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WELCOME
to CIEE's 1993 Annual Conference

The California Institute for Energy Efficiency's third Annual Conference highlights the results of CIEE-
sponsored multiyear research in three programs: Building Energy Efficiency, Air Quality Impacts of Energy
Efficiency, and End-Use Resource Planning. Results from scoping studies, Director's discretionary research,
and exploratory research are also featured.

We at CIEE wish to thank. Pacific Gas and Electric, Southern California Edison, Southern California Gas, San

Diego Gas and Electric, file Los Angeles Department of Water and Power, the Sacramento Municipal Utility
District, the California P_ublic Utilities Commission, the California Energy Commission, the University of
California, and Lawrence Berkeley Laboratory for supporting and guiding our 1992-1993 research program.
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CIEE's Background and Mission

The California Institute for Energy Efficiency was established in 1988 by the University of California in
cooperation with California's electric and gas utilities, the California Public Utilities Commission, the
California Energy Commission, and the U.S. Department of Energy's Lawrence Berkeley Laboratory. CIEE's
mission is to coordinate, plan, and implement a statewide program of medium- to long-term (5 to 15 years)

applied research aimed at advancing the energy efficiency and productivity of ali end-use sectors in
California. This research is conducted primarily at colleges, universities, and university-affiliated research
laboratories statewide and is designed to complement the research efforts of CIEE's sponsors and of other

significant public and private research organizations.

CIEE's R&D has two primary goals. The first is to identify, develop, and demonstrate efficient end-use energy
technologies and processes that:

• Increase the security and sustainability of energy systems in California.

• Help assure continued access to reliable, affordable energy services for ali California end users.

• Enhance the productivity and competitiveness of California's agricultural, manufacturing, and
service industries.

• Contribute to improving the environment, including regional air and water quality and the
quality of the indoor built environment, while remaining sensitive to global-warming issues.

The second overall goal is to improve the data and analytical tools related to the end use of energy. The
objective is to support sound utility and public-sector planning decisions on the balanced development of
demand- and supply-side energy resources in California.

CIEE emphasizes collaboration in its multisponsor structure, multicampus approach to research, and
commitment to translating successful energy-efficiency R&D into practical products and processes. CIEE
incorporates sponsor input into the design and management of its R&D programs, primarily through policy
and program funding guidance from the Research Board and program planning, management, and
technology transfer support from the Planning Committee and Project Advisory Committees (for each major
multiyear project).
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AGENDA

Wednesday, August 4

3:00 pm - 5:00 pm REGISTRATION

5:30 pm - 7:30 pm LUAU

All participants and spouses/guests are invited to attend an informal dinner.

7:30 pm - 8:00 pm OPENING REMARKS

Edward Vine, CIEE Conference Chair

James Cole, CIEE Director
George Strang, Southern California Gas; CIEE Research Board Chair

8:00 pm - 9:00 pm PLENARY SESSION - KEYNOTE ADDRESS

Commissioner Charles Imbrecht, Chairman, California Energy Commission

Thursday, August 5

8:30 am - 10:00 am FIRST MORNING SESSIONS (Concurrent)

Session A: Air Quality Impacts Program - Gas Combustion Systems Topic
Formation of Nitrogen Oxides in Industrial Natural-Gas Burners

Scott Samuelsen (UCI) Project Overview and Teaming Strategy
Derek Dunn-Rankin (UCI)/

Roger Farrow (SNLL) Diagnostic Strategy
Bill $owa (UCI)/

Larry Cloutman (LLNL) Modeling Strategy

Session B: Building Energy Efficiency Program - Residential Cooling Systems Topic

Mark Modera (LBL) Improving the Energy Efficiency of Residential
Air-Distribution Systems in California

Mark Modera (LBL) Peak-Demand Impacts of Residential Cooling
Hashem Akbari (LBL) Peak Power and Cooling Energy Savings of

Shade Trees and White Surfaces

10:00 am - 10:30 am BREAK
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Thursday, August 5 (continued)

10:30 am - 12:00 noon SECOND MORNING SESSIONS (Concurrent)

Session A: Air Quality Impacts Program - Alternative Transportation Systems Topic
Assessment of Natural-Gas and Electric Vehicles

