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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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The Center's 
Web Works 
T he global Internet has qu ickly become the number-one source of information on ener

gy effi ciency. Although the Internet has been used since the 1960s by a relatively small 
number of government and academic institutions, recent developments in networking 

technology and software ha ve attracted some 50 mi ll ion users, including energy-related 
groups such as utilities, bui ld ings professionals, and a wide variety of private companies. 
Abo ut 10 million computers are now connected to the Inte rnet. 

The Interne t's World Wide Web represents a particularly important innovation by offering 
access to text-based information, sea rchable databases, photographs, sound recordings, and 
video images . For energy professio nals, the Web is more than a place to post one's favor ite 
paper-based reports; it's a venue for one-on-one as well as group communications, tra cking 
down deta iled energy data , acquiring software, running dynamic on-line calcu lations, and 
even collecting energy data from remote sites. 

The fo llowing are some Web-based activities unde1way in the Center. (All are ava ilable to 
those who visit our site , currently 7,000 each week. The Center's web site is at 
http :/ / ea ncle. lbl.gov/ CBS/ CBS.html.) continued on page 2 

The Center's interactive Home Energy Saver Web project offers powerful but user-friendly ways 
for msidential consumers to estimate how much energy thei1· homes use and how much they 
can save by applying specific energy-~[ficiency measures. This web-based tool also directs users 
to related Web sites with supporting i11(ormation, such as product lists, utility residential DSM 
programs, and on-line publications. The site is being developed in support of the h'PA!DOE res
idential ENERGY STAR™ programs. Visit the site at: http:!/eande.lbl.gov!CBSI VH!vh.html 

Gas-Filled Panels for 
the Building Thermal 
Envelope 
Buildings designed for low energy 4 
use and thermal comfort require 
good insulating materials. The 
Center's Building Technologies 
Program has been studying the 
potential of gas-filled panels, 
which are composed of thin poly-
mer fi lms and a low-conductivity 
gas, as an advanced insulation 
system in d1e building envelope. 

Emissions Control 
Failures in 
Passenger Cars 
When an automobile's emissions 5 
control system fai ls, it may be 
because that model is more prone 
to failure than most omers, 
according to a study conducted by 
the Center's Energy Analysis Pro-
gram and Marc Ross of the Uni-
versity of Michigan. This finding 
goes against the conventional wis-
dom that such failures are usually 
caused by owners who don't 
maintain their cars properly or 
del iberate ly disable their emis-
sions systems. 
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About the Center 
Addressing significant energy-related 
issues since the late 1970s, the Center 
for Building Science has become an 
international lead~r in developing and 
commercializing energy-efficient tech
nologies and analytical techniques and 
documenting ways of improving the 
energy efficiency and indoor environ
ment of residential, commercial, and 
industrial buildings. 

The Center is located at a USDOE 
National Laboratory and is the home of 
three Energy & Environment Division 
programs-Building Technologies, 
Energy Analysis, and Indoor Environ
ment. It serves as a national and inter
national voice for energy efficiency, 
provides technical support to energy 
and environmental policymakers, sup
ports and creates institutions and 
demonstration programs, provides a 
trairting ground for students in the ener
gy field , and facilitates transfer of tech
nology and inforn1ation to the private 
sector. 

Researchers at the Center recognize 
that despite significant, steady progress 
since the energy crises of the 1970s, a 
large potential for energy savings 
remains to be realized. The Center's 
inte rdisciplinary staff of 225 studies a 
wide spectrum of environmental, eco
nomic, and technical aspects of energy
efficiency activities, recognizing that 
energy efficiency is a new and highly 
cost-effective resource. 

