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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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Assuring Building Performance: 
Creating BLISS 
Despite signifi cant advances in building techno logy and tighter building codes, build

ings consume one-third of all energy used in the U.S. at a cost of $200 billion/ yea r. 
Half of this energy is wasted if one considers the cost-effective measures now achiev

able. Assuring th e highest possibl e building pe rfo rmance (in hea lth and productivity as well 
as ene rgy) ought to be a national goa l in an increasingly competiti ve world. Provid ing design
ers, bui lde rs, and o perators with consistent info rmation throughout the life cycle of a build
ing opens opportunities for reaching performance potentia l. LBL recently initiated an inter
na ll y funded project to explore these issues, with the goal of creating public-private partner
ships to develop workable , cost-effective solutions to assuring building performance. 

Commercial bui ld ing performance consistentl y fa lls short of its potentia l, with costly results 
to people and institutions . Energy use in commercia l buildings accounts fo r $85 bi ll ion per 
year, more than half of which coul d be saved if the expe rience of a few unique, carefully 
designed and operated buildings could be widely replicated. Occupant health and comfort 
a lso suffer in poorl y ventilated and conditioned spaces, resul ting in lost productivity and a 
g rowing incidence of lawsu its. 

The goal of the LBL project is to develop and standardize an inte roperable set of software 
tools to correct these problems. The tools will respond to the needs of each phase of a build
ing's life cycle and will be linked by a shared informational infrastructu re , the Building Life
cycle Information Suppo rt System. BLISS will serve as the backbone of a dynamic data archive 
for each build ing. Once the BLISS data archi ve is established , the marginal cost of supp lying 
add itional tools with building data should be small compared to current practice. Interopera

New Tool for 
Energy-Efficient 
Fixtures 
Researchers in LBL's Lighting Sys- 4 
terns Research Group have been 
conducting a series of studies on 
the efficiency of a wide cross-sec-
tion of CFL fixtures using a newly 
bu ilt apparatus known as a 
"goniophotometer". 

Energy and Ventila
tion Research in 
Highrise Apartments 
Historically, multifamily buildings 5 
have been the most neglected 
building sector for retrofit activity 
in utility and federal programs, 
but the last ten years have seen 
impressive advances in several 
aspects of improving the energy 
efficiency of these buildings. 

Appliance Efficiency 
Standards, Part 2 
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ble tools that share informa
tion should provide consid
e rable efficiencies and cost 
savings thro ugho ut the 
build ing life cycle. The 
tools developed in this proj
ect will not be limited to 
commercial buildings, but 
because of the existing 
in fras tructure of building 
operators, computer-assist
eel des ign and EMCS, large 
comme rcial buildings are 
the logica l first target. The 
same princ iples ca n be 
applied across the spectrum 
to single-family residentia l 
bui ld ings. 

Appliance efficiency standards 
provide a minimum requirement 
for energy efficiency at the point 
of manufacture. They seek to 
overcome market fail ures--includ
ing price distortions, transaction 
costs, and bounded rationality
which have historica lly given rise 
to a gap between observed and 
attainable product efficiencies. 
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Sqjtware tools will link to the BLISS i11{rastructure 
continued on page 2 
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About the Center 
Addressing significant energy-related 
issues, the Center for Building Science 
has become an international leader in 
developing and commercializing ener
gy-effi cient technologies and analytical 
techniques, and documenting ways of 
improving 01e energy-efficient technol
ogy and indoor environment of residen
tial, commercial and industrial build
ings. 

The Center is the home of three 
Energy & Environment Division pro
grams-Building Techno logies, Energy 
Analysis, and Indoor Environment. It 
serves as a national and internatio nal 
voice for energy efficiency, provides 
technical support to energy and envi
ronmental policymakers, supports and 
creates institutions and demonstration 
programs, provides a training grou nd 
for students in me energy field, and 
faci litates transfer of technology and 
informar.ion to me private sector. 

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

Center for Building Science 
Evan Mills 

Applications Team 
Dale Sa1tor 

Technology Transfer 
Michael Wilde 

Building Technologies Program 
Steve Selkowitz 

Energy Analysis Program 
Mark Levine 

Indoor Environment Program 
Joan D aisey 

Ordering 
Information 

If you would like to receive this newslet
ter, correspond, or receive n comprehen
sive publication list for 01e Center's pro
grams, please write 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: (510) 486-5394 

Email: RDMclaughlin@lbl.gov 

This newsletter may also be found on 
the World Wide Web at URl: 
http:/ /eonde.lbl.gov/CBS/ NEWSL.ETTER/ 
CBSNEWS.html 

Creating BLISS 
continued from page I 

LBL's earl y effort will focus on three pro jects: BLISS, commissioning info rmation tools 
(CITs), and perfo rmance eva luation and tracking tools (PEITs). 

Building Life Cycle Information Support System 
The goal of this effort is to create a software infrastructure that can be used to share infor
mation across disciplines and to link interoperabl e software tools throughout the building life 
cycle. 

This project has three major elements: 1) to specify the distributed systems softwa re a rch i
tecture, 2) to build a life-cycle database, and 3) to develop a mechanism to ca pture design 
intent. The distributed systems architecture w ill describe how va rious building softwa re com
ponents will communicate ·with each other. The building database schema will specify the 
structure and semantics of the database, providing a common vocabulary fo r the software 
components. The data structures will be able to accommodate both object-oriented bu ilding 
descriptions and extensive time-series data fro m performance tracking tools. BLISS will also 
be able to capture and represent design intent (goa ls, specifications, and decisions), a critica l 
set of information that w ill be updated as the building design evolves. Data on design intent 
w ill provide info rmation that is necessary later in the life cycle fo r successfu l bu ilding com
missioning and operations. 

Commissioning Information Tools 
Commissio ning is the process of inspecting and testing a building to ensure that it operates 
as intended. A cost-effective commissioning process wi ll produce bui ldings that have lower 
operating costs whil e providing a healthier indoor environment that will increase productivi
ty and user satisfaction. 

The initial project goals are 1) to develop the conceptual design for a complete CIT, and 
2) to develop an operating softwa re modu le fo r one building system that is ready for fie ld 
testing. The software will specify procedures for commissioning, monitoring guide lines, and 
e lectronic documentation req uirements, along w ith methods to continue using this informa
tio n in the operations phase of the building life cycle . The initial focus will be on developing 
a chiller commissioning module. A new building on the UC Berkeley campus wi ll provide a 
living laborato ry fo r developing and testing these new tools. 

Performance Evaluation and Tracking Tools 
The goa l of this project is to develop information coll ection and interpretation systems that 
all ow the building's performance to be continuously evaluated and tracked as pa rt o f normal 
bu ilding operation. The first-year effort to produce PETTs will have two e lements. The first is 
development of info rmation resources that describe how the building should pe rform. This 
w ill be accomplished through pe rfo rmance metrics and access ing and updating the design 
intent and commissioning results inhe rited from ea rlie r life-cycle phases. The second e lement 
will capture how the building does perfo rm, based on rea l-time data acqu ired from the build
ing EMCS. 

Partnerships 
This program ca nnot succeed without involvement from building-sector partners-as fin ancial 
sponsors for th e next phase of work ; as resea rch collaborators ; as sou rces of information 
where LBNL does not have expe rience o r expertise; and , most importantly, as development 
partners fo r the tools and processes in this program. LBNL is actively seeking inte rested parr
ners to expand this program. ~ 

D 
Overall Project: 
Steve Selkowitz. 51 0--JH6-5064, SESelkowitz@lbl.go,· 
t\bx Sherm~1n. )'10-~1 86--.!022. J\ II!Shcrnun@lhl.go\· 

BUSS: 
Ste,·e Selkowi1z 
Frank Olken. 510--186-589 1. FOiken@lhl.ge,· 
CIT and PElT: 
Mary Ann l'ic:tte, 510--!86-6286, illr\l'iette@lhl.gm· 
tv! ax Sherm~t n 



LAWRENCE B ERK ELEY N ATIO NAL L ABORATORY S UMMER 1995 C ENTER FOR BUILDING SCI ENCE NEWS 

News from the D.C. Office 
Seminars Explore Energy Policies & Technologies 

A s part o f o ur e ffo rt to communicate with custo mers and 
colleagues in the Washington area, the LBNL-D.C. offi ce 
sponsors a series o f brea kfast seminars on research 

and po licy to pics of current interest. We've he ld six seminars 
this spring, each attended by 15 to 25 in vited guests from 
the Depa rtment o f Energy, the Environmenta l Pro tection 
Agency, the Agency fo r Inte rnational Develop-
ment, nongove rnmenta l organizatio ns, Con
gressional committee staff, and D.C. staff o f 
other national laborato ries . 

