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Preface 

Ernest Orlando Lawrence Berkeley National Laboratory (Berkeley Lab) is the oldest of seventeen National 
Laboratories owned and managed by the United States Department of Energy. It is located in California 
::tbove the campus of the University of California at Berkeley. A panoramic view of the Lab, campus, and San 
Francisco Bay graces the cover of this report. The efforts of the 3000-plus men and women who make up 
Berkeley Lab are dedicated to solving problems to improve the way we live while also investigating and 
unraveling the secrets of the universe. 

v 

Berkeley Lab was founded as a high energy physics laboratory in 1931 by Ernest Orlando Lawrence, 
the University of California Berkeley professor who invented the cyclotron. Today, six decades later, the 
::tchievements of this Lab can be viewed as having contributed significantly to the history of science. Ernest 
Lawrence was the first of nine Nobel prize winners at the Lab. His cyclotron led to a Golden Age of particle 
physics and revolutionary discoveries about the nature of the universe. The Lab also houses a world center 
for accelerator and detector innovation and design, is the birthplace of nuclear medicine and a center of 
invention for medical imaging, is where lipoproteins were first isolated, is where it was determined that the 
ratio of high-density to low-density lipoproteins is a strong indicator of heart disease risk, is where the theory 
was developed that dinosaurs had been killed off by a massive comet or asteroid that had slammed into the 
Earth, and is where the chemical laser was invented. Lab scientists conduct work in high energy physics, 
::~strophysics, accelerator and fusion research, life sciences, physical biosciences, chemical sciences, materials 
sciences, earth sciences, information and computing sciences, and environmental energy technologies. 

The last of these topics is the focus of the Environmental Energy Technologies Division, one of the 
Lab's thirteen technical divisions. It is broadly charged with developing innovative approaches for more effi
:::ient energy use and advanced options for energy conversion, storage, and distribution; investigating the 
::ttmospheric and biospheric effects of energy technologies and remediation options; analyzing national and 
international energy use; transferring research results to the private sector and to government and other deci-
3ion-makers; applying its accumulated expertise to national problems related to energy; and contributing to 
the education of scientists and engineers. The match of the Division's expertise to national needs is the central 
:::riterion for judging the priorities of its activities. 

The Environmental Energy Technologies Division houses the Energy Analysis Department, a group of 
100 people who provide data and analysis for understanding how people use energy and for supporting the 
:::l.evelopment of rational energy policy. This report presents the results of the Energy Analysis Department's 
2fforts over the period 1996 and 1997. 
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T
he Environmental Energy Technologies Division performs 
R&D to create new technology for using and converting energy 
at very high efficiency and at low environmental impact. The 

Division also carries out extensive analyses supporting the develop
ment of sound energy policies and programs, as well as studying 
ways to reduce environmental impacts. I look to the Division to do 
work that makes a difference in the real world. 

Charles V. Shank, Director, Berkeley Laboratory 

Within the Division, the Energy Analysis Department pro
vides the understanding of energy use that enables us to 
develop better energy technologies . It also provides analy

sis to inform government decisionmakers on matters related to ener
gy policy. As a result, our society uses energy at least a little more 
efficiently. 

Mark D. Levine, Division Director 

Berkeley Lab is home of the largest program of energy efficiency 
analysis anywhere within the National Laboratory system, per
haps anywhere in the world. This analytical work is mostly 

done in the Environmental Energy Technologies Division's Energy 
Analysis Department. We are a group of 100 researchers, technicians, 
and support staff, perhaps best known for combining an excellence 
in research with an exceptionally strong dedication to public service. 
Our mission is stated here: 

Berkeley Lab's Energy Analysis Department informs govern
ments and international institutions on energy-related issues to 
help them formulate energy and environmental policies. We do 
this by generating and interpreting information on the supply 
and consumption of energy, on technologies, on management 
practices, and on economic and environmental impacts. 

Stephen Wiel, Energy Analysis Department Head 

Energy analysis at the Lab dates back to the mid- and late 1970s, in the wake of the 1973 and 1979 oil 
shocks, when scientists at the Lab turned their attention to two new and important themes. We first 

broke away from the tradition of analyzing energy consumption in the aggregate and, instead, worked 
to separately understand each energy end use. Over the ensuing two decades we have identified and 
analyzed about 100 end uses of energy in buildings and many others in industrial settings. We also 
developed and popularized the concept known as "supply curves of saved energy," charts showing the 
amount of energy that can be saved from energy-efficiency investments as a function of the cost per 
unit of energy saved. Supply curves have drawn attention to the enormous cost-effectiveness of energy 
conservation and have become a standard tool for energy analysts and policymakers. 
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Over the past 20 years, we have collected the data to allow future use of each end use to be forecast indepen
dently. We have assessed the potential of our country and the world as a whole to use energy more efficiently. 
We have analyzed the mechanisms by which each energy-consuming device uses and wastes energy, some
times leading directly to improvements in the technology. Our analyses of technology, engineering practices, 
and economic impacts have allowed our government to set cost-effective energy performance standards for 
refrigerators, freezers, fluorescent lamp ballasts, air conditioners, ovens and ranges, dishwashers, clothes 
washers, and dryers. Our analyses have led to many of the target energy performance levels for our govern
ment's ENERGY STAR® program and other voluntary energy-efficiency partnerships with the private sector. We 
have evaluated the effectiveness of utility sector regulation to stimulate energy efficiency and, as the electrici
ty sector is restructured, have worked to protect energy efficiency and other public goods traditionally deliv
ered by utility companies. We have conducted analyses to support our government's policy on climate 
change and have worked with over 60 industrialized and developing countries to support their policy devel
opment as well. 

Over the years, we have maintained a steady attention to energy efficiency despite large fluctuations in pub
lic interest and apparent need. Perhaps the primary benefit is that, in time of need, energy data and analytical 
tools are available . Now appears to be such a time, as the nations of the world assemble to address potential 
threats to our well-being posed by climate change. Energy consumption is certainly the root human contribu
tion to climate change, and energy efficiency is the centerpiece of all strategies to mitigate its impact. 

We at Berkeley Lab are poised to respond to the challenge. We have been actively engaged in climate change 
analysis for the past six years, conducting "country studies" of greenhouse gas mitigation strategies, partici
pating prominently in the world's assessment of the problem by the Intergovernmental Panel on Climate 
Change (IPCC), and facilitating projects in the U.S. and around the world designed to reduce greenhouse gas 
emissions. Most of the work we are currently performing is targeted at climate change issues. 

There are a few exceptions where our attention is turned more toward urban smog than climate change. Our 
assessment of urban heat islands is an example. The traditional approach to combatting urban smog is to 
reduce air pollutant emissions. Our research has shown another cost-effective option is to reduce the urban 
ambient temperature by using reflective roofs and pavements and planting more vegetation. Our research 
also shows that, in order to control urban smog, eliminating malfunctioning catalytic converters in new cars 
is as important as maintenance inspections and adjustments in older cars. We also show that "fee-bates" (rev
enue neutral penalties for buying gas-guzzling cars and associated rewards for buying energy-efficient ones) 
would be effective in promoting efficiency and reducing pollution. 

This report describes the work we have been doing most recently. One of our proudest accomplishments is 
the publication of Scenarios of U.S . Carbon Reductions, an analysis of the potential of energy technologies to 
reduce carbon emissions in the U.S. This analysis, described on pages 1 and 2, played a key role in shaping 
the U.S. position on climate change in the Kyoto Protocol negotiations. Our participation in the fundamental 
characterization of the climate change issue by the IPCC is described on page 4. We are also especially proud 
of our study of "leaking electricity," described on page 42, which is stimulating an international campaign for 
a one-watt ceiling for standby electricity losses from appliances . This ceiling has the potential to save two
thirds of the 5% of U.S. residential electricity currently expended on standby losses.The 54 vignettes con
tained in the following pages summarize results of research activities ranging in scale from calculating the 
efficacy of individual lamp ballasts to estimating the cost-effectiveness of the national ENERGY STAR® labeling 
program, and ranging in location from a scoping study of energy-efficiency market transformation in 
California to development of an energy-efficiency project in the auto parts industry in Shandong Province, 
China. These are the intellectual endeavors of a talented team of researchers dedicated to public service. If 
you are interested in looking further into this research, obtaining copies of our reports, or just learning a li ttle 
more about us, please visit us on the web at http:/ I eetd.lbl.gov /EA 



Program Staff Durin 

Stephen Wiel, Department Head 

Hashem Akbari 
Orpheus Allen 
Jason Anderson° 
Barbara Atkinson 
Celina Atkinson 
Peter Biermayer 
Stan Boghosian° 
Sarah Bretz 
Rich Brown 
Stephen Brown 
Chris Busch 
John Busch 
Nancy Casey-McCabe0 

Stuart Chaitkin 
Peter Chan 
Terry Chan 
Ewa Cichocka-Wodzicka t 
Philip Coleman 
Deb Connell 
Sachu Constantine 
Paul Craigt 
William Bart Davis0 

Odon de Buen 
Mirka della Cava 
Andrea Denver 
Anthony DeVuono0 

Fred Dudat 
Diana Duhnke 
Camilla Dunham Whitehead 
Dan Einstein 
Joe Eto 
Di Ann Fager0 

Debbie Farlowo 
Diane Fisher 
David Fridley 
Rafael Friedmann t 
Christopher Ganson 
Janissa Garcia 0 

Lisa Gartland 
Ted Gartner 
Traci Goins t 
Beth Goldberg0 

Chuck Goldman* 

• Group Leader 

t Participating Guest 

o No longer at Berkeley Lab as of March 1, 1998 

0 No longer in Energy Analysis Deparbnent 

:j: On leave to the International Energy Agency, Paris, 
1997-1998 . 

'IT On leave to the Federal Energy Regulatory 

Commission, Washington, D.C., 1997-1998 

1996 and 1997 

William Golove 
Roger Gorham0 

Lorna Greening0 

Sajid Hakim 
Jeffrey Harris* 
Moira Howard-Jeweler 
Rich Howarth 
YuJ. Huang 
Wolfgang Hubert 
Mireya Imaz t 
Frank Johnson° 
EvanJones0 

Patricia Juergens 
Ed Kahn° 
Marta Khrushch 
Kris Kinney0 

Suzi Kito0 

Johanna Kollar 
Steven Konopacki 
Jonathan Koomey* 
Tom Krackeler 
Satish Kumar 
Aaron Lee 
Brian Lehman 
Janis Lenox 
Ronnen LevinsonO 
Nancy Lewis0 

Jiang Lin 
Xiaomin Liu 
Jim Lutz 
Susan Mahler0 

Willy Makundi 
Robert Markel 
Chris Marnay 
Nathan Martin 
Eric Martinot t 
Marsha MathewsO 
Donald Mauritz 
Aimee McKane 
Jim McMahon* 
Alan Meier* 
Steve Meyers 
Mithra Moezzi 
Diana Morris 
Bruce Nordman 
Richard Norgaardt 
Thomas Olofsson t 
Karen Olson 
Chris Payne 
Steven Pickle 
Mary Ann Piette 
Maggie Pinckard 
Mel Pomerantz 

Brian Pon 
Lynn Price 
Stephen Puller t o 
Ned Raynolds 
John RandolphO 
Wolf Read 
R. Cooper Richey 
Judy Roberson 
Greg Rosenquist 
Joyashree Roy t 
Glerm Saika 
Marla Sanchez 
Alan Sanstad 
Jayant Sathaye* 
Lee Schipper*:j: 
Ka~a Schumacher 
Osman Sezgen 
Leslie Shown 
Jonathan Sinton° 
Henry Stadler t 
Jeff Stein 
Steve Stoft 'li 
Haider Taha 
Alison ten Cate 
Michael Ting 
Kenneth Train t 
Isaac Turiel 
Vestal Tutterow 
Diana Urge-Vorsatz0 

Ed Vine 
Jeff Warner 
Carrie Webber 
Tom Wenzel 
Daria Williamso 
Ryan Wiser 
Nan Wishner 
Avis Woodst 
Fu Qiang Yang 
Chung Seok Yoo t o 
Hui Zhang 

LBNL Outstanding Performance 
Award Recipients 1996-1997 

Rich Brown 
Philip Coleman 
Beth Goldberg 
Patty Juergens 
Aimee McKane 
Diana Morris 
Mary Ann Piette 
Alison ten Cate 
Ryan Wiser 

ix 



X 



Table of Contents 

~Global and National Energy and Greenhouse Gas Emissions Analysis 

Scenarios of U.S. Carbon Reductions (Levine) .... .. ........................... ... .. ... .. . . . . ..... . ... . . . . .. ..... 1 
Scenarios of U.S. Carbon Reductions: U.S. Building Sector Results (Koomey) ............ . ................ . ............ 2 
The Evolution of Carbon Dioxide Emissions from Energy Use in Industrialized Countries (Schipper) .... .... ... . . . ....... 3 

[Climate Change Mitigation I 
Evaluating Technologies, Policies, and Measures for Mitigating Climate Change (Levine) . . . . . . . . . ... ... . .. ..... . . . 4 
The Monitoring, Evaluation, Reporting, and Verification of Climate Change Mitigation Projects (Vine) ... . .... . . .. .. .. .. .5 
Interna tional Workshop on Greenhouse Gas Mitigation Technologies and Measures (Sathaye) . . . . . . . . . . . . . . . . . . . . . . 6 
International Workshop on Monitoring and Verification of Sustainable Forest Management (Sathaye) . .. . ...... . ...... . .. 6 

[China, India, and Other Partnerships I 
Overview of Developing Cow1tries' Concerns About Joint Implementation: Case Studies 

from Brazil, India, Mexico, and South Africa (Sathaye) .. ...... . . .. . . .... . . . . ... . .. .. . .. . . . . . . . .. . . .. .. .. . . ...... 7 
Financing Energy Efficiency in China (Sinton) ................................... . . . . .. ........ . ................ .8 
Screening Commercial Energy-Efficiency Projects in China (Yang) ................. . .. .. . ............. . ............. 9 
Economic Reforms and Patterns of Industrial Energy Use in China (Sinton) . . . . .. . . . .... . . .... .. .. . . . . . . ... .... .. .... 9 
Field Testing of Energy-Efficient Refrigerators in China (Fr idley) . ... ... . ... . . ... .. . .. .... .... .... . . . .. .... ... .. .. . 10 
Improving Industrial Energy Efficiency Through New Banking Practices in India (Sathaye) .. . . ... .... . . .... . . . . ... .... 10 

!voluntary Government Programs 
Energy Efficiency in Government Purchasing (Harris) ..................... ... ................... . .. .. ... ..... ... 11 
Saving Energy in the Govenunent Sector: An International Review (Harris) .. .. .. .. .. ... . ... . .. .... . . ... .. . . .. .. .... 12 
Measuring and Verifying Energy Savings (Kumar) .. ...... .. ...... .. ... . ...... . .... ... ..... . . . ... . ...... . . . .... . 14 
ENERGY STAR Product Labeling (Brown) ..... . ... .. .............. . .. .. . ... . . . .... . . .. .... . . ..... ... .... . .. .... .15 
ENERGY STAR New Homes (Brown) . .. .. .. .. . ....... . .... .. .. .. ..................... . .. ........... .. . .. ...... .16 
The Home Energy Saver I Virtual House (Mills) .. .. . .... . .. .............................................. . .... 17 

[Energy Efficiency Standards I 
Comparing Energy Efficiencies of Lamp Ballasts (Turiel) ......................... . ... .... . .. ... ..... . .. . ......... 18 
Energy and Water-Saving Potential of Dishwashers and Clothes Washers (Biermayer) . . ....... .. ..................... 19 
Alternative Efficiency Levels for Residential Cooking Products (Rosenquist) .... .. . ... .. ....... . ...... . ..... . .... .... 20 
New Energy-Saving Design Features for Room Air Condi tioners (Rosenquist) .. . . . .... .. ... . .. . ..... . ... ... . ... .. ... 21 
Effects of Appliance Standards on Product Price and Attributes: A Hedonic Pricing Model (Greening) . . ... . . . .... . .. . ... 22 
Observed Savings from Appliance Efficiency Standards (Meier) ..... . .. . ....... . ..... . ............................ 22 
Energy Test Procedures for Appliances: The Next Generation (Meier) ... .. .. . ..... .. . . . ......... . . . ...... . .... . .... 23 

[Electricity Markets and Policy I 
Energy-Efficiency Policies for a Restructured Electricity Industry (Eta) . . .. . . . . . .. .. . . ....... . ... . . . .... . . . .. ... ... . 24 
Renewable Energy Policy (Wiser) .......... . .... . .. ... .. ..... ................. . ........ .. ..... . ........... .. . 26 
Private-Sector Energy-Efficiency Activi ties (Goldman) .. . ........ . .. . . . . . . ........ ...... . .. .. . ... . .. . ....... . .... 27 
Market Power and Transmission (Stojt) ........................ ... .. . ...... . ... ..... . ... ... .. ................. 28 
Electricity / Industry Restructuring in Unique Cultural/Geographical Contexts (Mamay) .. .... . .... . ... . .... . . . . ...... 29 
Collaborative Restructuring Decision-Making (Wiel) . ........... ... . ............ . . .... . ..... . ... . .. . ............ 30 

{M_itigation of Heat Islands 

Mesoscale Meteorological and Air Quality Impacts of Increased Urban Albedo and Vegetation (Taha) .. .. .. ... . ....... . . 31 
Cooling Energy Savings Potential of Light-Colored Roofs (Konopacki) .. .. . . . . . . . . . . . . . . .... . ...... ... .. . . .. . ... .... 31 
Coolin g Efficacies of Trees and Hi g h-Albedo Surfaces (Levinson) • •••• • • ••••• • • •• • •• ••• ••••• •• 0 •• 0 ••• ••• ••• •• ••• .. . 32 

xi 

1-
z 
IJJ 
I 
z 
0 
0:: 

> z 
LLI 

.J 
~ 
[I) 

0 
.J 
[!] 

