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New Commercial Building Energy
Efficiency Program Launched

new three-year public-private research initiative, which

will target substantial reductions in the $100 billion spent

annually in energy costs for commercial buildings, has
been launched under the leadership of Environmental Energy
Technologies Division scientists. More than $13 million in
research funding has been pledged by the California Energy Com-
mission (CEC), the DOE, private sector partners, and Pacific Gas
& Electric. EETD has assembled a team of 14 public and private
sector partners to carry out the varied tasks within the High-Per-
formance Commercial Buildings Systems Program.

The program will develop new information technologies to
design, commission, and operate buildings, and integrated design
techniques to generate substantial and sustained energy savings
in commercial buildings—offices, schools, and other structures.
Partnerships with the private sector will commercialize and
deploy these technologies in the marketplace. Principal investi-
gators include Stephen Selkowitz, Philip Haves, Mary Ann Piette,
Frances Rubinstein, and Michael Apte of Berkeley Lab’s EETD and
David Claridge of Texas A&M.

“In California alone,” says Selkowitz, “implementation of tech-
nologies and practices developed in this research program for
both new and existing buildings could reduce overall commercial
sector electricity consumption by 22 percent by 2015.” And long
before that, Selkowitz believes, the program’s activities will help
California businesses and utilities address more immediate needs
such as responding to the load management and curtailment
crises in California.
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“Commercial building owners in the United States spend
almost $100 billion per year on their energy bills,” says Selkowitz.
“New buildings today are often more efficient than existing build-
ing stock, thanks in part to CEC and DOE’s building energy stan-
dards and the use of DOE-2, an energy-efficient building design
program developed by EETD researchers.”

“With new technologies and better systems integration, we
cost-effectively could achieve savings of 50 percent or better in
new buildings as compared with buildings that meet current
codes, while improving the indoor environments in these work-
places,” he adds. “But even when they are designed well, build-
ings are often not operated to achieve the expected energy sav-
ings. This program will address not just technologies and design
practices, but building operation and maintenance practices to
maximize energy efficiency, and the health and comfort of the
occupants.”

Studies conducted by EETD scientists suggest that in typical
cases, commissioning and improved operations of buildings
could save 20 percent of current energy use in existing buildings.
(Commissioning is the process of checking and fine-tuning a new
building’s mechanical and electrical systems to meet operating
specifications after completion but before it is occupied.)

The program will develop new technologies, and design and
operations practices in five areas: (1) life-cycle tools—the infor-
mation management systems for efficient building design and
operations; (2) lighting, envelopes and daylighting—hardware
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and software to control lighting and ventilation systems, and
dynamic window systems that modulate the amount of daylight
and solar heat passing through them into the building; (3) low-
energy cooling—novel design strategies and systems for minimiz-
ing peak and annual cooling needs in buildings; (4) integrated
commissioning and diagnostics—procedures for cost-effectively
commissioning buildings, monitoring ongoing performance, and
identifying and diagnosing performance faults; and (5) indoor
environmental quality—technologies to provide improved venti-
lation and minimize indoor pollutants in temporary (portable)
classrooms. EETD will work with a team of 14 subcontractors and
cost-sharing industrial partners to develop and deploy these tech-
nologies.

A unique feature of this initiative is the participation of north-
ern California’s utility, PG&E, in helping deploy the products of
this research. Through its Pacific Energy Center training classes
and outreach programs, as well as demonstration projects, PG&E
will provide the resources and connections necessary to help
move R&D results into the marketplace.

Primary program support of $6 million comes from CEC'’s Public
Interest Energy Research (PIER) program. DOE matching funds over
the life of the program are projected to be about $2.5 million, com-
ing from several research areas within the Office of Building Tech-
nologies, State and Community Programs. In each area the new CEC
projects are designed to extend important DOE-supported work.
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Clean Energy Future Assesses
Technology and Policy

new report prepared by five Department of Energy

National Laboratories assesses technologies and policies

to meet the energy-related challenges of the United States
as it enters the 21st century. It concludes that a number of poli-
cies and measures described in the report can lead to faster devel-
opment and deployment of energy-efficient, low-carbon tech-
nologies, and that the successful implementation of these policies
can reduce energy inefficiencies, oil dependence, air pollution,
and greenhouse gas emissions at essentially no net cost to the
U.S. The policies include increased R&D; voluntary agreements to
promote energy efficiency in vehicles, buildings and equipment,
and industrial processes; programs promoting cogeneration; elec-
tric sector restructuring; and a domestic carbon cap and trading
system.