Dan Sperling (UCD) Project Summary
Andy Ford (WSU) The Impact of Electric Vehicles on the Southern

California Edison System

Session B: Building Energy Efficiency Program - Commercial Buildings

Mort Blatt (EPRI) Office Technology Efficiency Consortium: Office
Technologies Assessment

Steve Selkowitz (LBL) Envelope and Lighting Technology to Reduce
Electric Demand: Project Overview

Francis Rubinstein (LBL) Envelope and Lighting Technology to Reduce
Electric Demand: Integrating Fenestration
Controls with Lighting Controls

12:15 pm - 1:15 pm LUNCH

1:30 pm - 3:15 pm POSTER SESSION (5-Minute Presentations)

Hashem Akbari (LBL) Neighborhood Cooling by Vegetation
Paul Berdahl (LBL) Energy Efficiency and Fire Safety Aspects of Reflective Coatings
James Bobrow (UCI) Adaptive Optimization of Internal Combustion Engines for Fuel Variability
Ed Carnegie (Cal Poly/SLO) Walking System for the Cal Poly Controlled Traffic Farming System
Bailey Green (UCB) Methane Recovery in Advanced Integrated Ponding Systems: An Update
Brent Griffith (LBL) Advanced Refrigerator/Freezer Design Concepts
Ian Kennedy (UCD) Utilization of Waste Oxygen for Low-Emission Combustion
Sukhbir Mahajan Use of EMCS Technologies to Reduce Peak Cooling Loads in

(CSU Sacramento) Nonresidential Buildings: An Update
Ashish Gupta (UCLA) Design of Hybrid Power Cycles for Waste Heat Recovery Applications
John La Porta (Cai Poly/SLO) Computer-Based Design Advisor for Energy-Efficient Building Design
Anthony Sebald (UCSD) Use of Intelligent Control Techniques for Energy-Efficient Smart Buildings
Steve Selkowitz (LBL) A Computerized Design Aid for Utility Demand-Side Management

Programs

Steve Selkowitz (LBL) Interactive Information Kiosk: Providing Information About Energy
Efficiency in Buildings

Richard Snyder (UCD) Wind Machines for Freeze Protection
Richard White (UCB) Ultrasonic Silicon-Based Air-Quality Monitor
Fred Winkelmann (LBL) Model to Simulate the Performance of Hydronic/Radiant Cooling Ceilings

3:15 pm - 5:00 pm POSTER SESSION (Posters)
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Friday, August 6

8:30 am - 10:00 am FIRST MORNING SESSIONS (Concurrent)

Session A: Air Quality Impacts Program - Gas Combustion Systems Topic
Energy-Efficient, Low-NOx and -CO Burners for Residential, Small Industrial,
and Commercial Gas Appliances

Bob Dibble (UCB) Diode Laser Diagnostics, Combustion Modeling
Catherine Koshland (UCB) Experimental Burners
Greg Traynor (LBL) Residential Emission Modeling and Forecasting

Session B: Mini-Poster Session

Building Energy Efficiency Program - Residential Cooling Systems Topic
Alternatives to Compressor Cooling in California Transition Climates

Presentation: Joe Huang (LBL) Project Overview
Posters: Joe Huang (LBL) Analysis of Climatic Conditions and Preliminary

Assessment of Alternative Cooling Strategies
Fred Bauman (UCB) Comfort An_3ysis
Helmut Feustel (LBL) Ventilative Cooling and Control Strategies
Baruch Givoni (UCLA) Nocturnal Ventilative Cooling
Fred Winkelmann (LBL) Improved DOE-2/COMIS Residential System Model
Loren Lutzenhiser (WSU) Cultural, Sociological, and Institutional Issues
Hofu Wu (Cal Poly/Pomona) Architectural Integration and Performance

Optimization of Evaporative Cooling Systems

10:00 am - 10:30 am BREAK/Continuation of Mini-Poster Session

10:30 am- 12:00 noon SECOND MORNING SESSIONS (Concurrent)

Session A: End-Use Resource Planning Program

Alan Meier (LBL) California Utility Database on Monitored Perfor-
m_mce of Efficient End-Use Technologies

