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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 
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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 
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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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From the Lab 
to the Marketplace ••• 

0 ne o f the great challe nges facing the U.S. Department o f Energy is harnessing the 
powe r o f its national labo ratories in the post-cold-wa r era . With a workfo rce of more 
than 30,000 scientists and e ngineers and a world-class R&D infrastructure , the labs 

are a major natio nal asset. Res po nding to Secretary o f Energy Hazel O 'Lea ry's Task Force on 
Alternative Futures for the De pa rtme nt of Ene rgy Nationa l Labo ratories, chaired by Robert 
Galvin , the Ce nte r fo r Building Scie nce has re viewed its history o f do ing research fo r the ben­
efit of the U.S. econo my and the environment. 

The Center has o pe rated as a cata lyst in the e nergy-effici ency marketplace fo r two decades, 
providing an extraordinary rate o f re turn on the fede ral research investment. Fro m the o utset, 
the a pproach was not one of be lt-tightening, but ra the r a coordinated techno logical and 
de plo yment-oriented strategy fo r do ing more with less energy while saving mo ney and pro­
tecting the enviro nme nt. Partnerships with industry, utilities, governme nt agencies, univers i­
ties , and othe r natio na l labo rato ries are an integral part of the sto ry. LBL's spec ifi c accom­
plishme nts in the buildings secto r de monstrate how the natio na l labs can serve America today 
and into the next century. 
Since the mid-1 970s, a cumu lative $70-mill ion DOE research and de velopment investment at 
LBL helped spawn a $2.5-billio n a nnual U.S. market for fo ur techno logies and services. As of 
1993, this R&D investment leveraged energy savings wo rth an estimated $5 billio n to con­
sumers ($ 1.3 billio n in 1993 alo ne) . By 2015 , electro nic ballasts, ad vanced g lazing materia ls, 
and residentia l appliance standards w ill be saving consumers $16 bill ion annually . These and 
othe r savings w ill be made poss ible by new computer design tools, also de ve loped at LBL. 

LBL's broade r role in the build­
ings a re na includes ana lyzing 
public po licy issues such as the 
ro le o f effi ciency o ptio ns as a mit­
igatio n strategy for glo bal climate 
change , deve loping pl anning and 
demand-side manage me nt meth­
ods used by e lectric a nd gas uti li­
ties, ide ntifying techno logies and 
ana lytica l methods fo r improving 
indoor air quality, contributing to 
the information supe rhighwa y, 
and focusing on the special p rob­
le ms and o pportunities presented 
by e nergy use in the public sector. 
These and other activities are con­
ducted at the local , na tio na l, and 
inte rnatio nal levels . 

continued on page 2 

Energy Efficiency Takes 
Root at the Presidio of 
San Francisco 
Plans are under way for an lnsti-

5 tute for Sustainable Development 
at the Presidio. One of the Insti-
tute's first and most important 
initiatives is to establish energy 
efficiency and renewable energy 
training. 

Envelope and Lighting 
Technologies to 
Reduce Electric 
Demand 
By taking an integrated systems 

6 approach to combining disparate 
building envelope and lighting 
components, we can attain high-
er energy savings and improved 
occupant comfort compared to 
conventional energy-efficient 
design practice. This approach is 
the basis of a research project in 
the Building Technologies Program 
to develop and promote advanced 
integrated building systems. 

Aerosol-Based Duct 
Sealing Technology 
In a typical house with ducts in 
the attic or crawlspace, approxi- (i 
mately 20% of hearing and cool- (l 
ing energy is lost through duct 
leaks. An aerosol-based sealing 
technology developed by scientists 
in the Indoor Environment Pro-
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About the Center 
Addressing significant energy-re lated 
issues, the Cente r for Building Science 
has become an inte rnational leader in 
developing and commercializing ener­
gy-efficient technologies and analytical 
techniques, and documenting ways of 
improving the energy-effi cient technol­
ogy and indoor enviro nment o f residen­
tial, commercial and industrial build­
ings. 

The Center is the home of three 
Energy & Enviroru11ent Division pro­
grams-Building Technologies, Energy 
Analysis, and Indoor Environment. It 
serves as a national and international 
vo ice for energy effi ciency, provides 
technical support to energy and envi­
ronmental policymakers, supportS and 
creates instirutions and demonstration 
programs, provides a training ground 
fo r students in the energy field, and 
facilitates transfe r of technology and 
information to the private sector. 

Resea rchers at d1e Center recogni ze 
that despite signifi cant, steady progress 
since the energy crises of the 1970s, a 
large potential for energy savings 
remains to be realized. The Center's 
inte r-disciplinary staff studies a wide 
spectrum of environmental , economic, 
and technica l aspects of energy-effi cien­
cy activities, recognizing that energy 
effi ciency is a new and highly cost­
effective energy resource. 

Director 
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Assistant Director 
Evan Mills 

Technology Transfer 
Michael Wilde 

Building Technologies Program 
Steve Selkowitz 

Energy Analysis Program 
Mark Levine 

Indoor Environment Program 
Joan Daisey 

Ordering 
Information 

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

Center for 
Building Science News 

Attn : Ralph Mclaughlin 
Mail Stop 90-3058 

Lawrence Berkeley Laboratory 
University of California 

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

Email : RDMclaughlin@lbl.gov 
This newsletter moy olso be found on 
the World Wide Web ot UR L: 
http:// eonde.lbl.gov/CBS/NEWSlElTER/ 
CBSNEWS. html 

From the Lab to the Marketplace .•. 
continued from p age 1 

Accelerating the Market for Energy-Efficient Lighting 
The e lectronic ballast is a technology that improves the efficiency of fl uorescent lighting sys­
tems by up to 30% and enha nces qua lity and flexibili ty. Duri ng the incubation of the e lec­
tronic ballast industry in the late 1970s, LBL contracted with three small companies to produce 
ea rly commercia l models. The intent of th is ea rly effort was to accelerate the ava ilabili ty of 
electronic ba llasts by demonstrati ng the ir energy efficie ncy and re liabili ty in typica l build ing 
environments . Later work at LBL he lped improve the q uality of the ball asts and va lidate the 
pote ntial fo r energy savings fro m dimming. The current market sha re of e lectronic ba llasts is 
23% of all ba llasts sold. More recent LBL effi cient-lighting breakthroughs are novv enteri ng the 
ma rket, incl uding thermally e ffi cient fluo­
rescent fixtures (see CBS News, Winte r, Market Penetration of New Technologies and Tools 

1993, p . 4). 