The study, Scenarios for a Clean Energy Future, led by Mari-
lyn A. Brown of Oak Ridge National Laboratory, Mark D. Levine
of Lawrence Berkeley National Laboratory, and Walter D. Short of
the National Renewable Energy Laboratory, is the most compre-
hensive study of the role of energy technologies in reducing local
and global environmental emissions that the U.S. Department of
Energy has ever commissioned. Researchers at Berkeley Lab led
two of the chapters: Jon Koomey, Carrie Webber, and Celina
Atkinson (buildings) and Ernst Worrell and Lynn Price (industry).
Jon Koomey and Etan Gumerman also led the integrated model-
ing to create the energy scenarios in the study.

Energy Issues Facing the U.S.

The report identifies a number of energy-related issues that will
affect the U.S. in the next century: the potential for climate
change from human-caused emissions of greenhouse gases;
increases in acid rain from growth of energy generation; oil sup-
ply vulnerability and price volatility arising from the concentra-
tion of oil supplies in unstable parts of the world; and potential
economic and physical disruptions during restructuring of the
U.S. electricity sector. The study identifies and assesses public

Figure 1. Carbon emission reductions by sector in the advanced
scenario.
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Figure 2. Carbon emission reductions by sector in the moderate
scenario.
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policies and programs to address these issues.

The Clean Energy Future (CEF) study created three scenarios
of energy use: business-as-usual (BAU), moderate, and advanced.
The BAU scenario is similar to the Department of Energy’s Refer-
ence Case, published in the Annual Energy Outlook 1999. The
moderate and advanced scenarios both assume a variety of poli-
cies and programs that are implemented to improve the energy
efficiency of the buildings, industry, transportation, and electrici-
ty sectors.

Two significant differences from the moderate scenario are the
advanced scenario’s assumption that the U.S. adopts a cap on car-
bon emissions, and a carbon emission-trading system, and that
the federal government doubles its appropriations for cost-shared
R&D.

Three Scenarios and Their Results
As shown Table 1, the study finds that through the adoption of
cost-effective technologies and policies, the U.S. can reduce its
greenhouse gas emissions by 5% below the business-as-usual lev-
el in 2010 under the moderate scenario, and by either 13% or 17%
in the advanced scenario, depending on whether the carbon per-
mit-trading charge is assumed to be $25 or $50/ton. Primary ener-
gy use is 3% below BAU under the moderate scenario, and 8% to
10% below BAU in the advanced scenarios in 2010.

Some Conclusions

CEF concludes that the energy cost savings from more efficient
use of energy throughout the economy can equal or exceed the
direct cost of the policies and technologies deployed in the mod-
erate and advanced scenarios. The growth of domestic “green”
industries—wind, bioenergy and others—creates new employ-

continued on page 4
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ment. However, in the advanced scenario certain sectors that
might experience job loss, such as the coal industry, will need
special additional attention to address the transition of workers to
other jobs.

An important use of this report is to provide the technical and
economic underpinnings for the policies that could be employed
to reduce the growth of greenhouse gas emissions in the United
States. By 2010, the moderate scenario brings CO, emissions 20%
of the way back towards 1990 levels, the advanced scenario with
a carbon permit value of $25/tC brings them 54% of the way
down, and the advanced scenario at $50/tC closes 71% of the

gap.
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To download the report and appendices in PDF format go to
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runs, go to http://enduse.lbl.gov/projects/CEF.html
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Berkeley, National Renewable Energy, Oak Ridge, and Pacific Northwest national
laboratories.
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Table 1. Selected Results for 2010 and 2020.