Joe Eto (LBL) Residential Sector Space-Conditioning Load Data
Analysis

Hashem Akbari (LBL) Integrated Estimation of Commercial-Sector End-
Use Load Shapes and Energy-Use Intensities in
the PG&E Service Area

Session B: Scoping Activities/Upcoming Projects

Anthony Sebald (UCSD) Building Performance Measurement, Operation,
and Control

Mark Rea/

Dorene Maniccia (LRC) Improved Optimization of Energy Efficiency
and Load Shaping Through Lighting Controls:
A Scoping Study

Helmut Feustel (LBL) Residential Ventilation Systems
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Friday, August 6 (continued)

12:15 pm - 1:30 pm LUNCH/SPEAKER: James __ole - Future Directions for CIEE

1:45 pm - 3:15 pm AFTERNOON SESSIONS (Concurrent)

Session A: Air Quality Impacts Program - Emission Reduction Strategies Topic
Analysis of Energy Efficiency and Air Quality

Haider Taha (LBL) Introduction and Project Overview
Arthur Winer (UCLA) The Role of Vegetation as a Source and Sink for

Air Pollution in the South Coast Air Basin

Dave Sailor (LBL) Meteorological Modeling Investigation of Mitiga-
tion Strategies for the South Coast Air Basin

Haider Taha (LBL) Urban Airshed Modeling of the South Coast Air
Basin: Preliminary Sensitivity Analysis

Session B: Building Energy Efficiency Program - HVAC Distribution Systems Topic

Eric Matthys (UCSB) Reducing Pumping Power in Hydronic Distribu-
tion Systems Through the Use of Fluid Additives

Fred Bauman (UCB) Localized Thermal Distribution Systems for
Office Buildings

Mark Modera (LBL)/

Fred Bauman (UCB) Efficient Thermal Energy Distribution in
Commercial Buildings

3:15 pm - 3:45 pm CONFERENCE SUMMARY/CLOSING REMARKS: James Cole
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FORMATIONOF NITROGENOXIDES IN INDUSTRIAL
NATURAL-GASBURNERS

PROJECTOVERVIEWAND TEAMING STRATEGY

Scott Samuelsen
Professor

University of California, Irvine, Combustion Laboratory

ew demands to improve air quality have • Modification of a comprehensive code to
resulted in a need to equip a broader popu- incorporate a mixing model with thermal
lation of industrial sources with low-NOx NO, prompt NO, NO2, and N20 kinetics.

burners, develop burners for this population that • Use of the code in conjunction with the
attain the lowest possible NOx emission, and assure experiment to develop further insight.
maintenance of this ultralow-NOx performance us- • Identification of the boundary and operat-
ing active control, ing conditions that minimize NO forma-

The research challenge is to develop design cri- tion while maintaining or improving
teria for ultralow-NOx industrial burners while main- energy efficiency.
taining or enhancing both burner combustion effi- • Development and application of an active
ciency and overall system energy efficiency, control methodology for attaining and
Empirical, trial-and-error methods using "input/ maintaining high-efficiency, ultralow-NOx
output" experiments are no longer sufficient; the performance in practical systems.
process of NOx formation within the burner must be
understood. This requires in-situ, detailed measure- The program, cofunded by Southern California
ments within the burner; complementary modeling Gas, was initiated in June 1991. The goals of the first
to determine the sensitivity of these fields and mix- phase were to design, build, and bring on-line the
ing processes to system geometric features and oper- 100,000 Btu/hr research burner and test stand; apply
ating conditions; and development of the optimal and demonstrate the comprehensive modeling for
combination of geometric features, operating condi- the research burner; and develop and demonstrate
tions, and an active control procedure to attain and the adaptation of degenerate four-wave mixing for
maintain ultralow-NOx performance in practical the in-situ measurement of NO and NO2: The goals
operation, of the past year were to obtain preliminary "proof-of-

The technical approach encompasses: concept" measurements to demonstrate the poten-
tial of ultralow-NOx performance, integrate the ad-

• Design, fabrication, installation, and vanced diagnostics and modeling into a common
operation of a 100,000 Btu/ht model experiment, and begin developing the active control.
industrial gas burner with full optical Each objective has been achieved.
access for visualization and laser diagnos- The third phase will focus on detailed test matri-
tics. ces. Design-of-experiments methodologies will be