Center for Building Science 
Evan Mills 

Applications Team 
Dale Sartor 

Technology Transfer 
Michael Wilde 

Building Technologies Program 
Steve Selkowitz 

Energy Analysis Program 
Mark Levine 

Indoor Environment Program 
Joan Daisey 

Orderinp 
Information 

If you would like to receive this newslet
ter, correspond, or receive a con1prehen
sive publication list for d1e Center's pro
grams, please W1ite to: 

Center for 
Building Science News 

Attn : Ralph Mclaughlin 
Mail Stop 90-3058 
Lawrence Berkeley 

National Laboratory 
University of California 

Berkeley, CA 94720 USA 
Tel: (51 0) 486-4508 
Fax: (51 0) 486-5394 

Email: RDMclaughlin@lbl.gov 

This newsletter may also be found on 
the World Wide Web at URL: 
http:/ /eande.lbl.gov/CBS/NEWSLETTER/ 
CBSNEWS.html 

Web Works 
continued from page 1 

Text and Graphical Information- We have identifi ed about 400 Web sites related to 
energy efficiency and indoor environment. These span a vast array of resources: government 
programs and research activities around the world, raw data on energy use and markets for 
energy-efficient products, vendors of energy-efficient technologies and services, nongovern
mental organizations, university-based activities, on-line publications, weather data resources, 
and a host of discussion groups. In "Energy Crossroads", we have organized pointe rs to these 
Web sites into a master index. 

We are also establishing a database of energy-effi ciency image1y, publishing the quarterly 
Center for Building Science News and Fenestration R&D Newsletter; and posting our publica
tions lists and some full -length reports. The Center's Web site features an extensive section on 
the High-Radon Project, w ith numerous detailed maps presenting results on indoor radon con
centrations at the county level. Information on the Applications Team and our projects with 
the Federal Energy Management Program are described at the site, as is the Native American 
Renewable Energy Education Project being conducted by UC Berkeley and the Center [see A
Team Report, p.8]. Linked to the Center's main page are the Web pages of each of its pro
grams (Bu ilding Technologies, Energy Analysis and Indoor Environment). 

Document and Software Retrieval--From the Center's site, visitors can download the 
RADIANCE and Superlite software as well as a large library of performance data on 600 win
dow products; users of the LBNL \WNDOW software (a lso downloadable from the Web site) 
can use this data in their calculations. 

Interactivity and On-line Tools--The Center is developing an innovative, Internet-based 
tool for residential energy analysis that has several advantages over traditional disk-based soft
ware. This tool , the "Home Energy Saver," calculates residential building's energy use based 
on default values o r detailed assumptions specified by the user. Within the tool's inte rface, 
links to lists of energy-efficient appliances, utility DSM programs, and vendors of energy-effi
cient software and products make the tool 's interface unlike any traditional disk-based prod
uct. Another advantage is that users of any Web browser can access the tool regardless of plat
form (such as Mac or PC). 

Remote Monitoring and Diagnostics--The Inte rnet has the potential to become an 
enormo us energy management and control system. Center resea rchers have initiated a project 
that uses the Internet to gather building energy performance clara in real time from sensors 
located in a building. The work 's potential future directions include actually operating a build
ing by sending instructions over the Internet. Data , as well as audio and video information, 
can be collected in real time by an energy engineer in a remote location. @ 

D Evan Mills 
Cente r for Building Science 
(510) 486-6784; fax (510) 486-5394 
EM ills@lbl.gov 

7bis researcb is supported by: 
U.S. Depmtmenl of Energy 

Energy Researcb Computing Sciences 
Federal Energy Management Program 
In-House Energy A1anagernent Program 
Office of Building Tecbnologies and State and Community Programs 
Office of Energy !?esearcb 
Office of Health & Enviro111nental Researcb 
Office of Scientific Computing 

U.S. Environmel1fal Protectio11 Agency 
Atmospberic Pollution Prevention Division 
Office of Radiatioll and Indoor Air 

Ce11eml Setvices Agency 
LBNL's Lab-Directed !?esearcb and Development Funds 

-Evan Mills and Sam Webster 
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News from the D.C. Office 
Government Purchasing and Market 
Transformation-Revisited 

I
n previo us columns, we discussed the potential fo r using the 
enormo us buying power of the government as a market-pull 
mechanism to encourage commercialization of new ener

gy-effi cient techno logies and to help shift the market towa rd 
increased use of today's most energy-effic ient products [Fa ll 
1994, p.3l. The federal government is rhe world 's higgest 
custo mer fo r almost any commercia l item, 
spending well over $10 billion/ yea r on energy
related products. Adding the purchases of state 
and local government agencies increases the 
tota l by a factor of three or more-an order of 
magnitude larger than all the spending on ut il 
ity demand-side management programs at 
the ir peak! How can we harness this enor
mous market power in support of energy-effi cient (and environmenta lly preferable) products, 
especially in light of recent procurement reforms that stress decentralized purchasing deci
sions and reduced use of "special government requirements"? 

