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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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Center for Building Science News Reader Survey 
Fall1994 

Dear Reader, 
A year has passed since the first Center for Building Science News was published, and we 'd like to find 

out what you think, and how we can improve. Please fill out this survey and mail it back to us. You will 
continue to receive this newsletter unless you specify on this survey that you no longer want it. 

What is your occupation? 

0 Consultant 
0 Contractor, energy or buildings 
0 Customer service 
0 Designer 
0 Energy auditor 
0 Engineer 
0 Information specialist 
0 Journalist 
0 Marketing 
0 Policy analyst 
0 Program manager 
0 Scientist 
0 Teacher (College level or below) 
0 Teacher (Continuing professional education, vocational training) 
0 Other _____ _ 

What type of organization? 

0 Architecture firm 
0 Contractor (energy or buildings) 
0 Education (College or university, Primary) 
0 Energy user 
0 Environmental group 
0 Equipment manufacturer 
0 ESCO 
0 Government (federal) 
0 Government (state or local) 
0 Library 
0 Media organization 
0 National laboratory 
0 Nonprofit organization 
0 Utility 
0 Other _____ _ 

Country _____ _ 

How many people read your copy? 

0 1 to 3 0 4 or more 

Have you ever saved issues of this newsletter or articles from it? 

0 Yes 0 No 

What types of stories were most useful to you? Check all that apply. 

0 New building and appliance technologies for energy efficiency 
0 Energy policy analyses 
0 Indoor environment issues 
0 Building design software 
0 Internet and multimedia tools 
0 Center research facilities 
0 Education and public outreach efforts 
0 LBL-re lated news items 
0 International news 
0 Other _______ _ 

What topics would you like to see covered more fully? 

What topics do not belong in this newsletter? 

How clear and understandable are the graphs, tables and charts? 

0 Very clear 0 Moderately clear 0 Difficult to understand 

7be technical level of the writing is: 

0 Too technical 0 Just right 0 Not technical enough 

The length of the articles is: 

0 Too long 0 Just right 0 Too short 

What would you change about the newsletter? 

Have you missed any issues since subscribing? 

Is there anyone you know who should receive this newsletter? If 
so, please list name and address: 

Have you contacted anyone at the Center after reading about 
their work in the newsletter? If so, about how many times? 

0 Yes 0 No 
Number of times_ 

Do you use the internet? 0 Yes 0 No 

Do you use the World Wide Web? 0 Yes 0 No 
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The Applications Team is Here! 

The Center's newly found ed Applications Team (the A-Team) is ready to do business 
with the public and private sectors. Tt marshals LBL's unique capabilities and 
networks to conduct fi e ld projects aimed at deploying advanced energy effi ciency 

and indoor environmental quality concepts in both the U.S. and overseas buildings secto rs. 
Among the goa ls of the Tea m are: 

• demonstrating proven and emergi ng building technologies to accele rate the ir 
adoption by consumers and building professionals 

• e levating professiona l standards of practice 
• transfe rring new energy management methods and tools to the private sector 
• providing feedback to the Federal ene rgy R&D planning process 
The A-Team's philosophy calls for appl ying an integrated approach to retrofitting 

ex isting buildings o r designing new ones. This ap-proach encompasses the various stages 
o f a building's life cycle as seen from the pe rspective of facilities management, addressing 
the areas of ene rgy, illumination, comfort , and the indoor environment. 

The A-Team assembles project teams drawn from the 250-person staff of the Center's 
three resea rch programs, LBL's In-House Energy Management Program (IHEM), other 

research organizations and labo ratories, 
and private firms. The IHEM program has 
managed a study and retrofit project slate 
of $18 million thro ugh 1994 fo r LBL's own 
facilities, including project planning, fi­
nancial ana lysis, engineering, procure­
ment, construction management, com­
missioning, monitoring, and eva luation. 
One of THEM's recent notable achieve­
ments was its completion of the Depart­
ment of Energy's first comprehensive 
pe rformance contracting agreement w ith 
a private energy services company fo r 
retrofit of a laboratory building. 

To accomplish its goa ls, the A-Tea m 
also draws on a rich pool of re lat io nships 
with othe r professionals in ene rgy effi­
ciency implementation from R&D cente rs 
across the country, gove rnment age ncies , 
electric and gas utilities , state ene rgy 
offices, manufacturers of energy-efficient 
technologies, and technica l committees 
that define ene rgy-related standards and 
guide lines. 

continued on page 2 

Hydronic Radiant Cooling 
Systems 
This rediscovered technology uses 4 
less recirculated oir to cool buildings, 
saving energy ond improving the 
quality of the indoor environment. An 
LBL simulation model of hydronic 
radiant systems is under development 
and w ill eventually become part of 
the PowerDOE building simulation 
software. 

Greenhouse Gas Mitigation 
Workshop 
The U.S. Country Studies Greenhouse 6 
Gas Mitigation Assessment Work-
shop held in June brought together 
scientists from 16 nations to develop 
plans lor halting the growth of GHG 
emissions. 

Smart Thermal Skins for 
Vehicles 
LBL is studying advanced solar con- 8 
tral glazings and insulating shell 
components lor automobiles that can 
save one to two billion gallons of 
gasoline per year in the U.S. These 
technologies not only improve a 
vehicle's thermal comfort, but also its 
safety, by reducing glare and heat, 
and its weight and cost, by reducing 
the size of the air cond itioner. 

Departments 
News from the D.C. Office .. .. 3 
Education ............................ 7 
Energy Currents ........... 9, ll 
Center Research Facilities .. . l 0 
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About the Center 
Addressing significant energy-related is­
sues, the Center for Building Science has 
become an international leader in devel­
oping and commercializing energy-effi­
cient technologies and analytical tech­
niques, and documenting ways of 
improving the energy-efficient techno l­
ogy and indoor environment of residen­
tial, commercial and industrial bu ildings. 