Seeing Windows 
Through 
Although largely invisible to the human 
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eye, windows with advanced coatings ";;:~~~so oesign Tools 

offe r a one-third effi ciency adva ntage •o 
over ordinary double-glazed windows by 3o 

selectively blocking unwanted heat ga in 20 

o r loss . LBL's resea rch began w ith 
10 
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technica l opportunities for reducing those gains and losses. Based on the fi ndings, LBL 
became a pio neer in the commercialization of "low-emissivity" windows, awarding subcon­
tracts to several firms to develop prototype coa tings and new low-cost thin-film deposition 
processes . The coatings ' perfo rmance was tested at LBL and new compute r models were 
develo ped to determine the best use of the coatings in the overall window system. By the 
mid-1980s, virtu ally every major manufacture r was o ffering low-E windows. LBL developed 
design concepts using two low-E coatings and new gas fi lls that would cut ene rgy losses by 
an additio nal 50% compared to conventional low-E glazing. LBL then teamed with fi ve man­
ufacturers and supp lie rs (Andersen, Ca rdina l TG, Owens-Corning Fiberglas, Pella, and South­
wa ll Technologies) and the Bonnevill e Power Administration in a program to convert the win­
dow concept into commercial prototypes. Within two yea rs of this demonstration project, one 
of the participating manufacture rs introduced the first comme rcial "superwindow," combin ing 
low-E coatings with ene rgy-saving gas fill s. The current market share of low-E glazings is 36% 
of all windows sold . The window industry's National Fenestration Ra ting Council recently 
adopted LBL's computer model (Window 4.1) as the definitive method of estimating window 
performance and creating energy labels fo r windows (see CBS News, Spring 1994, p . 8) . 

Market Creation 
Value of Energy-Efficient Products and Design Tool Services in the U.S. Market 

SeHing the Standard 
for Energy Efficiency 
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LBL has become the national center 
fo r appliance standa rds analysis. Its 
program provides the technica l, eco­
nom ic, uti lity, and ma nufacturer­
impact analyses o n w hich DOE 
bases mandatory standards that now 
apply to all major U.S. appliances 
and residential space-cond itioning 
systems. In addition to technology-

FT~==~~~ ~~~:!: Resid:~~~~~~i:ment 6~~d~~~s oriented research, the LBL progran1 
8oll"' C"''"'' EHici•oey S~""""' 0"0oT,.; haS prOVided pi VOtal SUppOrt fo r 

understanding how the market functions and how certa in market barriers to energy effi cien­
cy warrant the application of legislative measures such as standards and labe ling. The current 
market share fo r standards is virtually all applicable equipment sold . 

continued on p age 4 
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News from the D.C. Office 
Presidential Mission 
on Energy Investment in Pakistan 

S
ecretary of Ene rgy Ha zel O 'Lea ry led a 
presidential missio n on energy invest­
ment in the Islamic Republic of Pakistan 

September 19-25, 1994. Stephen Wie l, who 
heads the Energy and Environment Division 's 
Washington D. C. Project Offi ce, participated 
in the mission . It was the first vis it to Pakistan 
by a U.S. cabinet member fo r a nonmilita1y 
purpose: to bu ild economic bridges and an 
enhanced business re lationship between the 
two countries. 

Members o f the mission were ass igned to 
work o n o il and natural gas, coal, rural devel-.._ ... 

11 opment and renewa bles, energy effi ciency 
and environment, and electricity (including generation , transmission, and distribution) . 
Stephen Wiel chaired the energy effi ciency and environment "pod ." 

Each group was to work with its Pakistani counte rparts to agree on a list o f desired out­
comes and next-step action items. Throughout the week , groups met vinually nonstop wi th 
the Prime Minister's special ass istant for ene rgy, the Ministe r of Wate r and Power, the Minis­
te r of Petrole um and Natural Resources, and dozens of other Pakistani energy offi cials. The 
Prime Minister and the President were actively involved in several o f the sessions. 

The centerpiece of the week was a two-day Ene rgy Conference in Laho re titled "Pak­
istan/U .S. Energy Partnerships: Benefits, Challenges and Opportunities." After a plenmy ses­
sion, breakout sessions in each techni ca l area , and a state dinne r, the Conference reconvened 
amidst fanfare and med ia attention to rep011 on the results of the jo int deliberations. 

From an ene rgy-effi ciency perspective, the signifi cant aspects o f the trip were the Lahore 
confe rence, plugs fo r investment in end-use effi ciency, and the mission's official repon . Rec­
ogni zing that raising capital was the primary focus o f our Pakistani hosts, the working group 
focused on energy effi ciency as the Government o f Pakistan's best available mechanism for 
freeing capital from the energy-supply sector for other uses. 

During the next 25 years the Government of Pakistan plans to add more than 50,000 MW 
of electric generating ca pacity. If through energy efficiency improvements it avo ided 20% of 
this increased demand (about half the savings achieved in the past decade by New England 
Electric System in the U.S., fo r exa mple), the Gove rnment of Pakistan would free a pproxi­
mately Rs .300 billion (U.S . $10 billion) of capital. This would shift the expected range of elec­
tricity-growth-rate to GOP-growth-rate ratio fro m the 1.0-to-1.5 range to the 0.8-to-1. 2 range, 
o ffe ring significa nt relief from the e lectricity sector's contribution to the fisca l deficit. 

Not only would e lectricity-sector effi ciency increases effectively generate investme nt capi­
tal , they would bring two important collatera l benefits: dramatic reduction in po llutant emis­
sio ns; and improvement in the competitiveness of Pakistan 's industries. Througho ut the mis­
sio n, these issues were conveyed to the President of Pakistan, the Prime Minister's special 
ass istant on ene rgy, the secreta ries of several ministries, and the head of the primary nation­
a l e lectric utility. The miss ion also focused attention o n the need fo r utili ty DSM profitabi lity. 
Surprisingly, no one the group encountered in Pak istan had previo usly heard of o r thought 
about this concept. Making this profitability a part of Pakistan 's power-sector privat ization and 
restructuring through establishing a new regulato ry agency, o r simple tariff refo rm was the 
pod 's number one recommendation, and it was we ll received by the Pa kistan i officia ls. The 
U.S. de lega tion promised a conference in Pakistan on this subject as the next step. 