Berkeley Lab projects in both Washington, D.C., and California are supporting the "Feder
al Procurement Challenge," an interagency effort led by the DOE Federal Energy Management 
Program (FEMP), the White House Council on Environmental Quality, and the OMB Office of 
Federal Procurement Policy. Twenty-two federal agencies have signed an agreement to shift 
their purchasing of energy-using products to the "best 25o/o" of current models on the market. 
This is in keeping with a 1994 Executive Order that asks each agency to consider how its pur
chasing can shift to the energy-efficient end of today's marke t. 

The Order also urges federal buyers to help create an ent1y market that will encourage pri
vate firms to invest in developing and introducing even more effi cient new technologies 
because they w ill have at least one impo rtant "ancho r buyer"- the federal government. In 
June, DOE Assistant Secreta1y Christine Ervin and FEMP director Mark Ginsberg were the 
keynote speakers at a pu blic meeting soliciting views from manufacturers, vendors, and their 
federal customers on how federal purchasing ca n be used most effectively to commercialize 
new technologies . Already, one promising "technology procurement" is well underway: the 
Department of Defense is offering to buy six million enhanced-effi ciency light bulbs over a 
three-yea r period fo r use in military base ho using. The li kely technologies include an infrared
enhanced halogen lamp or an improved subcompact flu orescent. Staff from LBNL's lighting 
program p rovided technical support for this DOD solicitation . 

The E&E Division Washingto n Offi ce of Berkeley Lab supports these federal procurement 
initiatives by analyzing data needed fo r DOE-recommended effi ciency levels that help buyers 
identify the "uppe r 25o/o of effi ciency" for a number of commonl y purchased products. The 
Office has completed recommendations fo r several types of residential appliances and equip
ment and fo r large water-cooled chille rs. Drafts are now under review o r in preparation for 
lighting products, water-saving fittings, boilers, commercial food equipment (ice makers) and 
office equipment. Commercial HVAC and other equipment will soon fo llow. These recom
mendations will be distributed to federal purchasing officers in hard-copy form and also made 
available at the DOE and LBNL Web sites . 

In June, the DOE appliance efficiency recommendations were incorporated in the latest 
product catalog issued by the General Services Administration (GSA) in the form of an "EE" 
symbol next to each qualified product. The growing practice of "electronic commerce" offers 
another important means to disseminate efficiency recommendations. As more federal buyers 
go on-line to shop for products through the Web-based "GSA Advantage" and other systems, 
we plan to build in efficiency levels as a primary crite rion for product sea rches. 

Procurement strategies will be even more effective if they are linked closely with o ther 
market-oriented actions. For example, voluntary programs at both DOE (Technology Intro
duction Partnerships) and Environmenta l Protection Agency (ENERGY STARTM) have recently 
added procurement elements, including not only government buying but also volume pur
chases by other institutional buyers and retail ers. EPA and DOE are now jo ining forces in a 
national appliance and equipment labeling program, using an updated version of the ENERGY 

continued on page 7 
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Gas-Filled Panels for the 
Building Thermal Envelope 

Buildings designed for low energy use and thermal comfort 
require good insulating materials. Although most codes 
require buildings to have insulation of minimum R-value, 

it shou ld be possible to reduce substantially, or even eliminate, 
the need for active heating in a properly designed building with 
code-exceeding insulation, air/ moisture barriers, and high-perfor
nunce windows. The Center's Building Technologies Program 
has been studying the potential for gas-filled panels (GFPs) as an 
advanced insulation system in refrigerator doors and, more 
recently, in the building envelope. Here, we offer a brief sum
mary of recent results from building envelope studies. 