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 international 
voice for energy efficien cy, provides tech­
nical support to energy and environmen­
tal policymakers, supports and creates 
institutions and demonstration programs, 
provides a training gro und for students in 
the energy fie ld , and facilitates transfe r of 
technology and info1mation to the private 
sector. 

Researchers at d1e Center recognize 
that despite s ignificant, steady progress 
since the energy crises of the 1970s, a 
large potential for energy savings remains 
to be realized. The Center's imer-disci­
plinaJy staff studies a wide spectrum of 
environmental, economic, and technical 
aspects o f energy-efficiency activities, 
recognizing that energy efficiency is a 
new and highly cost-effective energy re­
source. 

Director 
vacant 

Assistant Director 
Evan Mills 

Technology Transfer 
Michael Wilde 

Building Technologies Program 
Steve Selkowitz 

Energy Analysis Program 
Mark Levine 

Indoor Environment Program 
Joan Daisey 

Ordering 
Information 

1f you would like to receive this newslet­
ter, correspond, or receive a comprehen­

sive publication list for the Center's pro­
grams, please write to: 

Center for 
Building Science News 

Attn : Ralph Mclaughl in 
Mail Stop 90-3058 

Lawrence Berkeley Laboratory 
University of Cal ifornia 

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

Email : RDMclaughl in@lbl.gov 

Th is newsletter may also be found an the 
World W ide Web a t URL: http:/ I 
ea nd e .l bl.gov/CBS/N EWS LETTE R/ 
CBSNEWS. html 

The A-Team 

Bridging R&D and Practice 
The A-Team forges a new link between existing DOE building R& D activities and deployment 

initiatives. A-Team activ iti es wi ll benefit R&D program planners by provid ing improved feedback 
and recommendations for eliminating ineffi ciencies and missed opportunities during the 
implementation of new technologies and methods in the fie ld . More specificall y, the A-Team wil l: 

(1) Develo p , implement, and eva luate proven, cost-effecti ve energy efficiency measures in 
existing buildings. 

(2) Assemble confidence-building demonstrations of emerging techno logies and energy 
management practices not commonly used by bu ilding professionals. 

(3) D evelop and d isseminate state-of-the-art fi eld guidelines and protocols, for example, for 
measurement and verifi cation. 

(4) Demo nstrate the potential fo r achieving energy sav ings w hi le ma intaining o r improv ing 
indoor environmental factors in fluencing human producti vity and well -being, such as reduced 
indoor ai r pollution, better lighting quali ty, and thermal comfort. 

(5) Transfer design and applicat ion methods and tools to private-sector practitioners such as 

architecture and engineering firms that collaborate with the A-team on projects. 
(6) Support energy savings performance contracting on a national level. 

In the Field 
The A-Team benefits private-sector 

building pro fessio nals by raising the 
m arker's general awareness of the value 
o f energy efficiency, for example, through 
high-pro file demonstrations and inde­
pendent verifications o f performance 
and cost-effectiveness and by partnering 
with private-sector firms on specific 
p rojects. This kind o f feedback wi ll also 
prove va luable in product development 
and marketing. 

Prospective clients for the Applica­
tio ns Team include federa l agencies, 
utilities, states , regional o r nationa l effi ­
ciency p rogram designers, and large 
p ublic, private , o r institutional bui lding 
owners. To maximize their impact, the 
Team w il l choose p rojects very selec­
tively, emp has i z ing high-v isibility , 
replicability, and the specialized ser-

Facilities Management Building Lifecycle 

vices and resources possessed by LBL and project co llaborators. Current projects include creating 
the master plan for energy effi ciency retrofits at the Presidio of San Francisco in cooperation with 
DOE and the National Park Serv ice, and comprehensive audits of the Federal Aviation 
Administration 's air traffi c control rowers and other facili ties. @ 

D 
Evan Mil ls 
Center for 13u ild ing Science 
(5 10) 486-6784, 
ema il : EMi lls@ lbl.gov 

Da le Sartor 
Applications Team 
(5 10) 486-5988, 
email: DASartor@lbl.gov 
Fax: (510) 486-5394 

-Evan Mills 
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News from the D.C. Office 

T he fede ral government is the largest 
single purchaser in the world for many 
energy-related products. Federal buy­

ing power-along with that of state and local 
agencies-represents a largely untapped re­
source to increase the ene rgy efficiency of 
consumer products and commercial equip­
ment. LBL is he lping the DOE Federal Energy 
Management Program (FEMP) develop and 
lead a government-wide initiative to capture 
this market-transfo rming opportunity. j e ff 
Harris and others in LBL's D.C. office are 
heading FEMP's e ffo rts to identify how future federal purchases can be more energy-efficient. 

The U.S. government spends more than $70 billio n a yea r to purchase supplies and 
eq uipment, of which an estimated $10-20 billion are ene rgy-related products. In the aggregate, 
state and local government buying power appears to be roughly three to four times greater than 
the entire federal market. For all levels of government, procurement of energy-efficient products 
wou ld save both e ne rgy and money. By considering the life-cycle costs of efficient products, not 
just first costs, government is bette r serving the lo ng-te rm inte rest of taxpayers and the public. 

In additio n, government purchasing can have a large effect on the overall market in two 
important ways. First, coordinated interagency and inte rgovernmental purchasing using the same 
energy-efficient criteria can help shift the mix of products manufactured and sold to all consumers, 
public and private-while bringing down costs thro ugh manufacturing volume and competition. 
Second, public sector purchasing can he lp create a "market-pull" for new technologies not yet 
commercially ava ilable . Adapting the "developmental procurement" methods used in weapons 
procurement, civilian agencies could issue credible offe rs to purchase advanced products, better 
than any now available, once they meet performance and cost specifications. 