>-u -.J 
0 a. 



xii 

m 
c 
r 
0 
z 
Gl 
Ul 

-

-1 
;tl 
)> 
z 
Ul 
11 
[J 
;tl 
-1 

Building Energy End-Use Forecasting 
Energy Data Sourcebook for the U.S. Residential Sector (Wenzel) ...... . ... . . . .. ... .. .. ... . .. .... ..... ... ... ..... . 34 
Lighting Market Sourcebook for the U.S. (Vorsatz) ......................... . . ... . . .. . . . ........ ................. 34 
Miscellaneous Electricity in the U.S. Residential Sector (Sanchez) . ....... ..... . ...... .. . . . . .. ... . .... .... . ....... . 36 

Building Energy Measurement and Performance Analysis 

Integrated Information Technologies for Commercial Building Performance Assurance (Piette) . . . . . . . . . . . . . . . . . ... . ... 37 
Mandatory and Voluntary Approaches for Promoting Energy Efficiency in Residential Construction (Vine) . . .. ... . 39 
Monitored Energy Use of Homes with Geothermal H eat Pumps (Stein) .... . ..... .... . ..... ... . ... ... ... . .. .... ... . 40 
Office Equipment: Energy Efficiency Research and Information (Nordman) . . . . . . . . .. .. .. .. ... . ......... . .... 41 
Leaking Electricity and the One-Watt Plan (Meier) .. .. .... .. .... .. ..... ... .. . ... .. .... . .. . . . .. . .. . . . .. . ..... .... 42 
Analyzing the Energy Use and Costs of Windows (Huang) .. ... . ....... . .... .................... .. .... . ... . .... . 42 

Industrial Energy Analysis and Policy 

Energy Intensity in the Iron and Steel Industry (Price) .... . .... .. .. . .. .. .... ... .... .. .......... . .......... .. .. .. .43 
Energy Efficiency Developments in the Pulp and Paper Industry (Schipper) ..................... . ........... .. . . . .. . 44 
Decomposition Methods for Analyzing Aggregate Energy Intensity and Carbon Emissions Data (Greening) ...... ...... . .44 
Industrial Energy Use and Energy Efficiency in Developing Countries (Price) . ..... . ..... ......... ... ... .. .... . .. .. .45 
Creating Industry Sector Partnerships (McKane) . . . . . ... . ...... . .. .. .. . ... ... . . ........... . . . . ............ ... . . .46 

Transportation Energy Analysis 
International Trends in Carbon Dioxide Emissions from Passenger Transport (Schipper) ... . . . . . .. ... . ........ ... ...... 47 
International Trends in Energy Use and Carbon Dioxide Emissions from Freight (Schipper) ................. . ... ... ... 48 
Socioeconomic Factors Affecting Greenhouse-Gas Emissions from Personal Automotive Transportation (Greening) .. ...... 48 
Analysis of Emissions Deterioration ofln-Use Vehicles (Wenzel) ............ . ..... .. ... . . .. .. ... .... . .... . ... . ..... 49 
Inspections and Maintenance Failure Rates by Vehicle Model (Wenzel) .... ... ....... .. . . ........ .... . ..... .. . 50 



CU RRENT WO RK I N ENERGY AN A L Y SI S 

Global and National Energy and Greenhouse Gas Emissions Analysis 

Research analyzing national and global energy consumption, efficiency trends, and carbon flows; 
analyzing the potential for improving efficiency and storing carbon; and supporting international cli
mate change studies such as the Intergovernmental Panel on Climate Change assessments. 

Scenarios of U.S. Carb on Reductions 

M.D. Levine, M. Brown (ORNL), J. Koomey, N. Martin, L. Price 

Scenarios of U.S . Ca rbon Reductions, a publication which played a 
prominant role in shaping the U.S. position taken at the 1997 
Kyoto climate change negotiations, presents the results of a study 
conducted by five U.S. Department of Energy national laborato
ries that quantifies the potential for energy-efficient and low-car
bon teclmologies to reduce carbon emissions in the U.S. The five 
national laboratories participating in the s tudy were Argonne 
National Laboratory (ANL), Lawrence Berkeley National 
Laboratory (LBNL), National Renewable Energy Laboratory 
(NREL), Oak Ridge National Laboratory (ORNL), and Pacific 
Northwest National Laboratory (PNNL) . LBNL and ORNL were 
the co-leaders of the effort. 

The s timulus for this study derives from a growing recognition 
that any national effort to reduce the growth of greenhouse gas 
emissions must consider ways of increasing the productivity of 
energy use. To add greater definition to this view, we quantify the 
reductions in carbon emissions that can be attained by the year 
2010 through the improved performance and increased penetra
tion of efficient and low-carbon teclu1ologies . We also take a 
longer term perspective by characterizing the potential for future 
research and development to produce further carbon reductions 
over the nex t quarter century. As such, this report makes a strong 
case for the value of energy teclu1ology research, development, 
demonstration, and diffusion as a public response to global cli
mate change. 

Three overarching conclusions emerge from our analysis of 
alternative carbon-reduction scenarios. First, a vigorous national 
commitment to develop and deploy cost-effective energy-efficient 
and low-carbon technologies could reverse the trend toward 
increasing carbon emissions. Along with utility sector invest
ments, such a commitment could halt the growth in U.S. energy 
consumption and accompanying carbon emissions so tha t levels 
in 2010 are close to those of 1997 (for energy) and of 1990 (for car-

bon). It must be noted that such a vigorous national commit
ment would have to go far beyond current efforts. Second, if 
feasible ways are found to implement the carbon reductions, 
the cases analyzed in the study are judged to yield energy sav
ings that are roughly equal to or grea ter than their costs. Third, 
a nex t generation of energy-efficient and low-carbon teclmolo
gies promises to sustain an aggressive pace of carbon reduc
tions over the next quarter century. 

Reference 

Interlabora tory Working Group . Scenarios of U.S. Carbon 
Reductions: Potential Irnpacts of Energy Technologies by 2010 and 
Beyond. Lawrence Berkeley National Laboratory and Oak 
Ridge National Laboratory Report Nos. LBNL-40533 
and ORNL-444, 1997. Downloadable; http://eetd.lbLgov /EE.html 
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Scenarios of U.S. Carbon Reductions: 
L.--......o U.S. Building Sector Results 

Our analysis shows that substantial reductions in future 
greenhouse gas emissions can be realized through the use of 
more energy-efficient technologies that save society money (see 
box). In addition, these technolog ies often supply other benefits 
beyond energy, ca rbon , and dollar savings, including (1) 
improved indoor environment, comfort, health, and safe ty, (2) 
reduced noise, (3) improved process control, and (4) increased 
amenity or convenience. These indirect benefits, while difficult 
to quantify in economic terms, can be even more important 
than the energy cost savings, particularly when they improve 
the comfort of homeowners or the productivity of workers. 

f. Koomey, N. Ma rtin, M. Brown (ORN L), L. Price, M.D. Levine 

Ch ap ter Three of the Scenarios s tud y focuses on the buildings 
sector. In the U.S., energy con sumption in buildings for light
ing, space heating, cooling, refrigeration, and electricity for 
electronics and other equipment, accounts for nearly one-third 
of total primary energy consumption and related greenhouse 
gas emissions. The cost of delivering all energy services in 
buildings (such as hot food, lighted offices, and warm homes) 
amoLmts to over $220 billion in 1997. 

This ch ap ter of the report describes results of analyzing the 
costs of reducing carbon emissions in buildings. We calculate 
en ergy, carbon, and dollar savings associated with adoption of 
more energy-efficient technologies and supplement those 
results by summarizing other related studies that confirm this 
study's basic conclusions. 

A summary of this work is forthcoming in the journal EnergJJ 
Policy. 

In a high-efficiency, low-carbon scenario, 23% 
of total U. S. baseline carbon emissions (all 
sectors) can be avoided, resulting in a return 
to 1990 levels. In this scenario, buildings sec
tor electricity use drops 16% below baseline 
levels, as is shown here. 
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CURRENT WOR K IN E N ERGY AN A LY SIS 

The Evolution of Carbon Dioxide Emissions 
From Energy Use in Industrialized Countries 

L. Schipper, M. Ting, M. Khrushch, W. Go/ave 

Over the 1970s and 1980s, emissions of carbon dioxide from ener
gy use fell in per capita, per unit GDP, and in some cases absolute 
terms in ten industrialized countries we analyzed in this study 
(see below). These cow1tries account for nearly 80% of commer
cial primary energy use in industrialized countries and over 35% 
of worldwide energy use. The declines experienced in these 
countries were driven principally by fa lling end-use energy 
intensities and the decreasing carbon content of energy. In many 
countries, emissions from consumer activities (households, per
sonal transportation, and portions of the service sector) fell less 
than emissions from manufacturing and freight. 

By the early 1990s, however, energy intensities were declining 
more slowly and the continued growth of GDP and energy ser
vices activity reversed the downward trends in absolute emis
sions. We conclude that carbon dioxide emissions will continue to 
rise in the future unless energy intensities or the carbon content 
of energy can be decreased at an accelerated ra te via p olicy 
changes, technological i.J.movation, or behavioral adaptation. 
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Schipper, L., M. Ting, M. Khrushch, and W. Golove. The 
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Carbon dioxide emissions per capita fell between 1973 and 1991 for most major end uses in most of 
the study countries, due in large part to falling energy intensities, as shown below for seven of the ten 
countries studied. 

tons C/capita 
6.0 

Other Freight 

• Truck Freight 
5.0 

~ Other Travel 

• Air Trave l 

4.0 • Automobile Trave l 

• Other Manufacturing 

3.0 iiii • Raw Materials Manufacturing - • Services 

2.0 Other Household End Uses 

I • Household Space Heat 

1.0 

0.0 II 
!::en mark* WGerrnany LEA 

SW)den Fance Jcpan 

"1972 data 



[jJ 
i 
0 
m 
)> 
i 

4 LAWRENCE BERKELEY NATIONAL LABORATORY - ENVIRONMENTAL ENERGY TECHNOLOGIES DIVISION 

Climate Change Mitigation 

Research into methods for assessing the potential for mitiga ting greenhouse gas emissions and develop
ing national action plans, and training for experts on the subject in over 40 developmg countnes . 

Evaluating Technologies, Policies, and Measures 
for Mitigating Climate Change 

M.D. Levine, L. Price, f. Sathaye, N. Martin, S. Wiel 

There is wea lth of experience with technologies, policies, and 
measures for restraining and reducing greenhouse gas emis
sions in all economic sectors and throughout the world, but 
such voluminous amounts of information can be overwhelm
ing for p olicymakers. In a technical paper prepared for the 
Intergovernmental Panel on Climate Change (IPCC), the 
lessons learned from past experience are distilled and present
ed by sector (residential, commercial, and institutional build
ings; transporta tion; industry; energy and transforma tion 
industries; agriculture; forestry; and solid waste and wastewa
ter disposal) . Our contribution to this work focused on the 
forestry and buildings sectors and follows on previous ana ly
ses we conducted for the IPCC's Second Assessment Report in 
1995. 

Our forest sector analysis describes forest management prac
tices that can restrain the rate of increase in atmospheric carbon 
dioxide. These practices include management for carbon con
servation, management for carbon sequestration and storage, 
and management for carbon substitution . Estimates of the 
global po tentia l to conserve and sequestor carbon show tha t 
the tropics have the larges t potential (80%), followed by the 
temperate (17%) and boreal zones (37%). Scenarios show tha t 
on a global scale, forests turn from a global source to a sink by 
about 2010, as tropical deforestation is offset by carbon con
served and sequestered in all zones. 

Our buildings sector analysis indica tes that 12% to 20% 
reductions in global greenhouse gas emissions in 2020 can be 
achieved from improving building and equipment energy effi
ciency, using both m anda tory energy-efficiency standards, 
incentives, and market-based voluntary programs. We project
ed even larger savings by 2050 using the same policies: 20% to 
50% of baseline building sector emissions in that year. 

In a separate s tudy, w e calcula ted tha t under a "business-as
usual" scenario, global emissions from the building sector 
would increase in 2020 by 90% over 1990 levels. A third analy
sis found that developing cow1tries are experiencing growth 
ra tes of ca rbon dioxide ernissions four times grea ter than those 
of the industrialized countries. This high growth rate is mainly 
due to p opulation growth, increased urbaniza tion, and increas
es in the am ount of energy services demanded by energy cus
tom ers. A combination of policy instruments such as the 
removal of energy price subsidies, aggressive use of energy
efficiency policies, major programs to transfer knowledge, 
technology, and tools for transforming markets to developing 
countries, and continued investments in research and develop-

ment of technologies and practices are needed to increase the pace 
of energy efficiency improvements in buildings. 
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The Monitoring, Evaluation, Reporting, and Verification 
of Climate Change Mitigation Projects 

E. Vine, f. Sathaye 

Cow1tries arow1d the world are implementing climate change 
mitigation projects- either by themselves or in cooperation with 
other nations (i.e., joint implementation). These projects will 
reduce greenhouse gas (GHG) emissions or sequester carbon, and 
will also result in non-GHG impacts (i.e., environmental, eco
nomic, and social impacts). Monitoring, evaluating, reporting, 
and verifying (MERV) guidelines are needed for these projects to 
accurately determine their net GHG reductions and other bene
fits. 

Having reviewed the issues involved in MERV activities and the 
protocols and guidelines that have been developed for MERV of 
GHG emissions in the energy and non-energy sectors by govern
ments, nongovernmental organizations, and international agen
cies, we identified a number of topics that future protocols and 
guidelines need to address. They include (1) establishing a credi
ble baseline; (2) accounting for impacts outside project bound
aries; (3) measurement of net GHG reductions and other impacts; 
(4) precision of such measurement; (5) frequency of performing 
MERVs; (6) p ersistence (sustainability) of savings, emissions 
reduction, and carbon sequestration; (7) reporting by multiple 
project participants; (8) verification of GHG reduction credits; (9) 
uncertainty and risk; (10) institutional capacity in conducting 
MERV; and (11) the cost of MERV. 

Some of the MERV issues are of a generic nature; their resolution 
would benefit all future MERV guidelines and protocols. These 
issues would be best addressed through an international consen
sus. The manner in which the topics addressed in this report are 
currently being dealt with in existing climate change mitigation 
projects needs to be analyzed and disseminated. The experience 
gained in these projects should be very helpful for formulating 
MERV guidelines for climate change mitigation projects. 
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Proposals for ]I projects are closely studied and reviewed by experts 
before receiving approval. 
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lil 
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0 International Workshop on Greenhouse Gas 
~ Mitigation Technologies and Measures 

r 
J. Sathaye, S. Meyers, B. Goldberg 

In an effort to sununarize several years of coun try studies of cli
m ate chan ge mitigation assessm ents and to help support the 
technical discussions in prepara tion for the Third Conference of 

..._ __ _, the Parties in Kyoto, we helped organize the International 
Worksh op on Technologies and Measures held in Beijlng, 
China, on November 12-15, 1996. 

Policy m easures to help implem ent the mitiga tion technolo
gies were d iscussed in detail. There was a broad ran ge of con
sen sus that the role of governments in encouragirtg the appli
cation of those country-sp ecific mitiga tion teclmologies should 
be to formula te effective policies, regu la tions, and law s. 
Par ticipants prop osed m any useful recommendations, includ
ing innovative financing mechanism s, ins titutional res tructur
ing, and se tting up interm ediaries-such as energy service 
companies-to provide capital, technical evaluation , energy 
a uditing, m arket analysis, and opera tions and m aintenance ser
vices. The importan ce of teclm ology tran sfer and support for 
local p rod uction of climate-friendly technologies were empha
sized in the workshop . The appropria te use of tax incentives 
and subsidy p olicies, as well as financing mechanisms, were 
recommended . 
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International Workshop on Monitoring and Verification 
of Sustainable Forest Management 

J. Sathaye, W. Makundi, B. Goldberg, K. Andrasko (U.S. EPA), 
A. Sanchez (University of Cos ta Rica) 

With the in creased recognition of the p oten tially beneficial role of 
fores ts w ith regard to climate change, there is growing in terest in 
ensuring that fores try mitiga tion activities lead to carbon seques
tra tion or reduced emissions that are sustainable over the long 
term . Eigh teen papers were presented a t the In terna tion al 
Workshop on Sus tainable Fores t Management: Monitoring and 
Verifica tion of Greenhouse Gases, which was held in San Jose, 
Costa Rica, on July 29-31, 1996. They reflect two levels of assess
ment: (1) p roject-level m ethods, and (2) remote sensing of land 
cover change a t na tional or regional scales. 