On Ma rch 2, Jim McMahon of LBNL's Ene r
gy Analysis Program described LBNL's impor
tant contribution to national energy-e fficiency 
standards fo r a ppliances. LBNL has provided 
an alytica l support to DOE for more than 15 yea rs, contributing significa ntly to the program's 
success. LBNL ana lyses of expected impacts on consumers, manufacturers, utilities, and the 
environment have improved DOE's understanding of the app liance market and technologies. 
These detailed analyses will become more valuable to po licymake rs as some DOE standard
setting shi fts to a negotiated rulemaking process. For more in formation, contact Jim at 510-
486-6049 (JEMcmahon@lblgov) . 

Bill Fisk of the Indoor Environment Prog ram presented a talk on March 23 addressing the 
enormous potentia l benefi t of improving indoor environmental quali ty in commercial and 
publi c buildings. There is considerable evidence that improved indoor environmental quality 
ca n reduce in fectious diseases, symptoms of allergies and asthma, the sympto ms associated 
with sick build ing syndrome, and the fa ilures of electronic equipment while enhancing work
e rs' phys ical and mental pe rfo rmance. The po tentia l productivity ga ins are on the order o f $40 
b illion per yea r in the U.S. LBNL is a national leader in labo rato1y and fie ld research on how 
to improve indoo r environments in an energy-efficient manner. High-quality indoor environ
ments ca n be attained through a variety of p ractical , ene rgy-effi cient measures, such as bette r 
ventil ation and air filtratio n and well-designed lighting. If you'd like more in formation, you 
can reach Bill at 510-486-5910 (WJFisk@lblgov). 

"Susta inable transpo rtation" was the topic of Lee Schipper's seminar on April 26. Co-leader 
of the International Energy Studies group in the Energy Analysis Program , Lee described sus
tainable transportation systems as an elusive but critically impo rtant goa l that involves far 
more than energy concerns. Transportation has a tremendous impact not only on energy use 
and po llutio n, but also on the qua lity of life in urban and rural areas. This clearly applies to 
industrial countries, but it is increasing ly an issue in developing countries as well Lo ng-te rm 
solutions must be marke t-based as well as technological. Fuel taxes, "feebates" and other po li
cies that internalize environmental externalities are needed to reduce fu e l use and travel 
growth. Lee sparked a live ly d iscussion of possible market-based pricing po licies that the U.S. 
and oth er countries could adopt to reduce low-occupancy vehicle use . Contact Lee at 510-
486-5057 (L.J Schippe r@lblgov). 

Jim Cole, Directo r o f the Cal ifornia Institute fo r Energy Efficiency, along w ith Anthony 
Sebald of UC Sa n Diego and Eng Lock Lee, o f Supersymmetry, Inc., presented a seminar on 
April 28 on CIEE-funded research to improve building energy pe rformance through better 
diagnostic informatio n and operato r feedback. This new co ll abo rative project will explo re and 
demonstrate ways to improve monito ring, data archiving, analysis, and data visualiza tion so 
that o pe rating pro blems can be diagnosed quickl y and this information ca n be more usa ble 
by building o pe rato rs . Fo r more informatio n contact Jim Cole at 510-486-4 123 
(WJCole@ lbl gov). 

On May 24, Willett Kempto n of the University o f De lawa re spoke on his recently pub
lished book Envi ronmental Values in A mer ican Culture coautho red by James Boste r of UC 
Irvine. In late June, Alex Be ll of LBNL and UC Berkeley led a seminar called "Enhancing the 
Durability o f Automobile Emission Control Ca talysts." Fo r deta ils on either talk, ca ll the LBNL
D.C . offi ce at 202-484-0880. @ 

- Nancy Casey-McCabe and.feJJrey Harris 
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New Research Tool for 
Energy-Efficient Residential Fixtures 

T he residential lighting sector represents a signifi cant oppor
tunity for energy conservation because it currently uses 
inefll cienr incandescenr sources almost exclusively. Com

pact flu o rescent lamps (CFLs) have the porenrial to transform this 
marker by using one-fourth as much power as an incandescent to 
provide the same amounr of lighr. While technical advances such 
as rriphosphors and electronic ballasts have addressed issues of 
color re ndition, flicker, and hu m, CFLs sti ll fa ce significant market 
barriers, particularly beca use of the ir pe rceived brightness level in 
traditio nal fixture applications. When operated in fi xtures o rig i
nally designed for inca ndescenrs, a CFL with total light output 
equal to an incandescent can appear dimmer because of differ
ences in its light distribution. One type of fi xture, the common 
table lamp, is typica lly operated fo r more than 3 hours a day, and 
thus represents a significant oppo rtunity fo r energy savings . 

Lighting Group researcher Erik Page stands 
next to the new goniophotometer; shown in 
a multiple-exposure photo that represents a 
complete sensor sweep around a table 
lamp. The lamp is seen reflected in a mir
ror mounted on a swing ann, aimed at a 
photocell used for data acquisition. 

Resea rchers in 
LBNL's Lighting Sys
tems Resea rch Grou p 
have been conduct
ing a series of distri
bution studies on a 
wide cross-section of 
CFL fixtures using a 
newly buil t appa ratus 
known as a "gonia-
photomete r" (see 
pho tograph, left) , 
which can map the 
amount of light emit
reel from all angles 
aro und a light fixture . 
The custo m-bu ilt 
goniophorometer 
rotates a large mirro r 
around all angles of 
a test fi xture, allow
ing light to be 
reflected fro m th e 
fixture ro a centrally 
located light mete r. 
The appara tus is 
fu lly automated and 
compu ter-conrrolled, 
enabling researchers 

to generate highly accurate goniometric light intensity maps of a 
fixture in less than half an hou r. We have collected goniometric 
data on d iffe renr light sources (including incandescent bulbs and 
CFLs of various shapes) operated in standard Lable-lamp fi xtures . 

Goniometric results show that CFL o rienrarion plays a signifi
cant ro le in a fi xture's pe rceived brightness . This is illustrated by 
the chart at right, which shows the candlepower plots of a lOOW 
incandescent, a vertically-oriented 19W triple-tube CFL and a 23W 
horizontal Circline flu orescenr lamp. The plots represent one 
measurement sweep around the lamp and map out the candle
power distribution in a single vertica l plane. Nadir is shown as 0° 
on the plot and corresponds to read ings di rectly under the lamp, 

w hile zenith occurs at 180° and represents readings directly 
above the fix ture. The incandescenr lamp in the graph transmits 
more than 77% of its light straight into the lamp shade (typically 
in the range from 50° to 140° above nadir). While some of this 
light is transmitted through or reflected by the shade, much of the 
light is absorbed , adding to fi xture losses. The horizontal Circline 
lamp sends onl y 64% of its light into the shade and demonstrates 
the adva nrages of focusing output vertica lly. Ho rizontally o rienr
ed lamps distribute the majority of the ir flu x vertica ll y because of 
a predominance of ho rizontal illuminating surfaces. While the 
incandescent lamp has the larger tota l ba re-lamp light output, th e 
Circline has a much more intense output at the crucial nadir and 
zenith angles. In effect, fewer tota l lumens are required to pro
duce suffi cient illumina nce where it is most needed: at nadir fo r 
task lighting and zeni th for indirect lighting. 

Goniometric results exp lain why CFLs have traditio na lly suf
fered perceived brightness problems. The most common CFLs for 
table-lamp retrofits have not been ho ri zonral sources that focus 
flux vertically, bur vertica l sources that focus flu x ho rizontally. 
These CFLs direct over 82% of thei r flu x into the shade and suf
fer associated fi xture losses, resulting in a fa ilure to match the 
lumen output of the inca ndescent lamps they are intended to 
rep lace . 