Federal initiatives to increase the purchase of energy-efficient products are authorized under 
the 1992 Energy Po licy Act, recent Office of Management and Budget policy letters, and Executive 
Orde rs concerning federal energy management and environmenta lly preferred products . 
Coordinating federal purchasing with other levels of government, and with utility demand-side 
management programs, can further strengthen the market demand for energy-efficient new 
technologies and products. Fina lly, energy efficient procurement, including a new, government­
wide "Procurement Challenge," exemplifies the type of volunta1y, market-oriented actions 
favored in the Administration 's Climate Change Action Plan. 

Throughout the federal government, procedural reforms are needed to help redirect 
purchase decisions toward today's best ene rgy-efficient practice, and to open up the federal 
market for tomorrow's more advanced technologies. To implement a recent Executive Order, 
DOE is cosponsoring an inte ragency "Procurement Challenge." This program encourages all 
agencies to change the ir own buying patte rns, whethe r through direct purchases from commercial 
sources, acquisition through the supply agencies (Defense Logistics Agency and the General 
Services Agency), o r "indirect" purchases made as part oflarger construction and service contracts . 
Agencies participating in the Challenge make a voluntary pledge to lead the way in "best-practice" 
buying (products that are among the 25% most energy efficient) or in committing to purchase new, 
advanced technologies more efficient than any now o n the market. 

To exploit government purchasing as a market-pull resource will require a redefinition of 
procurement, and the associated attitudes and rules for thousands of practitione rs. Instead of 
choosing among existing product offe rings, government will take an active, explicit role in 
market-shaping: setting targets for more ene rgy-efficient products and creating market incentives 
to expand the ava ilable options-not only for gove rnment itself but fo r all consumers. @ 

D Energy & Environment Division 
1250 Mary lancl/\ve., Suite ! 50 
Washi ngton D.C. 20024 
(202) 484-0880, Fax: (202) 484-0888 
e mai l: JPHarris@ lbl.gov, 
NWCasey-mccabe@lbl.gov 

-Nancy Casey-McCabe 
& j eff Harris 
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Hydronic Radiant Cooling Systems 

C 
ooling nonresidential buildings in the U.S. contributes 
significantly to electrical power consumption and peak 
power demand. Part of the e lectrica l energy used to cool 

buildings is drawn by fans transporting cool air through the ducts. 
The typical the rmal cooling peak load component for Ca lifornia 
office buildings can be divided as follows: 31% for lighting, 13% for 
people , 14% for air transport, and 6% for equipment (in the graph 
below, these account for 62.5% of the electrical peak load, labeled 
"chiller"). Approximately 37% of the electrical peak power is 
required fo r air transport, and the remainder is necessary to operate 
the compressor. 

DOE-2 simulations fo r different Ca lifornia climates using the 
California Energy Commission base case offi ce building show that, 
at peak load, only about 10% to 20% of the supply air is outside air. 
Only this fra ction of the supply air is necessary to ventilate the 
buildings sufficiently to maintain a high level of indoor air quality. 
For conventional HV AC systems, the diffe rence in volume between 
supply air and outside air is made up by recirculated a ir. The 
additional recirculated air, however, often causes drafts and indoor 
air quality problems by distributing pollutants throughout the 
building. This is the problem motivating our study of a building 
cooling technology called hydronic radiant systems which use less 
recirculated air, and in the process, could save energy. 

Our efforts have taken the form of projects to characterize the 
technology and to develop a computer model. In o rde r to be able 
to design radiant cooling systems and to simulate the ir the rmal 
performance, we have developed a the rmal building simulation 
model which operates in the SPARK environment, an easy-to-use 
graphical interface. The model is based on the finite diffe rences 
method and covers both active and passive building elements . The 
aim is to integrate this model into PowerDOE, the successor of the 
DOE-2 thermal building simulation mode l (CBS News, summer 1994, 
p. 8). 

Chi ller 
62.5% 

1 OOo/o Peak Power 

34.4% Other Loads 

Conventional 
HVAC System 

34.4% 

Radiant Cooling 
HVAC System 

Comparison of electrical peak power load for conventional 
systems and radiant cooling systems (percentages are relative to 
overall peak power for the conventional system). 

Radiant Cooling Systems 

A core-cooled ceiling is the cooling equivalent of a floor heating 
system. In this system, water is circulated through plastic tubes 
embedded in the core of a concrete ceiling. This layout allows the 
system to take advantage of the storage capacity of the concrete, 
and provides the opportunity to shift the building peak load away 
from the utility grid peak. 

The most used system is the panel system. It is usually huiltfrom 
aluminum panels, with metal tubes connected to the rear of the 
panel. An alternative is to build a "sandwich system," in which 
the water flow paths are included between two aluminum panels. 
The use of a highly conductive material in the panel construction 
provides the basis for a fast response of the system to changes in 
room loads. 

Cooling grids made of capillary tubes placed close to each other, 
can he imbedded in plaster, gypsum hoard, or mounted on 
ceiling panels. This system provides an even swface temperature 
distribution. Due to the flexibility of the plastic tubes, cooling 
grids might represent the best choice for retrofit applications. 
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As shown by the arrows most of the cooling effect occurs on the 
ceiling side of radiant panels. 
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Reduced Air Transport 
Traditionally, HVAC systems are designed as all-air systems. 

Hydron ic radiant systems are air-and-water systems that se parate the 
tasks of ventilation and thermal space conditioning by using the 
primary a ir d istribution to fulfill the ventilation requirements, and 
the secondary water distribution system to thermally condition the 
space. These systems reduce the amount of air transported through 
buildings significantly, because the ventilation is provided by 
outside air systems without affecting the recirculating air fractio n. 