• Development and application of a novel used to reveal the geometric and operating charac-
laser diagnostic for the in-situ measure- teristics that produce ultralow-NOx performance
ment of NO and NO2. while enhancing overall combustion and energy ef-

• Acquisition of in-situ measurements to ficiency. The teaming program will follow a fully
reveal the aerodynamic, thermal, and integrated, systematically managed path of discov-
chemical fields of the burner as well as the ery in two phases: exploratory and full production
sensitivity of these fields to parametric testing. Based on these findings, design criteria will
variation, be established and the active control developed and

EHUE 1
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implemented to attain and maintain ultralow-NOx, • Lawrence Livermore National Laboratory
high-efficiency operation in practical applications. (LLNL): Dr. Larry Cloutman and Dr.

The program team includes: Charles Westbrook.
• Sandia National Laboratories, Livermore

• University of California, Irvine (UCI): (SNLL): Dr. Roger Farrow and Dr. David
Matt Miyasato, John Carman, David Rakestraw.
Moyeda, David St. John, and Suresh
Vilayanur (students); Dr. Derek Dunn- This effortis coordinated with CIEE-funded work
Rankin, Dr. William Sowa, and Dr. Scott on low-NOx combustion for residential and small
Samuelsen (faculty). commercial and industrial applications.

As the primary institution, _

UCIisresponsibleforthe U_ _

experiment, the active control, I i
and overall program coordina- • Burner Design
tion. LLNL provides critical _,, • Database
modeling expertise, while _T.NG
SNLL ispioneeringamajor I PROGRAM J [ PRODU ,, • Control
advance in optical diagnostics Mixing/Kinetics Model
for measuring NO and is /'.....

SoCalGas • NO x, N© 2 Diagnostic
NO2 measurement.

2  Bl!lm



FORMATIONOF NITROGENOXIDES IN INDUSTRIAL
NATURAL-GASBURNERS

DIAGNOSTIC STRATEGY

Derek Dunn-Rankin
Professor

University of California, Irvine, Combustion Laboratory

Roger Farrow
Senior Research Scientist

Sandia National Laboratories, Livermore

ounderstand NOxformation innonpremixed The diagnostic activity is divided among team
industrial gas burners, we need diagnostic members at UCI and Sandia National Laboratories,
tools to measure NO concentration, tempera- Livermore: UCI is responsible for the layout, coordi-

ture, and velocity with spatial and temporal resolu- nation, and application of the laser velocirnetry and
tion. These tools must not perturb the system they are CARS, LIF, and DFWM diagnostics; SNLL is respon-
measuring, a requirement that laser-based diagnos- sible for developing DFWM from a promising diag-
tics usually satisfy. In the case of temperature and nostic technique to a quantitative method for mea-
velocity, appropriate and well-established laser di- suring NO concentration in the UCI gas burner.
agnostic techniques are available. For species con- At UCI, the following diagnostic activity has
centration, however, the techniques are not as well been completed:
developed.

The goals of this project's diagnostic strategy are • A pilot study of DFWM signals from
to integrate existing laser diagnostics with the model room-temperature NO2 as a function of
industrial gas research burner, develop a diagnostic buffer gas pressure in a test cell.
tool capable of spatially resolving NO and NO2 spe- • The conceptual layout of ali laser diagnos-
cies concentration in the gas burner environment, tics on the optical breadboards surround-
and measure local temperature, velocity, and species ing the gas burner.
concentration fields as a function of burner operating • Mounting of the laser equipment neces-
conditions, sary for DFWM measurements of NO.

Laser velocimetry is used to map the velocity
fields in the burner; coherent anti-Stokes Raman The progress at SNLL includes:
scattering (CARS) is used to measure the tempera-
ture field. Both instruments reside at the University ° Completion of a detailed physical model
of California, Irvine (UCI). The species concentration of the DFWM process, including satura-
diagnostic is either laser-induced fluorescence (LIF) tion effects.
or degenerate four-wave mixing (DFWM) or both. ° Exploration of the thermal grating phe-
LIF is a mature technique but suffers from quenching nomenon in DFWM measurements,
correction ambiguities; DFWM is less mature than including an assessment of its implications
LIF but has promise as a diagnostic technique be- for DFWM use in a burner.
cause it can provide strong signals that are coUi- ° Development of a user-friendly fitting
mated and easily isolated from background light, code that allows matching of measured
The conceptual layout of the diagnostics is shown in and theoretical DFWM spectra to deter-
the figure, which highlights the complication of ap- mine temperature and species concentra-
plying several laser techniques simultaneously, tion.
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• Technology transfer ofDFWM and LIF
methodology to UCI for use in the burner.