Optimizing fixture geometry and lamp positio n can sign ifi
cantly increase the effi ciency of these CFL fixtu res . Ongoing 
research with the fi xture indusny seeks to identi fy and develop 
efll cient source/ fixtu re configurations. @ 

- Erik Page, Michael iminovitcb and Carl Gould 

D Erik Page 
Lighting Systems Research Group 
Building Technologies Program 
(510) 486-6435; Fax (510) 486-6940 
ERPage@lbl.gov 

lncandescent (100watt) 

1 OOW A-Lamp with Shade 
(candelas) 

160° 

Screw-base CFL (19 watt) 

19W Triple Lamp with Shade 
(candelas) 

180" 

ClrclineT1 2(23watt) 

23W Circline with Shade 
(candelas) 

180" 

Candlepower plots o.f incandescent, ordinct~y CFL, and Circline 
table lamps 
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Energy and Ventilation Research in Highrise Apartments: 

The Chelsea Public Housing Study 

M
ore than 30 million America ns live in mul tifa mil y ho us
ing. A d ispropo rtionate num ber of them are poor, 
rente rs, minority, single pare nts, and chil d ren. While 

build ings with fi ve or more units account fo r onl y 9% of residen
tia l energy end-use in the Uni ted States, the ene rgy burde n- i.e. , 
the percent o f househo ld income spent fo r energy-is several 
times higher fo r these households than fo r single-fa mily house
ho lds. Histo rica ll y, multifamil y buildings have been the most 
neglected building sector fo r retrofit activity in utili ty and fede ral 
progra ms, but the last ten yea rs have seen impressive adva nces 
in imp roving the ene rgy effi ciency of these buildings . 

A new book, 
Improving Energy 
.Efficiency in 
Apartment Build
ings, by John 
DeCicco, Rick Dia
mond, Sa nely 
Nolden, and Tom 
Wilson, fund ed by 
the U.S. De pa rt
ment of Ene rgy 
and the Energy 
Foundation and to 
be published by 

Figure I. The Margolis Apartments in the Ame rica n 
Chelsea, Massach usetts, was designed in Council fo r an 
1973 and is typical of high-rise construction Energy Efficie nt 
ji-om that period. Th is USHUD project is the Economy in early 
site of ventilation a nd infi ltration measure- 1996, documents 
ments to improve comfo11 and energy perfor- mu ch of thi s 
mance. wo rk. It is the 

result o f collabo ra
tion by practitione rs and resea rche rs active in multi-
family retrofit research. O ne area that continues to 
block retrofit efforts has been our lack of understand
ing of how ventilation and infiltration occurs in these 
buildings . Unlike single-family buildings, where our 
knowledge of ventilation and infiltration has benefit
ed from such tools as blower doors and tracer gas 
measurement, the more complex configurations of 
multifamily buildings challenge our abili ty to measure 
and mode l the air fl ows and the ir resulting energy 
costs. 

We have been working for the past two years at the 
Margolis Apartments (Figure 1) , the site of a collabo
rative venture among DOE, I-IUD, the Boston Edison 
Company, and the Chelsea Housing Autho ri ty, to 
demonstrate energy-efficient retrofits of public hous
ing as part of a utility DSM Program. 

We made a series of v isits to the building in which 

Mass Flow 
of Air kg/h 

Following these measurements, we mode led the a ir fl ows in this 
build ing using the comp uter simulatio n p rogram COMIS, w hich 
all owed us to unde rstand the complex a ir fl ows unde r d iffe rent 
weathe r conditions. 

O ur find ings to elate illuminate the asymmetric nature of the 
air flows in highrise buildings. Depending o n the side of the 
building and the he ight above the ground , the unit may be under
o r overventilatecl (Figure 2). We have also been studying the rel
ative impo rtance of the sta ir towers and e levator shafts and how 
they interact w ith both the mechanica l and natura l ventilation in 
the building. O ne disturbing fi.ncling is that the clesignecl mechan
ica l ventilation often performs poorly, bo th in exacting a greater 
energy penalty and in not provid ing adeq uate ventilatio n. 

We plan to continue our study of ventilation in highrises by 
looking at aclclitional buildings and making recomencla tions for 
both retro fits and new construction. One goa l of this resea rch is 
to develop protocols and guidelines for measuring and improving 
ventila tion as effi ciently as possible . ~ 

D 

2 

- Ricle Diamond, Helmut Feustel, and Danyl Dickerbqff 
Ri ck Diamond 
1ndoor Environment Program 
(5"10) 486-4459; Fax (510) 486-6658 
RCDiamoncl@lbl .gov 

Mass Flow vs. Story-Chelsea 
northwest wind, windward side, all fans off 

bT = 20 C 

4 6 8 10 12 
Story 

14 

we performed vent.ilation and air-leakage measure
ments using tracer gases and blower doors to deter
mine the pe rfo rmance of the ene rgy-saving retrofits 
and to determine if adeq uate levels of ventilation fo r 
air quality were be ing met throughout the building. 

Figure 2. A simulation of the air flows in tbe Margolis Apm·tments unde1· d(f
feren t wind speeds. Tbe model sbows that even apartments on tbe windward 
side of the building are not receiving suf fic ient outside a i1· (according to 
ASHRAE Standard 62, see dasbed line) during periods of low windspeed. 
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Appliance EHiciency Standards 
Part 2 of 2: Policy process and consumer gains 

P
art 1 of this article (CBS News, Spring 1995) discussed 
LBNL's ro le in setting federal appliance effi ciency standards 
and presented an overview of the net national benefits of 

standa rds. Here , we examine the broader policy context for appli
ance standards and consumer benefits. 

Policy Context 
Appli ance efficiency standa rds provide a minimum req uirement 
fo r ene rgy effici ency at the point of manufacture (or import). 
These standards seek to overcome marker failures-including 
price distortions and transaction costs-that have histo ricall y 
g iven rise to a gap betv.reen observed and attainable product effi 
ciencies . In this way, appliance standards complement info rma
tion programs, utility DSM and othe r incentive programs, and 
resea rch on new technologies in improving energy and econom
ic effi ciencies . 

The process of developing standards has evolved since the 
1970s, w ith increasing participation by manufacturers and other 
inte rested parties in the ea rly stages of the analys is of standards 
updates. This extensive participation promotes a standards 
process g rounded in the best in format ion, including proprietary 
data. Continued discussion be[\.veen manufactu rers and environ
m ntalists, supported by objective analysis, reduces disagree
me nts and helps resolve o r bound uncerta inties in the data. 

The po licy process has been especially inclusive fo r refrigera
to rs-the product fo r which standards ha ve been most successful. 
Cal ifornia set the first standards for refrige rators in the late 1970s . 
These standards we re superseded , however, w hen national effi 
ciency requirements we re set in 1987 affecting refrige rato rs made 
in 1990. An updated standard , which became effective in 1993, 
furthe r improved the effi ciency of new re frigerators by 15%. A 
recent consensus agreement, if enacted into law, will improve 
refrige rator e ffici ency by another 25% fo r 1998 new units. This 
most recent consensus standard was the result of tw o years of 
active negotiation among industiy representatives at the Associa
tio n o f Home Appliance Manufacture rs, environmenta l advocates 
at the Natural Resources Defense Council , efficien cy ana lysts at 
the American Council for an Ene rgy Effi cient Economy, and utili
ty and regulatOiy representatives from the New York Stare Ener
gy Office , the California Energy Commission, Pacific Gas and 
Electric , and Southern California Edison. 

In ene rgy terms, an average new auto-defrost refrige r
ator w ith top mount freezer in 1972 used about 2000 
k\XIh/ yr. A new unit in 1990 used about 900 k\XIh/ yr, and 
in 1993 about 690. In 1998, a new unit will consume less 
than 500 k\Vh/ yr. 

further savings. Moreover, market data indicate that re frigerator 
prices have not increased. and that consumer cho ice has not been 
restricted as a result of sta ndards. 

Addi ng savings from other appliances meeting federal effi
ciency requirements only increases the level of consumer ga in . 
Table 1 gives a snapshot of annua l energy consumption and cost 
savings for a list of ty pica l home appliances. Va lues in the middle 
column are for appliance models meeting standards set in the 
Natio nal Appliance Energy Conservation Act of 1987 (NAECA). 