Radiation provides most of the cooling, using water as the 
transport medium. Thanks to the physical properties of water, 
hydronic radiant cooling systems can remove a given amount of 
therma l energy using less than 5% of the fan ene rgy that would 
othe rwise be necessary. (Ene rgy savings re lative to conventional 
systems are shown in the chart on the facing page.) The separation 
of cooling and venti lation tasks not only improves comfort condi­
tions, it also improves indoor air quality as well as the control and 
zoning of the system. Hydronic cooling systems combine mecha­
nisms to control the temperature o f room surfaces with central air 
handling systems. 

Because large surfaces are available for heat exchange in 
hydronic radiant cooling systems (usually almost the whole ceiling 
o r fl oor) , the coolant temperature is only slightly lower than the 
room temperature . Since the coolant can be maintained at a high 
temperature level, the use of heat pumps with high coeffi cient-of­
performance va lues, cooling towers, night cooling, or some combi­
nation of these can reduce e lectric power requirements funhe r. At 
the same time, hydronic radiant cooling systems reduce problems 
caused by duct leakage, since they use significantly less ventilation 
air and since the air is conditioned only to meet room-temperature 
rather than cooling-supply air temperature conditions. 

Another benefit is that the ventilation systems and the ir duct 
work need only about 20% of the space requirements of conven­
tional HV AC systems, reducing cost. A hydronic radiant cooling 
system combined with the sprinkler system might reduce the initial 
cost even further. Because of the hydronic energy transport, this 
cooling system has a potential to interact with thermal energy 
storage systems and looped heat pump systems. 

Hydronic radiant cooling has been applied in the U.S., but it 
never reached significant market penetration. In Europe too, 
hyd ronic cooling was more o r less abandoned after some applica­
tion in the late 1930s and the 50s. However, user complaints about 
all-air systems changed the designers ' attitude towards the technol­
ogy, which led to new hydronic system designs with better control. 
Together with efficient ventilation systems and humidity control, the 
hydronic radiant cooling system provides advantages over conven­
tional HVAC systems that are worth conside ring during building 
design. ~ 

D Helmut Feuste l 
Indoor Environment Program 
(510) 486-4021 
Fax: (510) 486-6658 
ema il : HEFe uste l@lbl.gov 

- Helmut Feustel 
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The U.S. Country Studies Greenhouse Gas 
Mitigation Assessment Workshop: A Report 

0 
n]une 13-24, the Cente r's Energy Analysis Program hosted 
the U.S. Country Studies Greenhouse Gas (GHG) Mitiga­
tion Assessment Workshop. The workshop brought to­

gethe r more than 60 scientists and energy policy makers from 16 
developing countries including Eastern Europe and the fo rmer 
Soviet Union, Asia , Africa, and Latin America . They came to LBL for 
hands-on training in techniques and models used for GHG mitiga­
tion analysis. 

The workshop was part of a $1.4 million contract awarded to 
the Energy Analysis Program by the U.S. Country Studies Program 
through the Department of Energy. The Country Studies initiative 
grew out of the commitment made by the United States at the 1992 
Earth Summit held in Rio de Janeiro. There, the U.S. pledged 
technical assistance for developing countries to help them comply 
with the Framework Convention on Climate Change established in 
Rio. The program is designed to help developing and transitional 
countries: 1) develop inventories of their anthropogenic emissions 
of greenhouse gases; 2) assess the ir vulne rability to climate change; 
3) assess their ability to mitigate greenhouse gas emissions; and 4) 
help form and evaluate strategies for mitigating and adapting to 
climate change . The Country Studies Program selected the Center's 
Energy Analysis Program to provide technical support for the third 
task, because of its substantial knowledge of technologies, policies , 
and analytical methods for reducing greenhouse-gas emissions. 

The White House organized an inte ragency team to oversee the 
implementation of technical assistance . Thirteen federal agencies 
underwrite the program, and six are participating in the program's 
management, including the Environmental Protection Agency, the 
Department of Energy, the Agency for International Development, 
the National Oceanic and Atmospheric Administration, the Depart­
ment of Agriculture, and the Department of State. Steve Wiel , 
director of the Energy & Environment Division 's Washington D.C. 
office and one of the project's two co-principal investigators along 
with]ayant Sathaye, says the interagency team is an impressive feat 
of cooperation. Rarely-if ever-have so many federal 
agencies worked so effectively together for such a large 
undertaking. 

In winning a competition among national labs for 
this contract, the Center brought together a technical 
support team of 30 researchers from academic, private, 
and government institutions experienced in global cli­
mate change issues . The team includes six U.S. national 
laboratories: LBL, Oak Ridge, Pacific, Brookhaven, 
Argonne, and the Nationa l Renewable Energy Labora­
tory. Wiel noted that he is "especial ly proud of our 
associatio n with the othe r national laboratories" be­
ca use, he says, "I be lieve that cooperative efforts among 
the labs is an impo rtant way of life for the future of our 
program. " 

Intensive Two-Week Training 
Workshop participants received two full weeks of 

ana lytical training composed of lectures and computer 
demonstrations. They were divided according to their 

detailed analytica l instruction. In the energy group, instructors 
covered methods of, and issues in , mitigating emissions from the 
industrial, transportation, residential and commercia l sectors, ad­
dressing both conventional and renewable energy supply. This 
group worked w ith sector-specific models, but instru ctors intro­
duced another technique: the use of integrated energy sector 
models for mitigation assessment. The non-energy group examined 
mitigation methods in forestry, agriculture, rangeland, and waste 
management. The macroeconomic group listened to presentations 
on top-clown models for the analysis of the economic impacts of 
greenhouse gas mitigation strategies. 