There was consensus among the workshop particip ants that 
methods for monitorin g forestry p rojects are well established, and 
techniques are known and extensively used, particularly in forest 
production. H owever, introducing clim a te change mitigati on 
with its long-term perspec tive is often in confl ict w ith the shorter
term perspective of m ost fores try projects and standard account
ing principles. The resolution of these conflicts m ay require 
national and in terna tional agreements among the affected parties . 
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Photo of two hillsides; one is natural forest, the other has been deforest
ed. Man agernent options include protection of the existing forest and 
reforestration of the degraded hillside. 

t ~----------------------------------------------------~ 



CURRENT W O RK IN ENERGY ANALYSIS 7 

china, India, and Other Partnerships 

Technical support to several developing countries for a variety of energy-efficiency projects, such as 
developing and implementing appliance standards and building codes, assessing the savings potential of 
new projects, and developing improved appliances. 

Overview of Developing Countries' Concerns About 
Joint Implementation: Case Studies from Brazil, India, 
Mexico, and South Africa 

J. Sathaye, W. Makundi, K. Andrasko (U.S. EPA) 

The concep ts of Joint Implementation (JI) and Activities 
Implemented Jointly (AIJ) owe their origins to carbon-offset pro
jects, wherein greenhouse gas (GHG) emissions in developed 
(investor) catmtries are offset through .. projects implemented in 
other (recipient) countries where the reduction could be achieved 
at lower cost than in the inves tor country. Electric utility compa
nies in the U.S., for example, offset their power plant emissions by 
planting trees in Gua temala, a developing cotmtry. These offset 
projects led to the inclusion of JI in Article 4.2 of the United 
Nations Framework Convention on Climate Change (FCCC). JI 
entails full or partial financial support from the party in the 
investor country, which receives credits for some of the GHG 
emissions reduced in the recipient country. These credits might be 
used toward the investor country's emissions-reduction commit
ment under the FCCC. 

JI has been controversial since its inclusion in the FCCC. 
Concerns are particularly strong regarding investments by Annex 
I (industrialized) countries in projects in non-Annex I (develop
ing) countries. Non-Am1ex I countries argue that industrialized 
investor countries should first reduce GHG emissions at home. In 
addition, JI projects are viewed as a kind of imperia lism, which 
allows industrialized countries to maintain continued high stan
dards of living at the expense of developing economies . Non
Annex I countries are also concerned that JI investors w ill imple
ment low-cost emissions-reducing op tions abroad, forcing recipi
ent cotmtries to pursue expensive options on their own in the 
future when developing country GHG emissions may face restric
tions. 

Because of these reservations abo ut JI, in 1995 the Conference of 
Parties to the FCCC (COP1) agreed to a pilot JI phase, known as 
Activi ties Implemented Jointly (AIJ) . AIJ projects a re designed so 
participants gain experience with implementation, as well as clar
ify concep tual and methodological issues and identify institutions 
to participate in future JI projects. No GHG emissions-reduction 
credits are awarded from AIJ projects unless the participating 
cotmtries negotiate a specific agreement. AU pilot projects will be 
reviewed by the year 2000. 

At least 75 AIJ projects have been plam1ed or are under way. 
Two are in Africa, three in Asia, three in South America, and 20 
are in Central America. The remaining are in Easte rn Europe and 
Russia. The smaller number of projects in Africa, Asia, and South 
America, regions which will contribute the bulk of future increas
es in global carbon emissions, indicates the concern that these 

governments have about JI/ AIJ. 
A se t of papers examined these concerns in the context of cli

mate-change projects in Brazil, India, Mexico, and South Africa . 
Mexico's Ilumex project was no t originally designed as an AIJ 
project but func tions like one. (Ilurnex substitutes efficient com
pact fluorescent for incandescent light bulbs.) India has an 
agro-forestry project that has been accepted by U.S. Initiative on 
Joint Implementation, and projects from South Africa have been 
submitted for consideration. Brazil has no AIJ projects or pro
cess in place, but several ongoing programs there, including the 
ethanol fuel program, could benefit from JI / AU support. The 
four papers analyze and examine these case study projects in 
reference to the concerns about JI / AIJ outlined above. 

The four s tudies recognize jointly implemented climate
change projects as viable and cost-effective ways to reduce 
GHG emissions. The case studies illustrate that such projects 
can generate new technologies, investments, employment, and 
other ancillary socioeconomic and environmental benefi ts in 
developing countries. It will, however, be important to guard 
against inequitable distribution of the benefits from JI / AIJ pro
jects. 
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0 Financing Energy Efficiency in China 
m 
)> 
r J . Sinton 

China is grappling with the challenge of maintaining high rates 
of investment in en ergy efficiency during the tran sition to a 
m ore m arket-oriented econom y, in which the state has a shrink
ing role in d irect support of p rojects. We participated in an 
Asian Development Bank project aimed at developing a mech
anism for comm ercial fin ancing of energy-efficiency inves t
m ents in industry in southwestern China (see shaded areas of 
the map below), and assessing sample s ubprojects that wo uld 
be fin an ced through an ADB loan. China's banks have limited 
interes t in lending for such in vestments, and many state-owned 
industrial enterprises have difficulty qualifying for commercial 
loan s. Government and industry currently reject proposed 
funding m echanisms that do not include preferential terms, as 
in the past. Future large-scale financing for energy efficiency 
will require further development and demonstration of new 
organiza tions, like energy-service companies, and ins titutions, 
such as revolving fw1d s dedi ca ted to energy-effi ciency projec ts. 

Energy-efficiency projects in the auto parts industry in Shandong Province, the steel industry in Henan Province, and the heat exchange indus
try in Jiangsu Province have been identified as viable projects for potential U.S. private partnerships. The shaded provinces are areas where we 
have screened projects for implementing market-based channels for energy-efficiency funding . 

A Qingdao Project 
Metal powder auto parts 
Qingdao City, Shandong Province 

8 Jiaozuo Project 
Pre-treatment equipment for 
steel materials 
Jiaozuo City, Henan Province 

C Changzhou Project 
Helical finned tubes for heat 
exchangers 
Changzhou City, Jiangsu Province 
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Screening Commercial Energy-Efficiency Projects 
in China 

FQ. Yang, G. Zou (China Energy Conserva tion Investm.ent 
Corporation, Beijing) 

Studies show a tremendous potential for improving energy effi
ciency in China tlu·ough the introduction of new teclmologies 
into many of the energy-using sectors. However, finding com
mercial opportmtities for transfer of these teclmologies - espe
cially to sm all and medium-sized firms inside and outside China 
- is difficult. We are working with the China Energy 
Conservation Investment Corporation, a well-established, for
profit firm in Beijing, to identify specific indus trial energy-effi
ciency projects. Researchers are preparing initial project evalua
tions to judge their suitability for participation by U.S. business 
firms. Proposals are initially screened to ensure they meet basic 
requirements for economic returns. These requirements usually 
s tipula te improvements in productivity and product quality, and 
in addition they rank the endeavors by their enviromnental ben
efits. A brief description and location of tlu·ee such qualifying pro
jects are shown in the map on page 8. The results of this study 
will help U.S. businesses develop energy-efficient commercial 
ventures in China. 
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Economic Reforms and Patterns of Industrial Energy 
Use in China 

f. Sinton 

9 

Whether China continues its recent progress in improving 
industrial energy efficiency is of tremendous importance for 
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local, regional, and global trade issues, energy security, and 
enviromnental problems. In pursuing its energy-conservation'----.....! 
goals, should China emphasize direct promotion of energy effi-
ciency, or should it focus on more general economic system 
reforms? Reforms have already caused energy prices to rise to 
market levels and made industrial end users more sensi tive to 
cos ts, but case studies at cement plants representing a broad 
range of sizes, teclmologies, and forms of ownership show that 
decis ions relating to teclmology choice have complex origins 
tha t are only partia lly influenced by energy costs. China will 
need to maintain a strong, sectorally focused program of ener
gy-efficiency initiatives to m eet its goals for energy efficiency. 
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Field Testing of Energy-Efficient Refrigerators in 
China 

D.H. Fridley 

Household refrigerators in China currently account for approx
imately 40% of residential electricity use. In early 1995, 104 
refrigerators of 220-liter volume - 85 energy-efficient proto
type units and 19 baseline units (a popular model in the current 
Chinese market) - were installed in households in Beijing, 
Shanghai, and Guangzhou, replacing their existing Lmits. Watt
hour meters were installed to rn.onitor energy usage and the 
families were asked to respond to before and after question
naires involving satisfaction with the new versus their old 
refrigerators, rating of the new refrigerator's characteristics, 
their ownership and use of other appliances, and other socio
economic information. Statistical analysis of the energy con
sumption data showed that laboratory measurements demon
strating a 35% energy savings for the energy-efficient prototype 
Lmits closely matched actual fi eld results in Shanghai. In the 
other cities, savings were lower, ranging from 22% in Beijing to 
28% in Guangzhou. Data were insufficient to determine the 
direct cause of the differences. However, we fow1d that vari
ables exerting important influences on energy consumption 
included (1) unit type, (2) climate, (3) income level, (4) kitchen 
fans, and (5) air conditioning. Except for noise levels, the ener
gy-efficient prototypes generally received high consumer satis
faction ratings. 
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In the unheated apartments of Shanghai, where sum.mers are hot 
nnd wet nnd winters are cool nnd dry, prototype refrigerators con
sume 35% less energy than conventional m.odels. 
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Improving Industrial Energy Efficiency Through New 
Banking Practices in India 
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f. Satliaye, A. Gadgil (Indoor Environment Dept., EETD, LBNL) 

India's industrial sector constitutes a significant share of that 
country's total energy use. Energy intensity in Indian industry is 
high in comparison to world standards and serious efforts are 
being mad e within the sector to reduce its energy use. 
Recognizing these factors, the Asian Development Bank loaned 
$150 million to the Industrial Development Bank of India (IDBI) 
so that it could in turn make loans for moderniza tion and expan
sion to deserving industries that could show at least an 18% 
improvement in their energy intensity. Working through Energy 
Resources International and in collaboration with Dalal 
Consultants in India, we are assisting IDBI to eva luate these 
loans, determine benchmarks, and suggest improved institution
a l structure and practices for future lending. 

Working with sector consultants from India, the project has 
completed s tudies on the paper, cement, s teel, fertilizer, sugar 
cogeneration, and caustic soda industries. Excep t for the paper 
industry, all of them are procuring new plants that are close to 
world standards in their (lowered) intensity of energy use. We 
foLmd that the ban on new mercury-process plants brought about 
by India's environmental regulations played a strong role in the 
setting up of new energy-efficient membrane-process plants in 
the caustic soda industry. 
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Voluntary Government Programs 

Research on the effectiveness of programs such as government procurement, product labeling, and volun
tary public/private partnerships in improving energy efficiency, preventing pollution, and reducing green
house gas enusswns. 

Energy Efficiency in Government Purchasing 

J. Harris, P Coleman 

As the biggest customer in the world for most energy-using prod
ucts, the federa l government can play a signifi cant ro le as a mar
ket leader in purchasing energy-efficient products. Each year, the 
federal government buys over $10 billion in energy-rela ted prod
ucts and pays nea rly $4 billion for energy to operate its buildings 
and fac ilities . A 1994 Executive Order directs federal agencies to 
buy products that are among the most efficient 25% on the mar
ket and the President's recent climate-change initia tives feature 
proposals to further s trengthen the role of the federal government 
as a buyer of energy-effici ent technologies. 

As part of the gove rnment-wide "Procurement Challenge," the 
Lab's Washington D.C. Projec t Office assis ts DOE's Federal 
Energy Management Program (FEMP) to develop criteria for 
energy-efficient federal purchasing and to use federal buying 
power to accelera te the introducti on of new technologies. We also 
con tribute to energy-efficient procuren,ent by s tate and local gov
ernments through the EPA and DOE initiative for ENERGY STAR® 
purchasing. 

During the past year DOE published a total of 22 Product 
Energy Efficiency Recommendations for use by federal pur
chasers. Each Recommendation includes an efficiency level repre
senting the top 25% of the market, information on cost-effective
ness, where to find efficient products, and other useful advice to 
buyers. Coverage includes residential-sca le appliances and build
ing equipment, lighting, office equipment, exit signs, large 
chillers, ice-cube machines, and water-sav ing plumbing fittings. 
Recommendations are being prepared for motors, comm.ercial 
HVAC equipment, transformers, photovoltaics and other renew
able energy measures, windows, and "cool" roofing products. 
Energy-efficient purchasing recommendations have been dis
tributed to over 1500 federal buyers, and are also available on the 
Web (www.eren.doe.gov I femp /procurement) . For products cov
ered by the ENERGY STAR label, FEMP purchasing recommenda
tions use the same criteria as ENERGY STAR does. 

As a res ult of this projec t, both the General Services 
Administration (GSA) and Defense Logistics Agency (DLA) are 
adding a special symbol in their printed ca talogs and new on-line 
"elec tronic commerce" sys tems to identify products that meet the 
FEMP efficiency criteria. The Army Corps of Engineers is incor
porating FEMP efficiency criteria for lighting and HVAC equip
ment in its guide specifications and in bidding requirements for 
new construction. DOE has issued Department-wide guidance on 
purchasing energy-efficient products. Finally, the FEMP energy
efficiency criteria are part of a DOE / GSA Basic Ordering 
Agreement designed to simplify and s treamline the p urchasing 
process for ozone-friendly chillers. Replac ing older chillers in fed
eral faciliti es has the potentia l to save $75 million /year in energy 
cos ts, or a projected $1.4 billion over the 23-year estimated life of 

the new chillers. 
We have analyzed the armual energy and carbon-savings p oten-

tial for one subset of federa l purchases - efficient residential 
appliances and equipment (see box) . These acco Lmt for 15% of >
energy- rela ted building equipment purchases and abo ut 3% of all U 
federal spending on energy-related equipmen t. We eva luated sev- -1 
era! scenarios, ranging from an initial limited compliance with the 0 
1994 Executive Order (gradually increasing to 50% of all purchas- n. 
es by 2010) to the maximum techn ical potential (100% of new pur
chases consisting of the bes t ava ilable on the market). In a most 
likely scenario (Scenario III), annual energy cost savings for fed
eral purchases of residential appliances and equipment alone 
would be $30 million by 2010. 
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Purchasing energy-efficient residential products would save federal 
agencies at least $20 million/year by 2010 under the most conser
vative assumptions, with a "most likely" savings of $30 
million/yea r (Scenario III). Higher compliance rates, and purchase 
of other efficient products, would increase savings several-fold. 
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1l 

Saving Energy in the Government Sector: 
An International Review 

f. Harris, N. Martin, E. Mills (Center for Building Science, EETD, 
LBNL), Alison ten Cate 

0 In most countries government facilities are among the largest 
r energy users and the most important customers for energy-using 
[1 products and services. Potential energy savings in government 
-< facilities are often large, due to relatively old stock and a longer 

time for efficiency investments. In addition to direct energy sav
ings and reduced operating costs, successful campaigns within 
the government sector itself can be key agents of market leader
ship toward energy efficiency, lower greenhouse gas emissions, 

__ ....;land market transformation throughout the economy. 
The Federal Energy Management Program (FEMP) offers a clear 

example of this strategy in the U.S. To ascertain if other countries 
are addressing energy-saving opportunities in their government 
facilities, we surveyed over 100 European, North American, Latin 
American, and Asian countries, focusing on facilities such as min
istries, public housing, and government-owned corporations or 
utilities (but excluding public schools). Responses from 24 coLm
tries show that some have extensive energy-management pro
grams, but findirtg comprehensive efforts on the scale of FEMP is 
rare. Many cow1tries appear to have neglected these opportLmi
ties altogether. Some examples of broad-based programs are those 
in Canada, the Netherlands, and Switzerland; significant starts 
have been made in Japan, Germany, Mexico, Sweden, New 
Zealand, France, Indonesia, Korea, and Brazil. The survey identi
fied several categories of existing programs and future opportu
nities: 

• energy performance or savings targets 
• energy-efficient criteria for equipment purchasing and leasing 
• government procurement to accelerate the market entry of new 

technologies 
• information, training, and energy audit programs 
• demonstration projects 
• efficiency standards for government buildings and equipment 
• financing measures such as governrnent-issued bonds, loans, 

shared-savings contracts, and the use of utility rebates 
• budgeting reforms to emphasize life-cycle costing and to make 

it easier to combine capital and operating funds. 

There are many reasons why energy management within the 
government sector has not been more widely practiced: lack of 
funding or in-house staff, inadequate data or lack of awareness of 
how energy is used or how much could be saved, the disruptive 
effects of deregulation and privatization movements, and a ten
dency of agencies to ca ll first for actions by others. 

At least one international collaborative effort is underway to 
help overcome these barriers. Nine coLmtries including the U.S. 
(through the U.S. EPA) are currently participating in an interna
tional teclmology procurement project under the auspices of the 
International Energy Agency. Under this agreement, the countries 

will use teclu1ology procurement to stimulate demand, working 
with manufacturers and coordinating with buyers and sellers of 
highly energy-efficient products including clothes dryers, 
replacement incandescent light bulbs, vending machines, and 
photocopiers. 