Table 1. Annual energy consumption and cost comparison 
Appliance 1990 stock average 1994 new unit 

annual energy use (kWh) annual energy use (kWh) 
Refrigerator-freezer 
Freezer 
Clothes washer' 
Clothes chyer (electric) 
Dishwasher 
Room a ir conditioner 
Gas wa ter heater 
Gas furnace 
Tota l Annual 
Energy Use: 
Total Annual Costs: 
($0.082/ kWh & $0.69/ therm) 

1220 670 
1010 500 
890 670 
930 830 
620 500 
970 830 

300 the rms 
610 therms 
5640 k\XIh 
910 the rms 

$1,090 

270 therms 
530 therms 
4000 k\Xfh 
800 therms 

$880 

11ncludes electricit y consumed in heating water in an elect ric water heater 

The importance of the sto ry told by these fi gures is that. as 
time passes, the U.S. stock of appliances will consume far less 
e ne rgy, even as the ir features and numbe rs increase. In this way 
consumers and the enviro nment both benefit from federa l appli
ance efficien cy standards. ~ 

D 

1500 

1200 

.Jim fVlcMahon and Steve Pickle 
Energy ConserYat ion Policy Group 
Energy Analysis Program 
(510) 486-6049: Fax (510) 486-6996 
JEMcmahon@lbl.gov 

Figure 1: Efficiency Gains with Standards 
(far top-mount auto-defrost refrigerators) -• • 

I 

• • • 
Consumer Savings 

Annual 
Energy 

• 

For America n consumers, energy-efficiency standards 
translate into dollar savings eve1y time utili ty bills come 
due. Look ing at refrigerators alone, the average consumer 
ca n expect to save about $140 over the 19-yea r life of a 
to p-mount auto-defrost re frigerato r meeting existing stan
dards versus one only meeting ini tia l federa l standards 
(sav ings in 1993$ discounted at 7o/o rea l) . Purchasers of 
models meeting the 1998 consensus standard can expect 
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Center Research Facilities The Bidirec ional 
Radiometric Scanner 

S
aving energy in buildings is increasingly a matte r of balanc
ing differenr efficiency strategies. A building uses less cool
ing ene rgy during the summer when it has speciall y coated 

w indows that reduce solar heat ga in. But a build ing with 
increased daylighting and lighting controls uses less lighting ener
gy throughout the year, suggesting that bu ildings ca n harvest sig
nifica nt ene rgy savings with w indows that transmit most of the ir 
incident visible light. During the winter, solar hea t gain thro ugh 
windows also contributes to maintaining a comfortable indoor 
temperature . But the amount o f energy that gets through is deter
mined by the effect of the window plus any shading device, such 
as a venetian blind-classified as a complex fenestration system. 

This complicated interplay of factors req uires resea rche rs to 
have an accurate method of measuring the solar heat ga in of any 
window system, w hich can include shades, blinds, drapes, and a 
variety of glazings, tints, coatings, and glass thicknesses . Scientists 
in the Building Technologies Program developed a solar heat ga in 
scanne r to improve research on fenestration systems and to 
develop a universa l rating system for fen estration solar heat gain. 

The device, essentially a scanning gonioradiometer, consists of 
a fi xed sou rce of light and a sample mounted on a p lane that 
rotates about a fixed vertical axis relative to the source . The sam
ple also rotates about an axis that is pe rpendicular to this plane 
(see photo). An optica l collection system is mounted on a semi
circular a rm that rotates about a vertica l axis through the center 
of the sample. The three elements of this detector system are a 
collecting mirror, an integrating sphere, and a pair o f senso rs. 
Radiation is collected by the mirror and focused onto th e entrance 
of the integrating sphere , which contains a radiometric and a 
photometric sensor. The sensors collect data on both the wave
length and intensity of radiation coming from the test sample . The 
data are then amplified and sent to a compute r to be recorded . 

Joseph Klems and colleagues have been using the scanne r to 
develop a method of calculating solar heat gain that is more re li 
able than older, calo rimeter-based methods. Using the o ld tech-

nique req uired testing the complex w indow system in every pos
sible configuration- for example, eve ry possible o rientation of its 
venetian blinds-a prohibitively expensive procedure. 

The radiometric scanner measur-

ing the solar optical properties of 

complex glazings in shading sys

tems. 

The Cente r resea rche rs are testing a faster, simple r way to 
measure solar heat gain. During the 20-minute p rocedure , the 
detecto r system measures the radiation distribution over the out
going hemisphere by continuously moving over the detecto r's 
vertica l arc, which in turn steps through the ho rizontal outgo ing 
angles; when the outgoing scan is completed , the sample plane 
is rotated 15° and the measurement re peated fo r another incident 
angle. For most systems , cha racte riza tion over six incident ang les 
is sufficient; for vety complicated systems it may be necessary to 
repeat the 20-minute measurement fo r multiple rotations of the 
sample w ithin its plane. 

This work is sponsored jo intl y by ASHRAE and the U.S. 
Department of Energy, with the goal of establishing a standa rd
ized method for measuring solar hea t ga in ana logous to the 
Na tional Fenestration Ratings Council U-va lue method. The 
results to date suggest that this ra d iomete r-based approach pro
vides results at least as accurate as and considerably faster than 
ca lorimetric-based methods. Although still unde r development, 
the scanner facility can be used in collaborati ve work w ith o ut
side organizations; when development is completed , the scanne r 
should be available for private ly-funclecl studies . @ 

D joseph Klems 
IJuilcling ·1·echnologies Progr;Jrn 

(510) 486-5564; Fax: (510) 486-4089 
.JHKi ems@lbl.gov 

Liliana Beltran and Konslanlinos Papamichael (Build
ing Technologies Program) prepare a sample for lesting 
in the scanning radiometer. 
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Sources 

EREC 
Energy EHiciency 

and Renewable Energy 
Clearinghouse 

If you have questions about: 
• Passive solar home design 
• Energy-efficient appliances 
• Bio fu e ls productio n 
• Home heating options 
• Recycling 
• Solar, wind, and sma ll-hydro 

techno logies 
• Weathe rization mate rials and 

techniques 
Ca ll to ll-free: (800) 363-3732 
Or write: 
EREC, P.O. Box 3048, 
Merrifi e ld , VA 22 116 
O r fax your request to EREC at: 
(703) 893-0400. 

Other ways to reach EREC: 
Computer Bulletin Boan;l 
Dial EREC's data line to ll -free at 
800-273-2955 (VT-100 [ANSI] terminal emu
lation , 8 data bits, 1 stop bit, no parity). 

Internet Electronic Mail 
If you have Internet email access, you 
can send your request to: 
ene rgyinfo@clelphi.com 

World Wide Web 
For single po int of access to computer 
bulle tin boards, on-li ne ca talogs, manu
facture r and vendor lists , and Internet 
servers (World Wiele We b, Go pher, WAIS), 
use : URL: http:/ / www.eren.doe.gov 

Other National Laboratories conduct
ing buildings-related research 
Brookhave n National Laboratory (BNL) 

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

Barbara Miller (303) 275-3671 
Oak Ridge Na tional Labo ratory (ORNL) 

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

Diana Shankle (509) 3 72-4350 

U.S. Department of Energy 
Assistant Secretary for Energy Efficiency 
and R enewable Energy 

Office of Building Technologies 
Techno logy Transfe r 

Donna Ha wkins (202) 586-9389 
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FEMP at LBL 
D O E's Federal Energy Management Program is "operations central " for coordinating the 

federa l elfo rt to reduce its own energy use. FEMP p lans to us<: 30% less energy by 
2005 then it used in 1985 and conserve water as well. Director Mark G insberg has 

transformed FE/VIP into a visible resource for federa l energy reducti on effo rts. l t helps agen
cies implement effective programs o f their own by creating partnersh ips , leveraging resources, 
transferring techno logy, and providing training and support. 