In addition to the hands-on training for participants, the 
workshop was a forum for them to exchange the ir views about 
interrelated analytical topics . Jayant Sathaye said "This training is 
unique-nothing of this magnitude has ever been clone, either in 
terms of the scope of the training program or the nature of the project 
itself. We are he lping a la rge number of countries sharpen their 
decisionmaking skills in ve ty important environmental areas." 

Next Steps 
At the close of the workshop, participating countries developed 

and submitted workplans fo r greenhouse gas mitigatio n. To provide 
continuing support to these nations' GHG reduction efforts, the 
Energy Analysis Program is tailoring specific technical ass istance 
plans for each country. The program's future support will be in the 
form of funher training in the use of specific models, site visits to 
countries, and regional workshops where national representatives 
will discuss the results of their studies . @ 

D 
- Lila Schwartz & Nathan Martin 

Mirka Della Cava 
Energy & Environment D ivision 
1250 Maryland Ave. S.W. , Suite 150 
Washington D.C. 20024 
(202) 484-0880 
emai l: MFDellacava@lbl.gov 

area of expertise--energy, non-energy, o r macroeco- j an Hrebec and Milos Tichy from the Czech Republic study the details of an 
nomic analysis. More than 30 expe1ts provided the energy model during a hands-on training session. 
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US Country Studies Mitigation Assessment Workshop 
Workshop Schedule, Overview, and Agenda, june 13-24, 1994 

All Tracks: Energy, Non-Energy, Macroecono·mic Assessment 
Mitigation overview discuss ion of concepts , models, and assessment 
p rocess 
Computeri zed methodology demonstration, consultations and training 
Key topics-presentation and discussion 
Technical potentials, ana lysis methods and general discussion 
Implementation strategies 
j o int meetings with US project officers to develop work plan 
Presentation of draft work plans 
Sectors: 
Transport, residential & commercial, industria l, agri cultural, energy, 
foresny, conventiona l & renewable ene rgy, waste management , and 
grasslands & rangelands 
Other Topics: 
Energy and macroeconomic models 
Implementation strategies 
Plenary session 

LBL staff who presented at the workshop included: Steve 
Wiel , Jayant Sathaye, Mark Levine, Steve Meyers, Willy 
Makundi, Nathan Martin, Ashok Gadgil, Alan Sanstad, Jon 
Koomey, Lee Schipper, Puran Mongia, Nandita Mongia, 
Mollie Field, Charles Campbell, Diana Morris, and Karen Gee. 

Academic institutions that participated in the workshop 
included the University of California at Berkeley, the Univer­
sity of California at Davis, the University of Michigan, Stanford 
University, and Oregon State Unive rsity. Private participants 
included ICF, Inc., Future Resources Associates, and the 
Tellus Institute . 

Education 
The Advanced IRP Seminar 

The Cente r has now run four seminars on advanced integrated 
resource planning (IRP) fo r state public utility commission 
staff members fro m a round the country. 

Techno logy transfer is a central aspect of the Energy Analysis 
Program's IRP project. Reviewing utility IRP filings by state utility 
regulatory commissions is a new challenge to commissioners 
because many IRP concepts, especially those dealing with demand­
side management, are unfamiliar. At the request of the National 
Association of Regulatoty Utility Commissioners, the EAP designed 
a seminar on lead ing IRP issues for state commission staff who must 
review these utili ty filings. 

The fo urth annual LBL Advanced IRP Seminar in early June 
hosted staff membe rs from 22 utility regulatory commissions repre­
senting 21 state commissions, including staffers from three state 
commissions that had not participated previously. Nea rly 90 regu­
latory sta ff members from 40 state com missio ns have attended at 
least one of the four seminars. 

Two activities were on the agenda of the week-long seminar. 
Experts o n core IRP issues delivered lectures on topics such as IRP 
plan gu ideli nes, competitive considerations for IRP, the rationale for 
utility DSM programs, avoided costs, gas JRP, and transmission 
planning. In the afternoon, the participants had to roll up their 
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Participants in the first GHG Mitigation Assessment Workshop. 

sleeves, team up, and work thro ugh exercises including DSM 
program planning and rate impact mitiga tion using a commercially 
ava ilable DSM software tool. They estimated electricity avoided cost 
using a utility production cost model, and negotiated the level of 
uti li ty DSM expenditures, the level of incentives paid to the utility, 
and the type ofDSM program eva luation in a role-playing "game. " 
They also took a tour and saw a demonstration of energy-efficient 
technologies at the Pacific Gas & Electric Energy Center, and 
attended an evening roundtable d iscussion of states' experiences 
with competition issues . 

Among the many lectures was Joe Eto's discussion of disincen­
tives for utilities to pursue DSM and his overview of revenue 
decoupling approaches, and a jo int presentation on gas lRP by G. 
Alan Comnes and Charles Goldman. Participants also thought well 
of the negotiation simulation game, introduced fo r the first time this 
year. @ 

D joe Eta 
Energy Analysis Program 
(510) 486-7284 
Fax: (510) 486-6996 
email: JHEto@lb l.gov 

-Karen I-1. Olson 
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Smar Thermal Skins or Vehicles 

W
ith a modest effort, many of the energy-efficient technolo­
gies developed for buildings can be transferred to the 
transportation sector. The goal of vehicle thermal man­

agement research at LBL is to save the energy equivalent of one to 
two billion gallons of gasoline per year, and improve the marketabil­
ity of next -generation vehicles using advanced solar control glazings 
and insulating shell components to reduce accessory loads. Spec­
trally selective and electrochromic window glass and lightweight 
insulating materials improve the fuel efficiency of conventional and 
hybrid vehicles and extend the range of electric vehicles by 
reducing the need for air conditioning and heating, and by 
allowing the downsizing of equipment. At the same time, 
thermal comfort is greatly improved, safety is enhanced by 
reduced glare and heat, degradation of interior surfaces is 
slowed, and the weight and cost of the vehicle are reduced 
because of downsized heating and cooling equipment. 