As an example of the energy savings possible from this pro
gram, let's look just at photocopiers . The majority of energy con
sumed by current copiers is used to power the machines when 
they are in standby (ready) mode, but not actively copying. We 
are assisting EPA to build U.S. demand for a next-generation 
office copier that uses almost no energy in the standby state. If 
manufacturers are able to produce machines to meet the specifi
cations, the energy used to operate copiers could be reduced by 
about 60% below energy-efficiency levels established in existing 
voluntary labeling programs such as EPA's ENERGY STAR or the 
comparable standby levels of the Swiss Energy 2000 program (see 
box on next page). These energy reductions can be achieved while 
still offering advanced features such as enhanced duplex (two
sided) copying and network cmmectivity for printing, scanning, 
and faxing . 

For more information about the international teclmology pro
curement projects, see: http:/ /eff.nutek.se/engelsk 
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The copier procurement project targets very low standby mode ener
gt) consumption, a significant reduction from current voluntary 
energy-efficiency label requirements such as EN£1\GY STAI\ or Energt) 
2000 (Switzerland). 
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Measuring and Verifying Energy Savings 

S. K umar 

Investments in energy and water efficiency in commercial and 
public buildings offer the largest and most cost-effective opportu
nity for both industrialized and developing nations to limit the 

.-----.enormous financial , health, and environmental costs associated 
with burning fossil fuels. On a global scale, opportwuties for cost
effective investments in energy and water efficiency in commer
cial and public buildings amount to an estimated ten s o f billions 
of dollars per year. However, the actual investment level is far less 
and covers only a small fra cti on of the exis ting, financially attrac-

~ tive opportunities for energy-savings investments. 
r One constraint on such investments has been the inability of 
n project parh1ers to agree on an accurate way to measure energy 
-< performan ce and to verify ene rgy cost sav ings. In response, DOE, 

with our technica l support, developed the North American 
Energy Measurement and Verification Protocol (NEMVP), which 
was published in March of 1996. The Protocol offers buyers, sell
ers, and financiers of energy and water projects a common, 
agreed-on method to quantify performance and savings of ener
gy or water conservation measures. By reducing barriers to pro
ject financing, the Protocol also helps: 

• increase reliability and level of savings, 
• reduce transaction costs, and 
• lower financing costs by s tandardizing the measurement of 

project sa vings, thereby al lowing projects to be bundled for 
purposes of financing. 

Energy serv ice companies in North America have adopted the 
Protocol as an industry standard approach to measurement and 
verification (M&V). States ranging from Florida to New York now 
require its use in energy retrofits of state facilities. A growing 
number of utilities and energy service companies also now use 
the Protocol. DOE's Federa l En ergy Management Program 
(FEMP) relies on the Protocol for its accelera ted program of third
p a rty p erformance contracting, which is expec ted to provide up 
to several billion do llars of energy and wa ter retrofits in U.S. fed
eral buildings. 

A review of several hundred rnillion doll ars worth of efficiency 
investments in U.S. buildings demonstrates that projec ts with 
s trong M&V produce substantially more savings (20-30% more) 
than projects with little or no M&V (see box) . A strong M&V pro
gram, such as outlined in the Protocol, w ill typically add about 
5% to energy retrofit project costs, but this ad ded cost is paid back 
w ithin a few m onths from substantially higher energy and wa ter 
savings, as well as lower operations and maintenance (O&M) 
costs. 

Building on the success of the NEMVP, DOE has created an 
interna tiona! version, the Interna tiona! Performance 
Measurement and Verification Protocol (IPMVP), with expanded 
coverage of energy-efficient new construction, efficien t water use, 
and pollution trading system s. The IPMVP represents a remark
able collabora ti ve effort between indus try, federal, and state agen
cies, along w ith expe rts from severa l countries in North and 
South America, Europ e, and As ia . Driven largely by u1dustry 
itself, the new Protocol increasil1g ly reflects a broad industry con
sensus. At least one il1terna tional collaborati ve effort is tmderway 
to h elp overcome these barriers. Lendillg institutions such as the 
World Bank are usil1g it as a requirement for about $500 million of 
new energy-efficiency loans. The Protocol is be ing transla ted into 

Bulgarian, Chinese, Czech, Hungar ian, Japanese, Polish , 
Portuguese, Russian, Spanish, and Ukra i11ian, among other lan
guages. 

Visit the IPMVP web site a t www.ipmvp.org 

Efficiency projects undertaken without any 1ueasurement a11d verification 
(M&V) achieve less thn 11 t/1e projected saviugs at the outset and experience 
substantial drops in efficieucy saviugs over li111e. On the otl1er /mud, projects 
backed by good M&V practices often u1eet or even exceed projected savings 
aud nwintain the sa111e level of savings over tiu1e. Tl1e right-haud scale is based 
011 estimated cost savings, assu111ing a 20% real return 011 investment (ROJ). 
"Non-metered" retrofits with poor M&V average only abou t 15% ROI where
as those with good M&V average about 23% ROI. 
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CURRENT W O RK I N E NERGY ANALY S I S 

ENERGY STAR Product Labeling 

R. Brown, C. Webber, A. ten Cafe, S. Bretz, N. Raynolds, J. Koomey, 
A. Meier, M. Sanchez, W. Huber, M.A. Piette, B. Nordman 

EPA and DOE are working together to promote the use of energy
efficient equipment by awarding the ENERGY STAR label to prod
ucts that save energy. The agencies set energy-efficiency criteria 
for specific consumer and commercial products. These criteria 
exceed the minimum national efficiency standards where such 
standards exist. Manufacturers and / or retailers volt.mteer to place 
the ENERGY STAR label on those models tha t meet or exceed the cri
teria set by EPA and DOE. 

The ENERGY STAR label can help make purchasing decisions eas
ier. These products not only save energy, they help prevent air 
pollution and save money, frequently with better performance. 
ENERGY STAR programs are currently in place for the foJJowing 
products: 

ENERGY STAR labe led prod ucts 

Office equipment 

Computers I Monitors 

Copiers 
Printers 

Fax machines 

Photocopie rs 
Scanners 

Multifunction devices 

Copiers 
Appliances 

Refrigerators 
Dishwashers 

Room air conditioners 

Clothes washers 

New homes 

Other products 

Exi t signs 

Residential lighting fixtures 

Insula tion 

Consumer electronics 

TVs 
VCRs 

Residential heating and cooling equ ipment 

Programmable thermostats 
Boilers 

Furnaces 

H ea t pumps (air and grotmd source) 
Central air conditioners 

These programs are part of the U.S. commitment to reduce car
Jon dioxide emissions and avoid the possible consequences of 
:;lobal climate change. For this reason, the federal govermnent is 
Lnteres ted in tracking how much pollution is actually avoided by 
these programs, and projecting how much will be saved in the 
future. In fact, the govenunent is legally obliga ted to report peri
Jdically to Congress and the United Nations on the pollution 
mpacts of these programs. We have helped EPA track and fore
:ast the impact of the ENERGY STAR programs for which EPA is 
:!irectly responsible (all but appliances and windows), estimating 
:arbon savings over time for each product. In addition, we have 
~stimated the impacts of all the E N ERGY STAR programs (including 
JOE programs), for use in marketing the ENERGY STAR label/logo. 
fhis effort included estimating the benefits an individual con
;umer would accrue by purchasing E NERGY STAR products. 

1 5 

Recent activi ties have included: 
(a) assessing potential energy, carbon, and dollar savings from 

the ENERGY STAR specifications for dedicated compact fluo
rescent lamps (CFL) fixtures, TVs, and VCRs, and conducting 
similar analyses for proposed E NEI<GY STAR specifications for 
other products; 

(b) analyzing the effect of low power factor on energy savings 
from CFLs; 

(c) estimating cost-effectiveness of ENERGY STA R exi t signs; 
(d) developing the E NERGY STA R programs for insu lation and 

multifunction office equipment; 
(e) measuring savings from ENERGY STAR office equipment in the 

field; and 
(f) conducting detailed teclmical and market analysis for the 

proposed ENERGY STA R roofing program . 
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ENERGY STAR New Homes 

R. Brown, f. Roberson, D. Mauritz, C. Atkinson, M. Moezzi, 
f. Wamer, S. Bretz, M. Sanchez, f. Koomey, f. Kollar 

.._ __ ... The average h ousehold in the U.S. spends more than $1200 per 
year for energy consumed in the h ome. In spite of this large 
exp enditure, p rospective home-buyers rarely have all the infor
m a tion they need to evaluate the energy efficiency of a home. In 
resp onse to this lack of information , EPA designed the ENERGY 
STAR H om es program to overcome market barriers tha t can limit 
the energy effi ciency of new homes, using teclu1o logies that dra
m a tically reduce energy requirements fo r hea ting, cooling, and 
wa ter h ea ting . 

The H omes program prom otes the construction of new homes 
that consume at least 30% less energy for heating, cooling, and 
w a ter h ea ting than the 1993 Model Energy Code specifica tions. 
Th e program op erates by providing new-home builders a recog
nized logo to prom ote their energy-efficient homes, sales tra inin g 
and m arke ting materials, and technica l assistance in des igning 
and building them . We support EPA in this la tter area - devel
oping tech11ical informa tion to h elp bui lders more easily mee t the 
guidelines of the ENERGY STAR p rogram. We have provided the fol
lowing en ergy-use an alysis and p rogram (teclmical) support: 
(a) developing p ackages of energy-efficiency measures to help 

p roduction home builders meet the ENERGY STAR guidelines 
in 14 U.S. metrop olitan areas; 

(b) recomm ending mechanical ventilation stra tegies in four cl i
ma tes, based on an analysis of cos ts an d perfo rmance of nine 
such s tra tegies in each clima te; 

(c) identifyil1g cost-effective regions for central air conditioner 
hea t recovery units (desuperhea ters); 

(d ) providing gen eral informa tion on energy-effi ciency 
upgrad es such as sealed ducts, solar-reflective roofs, and 
desupe rheaters; 

(e) sampling contract specifica tions for energy-efficient heating 
and cooling d ucts; 

(f) eva lua ting the energy sav ings actually achieved by the 
ENERGY STAR homes progra m; 

(g) preparing Con sumer Fac t Sheets on energy-efficien t 
improvements to ENERGY STAR homes; 

(h ) p roviding customer service suppor t to program partners and 
allies in Connecticut, Ma ine, Massachusetts, New 
H ampshire, New Jersey, New York, Rhode Island, and 
Vermont. 

We also exa mil1ed the ENERGY STA R H omes program in its pilot 
stage, in w hich 60 builder-pa rh1ers have committed to construct
ing more than 14,000 homes that meet the ENERGY STA R crite ria for 
energy effici ency. We conclu de that the improved efficiency of 
these homes, when built and occupied, will prevent am1ua l em is
sions of 6400 metric tons of carbon as carbon dioxide, 130 metric 
tons of sulfur dioxide, and 50 metric tons of nitrogen oxides . In 
terms of carbon, the emissions avoided as a result of the pilot pro
gram are equi valent to removing almost 5000 cars from the road 
for one yea r. Collecti vely, residen ts of the homes w ill save an esti
ma ted $5 million per year on their energy bills. 
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CURRENT WORK IN ENERGY ANALYSIS 

The Home Energy Saver I Virtual House 

E. Mills (Center for Building Science, EETD, LBNL), R. Brown, 
S. Webster (Center for Building Science, EETD, LBNL), 
M. Pinckard, f. Warner, f. D. Lutz, E. Page (Building Technologies 
Dept. , EETD, LBNL), M. Moezzi, Y.J Huang, S. Offutt (U.S. EPA), 
W. Read, f. Koomey 

The Home Energy Saver is the firs t In ternet-based tool to help 
homeowners reduce energy use in their homes. This World Wide 
Web site serves as a "do-it-yourself" home energy audit, helping 
homeowners identify the best energy upgrades and providing the 
informa tion and resource contacts to help implement these 
upgrades. The site is being developed as part of EPA's ENERGY 
STAR program for reducing carbon dioxide emissions from energy 
use in homes. 

The Home Energy Saver quickly computes a home's energy use 
on-line. By simply changing one or more features of the home, 
users can estimate p otential energy savings of energy-efficiency 
improvements. Sep arate m odules are provided for hea ting/cool
ing, domestic hot wa ter, lighting, appliances and miscellaneou s 
uses. Energy consumption is estimated using state-of-the-art 
models and da ta developed at LBNL, most notably the DOE-2 
building simulation model for the heating/cooling module. We 
developed a coordinated system of software and hardware to 
make the tool easy to use - involving an interactive database 
accessed th ro ugh common ga teway interface (CGI) applica tions. 
In addition to calcula ting energy use on-line, the tool connec ts 
users to an exp anding array of hundreds of other web sites p ro
viding information on energy-efficient products, residentia l utili
ty programs, h ome builders, p ractical newsletters, energy soft
ware, and other useful topics. 

The Home Energy Saver is designed for the lay-person, but is 
also useful to energy analysts, utilities, residential builders, and 
equipment/ service vendors. This Web-based approach has sever
al advantages over the traditional process of designing and 
deploying energy tools, such as a dynamic information network, 
and low-cost, immediate software dis tribution. 

To try the HES yomself, visit the web site: http: / I eetd.lbl.gov / hes/ 
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Energy Efficiency Standards 

Research into the impacts and savings potential of energy-efficiency pe1jormance standards on a wide 
range of energt;-consuming products, inntding home appliances and equipment, office equipment, plumb
ing products, electric motors, and co111mercial, industrial, and res idential lighting. 

1l Comparing Energy Efficiencies of Lamp Ballasts 
0 
i 
Cl 
-< 

I. Turiel, B. Atkinson , A Denver, D. Fisher, S. Hakim, f. Lin, X. Liu , 
C. Marnay, ]. McMahon 

The Energy Policy and Con serva tion Act, as amended by subse
quent laws incl uding the Energy Po licy Ac t of 1992, a uthorizes 
the U.S. Secretary of Energy to issue new or amended energy-effi 
ciency s tan dards for severa l products, including fl uorescen t lamp 

~..._ ...... ballas ts, air conditioners, ovens and ranges, d ishwashers, clothes 
wash ers, dryers, refrigerators, an d freezers. 

To assis t the U.S. DOE in this p rocess, we conducted an analysis 
of lamp ballas ts that compares energy-efficient magnetic, cathode 
cutout, and electronic ballas ts in the ir operation of several fluo
rescent lamp types. The analysis included li fe-cycle cost (LCC), 
paybac k period, na tional energy consumption and sav ings, net 
presen t value of energy cost savings, and impacts on utilities and 
the enviromnent. In addition to calcula ting LCC for average val
ues of elec tricity price, ballas t lifetime, and opera ting hours, sen
si tivity analyses were carried out w ith high and low values of 
these parameters and w ith distributions representing the proba-

The rapid rise in market share of 
electronic ballasts appears to be 
leveling off as indicated by this 
chart and partial1997 data (not 
shown here) . 
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bility of occurrence of specific values. The results of the sensitivi
ty analysis for twelve types of lamp / ballast systems showed that 
in most cases electronic ballas ts have the lowest LCC, indicating 
that most end users will save money if they choose an electronic 
ballast. 

We also calculated the potential energy savings for the nation as 
a whole Lmder a program of energy-efficiency standards: the sav
ings fro m a potenti a l electronic ballas t standard imposed in the 
year 2001 ran ged fro m about 2 to 5 exajoules of p r ima ry energy 
over the period 2001-2030. An important question that remains is 
what would happen in the marketplace in the absence of stan
dards for lamp ballasts. Th e chart below shows that the market 
share of elec tronic ballas ts appears to be leveling off. 
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CURRENT WORK IN ENERGY AI'-IALYSIS 

Energy and Water-Saving Potential of Dishwashers and 
Clothes Washers 

PI Biennayer, P Clwn, G. Rosenquist, f. McMalwn 

DOE is required to rev iew periodically the minimum energy-effi
ciency standards in effect for residential appliances, including 
dishwashers and clothes washers . Although large gains in energy 
efficiency for dishwashers and clothes washers have been made 
in the past, further gains are still p ossible. Currently, dish washers 
use approximately 1.4% of total residential energy and clothes 
washers and d ryers (together) approxima tely 5.6%. The diagram 
shows where almost half of law1dry energy is used : the drye r. 

We ana lyzed the energy savings due to the implementation of 
new design op tions in dishwashers an d clothes washers along 
with the cost to implement them. We determined tha t the best 
combination of design options could reduce dish washer energy 
consumption by 10% and the combined clo thes washer and dryer 
consumption by up to 60% and still have payback periods short
er than the life of the appliance. 