Lab Support Role 
FE/VI P relies on three nationa l labs
LBL, PNL, and Nl{EL-to provide 
strong technical support, such as 
ex perti se in energy techno logies; 
protocols, tools, and guidelines nec
essary for th e program 's information 
base; and effective dissemination 
programs. The labs also play direct 
fi eld-support ro les b y coordinating 
demonstrati on projects. FEMP 
sought LBL's experti se in advanced 
building techno logies , ana lys is capa
bil ities, and the newly formed Appli 
ca tions Team (CBS News, Fa ll 1994). These photorealistic RADIANCE simulations of a relroJit
FEMP's needs were taken into ted Old Executive Q!Jice Building workspace (daytime 
account in developing the A-Team , above a nd nighttime below) are par/ of LBL 's e./forts in 
making the program the "found ing I be f'EMP-supported Greening of the \.'(1/?ite !-louse project. 
client. " 

Support Activities 
LBL's support act iv ities fa ll in to two 
categories : (1) fo r the FEM P knowl
edge base, deve loping an ··infra
structure o f underl ying methods, 
protocols, gu idelines , techniques, 
models, and the means fo r their d is
semination ; and (2) designing, coor
dinating, and managing demonstra
tion projects to moti vate the w ide
spread adoption o f FEMP's concepts 
fo r sav ing energy. These are imp le
mented in four program areas: 

continued on page 2 

Appliance Efficiency 
Standards 
In 1987, the National Appliance 4 
Energy Conservation Act estab-
lished the first national standards 
for refrigerators and freezers, fur
naces air conditioners, and other 
appliances, and established a 
schedule for possible updates . 
The national economy benefits by 
about $1000 for every federal do l-
lar expended on this program. 

Sulfur Lamps-
The Next Generation 
of Efficient Light? 
Sulfur lamps are a revolutionary 5 
new light source that effr cienrly 
provide a .spectrum of light similar 
to solar radiation. They are long-
lived and maintain their efficiency 
and light output over their entire 
li fetimes, unlike convenrional 
sources whose outputs typically 
diminish by 75%. 

An Inexpensive 
CO Passive Sampler 
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Indoor Environment Program 
researchers are developing an 
inexpensive CO passive sampler 
designed for large-scale indoor 
surveys in cooperation with The 
Quantum Group of San Diego. 
The technology could also be 
adapted as an occupational haz
ard sensor or as a residential 
warning system. a.---
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About the Center 
Addressing significant e nergy-re lated 
issues, the Cemer for Building Science 
has become an international leader in 
developing and commercializing e ner
gy-efficient technologies and analytical 
techniques, and documenting ways of 
improving the energy-efficient technol
ogy and indoor e nvironment of residen
tial, commercia l and industrial bu ild
ings. 

The Center is the home of three 
Energy & Environment Division pro
grams-Building Technologies, Energy 
Analysis, and Indoor Environment. It 
serves as a national and inte rnational 
voice for energy effi ciency, provides 
technical support to e ne rgy and e nvi
ronmental policymakers , supportS a nd 
creates institutions and demonstration 
programs, provides a training gro und 
for students in the energy fi eld , and 
facili tates transfer of technology and 
infonn ation to the private sector. 

Researchers at the Center recognize 
that despite signifi cant, steady progress 
since the energy crises of the 1970s, a 
la rge pote ntial fo r e ne rgy savings 
remains to be realized. The Center's 
inter-disciplimuy staff studies a wide 
spectnm1 of environmental , economic, 
and technical aspects of energy-efficien
cy activities, recognizing that energy 
efficiency is a new and highly cost
effective energy resource. 
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FEMP at LBL 
continued from page 1 

Energy-efficient procurement. Jeff Harris and others in E&E's Washington Project Office 
have been identifying '·off-the-shelf," cost-effecti ve, energy-effi cient products to encourage 
their purchase thro ugh standard or innovative procurement channels (CBS News, Fall 1994, p. 
3). They are also developing strategies to use large-volume federal purchasing to acccelerate 
the commerciali za ti on o f m ore advanced "state-of-the-shelf" techno logies. One o f the effo rt 's 
m ajor accomplishments was implementing the Federal Procurement Challenge, a voluntary, 
governmentw ide commitment inaugurated by a White H ouse ceremony . 

Design assistance. FEMP is working to remove a major stumbling block fo r facility man
agers-not knowing how to define and design a project successfully-by p roviding design 
assistance. E&E's Rick Diamond is coordinating LBL's effo rt to deve lop information gu idelines 
on specifi c subjects (e .g. , w indow fi lms) that discuss the issues, p itfall s, recommended cours
es of action , product vendors, and additional sources o f informati on. Another design assis
tance project is to evaluate existing energy resource centers, established by utilities to support 
customers in DSM programs, to determine w hat is most useful to the federal sector. 

Advanced technology demonstrations. These include performance measurem ent and 
accelerate acceptance by the federal community. LBL's Francis Rubinstein and Steve Selkowitz 
are helping design and implem ent lighting and w indmvs techno logy demonstrations. 

Measurement and verification. Energy Savings Performance Contracts w ith third parties 
are an important w ay of providing necessary capital fo r facility retro fits. Energy se rv ice com
panies make their profits fro m a share of the energy and cost savings streams. Recent vvork 
by Steve Kromer in the Energy & Environment Div ision 's Washington D.C. offi ce, and now 
Brad Gustafson , is establishing fo r those contracts a sound financial basis fo r bo th parties 
through measurement and verifi ca tion protocols that reliably m easure pre- and post-retro fit 
performance. 

Proiects, Proiects, Proiects 
Highly v isible success stories are a major FEMP strategy, and LBL, \Vith signifi cant involvement 
o f its A-Team, is working on the following: 

Presidio. The transitio n of the Presidio o f San Francisco from the U.S. Army to the Nation
al Park Serv ice prov ides a major opportunity to des ign and implement a comprehensive ener
gy performance upgrade, in keeping w ith the NPS's intention to develop the Presidio into a 
community o f tenants and activities supporting sustainable development. Last October, during 
the transition ceremonies, DOE and NPS signed an agreement giving FEMP responsibili ty fo r 
providing technica l support . 

The A-Team 's Dale Sartor spent a yea r on assignment at the Presidio , w here he developed 
a comprehensive energy p lan for the site and negotiated a major DSM contract w ith Pacific 
Gas & Electric Co. to provide funding fo r th e energy overhaul and a role for LBL in coordi 
nating the effo rt. Early efforts involve site energy aud its and the design and imp lementation 
of a measurement and verifi cation data backbone. The first retrofi t projects w ill incl ude build
ings housing the Gorbachev Foundation and the Tides Foundati on, along w ith parts of the 
Letterman m edical research complex. They w ill also demonstrate how such projects ca n be 
financed through Energy Sav ings Perfo rmance Contracts. 

Greening of the White House. LBL was part of an audit and design strategy team tasked 
w ith retrofitting the W hite House and adjacent O ld Executive Office Bui ld ing. Speciali zed 
audits o f lighting and w indows and design recommendations fo llowed , based in part on 
ana lysis performed w ith the RADIAl CE model, as shown on page 1 (a lso see CBS News, Sum
mer 1994). 

FEMP's effo rts have already reduced federal energy costs by h ~ lf ~ billi on dollars in two 
yea rs, and these numbers can be improved substantially. California's large federal presence 
and progressive uti l ities make the state a major FEMP regional target, and LBL expects to play 
a large role in helping FEMP meet its goa ls. @ 

D 
~dark Ginsberg. Dirc..:c1or. Federal Energy J\ bn:~gement Program 
U.S. Dep:~nmen t of Energy 5E-080 
1000 I ndepenclence Ave. SW 
\Vashingt o n. D.C. 20')85 
(202) 586-')772. M:~rk.Ginsberg@ HQ.DOE.gov 

- \:(l f/liam Carroll 
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News from the D.C. Office 

E~p<• •"'lsi••n 
W

th a growing amount o f pro ject support work and 
nCJ·easing contacts with our Washington-based clients, 

the Energy & Env ironment Division (E&E) Wash
ingto n Project Office is preparing fo r an expansion this 
spring. Two yea rs afte r the o ffi ce opened, we are making 
plans to more than double o ur prese nt space and add a 
second meeting room, as well as additional 
demonstrations o f effi cient lighting, daylight
ing, and o ffi ce technologies . The expa nded 
space will be loca ted e ithe r on a diffe rent fl oor 
of o ur current bui ld ing at 1250 Ma ryland Ave. 
SW o r in anothe r bui lding equa lly close to 
DOE headq uarte rs. 

The Project o ffi ce was established in 
Spring 1993 to enhance the Division 's capabili ties and performance by: 

• Maintaining close contact with DOE and othe r Washington-based clients to help us 
bette r unde rstand their needs and desires and transmit this info rmation to E&E 
resea rche rs and management. 

• Working to he lp LBL staff design and manage projects that respond effective ly to our 
clients-often in close cooperation with othe r labs. 