The Problem 
For several decades, the trend in automotive design has 

been toward larger and more steeply sloped windows. While 
these designs improve aerodynamics, they also increase the amount 
of solar heat gain through the glass. On a hot summer clay the interior 
ai r temperature of a car parked in the sun will exceecl65'C (lSO'F). 
Interior surface temperatures will exceed 90'C (200'F). Automakers 
in Detroit have traditionally solved the cooling problem with the use 
of large inefficient air conditioners, typically of the same size that 
would be used to cool an average house. In terms of fuel penalty, 
manufacturers have no incentive to downsize equipment because 
air conditioning does not enter the fuel efficiency equation used to 
determine compliance with Corporate Average Fuel Economy 
standards. There has been no incentive to move towards more 
efficient air conditioners because they are more expensive . For fuel­
efficient next-generation vehicles, minimizing the power drawn by 
heating and cooling equipment is imperative because it consumes 
a larger fraction of the fuel as the drive system becomes more 
efficient. It is also necessary to minimize loads in electric vehicles 
because heating and air-conditioning can reduce the effective range 
by as much as 40%. Although automotive air conditioning efficiency 
data are surprisingly difficult to come by, efficiency can almost 
certainly be improved. 

Transmittance 
1.2 

Spectral properties o.f an ideal solar control glass. 
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Advanced Technology Solutions 
The problem of creating a comfortable thermal environment 

without adding excessive weight, space, or power requirements to 
the vehicle can be solved through aggressive thermal management 
using advanced window glazings, insulations, and fans . Photovol­
taic powered ventilating fans are particularly well-suited to automo­
tive appl ications and would substantially reduce interior tempera­
tures for cars parked in the sun. Winter heat losses, a particularly 
serious problem for e lectric vehicles because they have no waste 

Reduced degradation of interio r surfaces 

Benefits o.f Thermal Skins 

engine heat, can be reduced using body insulation, low-emissivity 
coatings on the glass, and thin double-glazed windows. Double­
glazed windows are already being used in expensive European 
sedans to reduce the noise level in the passenger compartment. New 
insulation technologies, developed o rigina lly for appliances and 
buildings, are also promising for transportation applications. LBL 
recently patented one such advanced insulation, gas-fil led pa ne ls 
(CBS News, Winter 1993, p. 9), that is particularly well suited to 
automobiles and aircraft because it is lightweight and inexpensive. 
Gas-filled panels are CFC/ HCFC free and are up to four times more 
insulating than conventional fiberglass and twice as insulating as 
CFC foams . 

The single largest climate control problem in most vehicles is 
reducing the solar heat gain through the window glazing. Fortu­
nately, several promising glazing technologies are available or 
under development, largely because of the work to improve 
windows in buildings . Solar radiation incident on a window is either 
transmitted, reflected, or absorbed. The bold line in the figure at left 
shows the spectral properties of an ideal spectrally selective glazing, 
which transmits most of the visible wavelengths of the solar 
spectrum w hile reflecting the invisible ultraviolet and infrared 
wavelengths. 

Some green and blue tinted glasses can have a sharp spectral 
response as described above, although they absorb rather than 
reflect the solar infrared. The main advantages of tinted glasses are 
that they have the same high durability as clear glass, and cost on ly 
slightly more. However, the energy and visua l performance of 
absorbing glazings is not as good as that of the best refl ective 
products. Spectrally selective window glazings block solar infrared , 
but are nearly clear and have the high visible transmission required 
by Jaw for windshie lds. Si lver-based thin films most closely ap­
proach the ideal behavior illustrated in the figure . For the back side 
and rear windows, the transmission band can be lowered to reduce 
solar heat gain even further. 

The ultimate solar control product will be a glazing w hose 
properties can be controlled dynamically by applying a small control 
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voltage. Electrochrom ic films work like a thin film ba ttery, allowing 
active optica l response to changing environmental conditions. 
Electrochromic devices change optical prope1ties according to an 
applied cu rrent, so they can be linked d irectl y to the vehicle HVAC 
system. They req uire ve1y low power, and si nce they o nly req uire 
power to switch, they are stable in any given state, and won't 
suddenly go dark if the re is a power failure. Although still in the 
developmental stage, e lectrochromic films show great promise if the 
cost and performance targets ca n be met. 

EV range for different heating options 

Resistance heat 
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LBL-Russia Collaboration on Lighting 

I 
n a newly minted collaboration, LBL and Russian researchers 
will explore a novel emerg ing technology for effi cient lighting. 
Center researche rs Michael Siminovitch, Evan Mills, and Francis 

Rubinstein wi ll work with Dr. julian Aizenberg of Russia 's Lighting 
Resea rch Institute to investigate "light pipes". These typically ho llow 
tubes use highly refl ective o r light-conducting materia ls to transport 
and d istribute light from a bright centralized source. Light pipes are 
a particularly promising technology for use with a new generation 
of small, highly efficient, high-output lamps now unde r develop­
ment. A local Bay Area company, Peerless Lighting, will participate 
in the collaboration by helping to identify critical manufacturing and 
marke t-acceptance challenges. 