Conceptual layout ofdiagnostics.
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FORMATIONOF NITROGENOXIDESIN INDUSTRIAL
NATURAL-GASBURNERS

MODELINGSTRATEGY

Bill Sowa
Associate Director

University of California, Irvine, Combustion Laboratory

LarryCloutman
Senior Research Scientist

Lawrence Livermore National Laboratory

T hefirstphaseofthisprojectfocusedonprepar- burner design and chamber design must be con-
ing burner modeling tools; the past year has sidered in parallel; an opportunity in that the com-
focused on understanding how these tools prehensive model is sensitive to the burner and

can be applied to the burner system at the University chamber designs, suggesting that it represents a
of California, Irvine. Both UCI and Lawrence vehicle by which the results can be extrapolated
Livermore National Laboratory have played a criti- (albeit cautiously) to different boundary conditions
cal role in the progress of the past year: In addition to and scales.
conducting the burner simulations identified by the A second important study during this past year
UCI team, the LLNL team has evaluated code sensi- addressed the unsteady features of a stable flame.
tivity to boundary conditions and modified the code High-speed video imaging demonstrated that the
to provide NO× data. The UCI team identified the reaction, which appears steady to the eye, in reality is
cases to be simulated, established the needed data made up of fluctuating packets of fuel-rich and fuel-
sets and geometries to initiate the modeling activity, lean mixtures. Understanding and controlling the
identified the required code output, and critiqued spatial distribution, fluctuation frequency, and de-
and focused the direction of the modeling activity, gree of variation in the composition of these gas
UCI also addressed the statistical modeling of the packets is critical in attaining and maintaining
experimental data and evaluated the steady-state, ultralow NO× in burners. Modeling activities are in
industrial-type modeling approaches, progress to identify the sensitivity of NO× produc-

The model industrial research gas burner poses tion to these time-dependent departures from mean
a significant challenge of resolution. In the near properties in a visually stable flame.
burner region, the velocity and composition gradi- A third focus has been on understanding the
ents are steep. This region represents lessthan 10% of mechanisms of NOx formation and transport in
the total chamber volume. Creating numerical grids flames. The figure on the following page illustrates
that contain a sufficiently fine resolution of the near total predicted NO× in the near burner region a short
burner region and are not computationally expen- time after ignition, before operation has stabilized.
sive is critical. The fuel injector is located in the lower left-hand

Simulations conducted to study the sensitivity of comer. The local NO× concentration can be divided
modeling the entire burner chamber (versus model- into that generated locally by chemistry and that
ing only the near burner region) revealed that sec- transported via either advection or diffusion. (In this
ondary flows, established in the bulk of the chamber, case, high concentrations of advected NO× have been
have a significant impact on the flame shape and found near the fuel inlet.) This method of separating
performance. This finding represents both a chal- thelocaltransportandformation/destructionmecha-
lenge and an opportunity: a challenge in that burner nisms is an invaluable tool in engineering ultralow-
performance is tied to chamber geometries, and the NO× burners.
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Total predicted NOx in the near burner region.
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BUlL )iNG ENERC,YEFFICiENCYPRO"GRAM

IMPROVING THEENERGYEFFICIENCYOF RESIDENTIAL
AIR-DISTRIBUTIONSYSTEMSIN CALIFORNIA

Mark Modem
StaffScientist

Lawrence Berkeley Laboratory

his mulfiyear research program, now in its mance of thermal energy distribution merits further
third phase, is investigating ways to improve examination. The issue of residential air-distribution
the efficiency of air-distribution systems in system performance, particularly the duct-leakage

single-family, detached residences in California. The problem, is especially important in California, where
objectives of this effort are to: just over half of the residences contain a total of

approximately 100,000 miles of ductwork and where
• Obtain representative data on the implica- virtually all new construction uses air-distribution

tions of air-distribution systems on resi- systems.
dential energy consumptien, peak power Duct leakage is especially important in Califor-
demand, and ventilation in California. nia because ductwork is almost invariably in uncon-