The group made other recommendations and attended othe r events during the wee k, 
including a visit to Tarbe la dam and an une lectrifi ed rura l vi llage, a roundtable strategy dis­
cussio n with Pakista n's Pres ident , s ignings of private-secto r business dea ls pres ided over by 
Secretary O 'Leary and Prime Ministe r Bhutto (more than $3 billion and 2500 MW in new 
power p lants "committed"), and the dedicatio n of a new E TERCO (Pakistan 's energy agency) 
building. @ 

-Stephen Wiel with j eff Harris 
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From the Lab to the Marketplace ... 
continued from page 2 

Tools for Building Designers 
LBL's DOE-2 program is a powerful com p uter-based design roo! 
for evaluating the energy implica tio ns o f complex bu ilding design 
alternatives. Beginning in the mid-1970s, LBL worked w ith Los 
A lamos and Argonne nationa l laboratories ro develop the prede­
cessor to DOE-2. The objective was an hourly w hole-bui lding 

heat-recovery ventilation systems, blower-door technology (for 
testing air leakage in build ings), and energy-efficient radon con­
trol methods. A notable example: LBL's innovative "airvest" sys­
tem promises to reduce spray-booth worker exposure to pollu­
tants substantially w hile cutting ventilation energy costs in half 
(see CBS News, Winter 1993, p. 7). Researchers have also devel­

Economic Benefits 
energy analys is program that could simulate 
all building types in all climates and that 
was unbiased , well-documented , and open 
to public scrutiny . A private company, Con­
sultants Computati on Bureau, assisted w ith 
interface development and programming. 
Continued improvements have been sup­
ported by DOE, vario us utilities, and the 
Electric Power Research Insti tute (EPRI). A 

-I.JivbmeS.VIf9$bTac:hncloglesln$!aiNidUuough2015 

oped passive samplers for indoor ai r quali­
ty (for example, the formaldehyde-based air 
samplers now sold by Air Qua lity Hesearch 
in North Caro l ina) and contributed to 
twelve national ASHRI\E and ASTM stan­
dards penaining to ventilation and air qual­
ity for the bui lt environment. 

-U!e!meS.wtgSIOITecl'lnolcqeslnstaledthroughl993 
[=::J Value ot Enetgy Savrogs ·;, 11'16 &nk" as or vear.end 1993 

$1B,400 

iii 

$ Millions 

number of companies have converted DOE-
1!190dollars 

2 into a PC-based program, o r developed 
and marketed ancillary software . There are 
1,000 users today, in 42 countries . DOE-2 is 
used in the design of about So/o o f all com-
mercial bu ildings by fl oorspace, and users ,::','.,":', 

S37,000 
(17,400) • 

report that it enables then1 to routinely coatongs 

identify an extra 20% energy-savings opportunity. The program 
has also been the basis of four major standards: Ca lifo rnia Title 
24, the Bui lding Energy Perfo rmance Standard , and th e 
DOE/ ASHHAE 90.1 and 90.2 standards for commercial and resi-
dential bui ldings. 

Clearing the {Indoor) Air 
Some energy-saving measures ca n crea te indoor air qua l ity prob­
lems unless properly conceived and implemented . Mitigating 
these problems can waste energy, for example, through excess 
ventilation w ithout hea t recovery. The Center for Building Science 
has s[Udied the "sick -bu ilding syndrome" in depth and houses 
o ne o f the world 's p remier research groups on the environmen­
tal effects of indoor radon-the second largest cause of lung can­
cer in the U .S. Its resea rch has uncovered basic insights into how 
radon gas from the soil gets imo homes, helping craft national 
po licy recommendatio ns for mo re effectively and effi cientl y iden­
ti fy ing regions w here ho uses w ith elevated concenrratio ns can be 
found , and once found , to utilize energy-effi cient remed iation 
techniques (see CBS News, Spring 1994, p. 4; Summer 1994, p . 4). 

LBL's p rogram has helped stimu late technologies and strate­
g ies for measuring and controlling indoor air po llutio n effi cient­
ly, including low-emission build ing materials and appliances, 

Some of Our Partners-

On the Horizon 

Res.dontlaiEqwpmenl 

·-~ EH~~;>eocySiaflCiartls 

Future directio ns in the lighting area 
include developing mo re efficient light 
sources such as the sulfur lamp, "tuning" 
the light spectrum to optimize visibili ty and 
reduce energy use, and analyzing market 
transfo rmation p rograms for techno logies 
like residential fi xtures. LBL's advanced 

coa ting techno logy w ill lead to "sma rt w indows" w hose dynamic 
coatings change the w indows from clear to refl ecti ve. Other work 
in progress updates existing effi ciency standards, expands them 
into nonresidential end-use areas (such as thermal distribution , 
small motors, lighting ballasts, and HID lamps). The cooperative 
development o f PowerDOE, a PC-based, user-friendly imerface 
for DOE-2, and an expert system module ca lled the Building 
Design Advisor (BOA, is continuing in a joint private/ public col­
laboration w ith support from EPHI, utilities, the Ca li fornia Energy 
Commission , and DOE. @ · 

D 
-Evan Mills 

Evan Mi lls 
(5 10) 486-6784, Fax (5 10) 486-5394 
EMi lls@lbl.gov 
Copies of the complete report 
Fro111 the Lab to the M a rketplace 
are Jvailahk from the aut hor. 

President Clinton holds up a com­
pac/ .f!uorescenl lamp on Ear!h Day 
1994. Early work by LBL on the elec­
tronic ballast helped pave !he wayfor 
this technology. 

AB Volvo • ADM Associates • Aerovironment • Air Quality Research • American Society of Heating, Refrigerating, and Air-Conditioning Engineers 

• Andersen Corporation • Apple Computer • Asahi Glass • Association of Home Appliance Manufacturers • Bellcorp • CardinaiiG • Chevron 
• Conoco • Consolidated Edison • Cooper Lighting • Delray Lighting • Edison Price • Electric Power Research Institute • ERG International • 
Exxon USA • Finite Technologies • Fusion Lighting • Gable Dodd Associates • Gas Research Institute • General Electric • Honeywell • Indy Light­
ing • ITEM Systems • Libbey Owens Ford • Lightolier • Lithonia • lumatech • Microflect • Mitor Industries • National Fenestration Rating Council 
• Northern States Power • Osram • Owens-Corning Fiberglas • Paradigm Company • Philips Lighting • Pacific Gas and Electric • Partnership 
for Resource Conservation • Peerless Lighting • Pella Windows • Prescolite • Reggiani • Rolscreen • San Diego Gas and Electric • Shell Oil • 
Southern California Edison • Southern Company Services • Southwall Technologies • Staff Lighting • Zumtobel • 3M Corporation 
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Energy EHiciency Takes Roo 
at the Presidio of San Francisco 