Interior Wallboard 

Exterior Sheathing 

Panel BaHie 

Gas-filled panel installation in stud wall 

GFPs are composed of hermetic plastic bags with a box-like 
shape which enclose a honeycomb baffle of thin polymer fi lms 
and a low-conductivity gas. The baffle, a bonded assembly that 
produces a cellular structure within the panel, uses metalized , 
low-emissivity film. Low-diffusion gas barrier films are used in the 
hermetic barrier, whose purpose is to retain the panel's gas fill . 
The best candidate gases to fill GFPs are argon and krypton. Both 
have lower conductivities than air. Although krypton-filled panels 
yie ld a lower conductivity, the ir sca rcity and high cost 
($0.35/ liter) make them better-suited to refrigerator insulation 
than to the building envelope. Xenon yields panels with the low
est conductivity, but its cost ($4.00/ 1) makes it useful only in exot
ic applications. 

Protoype GFPs fabricated at Berkeley Lab were sent to Oak 
Ridge Nationa l Laboratory for tests using the heat-fl ow meter 
apparatus to determine their cente r-of-panel performance. The 
performance improvement over glass fiber for air-filled panels 
was 40o/o, for argon, lOOo/o, and for krypton, 230%. Air-filled pan-

els show a thermal conductivity of 0. 194 Btu-in/h-ft2 (0.028 W / m
K); argon-filled, 0.138 Btu-in/ h-ft2 (0 020 W/ m-K) ; and krypton
filled , 0.081 Btu-in/ h-ft2 (0 .012W / m-K). To test their whole-panel 
conductivities, we sent several GFPs that were assembled to fit an 
existing wall opening (27 .2 by 17.3 in; 0.69 by 0.44 m) to the 
National Institute of Standards, where investigators have devel
oped calorimetric procedures to measure the heat flowing 
through the entire specimen. Final results from the testing are 
summarized in the table. These tests correct for the three-dimen
sional heat transfer between panel and wall with different thick
nesses. The tests used krypton- and xenon-based panels to 
demonstrate the high-performance capability of GFP technology. 

T7Jicleness at Mean test 
test temperature temperature Resistivity 

Panel Type inches (mm) P(C0
) R-/inch 

Krypton 0.98 (24 9) 39.4 (4.1) 13.4 

Xenon 0.95 (24.1) 38.8 (3 .8) 19.3 

NIST calorimeter measumments of k1ypton and xenon GFPs 

Working with GFPs in the Building 
Envelope 
GFPs are fl exible and self-supporting. Manufacturers could fabri
cate them in a variety of shapes and sizes to fi ll most types of 
cavities in building wa lls and roofs . The figure shows how GFPs 
might be insta lled in a wood-frame wall assembly. Panels are fas
tened to studs with staples through panel flaps; adhesive-backed 
tape seals adjacent panels across the stud, so the insulation also 
becomes an air barrier/ moisture retarding component. The far 
face of the panel adheres to the exterior sheathing to provide 
added air sealing and to keep the panel expanded. Gas could be 
added to unfilled panels on site. 

Although no manufacturer currently supplies GFPs for build
ing use, it is possible to estimate GFP costs from material com
ponent costs. An argon-filled, 3.5-inch- (89 mm) thick panel 
might cost $0.69/ ft2 ($7 .43/m2) to manufacture; a 10-inch- (254 
nun) thick panel, $1.46/ftZ ($15.72/ mZ). The technology appears 
to be versatile enough for widespread use in traditional wood
frame construction, although some difficulties need to be over
come for site-built construction to make GFPs fit oddly shaped 
cavities. Initial uses will likely be in manufactured housing and 
panelized building systems. Current research at Berkeley Lab 
focuses on making protoype GFPs for testing and demonstration 
projects . @ 

D 
-Brent Griffith 

For more informarion, requesr "Gas-Fil led Panels: An Update on Applica
tions in the Building Thermal Envelope," LBL report 38093, from the 
au rhor. 
Brent Griffith 
13uilcling Technologies Program 
(510) 486-6061; fax (510) 486-4089 
13TGri flith® lbl.gov 

77Jis resea rch is supported by DOE's Q[jice of Building Technolog ies. 
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Emissions Control Failures 
Passenger Cars • 1n 

en an automobile's emissions control system fail s, it 
1ay be beca use that model is more prone to failure 
1an others, according to a study concluctecl by the 

Center's Energy Ana lysis Program and Marc Ross of the Unive rsi
ty of Michigan. This finding goes aga inst the conventional wis
dom that improper maintenance or deliberate disabling of the 
emissions systems by car owners is the cause of "high-emitting" 
vehicles. The results may provide clean-air regulators with more 
cost-effective strategies to reduce air pollution from autos than 
the current system of incliviclual automobile inspections. We pre
sented these results at the Asil omar Transportation and Energy 
Conference last summer and at conferences held by the Society 
of Automotive Engineers and the Coordinating Research Council 
earlier this yea r. 