• Pa rticipating direct ly, through LBL staff based in the Washington Project Offi ce, in ca r
rying o ut LBL projects that benefit from closer interactions with DOE Headquarte rs 
and w ith other agencies in Wash ington. 

• Transmitt ing to existing and prospecti ve clients information ahout T.Rl.'s techni ca l 
ca pabilities and the results o f recent and ongoing research. 

The Project Office provides logistics suppo rt to LBL personnel who are in \Vashington 
e ithe r fo r sho rt visits or on extended ass ignments. Located within wa lking distance from DOE 
and the Washington offices o f fi ve othe r national labs, the office also demonstrates some of 
the ene rgy-efficient lighting and equ ipment technologies developed at LBL o r supported by 
LBL analyses. 

When it starred in 1993, the Project Office was staffed with two LBL e mployees and an 
office manager. \'(fe expected to have room for three to four years' growth. Instead , our suc
cess in supporting Berke ley staff while in Washington, and in identifying projects that benefit 
from close proximity to DOE and other sponsors, has all but fi lled the ava ilable office space 
within two yea rs. Recent project additions include inte rnat ional energy-effi ciency projects in 
developing and industria l countries , analysis of energy-effi cient federal and state purchasing, 
and measurement and verifi cation of energy savings in federa l buildings. Other LBL programs 
are also considering plans to conduct policy analysis and re lated activities through the Project 
Office. 

Significantly, the LBL Directo r's Office, in consultation w ith other d ivisions, has decided to 
foll ow the lead of the Energy & Environment Division and participate in staffing and manag
ing the expa nded Pro ject Office- with a broade r miss ion of representing all LBL Divisions. As 
a result , we hope to see many more peop le from LBL- and the ir colleagues and guests-tak
ing advantage of our expanded facilities beginning this summer. @ 

D Energy & Environment Div ision 
1250 Ma ryla nd Ave. SW, Suite 150 
Washington , D.C. 20024 
(202) 484-0880 
JPI-Ia iTis@lbl.gov 
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Appliance EHiciency Standards 
Part 1 of 2 

I
n the National Energy Po licy Conservation Act (1 978), Con
gress required DOE to set energy-effi ciency standards fo r 13 
residential appl iances if techno logica ll y feasible and econom

ica ll y justifi ed . In 1987, the Nati onal Ap p liance Energy Conserva
tio n Act (NAECA) established the first national standards fo r 
refrigerators and freezers, furnaces, air conditioners, and other 
appliances and established a schedule fo r possible updates. It 
was supported by manufacturers largely because it eliminated d is
parate state standards. The legislatio n was also supported by 
environmental and consumer gro ups, received broad biparti sa n 
suppo rt in Congress, and was signed into law by President Hea
gan . Subsequent am endments added flu o rescent lamp ballasts, 
and the Energy Policy Act o f 1992 (EPAct) added lamps ( incan
descent and fluorescent), small electri c motors, offi ce equipment, 

and p lumbing p roducts. 

LBL's Role 
The Center's Energy Analysis Program has been a contractor to 
DOE since 1979 and the p rime contractor fo r engineering and 
economic analysis of appliance standards since 1982. Currentl y 
about 25 people w ork on this project, including six scientists. 
LBL's ro le is to provide economic and technical analysis of alter
nati ve standard levels in support o f the DOE, w hich selects th e 
standard levels that ultimately become l<1 w. 

The analysis of appliance standa rds includes: 
• Eng ineering analysis: W hat design changes could save 

energy, and how much energy' The analysis includes 
using manufacturer and other resea rchers' data, develop
ing or modify ing simulatio n models (e .g ., for thermal per
fo rmance o f a refrigerator, air cond itioner, o r w ater 
heater), ca lculating energy savings, and researching m anu
facturing costs. 

• Economic anal ysis: What are th e national impacts from 
the perspecti ves o f consumers (net effects o f increased 
equipment price and decreased energy expenditures), 
manufacturers (units sold and p rofi tability), 

• Consumer benefits exceed costs by about 2.5 to 1. For 
residential app liances, th e net present va lue (the beneflts 
that resu lt fo r consumers after subtracting the extra cost o f 
more effi cient appliances from the total energy savings) is 
$53 billion 0 990$, discounted at 7% rea l) pro jected from 
1990-2015 from the NAECA standa rds and its updates on 
refrigerato rs and freezers, washers and srye rs, and dish
washers. 

• For lamps, the net present va lue o f th e standards in EPAct 
is $56 billion (1990$, discounted at 7% rea l, 1995-2030). 

• Proposed rul es, including those app ly ing to ballasts and 
water heaters, if Rnali zed, w ill save consumers an addi
tional $66 billion (1990$ net p resent va lue at 7% rea l , 
1996-2030). Public comments on these proposa ls are 
being analyzed, and new p roposa ls for other app liances 
are expected in 1995. 

The results from NAECA and updates that have already 
become law, and not counting EPAct o r proposed rul es w ill be: 

• Cumulative energy savings (1990-2015) of 23 Q uads, 
equiva lent to 1.4 yea rs of U.S. residential energy use. 

• Deferred electricity generating capacity by 2015 equiva lent 
to 21 GW, equivalent to 42 500-IV!\Xl pow er plants. Pro
posed further sta ndards could defer another 37 GW. 

• Reduced environmental impacts 0 990-201 5) approach 400 
milli on tons o f ca rbon , 3.3 milli on tons of NO,, and 5.0 
mi llion tons of 502, amounting to 2% of total U.S. emis
sions. 

The second part o f this article, to appea r in the summer issue, 
w ill ex plore the po licy context o f appliance standards and 
describe the success o f energy effl ciency standards fo r refrigera
to rs.@ 

D .Jim J\'icJ\Ib hon 
Energy Analysis Program 
(510) 486-6049; Fax() 10) 4H0-099(> 

_I EJ\rlcmahon@lhl.gnv 

--.Jim M c/VIabou 

and utilit ies (lost revenues, hut deferral o f Net Present Value 80 
( 1990 $ Billions) Cumulative Economic & Energy Savings 

of Federal Appliance Standards 

3.9 4 Years of 
Energy Saved 
at Current new capacity)? The analysis includes fo re

casting models for energy used in U.S. res
idential and commercial build ings through 
2030, financial models of p rototypica l man
ufactu rers in each industry, and estimates 
o f reduced energy sa les and o f deferred 
requirem ents for new power plants. 

• Environmental analysis: By how much w ill 
C02> 502, and NOx emiss ions be red uced' 

Analytical Results 
Appliance standa rds ha1·e beneficial economic 

and environmenta l effects. The projected eco
nom ic effects of standards to elate (including orig
inal legislat ion and updates) include the fo lio'il·
ing: 

• The natio nal economy heneflts b y about 
$1000 fo r every federal do llar expended on 
this program . 
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Sulfur Lamps-
The Next Generation of Efficient Ligh ? 
I

n 1994, DOE anno unced that a new, high ly effi cient lighting 
system was il luminating the exterio r o f the Forrestal Bui ld ing 
in Washingto n, D.C. , and the Space Hall o ~ th e Smithson ian 's 

Nationa l Air and Space Museum. The new system is a techno log
ical bre:tk through that couples high-power su lfur lamps to a light 
pipe system that distributes the l ight. The lighting o f the t\VO 
bui ld ings is the first work ing U.S. example o f the high-power ver
sio n o f the sul fur lamp. In these installat ions, a ho llow pipe dis
tributes focused l ight from the sulfur lamp evenly over large 
areas. 

power 
supply 

prismatic 
refl ecting film 

The sulfur lamp was developed o rig inall y by sc ien tists (now at 
Fusion Lighting in Hock vi ll e, Ma ryland ) w ho discovered that sul
fur excited by microwave energy could he used in place o f m er
cury in ultravio let industrial lamps to produce a high-quality 

w hite lighr. These lamps operated at power and light output lev
els (3.5 KW input and 4'50.000 lumens) too high fo r most com
mercia l app li cations. The high w:mag<:: required air-cooli ng and 
spinning the lamps to o perate th em . App lying their experti se in 
clectrodeless d ischarge lamps, LBL researchers developed lower
pow er lamps using radio frequencies instead o f microwaves. In 

