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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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Building Data 
Visualization 
Data visualizatio n for bui ldings is the display of a rich set of variables and pa rameters 

that managers can use to verify the energy savings of energy-efficient techno logy and 
identify ma lfunctions in bu ilding eq uipment or problems with operating strategies. 

Effective data visualiza tion depends on havi ng graphic presentation formats that reveal the 
phenomena relevant to the building's performance. A research p roject at the Center for Build­
ing Science is aimed at developing data visuali za tion techniques for improved bu il ding man­
agement. Buildings with energy ma nagement control systems as well as ded icated monitor­
ing equ ipment in the San Francisco Bay Area provided the data for case studies of data visu­
alization described here and in a detailed LBNL repo rt available from the authors. 

0:15 12:00 
+- Sept 27, 1993-
lights on dur ing o ff hours 

Lights consume 
68 kWh/day 

Energy reduced 9% 
to 62 kWh/ day 

+- Jan 10, 1994 -
Dimmers set incorrectly 

18% increase to 
73 kWh/day 

+- Mar IS, 1994-
Dimmers reset correctly 

Figw'e 1: Contour plot sbowing tbe various operating stages of 
occupancy sensors described in the case study. 

Today, engineering 
estimates of energy 
use and savings are 
the basis of most ener­
gy-effi cient bu ilding 
des ign and re trofit 
projects. Unfortunate­
ly, in the fi e ld , these 
buildi ngs often pe r­
form very differently 
from design estimates . 
Measured data can 
help verify energy sav­
ings, ill uminate con­
trol and operati o nal 
problems in a build­
ing, and test the accu­
racy of pred ictive 
meth ods. Such data 
are increasingly neces­
saiy in energy perfor­
mance contracting, 
utility DSM program 
eva luation, and other 
activities where regu­
latory requirements or 
fin ancial contracts 
req uire actual energy 
performa nce and costs 
to be documented. 
continued on page 2 

Aerogel: Energy­
EHicient Material for 
Buildings 
Aerogel has great potential in a 4 
wide range of applications that 
include energy-effi cient insulation 
and windows, acoustics, gas-
phase cata lysis, battery technolo-
gy, and microelectronics. 
Researchers in the Energy Conver­
sion and Storage Program have 
been studying both the basic 
properties of aerogel and tech-
niques to refine its desirable quali­
ties, such as transparency and 
insulating efficiency. 

Center Research 
Supports Electric 
Utility Restructuring 
The e lectricity industry in the U.S.5 
is being dramatically restructured 
by state regulatory commissions 
and the Federal Energy Regulatory 
Commission. Efforts are underway 
to create a wholesale market for 
electricity, with prices to distribut-
ing utility companies no longer 
being regu lated. The work of 
researchers in d1e Energy Analysis r 
Program is helping regulators and ~ ....----
industry better understand their E 
options. ~ ~ 
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Indoor Environinent Program ~ ~ r+ "o 
researchers have developed new 
exposure metrics for volatile C:: CD ~ 
organic compounds that account _, 
for the high variability in "poten- Z a. - --
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About the Center 
Addressing significant energy-related 
issues, the Center for Building Science 
has become an international leader in 
develo ping and commercializing ener­
gy-efficient technologies and analytica l 
teclUliques, and documenting ways of 
improving th e energy-effi cient techno l­
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 Technologies, Energy 
Analysis, and Indoor Enviro nment. It 
serves as a national and international 
voice for energy effi ciency, provides 
technical support to energy and envi­
ro nmental policymakers, supports and 
creates institutions and demonstration 
programs, provides a training ground 
for students in the energy fi eld, and 
facilitates transfer of technology and 
information to the private sector. 

Researchers at the Center recognize 
that despite significant, steady progress 
since the energy crises of the 1970s, a 
large potential for energy savings 
remains to be realized. The Center's 
interdisciplinary staff studies a wide 
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 Sartor 

Technology Transfer 
Michael Wilde 

Building Technologies Program 
Steve Selkowitz 

Energy Analysis Program 
Mark Levine 

Indoor Environment Program 
Joan Daisey 

Orderinp 
lnlormat1on 

If you would like to receive this newslet­
ter, cotTespond, 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 

National Laboratory 
Un iversity of California 

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

Email: RDMclaughlin@lbl.gov 

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

Building Data Visualization 
continued from page I 

Analysts now have considerable experience with the use of measured bu ilding energy and 
environmental clara. However, the information is often in the form of point estimates, such as 
tota l annual or monthly energy use. In recent yea rs , data collection has tended toward increas­
ing disaggrega tion into shorte r timesreps and specific end uses. The rapid development of 
data-acquisition technology, computer workstations, and gra phics software has allowed 
derailed building energy clara to be collected and visualized in new ways. This offers va rious 
benefits: 