30% 

w ithin the manufacture rs' warranty period for emission control 
compo nents, would have a low probability of malfunction. About 
lOo/o of these ca rs showed CO emissions that were 50 times that 
of properly functioning ca rs-a very high rate for young cars. 

Nel\'1:, we grouped the vehicles by manufacturer and model to 

ana lyze the probabi li ty of malfunction fo r the most popu lar mod
e ls. The malfunction rate varied widely by vehicle model; some 
models had only a few ma lfunctions o r none at all , while others 
had average failure rates of up to 30o/o. The data did not show a 
correlation between manufacturer and probability of malfunction. 
In fact , they suggest that the manufacturers w hose models had 
the highest fa ilure rate also had very clean models . The five worst 
performers were low-priced models from Asian manufacturers: an 

average of 22o/o of the models 

• •• Regulations established by 
the Environmental Protection 
Agency (EPA) have resulted in 
dramatic reductions in tailpipe 
emissions from new cars: on 
the o rder of 95o/o for carbon 
monoxide (CO) and hydrocar
bons (HC) and 75o/o for oxides 
of nitrogen (NOx). However, 
increased vehicle use, as well 
as two loopholes in current 
vehicle emission regulations, 
have counteracted these emis
sion reductions; if we don 't 
close these loopholes and/or 
curb vehicle use, we may see 
increases in auto emissions 
and urban air quality problems 
in the future . 

5 inexpensive models: 
22% malfunctioning 

• • 

in this category had malfunc
tioning emissions contro ls, 
compared to 6o/o for all the 
o ther models (see figure). At 
the same time , the mid- and 
high-priced models from the 
same manufacture rs had very 
low failure rates. Most domes
tic models fell in the middle of 
the range of malfunction per
centages. We also found that 
malfunction rates were higher 
in vehicles w ith certain tech-

20% 
Malfunction 
Probability 15"/c 

. . 
• • •• 

• .. 
(Portion of 0 

readings 
over 1%) 10% 

. . .· .. . .. 
••• 

remaining models: 
6°/o malfunctioning 

c: .. : • I.. • 
05% ...... , . .,.~;~. .. ""' OO~oL_~L_L_ ____ L_ ____ ~----~----~----~ 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 
Average CO Concentration (percent) 

nologies, such as carburetors 
(as opposed to fue l-injection 
systems). 

Two measures of car model malfunction p robability, .fi"action of 
cars over 1% CO (y-axis) and average CO concentration of all Ga1'S 

(x-axis), demonstrate that .five 1987-89 car models (1 4 year
model combinations) have a malfunction probability several times 
that of all other models. 

If confirmed, these findings 
have important policy implica
tions at both the state and feel-

One of the loopholes is that 
the test procedures to certify compliance w ith emission stanclarcls 
do not reflect the high speeds and accelerations of current dri
ving. The test procedures encourage manufacturers to design cars 
that mere ly pass the test, rather than minimize emissions over all 
types of driving. The second loophole is that there is ve ry limit
eel testing of emissions as cars age . Although manufacture rs are 
now responsible for designing cars that meet the tailpipe stan
dards up to 100,000 miles , in practice only cars that have been 
"properly maintained and used" are selected for compliance test
ing. 

We analyzed a large dataset of car tailpipe emissions measured 
with a remote sensing system. The system uses an infrared beam 
to measure the CO, C02, and HC emissions directly from the 
tailpipe as the car drives by, while a video camera records the 
car's license plate. Researchers from the University of Denver set 
up the system at sites in Southern and Northern Califo rnia to 
gather data for the California Air Resources Board in 1991. The 
state Department of Motor Vehicles matched each car's license 
plate with its vehicle identification number, which provides 
detailed technical data on each vehicle. 