1993, they demonstrated an RF-

mirror 

J 
® light extracting surface 

The figure above is a schematic qfth e system installed a/ the National Air a nd Space Museum and 
!he DOE headquarters in Wlashington, D. C. , Light .fi'om the sulfur lamp is focused by a parabolic 
reflector so !hal it enters the fight pipe within a small a ngular co ne. Light lrcll 'efs dou•n !he pipe. 
reflecting qfl the p rismalicJi fm {A) !hal fines the 011/er auyfic tuhe. The prisma!ic Jifm reflects !he 
fight th rough !ola f intemaf reflection (C), Clll inlrinsicaffv effi cient process. Some o/!he fight striNnp, 
theJi fm (at II ) is not r4 1ected and "feaf~s out " Q/lhe p ipe tl'alfs (B). g iving the p1jJe a gfowin,~ appea r
ance. A fight ray !hat travels a ll !he 1uay dowu the pipe will strilce the mirror a! the end (D) a nd 
return bacl?. up the pipe. II special figh!-ex!racling slllface (another type ofref1eclingjilm) is used to 
draw the light ou t o/the pipe in a controlled manner to where it is most needed (f.). 

d ri ven sulfur lamp that pro

duced up to 15,000 lumens 
w ith an RF input of o nl y 100 
wans- :1 luminous effi cacy of 
approx imately 1)0 lumens per 
RF wa tt . While the lamps sti ll 
needed to he rotated, lm ,·er
power operatio n al lowed the 
air cooli ng to be eliminated. 
A ltho ugh th ey are pro totypes, 
the first-generation lamps at th e 
Forresu l Build ing and th e 
N:tt iona l Air and Space Muse
um are nonetheless energy-effi 
cient. The Forrestal Bu ild ing's 
280-foot light p ipe and two su l
fu r lamps replaced about 280 
mercury H ID fi x tures, resulting 
in a measured energy savings 
of mo re th :tn 6'io/o and saving 
DOE app rox imately $8000 
annual ly in energy costs. 
Beca use th e sulfur l amp system 
replaced an o ld mercury system 

The su lfur lamp bu lb consists o f a spheric tl quartz enve lope 
fi lled w ith a few milligrams of sulfu r and an inert nob le gas, such 
as argon, w hich is weak ly ionized using microwaves . The argon 
heats the sulfur into a gaseous state, fo rming diatom ic sulfur mo l
ecu les, or d imers. The dimers emit a broad continuum o f energy 
as they d rop back to lower energy states-a process called mol
ecul:tr em iss ion . Molecular sul fu r emits <limost entirely over th e 
visible port io n o f the electromagnetic spectru m, producing a uni
fo rm visible spectrum similar to sunlight but w irh v<:: ry li tt le unde
sirable infra red o r ultrav io let rad iation . Conventional m ercury 
lamps and most o ther high-intensity discharge (H I D) sources are 
built around atomic em ission and produce an artificial - looking 
light w ith many missing colors. 

Unli ke conventional sources w hose o utputs typ icall y diminish 
75% over time, sulfur lamps w ill maintain their effi ciency and 
l ight o utput over their entire lifetimes. By eli m inating the need to 
compensa te fo r lamp lumen depreciat ion, fewer sulfur lamps c tn 
p rovide a required light level, possibl y for long li ves of up to 
50,000 hours. In addition, sulfur l:tmps contain no mercury, an 
enviro nmenta ll y tox ic substance usecl in all other convention:tl 
effi cient sources . 

at the end of its maintenance cycle, the new light levels \Vere 
roughl y four times those o f the old system. Maintenance costs are 
also lower, sav ing an additiona l $1 '500 per yea r. 

DOE is fund ing Fusio n Lighting through LBL to develop a 
microwave-operated , high-power sulfur lamp o f :1000 wa tts, pro
ducing 125.000 lumens. It is best suited for appl ications li ke 
sports stad iums, convention centers, aircraft hangars, large main
tenance fac il it ies, highway and street lighting, and sho pp ing mall 
:tn d industrial l ighting. Another DOE-funded project at Fusion 
Lighti ng is aimed at develop ing :1 commercial RF-dri ven sulfur 
lamp at lower power (50-100 w:ttts)-small enough for use in 
homes and commercial build ings. @ 

D Francis l{ubinstcin 

Bu ilding 'l'echnt> lugic:- PnJgram 
( ) 10) -!H6--i09(>: Fa ' ( ) 10 ) -1H6-(><J-i0 
F.\ ll{uhinstein@lhl.g<n' 

-Francis 1?11 hi nslei 11 
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An Inexpensive CO Sensor 

C
arbo n monoxide is a colo rl ess, odorless, toxic gas whose 
primary source indoor is the incomplete combustion of 
fossil fue ls. This gas can be a potential problem in any 

house that uses combustion appliances fo r space or wa ter hea t
ing, cooking, o r idling an automobi le in an attached ga rage. 
A lthough most appliances work correctly , a prob lem can exist in 
ho uses w hen the appliance is unvenrilatecl o r irs ventilati on sys
tem does not properl y eliminate exhaust gases from the ho use. 
Since America ns spend 90% o f their time indoors and 65 to 70% 
in their residences, understand ing how and w hen CO bu ilds up 
indoors could save lives . We have very li tt le systematic data on 
how CO haza rds are clistruburecl in the indoor environment, but 
m ortali ty data from the Centers for Disease Control in Atlanta sug
gests that the lifetime risk o f uninrentional fatal CO po isoning 
indoors is about one in 3,000. This is 300 times grea ter than the 
ri sk at w hich the Enviro nmental Protectio n Agency regulates tox ic 
chemica ls such as benzene. 

suspected. The gas company or a heating contractor can test fo r 
CO and recommend such measures as changes to the ventilation 
system or appliance repairs to remove the hazard . 

O ne reason fo r the lack o f research on CO hazards in the Unit
eel Stares is the absence of a simple, inexpensive way to m€asure 
its concentration in the fi eld. Mike Apte and Greg Traynor, Indoor 
Environment Program researchers, are developing an inexpensive 
CO passive sampler designed for large-sca le indoor surveys in 
cooperatio n w ith The Quantum Group o f San Diego. The tech
no logy could also be adapted as an occupati onal haza rd CO sam
p ler o r as a residential warning system that wou ld turn off com
bustion appliances w hen CO reached dangerous indoor levels. 

The p rototy pe passive sampler consists of a fl at disk w ith a 
chemica l coat ing that darkens \vhen exposed to CO. The disk is 
ho used w ithin a sea led vial fill ed w ith silica gel , a substance that 
removes mo isture (which could interfere w ith accurate measure

Last yea r"s dea th of tennis 
star V itas Gerulaitis by CO 

poisoning from a faulty space 
heater focused public atten
tion o n the danger of ca rbo n 
monox ide po isoning. More 
than 12,000 ca rbon mo nox
ide poisonings were reported 
to the American Associat ion 
o f Po ison Contro l Centers in 
1993 , but th e Assoc iati o n 
believes this represents only 
a fractio n o f the actual nu m
ber of events-often , n onfa
ta l poisonings are misdiag
nosed as flu o r other afflic
tions. 

----H -- ----- -- ---- -- --- u 
ment) from the air. A narrow 
diffusion tube w ith know n 
d imensions brings external 
air to the sensor d isk . The -cap 

-diffusion 
tube 

sampler is exp osed to air for 
one week or less and is then 

analyzed using a spectropho
tometer to measure a "time
averaged"' CO concentratio n. 
Researchers have conducted / 

sealing 
material 

-blue 
indicator 
si lica gel 

preliminary tests at an out
door loca tio n , a pa rking 
garage, a toll both , a resi
dence w ith a gas range, and 
in an environmenta l cham
ber. They compared the pas
sive sampler to a standard 
analytica l m easurement tech
nique and found that the 

prototype sampler was accu
rate to nearl y 1 ppm at low 
concentrations ( < 5 ppm) 

cuvet 

-porous 
polyethylene 
tubing 

Each yea r, about 1,500 
deaths result from CO po i
sonings. Of these about 1000 
are f ro m CO emiss ions 

A schematic of" the pmtotype CO passive senso1: 

ca used b y malfunctioning, incorrectl y installed , or misused com 
bustion appliances such as furnaces and gas ranges, by the 
improper indoor use o f outdoor appliances like barbecues, and 
by operating auto mobiles o r generators in garages. 