The Presidio o f San Fra ncisco, recently turned over to the tional e nergy effi ciency and re newable energy tra ining . They 
Na tio nal Park Service, sho uld soon be ho me to a sustain- ho pe it w ill become a testing gro und for developing new training 
able develo pment center. Thanks to a public- and priva te- ideas and methods that promote e nviro nme ntal sustainability. 

secto r vis io n o f a world-class cente r for improving the glo bal They also see it acting, in the lo ng run , as a resource base, pro­
e nviro nme nt, the Clinto n Administratio n and the Coalition fo r the viding expertise o r seed funding to create training programs in 
Presidio Pacific Cente r-a gro up o f mainl y pri va te-sector interests the ho me countries of vis ito rs. In add itio n to prov iding a se rvice 
in the Bay Area-have joined fo rces to found the Institute for Sus- to the inte rnatio nal community, these activities benefit U.S. e ner­
tainable Development at the Presidio . One o f the Institute 's first gy effi ciency and re newable ene rgy manufacturers , s ince they are 
a nd most impo rtant ini tiatives is establishing an e nergy e ffi ciency amo ng the world leaders in the export of these goods and ser-
and re ne wab le ene rgy training activity . vices. 

The trainin g initi a ti ve The challenge is to identify 
e merged at both federa l and and target the training to the 
local leve ls. In Washingto n, an energy e ffi cie ncy expe rts in 
in teragency task fo rce headed develo ping countries w ho are 
by the White Ho use and the expected to have a sign ifi cant 
Office o f Scie nce and Technol- influe nce o n future effi cie ncy 
ogy Po licy has been generat- and re newa ble energy tech-
ing ideas fo r sustainable nology decisio ns. In the nea r 
developme nt programs at the te rm , the objectives a re more 
Presidio, strongly suppo rting modest hut just as critica l. 
the concept of a training activ- These include securing core 
ity fo r e nergy effici ency and funding for start-up and o per-
re newa ble energy. The Coa ti - ario n of th e training activity; 
tio n for the Presidio Pacific ide ntifying and leas ing appro-
Ce nte r a lso suppo rted the priate build ing space; develo p-
tra ining idea. The effo rts of ing a deta iled manageme nt 
Ma rk Levine , Energy Analys is plan ; deve lo pment and resting 
Program Head and Ste phe n of training courses; and idemi-
Wiel , the Energy and Environ- fy ing and recruiting the Cen-
me nt Division 's Washington ter's leadershi p . 
D.C. Offi ce leade r were centra l 1he Presidio }i'om the Colden Gate Bridge The Ce nter's planners expect 
to bridging the gap betwee n the federal and loca l visions into a that it will o pen its doors and begin o ffering courses in Septem-
single project. DOE's Office of Energy Effi cie ncy and Re ne wables be r 1995. Before then , it w ill need to complete all of its curricu-
a nd its director, Christine Ervin , are playing a ro le in implement- lum planning and develo pme nt, establish a library of materia ls, 
ing this initiative. identify participants from countries that ca n benefit, and , of 

During the next three decades, ene rgy use in the developing course, e nsure that a ll ph ysical infrastru cture is compl ete . 
world is expected to q uadruple . The result w ill be a large increase In recent planning meetings between the inte rage ncy tas k 
in e miss ions of greenhouse gases, particulate matter, and water force and the Coalition for the Presidio Pacific Center, serio us 
pollution. The aim of the new Institute, accord ing to Mark Lev ine, e fforts towa rd deve loping a business plan for the Cente r began. 
is to "pro mote the transform ation of e nergy systems around the The task force is establishing links to domestic and inte rnationa l 
world from their current ineffi cie nt use of de pletable resources to o rganizations that address energy efficiency and renewable e ne r-
a much more efficient and sustainable system. " gy po licy and fo rging partne rships with corporate and foundation 

Although many e ne rgy-effici ency and e nvironme ntal tech- sponsors of the Center. 
no logies exist, there is a barrier to the adaptation and widespread Annual o perating costs of the Presidio Pacific Center w ill aver-
use of these ad va nced technica l systems througho ut the world. age about $6 to $9 millio n per year once it is fully o perational. 
Levine and othe rs on the Presidio task force believe that the Around $3 million will come from federal sources the rest fro m 
paucity of insrirutions and lack o f skilled personne l are a prima­
ry facto r s lowing the spread of cleaner, mo re efficient technol o­
gies . Develo ping a credible institution w ith the missio n of 
improving the tra nsfe r o f knowledge a nd skills to countries that 
need the m can make a treme ndo us diffe rence to the health of the 
global enviro nme nt. 

Goals of the Presidio Pacific Center 
Participants in the planning process see the Ce nter, and the Insti­
tute it wi ll house, helping to coordinate U.S.-sponsored interna-

private-secto r and fo undatio n contributions . 
Already, the Center has rece ived a federal commitment o f 

$800,000 for planning and curriculum development, with a 
matching contribution to be made by the Coa litio n for the Pre­
sidio Pacific Cente r, bringing initial planning and stan-up fund s to 
$1.6 millio n.@ 

D Mark D. Lev ine 
Head, Energy Ana lys is Program 
(5 10) 486-5238 Fax: (5 10) 486-6996 
MDLevine@lbl.gov 

-Nathan Martin 
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Envelope & Lighting Technologies to Reduce 
Electric Demand in Commercial Buildings 

T he basic functiona l goal o f incorporating window and 
ligh ting systems in commercia l bu ild ings is to give occu­
pants an adequate level of daylight o r e lectric lighti ng to 

p erform visual tasks productively. Occupant surveys reveal some 
of the shortcomings of conventional design practice and broaden 
the defini tion of an acceptable office environment. In a stu dy of 
o ffice workers in the Pacific Northwest region, s lightly more than 
40% of the occu pants sa id the sunlight in their offi ces was too 
b right at least some of the time , and 60% of the occupants sa id 
the w indow was a p rima1y source of g lare and inte rfe red with 
the ir work. Yet more than 50% of the occupants in several Tokyo 
high-rise office buildings pre fe rred to have seats nea rer the win­
dow, citing the brightness, o utside view, wide visual range , and 
open feeling as advantages . 