We focused on cars that were two to fi ve years old at the time 
of measurement. We expected that these young cars, which were 

era! level. Current policies, 
such as California's Smog Check program, are designed to iden
tify individual vehicles for repair through regularly scheduled 
vehicle inspections. A controversy is currently raging between 
states and the EPA over what is the most cost-effective system to 
identify individual high-emitting vehicles: a network of remote 
sensors or more detailed laboratory tests. The results from this 
study may shift the focus of the debate. 

Our analysis indicates that emission control problems in new 
cars are not necessa rily the fault of drivers not properly main
taining their cars; certain models appear to have more problems 
than others. Policies that focus on improving the durability of 
emission controls on all models may the refore be more cost-effec
tive in reducing emissions than the current or proposed 
approaches. @ 

D Tom Wenzel 
Energy Analysis Program 
(5 10) 486-5753; fax (51 0) 486-6996 
TPWenzel@lbl .gov 

-Tom W'enzel 
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Energy Management in 
Semiconductor Cleanrooms 

C 
leanrooms are used extensively in the manufacturing of 
integrated circuits and in the biological and pharmaceuti
cal industries. For particle concentrations to remain low, 

fo r example, less than 100 particles/ ft3 at >0.5 micrometers (Class 
100), the air in the cleanroom must be filtered. Typically, the air 
is circulated through high-efficiency particulate air (HEPA) filters 
at a very high rate, such as 400 to 600 room air volumes per hour, 
to maintain low particle concentrations. The combined effect of 
high recirculation and a high pressure drop through HEPA filters 
is higher power costs per unit floor area to operate the cleanroom 
than to ventilate a commercial building. Cleanrooms are usually 
ventilated constantly and turned off only for maintenance, con
tributing to high energy costs. 

The Center's Indoor Environment Program, along with LBNL's 
In-House Energy Management Program and Engineering Division, 
conducted a research project to study ways of reducing clean
room energy use. We used a technique called demand-controlled 
filtration (DCF) which controls the particle concentration in a 
room by changing the recirculation flow rate based on the real
time measurement of particle concentrations. As the measured 
particle concentration rises above a threshold, the speed of the 
recirculation fan increases . As the concentration falls below the 
limit, the fan speed falls with it. Lower average fan speed reduces 
fan motor energy consumption. 

To eva luate DCF, we used a Class 100 cleanroom at LBNL with 
a floor area of 300 ft2 The facility is used by researchers two to 
four times a week for one to four hours per clay, and its primary 
act ivity is fabricating silicon detectors. A $2,500 particle counter 
measured the concentration of two size ranges (>0.3 and >0.5 
micrometers in diameter) of particles in the cleanroom and was 
located on a benchtop near a machine that operators used fre
quently. 

The cleanroom's preexisting control strategy (see "Preexisting" 
in the table) was to maintain a set pressure drop across one bank 
of HEPA filters . The daytime setpoint was established to mainta in 
the cleanroom's Class 100 certification. At night, the se tpoint 
changed so the fans could run at a lower speed, cutting energy 
costs by about 10%. 

In the first DCF control scheme ("Ten Percent" in the table), 
the counter read particle concentrations once per second. Each 
second, if particle concentrations in either size range exceeded 
the upper limit, fan speed increased by 10%. Likewise, if the par
ticle concentration in either size range was below the lower con
centration limit, fan speed decreased by 0.1 3%. With a second 

Control Strategy Average energy savings per day 

Baseline 1* Baseline 2** 
Preexisting 10% ± 5% 60% ± 2% 
Ten p ercent 64% ± 1% 84% ± 1% 
Pmportional 64% ± 3% 84% ± 1% 

DCF scheme ("Proportional" in the table) , if particle concentration 
in either size range was above the upper limit, the fan speed 
changed in proportion to the magnitude of the difference 
between the concentration and the upper limit. If the counts were 
below the lower limit, the fan speed decreased by 3%. 

Depending on the choice of baseline energy use, the two DCF 
control routines reduced the energy consumption of the recircu
lating fans by 60 to 84%, with no significant difference between 
the two methods (see table). The percent energy savings while 
the cleanroom was occupied was nearly the same as when it was 
unoccupied (and thus equal to the daily energy savings). When 
the cleanroom was occupied , the fan speed sometimes increased 
for only short periods, hardly affecting the daily average power 
consumption. 

