D
newsletter provides a peri-
odic update on U.S. Depart-
ment of Energy-sponsored
windows and glazings re-
search at Lawrence Berke-
ley National Laboratory, as
well as other DOE-support-
ed activities at Florida Solar
Energy Center, National
Renewable Energy Labora-
tory, Oak Ridge National
Laboratory, University of
Massachusetts, and Tufts
University.

Fenestration R&D is
made possible with support
from the U.S. Department
of Energy, Assistant Secre-
tary for Energy Efficiency
and Renewable Energy, Of-
fice of Building Technolo-
gy, State and Community
Programs, Office of Build-
ing Systems.

Samuel J. Taylor Program
Manager, Building Systems
and Materials Division

LBNL’sWindows and
Daylighting Group devel-
ops advanced optical mate-
rials, studies fenestration
performance, and creates
computer-based tools and
applications guides for im-
proving the energy-related
performance of windows.

Stephen E. Selkowitz
Program Head, Building
Technologies

LAWRENCE BERKELEY
NATIONALLABORATORY

ENVIRONMENTALENERGY
TECHNOLOGIES DIVISION

BUILDING TECHNOLOGIES
PROGRAM

WINDOWS & DAYLIGHTING
GROUP
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Update

National Fenestration Rating Council

New Image for NFRC

It's official! The NFRC membership overwhelm-
ingly adopted a new logo at the Spring 1997
Membership Meeting in Nashville, Tennessee.

The new multi-faceted logo reflects the many
different aspects of NFRC's mission. The new
logo emphasizes the importance of both heating
and cooling performance of fenestration. The
guadrant design gives the appearance of awin-
dow, while symbolizing different climate regions.

The new logo will begin to appear immediately
on all NFRC promotional and marketing materi-
as.

NFRC-100 Revised

In an effort to streamline certification proce-
dures, NFRC has revised NFRC-100: Procedure
for Determining Fenestration Product Thermal
Properties. Instead of requiring two separate tests
to determine U-Factor values, manufacturers can
now validate their values through oneinitial test.
U-Factor measures a product’s entire ability to
transfer heat from inside the home to the outside.

New Heating and Cooling Ratings
Under Development

At its spring, summer, and fall 1997 meetings,
NFRC continued its efforts to develop consumer-
friendly heating and cooling ratings. The ratings

3uilding Technologies Program

&
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will make window shopping easier for consumers
and builders, without sacrificing technological ex-
cellence.

These ratings will provide energy performance
information in just two numbers—one describing
performance during the winter heating season, and
the other during the summer cooling season. The
numbers, given on a scale from 0 to 10, will allow
quick, accurate comparisons of the energy perfor-
mance of different products.

NFRC Meeting Schedule

January 21-22, 1998

NFRC Task Group Meetings
Holiday Inn San Francisco Airport
San Francisco, California

March 29-April 2, 1998
NFRC Spring Mesting
L oews Annapolis Hotel
Annapolis, Maryland

For moreinformation on:

* Administrative & Membership

* Certification Agency Program

» Communication and Education

» Compliance Assurance Program

* Laboratory Accreditation Program
* Meetings/Newd etters

* Product Certification Program

« Publication Orders

Contact

National Fenestration Rating Council
1300 Spring Street, Suite 500
Silver Spring, MD 20910 USA

Tel: (301) 589-NFRC

Fax: (301) 588-0854

e-mail: NFRCUSA @aol.com

Web: http://www.nfrc.org
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