Traditional approaches to creating 
energy-effi cient buildings involve select­
ing from long lists o f effi cient compo­
nents . By taking an integrated systems 
approach to combining disparate build­
ing envelope and lighting components, 
we ca n attain greater ene rgy savings can 
be atta ined and improved occupant 
comfort compared to conventional ener­
gy-effi cient design practice. This inte­
grated systems approach is the basis for 
a multiyear p roject, suppo rted by the 
California Institute fo r Ene rgy Efficiency 
and DOE, to develop and promote 
advanced building systems integrating 
high-p e rformance envelope and lighting 
technologies . Since the illuminatio n and 
cooling of commercia l buildings 
account fo r the largest portion of peak 
electrical demand , these integrated sys­
tems can become a cost-e ffective DSM 
option fo r utilities. 

to a fe nestration system that can automaticall y modify the tra ns­
miss ion of daylight, we can get rea l-ti me control of the cooling 
and lighting e nergy ba lance while add ressi ng glare and therma l 
comfort. 

"Smart" e lectrochromic glazings now under development offer 
the best long-te rm potential for dynamic control. The technology 
consists of a mul tilayered, thin-film device that changes from a 
clea r to an increas ingly dark, colored state when low-voltage cur­
rent is applied . By using electrochromic glazings in a curta in wa ll , 
we ca n dynamica ll y alte r daylight levels an d visual privacy in the 

. space and contro l thermal energy fl o·ws in the entire build ing 
envelope . 

We are investigating this concept using an automated blind 
system (Figure 1) as a substitute for electrochromic glazings, 

working towa rd a responsive system 
that ca n be linked to the building HVAC 
system by a network of sensors and 
operated by inte lligent energy manage-
ment contro ls. Currentl y, the position of 
the blind system is coupled actively to 
variable exte rnal and internal concli ­
tions-the sun going behind a cloud or 
chang ing functional needs in a room, 
fo r exa mple. The system could accom­
moda te pre fe re nces fo r co ntro lling 
view, glare, privacy, and task lighting 
levels when the space was occupied , 
and could switch to a minimum energy 
consumpti on mode whenever the occu­
pant left the offi ce. 

Deep Perimeter 
Daylighting Systems 

Smart Envelope Systems 
For commercial o ffi ce buildings in mod­
e rate climates, choosing glazing materi ­
a ls to optimize ene rgy use and e lectric 
demand may be viewed as a trade-off 
between lowering the solar heat gain 
coeffic ient to reduce cooling w hil e 
mainta ining the visual transmission of 
the glass to ca pture daylight savings. 
However, harnessing daylight in a build­
ing poses a signifi ca nt technica l chal­
lenge because of the g reat va riability in 
dayligh t inte ns ity . Achiev ing highe r 
energy savings under these conditio ns 
requires looking beyond static systems 
to dynamic systems that respond to 
changing climatic o r occupant condi­
tio ns. By linking a dimmable electric 
lighting system w ith daylighting sensors 

Figure 1. 77Jis "smart" automated venetian blind 
system bas been designed to respond to cbanging 
solar conditions and access to view in mal-time by 
using a network of sensors and an intelligent com­
puter con!rol system. to operate tbe slat angle of the 
blinds. In thisfield test, we are compm'ing the !her­
mal performance of the smar1 system (left) to a sta­
tic tinted glazing system (right) using the Mobile 
\.'(Iindow Thermal Test (Mo \.'(!iTT) facili!y. 

Conventional w indows provide clay­
light in the outer 10 to 12 feet o f a 
perime te r space. New daylighting tech­
no logies extend the daylit area by redi­
recting sunlight furthe r from the glazing 
aperture , reducing e lectric lighting and 
cooling energy within a larger fl oor 
area . The challenge of successful clay­
lighting design is to coll ect sunlight 
from a source that va ries in both inten­
sity and position and to distribute the 
luminous flux comfortably with mini­
mal glare and the rmal impacts . 
The system we have been developing 
consists of a window wa ll d ivided into 
an upper daylighting and a lower view 
aperture . The lower view a pe rture 
incorpo rates spectrall y selective glazing 
with a shading device to contro l glare , 
direct sun, heat ga ins, and view fo r 
those occupants adjacent to the w in­
dow. The upper daylighting aperture 
incorporates a prototype light shelf or 

A . "Smart" automated venetian blind system 
operated by computer controls 

B . Prototype sun angle sensors 
C. Static tinted glazing system 
D . Sola~· radiation and sbadowband sensor 
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light-pipe technology to redirect o r transport direct su nlight to 
depths o f 9 28 m (30 ft) from the window wall ; suppl emental 
daylight is contributed from the lower view w indow fo r the 
first 4.57 m (15 ft) from the window (Figure 2). These tech­
nologies use a customized geometry developed fo r the solar 
path at a g iven latitude and unique refl ecti ve Rims to contro l 
the redirection of daylight. 

Deploying Integrated Systems 

CENTER FOR BUILDING SCIENCE NEWS 

Summer 

Rea li zing the fu ll ene rgy-saving potential of envelope and 
lighting technologies for commercial buildings means design- a) 
ing and packaging them as integrated systems, supported by 
appropriate design tools. The focus of the third phase of 
resea rch is deployment, condu cted alo ng the lines initiated in 
ea rlie r phases of resea rch- through showcase demo nstration 
projects in partn ership with Ca li fornia utility sponsors-and 
eva luat ion in an occupi ed testb ed office building. By demon­
strating the conceptual designs and prototype technologies, 

Spectrally 

Selective 

Glass 

0.6' 

Secondary Reflector: 

Specular Reflective Film 

we hope to accele rate the ir adoption by building profession-
als. \'Ve are also working to establish manufacture r-utility part­
nerships to foste r the commerciali zation of products. 

Results 
To develop a preliminary assessment of how an integrated , 
dynamic envelope and lighting system would perform, we 
conducted a series o f building simulation tests modeling both 
conventio nal g lazings and automated blind systems. The 
DOE-2 ene rgy simulation program helped us unde rstand the 
performance of various control strategies. The initial results 
show that automated systems w ith moto rized blinds that are 
adjusted continuously to maintain desired light levels and 
block direct sun provide substantial energy and demand sav­
ings compared to conventional static glazing design solutions. 