Reference 

Biermayer, P.J. Energy and Water-Saving Potential of Dish washers 
and Clo thes Washers: An Update. In Proceedings of the ACEEE 
1996 Summer Study on Energtj-Efficiency in Buildings, August 25-
31, 1996. Washington, DC: American Cow1cil for an Energy
Efficient Economy, 1996. VoL 2, pp. 2.1-11. Also ava ilable as 
Lwrence Berkeley National La bora tory Rep ort No. LBNL-
39698. 
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Energtj is used in typical washer/dryers almost equally for heating 
wash and rinse water and for drying the washed clothes. 
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Alternative Efficiency Levels for Residential Cooking 
Products 

G. Rosenquist, A. DeVuono, P. Chan, f. Lu tz, C. Marnay, f. McMahon, 
T. Chan, 5. Pickle, J. Turie! 

Residential cooking products include electric and gas cooktops, 
ovens, and ranges as well as microwave ovens. Most of these 

.-----.products are rela tively u1e fficient. Typical elec tric and gas cook
tops have efficiencies of approxima tely 75% and 40%, respecti ve
ly, while electri c and gas ovens exhibit ex tremely low efficiencies 
of approxima tely 12% and 6%. Microwave ovens typica lly have 
efficien cies of about 55%. Boosting these low equipment efficien-

11 cies appears, therefore, to offer a significant opportwuty for 
0 reducing the country's overall residential energy consump tion 
r and accompanying air-borne nitrogen oxides and carbon dioxide 
n 
-< 

emissions. 
We h ave reviewed several teclu1ologies for each of these types of 

cooking products and found tha t few new teclu1ologies can cost
effectively imp rove energy efficiency. Ma ny technologies, such as 
h alogen or radiant burners for electric cooktops, forced con vec
tion for electric and gas ovens, and more efficient magnetrons for 

.._ __ _. microwave ovens, are simply too costly. In addition, the energy 
consumed by residential cooking equipment has decreased sig
nificantly over the past 15 years, putting severe limits on the addi
tional energy savings that can be achieved by increased cooking 
efficiency. The graph below dem onstra tes how the annual energy 
useful cooking output (the energy used to cook food ) has 
decreased sigruficantly since DOE firs t established a test proce
dure for cookil1g products in the late 1970s. 

On e rela tively simple technology iliat is cost-effective, however, 
is pilotless ignition for gas cooking products. In both gas cook tops 
and ovens, the consumer p ayback periods of pilotless ignition 
d evices are less than half the lifetime of the products. 
Corresponding life-cycle costs are less than for similar p roducts 
w ith s tanding pilots. Pilotless ignition devices, moreover, have no 
s ignificant impacts on manufac turer p rofitability or elec tr ic u ti li
ty revenues. If pilotless ignition were to be implemented as a min
imum e fficiency s tandard for all gas cooking products, the soci
etal benefits w ould include cumulative energy savings between 
the years 1999 and 2030 of 0.5 EJ, w ith corresponding nti rogen 
oxide and carbon dioxide emission reductions of 30 kt and 22 Mt, 
resp ective! y. 
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Recent f ield data collected between 1988 through 1994 de111onstrate 
(1) the significant decrease in energJJ used by conventional cooktops 
and ovens since the inception of DOE's test procedure in the late 
1970s, and (2) the dramat ic difference in energy used by cooktops rel
ative to ovens . 
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New Energy-Saving Design Features for Room Air 
Conditioners 

G. Rosenquist, P Chan , T. Chan, C. Marnay, J. McMahon, S. Pickle, 
I. Turiel 

The energy use of residential household appliances comprises a 
significant portion of U.S. overall energy consumption. Window
type room air conditioners· constitute approximately 2% of the 
energy consumed by household appliances in the U.S. Although 
the room air conditioner industry has gradually introduced more 
energy-efficient products during the past 20 years, opportunities 
still exist for improving product efficiency beyond its yearly aver
age rate of increase. 

We have found that for the most popular classes of room air con
ditioners, energy efficiency ratios (EER) of approximately 3 W /W 
(10.0 Btu / hr / W) can be achieved by incorporating commonly 
used teclu1ologies such as high-efficiency rotary compressors, 
grooved refrigerant tubing, slit-type fins, subcoolers, and penna
nent split capacitor fan motors. When compared to current mini
mum efficiency designs, these new designs have a lower life-cycle 
cost (e.g., see figure below) and a payback period that is no 
greater than half the lifetime of the appliance. These new design 
levels also demonstrate no significant impact on manufacturer 
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profitability or electric utility revenues. When included with cost
effective designs for all other classes of room air conditioners, 
implementa tion of these new design levels as national minimum 
efficiency s tandards would result in cumulative energy savings of 
0.7 EJ (for the period 1999-2030) and accompanying carbon diox
ide emission reductions of 60 Mt. 
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This figure, depicting the relationship between life-cycle cost (LCC) 
and energJJ efficiency for room air conditioners with cooling capac
ities between 2350 and 4100 watts, shows that a combination of 
commonly used technologies can be utilized to raise the EER to 2.96 
W/W while lowering the LCC relative to baseline (i.e., minimum 
efficiency) designs. Although less commonly used technologies 
such as increased heat exchanger areas, electronically com.mutated 
fan motors (ECM), and variable speed compressors improve energy 
efficiency, they excessively raise LCC and, tints, are not cost-effec
tive. 
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Effects of Appliance Standards on Product Price and 
Attributes: A H edonic Pricing Model 

L.A. Greening, A.H. Sanstad, f. E. McMahon 

We have examined the tradeoffs between the energy efficiency 
gains and product attributes tha t result from the implementation 
of federa l energy performance s tandards . Under a s tatutory man-

...----. da te to DOE, this is an issue tha t must be addressed during the 
Implementati on process . 

We used hedonic pricing rela tionships to estima te changes in 
standardized marginal attribute prices for freezer compa rtment 
volumes, fresh food volumes, and annual energy consumption for 

1l refrigera tors and refrigera tor I freezers . 
0 This was the first retrospec tive analysis of en ergy performance 
r s tandards ever Lmdertaken. Th e analysis indicated that from 
n 1987/88 to 1993, energy performance s tandards significantly 
-< reduced energy consumption an d a t the same time, a historical 

declin e in "quality-adjusted" real p rices continued w ithout dis
rup tion and consumers appea red to experience a welfare gain as 
a result of improving levels of energy efficiency. 
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Observed Savings from Appliance Efficiency Standards 

A. Meier 

Es timates of energy savings due to efficiency s tandards are based 
on laboratory tests rather than on direct field measurements. 
Laboratory measurements are both cheaper and fas ter than field 
measurements, but they still require calibration to measurements 
made in the field. There are both methodological and practica l 
obstacles to directl y observing savings in the fi eld , including 
definin g baseline energy use and isolating the impact of the tech
nical improvements in efficiency from other changes in usage pa t
terns. Field measurements o f energy savings from more efficient 
appliances - often prompted by efficiency standards - have 
been made in the U.S., Canada, Sweden, Japan, and elsewhere. 

Energy savings due to refrigera tor effic iency improvements 
have been the most closely examined . Savings in both the U.S. 
and Europe have frequently exceeded 50%. The sav ings have 
been observed thro ugh labora to ry comparisons, field measure
ments, and utility bill ana lysis. Actual reductions correspond 
closely to those predicted in laboratory tes ts. Reductions in ener
gy use due to improvements in HVAC equipment efficiencies 
have also been observed fo r both hea ting and cooling equipment. 
One study in Kansas found that replacement of old room air con
ditioners with ones meeting the new standard cut energy use by 
roughtly 30%. The rela ti ve savings generally correspond to those 
p rojected from the labora tory n1.easurements, but it is impossible 
to accura tely translate labora tory measurements into absolute 
energy savings . Energy sav ings due to efficiency improvements 
have also been observed for freezers, wa ter heaters, and shower
heads. 

The most convincing demonstrations of savings due to appli1111ce 
efficiency standards occur in homes where an old model is replaced 
by a 11ew model 111eeting tlte standards and the two appliances are 
111onitored both before and after. A Swedish study shows tile 
observed drop in energy use when new refrigerators replaced older 
un its. Similar studies in tile U.S. often reveal more than 50% 
reductions in energy use. 

• 

D 

• : 
: D : 

: 

D 

• • 
: 

: 

D 

0 

• Old refri gerator 

D New refri gerator 

• 
: 

: 
: • D q 

D : 
: 

tJ n 
Individual houses 



CURRENT WORK IN ENERGY ANALYSIS 

Energy Test Procedures for Appliances: 
The Next Generation 

A. Meier and}. Hill (National Institute of Standards and TechnolOgJJ) 

An energy tes t procedure is the technical fow1dation for all ener
gy efficiency s tandards. It also provides manufacturers, regulato
ry authorities, and consumers a way of consistently evaluating 
energy use. The ideal test procedure reflects actual usage condi
tions without compromising reliability and ease of testing. These 
goals are contradictory, so every test procedure is a compromise. 

Many countries have their own unique tes t procedures . 
Conversion formulas from one test to another cam1ot be con
structed due to differences in definitions of appliance categories, 
features, and measurement criteria. The test procedures will face 
unprecedented pressures in the nex t decade to acconunoda te to 
the complexities of international economic integration and tech
nical innova tions. 

Three trends will help force these changes. First, the appliance 
industry is becoming increasingly international. As international 
trade in appliances rises, firms will seek to reduce trade barriers, 
including the use of local test procedures. Second, "ownership" 
of test procedures is shifting from test-setting organizations to 
govenunent agencies in charge of efficiency regulations and 
labels. Finally, the introduction of microprocessors to control 
appliance operation is causing an increasing discrepancy between 
energy test procedures and actual operation. Current test proce
dures test mechanical effici ency of appliances but ignore the 
"software" fea tures of modern models. Most energy test proce
dures w ill need to be revised soon or become hopelessly obsolete. 

EnergJJ test procedures are the technical foundation for many 
energy-efficiency programs. 

Utility and6 rograms 

Efficiency Standards 

Labels 

Energy Test Procedures 
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. .., 
-t 
..1lectricity Markets and Policy 

Research on public policy issues, from transmission pricing and market power to the role of renewables 
and energy efficiency, as the utility industry undergoes restructuring. 

11 Utility Restructuring 
0 
r 
n 
-< 

Restructuring of the power sector is creating dramatic changes in 
the organization and operation of this essential element of a 
nation's infrastructure (see box on following page). In the U.S., 
retail choice, or the ability of consumers to choose their electricity 
supplier, is a central element of these activities. Our recent 
research focuses on the public interest policy issues that are raised 
by restructuring. These issues include energy-efficiency policies 

----'for a restructured utility industry, private-sector energy-efficiency 
activities, renewable energy policy, market power and transmis
sion, and electricity industry restructuring in unique 
cultural/ geographic contexts. 

Energy-Efficiency Policies 
for a Restructured Electricity Industry 

f. Eta, C. Goldman, W. Golove, S. Kito, E. Vine 

Regulated utilities in the U.S. have, in the past, been responsible 
for "public purpose" programs- for example, promoting energy 
efficiency and demand-side management (DSM) - that con
tribute to the general social good. As utilities restructure and com
petition enters the energy market, there are questions about the 
future of these public purpose activities and the role and goals of 
govenu11ent in providing them. 

Several of our recent studies address the future of energy-effi
ciency programs in a restructured electricity industry. Market 
Barriers to Energ1; Efficiency: A Critical Reappraisal of the Rationale for 
Public Policies to Promote Energy Efficiency provides a background 
to these discussions by reviewing the decade-long academic 
debate among economists, technologists, and other social scien
tis ts regarding the rationale for promoting energy efficiency. The 
review concludes that there remain important rationales for gov
enunent inte rvention to improve the fw1etioning of electricity 
markets. It reconunends that future public policies supporting 
energy efficiency be grotmded in a sow1d Lmderstanding of the 
market problems that the policies seek to correct; this Lmder
standi.ng can only emerge from detailed investigations of the cur
rent operation of particular markets. 

The Past, Present, and Future of U.S. Utility Demand-Side 
Management Programs offers a his toric overview of utility DSM 
programs. DSM programs are utility-sponsored activities to pro
mote customer adoption of energy-efficient teclmologies and 
practices. The study takes the general findings from the previous 
report and applies them to the specific circumstances created by 
electricity restructuring. It concludes that the basic rationales for 
public policies to promote energy efficiency remain valid in a 
restructured electricity industry. 

Ratepayer-Funded Energy-Efficiency Programs in a Restructured 
Utility Industry: Issues, Options, and Unanswered Questions reviews 
the restructuring process in several states and offers guidelines 
for future regulation of energy-efficiency programs. We suggest 
that regulators: carefully define the goals and objectives of ener
gy-efficiency programs in a restructured industry; carefully bal
ance public and private interests; keep programs under the 
purview of utilities only if they have been well-run in the past and 
regulators can mitigate the disincentives and conflicts of interest 
the utility may face in running programs in the future; and pay 
special attention to new program accountability and governance 
issues if they choose not to rely on utilities to deliver programs in 
the future. 

Energy-efficiency market transformation is emerging as a new 
organizing principle for ratepayer-funded energy-efficiency pro
grams in a restructured electricity industry. In A Scoping Study on 
Energy-Efficiency Market Transformation by California Utility 
Demand-Side Management Programs, we propose a definition of 
market transformation that has since become the standard for the 
industry. The definition is consistent with a view that the role of 
ratepayer-funded energy-efficiency programs is to improve the 
functioning of markets to the point where customers and other 
market participants find it in their own self-interest to pursue 
cost-effective en ergy-efficiency opportunities and, therefore, 
future programs are no longer needed. We also review recent util
ity DSM programs to find good reasons to believe-yet little con
crete evidence to support-that limited market transformation 
may have taken place through these programs. Finally, we review 
California's DSM policies and find that a new policy framework, 
which consciously promotes market transformation and aims to 
overcome the disincentives of current DSM policies, would more 
effectively transform the energy-efficiency market. 

Many utilities are requesting that data they submit to state util
ity regulatory commissions remain confidential (particularly data 
collected from energy-efficiency programs). In Confidential Data in 
a Competitive Utility Environment: A Regulatory Perspective, we con
clude that utility withholding of ratepayer-funded information 
they have collected is likely to have serious negative impacts on 
the design, implementation and evaluation of future energy-effi
ciency programs, plans, and policies; consumer education activi
ties; the creation of a fair market for competitive energy services; 
regional and national assessments of energy-savings opporttmi
ties; and research and development. We recommend that regula
tory utility commissions carefully examine their regulatory needs 
for information in a restructured electricity industry, assess the 
adequacy of information currently provided, and determine what 
information should be required in the future. 
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In a restructured electricity industry, transmission and distribution companies will 
becom.e regulated common carriers of an electricity commodity. Independent system oper
ators will coordinate operation of the transmission grid. Generators and aggregators of 
generation will be free to contract directly with customers or retail energy service com
panies. Customers will be able to purchase both electricity and other value added servzces, 
such as energy efficiency, f rom retail energy service providers. Energy-efftczency servzce 
companies will also offer energy-efficiency services on a stand-alone basis. 
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Renewable Energy Policy 

R. Wiser, S. Pickle, C. Goldman, C. Marnay, f. Eta, E. Jones, C. Ric/1ey, 
S. Bretz, R. Markel 

Policies to promote renewable energy, like those for energy effi
ciency, address an important public purpose activity that is 
threatened by restructuring. Our research has been directed 

----.toward understanding emerging trends, analyzing recent poli
cies, and creating analytical tools to unders tand the likely effects 
of future policies. 

Electricity industry restructuring creates new opportw1ities for 
marketing "green" power to consumers and highlights a potential 

"D role for public policies that might stimulate the more rapid devel-
0 opment of this market. Green Marketing, Renewables, and Free 
i Riders: Increasing Customer Demand for a Public Good looks at recent 
0 green market activities by utilities . We reviewed the literature on 
-< free riders (i.e., participants in utility-sponsored energy-efficiency 

programs who would have purchased the technology even in the 
absence of the program). Based on this review, we made four 
broad recommendations to firms marketing green power. 
Providers should take advantage of commLUlity and social pres-

L.. __ _.sures for the public good, assure customers that their decision to 
purchase green power will make a difference, emphasize cus
tomer retention, and bundle green power products with features 
that also offer private value. 

The study California Renewable Energy Policy and Implernentation 
Issues: An Overview of Recent Regulatory and Legislative Action 
assesses the aggressive approach California has undertaken to 
promote renewable energy in the context of electricity industry 
restructuring. In it, we examine the two types of policies that were 
proposed to support renewable energy in California - a sur
charge-funded production support system and a minimum 
renewable energy purchase requirement - and then analyze the 
reasons for the failure of the latter. 

A critical element to the success of any renewable energy policy 
is the ability to meet the considerable financing requirements 
associated with renewable technologies. Our report Financing 
investments in Renewable EnergJ;: The Role of Policy Design and 
Restructuring finds one key reason that renewable energy technol
ogy policies have not been more effective in the past is that pro
ject development and financing processes were frequently 
ignored or misunderstood. We describe the process of power 
plant financing and offer insights for policymakers on the inter
action between financing and renewable energy policy design . A 
related report, Financing End-Use Solar Technologies in a 
Restructured Electricity Indu stry: Comparing the Cost of Public 
Policies looks in greater detail at the relationships between these 
issues (e.g., different types of ownership I financing, subsidies, or 
policies, and the role of indirect costs) and policies to promote 
end-use solar technologies. 

Estimating the Environmental and Economic Effects of Widespread 
PV Adoption Using GIS and NEMS employs two computer models 
to provide a comprehensive analysis of the regional and national 
effectiveness of various policies to stimulate adoption of another 
renewable technology, rooftop photovoltaic systems. 
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CURRENT WORK IN ENERGY AN ALYS IS 
---------------------

Private-Sector Energy-Efficiency Activities 

C. Goldman, C. Marnay, S. Pickle, F. Olken (Information and 
Computing Sciences Division, LBNL) 

Electr icity industry restructuring is crea ting new business oppor
tunities for private-sector firms to promote energy efficiency, for 
example, by linking energy and teleconununications services or 
offering contracts to save energy for customers. EA's recent work 
has emphasized tracking developments in these areas in order to 
gain insight into emerging trends. 