2010 Scenarios

Advanced Advanced
1990 1997 BAU Moderate ($25/tC)a ($50/tC)b
U.S. Primary Energy Use
(Quadrillion Btu) 84.2 94.0 110.3 106.5 101.3 99.5
Energy Use Reductions - - - (-3.5%) (-8%) (-10%)
(Percent Change from BAU)
U. S. Energy Bill
(Billion 19973) 516 552 650 595 599¢ 634¢
Energy Bill Reductions - - - (-8%) (-8%) (-3%)
(Percent Change from BAU)
U.S. Carbon Emissions
(Million Metric Tons) 1,346 1,480 1,769 1,684 1,540 1,467
Carbon Emissions Reductions - - - (-5%) (-13%) (-17%)
(Percent Change from BAU)
2020 Scenarios
Advanced Advanced
1990 1997 BAU Moderate ($25/tC)2 ($50/tC)P
U.S. Primary Energy Use
(Quadrillion Btu) 84.2 94.0 119.8 110.3 99.0 97.0
Energy Use Reductions - - - (-8%) (-17%) (-19%)
(Percent Change from BAU)
U. S. Energy Bill
(Billion 1997%) 516 552 694 594 542¢ 572¢
Energy Bill Reductions - - - (-14%) (-22%) (-18%)
(Percent Change from BAU)
U.S. Carbon Emissions
(Million Metric Tons) 1,346 1,480 1,922 1,743 1,478 1,357
Carbon Emissions Reductions - - - (-9%) (-23%) (-29%)

(Percent Change from BAU)

a This variation of the Advanced scenario has a domestic carbon trading system that equilibrates at a carbon permit charge of $25/tC.
b This "standard" Advanced scenario includes a domestic carbon trading system that equilibrates at a carbon permit charge of $50/tC.
C The energy prices used to calculate this energy bill include the cost of the carbon permit charge.
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Managing the Health Impacts
of Waste Incineration

municipal waste volumes, and substantially cuts down on the

amounts of hazardous chemical and biological wastes. But
does this widespread practice threaten public health? This ques-
tion was tackled in the September 2000 issue of the journal Envi-
ronmental Science & Technology in an article penned by EETD’s
Thomas McKone and Katharine Hammond of UC Berkeley’s
School of Public Health. They write that in spite of continuing
efforts to evaluate the health impacts of incinerated waste emis-
sions, key data limitations still exist.

Hundreds of incinerators—industrial kilns, boilers, and fur-
naces—annually burn an estimated 3 million tons of municipal
solid and other hazardous wastes. Emissions from incinerators are
regulated through the 1990 Clean Air Act. As part of the Act, the
Environmental Protection Agency has defined Maximum Achiev-
able Control Technology (MACT) standards, which require incin-
erators to attain emission controls that reflect the average of the
best-performing operations. However, a National Research Coun-
cil (NRC) report released in November 1999 notes that MACT
standards may not be sufficient to protect incinerator workers and
regional populations. According to the NRC report, the low relia-
bility of measured data and models, as well as imprecise data on
intermedia transfer factors used to determine indirect exposure,
are obstacles to regional-scale health assessments. Intermedia
transfer refers to the exchange of pollutants between the air and
soil, air and vegetation, air and water, soil and vegetation, and
outdoor and indoor environments.

In the past, health concerns for waste incineration were
focused on the communities living near the incinerator. The NRC
report comprehensively identifies three potentially exposed pop-
ulations: the local one, which inhales airborne emissions; work-
ers, especially those who clean and maintain the pollution-con-
trol devices; and the larger regional population, who may be
remote from any particular incinerator, but who consume food
contaminated by one or more incinerators. Unfortunately, some
of the MACT standards will not help people in all these cate-
gories. For example, workers who clean out air-pollution control
equipment at municipal incineration plants have tested for ele-
vated levels of dioxins and metals (arsenic, lead, cadmium, and
aluminum) in both blood and urine. But the new standards will
only require fewer emissions from a plant and not change the
work conditions for people in the facility.

I ncineration destroys contaminated hospital wastes, reduces

Uncertainties Characterizing Impacts

To characterize health impacts from incinerators, large amounts of
data and models are required. But a lot of uncertainty is associ-
ated with these evaluations because the data and models must be
used to characterize individual behaviors, engineered system per-
formance, contaminant transport, human contact and uptake, and
dose among large populations. The NRC report identified the
issues of uncertainty and variability as having scientific and poli-
cy implications for attributing health impacts to incinerators. The
committee noted that when the uncertainty and variability
become large, interpreting or assigning relevance to the estimat-
ed magnitude of exposure and health risk become increasingly
difficult.