• identi fy ing anomalous o r suspect va lues (e.g., from faulty sensors) 
• identi fy ing othervvise unclerecrecl malfunctioning systems that are jeopardi zing energy 

savings, equipment life , safety, or comfo rt 
• identifying poorl y commissioned systems, where actu al performance is infe rior to that 

anti cipated at the design stage 
• revealing des ired or undesired correlations among multiple va riables (e.g ., mechanical 

systems, weather conditions, and operating factors) 
• identifying the most effective graphica l display and the minimum data timestep 

(minute-by-minute, hourly, dai ly, weekly, or month ly) required to resolve critica l phe­
nomena 

The following is a brief description of a case study that illustrates how clara visuali zation 
can help building managers detect operating problems and optimize their fa cilities' energy 
use. 

Case study: Recommissioning a Lighting System. Figure 1 (see previous page) shows a "con­
tour plot" representation of energy consumed by a bank of lights in 1,000 m2 (10,000 ft2) of 
office space. Although somewhat difficult to read in this cluotone version, the plot clearly indi­
cates the on/ off status of the lights and the energy consumed. This p lot facilitated the detec­
tion of two problems. First, during the late evenings between 9/ 27/93 and 11/ 11/ 93, the lights 
were used more than would be expected. Bu ilding managers determined that this was clue to 
the tripping of occupancy sensors by a securi ty guard . As a result , the building owner installed 
manual-on/ automatic-off switches . The second problem can be seen in the 18% increase in 
energy use afte r 1/ 10/ 94. On that clay, an electrician accidenta lly reset the central ly contro lled 
dimmable ballasts to their maximum settings. The increased light levels were not noticed by 
the building's occupants but were easily cletectecl and corrected using the information pro­
vided by the contour plot shown here . 

Currently, the project team is using commercial software to analyze monitored bu ilding 
data on the University of California , Berkeley, campus. The resul ts are recorded in a special­
ly designed database. Custom software developed in this project is being adapted for use in 
the Build ing Life Cycle Information System, BLISS (CBS News, Summer 1995). Members of the 
BLISS project w ill use data collected from Berkeley's Soda Hall to develop and ca librate a rea l­
time operations model of a chiller, w hich will be aclclecl to the DOE-2 building energy simu­
lation model. 

(For further case studies and fu ll-color images, see the CBS News World Wiele Web page at 
URL: http://eancle. lbl.gov/ CBS/J EWSLETTER/CBSNEWS.html.,toc7) ~ 

D Steven Meyers 
Cemer for Building Science 
(510) 486-6358; fax (510) 486-5394 
SRMeyers@ lbl.gov 

- Steven Meyers and Allan Chen 

Please comact the autho rs to obtain a repon (LBL-36704) with fu nher d iscussion of data visua lizat ion and 
more examples of case studies. 
77Jis tl'ork is ji111ded b)' tbe Assistant Secretc11y fo r Energy t:Oiciency and Renewable Energy. Federal Energy 
Management Progmm of tbe U.S. Depcmment of Energy and by tbe U11ive1,;ity ()( Cali(omia E11e1gy l11stitute. 
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News from the D.C. OHice 

Greenhouse Gas Mitigation Workshops 

L
BNL brought technica l training to fo ur continents this sum­
mer w ith a series of regional greenhouse gas mitigation 
workshops. As part of LBNL's continued work on the 

U.S . Country Studies Program (USCSP), staff members of the 
Energy Analysis Program from Washington, D. C. and 
Berke ley worked together to put on workshops in Wa r­
saw, Poland ; Cancun , Mexico; Arusha, Tanza-
nia; and Seoul, Korea. 

LBNL bega n working with USCSP more 
than a yea r and a half ago, when it was awa rd­
eel the contract to provide mitigation ass istance 
to some 35 countries . The Program grew out 
of the U.S.'s commitment to help clevelopi 
and transitional coumries address climate­
change issues- specifica lly to examine how to reduce greenhouse gas emissions. The USCSP's 
work is o rganized according to guidelines established in the United atio ns Framework Con­
ventio n on Cli mate Change (FCCC), which was created as a result of the 1992 "Ea rth Summit" 
in Rio de Janei ro. An interagency management team brought togethe r by the White Ho use 
oversees the program. The Country Studies goa l is to provide assista nce in four areas: emis­
sio n inventories, vulne rability and adaptation assessments, mitigation assessments, and ass is­
tance in fo rming and eva luating strategies fo r mitigation and adaptatio n. 