In the study, Jrnpa ct of Information and Communications 
Technologies on Residential Customer Energy Services, we analyzed 
21 utility projects under way in areas such as utilizing conunmu
ca tions teclu1ologies for automated meter reading, time-differen
tiated pricing, and customer-controlled load management (see 
box). O ther serv ices also being offered by utilities include home 
securi ty alarms and long-distance telephone and cable access. We 
found that considerable barriers exist to large-sca le dep loyment 
of these cmrunwuca tion services but that they are almost certain 
to become part of future residential energy services. 

Information Systems Requirements for a Deregulated Electric Power 
Industry reports on an LBNL-organized workshop premised on 
the idea that information technologies- computing, COJ11111uni
ca tions, instrumenta tion, data storage, and networking- are key 
components in the development and operation of the new, com
petitive electric power industry. The workshop addressed two 
main questions: what are the information technology require
ments of the industry and what, if any, are the public policy con
cerns that might motiva te involvement of the U.S. DOE in 
research or in development of standards? 

Our study titled Future Prospects for ESCOs in a Restructured 
Electricity Industry explores future prospects for energy service 
companies (ESCOs) to deliver energy efficiency and other ser
vices in a restructured electricity industry. We foLmd that ESCOs 
offering three services- addressing multiple customer demands 
related to energy and facility problems, identifying energy-effi
ciency opportunities and proposing viable means of taking 
advantage of them, and verifying future savings from efficiency 
improvements- will have the bes t competitive position in the 
new re tail energy mark t. 
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Recently developed comm.unication technologies will likely be used 
for automated meter-reading, time-differential pricing, and cus
tomer-controlled load management in ways which will profoundly 
change how people use electricity. 
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Market Power and Transmission 

5. Stoft, C. Webber, R. Wiser 

In a restructured electricity industry, the planning and operation 
of the transmission system will be integral to ensuring equitable 
and fair distribution of the benefits of a competitive market. We 
have studied a number of important technical issues associated 

----.with the way market power may be exercised through the opera
tion of the transmission grid and, in particular, the role played by 
transmission pricing. 

Transmission Pricing and Renewables: Issues, Options, and 
Recomm.endations reviews current transmission pricing policies 

1l and examines the effects of different pricing schemes on different 
0 types of power generators, particularly renewable generators. 
r The study focuses on the economic rationale for charging for net
n work access based on energy rather than capacity. As part of 
-< restructuring, congestion-based pricing has emerged as a prima-

ry method of pricing transmission services. However, congestion
based pricing is insufficient to cover all costs of planning and 
operating the transmission system. This report shows that ener
gy-based rather than peak-based charges are economically effi-

__ __. cient, in combination with congestion charges, to recover the costs 
of the transmission system. 

In 1996, California's three major investor-owned utilities filed an 
application (the "WEPEX" application) with the Federal Energy 
Regulatory Commission (FERC) to create an independent system 
operator (ISO) and power exchange (PX). Our Analysis of the 
California 'WEPEX' Applications to FERC demonstrates the impor
tant problems that would arise from adoption of the WEPEX rec
ommendation to i.J.1clude a restrictive rule to prevent the proposed 
ISO from "clearing the market," i.e., ensuring that all profitable 
energy trades would be made. Based in part on our work, PERC's 
fii1al order requires the ISO to use all the information it receives to 
develop a least-cost schedule, which would insure that all prof
itable trades are made. 

In The Effect of the Transmission Grid on Market Power, we analyze 
the effect of transmission grid congestion on the physical extent of 
energy markets and thus on the degree of generators' market 
power. We find that, ii1 an wnegulated market, it will be socially 
beneficial to build a grid that has greater capacity than what has 
been optimal up to now in a regulated market. Finally. in the 

work titled How Financial Transm.ission Rights Curb Market Power, 
we demonstrate that, contrary to some prior claims, fii1ancial 
transmission righ ts can dramatically reduce the market power of 
generators when several generators face a congested transmission 
path and there is no local demand for electricity. These fii1dings 
provide market designers and policymakers with a new and 
potentially powerful market-based tool for constraining the mar
ket power of generators. 
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Electricity/Industry Restructuring in Unique 
Cultural/Geographical Contexts 

C. Marnay, S. Pickle, E. Vine, f. Busch 

Our recent work has also included s tud ies of the effects of elec
tricity in dustry res tructuring in specific geographical and cultur
al contexts: power supply expansion in Poland, opportunities for 
ESCOs in Japan, and issues specific to native American tribes . 

Power Supply Expansion and the Nuclear Option in Poland presents 
an analysis of electricity capacity expansion in that country. We 
conclude that natural gas is a highly desirable fuel for power gen
eration in Poland but primarily for use as a peak resource. 
Nuclear p ower cannot be ruled out in Poland on economic 
grounds alon e. Another rep ort, International ESCO Business 
Opportunities and Challenges : A Japanese Case Study finds that cur
rent barriers to ESCOs in Japan might be overcome through the 
development of funding sources, education and train ing, demon
stration projects, and a certification process. The study, American 
Indian Tribes and Electric Industry Restructuring: Issues and 
Opportunities, sponsored by the Native American Renewable 
Energy Educa tion Project (NAREEP), concludes that although 
w holesale competition in the U.S. electricity industry is unlikely 
to harm most American Indian tribal in terests and may benefit 
some tribes, retail competition is likely to be harmful. The report 
describes several options for tribes, including crea ting a tribal 
utility, aggregating tribal customers, regulating electricity indus
try service providers, becoming elec trici ty suppliers, and devel
oping grid-independent comm unity or home energy sys tems. 

This logo for the Native American Renewable Energy Education 
Project (NAREEP) syrnbolizes a commitrnent to research, education, 
and inforrnation exchange that assists American Indian and Alaskan 
and Hawaiian Native communities in pursuing sustainable energy 
strategies. 

29 
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Collaborative Restructuring Decision-Making 

5. Wiel, 5. Chaitkin 

The Nation al CowKil on Compe tition and the Electric Industry 
(National COLmcil) was formed in 1994 as a joint venture of the 
N a tion al Association of Regulatory Utility Commissioners and 
the National Conference of State Legislatures to facilita te dialogue 

--..... and information exchange between the members of these two 
organiza tions. The Federal Energy Regula tory Commission is also 
an active participant in the Na tion al Council. Thus, the Na tional 
Council provides a forum for the primary decision-makers who 
are res tructuring the electricity industry in the U.S. In 1997, the 

1l National Council turned to Berkeley Lab to provide an Executive 
0 Director and related support services. With DOE funding, 
r Stephen Wiel was appointed to serve as the Council's Executive 
n Director. Working with the Cow1cil's Steering Committee, we 
-< h ave h elped facilita te the organiza tion 's national workshops, 

assis ted in the preparation of research reports and briefing 
papers, published the Na tional Council's newsletter, and devel
oped its web site. Our work focuses on res tructuring issues rela t
ing to tax implications, market p ower, energy efficiency, renew-

__ __. able energy, p ublic-interest R&D, and customer information dis
closure. 

Visit the site at http: I I eetd.lbl.gov I NationalCouncil/ 
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Mitigation of Heat Islands 

Research on solutions to smog and energy waste caused by human-induced warming occurring in urban 
areas, with special emphasis on the development of more reflective surfaces for roadways and building sur
faces. 

Heat islands occur in cities where heat-absorbing buildings and dark pavements have replaced shade 
trees and shrubs, causing summer temperatures to rise up to 6 degrees C higher than the surrounding 
countryside. 

Mesoscale Meteorological and Air Quality Impacts 
of Increased Urban Albedo and Vegetation 

H. Taha 

Increasing the albedo (solar reflectance) of building materials and 
shading buildings w ith trees can directly save significant 
amounts of cooling energy a t the building scale. By lowering the 
ambient temperature, these measures can also indirectly affect 
the air-conditioning energy use in buildings and improve ozone 
air quality in major U.S. airsheds . 

We have made a first a ttempt a t quantifying the potential air 
quality impacts of large-scale surface modifications in the Los 
Angeles Basin, using state-of-the-science mesoscale meteorologi
cal and photochemical simula tion models. 

We found tha t large-scale implem entation of reflective materials 
and urban forests has a net beneficial impact on ozone air quali
ty. During our simulation of a typical summer day in August, 
population-weighted exp osure to ozone above the California Air 
Quality Standard was decreased by up to 12-14% during peak 
hours and by up to 17-22% with respect to the national standard. 
These findings suggest that the net effects of increasing albedo 
and planting shade trees are comparable to those obtained from 
strict control of mobile-source emissions. 
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Cooling Energy Savings Potential 
of Light-Colored Roofs 

S. Konopacki, H. Akbari, M. Pomerantz, L. Gartland 

Light-colored roofs reflect more sunlight than dark roofs, and thus 
keep buildings cooler in summer and reduce air-conditioning 
demand. Typical roofs in the United States, however, are dark, 
w hich creates a potential for saving energy and money by chang
ing to reflective roofs. 

We have made quantitative estima tes of the impact of using 
high-reflectance roofs on buildings' hea ting and cooling energy 
use for several prototypical buildings in 11 U.S. metropolitan 
areas. The results show: 

• a total amm al electricity savings of 2.6 terawatt hours (TWh), 
• a net energy savings of $194 million, and 
• peak electricity demand savings of 1.7 g igawatt (GW) . 

Extrapolating the savings to the entire U.S., we estimate armual 
electricity savings of about 10 TWh and a net savings of about 
$750 million in annual energy payments. Peak electricity power 
reduction is estimated to be about 7 GW. 
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An infrared photo of a section of a roof taken at 
noon on a sunny summer day shows that the 
top white-coated portion of the roof is 16° C 
(60° F) cooler than the lower, uncoated por
tion. Dark roof seams in the uncoated area 
show up as hot lines on the roof 
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-< Cooling Efficacies of Trees and High-Albedo Surfaces 

R. Levinson 

Daytime summer urban heat islands arise when the prevalence of 
dark-colored surfaces and lack of vegetation make a city warmer 

.__ _ __. than the surrom1ding countryside. Two frequently proposed mit
igation schemes are to plant trees and to raise the albedo (solar 
reflectivity) of ground surfaces. 

We fom1d that increasing the albedo of a grmmd surface lowers 
the surface temperature of an object near the ground - e.g., peo
ple, vehicles, and buildings- only if the object's albedo exceeds 
a critica l value that depends on wind speed, object geometry, and 
the height of the atmospheric thermal boundary layer. The tern-

perature of the air in contact with a reflective surface, however, is 
always lowered. Planting a tree was fom1d to yield either a small 
decrease or a small increase in solar heating of groLmd-level air, 
depending on (a) the extent to which the solar heating of the tree's 
canopy is dissipated by evaporation, and (b) the fraction of air 
heated by the canopy that flows downward and mixes with the 
ground-level air. 
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A load cell beneath the tree sitting on a roof at LBNL senses changes in the tree's mass, while nearby instru
ments measure air temperature, humidity, wind speed, and other ambient environmental conditions. 
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Building Energy End-Use Forecasting 

Research to deliver to policymakers the latest information on current and expected future characteristics of 
markets for efficient products in the building sector. 

Energy Data Sourcebook for the U.S. Residential Sector 

T. Wenzel, J. Koomey, G. Rosenquist, M. Sanchez 

Analysts assessing policies and programs to improve energy effi
ciency in the residential sector require diverse input data from a 
variety of sources. This sourcebook, which updates a previous 
report, is a compila tion of these input d a ta presented in one doc
ument. The da ta provided include informa tion on end-use unit 
energy consumption (UEC) values of appliances and equipment, 
historical and current appliance and equipment market shares, 
appliance and equipment efficiency and sales trends (see, for 
example, sales of cooling equipment shown below), appliance 
and equipment efficiency s tandards, cos t vs. efficiency da ta for 
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Lighting Market Sourcebook for the U .S. 

D. Vorsatz (Centml European University, Budapest, Hungary) , 
L. Shown, J. Koomey, M. Moezzi, A. Denver, B. Atkinson 

m appliances and equipment, product lifetime estima tes, thermal 
C shell characteristics of buildings, hea ting and cooling loads, shell 
r m easure cost data for new and retrofit buildings, baseline hous-
0 ing stocks, forecasts of housing s tarts, and forecasts of energy 

Throughout the United States, in every sector and building type, 
lighting is a significant elec trical end use. There are potentially 
large, cost-effective, energy savings to be achieved in this end use 
but beca use consumers most often do not adopt cost-effective 
lighting technologies on their own, programs and policies are 
needed to promote their adoption . z 

(j) 
(f) 

prices and other economic drivers. This report is the essential 
sourcebook for policy analysts interested in residential sector 
en ergy use. 

We have prepared a sourcebook for policymakers that identifies 
patterns of ligh ting energy use and provides data characterizing 
the marketplace in which lighting technologies a re distributed, 
promoted, and sold. We examine residentia l and commercial 

U.S. sales of central air conditioners and heat pumps reflect the national cycles in new 
housing starts. 
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Annual lighting energy consumption and installed lamp wattage in 
households by room type. One can see that kitchens, fo r example, 
accounted for nearly 19% of lighting energy consumption although 
only 11 % of installed wattage, making them one of the best targets for 
replacing incandescent lamp with fluorescents. Alrnost 18% of 
installed ligl1 ting wattage is in bedrooms, more than for any other room 
type, but bedroom lamps are used relatively little despite their prepon
derance, and thus comprise only the fourth most important room type 
in terms of total lighting enerf51J consumption. 

20 

D % ol Ictal installed lamp waltage 

• % of annual household energy use for lighting 

0 ki tchen bath outdoors hall garage other I closet 

living room bedrooms dining family room utility room office 
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lamps, ballas ts, fixtures, and lighting controls. 
This sourcebook will help policymakers an swer important mar

ket-related questions such as: 
• Who uses which lighting technologies and h ow much do they 

use them ? 
• What market shares do various teclu1ologies represent and how 

have these market shares changed over time? 
• Who are the key participants in the lighting marketplace? 
• Which distribution channels do these key participants use? 

In addition, we discuss the policy implications of lighting ener
gy use and current market conditions. We also address technical 
characteris tics of lighting products, including lamps, ballasts, fix
tures, and lighting controls. 
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Miscellaneous Electricity in the U.S. Residential Sector 

M. Sanchez, J. Koomey, M. Moezzi, A. Meier, W. Huber, C. Webber 

Historically, U.S. residential energy and carbon emissions-saving 
efforts have targeted conventional end uses such as water heat
ing, lighting, and refrigeration. The emergence of new household 
appliances has transformed energy use from a few large and eas
ily identifiable end uses into a broad array of "miscellaneous" 
energy services. This group of so-called miscellaneous appliances 
has been a major contributor to growth in electricity demand in 
the past two decades. 

Based on shipments, lifetimes, and wattage data from 1976 to 
1995 for over 90 individual products, we constructed a bottom-up 
end-use model. The model was then used to produce historical 
and forecasted growth trends and to identify the most energy
consuming individual products within the miscellaneous catego
ry. We also used the end-use model to identify and analyze poli
cy priorities. From 1995 to 2010, the miscellaneous end use is 
expected to be one of the fastest growing residential electricity 
end uses. 

We found that roughly 40% of the projected miscellaneous 
growth is due to consumer electronics products - TVs, VCRs, 
audio systems, home office equipment, microwave ovens, etc.
making this component of miscellaneous electricity a particularly 
fertile area for efficiency programs. One method of reducing elec
tricity consumption in electronic products is to focus on reducing 
standby losses. Nearly one-half of the energy use in household 
electronics is consumed while in standby (ready) mode. The 
potential savings from reducing standby losses equal 30 
TWh/year, roughly $2-3 billion dollars annually. 
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Disaggregation of residential miscellaneous energy use by major 
end-use category. 
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Building Energy Measurement and Performance Analysis 

Research into energtj use testing, field measurement, monitoring, and verification of energy-consuming 
equipment and energt;-saving projects in the building sector. 

Integrated Information Technologies for Commercial 
Building Performance Assurance 

M.A. Piette, A.O. Sezgen, S. Selkowitz and R. Hitchcock (Building 
Technologies Dept., EETD, LBNL), F. 01/cen and C McParland, 
(Information and Computing Sciences Division, LBNL), B. Smith 
(Indoor Environrnent Dept., EETD, LBNL), D. Sartor (Center for 
Building Science, EETD, LBNL) 

Buildings consume one-third of all energy used in the U.S. at a 
cost of over $200 billion annually - as much as half of which is 
wasted compared to what is cost-effectively achievable. Assuring 
total building performance, which includes health, comfort, and 
productivity in addition to operating expense such as energy 
costs, is a priority in an increasingly competitive world . 
Achieving this goa l requires a ca reful examina tion of the process 
by which buildings are designed, built, and operated. 

A rchitec ts, engineers, building owners, and operators currently 
use a variety of software and information management tools to 
improve the energy efficiency of new and exis ting buildings, pri
marily in the design phase of new construction or retrofitting. 
Each tool may be sophisticated in terms of its ability to simulate 
some aspects of the energy performance of buildings, but each 
requires users to re-enter building-related data they may already 
have entered in another program - such as a computer-aided 
design (CAD) p ackage. Much of the valuable information collect
ed earlier in the life cycle is not in the format needed by the new 
tools. Fur thermore, once the building is opera tional, real perfor
mance data becomes available but is rarely integra ted into the 
simulation tools, in part becau se of the technical difficulties of 
adding a new data stream to the exis ting building descriptions. 
Too often there is no feedback at all between operations and 
design. Plus, every time new data are entered or translated from 

one program to another, there is the strong possibility of the intro
duction of errors into the data. Another reason buildings do not 
perform in an op timal, energy-efficient ma1mer is that critical 
information needed to improve designs and ensure optimal oper
a tion is often not accessible, lost, or poorly documented . This loss 
of information is endemic in the highly complex, fragmented, and 
often adversarial nature of the building industry. 