One case in which uncertainty derives from exclusion is a
health characterization based only on normal operating condi-
tions. No data are available to evaluate actual emissions during
start-up, which are normally higher than during routine opera-
tion. Consequently, evaluating exposure and potential health
risks remains potentially erroneous because of this lack.

Emissions, Transport,
and Exposure

The most difficult task for those who evaluate patterns of human
exposures is tracking the concentration and movement of conta-
minants. Most pollutants are released as stack emissions to the
atmosphere. As the pollutants spread, people who live close by
can be exposed directly through inhalation, as well as by pollu-
tant deposition to soil, vegetation, and surface water. People liv-
ing at a distance from incinerators are also exposed through the
same media. Unfortunately, multimedia, multipathway exposures
remain poorly characterized and scientific studies, models, and
direct measurements are lacking.

Exposures and health assessments are key steps in the analy-
sis of a link between incinerator sources and human health risks.
If properly conducted, these assessments can be useful in the
development of an effective risk-management strategy. If efforts
to characterize incinerator health impacts are to be useful, two
essential research tools—models and measurements—must be
better integrated. Models provide the means to integrate and
interpret measurements, design hypothesis-driven experiments,
and predict the effectiveness of risk-management strategies. Mea-
surements, in turn, provide the tools needed for evaluating and
improving models.@

—Ted Gartner with Tom McKone
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This work was sponsored by the U.S. EPA, National Exposure Research Laboratory.
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The Residential
Standard

Max Sherman is the Chair of ASHRAE's Standard Project Committee 62.2, which is
reviewing public comments on the ventilation standard’s first draft. This article
describes the general outline of the draft's contents.

and Air Conditioning Engineers (ASHRAE) released the first

public review draft of its proposed residential ventilation stan-
dard entitled “Ventilation and Acceptable Indoor Air Quality in
Low-Rise Residential Buildings.” The Standard Project Committee
(SPC 62.2P) responsible for developing this draft is now review-
ing the results of that public review and will likely make changes
to it, but the fundamental principles are unlikely to change.

The standard is an attempt by the Society to address concerns
over indoor air quality in dwellings and to set minimum standards
that would allow energy-efficiency measures to be evaluated.
and source control. In addition to code-intended requirements,
the standard also contains guidance information for the designer
or user of the standard.

ASHRAE has long been in the business of ventilation, but most
of the focus of that effort has been in the area of commercial and
institutional buildings. Residential ventilation was traditionally not
a major concern because it was felt that between operable win-
dows and envelope leakage, people were getting enough air. In
the quarter of a century since the first oil shock, houses have got-
ten much more energy-efficient. At the same time, the kinds of
materials and functions in houses were changing in character in
response to people’s needs. People were also becoming more
environmentally conscious not only about the resources they
were consuming but about the environment in which they lived.

All of these factors contributed to an increasing level of pub-
lic concern about residential indoor air quality and ventilation.
Where once there was an easy feeling about the residential
indoor environment, there is now a desire to define levels of
acceptability and performance. Many institutions both public and
private, have interests in indoor air quality, but ASHRAE, as the
professional society that has had ventilation as part of its mission
for over 100 years, was the logical place to develop a consensus
standard. That standard has just finished its first public review.

ASHRAE Standard 62.2P defines the roles of and minimum
requirements for mechanical and natural ventilation systems and
the building envelope intended to provide acceptable indoor air
quality. It applies to spaces intended for human occupancy with-
in single-family houses and low-rise multi-family structures and
generally excludes institutional buildings.

The standard appears to be principally about ventilation, but
the purpose of ventilation is to provide acceptable indoor air
quality. The most effective strategy for keeping exposure to unde-
sirable pollutants low is to keep them from being released to the
general indoor environment in the first place. Such “source con-
trol” measures actually make up the bulk of the pages in the stan-
dard. Local ventilation is intended to exhaust pollutants from spe-
cific rooms before they enter the general environment. Whole-
house ventilation is intended to bring fresh air into the general
environment to dilute the pollutants that cannot be effectively
controlled at the source.

I n August 2000, the American Society of Heating, Refrigerating

Ventilation

Overview of the Standard

In developing this standard the committee recognized that there
were many different kinds of houses, many different climates,
and many different styles of constructions. To accommodate these
difference, the major requirements were designed with several
alternate paths to allow users flexibility. Some requirements are
performance-based, with specific prescriptive alternatives. The
standard recognizes that there are several different ways to
achieve a specified ventilation rate and allows both mechanical
and natural methods.