The potential ene rgy and non-ene rgy advantages of light pipes 
include easie r heat removal/recove iy from lamps and ballasts, lower 
maintenance costs (fewer lamps and ba llasts to replace), the abili ty 
to transmit daylight to non-pe rimete r offices, and greater safety 
when used in settings with an explos ion hazard . 
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To assess the e ffectiveness of solar control glazings and 
insulation in improving thermal comfort, fi e ld and laboratory tests 
are planned in collaboration with the Thermal Comfort Laboratory 
at the University of Ca lifo rnia, Berkeley. The laboratory has high 
quality, specia lized instrumentation, including a segmented thermal 
mannequin that approximates a full-scale human sensor. It can 
make measurements of thermal stratification, radiant asymmetiy, 
local jets of high-speed a ir fl ow, and the convective plume formed 
around the body by its own heat. The manneq uin w ill be used in 
conjunction with infrared the rmography, temperature measure­
ments, and thermal analysis models. @ 

D 

60 

Debomh Hopkins 
Building Technologies l'rogmm 
(510) 486-4922 
email : DLHopkins@lbl.gov 

- Deborah Hopkins 

Instrumented thermal mannequin 
used to study human comfort. 

The project wi ll begin with an assessment of the 30-year 
Russian research and deployment program o n light pipes. Russia has 
much more expe rience with th is technology than any o the r country. 
Researchers wi ll then review the experience in e ight other countries, 
and conclude with an examination of the technology's future 
directions and its applicability to the U.S. environment. 

This collaboration comes at a time when hard economic 
conditions in Russia have placed the lighting research establis hme nt 
in jeopardy. While not long ago 1,200 people worked in Aizenbe rg's 
institute, today only 400 remain and about two-thirds of the facility 
has been rented as office space to private enterp rises . Many Russian 
lighting experts today work in ba nks. 

D Evan Mills 
(51 0) 486-6784 
email : EMills@lbl.gov 
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Center Research Facilities 

The Sky Simulator 
D ayli g ht re du ces a buil d ing 's d epe n ­

d e n cy o n e lect r ica l li g htin g a nd im­
p roves the beauty of its interio r spaces. As archi­

tects apply well-established daylighting techniques such as 
w indows and skylights to capture the natural light, scien­
tists are developing innovative ways to bring in the light 
more efficiently. The sky simulato r, operated by the 
Cente r's Building Technologies Program, is a 24-foot­
diamete r dome that researchers use to measure the illumi­
nance leve ls in building mode ls fitted with variou s 
daylighting systems. By testing these models, they ca n 
determine how well a building design o r daylighting 
technology permits light to enter under conditions of 
varying time of day and season , building orientation, or 
geographic location . 

Inside the dome, 108 flu o rescent tubes shine onto the 
dome ceiling. Sky conditions can be varied by dimming the 
flu o rescent tubes and the reby creating different sky lumi­
nance distributions. The flu orescent tubes are dimmable 
individually o r in banks of up to 36 at a time . Mode ls a re 
mounted at the level of the dome's ho rizon on a raised Werner Osterhaus and Liliana Be/trim p repare a scale model for tests in 
platform in the center o f the dome. The platfo rm is actually the sky simulator. 
a rotating, tilting drafting table mounted on a rigid framework. The With the sky simulator, scientists in the Windows and Daylighting 
sun is simulated with a 1,000-watt halogen lamp inside a parabolic Group conduct different types of studies, including shading studies 
mirror dish mounted on a track. It can assume any altitude angle that reveal how a building's design blocks or permits light's passage 
from the horizon to the zenith. Azimuth ang les are set by rotating to the inte rio r; solar access s tudies, using city-scale models; and tests 
the model platfo rm. Pho tosensors connected to a data acquisition of the reflection and transmittance characteristics of new daylighting 
system are mounted inside the scale mode l to be eva luated to technologies. Fo r scale model tests, the minimum suite of measure­
measure the illuminance in different parts o f the proposed building. ments of illuminances are taken at conditions simulating 9 a.m., 
At least one re fe rence sensor is usually placed on an unobstructed noon and 3 p. m., measured at the solstices and the equinoxes . 
ho rizontal plane outside the model for daylight facto r measure- Crescent boa rd , the construction mate ria l of most models, has 
ments. Daylight facto r is the ratio of illuminance on a ho rizontal known illuminances, and model makers can choose a board with 
indoor surface to that o f an unobstructed horizontal outdoor surface. the color and texture that would be closest to the proposed 

building's appearance . 

In tbe facility 's in terior, Osterbaus and Be/trim conductperformance tests of 
a sbading device f or a bote! atrium using tbe su n simulat01~ upper rigbt. 

Windows and Daylighting Group researchers have 
used the simulator to va lidate the results of computer 
models designed to predict the inte rio r illuminance of 
buildings lit from outside, and from time to time, profes­
sional architects send the ir building models to be eva luated 
the re . The sky simulato r's ability to control and reproduce 
lighting conditions makes it a useful research tool. Located 
in the Co llege of Environmental Design on the University 
o f California, Berkeley campus, this LBL facility is also an 
important teaching tool fo r students . @ 

D 
Werner Osterhaus 
Building Technologies Program 
(5 10) 486-6845 
Fax: (510) 486-4089 
email : \VKEOste rha us@ lbl.gov 

- Allan Cben 
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Energy Currents 
Reducing Greenhouse Gas Emissions 