In a second study, fie ld measurements were taken in the 
outdoor Mobile Window Thermal Test (MoWiTr) facility (see 
Figure 1 and article on page 10). Side-by-side measurements 
were made of the thermal performance of conventional tint­
eel glass compared to a spectrally selective glazing \Vith an 
automated venetian blind. Solar sensors and a smart con­
trolle r kept the blinds tilted at the optimum angle throughout 
the clay. The automated blind w ith photocell controls showed 
a 50% reduction in total solar and lighting heat gains for a 
south-fa c ing window (Figure 3) 

With Southe rn Ca lifo rnia Edison, we applied our project 
results to the problem of providing daylight in a windowless 
offlce at the Palm Springs Chamber of Commerce. In additio n 
to using aclvancecl, commerciall y avai lable envelope and 
lighting techno logies throughout the building, we designed a 
skylight prototype to split and red irect incoming daylight to 
the ceiling plane in two separate windowless internal o ffices 
(Figure 4, inset). We ga ined considerable experience working 
with the manufacture r of special optica l Rims, the bu ilding 
contractor, the architect, and the utility. Occupants reported 
that the skylight provides li vely, bright, and unifo rm daylight 
throughout the space (Figure 4, see page 11). 

The testbed demonstration approach is designed to he lp 
continued on page 11 
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b) 

Figure 2. South~facing ligbt shelf (a) Section along centerline of room, 
and (b) detail of light she{f r~flectors. 
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Figure 3. Results from tbe Mo Wi7T facility for a clear day indicate that 
tbe automatically controlled interior blind coupled with a selective 
glazing system (B) was more tban twice as ~ffective at reducing solm­
heat gain as a commonly used nonoperable system, single-tinted 
(b·ronze) glazing (A), wbile providing approximately the same electric 
light energy savings. T7Je large differences in tbe beatflow between the 
two samples were driven principally by tbe admittance of direct sun 
into the base-case cbamber. 
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Aerosol-Based 
Duct Sealing Technology 

D uring the past fi ve years, research has quanrified d1e 
impacts of residenrial duct system leakage on HVAC ener­
gy consumption and peak electric ity demand. A typical 

house with ducts loca ted in the art ie o r crawlspace wastes 

approx imately 20% of hearing and cooling energy th rough duct 
leaks and draws approximately 0.5 KW more electricity during 
peak cooling periods. A 1991 study indica ted that sea ling leaks 
could save close to one Quadri llion Btus per year. 

Beca use the major cost o f sea ling lea ks in ex isting air distri­
bution systems is the labor for the loca tio n and sealing process, 
reducing the labor cou ld grea tly improve the cost-effectiveness of 
such a retrofi t. Field studi es of duct sea ling programs performed 
by HVAC contractors show that labor costs vary between three 
and six times material costs. Another conclusion o f these studies 
is that in many instances it is v irtually impossible to get to the 
leak y ductwork. Between 1992 and 1994, we obtained laboratory 
proof-of-concept of a technique to seal duct systems remotely 
using an interna lly injected aerosol. Our rests have shown that 
ho les in the ducts. as well as leaks between duct joints, can be 
sea led remotely and that even those leaks beyond bends and 
junctions in the ductwork ca n be sea led . 
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Figure I. Predic!ed (solid line) and measured slo! widlh over !be 
course o.f tbe sealing process .for a 3 mm by 40 mm leak. 

Aerosol Sealing 
To develop a successfu l technology for remotely sea ling leaks 
w ith an aeroso l, we needed to solve two fundamental problems: 
how to deposit aerosol particles preferenriall y at the lea ks to be 
sea led rather than on the wa lls o f the duct, and how to have the 
particl es span and ultimately sea l the leaks completely. The solu­
tion to the first problem involved two steps: first, choos ing an 
aerosol that is small enough to reach the leaks before sett ling out 
of the fl ow stream but large enough to leave the airfl 01v stream­
lines at the lea ks; and second , choosing and contro lling the flow 
rate and pressure in the duct system so as to expand the range of 
usable aerosol sizes that can sea l the leaks ca pable o f achieving 
the sea ling. The solution was to use turbu lent flow to minimize 
particle transit rime thro ugh the duct system and to use particles 
of 2 to 20 pm in diameter. (Turbulent ai r generates higher veloc-

ities and therefore a shorter rime in the ductwork.) We solved the 
problem o f spanning the leaks by ensuring that the particles were 
essentially in solid phase; therefore, they did nor deform w hen 
they were deposited at the lea k boundaries . Conrro lling the fl01v 
rare and relative humidity of the pressurizing airstream evaporates 
all the carrier l iquid w ithin a short distance of dle aerosol injec­
tion po inr, prevenring large wet particles from hirring the wa lls of 
the injection chamber. 

A simplified model of the rare o f particle deposition on the 
leak boundaries helped us understand and predict th e efficiency 
o f the sea ling process. This model p redicts the fra ctio n of aerosol 
passing through the leak that w i ll be deposited o n the leak 's 
boundaries as a functio n of partic le size, pressure and fl ow con­
ditions, the size of the leak , and the thickness of the leak bound­
aries (see Figure 1). Videotaping the sea ling process verified the 
model- it was shown to work remarkably well over the range o f 
ou r experiments (see Figure 2). 

Figure 2. Top view o.f a 3 mm by 40 mm slot aJier 20 min111es o.f 
injec/ion. 

In-Situ Sealing Apparatus 
In 1994, we designed , built and fi eld-rested an in situ aerosol sea l­
ing apparatus (see Figu re 3). Designed for portability and ease of 
use. Besides perfo rming the sealing process, the field apparatus 
also measures the leakage of the duct system before and after 
sea ling, eliminating the need for additional hardware. 

Field tests in 1994 in a single- famil y house in Berkeley, Ca li­
fo rnia , demonstrated that the sea ling apparatus performed well 
on its first outing. The device was fuuncl to seal approximately 
60% o f the leakage in the duct system w ithin 15 minutes using 
about $6 worth o f sea ling mater ial. The cost for rape to seal the 
registers temporaril y during the sealing process was higher than 
th e cost for sealing material , and the setup rime far exceeded the 
sea ling time. The field rest included measurements of particle and 
volat il e o rgan ic compound concentrations in the house before 
and after sea ling. Total suspended particles were found to 

deer ase after th e sea ling process , and there was no change in 
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VOC concentrations detected after the seal ing p rocess. We are 
exploring the longev ity of the sea ls by tracking the airtightness o f 
the duct system. The degree o f sea ling has remained stable d ur­
ing the many months of nonoperation since the original sea ling 
p rocess . However, in a more d iffi cult test during the w inter 
months o f 1994-95, the system w ill be made to cycle continuous­
ly in heating mode, creating larger stresses on the sea ls . 