Changes in recirculation fan speed by 10% or more did not 
cause a noticeable particle release from filters or resuspension 
from indoor surfaces, as many cleanroom users had predicted. 
Cleanroom users' prediction that it would take hours to reestab
lish proper conditions after recirculation fans speeds were low
ered was also found not to be true . With either of the two DCF 
control routines in operation, there were occasional (usually few
er than 10 per day) nonconsecutive one-minute episodes in 
which the particle concentration exceeded Class 100 status. Thus 
the DCF maintained Class 100 specifications at least 98% of the 
time while saving significant amounts of energy. 

Depending on the energy consumption baseline used in the 
calculations and whether or not variable fan drives are in the 
facility, the simple payback time for retrofitting a 1,000-ft2 Class 
100 cleanroom to use DCF methods is from one to four years. 
This assumes a cost of electricity of $0.08/ kWh. 

DCF holds the most immediate promise for small cleanrooms 
that are not continuously in use and in which users are perform
ing one activity at a time such as in universities and research insti
tutions. Implementing DCF in large manufacturing cleanrooms 
would require a more sophisticated control system than the one 
outlined here, but the potential savings in energy may justify its 
development. @ 

D David Faulkner 
Indoor Environment Program 
(510) 486-7326; fax (510) 486-6658 
D_Faulkne r@lbl.gov 

-David Faulkner 

This resea.rcb wa.s spo11sored by DOE's Office of Energy Resea·rcb and tbe California. 
Institute for Energy Efficiency. 

Average energy savings during occupancy 

Baseline 1* Baseline 2 ** 
0% ± 5% 56% ± 2% 
63% ± 2% 84% ± 1% 
60% ± 6% 83% ± 2% 

*Average power for the first baseline is 2.6 kW (3 .5 HP) . Based on fans operating at 75% of full speed. 
**Average power for the second baseline is 5.9 kW (7.9 HP). Based on fans operating at full speed. 
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Government Purchasing-Revisited 
continued from page 3 

START" logo. The utility-sponsored Consortium for Energy Efficiency is a lso considering 
add ing a procurement element to its program to complement uti lity demand-side man
agement as a source of market pull for energy efficiency. 

As other important initiatives come along, we are looking for opportunities to build 
in an energy-effi cient purchasing dimension. For example, a new government wide spec
ification for buying replacement chillers, under an accelerated process called a Basic 
Ordering Agreement, will include efficiency criteria reflecting the best 25% of models 
available (S pring 1996, p.3). And there may be important opportunities for using new 
performance contracting methods, targeted to a specific piece of equipment or building 
subsystem, to help overcome some of the obstacles to federal purchase of new, pre-com
mercial technologies. 

These ideas are now spreading well beyond the boundaries of federal agencies-and 
beyond U.S . borders. The Energy Effi cient Procurement Collaborative, recently incorpo
rated as a non profit organization, is developing cooperative purchasing programs 
among state agencies and local governments using shared tools such as product data
bases and model specifications. This program is led by New York State, with cospon
sorship from DOE, EPA, and DOD at the federal level. Hecently, the Metropolitan 
Washington Council of Governments expressed interest in a regional Procurement 
Challenge, modeled on the federal program. The concept of harnessing government pur
chases as a force for efficiency in the wider market is also being discussed as part of 
multinational programs for sustainable development, such as the Climate Technology Ini
tiative and the Hemispheric Energy Strategy. Energy-efficient procurement will be a 
major theme in presentations and exhibits at meetings this year, including EPA's annual 
ENERGY STAR™ Forum, the ACEEE-96 summer study th is August, the intergovernmental 
TEEM-96 conference in September, and the World Energy Efficiency Congress later this 
fall. @ 

D Jeffrey Harris 
E&E Division Wash ington Office 
1250 Maryland Ave. S.W. Suite 500 
Washington D.C. 20024 
(202) 484-0880 
JPHaJTis@lbl.gov 