A multi-division group a t LBNL has created the Integrated 
Information Teclmology Initiative to address these myriad prob
lems. One goal of this activity is to initiate the development and 
standardization of integrated, interoperable information tech
nologies to address the problems of fragmented information 
transfer in the building life cycle. The box below outlines some 
problems in today's buildings, and the features offered by 
"tomorrow's" integrated informa tion teclmologies. The tools we 
are developing are individua lly op timized to respond to the spe
cific needs of each phase of the building's life, and are linked by a 
shared information infras tr ucture, a Building Life-cycle [fl 

Information SyStem (BLISS). The BLISS project has had three 1!1 
z major elements: a distributed software architecture, a life-cycle 

da tabase, and a mechanism to capture "intent." The distributed 0 
...J sys tems architecture describes how various building software 

components communicate and the schema specifies the structure :J 
and semantics of the database. [I 

A related problem is that buildings and their variou s subsys
tems often do not p erform as well as intended in the design stage. 
Building energy performance suffers from insufficient documen
tation of design intent, inadequate building commissioning, and 
a lack of robust methods for short-term and continuous perfor
mance tracking. Several case studies have shown w hole-building 
energy savings of 20% or more through changes in operation and 
maintenance (O&M) practices based on evaluations of detailed 
energy performance monitoring. Three demonstration projects 

Today's problems and solutions offered by integrated information technologies. 

Life-Cvcle Phase 
Design 

Commissioning 

Operations 

Today 
No reference to energy performance. 
No archive of key assumptions 
and intent. 

No energy performance testing. 

No monitoring of energy use 
or feedback to design . 

Tomorrow 
Performance continuously assessed using simula tion tools coupled 
to design data base. Interoperable data base records equipment, system, and 
whole-building design intent and operational sequences. 

Systematic performance tes ting before acceptance by owner. Tests results 
linked to original design intent, with changes noted and impacts evaluated. 

Energy monitored continuously and compared with on-line simulation 
derived from commissioning results. Diagnostic procedures initia ted by sig
nificant discrepancies. Feedback resul ts to design. 
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have been underway to explore techniques and methods to 
address these problems. These demonstra tions are described 
below. 

A multi-departmental group within the Environmental Energy 
Technologies Division developed a performance-tracking tool 
based on a calibrated chiller model and demonstrated how such 
tools can be used. The following Figure shows the results of vari
ous design and operating changes. This project is part of a larger 
effort to d evelop building life-cycle information systems, which 
with widespread use could grea tly reduce the performance prob
lems related to poor information transfer and lead to large energy 
savings. 

Pe1jormance of a chiller in a university building under differ
ent scenarios. 
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In a second projec t, a multi-ins titutional team. has developed a 
prototypical Information Monitoring and Diagnostics System 
(IMDS) to address common O&M problems and pinpoint the 
facts needed by office building owners and property managers in 
order to address these problems. The purpose of the IMDS is to 
present a set of standard diagnostics plots to evaluate key perfor
mance metrics and curves and identify opportunities for energy 
improvements. An example plot is presented in the Figure in the 
nex t colunu1. This project is par t of a multi-year effort tha t 
includes testing the prototypical sys tem in an ac tual building. 

Thirdly, we have d evelop ed a prototype system to permit 
rem ote monitoring and control of multiple buildings across the 
Interne t from a single control center. Such a system is of interest 
to opera tors concerned with multiple buildings, such as building 
management firms, school dis tricts, and large retailers. An elec
tronic ga teway between the energy management and control sys
tem and the Internet was built using a common interface . Data are 
s tored in a relational da tabase w hich is linked to a standard set of 
graphics to allow for the evaluation of key performance data . This 
project is part of a multi-year effort tha t includes testing the pro
totyp ical sys tem in several buildings. 

For more information, see http: / I eetd.lbl.gov /CBS/ BPA/ BPA.html 
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An analysis of a chiller efficiency reveals three problem areas. 
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Mandatory and Voluntary Approaches for Promoting 
Energy Efficiency in Residential Construction 

E. Vine, A. Meier, J. Stein 

Two projects focused on promoting energy efficiency in residen
tial construction: an analysis of residential building code compli
ance, and an evaluation of home energy rating sys tems. 

Knowing how well builders comply with (or exceed) energy
related building codes is critical for completing a sound evalua
tion of utility residential new construction (RNC) programs and 
for determinilcg the actual cost-effectiveness of these programs. 
Obtaming credit from utility regulators for additional energy sav
ings from code compliance in participant hou ses is one of the key 
options available for utilities for improving the cost-effectiveness 
of these programs. We exa mined residential buildilcg energy code 
compliance and specific code violations iJ."l three s tates (California, 
Oregon, and Washington). We compared residential building 
energy code compliance for program participants and nonpartic
ipants as well as estimates of the energy-savil1gs impacts from 
noncompliance. We found that homes may fall below code and 
also that homes participatilcg in utility RNC programs may have 
higher frequency and levels of building compliance compared to 
nonparticipating homes. For example, m the evaluation of the 
Pacific Gas and Electric Company's (PG&E) 1992 RNC program, 
nonpar ticip ating homes in PG&E's service territory were, on 
average, built about 6% below (i.e., did not meet) sta te building 
energy codes (based on calcula ted energy usage) across all mea
sures and equipment. In contrast, PG&E's program required par
ticipating builders to participate in the program's Plan Check pro
cess to comply with the codes when they might not have other
w ise done so (i.e., 100% compliance). Accordingly, PG&E claimed 
additional energy savings from its program through its role in 
enforcilcg compliance with the energy codes. We expect the dif
ferences in compliance to be greater in those states with less expe
rience and expertise in building energy codes and energy code 
compliance. Accordingly, we believe utility RNC programs in 
other states could be more cost-effective if utility regulators rec
ognize the role of RNC programs iJ."l ilccreasing compliance with 
codes. 

In the evaluation of home energy ratiJ.1g systems (HERS), we 
found that HERS can, on average, accurately predict annual ener
gy cost for the 500 houses in four states that were used in our 
study. However, on an individual house basis, the agreement 
between predicted energy cost and ach1al energy cost was often 
poor, especially for older houses. Individual variation is to be 
expected because actual occupant behavior differs from the 
behavior assumed by the HERS es timation tools; however, this 
has important implications for the true cost effectiveness of 
HERS-recommended improvements. Contrary to expectation, 
there was no clear relationship between rating score and ac tual 
energy cost. HERS providers need to give consumers more infor
mation about accuracy and how to interpret ratilcgs . 
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Monitored Energy Use of Homes with Geothermal Heat 
Pumps: A Compilation and Analysis of Performance 

J. Stein, A. Meier 

Geothermal (or ground source) heat pumps are an effective 
means of h eating and cooling residences. In order to better tmder
stand the economics of such systems, it is essential to evaluate the 
energy savings from geothermal heat pumps compared to other 
sys tems. A total of 87 geothermal heat pump (GHP) houses in 10 
states were compared to appropriate control houses that were 
either the GHP houses themselves before being retrofitted with 
GHPs or houses of similar size, location, and construction. In 
order to make the comparisons as accurate as possible, we nor
malized for differences between the GHP and control houses ii1 
terms of heating degree days during the monitoring period and 
floor area or total insulation value, as appropriate. The data, 
which were primarily supplied by utilities, were not necessarily a 
representative sample. In some cases, we also knew very little 
about the circumstances of data collection or the appropriateness 
of some of the controls . 

The predicted savings were consistently slightly below the 
expected savings but still within the range of performance com
monly cited by the GHP ii1dustry. The average rated coefficient of 
performan ce (COP) equalled 3.4: average measured COP 
equalled 3.1. Based on measured COPs, the GHP houses were 
predicted on average to save 66% of HVAC energy compared to 

[I] electric resistance homes and 42% compared to air-source heat 
C pump (ASHP) houses. 
r The actual savings, however, were inconsistent and sometimes 
CJ significantly below the predicted savings. Based on COP mea
Z surements, 15 GHP homes in Virginia were predicted to save 37% 
Iii of HVAC en ergy compared to a set of ASHP homes but actually 
(fl saved only 27%. HVAC savings ranged from -20% to 68% and 

whole house savings ranged from 4% to 36%. On average, the 
GHP homes saved as much energy as predicted compared to 
ASHP homes but less than predicted compared to electric resis
tance homes. 
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A geothermal system circulates water or antifreeze through a closed
loop network of plastic pipe that is buried in the ground. 



CURRENT WORK IN ENERGY ANALYSIS 

Office Equipment: Energy Efficiency Research 
and Information 

B. Nordman, M.A. Piette, A. ten Cate, C. Webber, K. Kinney 

Office equipment energy use has been rising steadily in the U.S. 
over the last decade, with PCs and monitors alone accmmting for 
about 14 billion kWh /year of electricity. As a response to this 
increase, power-management teclu1ologies have been developed 
and deployed which reduce power use during times when the 
device is idle. We ha ve conducted research to help design, evalu
ate, and improve energy savings in office equipment. 

Office copiers u se energy both in direct use of electricity and 
that embodied in the paper they use. To identify and realize ener
gy savings, it is necessary to have accurate and valid test proce
dures for copiers. We compared the standard test results with 
actual monitored electricity use for three copiers. We found that 
they agreed closely enough to be useful for evaluating the energy
efficiency of the copier, excep t for the amount of time in the low
power state. The test results were then used to design the criteria 
for the ENERGY STAR copier program. 

We evaluated PC power management systems and concluded 
that most are not properly enabled. Problems arise from lack of 
awareness about the presence of power management, incompati
bility with networks, and user dissatisfaction with delays or inter
ference with software. Most power management savings are cur
rently from monitors, amounting to about 200 kWh/year per 
monitor; power management has the potential to cut PC and 
monitor energy use in half. Newer sys tems tend to be more suc
cessful than the first genera ti on of power-management teclmolo
gies, so that more savings may accrue in the future. However, the 
rapid pace of change complicates our ability to predict how infor
mation technology and rela ted energy-savings fea tures will 
evolve. 

In response to finding power management disabled in many 
PCs and monitors, we prepared a guide to help computer support 
professionals unders tand how power management works, how to 
enable it, and how to diagnose and fix many common problems. 
The schema tic opposite illus trates sugges ted steps for reducing 
monitor energy use. If the information is widely distributed and 
utilized, millions of PCs and monitors that do not presently 
power manage could be made to successfully do so. 

Energy-saving features in copiers include power management 
as well as duplexing options, which offer consumers energy and 
cost savings on paper purchase and use. However, these features 
are often disabled before the equipment is put into use. To reach 
the thousands of copier sales and service representatives respon
sible for the installation and maintenance of copier equipment, 
we developed a "Copier Tool Kit" intended for use in training 
efforts. The kit provides sales tips describing the envirorunental 
and economic benefits of using the features, training information 
for dealers, answers to frequently asked questions, and many 
sample materials for education and advertising. Working with 
manufacturers indicates that the information is greatly needed 
and use of the materials will increase the enabling rate of power 
management features. 

See http: / /enduse.lbl.gov/esoe/CTKintro.htm for an on-line 
version of the Copier Tool Kit. 
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Leaking Electricity and the One-Watt Plan 

A. Meier 

Leaking electricity is the energy consumed by app liances when 
they are switched off or not performing their principal functions. 
Field m easurements in Florida, California, and Japan show that 
leaking electricity represents 50-100 wa tts in typical homes, corre
sponding to about 5 GW of total elec tricity demand in the U.S. 
There are three stra tegies for reducing leaking electricity: elimi
nate leakage entirely, eliminate cons tant leakage and replace with 
intermittent charge p lus s torage, and improve efficiency of con
version. These op tions are constrained by the low value of energy 
savings - less than $5 per saved watt. Some technical and 
lifestyle solutions are possible. Technical solutions include mov
ing the on/off switch to the high-voltage side of power supply, 
replacement of existing linear power supplies with more efficient 
"switcher" power supplies, and development of specialized cir
cuits combined with supercapacitors to limit leakage to the time 
needed to recharge the supercapacitors. Lifestyle changes include 
pulling the plug on unused appliances and installing extra 
switch es controlling outlet power. 

Virtually all leaking appliances could be redesigned to leak less 
than 1 watt with no loss in consumer services. We have proposed 
a combination of non-regulatory actions and incentives to estab
lish a 1-watt per appliance ceiling on leaking electricity. This will 
cut s tandby losses by over two-thirds, that is, from about 5% to 

Ill 1% of residential electricity use, when fully implemented. Even 
C greater savings are achievable if the 1-watt plan is implemented 
r globa lly, so we have proposed both national and international ini-
0 tiatives. 
Z More information is available at 
Gl http: / I eetd.lbl.gov / EA / BEA/ Projects / Leaking/ 
U1 
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Analyzing the Energy Use and Costs of Windows 

Y.J. Huang, R. Mitchell (Building Technologies Dept. , EETD, LBNL) 

Today's energy-efficient windows can dramatically lower the 
heating and cooling costs associa ted with windows while increas
ing occupant comfort and minimizing glass condensation prob
lems. Howeve1~ consumers are often confused about how to pick 
the most efficient windows for their homes. When shopping for 
glass, they are typica lly confronted with term s such as U-factors 
orR-values, Solar Heat Gain Coefficients or Shading Coefficients, 
and air leakage rates. Furthermore, these properties are based on 
static evaluation conditions that are very different from the real 
situation the window will be used in. 

The RESFEN computer tool can help consumers and builders 
pick the most energy-efficient and cost-effective window for a 
given application. RESFEN performs hourly calculations using a 
version of the DOE-2 energy analysis simulation program. It cal
culates the heating and cooling energy use and associated costs as 
well as the peak heating and cooling demand for specific window 
products as they wi ll be used. Users define a problem by specify
ing the house type (single-story or two-s tory), geographic loca
tion, orienta tion, electricity and gas cost, and building configura
tion details (such as wall type, floor type, and HVAC systems). 
Window options are defined by specifying the window's size, 
shading, and thermal properties (see below) . RESFEN calculates 
the energy and cost implica tions of the windows compared to 
unfenestrated walls. The relative energy and cost impacts of two 
different windows ca n be compared to each other. 
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Input screen for the RES FEN program showing window data. 
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Industrial Energy Analysis and Policies 

Research on energy use and efficiency in the industrial sector throughout the world, especially in the 
energy-intensive iron and steel, paper and pulp, chemicals, petroleum, and building materials industries. 
Research into the potential for energt; savings from voluntary government programs, such as the Motor 
Challenge, in the industrial sector. 

Energy Intensity in the Iron and Steel Industry 

L. Price, N. Martin, E. Worrell and f. Faria (Utrecht University), 
R. Schaeffer (Federal UniversihJ of Rio de Janeiro) 

In light of the interna tional agreem ent to es tablish lega ll y binding 
targets for overa ll greenhouse gas emissions reductions, accurate 
measurements of the energy used in energy-intensive industrial 
processes are needed to w1derstand past trends, assess the poten
tial for energy-efficiency improvements, and make international 
comparisons. Our analyses found that there was a general trend 
toward a reduction in energy used per tonne of steel produced in 
eight large s teel-producing countries (Brazil, China, France, 

Energy used to produce a tonne of steel has slowly declined in most 
countries over the past two decades, although an increase is 
observed in the energy intensity of steel production in the U.S., 
Poland, France, and Japan in recent years. 
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Germany, Japan, S. Korea, Poland, and the U.S.) between 1971 and 
1994 (see chart). However, this decreasing trend appears to have 
reversed in the early 1990s in the U.S., Japan, France, and Poland. 

Many studies of industrial energy use rely on economic indica
tors (energy use per value added or gross output) to evaluate 
energy trends instead of physical measures (energy use per tonne 
of product output). However, one of our analyses of the energy 
intensity of steel production found that economic indicators did 
not track physical developments well in some cotmtries and that 
while value added based indicators generally reflec ted the physi
cal energy intensity better than other economic indicators for 
industrialized countries, large differences occurred in individual 
years. Using a decomposition analysis based on physical indica
tors for process type and product mix, we showed that physical 
energy intensity decreased significantly in the U.S., Germany, and 

China between 1980 and 1991. In the U.S., about two-thirds of this 
decrease was due to efficiency improvements, while the remain
der was due to s tructural changes. A structural/ efficiency anal y
sis shows that China, Brazil, Poland, and the U.S. have the largest 
potential for energy savings in the iron and steel industry. 
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Energy Efficiency in the Pulp and Paper Industry 

L. Schipper, f. Fnrln nnd K. Blok (Utrecht University) 

We developed a method for m aking cross-country, cross-time 
comparisons of energy effi ciency developments based on the use 
of physica l production data as a measure of activity grow th for 
the manufacturing industry. With this me thodology, it is possible 
to isola te energy efficiency improvement impacts on fu el and 
electricity consumption fro m the effects of other changes in the 
industry. 