In the past, LBNL provided techn ical mitigation assistance to countries individually and 
twice assembled resea rch team members in Berke ley fo r training. This summer's workshops 
brought participants together to compare and discuss regional results and issues . Each work­
shop program consisted of three to four days of presentation and discussion in ene rgy and 
nonenergy groups. 

The first workshop, held June 13-16 in Wa rsaw, set the tone for those that followed . Co­
sponsored by the Orga nization for Economic Cooperation and Development (OECD), it 
brought togethe r more than 90 scientific and policy experts from 23 East European countries . 
The workshop provided a forum for discussing the methodology and some pre liminary results 
of the part icipants' own mitigation assessments. Papers presented there were published in a 
hardbound volume of proceedings. 

The second workshop was held in Ca ncun , Jul y 10-13 for Latin American countries . Co­
sponsored by the Institu to Nacional de Ecologia (INE) and the Organizacion Latino Americana 
de Energia (OLADE), it brought togethe r about 60 pa rticipants from 13 countries and also gen­
erated a book of proceedings. The African worksho p was held August 28-30, and the Asian 
one September 25-28. 

This series of four regional workshops marks the midpoint of LB L's technica l assistance. 
Once the technica l assistance phase is complete, LBNL will publish a synthesis report, due in 
micl-1996. LBNL will also assist USCSP in the next phase, which wi ll help countries use the 
results of the ir studies to prepare greenhouse gas mitigation p lans and conduct technology 
assessments. Staff in Washington and Berkeley may aga in be called on to assist. 

LBNL staff leading the four workshops were: 
WARSAW: j ayant Sathaye, Steve Meyers, and Mirka della Cava 
CANCUN: Steve Wiel and Beth Goldberg 
ARUSHA: Steve Wiel , Willy Makuncli , Steve Meyers, and Mirka della Cava 
SEOUL: j aya nt Sathaye and Beth Goldberg 
They were assisted by Antonio del Monaco, j ohn-David Hague, Emma Kahn , and Chris 

Ganson. @ 

D Energy & Enviro nment Division 
1250 Maryland Ave. S.W., Su ite 500 
Washington , D.C. 20024 
(202) 484-0880 
.JPHarris@lbl.gov 

-Emma Kahn 

7l?is work L'i supported by the U.S. Counlly Studies J\1/anagem.ent Team (a tbirteen-agency task fo rce of tbe U.S. 
gouern11'1-&HI). 

The Center for 
Building Science News 

Published Quarterly 

Vol. 2, No.3 

Executive Editor 
Evan Mills 

Managing Editor 
Allan Chen 

Contributing Editors 
Nathan Martin 
Karen H. Olson 

Rich Sextro 
Michael W ilde 

Production/Design/Graphics 
J.A. Sam Webster Mayers 

Copy Editors 
Linda Comer 

Ann Kelly 

Circulation 
Ralph Mclaughlin 

Pat Mclaughlin 

The Center for Building 
Science News is made 
possible by support from the 
U.S. Department of Energy, 
Assistant Secretary for Energy 
Efficiency and Renewable 
Energy, Office of Building 
Technologies . 

This publication was created in Quark· 

Xpress on an Apple Power Macintosh of 

Garamond and Futuro . 



CENTER FOR B UILDI NG SCIENCE NEWS F ALL 1995 L AWRENCE B ERKELEY N AT IONAL L ABORATORY 

Aerogel: 
Energy-Efficient Material for Buildings 

ounce of aerogel has the surface area of 10 football 
elds, and this is only one of its interesting properties. 
erogel has great potential in a wide range of applications 

that include energy-effi cient insulation and windows, acoustics, 
gas-phase catalysis, battery technology and microelectroni cs. The 
Microstructure Materia ls Gro up of LBNL's Energy Conversion and 
Storage Program has been studying both the basic properties of 
aerogel and techniques to refine desirable qualities like trans­
parency and insu lating effi ciency. Another goa l of the group is 
making the manufacture of aerogel safer and less expensive. 

As im plied by the name, aerogel is mostl y air. It is the lightest 
existing solid mate rial, and it can have a surface area as high as 
1,000 m2 per gram . Aerogel is one of the few existing materials 
that is both transpa rent and porous. It can be formed into almost 
any useful shape and makes an excellent insulato r. Although sil­
ica aerogel is the most fam iliar fo rm , metal oxides such as iron 
and tin oxide, organic polymers, natural gels, and ca rbon can a ll 
form aerogels. Discovered more than 60 yea rs ago, they are being 
developed in the Microstructure Mate rials Group with an eye to 
commercial application. 