In 1995, our effo rts are focused on accelerated laboratory test­
ing o f the seals p roduced b y the aerosol , designing reusable, 
quick-installation sea ls fo r the registers and HVAC heat exchang­
ers, larger-sca le fi eld testing, constru ction o f a second prototype 
sealing apparatus, and the related acti vities requ ired for the tech­
nique's commercializa tion. @ 

D 
-Mark Mod era and Franco is Remi Carrie 

Mark Madera 
I ncloor Environment Program 
(5 10) 486-4678; Fax: (510) 486-665H 
J'viPModera@lbl.gov 

Figure 3. Video~ji-ame capture o.f tbeJirst prototype qf in situ sealing apparatus. 
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Commercializing a 
New Technology 

With the much of the initial lab­
oratory testing completed, 
researchers in the Aerosol 

Sealant Project are now working to 
refine the technology and develop it for 
commercial use. These efforts include 
working toward Underwriter's Laborato­
ries certification of the sealant process, 
large-scale field tests of the sealant 
apparatus, analyzing the cost-effective­
ness of duct sealing, and cultivating 
industry partners for commercialization . 

The project team has begun the test­
ing required for UL certification, wh ich 
is necessary before aerosol duct sealing 
can become widely avai lable in the 
marketplace. The battery of tests 
includes measuring fire-spread poten­
tial, smoke production, and mold 
growth . 

The researchers are also improving 
the sealing device (Figure 3) to accom­
modate larger flows and better control 
the rate of liquid injection into duct 
spaces, both of which will allow the sys­
tem to seal extremely leaky duct systems 
more effectively and economically. 
Along with technology refinement (and 
construction of a second sealing device 
to accelerate testing), larger-scale field 
tests, funded by the Electric Power 
Research Institute, are planned for sites 
in Oklahoma, Indiana, Pennsylvania, 
and possibly other states . 
Sealant project leader Mark Modera is 
also working with the Energy Analysis 
Program's Rich Brown to analyze the 
cost-effectiveness of the aerosol technol­
ogy. They are incorporating duct effi­
ciencies and leak-sealing retrofits into a 
geographical information system tool to 
help identify the energy-efficiency 
opportunities for duct sealing and the 
regions and market segments where 
aerosol duct sealing is most likely to be 
adopted widely (CBS News, Fall 1994, 
p . 11] . Finally, project researchers have 
increased their efforts to find industry 
partners interested . in commercializing 
the technology. 

-Allan Chen 
Figure 4. Video~ji-ame capture q{ the apparatus used to lest aerosol sealant 1{/fectiveness. 
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MoWiTT: Center Research Facilitie_s 

Mobile Windo¥~ Thermal Test Facility 

T he window has come a long way since the days when it 
was a single pane of glass in a wood frame. Low-emissiv­
ity windows were designed to he lp buildings reta in some 

of the ene rgy that would have leaked out of less effi cient win­
dows. Designing effi cient w indow-and-frame systems requires 
accurate measurement o f the flow of ene rgy through windows in 
realistic conditions, a capability provided by the Mobile Window 
Thermal Test fa cility. Consisting of a pair o f outdoor, room-sized 
calorimeters, MoWiTT measures the net energy fl ow through two 
w indow samples in side-by-side tests using ambient weather con­
ditions . MoWiTT characte rizes the net energy fl ow as a fun ction 
of time and measures the temperatures, solar flu xes, and wind 
conditions to w hich the samples are exposed. 

The net energy flowing through a w indow is a combination of 
temperature-driven thermal fl ows and transmission of incident 
solar ene rgy, both of w hich vary with time. U-value and solar 
heat ga in coefficient , the w indow properties that control these 
fl ows, depend p artly on ambient conditions . Window energy 
fl ows can affect how much ene rgy a building uses, depending on 
when the window fl ows are available to help meet other energy 
demands within the building. By using the solar gain available 
through a window, eithe r for winter heating o r fo r daylighting , 
buildings stand to save a significant amo unt of ene rgy. To pursue 
this strategy successfully , we need to know more about the time­
dependent energy fl ows. 

Most w indow develo pers are inte rested in measuring the over­
all ave rage o r peak energy demands resulting from these time­
dependent flows. They obtain energy demands from a complex 
set of calculations such as a building simulation model; in many 
cases, however, the informatio n available to characterize a fenes­
tration may be limited o r inadequ ate ly described in available sim-

I · 

ulation mode ls, o r the user may be ske ptical of the ca lculation 's 
results. In these cases, direct performance measurements unde r 
well-characte rized outdoor conditions provide perfo rmance infor­
mation w ith higher confidence levels. 

Most window developers are interest­

ed in measuring the overall average 

or peak energy demands resulting 

from time-dependent energy flows. 

MoWiTT researchers at the Center carry out a DOE-funded 
program of research to characterize fenestration systems and 
develop pu blicly available calculation methods for predicting fen­
estration thermal perfo rmance. Their goals are to assess the per­
formance of energy-efficient windows currently available or 
under development, such as the newly emerging super-windows; 
to identify opportunities fo r new develo pment; and to create a 
knowledge base that will encourage the rational selection of opti­
mal windows in the design process . Organiza tions that have col­
labo rated on these pro jects include Andersen Corp ., ASAHI Glass 
Co. , ASHRAE, Cardinal IG , CIEE, LOF Glass Co ., The Moore Co., 
PG&E, Rolscreen Co., and Southwall Technologies . In addition to 
its DOE-supported research, MoWiTT is also available for pri­
vate ly-funded studies of specific products or window improve-
ment options. It ca n: • provide direct comparisons of 

alternative systems 
• determine effective U-values and 

solar heat ga in factors under real­
istic conditions 

• provide verification of ene rgy-sav­
ings calcula tions 

• measure the energy pe rformance 
of windows for which calculations 
are unavailable or unreliable . 

MoWiTT users under this arrangement 
have included the Bonneville Power 
Administration, LOF Glass Co. , Ca rd inal 
IG , and Andersen Corpo ration . @ 

D _l oseph Klems 
Building Technologies Program 
(510) 486-5564: Fax: (510) 486-4089 
_IHKiems@lbl .gov 

An LBL researcher adjusts a window fo r testing. Tl.?e Mo\.Y/iTFfacility is located in Reno, Nevada. 
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Envelope and Lighting Technologies 
continued from page 7 

make the transit ion from Phase I and II sca le model prototypes, 
reduced-sca le neld tests, and build ing energy simulations to a 
mo re robust techno logy solution suitable for larger build ing 
applica ti ons. ft is both an R&D facili ty to help answer research 
q uestions and a limited proof-of-concept test, 
des igned to eliminate p ra ctica l "bugs" from an 
innovati ve build ing system . Side-by-side energy 
and enviro nmental q uali ty comparisons o f p roto­
type versus conventional design wi ll prove the 
design. Negotiati ons are under way to form a 
partn ership w ith Paci fic Gas & Electric and a 
major U.S. commercial developer and owner o f a 
24-stoJy commercial o ffl ce building in downtown 
Oa kland, Ca lifo rnia. 