A
s part of the Climate 
Change Act ion Plan ef­
fo rt to sta bilize green­

house gas emiss ions, research­
ers from the Center for Building 
Science's programs are working 
on fi ve projects to improve en­
ergy effi ciency in the res idential 
sector. These multiyea r pro jects 
are sponsored by th e Environ­
mental Protection Agency 's G lo­
bal Change Division, w hich is 
developing voluntary "market­
pu ll " programs that reduce po l­
lution, including greenhouse gas 
emiss ions, by accelerating the 
penetrati on o f new o r underusecl 
energy-effi c ient techno logies. 
This work builds on and comple­
ments the resea rch at LI3L sup­

ported by DOE. 
Four of the projects focus 

on specific techno logies devel­
oped by LBL, w hile the fifth w ill 
conduct mark et assessm ents o f 
these a ndmany other residential 
techno logies to identify the m ost 
effecti ve means of increas ing 
their market shares . A compo­
nent of all the projects is to help 
EPA design and implement pro­
grams to promote these tech-

no log ies in the marketplace, a 
relati vely new application of the 
Center's energy-efficiency exper­
tise . The projects are: 
Lighting-Lighting consumes 
abo ut l Oo/o o f the electricity con­
sumed in homes. The goa l of the 
lighting project is to develo p 
dedica ted compact fluo rescent 
fi xtures and high effi ciency in­
candescent lamps to reduce light­
ing energy use. LBL w ill also 
work w ith fi xture and lamp 
manufacturers to commerciali ze 
these technologies, help design 
deployment programs, and iden­
tify the residential lighting appli­
ca tions most suitable fo r govern­
ment and util ity programs. 
Windows-While many new 
energy-effi cient w indow tech­
no logies have been develo ped 
during the past decade, not all 
manufacturers o ffer optimally 
cost-effecti ve products, and con­
sumers often lack info rmation or 
are confused about the options 
ava ilable to them. This project 
wi ll explore marketing strate­
g ies to identify and better define 
energy-efficient window prod­
ucts fo r specific applications. 

Thermal Distribution Systems­
The goa l o f this project is to 
develo p and commercialize an 
aerosol-based sea ling techno l­
ogy to reduce energy losses 
through residential duct systems. 
Project sc ientists w ill also esti­
mate the ca rbon reduction po­
tential o f aerosol-based sea ls and 
identify the regions and market 
segments w here promoting the 
techno logy w ill most likely lead 
to widespread market adoptio n. 
Cool Communities-To re­
duce air conditio ning energy con­
sumption caused by the urban 
heat island effect (CBS News, 
Spring, 1994, p. 6) , this project 
w ill develo p and commercialize 
high-a lbedo roofing and pav ing 
products . Cool communities re­
searchers w ill m eet th eir imple­
m entatio n goals by working w ith 
manufactu rers, bui lders, utilities, 
and o th er interested parties to 
promote the use of cool building 
materi als. 
Residential Market Analysis-­
To help the EPA design effective 
energy-effi ciency programs, re­
searchers are using a cletailecl, 
geographic info rmation system-

LBL Scientist Joins Clinton Administration 

A
rt Rosenfeld, former head 
of LBL's Center fo r Build 
ing Science, has been 

named a senior advisor in th e 
U.S. Department o f Energy, serv­
ing under Assistant Secreta ry fo r 
Energy Efficiency and Renew­
able Energy Christin e Ervin. His 
appointment began .Jul y 1. 

Agency-that would guarantee 
loa ns for retrofitting energy-in­
effi cient public buildings. 

Rosenfeld spent the first 
twenty years o f his professional 
life as a high-energy ph ysicist 
befo re switching to the develop­
ment of energy-effi cient tech­
nologies for buildings in 1973 
(after the OPEC o il embargo). 
For this work , he won DOE's 
1993 Sadi Carnot Awa rd in En­
ergy Conservation. We look fo r­
wa rd to his many contributions 
from "w ithin " the government, 
and to hav ing Art back at LBL 
after his stint in Washington. @ 

based model to identify the re­
g io ns and m arket segments 
where energy-effi cient technolo­

gies are technica lly feasible, cost­
effective, and acceptable to con­
sumers. EPA w ill use thi s 
info n11ation to design programs 
targeted at the most attractive 
market segments. Candidate pro­
grams include utility incenti ve 
and loa n programs, product la­
beling, and partnersh ips w ith 
manufacturers, builders, realto rs, 
or lenders. @ 

II 
- Ricb Brown 

Ligbting 

Michael Siminovitch & Evan Mills 

(510) 486~5863 
email: EMi lls@ lhl.gov 

\Vindows 

Darius h Arasle h 
(51 0) 486~6844 

ema il : DAraSieh@lh l.gov 

71Jermal /Jislribt iliolt 

Mark Moder:~ 

(510) 41l6~467K 

ema il : MPModera@ lbl.gov 

Cool Communities 
llashcm Akha ri 
(510) 486~421:!7 

emai l : I!Ak bari @lhl.gov 

Jl!larkel A11a !ysis 
.J onathan Koomey & Rich Brown 

(5 1 0) 486~5974 

ema il : .J G Koomey@lb l.gov 

ln Washington, Rosenfe ld 
wi ll sit o n Pres ident Clinton's 
National Science and Techno l­
ogy Council. He w ill also serve 
as national spokesperson for 
the Administration 's "Cool Com­
munities" program and w ill help 
steer through the politica l pro­
cess a proposed new "govern­
ment-sponsored enterprise"­
ca lled EFFIE MAE for Energy 
Efficiency Mortgage and Loan Art Rosenf eld 
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About Lawrence 
Berkeley 

Laboratory 

Lawrence Berkeley Laboratory is a 
multi program national laboratory man­
aged by the University of California 
for the U.S. Department of Energy. The 
oldest of these nine laboratories, LBL is 
located in the hills above the campus 
of the University of California, Berke­
ley. 

With more than 3,000 employees, 
LBL's total annual budget of about 
$250 million supports a wide range of 
unclassified research activities in the 
biological , physical, materials, chemi­
cal, energy and environmental sci­
ences. The Laboratory's role is to serve 
the nation and its scientific, educa­
tional and bus iness communities 
through research performed in its 
unique facilities, to train future scien­
tists and engineers and to create pro­
ductive ties to industry. As a testimony 
of its success, LBL has had nine Nobel 
laureates, more than al l of the other 
U.S. national laboratories combined . 
The Center for Building Science is one 
of 1 2 centers located at LBL. 
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