Steven Kistler, at what is now the University of the Pacific, in 
Stockton, Ca liforni a, fi rst experimented with aerogels in the 
1930s. He proved experimentally that the more fami liar liquid­
based gels or je llies were an open solid network of cells perme­
ated by liquid. Kistle r made the first aerogel by soaking a water­
based gel in alcohol to replace the water. Then he heated the 
a lcoho l and gel in a closed container to a high temperature and 
pressure (80 atmospheres and 240°C) and slowly depressuri zed 
the vessel. This allowed the alcohol, now a vapor, to escape, leav­

ing an air-fi lled cellular 
matrix. 

Today, researchers 
typically prepa re metal 
oxide aerogels by 
reacting metal alkox­
ide with water to form 
an alcosol, a suspen­
sion of metal oxide 
particles in alcohol that 
link together to form 

alcoge l (a lcohol-
permeated gel) . The 

A demonstration of an aerogel's exceptional insulating properties; 
Arion Hunt studies a sample using a light scattering instrument. 

alcogel is then dried at high temperawre and pressure to produce 
aerogel. 

The Microstru cture Materials Group developed a process for 
producing aerogel at lower temperature and pressure by substi ­
tuting liquid ca rbon dioxide for the alcohol in the gel under pres­
sure, then drying the aerogel with ca rbon dioxide at 40°C and 70 
atmospheres-considerably reducing the risk of explosion and 
fire compared to the high-pressure alcohol process. The new 
method also decreases the energy use and manufacturing time 
thereby lowering the costs. 

Ae rogel's primary bui lding-related application is as a transpar­
ent or high-performance thermal insulato r. An obvious choice for 
superinsulating windows, skylights, solar collector covers, and 
specia lty windows, aerogels are transparent because the ir 
microstructure is sma ll (average pore size is 10 to 20 nanometers) 
compared to the wavelength of light (400 to 700 nanometers). 
Their slightly hazy blue appea rance is a deviation from tra ns­
parency that is caused by the occasional appeara nce of large 
pores, a happenstance revealed by the Microstructure Materials 
Group's light sca ttering and transmission electron microscope 
studies. Thus, current resea rch to improve aerogel clarity at LBNL 
is focused on decreasing the number of larger pores . 

Aerogels are effi cient thermal insulators as well. Silica aerogel 
has a higher thermal resistance than the polyurethane foams that 
are widely used in refrigerators, boilers and building insulation. 
Si nce these foams are blown with ozone-depleting CFCs, aerogels 
could be an excellent CFC-free a lternative. Aerogels in a partial 
vacuum are even bette r insulators, because removing most of the 
air from thei r pores eliminates half to t\vo-thirds of the material's 
thermal conductivity (the po rtion due to gas conduction). Silica 
aerogel in a 90% vacuum, which is simply and inexpensively pro­
duced , has a thermal resistance of R-20/ in. Thus, a one-inch-thick 
aerogel window has the same therma l resistance as a w indow 
with ten doubl e panes o f glass. LBNL researchers have improved 
the ir performance to R-32/ inch by adding carbon, to absorb 
infrared radiation in the material, another mechanism of heat 
transfer. Carbon-doped aerogels are perfect candidates for 
opaque insulators such as those used in refrigerators and pipes . 

Current LBNL research is focused on developing new 
nanocomposite materials based on chemical va por infiltration and 
reaction of gases in the aerogel. The resulting mate rials may have 
a wide range of applications in e lectronics, optics, and sensors. A 
cooperative resea rch and development agreement with Aeroje t 
Corp. will transfer the production methods into the commercial 
sector and refine the current aerogel process for large-scale pro­
duction . The group is also working with Maytag on refrigerator 
insulation application , with General Motors and Bentley on auto­
motive insulation, and with Boeing on acoustic and thermal insu­
l at ion. ~ 

D 
-A don Hunt and Allan Chen 

Arion Hunt 
Energy Conversion and Storage Program 
(510) 486-5370; fax (510) 486-4260 
AJHunt@lbl.gov 
77Jis work is s11pported by DOEs Office of !ndllstria/ Teclmologies and tbe 
Advanced Research Project AgeiiC)IS Technology Reinvestment Project. 
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Center Research Supports 
Elec ric Utility Restructuring 

The electricity industry in the U.S. is be ing dramatica lly 
restructured by state regulatory commissio ns and the Fed­
eral Energy Regulatory Commissio n. Efforts are underway 

to create a who lesa le market for e lectricity, with wholesa le prices 
to distribut ing utility companies no lo nger be ing regulated. Dis­
cussio ns in several states and at the FERC are a imed at revising 
the regulation of the structure, operatio n, and pricing of the e lec­
tricity transmission grid to make it ava ilable o n comparable te rms 
to all generators and distributo rs- and perhaps individual cus­
to mers. LBNL resea rchers studying this restructuring have shown 
in general that cost reductions are achievable by modifying the 
way we regu late e lectric utilities, that such cost sav ings will like­
ly come slowly, and that current socia l goals can be maintained 
in a competitive, market-based e lectricity industry with an overall 
benefit to our count1y. 