We found tha t without improvements in energy efficiency, pri
mary energy consumption from pulp and p aper production 
would have increased by 42% between 1973 and 1991 in eight 
industrialized countries s tudied in this analysis. Because of past 
improvem ents in energy efficiency in the sector- averaging 1.6% 
over the p eriod - the actua l increase between 1973 and 1991 was 
lim ited to 16%. 
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Decomposition Methods for Analyzing Aggregate 
Energy Intensity and Carbon Emissions Data 

L. Greening, WB. Dnvis, L.]. Sch ipper, M . Khrushch 

We applied six different methods for decomposition of aggregate 
energy intensity to the same se t of data for the manufacturing sec
tor in ten OECD countries from 1970 to 1992. Based on a compar
ison of the size of the residual term and the variation of the term 
over time, we found tha t the Adaptive Weighting Divisia (AWD) 
-either in a fixed year or rolling yea r specifica tion - was most 
robust, exhibiting the sma llest residual term with the least va ria
tion. 

For the ten OECD countries Lmder examination, the majo rity of 
changes in aggrega te energy intensity may be explained by 
changes in energy intensities in individual industrial sub-sectors. 
However, examination of changes in the production activity mi x 
of each co1.mtry indicates that (1) shifts in the production mix 
towards less energy-intensive activities promoted declines in 
aggrega te energy intensity in the U .S., Japan, and Germany, and 
(2) shifts towards more energy-intensive industries reduced the 
overall downward trend of energy consumption per Lmit of out
put in Norway. 

We then applied the AWD method to the decomposition of 
aggregate carbon intensity from the manufacturing sectors of the 
same countries . This decomposition examined the same factors 
influencing changes in aggregate energy intensity (as described 
above) in addition to two fa ctors which allowed us to analyze car
bon emissions - the primary fu el mix used to generate electrici
ty and district hea t, and the final fuel mix nt the point of end use. 
Aggregate manufacturing ca rbon intensities in our ten coLmtries 
declined by 30%- 70% over the s tudy period . As the chart on the 
nex t page shows for the U.S., these changes were primarily 
attributed to declines in subsectoral energy intensities and s truc
tura l shifts toward less energy-intensive products. Changes in the 
primary and final fu el mixes worked against such declines in 
countries where electricity is generated mostly from coal and oil 
(e.g., the U.S. and Denmark); whereas in the "nuclea r" countri es 
(e.g., Sweden and France), changes in the primary and fina l fuel 
mixes contributed to s ignificant declines in aggregate carbon 
intensity. 

Analyses such as this provide a better Lmderstanding of the 
effects of increases in average factor productivity on decreases in 
energy use and carbon emissions. This is a necessary step to the 
development of policies tha t promote sustainable, ba lanced eco
nomic grow th, while conse rving energy and reducing ca rbon 
emissions. 
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Industrial Energy Use and Energy Efficiency 
In Developing Countries 

L. Price, N. Martin, E. Worrell, M .D. Levine 

The industrial sec tor accounts for over 50% of the energy u sed in 
developing cow1tries and this energy use has been growing at an 
average ra te of over 4.5% per year since 1980. Based on these 
trends, developing cow1tries will dominate world industrial ener
gy use by 2020. A review of energy-intensity trends in four ener
gy-intensive industrial subsectors (iron and steel, chemicals, 
building ma terials, and pulp and p aper) sh ows tha t, in general, 
energy intensities in developing countries are higher than in 
ind ustrialized countries due to the use of antiquated equipment 
and prod uction processes . However, the amount of energy used 
to p roduce a tonne of product tends to decline as developing 
countr ies invest in new p roduction capacity. LBNL developed 
three scenarios of fu ture industrial energy use in developing 
countries which show that growth in industrial energy use is 
expected to be about 3% per yea r through 2020 under business-as
usual conditions, bu t can be reduced to about 1.5% per year using 
state-of-the-art or advanced technologies. 
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Cum.ula tive results of an AWD decomposition for the U.S. manufacturing sector's carbon intensity shows 
that the overall decline is dominated by decreases in subsectoral energJJ intensity and structural shifts 
toward less energy-intensive products. 
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Creating Industry Sector Partnerships 

A. McKane, V. Tutterow 

Many of the barriers to im proving energy e fficiency in the indus
trial sector are ins titutional rather than teclmological. While con
tinued technological innova tion is ex tremely important to 
increased industrial productivity, many existing technologies are 
seriously underutilized by industry because their benefits are not 
well understood and / or institutional barriers to their adoption 
ha ve no t been adequa tely addressed. In recent years, we have 
been working with DOE's O ffice of Ind ustrial Tech11ologies' 
Motor Challen ge program to crea te industry sector p artnersh ips 
as a p athway toward p rom oting more energy-efficient industrial 
motor sys tems. 

Electric m o tor sys tem s acco unt for about 550 TWh, or 70%, of all 
industrial electricity use in the U.S. Of this to tal, equipment such 
as p umps, fan s, blowers, and air compressor systems represents 
about 45%, or 230 TWh/y r. Po tential savings from m ore efficiei1t 
industrial m otor systems are very large: a 10% improvement in 
overall efficiency- achievable with new and exis ting technology 
by 2010 - would save 55 TWh/yr, worth $1.5 billion annually to 
U.S. industry. Most of these sa vin gs are attributable to improve
m ents in m otor-driven equipment and o ther parts of the system, 
ra ther than the motor itself. 

In 1997, two new industry p arh1erships emerged as the res ult of 
our efforts in support of DOE's Office of Industrial Technologies . 

Components of a typical compressed air system. System losses ca n occur 
due to inadequate or poorly rnatc!Jed con trols, i111properly installed or 
leaking distribution lines, poor 111aintenance, mis-rnatching compres
sors to loads, and/or higher than necessary system pressure. 

Aftercooler 

Control panel 

Compressor 
air end 

Dryer 

One is organized within a single industry (pulp and p aper); the 
second involves a cross-cutting industrial u tility (compressed air) . 
DOE's partnership with the Technical Association of the Pulp and 
Pa per Industry (TAPPI) is designed to help deliver targe ted infor
ma tion on efficient motor systems directly to plant person nel. 
This industry-specific parh1ership, providing access to TAPPI's 
33,000 members world-wide, gives the DOE Motor Challenge 
Program an important new avenue for achieving savings from 
improved motor systems--a t least 10 TWh annually by 2010. 

The Compressed Air Challenge, another na tional parh1ership, 
aims at improving efficiency of compressed-air systems across 
many industry sectors, including chemicals, mining, tex tiles, pulp 
and pape1~ glass, plas tics, pe trole um refining, and a utomobile and 
aircraft manufacturing. Industrial compressed air sys tems, which 
use an estima ted 27 TWh of electricity arumally, are frequently 
oversized and poorly con trolled and configured . Even though 
compressed air - due to inherent inefficiencies in its production 
- is often the most expensive utility in an industrial plant (see 
illus tra tion), air is o ften percei ved as "free" by those who use it. A 
20 to 50% improvement in overall sys tem efficiency is achievab le 
and economical in many industrial plants using today's bes t prac
tices. The primary barrier is a lack of information on the part of 
plant designers, managers, and end users. The Challenge is 
designed to: 

• ra ise the awareness of the importance of efficien t, effective com
pressed air sys tems; 

• train industrial plant operating s taff on best practices for these 
systems; 

• expand the market for exp ert serv ices on compressed air sys
tem assessments; and 

• help build the local market infras tructure to deliver these ser-
vices . 

Air receiver 

system 

Air f ilters 

Pneumat ic 
tool 

The Challenge anticipa tes 
achieving an average sys
tem efficiency improve
men t of 10% over curren t 
practices by the year 
2002, for an annua l ener
gy savings of 2.7 TWh. 
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Transportation Energy Analysis 

Research into how vehicle technology, land-use patterns, and travel behavior affect transportation energy 
use and emissions of greenhouse gases and urban air pollutants . 

International Trends in Carbon Dioxide Emissions from 
Passenger Transport 

L. Schipper 

Since 1970, carbon dioxide emissions from p assenger transport 
have grown in almost every industrialized country. We conduct
ed a comparative analysis of the changes in energy use and car
bon dioxide emissions from p assenger transport in ten OECD 
countries. Unlike most previous analyses, we based ours on a 
newly published international data set covering vehicle activi ty, 
p assenger travel, and fuel u se by mode. We calculated how 
changes in activity, modal composition, and the energy intensity 
of each mode contributed to changes in total energy u se from 
travel in the ten countries between 1973 and 1994. Increased trav
el activity and modal shifts boosted energy use, while reductions 
in modal energy inten sities reduced energy use from automobiles 
in the U.S. and in air travel throughout the sample of countries. 
As a result, travel-related energy use increased sharply in every 
cotmtry except the U.S. and Demnark. Using these calculations, 

we then examined how these changes affected carbon dioxide 
emissions from travel. No ting that the shifts of fuels within trans
port have been sm.all, even counting shifts in the fu els used to 
produce the small ammmt of electricity used for passenger trans
port in every country, we found that increased ac tivity and modal 
shifts raised carbon dioxide emissions from travel in every coun
try except the U.S (see box). Recalling tha t real prices for road 
fuels have fallen to near their 1973 levels while energy intensities 
remain level or are falling slowly, we foresee (in the absence of 
additional government intervention) continued increases in trav
el, particularly in cars and airplanes, pushing emissions even 
higher. 

Reference 
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Increased activity and modal shifts raised carbon dioxide emissions frorn travel 
between 1973 and 1994 in nine of ten OECD countries studied. 
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International Trends in Energy Use and Carbon Dioxide 
Emissions from Freight 

L. Schipper, L. Price 

Energy use and associated ca rbon emissions from transportation 
of freight have increased faster than those from the buildings, 
indus tria l, and personal travel sec tors in man y industrialized 
countries. Our analysis of trends in the freight sector in ten OECD 
cotmtries found that domestic freight volumes rose in every coun
try studied and that freight energy use and associa ted carbon 
emissions increased markedly. Overall increases in transported 
goods as well as a dram.atic shift toward the use of energy-inten
sive trucks are the underlying causes of the observed increases. A 
review of op tions such as reducing trucking energy intensi ty, 
in.creasing vehicle capacity utilization, shifting from trucking 
toward shipping and rail, and reducing overall freight activity 
leads the authors to conclude that the ability to reduce carbon 
emissions from freight does not look encouraging given recent 
trends and the fact tha t energy use for transportation in develop
ing countries is rising rapidly. Use of policies tha t address the 
wider environmental problems o f freight shipments such as 
noise, air pollution, and congestion as well as policies that equa l
ize diesel and gasoline taxes and increase road-use fees for trucks 
could lead to less freight activity and use of more efficient freight
hauling vehicles. 

Reference 

Schipper, L., L. Scholl, and L. Price. Energy Use and Carbon 
Emissions from Freight in Ten Industrialized Countries: An 
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Socioeconomic Factors Affecting Greenhouse-Gas 
Emissions from Personal Automotive Transportation 

L. Greening, L. Schipper 

Different subgroups in the population have different levels of 
greenhouse gas emissions from personal automotive transporta
tion. Socioeconomic characteris tics that are associated with high
er levels of emissions include greater numbers of vehicles, upper 
middle to high incomes, educational attainments of college or 
more, larger family s izes, white collar occupations, and placement 
of the family tmit in the middle stages of the family life-cycle. In 
general, the characteris tics which reflect an affluent life-s tyle are 
indica tive of higher emissions levels. 

This is the first time that the statistical technique used here has 
been utilized with household expenditure data to obtain a rank
ing of the effects of socioecon omic characteristics on levels of 
greenhouse gases emissions from personal automotive tran s
portation. This type of analysis can lead to the development of 
more effec tive p olicies for the mitigation of greenh ouse gases, 
including policy-relevant fac tors that may be addressed with a 
variety of non-mone tary incentives . 
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Analysis of Emissions Deterioration of In-Use Vehicles 

T. Wenzel, R. Sawyer (Advanced Technologies Dept., EETD, LBNL) 

Current comput r models that forecast air pollutant emissions as 
the vehicle fleet ages assume that emissions increase drama tically 
after vehicles reach 50,000 odometer miles. This analysis tested 
this assumption by examining tailpipe emissions from 220,000 
vehicles tested w1der the Arizona vehicle emission Inspection and 
Maintenance (I/M) program in 1995. Arizona is one of the first 
states to use an enhanced I/M testing procedure recommended by 
the U.S. EPA. The procedure, called the IM240, involves testing 
vehicles on a treadmill-like device tha t measures emissions under 
va rying vehicle operating conditions. The procedure was devel
op ed to simulate the detailed emissions tes ting manufac turers 
perform on their new vehicle models. 

The figure shows average hydrocarbon (HC) emissions of p as
senger cars by vehicle model year and odometer reading (in 1,000-
mile groupings). The curves indica te that, ra ther than "kinking" 
upwa rd when a certain mileage is reached, average vehicle emis
sions increase at the same rate with increasing mileage even at 
very high mileages. In addition, older vehicles have higher aver
age emissions than newer vehicles. This is likely due to techno
logical improvements to emissions control technologies over time; 
however, it is also possible that vehicle aging- independent of 
mileage accumulation - accounts for some of this emissions 
increase. The analysis also found that the fraction of vehides fail
ing the I/M test dom.ina tes the overall increase in emissions with 
increasing mileage. These results will be useful in improving the 
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computer models used to forecast ernissions reductions in areas 
w ith poor air quality. 

Reference 

Wen zel, T., M . Ross, and R. Sawyer. Analysis of Emiss ions 
Deterioration of In-Use Ve!Jicles, presentation at the Society of 
Automotive Engineers' Government / Industry Conference, 
May 5 -7, 1997, Washing ton, DC. Lawrence Berkeley National 
Laboratory Report No. LBNL-41452, 1997. 

Average HC emissions by vehicle model year (MY) increase linearly with increasing mileage. Average emissions mea
sured in 1995 are higher for earlier rnodel years. More study is needed to determ.ine if the difference in emissions by 
m.odel year is due to improved technology or sirnply vehicle aging. 
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Inspection and Maintenance Failure Rates by Vehicle 
Model 

T. Wenzel, R. Sawyer (Advanced Technologies Dept., EETD, LBNL) 

Previou s analysis of vehicle emissions using measurem ents from 
roadside remote infrared sensors indica ted that emissions vary 
grea tly by vehicle m odel. This analysis compares vehicle em.is
sions da ta from three s ta tes which use differing measurem ent 
teclmiques in order to determine if test failure ra tes by model and 
model year are consis tent across s ta tes . The California rem ote 
sensing d ata were comp ared with Inspection and Mairttenance 
(I/M) program da ta from Arizona, w hich uses the U.S . EPA-rec
ommended IM240 test p rocedure, and with Mim1esota, which 
uses the m ore conventional idle test p rocedure. Many of the m od
els that were identified by rem ote sensing as being high emitters 
had similarly high failure rates in the Arizona IM240 test. The 
Minnesota da ta, h owever, failed to identify these sam e high emit
ter m od els . Th ese results were exp ected, since rem ote sensing and 
IM240 tes ting cap ture vehicle emissions over a variety of d riving 
conditions, w hereas idle testing does not. 

De tailed analysis of the Arizon a d ata revealed tha t several vehi
cle models have high failure ra tes even w ithin the m anufacturers' 
emissions warranty p eriod (5 years or 50,000 miles) . The one p as
sen ger car m odel recalled by the EPA in recent years had among 
the h igh est failure ra tes under the Arizon a testing; however, sev
eral other models had similarly high or even higher failure ra tes, 
including som e tha t passed EPA's recall tests. This result suggests 

that I /M da ta can be used to targe t specific vehicle models for 
m ore detailed testing under EPA's reca ll testing p rogram . 

The analysis also examined the effect of vehicle m aintenance on 
emissions. I/M failure ra tes by model for two testing sta tions in 
Arizona were compared. The sta tions were selected because they 
had the highest and lowest failure rates of all sta tions in the 
Arizona program. It is believed that the difference in failure rate 
is due to the w ide disparity in average income of the two areas 
served by the s ta tions and that drivers with higher incom es are 
m ore likely to p roperl y m aintain their vehicles. The figure shows 
the hyd rocarbon (HC) fa ilure ra te for 71 passenger car m odels for 
each of the two sta tions, and for all Arizona s ta tions combined , 
ranked from lowest to highest. Over half of the vehicle m odels 
h ave essentially no failures a t either tes ting sta tion (noted by the 
solid line) . H owever, virtually all of the m odels with high overall 
fa ilure rates have higher failure rates a t Sta tion 4 (located in a rel
a tively low income area) than at Sta tion 10 (located in a rela tively 
high incom e area) . These results suggest tha t cars can be designed 
to be rela tively insensitive to maintenance p ractices and that 
vehicle maintenance can a ffec t in-use vehicle emissions of even 
newer cars . 

Reference 

Wenzel, T. and M. Ross. I/M Failure Rates by Vehicle Model, presen
tation at the Seventh CRC On-Road Vehicle Emission s 
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About half of 1991 to 1993 model year (MY) passenger car m.odels have essentially no HC emissions failures within 
the first 2 to 5 years of driving. However, the models that do Jai l emissions tests most of ten have higher failure rates 
in lower income areas . This suggests that vehicle maintenance can affect in-use car emissions, at least for some car 
models. 
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