There are three primary sets of requirements in the standard
and a host of secondary ones. The three primary sets involve
whole-house ventilation, local exhaust, and source control.
Whole-house ventilation is intended to dilute the unavoidable
contaminant emissions from people, materials, and background
processes. Local exhaust is intended to remove contaminants
from those specific rooms (e.g., kitchens) in which sources are
expected to be produced by design. Other source-control mea-
sures are included to handle those sources that can reasonably be
anticipated.

The secondary requirements focus on properties of specific
items that are needed to achieve the main objectives of the stan-
dard. Examples of this include sound and flow ratings for fans
and labeling requirements. Some of the secondary requirements
as well as the guidance in the appendices help keep the design
of the building as a system from failing because ventilation sys-
tems were installed. For example, ventilation systems that push
moist air into the building envelope can lead to material damage
unless the envelope is moisture-tolerant.

Whole House Rates

The committee decided to make the target ventilation rate com-
prise a sum of the ventilation necessary to dilute background
sources and sources attributable to occupancy. To find the total
amount of outside air needed, one needs to add 2 cfm/100 sq. ft.
(10 1/s/100 sg. m.) to the 15 cfm/person (7.5 I/s/person). Thus the
air change rate requirement will vary by the size of the house and
the occupancy. The figure shows the required air change per
hour (ACH) for typical houses.

Ventilation System Requirements
The ventilation system, whether it be natural or mechanical, has
to meet some basic requirements:

Capacity and Distribution. Because activities in the normal
use of a house (cleaning, smoking, parties, painting, etc.) will
produce pollutants in excess of what is handled by the basic
rates, the standard requires that each room have either a win-
dow or a local exhaust system. The requirement would usually
be met by the code-required amount of window area. There is
no explicit requirement, however, for air distribution.

Filtration. Air handlers are required to have particulate filters
having a minimum efficiency of 60% for 3-micron particles.
Although this level of filtration has some direct benefit to the
occupants, its main benefit is in keeping the HVAC and distribu-
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tion system from becoming a contaminant source. In hot, humid
climates dirt build-up combined with moisture can lead to micro-
biological growth.

Sound Ratings. In most cases noisy fans will not be used. Occu-
pants are more likely to disable them than to run them. The stan-
dard requires that whole-house fans be very quiet (1 sone) and
that bathroom and kitchen fans be reasonably quiet (1.5 sones) at
their rated flows.

Flow Rating. To make sure that the fan actually delivers the
amount of air intended, the standard requires either that the air
flow rate be measured in the field or that certain prescriptive
requirements be met. These prescriptive requirements are on the
size and length of ducting as well as the manufacturer’s ratings.

Source Control

While many of the potential sources of pollution are beyond the
control of a standard such as 62.2P, various measures can rea-
sonably be taken to reduce pollutant sources at the design stage
and thus reduce the need for excessive ventilation. Indeed, for
some sources, ventilation may make them worse and not better.
This section summarizes some of the source control measures in
the standard.

Outdoor Air. The outdoor air can be a source of pollution. The
ventilation rates in the standard assume that the outdoor air is rel-
atively clean and able, therefore, to improve indoor air quality by
diluting indoor pollutants. When outdoor air quality excursions
are foreseeable (e.g., excessive ozone) the standard requires that
the occupants be able to reduce whole-house ventilation rates.
Ventilation Inlets. Even if the outdoor air is of good quality, pol-
lution in the building’s microclimate can make the air that enters
in through windows or other intakes of low quality. The standard
requires there be adequate separation between inlets and
exhausts or other known sources of pollution.

Figure. Required ventilation for different size houses.
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Garages. Attached workspaces or garages can be a source of sig-
nificant pollution. Carbon monoxide is of particular importance
when combustion (e.g., from cars) is taking place. The standard
requires than any air-handling equipment placed in these spaces
be sealed to prevent entrainment of these contaminants.
Clothes Dryers. 62.2P requires that clothes dryers be vented
directly to the outdoors both to minimize moisture and laundry
pollutions. Clothes dryers are treated as exhaust fans for the pur-
poses of combustion safety and ventilation.