Research on restructuring in the Center, la rgely conducted 
under DOE's Integrated Resource Planning Program, is spread 
throughout the Energy Analysis Program. One such project has 
shown that commercial lighting demand-side management (DSM) 
programs are economically justified (CBS News, Summer 1994) . 

Another project focuses on the efficiency of e lectricity genera­
tion and transmission. The 1992 U.S . Energy Policy ·Act reflects a 
debate initiated by bond rating agencies on whether long-term 
power purchase contracts between nonutility generators (NUGs) 
and ut il ities are the equiva lent of uti lities debt and therefore raise 
the cost of capital to the purchaser, or do these contracts reduce 
risk to the utilities . Ed Kahn, Steve Stoft, and Tim Belden have 
approached these questions from the perspective of the equity 
markets . If NUG contracts rea lly are equivalent to debt, then they 
raise the risk to the firm and this should be observable in the 
equity marke t. The ev idence does not support the hypothesis that 
NUG debt translates to uti lity debt. Evidence does suggest that 
utility construction ra ises the cost of ca pital more than NUG pur­
chases do. Also, private power prices appear to be coming clown. 
These findings support arguments for the unregulated 
wholesa le pricing of electricity. 

DSM can be treated as a "supply resource" and 

security deposits, damage and penalty provisions, and "regulato­
IY o ut" and "buy o ut" clauses) protect ratepayers quite well in sit­
uations in which projects fa il to develop or energy savings dete­
rio rate over the contract term . Thus, from a policy perspective, 
DSM bidding programs ca n have an important ro le in a restruc­
tured industry because they are performance-based- uti lities typ­
ica ll y pay o nly for energy savings that are verifi ed over re latively 
lo ng contract te rms. 

Alan Comnes and Steve Stoft are investiga ting the characte ris­
tics of new regulatory rate-se tting mechanisms as alte rnatives to 
tota l price deregulation. Perfo rmance-based ratemaking (PBH.), 
the primary challenger to traditional cost-of-service ratemaking, 
strengthens financial incentives to improve rates, costs, or other 
aspects of perfo rmance. Comnes reviewed nine proposals for 
PBH. made by "early adopting" gas local distribution companies 
and found that PBR is most often considered a regulatory alte r­
native when a utility faces competition and restructuring in one 
or more of its business segments . The most common strategy 
employed by PBH. mechanisms is to weaken the link between a 
utility's regulated prices and its costs and to rely more on market 
indicators. Despite its positive benefits found in this research, 
PBR for energy utilities is not universally accepted as superior to 
traditional rate-of-return regulation. Future attempts by utilities to 
use this relatively new approach are likely to prove beneficial. 

These resea rch projects and a number of o thers in the Energy 
Analysis Program are providing a more solid basis for economi­
ca lly efficient electricity sector restructuring. ~ 

D Steve Wiel 
Energy Analysis Program 
(510) 486-5396; fax (510) 486-6996 
S_ Wiel@l b l.gov 

-Steve Wiel 

This work is supporled by I be Qffice qf' Utility Technologies, DO£. 

Stranded 
investment 

become a competitor in an unregu lated or less regu­
lated wholesa le supply market. Since 1987, about 35 
U.S. utilities ha ve signed long-term contracts with 
develo pers of DSM resources (typically energy service 
companies) to provide a quantity of demand and 
energy savings at specified prices . DSM bidding pro­
grams account for only a small portion of the savings 
( -5%) achieved by utility DSM efforts nationally, but 
interest continues to increase . Charles Goldman and 
Suzie Kito have completed the first comprehensive 
study of 18 DSM bidding programs. The cost of ten of 
these programs ranged from 5.4 to 8¢/ kWh. They 
compared the allocation of risks among ratepayers, 
utility shareholders, DSM developers, and participat-

• Low gas price 

ing or host customers in a prototypical utility rebate 
program and a DSM bidding program and found that 
utilities use various contractual mechanisms to miti­
gate the risks of DSM resources to ratepayers. These 
risk-mitigation options (including vario us types of 