The poss ibility of hazardous CO exposure is greater in houses 
that have been sea led to improve their energy effi ciency if pre
cautions were not taken. CO from venrecl combustion appliances 
ca n enter a home thro ugh a cracked heat exchanger, a blocked 
vent, o r by appliance ··Backclrafting. ·· Backdrafting is a reversa l o f 

the normal appliance venti latio n flow; outside air is pulled 
thro ugh the app liance vent and ho t combustio n gases fl ow into 
the indoor environment. This potentially serious situation ca n 
occur \Vhen the vented gas appliance is loca ted indoors and the 
ho use is severely depressurized through the operation o f an 
unbalanced fo rced-air heating system, or if powerful exhaust fans 
such as range hoods o r bathroom fans are used , or even w hen a 
large fire is bui lt in a firep lace. Altho ugh not eve1y house has a 
backdraft prob lem , it 's best to call in a p ro fessional when one is 

and to w ithin 20o/o at higher levels. The sampler can eliminate the 
need to test each site using expensive equipment and trained 
technicians. For example, a public hea lth department or gas util 
ity conducting a hazard study could mail the sampler to cus
tomers, \vho could use it in their homes for a week and then mail 
it back for analys is. 

The team·s p lans include further refining and field-testing, 
making the sensor \Viclely ava ilable through commerciali zation , 
and using it for large-sca le field studies of residential and occu
pational environments. Eventuall y resea rchers hope to conduct 
regional fi eld surveys to characteri ze the distributio n and magni
tudes o f CO hazards in homes. @ 

D fl.like Apte. (510) "186-4669: 
r\ IGApte@lbl.gm· 
Greg Tr1ynor. (5 10) -r86-5729: G\\Tr:rynor@lbl.go,· 
Indoor En\·ironmenl Program 
F:rx (5 10) -r 86-659 1 

- A llan Chen 
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The Geographic Center Research Facilities 

Information Systems Laboratory 

V
isuali za tion using geograp hic info rmation systems (G IS) 
ca n be an indispensable tool o t the ene rgy ana lyst. Par
terns that were once hidden in im penetrable numbers 

revea l themselves when they are plotted supe rimposed on such 
maps as te rrain , climate , populat ion density, and utility service 
area. Another important use of the GIS is combining clara sets 
with d issimi lar geographic boundaries. Now, an effo rt is unde r
way in the Center to use the power of GIS to understa nd eveJy 
thing from regional patterns of appliance ene rgy use to the e ffects 
of climate on energy-saving strategies . 

Geograph ic info rmation systems a re not just maps, they a re 
relationa l databases linked to geographic fea tures that he lp users 
better query and visua lize relat ionships among data and make 
those re lationships eas ie r to present . Resea rche rs in the GIS Lab 
use SUN worksta tions-including a SPARC 20 and SPARC 1-Cal
comp 9500 d igit izer, a 486 PC, and severa l types o f GIS softwa re , 
primari ly ARC/ Info and Earth Resources Data Anal ysis System. 
ARC/ In fo is a vector-based GIS program prod uced by the Envi
ronmental Systems Research Institute ; th e ERDAS is a raste r-based 
system. The vector-based GIS is better adapted for politi ca l 
boundaries and discontinuous data . However, EHDAS has supe ri
or image-processing ca pabili ties . 

The GIS's abili ty to manipulate, o rga ni ze, and display detailed 
information about appliance type and ownership, demographic 
va riab les, and energy use has been inva luable to its users in the 
Energy Analysis Program's appliance standards group . The GIS is 
he lping resea rchers fin e-tune the appliance energy standards they 
are developing under a Congressiona l mandate , the Natio na l 
Appliance Energy Conservation Act. When completed, these stan
dards will require 13 appliance types to meet uniform minimum 
ene rgy-effi ciency requirements in the U.S . Susa n Mahler, Jim 
McMa hon, and Xiaomin Liu are using the GIS to model the effects 
of pro posed national appliance standards, exa mining the effects 
o f different climates on energy consumption and studying the 

C ~ Q I , n g I o " d ft o , , , 
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economics o f effi cient technologies in regions w ith differing ener
gy prices. 

Rich Brown and j o nathan Koomey a re using the GIS for tar
geted marketing of energy-effi cient residentia l products as part of 
a p ro ject fund ed by the Environmenta l Protectio n Agency. This 
project is he lping the EPA des ign e ffect ive energy effi ciency pro
grams. They are developing a detai led , GIS-based mode l to iden
tify regions and market segments in which energy-efficient tech
no logies are technica ll y feasible, cost-effective , and acceptable to 
consumers. The EPA then app lies this information to the design 
of programs ta rgeted at the most attracti ve market segments. The 
GIS al lows the resea rchers to compi le and understand larger, 
more deta il ed data sets than th ey have worked with in the past. 
This is critical to defining the appropriate markets for energy e ffi 
ciency p rogram implementation. 

Xiaomin Liu used ERDAS to create a different type of GIS data
base fo r the Cente r's Hea t Islands/ Cool Communities Project (CBS 
News, Spring 1994, p. 6). Liu and Haider Taha created a da tabase 
of the a lbedo (surface reflecti vity) o f Southern Cali fo rnia using 
images taken from the AVHRR sate lli te. They worked with the 
albedo data in a meteorologica l mode l to simulate the Los Ange
les basin 's climate, including irs temperature fi e ld. With an urban 
ai rshed mode l, they prod uced a map of ozone concentrations for 
the basin. The research wil l produce ~~ better und erstand ing of 
how air qua lity correlates with a ir temperature. 

Othe rs resea rche rs are using the GIS Lab's ca pabilities to study 
indoor radon concentration in the U.S., and analyze thermal emis
sions in the Sacramento area. A project to ana lyze energy policy 
in China is in the formative stages. @ 

D Susan M:.~ hle r 

Energy Analysis Program 
(510) 486-4725: Fax (510)486-6996 
SAMahler@lhl.gov 

-Allan Chen 

Annual Electricity Cost for Residential Central Air Conditioners 
3 -Ton Split, SEER 10.00 

9 9 3 $ 
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CiS sojiware can help combine data sets with dissimila r boundaries, as in this map of annual cost of electricity / or residential air conditioners. 
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Sources 

EREC 
Energy EHiciency 

and Renewable Energy 
Clearinghouse 

!/you have questions about. 
Passive solar hom e design 

• Energy-efficient appli ances 
Biofuels production 

• H om e heating opti ons 
• Eecycli ng 
• Solar, w ind, and small-hydro 

techno logies 
• \Xfea theri za ti on materials and 

techniques 
Ca ll to ll -free: (800) 363-3732 
O r w rite: 
EEEC, P.O. Box 3048, 
Merri field , VA 22 116 
Or fax your request to EREC at : 
(703) 893-0400 

Other ways to reach EREC: 
Computer Bulletin Board 
Dia l EREC's clara line to ll-free at 1-800-
273-2955 (VT-100 [ANSI] terminal emula 
ti on , 8 data b its, 1 sto p bit, no parity) . 

futernet Electmnic Mail 
If you have Internet email access, yo u 
can send your request to: 
energy info@delphi .com 

World Wide Web 
For single p o int of access to computer 
bulleti n boa rds, on-line catalogs, manu
facturer and vendor lists, and In ternet 
servers (\Xforlcl W ide Weh. Gopher, WAIS) , 

use: URL: http:/ / www.eren.doe.gov 

Other National Laboratories conduct
ing buildings-related research ... 
B rookhaven National Laborato ry (BNL) 

Barbara Pierce (5 16) 282-3123 
National Renewable Energy Lahoratoty (NlU:L) 

Barbara Miller (303) 275-3677 
Oa k Ridge Natio nal Laborato ty (O RNL) 

Pat Loue (617) 574-4346 
Pacific Nortlm ·est Laborato ry (PNL) 

Diana Sha nkle (509) 372-4350 

U.S. Department of Energy 
Assistant Secretary for Energy Efficien
cy and Renewable Energy 

Office of Building Technologies 
Tech no logy Transfer 

Donna J-fa u 'kius (202) 586-9389 
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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
fornia , Berkeley. 

With more than 3,000 employ
ees, LBL's total annual budget of 
about $250 million 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 train 
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 Building 
Science is one of 12 centers at LBL. 
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