Moisture Migration. If moisture is forced into building cavities
or the building envelope and allowed to condense, molds and
other microbiological contamination can become a threat to
indoor air quality and material serviceability. The standard forbids
the use of ventilation methods (e.g., supply ventilation in very
cold climates) that would contribute to that effect unless the
building envelope has been designed to accept it.

Combustion Safety

Keeping combustion appliances from becoming indoor pollutant
sources is a concern of the standard. Vented combustion appli-
ances can become a problem if there is any significant backdraft-
ing. 62.2P is not a standard about combustion safety, but indoor
combustion sources can be a significant source of pollution and
the requirements of 62.2P could have adverse impacts on those
sources. The standard considers the impact that envelope tight-
ness or ventilation systems could have on the operation of a com-
bustion appliance.

To minimize the potential for backdrafting, the standard

requires that naturally aspirated combustion appliances in the
conditioned space pass a specific backdrafting test if the total of
the largest two exhaust appliances exceed about 1 air change per
hour of ventilation (not counting any summer cooling fans). Many
new houses would be exempt from these considerations either
because all their vented combustion appliances are outside the
pressure boundary or are sealed combustion or because their two
biggest exhaust appliances fall below the limit.
CO Alarm. The draft standard requires that a carbon monoxide
alarm be installed. Ideally no carbon monoxide should be gener-
ated or allowed to come into the occupied space, but the require-
ments to assure this would be prohibitively costly (e.g., such con-
trol measures would include prohibiting air handlers in garages).
Installing a CO alarm in the space provides more flexibility for
builders.

—Max Sherman
Max Sherman
H (510) 486-4022; fax (510) 486-6658
MHSherman@Ibl.gov

Max Sherman is Chair of ASHRAE'’s Standard Project Committee
(SPC) 62.2

Download the draft ASHRAE residential standard at:
www.ashrae.org/standards/availdft.htm
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Improving Air-Quality Modeling

Results

omputer models of air quality provide local governments

with the scientific information they use to regulate air pol-

lution emissions, but these models are not always as accu-
rate as regulators would like.

Environmental Energy Technologies Division researchers and
colleagues at the University of California at Berkeley have been
studying the photochemical characteristics of air pollution in
southern California as part of an effort funded by the California
Air Resources Board (CARB) to improve the reliability of air qual-
ity models. The team’s work has yielded new insights into how
variability in the solar flux and the concentration of aerosols in
the atmosphere affect the formation of smog.

The Clean Air Act Amendments of 1990 require planners to
use computer-based air quality models for evaluating emissions
control alternatives in pursuit of regulatory standards. Reducing
uncertainties in model results has been a focus of much research.
“One of the uncertainties,” says EETD’s Laurent Vuilleumier, “is
how well the models represent the optical properties of the
atmosphere and their effect on the photochemical reactions that
form smog.” CARB designated variability in sunlight and its effect
on photochemistry as one of the areas needing improvement in
current air quality models.

Vuilleumier, an EETD scientist, UC Berkeley’s Rob Harley,
EETD’s Nancy Brown, and colleagues have been using data from
CARB’s 1997 Southern California Ozone Study (SCOS97) to gain
a better understanding of the relationship between the amount of
light entering the atmosphere and the rates of photochemical
reactions that form ozone, a significant component of smog that
influences the concentrations of other air pollutants.

“Ozone concentration is extremely sensitive to reactions that
are driven by sunlight,” explains Vuilleumier. “These photolysis
reactions initiate the decomposition of chemical species such as
nitrogen dioxide and formaldehyde by sunlight. The photolysis
rates are variable because the amount of light reaching the lower
atmosphere—called the solar actinic flux—is variable. Aerosols,
particles in the atmosphere, can extinguish light through scatter-
ing and absorption, reducing the rate of certain smog-forming
reactions in the lowest layers of the troposphere, while some-
times enhancing their rates in the higher layers.”

Vuilleumier, Harley, Brown, and colleagues used the SCOS 97
measurements of solar ultraviolet irradiance, taken at two stations
in Riverside and Mount Wilson, to compute the atmosphere’s
total optical depth. As a measure of the transparency of the
atmosphere to the penetration of sunlight, optical depth is very
influential in determining solar flux. Using a mathematical
method called principal component analysis, the researchers sep-
arated the factors affecting optical depth into components, and
determined which components 