• Efficient 
combined-cycle 
power plants 

• Expensive 
nuclear "'""w••r 1:. 
plants 

• International 
industrial 
competition 

Regional 
transmission 

groups 

Retail 
competition 

Winds of change in the US. p owe1· secto1·: factors listed in the left column have 
created a gap between the prices utilities must charge to recover thei1· embed­
ded costs and the lower rates they would have to charge in a competitive envi­
ronment. Possible responses to these pressums are listed to the right. 
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VOC Exposure Metrics 
and "Sick Building Syndrome" 
T he indoors is often rega rded as safe haven from problems 

associated with outdoor air po ll utio n, but a growing num­
ber of reports have suggested that exposures in indoor 

envi ronments may lead to health problems. One area in which 
evidence has been accumulating is the relationship between 
working in offi ce bu ildings (as opposed to industrial exposure 
conditions) and a variety of health effects, such as eye , nose , and 
throat irritation and d1y , itchy skin . Such symptoms are often con­
side red part of "sick building syndrome" (SBS), which is a com­
plex of symptoms that may arise w hile inside a building (and 
which may improve or disappear upon leaving the building) . 
High prevalences of these 
sympto ms have been 
repo rted from various epi-
demiological investigations 3.5 
of SBS, but the exact nature 
of the chemical and physi­
ca l characte ristics of the 
indoor enviro nments is no t 
known, nor is the cause­
and-effect re latio nship 
between the exposures and 
these health effects under-
stood . 
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The California Healthy Buildings Study (CHBS), an investiga­
tion recently comple ted by LBNL scientists in 12 office bu ildings 
in or near San Francisco, provided data on indoor VOC concen­
trations (see article in CBS News, Spring 1994). Based on these 
data, we identified four clusters of VOCs associated with specif­
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groups of bo th measured 
VOCs and those with the 
same sources that have not 
been measured because of 
limitations in technology. 
Both the measured and 
unmeasured VOCs in each 
cluster may cause observed 
symptoms. Principal com­
ponent analysis iterati vely 
develops coeffi cients fo r 
each VOC that refl ect the 
association (pos iti ve o r 
negative) of that VOC with 
the source . The principa l 
components re prese nting 
each cluster are composed 
of the sum of the o riginal 
VOC concentrations multi­
plied by the indi vidua l 
VOC principal component 
coefficient; these sums 
range from roughly -3 to 3. 

Am ong the suspected 
ca uses a re volatile orga nic 
compo unds (VOCs) . Indoor 
a ir typically conta ins 
between 30 and 100 VOC 
species at concentrations 
that are readily measurable . 
Exposures to individual 
VOCs- typically at high 
concentrations-have been 
linked with sens01y, pul­
monary, and neurologic 
responses . However, in 
o ffi ce buildings, occupants 
are often exposed to mix­
tures of individual VOCs, 

Figw-el : Tbe elevated odds ratios (a bove unity) in this .figw-e suggest that 
exposums to VOCs from water-based points and solvents are associated with 
a variety of sick building symptions (* indicates the OR is significant at 
p < 0 .05; '*fo r p < 0.01) 

The new VOC exposure 
metrics were applied to the 
CHBS data set. We used 
SBS symptom data report­
eel on a written question-

each at low concentration. Some resea rchers have hypothesized 
that high total concentrations of VOCs are a causative factor of 
SBS symptoms, and thus to tal VOC concentration (TVOC) can be 
used as an exposure metric that is re lated to symptoms. Howev­
e r, few signifi cant associations have been found between TVOC 
concentrations and SBS symptoms in studies in buildings. 

Indoor Environment Program resea rchers* have recently 
dev loped new VOC exposure metrics that account fo r the dif­
fe rences in response to the various VOCs and in the VOC sources . 
The response is based on the "potency" of individual VOCs to 
elicit symptoms, estimated from ava ilable irritancy measurements . 
Beca use the human irritancy of so few compounds has been test­
eel , we based our potency estimates on available anima l bioassays 
o r, when no data were ava ilable , on properties of similar com­
pounds. The most irritating VOCs were then selected and used in 
a principal component analysis, w hich yielded "clusters" of VOCs 

naire by 517 office workers 
who were in close proximity to 22 sites where 39 individual VOCs 
were measured. As a result, we developed a set of data associat­
ing the VOC clusters with SBS symptoms that could then be 
examined to determine which associations were significant statis­
tically. 