Efforts in 1995 w ill focus on deployment, get­
ting industry feedback on demonstrations o f the 
two prototyp es, and continued work on tools fo r 
integrated design , includ ing quick , accessible ref­
erence materials. @ 

D 
-Eleanor Lee 

Eleanor Lee 
Building Tech nolog ies Program 
(5 1 0) 486-4997 Fax: (510) 486-4089 
ESLee@lbl.gov 

"' • 

Figure 4. The r~(lecto1· system used in the prototype sky lighl for the Palm Sprin 'S 

Chamber of Commerce was designed to split the incoming daylight.flux and redi­
rec/ it to the ceiling plane of two separate rooms (see inset diagram). The installed 
skylight (a bove) yielded excellent illuminance un1fonnity on the workplane and 
brightened typically dark wall and ceiling surfaces. 

Energy Currents 

An Energy-EHicient Plan to Stop Cholera 

M
oti vated by a 1993 cho lera epidemic in Asia, Center fo r 
Building Science researchers have developed a simple, 
inexpensive ultravio let-light- based water purificatio n 

system ideal fo r v illages in developing nations. In many rural 
areas, wa ter is disinfected by bo iling, an ineffl cient process that is 
hampered by fuel-wood shortages and contributes to defo resta­
tion , depletio n o f fuel-wood , and air pollution . K nowing that UV 
light sources can destroy orga nisms in w ater far more effl ciently, 
D erek Yegian , University o f Ca lifo rnia m echanica l engineering 
graduate student, fo rmer Center Head Art Rosenfeld and myse lf 
investigated the technical and economic possib ilities o f UV disin­
fection. The result is a demonstration unit that can treat 30 liters 
(eight ga llons) o f water per minute using a 36-watt UV lamp sim­
ilar in techno logy to a fluorescent lamp. 

The purifier is based on the germicidal property of UV-C radi­
ation (100 to 280 nm), which disrupts the DNA strands w ithin the 
exposed virus, bacteria, o r other waterborne pathogens. Less than 
one minute o f exposure can disinfect contaminated water while 
costing about 1¢ per metric ton . The group 's ca lculations suggest 
that the total cost to a village o f 2,000 is 2.5 to 5¢ per capita annu-

ally-well below the medica l costs of trea ting v ictims o f cho lera 
and other waterborne diseases. Yegian and I organized a work­
sho p on this technology in Bhubaneswar, India, in M ay 1994. 
Indian nongovernmental o rga nizations are now field-testing 
purificatio n units that were manufactured priva tely in India 
according to an LBL design . The p rogram rece ived earl y support 
from USAID, DOE, UNICEF India, and the Joyce Mertz-Gilmore 
and Rockefeller Foundatio ns. In addition , General Electric (USA) 
and Philips Lighting (The Netherlands) donated UV germicidal 
lamps fo r this project. Mex ico, South Africa, and Brazil have 
expressed interest in the technology as well , and our research 
team plans to develop a UV unit that can be built loca lly fo r less 

than $200. @ 

D Ashok Gaclgil 
Indoor Environment Program 
(5 1 0) 486-465 I 
Fax: (510) 486-6658 
AjGaclgi l@lbl.gov 

- Ashok Gadgil 
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Sources 

Other National Laboratories conduct­
ing building s-rela ted research ... 
Brookhaven National Laboratory (BNL) 

Barbara Pierce (516) 282-3123 
ational Renewable Energy Laborato1y (NREL) 

Barbara Miller (303) 275-3671 
Oak Ridge Natio nal Laboratory (ORNL) 

Pat Love (61 7) 574-4346 
Pacific Northwest Laboratory (PNL) 

Diana Shankle (509) 3 72-4350 

Other Information Sources ... 
EREC 

Energy Efficiency 
and Renewable Energy Clea ringho use 

{f you bave questions abou/: 
• Passive solar home design 
• Energy-effi cient appliances 
• B iofuels production 
• H ome heating options 
• Recycling 
• Solar, w ind, and small-hydro 

technolog ies 
• Wea theri za tio n materials and 

techniques 
Ca ll tol l-free: 1-800-363-3732 
O r write: 

EREC, P 0 Box 3048, 
Merrifi eld , VA 22 116 
O r fax your request to EREC at: 
1-703-893-0400 

Other way s to rea ch EREC: 
Computer Bulletin Board 
Dial EREC's data l ine to ll -free at 1-800-
273-2955 (VT-100 [ANSI] terminal emula­
tion , 8 data bits, 1 stop bit, no par ity). 

fn lernel Eleclronic Mail 
I f you have Internet email access, you 
ca n send your request to: 
energyinfo@delphi.com 

World Wide Web 
For single po int of access to computer 
bu lletin boards, on-lin e ca talogs. manu­
facturer and vendor l ists, and Internet 
se rvers (World W ide Web, Gopher, WAIS), 
use: 
URL: http :/ / www.eren.doe.gov 
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About 
Lawrence Berkeley 

Laboratory 

Lawrence Berkeley Laboratory is a 
multiprogram national laboratory 
managed by the University of Califor­
nia for the U.S. Department of Ener­
gy. The oldest of these nine laborato­
ries, LBL is located in the hills above 
the campus of the University of Cali­
forn ia, Berkeley. 

With more than 3,000 employ­
ees, LBL's total annual budget of 
about $250 mill ion supports a wide 
range of unclassified research activi­
ties in the biological , physical, mate­
rials, chemical, energy, and environ­
mental sciences. The Laboratory's 
role is to serve the nation and its sci­
entific, educational, and business 
communities through research per­
formed in its unique facilities, to tra in 
future scientists and engineers, and to 
create productive ties to industry. As 
a testimony to its success, LBL has had 
nine Nobel laureates, more than all 
the other U.S. national laboratories 
combined . The Center for Bu ild ing 
Science is one of 1 2 centers at LBL. 
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