Ashok Gadgil 
Wins Discover 
Magazine Award 
for Technological 
Innovation 

-jeffrey Harris 

D
iscover magazine has given Ashok Gadgil of the Center's Indoor Environment 
Program its 1996 Award for Technological Innovation in the environment cate
gory. He mvented a devtce called UV Watetworks, described in the Winter 1996 

Center jo1-Building Science News (p. 6), that disinfects drinking water inexpensively and 
effi ciently using ultraviolet light. Gadgil 's invention has tremendous potential to save 
lives in the developing world, where dysentety, typhoid, and cholera caused by 
pathogens in contaminated drinking water kill more than 400 children every hour. 
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A-Team Report 

NAREEP is a DOE-funded joint proj
ect of Berke ley Lab and UC Berke
ley that provides tech nical assis

tance to Native Ame rica n reservations in 
the areas of renewable ene rgy and energy 
efficiency. Its purpose is to respond to the 
desire of Native Americans for cost-effec
tive, culturally appropriate, environmental
ly benign energy se1v ices for tribal com
munity needs and economic development. 
NAREEP's ultimate goa l is to he lp tribal 
communities control the ir own ene rgy 
future. To support this goal, the Applica 
tions Team, working w ith the Energy and 
Resources Group at UC Berkeley, is lead
ing efforts to develop the informatio n base 
and to transfer the relevent technology. 
NAREEP's research age nda is directed 
toward producing the fo llowing products, 
scheduled for completion in the fa ll and 
w inte r of 1996: 

Sources 

EREC: Energy Efficiency and 
Renewable Energy Clearinghouse 

P.O. Box 3048, Merrifield, VA 22116 
Call to ll-free: (800) 363-3732 
fax: (703) 893-0400 
Computer Bulletin Boanl 
Dial EREC's data line toll -free at 
(800) 273-2955 (VT-100 [ANSI] terminal 
emulation, 8 data bits, 1 stop bit, no parity). 
email: energyinfo@clelphi. com 
On the World Wide Web accessible from the 
EREN page at: http:! / www.eren.cloe.gov 

Other national laboratories 
conducting buildings-related research: 
Brookhaven National Laborato1y (BNL) 

Barbara Pierce (516) 282-3123 
National Renewable Ene1gy Laboratory (l\TREL) 

Lou Abernathy (303) 384- 7501 
Oak Ridge National Laboratory (ORNL) 

Pat Love (423) 574-4346 
Pacific Northwest National LaboratOJy (PNNL) 

Diana Shankle (509) 3 72-4350 

The Native American Renewable 
Energy Education Proiect 

• a workbook o n energy efficiency 
and renewable ene rgy (EE/ RE) for 
tri ba l clecisionmake rs and staff that 
covers project development, deci
sion tools , EE/ RE technologies , 
fin ance and funding, legal and reg
ulatoJy issues, and tribal business; 

• a technical info rmation volume that' 
supplements the workbook and 
includes reprinted materials cover
ing the same topics as the work
book but in more de pth; 

• a resource guide listing contacts 
useful to tribes interested in EE/ RE 
projects; 

• a case-history volume assessing; 
triba l experience with EE/ RE proj
ects; 

• a study quantifying the energy bud
gets of reservations; 

• a study of electric utili ty issues 

Energy Crossroads 
The Center's listing of energy-efficiency 
resources on the World Wide Web: 
http:! I eancle .lbl.gov / CBS/ eXroads/ 
EnergyXroads.html 

Ernest Orlando Lawrence 
Berkeley National Laboratory 
Center for Building Science 
1 Cyclotron Road 
Berkeley, CA 94720 USA 
MI S 90-3058 

from the perspective of tribes and 
triba l utility authority in the current 
cl imate of restructuring; and 
creation of a World Wide Web site 
for NAREEP. 

Partne ring with the Gene ral Se1vices 
Administration, the A-Tea m plans to hold 
several workshops on EE/ RE issues and 
project development for tribes in different 
regions of the country. The fi rst is expect
eel in Fall/ Winter in New Mexico , in coop
e ration with that state 's energy office.@ 

D 
-john Busch 

.J ohn llusch 
Energy Anal ysis Program 
(510) 486-7279; fax (510) 486-6996 
JFBusch@lbl.gov 

U.S. Department of Energy 
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Renewable Energy, Office of Building Tech
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