The method used in this examination was based on an odds 
ratio (OR), w hich represents the odds of experiencing a symptom 
(versus the odds of not experiencing a symptom) given increased 
VOC exposure. The principal components representative of VOC 
sources are used as independent variables in the pred iction of 
SBS symptom o utcomes in a logistic regression analysis. As w ith 
li near regression analysis, this technique describes the relation­
ship between an outcome and a set of independent or predicto r 
variables . However, the results of a logistic regression are binary. 
That is, they predict the presence or absence of a symptom. An 
odds ratio is calculated fo r each independent variable based on 

continued page 7 
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Energy Currents 
Survey Results 

0 ur thanks to all of you who responded to our reader survey. We were pleased 
that many of you find this a useful publication. Your opinions w ill help us 
im prove it furth e r. 

The CBS News' readers include a variety of professions. 17% of respondents were 
consultants, 15% were engineers, 11% were teachers, 11% were scientists, 10% were pro­
gram managers . The remainder incluclecl contracto rs, designers, marketing professionals 
po licy analysts, journalists and others. Ranked according to highest response first, the 
majority of readers work in education, vario us levels of government, utilities, non-prof­
it orga nizations, and a variety of private concerns. 

A surprisingly large number, 52% of the respondents, are Internet users and 23% have 
browsed the World Wiele Web. 8% have browsed the Center's Web site (and we invite 
more of you to do the same) . 28% have contacted the Center abo ut its work. 

82% fe lt th at the level of w ri ting is "just right," and 81% felt the same about article 
length . 95% found the graphics to be "very clea r," o r "moderately clear. " 80% of survey 
respondents have saved issues or articles . We continue to welcome your comments and 
suggestions. ·~ 

Awards 

Dr. Arthur Rosenfeld , former directo r of the Center for Building Science, and now 
Semor Advtsor to the Secretary for Energy Effioency and Renewable Energy, 
DOE, was honored fo r his contributions to ene rgy effi ciency along with two oth­

e rs at a Washington D. C. awards d inner of the Alliance to Save Energy in June. The 
Alliance was fo rmed by Senators Charles Percy and Hubert Humphrey in 1977 to bring 
together the public and private sectors for the purpose of promoting cost-effective ener­
gy efficiency. The other honorees were Senator Mark Hatfie ld and the 3M 
Corporation. @ 

continued from page 6 

the regression analysis. An OR of 1.0 indicates that the odds of experiencing a symp tom 
do not va ry with VOC exposure level; conversely, an OR greater than 1.0 indicates that 
VOC exposure does affect symptom outcome. Those ORs w ith confidence intervals 
(error bars) that exclude 1.0 are statistically significant. 

As seen in Figure 1, afte r adjusting for potentially confounding influences, the source 
identified (using principal component analysis) as water-based paints and solvents was 
associated with several SBS symptoms, including de rmal (OR=2.2 , 95% Confidence Inte r­
val 1.3-3.7) and eye (OR=1.7, 95% CI 1.1-2.7) irritation . The ORs represent the increased 
odds of experiencing the symptoms, given a one-unit change in the principal compo­
nent (where the range is ± 3) . The more typical TVOC exposure metric used in prior 
analyses was not useful in symptom prediction in the adjusted model. Also not useful 
were metrics that took into account potency but did not re ly on principal component 
analysis to identify clusters of VOCs. 

As demonstrated by this work, sophisticated methods are needed to understand the 
associations between health effects and exposure to complex mixtures. These new VOC 
exposure metrics appear to have significant po tential for helping identify causes of and 
potential solutions fo r SBS. @ 

D _j oa n Da isey, Head 
Indoor Environment Program 
(510) 486-7491; Fax (510) 486-6658 
.J MDaisey@ lbl .gov 

-joAnn Ten Brinke 

'.J. Ten Brinke, J. M. Da isey, A.T. Hodgson, W.j. Fisk, Indoor Envi ro nment Progra m, Lawrence Berkeley Natio na l 
Labora tory; S. Selvin, Depa rtment of Biosta tistics, School of Pu b lic Hea lth, University of Californ ia, Berke ley; 
M . .J. Mendell, Ind usnywide Studies Branch , National Institute for Occupat iona l Safety and Health , Cincinnati, 
Ohio; C.P. Kosh land , Depa rtment of Environmental Heal th Sciences, School of Public Health , University of Cali­
fo rnia, Berkeley. 
This work is suppo1·ted by the Q[fice of Building Technologies and the Q[fice o}H ealth and Environmental Research, DOE. 

About 
Lawrence Berkeley 

National Laboratory 

Lawrence Berkeley National Labo­
ratory is a multiprogram national lab­
oratory managed by the University of 
California for the U.S. Department of 
Energy. The oldest of these nine labo­
ratories, LBNL is located in the hills 
above the campus of the University of 
California, Berkeley. 

With more than 3,000 employ­
ees, LBNL'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, LBNL has 
had nine Nobel laureates. The Center 
for Building Science is one of 12 cen­
ters at LBNL. 
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ment is bel ieved to conLain correct infonn:t tion, nei ther the 
United States Government nor any agency thereof, nor The 
Regents of the University of C:difornia, nor any of their 
employees, makes any warranty , express or impl ied, or 
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therei n to any specific commercia l product, process, or ser­
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Government or ~my agency thereof, or The l~egents of the 
University of California. The views ~t ncl opinions of authors 
expressed herein do no t necessa rily state or reflect those of 
the United States Government or any agency thereof o r T he 
l{egents of the University of California and shall nor be used 
for advertising or product endorsem ent purposes. 



CENTER FOR BUILDING S CIENCE NEWS FALL 1995 LAWRENCE BERKELEY NATIONAL L ABORATORY 

A-Team Report 

The A-Tea m has completed 'the first 
phase of work ro help the Federal Aviation 
Administration become more energy-effi ­
cient (CBS News, Fa ll 1994). Phase o ne 
includes a detailed energy audit of an 
example of each type of facility in the FAA 
bui lding stock , loca ted in the Houston 
metropoli tan region . 

• Air route traffic control center 
• Terminal radar approach contro l 
• Automated flight service station 
• Air traffic control rower (commer­

cial a irport) 
• Air traffic contro l rower (private air-

port) 
• Air su rveillance radar 
• Air ro ute survei ll ance radar 
The team has identified significant 

potential energy savings from ene rgy-effi­
ciency measures, including HVAC, control, 
and lighting upgrades . The combined 
energy cost-reduction potentia l from these 
recommendations exceeds 20%. A-Team 
project members have proposed retrofit 
projects worth $1.3 millio n with an aver­
age payback period of seven yea rs. It 
sho uld be noted that these upgrades are 
limited to energy use by noncritica l 
loads-those not involved with the prima­
ry mission of the FAA (such as computer 

Sources 

EREC: Energy Efficiency 
and R enewable Energy Clearinghouse 
P.O. Box 3048, Merrifie ld, VA 22116 
Call to ll-free: (800) 363-3732 
fax : (703) 893-0400 

Computer Bulletin Board 
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 pari ty) . 
email: energyinfo@delphi.com 
World \flide Web URL: 
http:/ hvww.eren.doe.gov 

Other National Laboratories conduct­
ing buildings-related research 
Brookhaven Nationa l Laborato1y (BNL) 

Barbara Pierce (516) 282-3 123 
National Renewable Energy Laborato1y (NREL) 

Barbara Miller (303) 275-3671 
Oak Ridge 1 ational Laborato1y (ORNL) 

Pat Love (617) 574-4346 
Pacific Northwest Laborat01y (PNL) 

Diana Shankle (509) 3 72-4350 

We are pleased to introduce a new department to CBS News. In each issue, you will 
find a brief update on projects being conducted by our new Applications Team. 

and radar systems) . Below is 
energy end-use pie chart for a 
area fa cility. 

a typical 
Ho uston-

Miscellaneous 
Equipment 

Electronic 
Equipment on 

uninterruptible 
power system 

26% 

18% 

HVAC 49% 

Electricity balance: Houston tower 

Phase two of the work fo r the FAA has 
begun with an energy audit of the Seattle 
air route traffi c control center. This phase 
will involve resea rch and development 
teams at LBNL, whose members w ill bui ld 
a baseline computer simulatio n model of 
the Center. This model, plus others we 
expect to do in the future, w ill allow pri­
orities to be set on future energy audits 
that contractors w ill perform on FAA build­
ings during the next ten yea rs. The A­
Team also provided design assistance 
recently for a new air traffi c control tower 
in Grand Junction, Colo rado. '~ 

- Geo.ffi·ey Bell 

Energy Crossroads 
LBNL's listing of energy-effi ciency 
resou rces on the WWW: 
http:/ I eande. lbl .gov / CBS/ e.Xroads/ 
Energy.Xroads.html 

The Houston air traffic control tower 

D Geoffrey Bell 
The Applica tions Team 
(510) 486-4626; fax (510) 486-4 101 
GCBell@lbl.gov 
Tbis work is sufJfJDI1ed by tbe Federal Avia­
tion Administration. 

U.S. Dep artment of Energy 
Assistant Secretary for Energy Efficiency 
and Renewable Energy, Office of Building 
Technologies/Technica l Transfer 

Donna Hawkins (202) 586-9389 
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