• Develop, test, and evaluate the cost- ditioned attics and crawl spaces (due to the scarcity
effectiveness of alternative approaches to ofbasement construction in the state). Earlier studies
the problems with residential air-distribu- suggested that the air leakage from a typical duct
tion systems in both new and existing system in a Sacramento house represents between 1
buildings (including duct installation and 2 kW (depending on the location of the ducts) of
standards, sealing technologies, and non- peak-hour demand and 20 to 40% of the peak cooling
air-distribution systems), day consumption; italso represents approximately 1

• Deliver a field-tested retrofit package for kW of peak heating demand and 2,000 to 3,500 kWh
residential air-distribution systems to of annual electricity consumption for a heat-pump-
California utilities and other residential heated house. In addition to their energy and peak-
audit and retrofit groups, demand implications, leaky duct systems have also

• Provide a technically and economically been shown to double air-infiltration rates when the
defensible analysis of residential distribu- distribution system is on, representing between 20
tion system options for new buildings as and 40% of the average annual ventilation of resi-
well as a set of recommendations for the dences.

Title 24 residential energy code. In the first phase of this project, researchers
studied the air-distribution systems of 31 houses in

The third-phase efforts arefocused primarily on California, developed a detailed simulation tool for
the last three objectives, the results and implications such systems, and conducted a survey of HVAC
of which are discussed in the following subsections, contractors. The first-phase results generally con-

firmed earlier findings and pinpointed several addi-
BACKGROUND fional ways to improve duct efficiency.
Approximately half of the households in the U.S.
have central warm-air furnaces and air-distribution RESULTS

ducts. Given their widespread use and the fact that Phase 11Itasks include:
they are a vital link between houses and their space-
conditioning plants, residential duct systemsmin • With the Department of Energy and
particular, their comfort and energy-effectivenessn Sacramento Municipal Utility District,
are regularly revisited as a topic of study. Those field-testing a duct-system retrofit proto-
studies have uniformly concluded that the perfor- col.
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• Continuing development of an aerosol- energy savings also improves peakduct efficiency by
based duct-sealing technology. 45%.This improvement translates to a45%downsiz-

• Refining and applying an integrated duct- ing ofcoolingequipment without affecting occupant
system/infiltration/thermal performance comfort.
simulation tool.

• Investigating high-R-value duct technolo- ACCOMPLISHMENTS
gies and air-tight duct fittings (with the The major accomplishments of the past year are:
Electric Power Research Institute).

• Experimental demonstration of the sealing
The aerosol-sealant effort yielded two particu- effectiveness of a spherical aerosol under

larly significant results: confirmation that aspherical realistic conditions in the laboratory and
aerosol can seal slot-type leaks at least as large as 4 design of an apparatus to be tested in the
mm across and duct-joint-type leaks with 2 mm field.
openings as far as 8 m from aerosol injection, and • Completion of a sensitivity analysis of the
confirmation that the leaks could be filled even with impacts of various system-improvement
the registers completely sealed, options for different California climates.

Based on numerous tests with the experimental • Development and construction of a
apparatus developed, researchers found the aerosol- prototype duct section employing the gas-
injection process to be a critical factor in sealing filled-panel insulation technology devel-
effectiveness, oped in another CIEE project.

Simulations with the tool developed in Phases I • Development and deployment of a new
and II allowed researchers to quantify the savings cellular-telephone-based data acquisition
potential of duct insulation and sealing in different system for detailed examination of duct-
California climates. These simulations also indicated system and duct-retrofit performance in
that a duct-improvement package that yields 17% the field.

8 EEmE



PEAK-DEMANDIMPACTSOF RESIDENTIALCOOLING

Mark Modem
Staff Scientist

Lawrence Berkeley Laboratory

he goal of this project is to develop demand- view of energy savings and demand savings; how-
side management (DSM) program strategies ever, the degree of sophistication and understanding
forresidential cooling that address both peak- of the issues and the data needed to verify the field

demand issues and energy issues. The specific objec- performance of cooling technologies and retrofits
tives of this work are to: have not been available. Inmany instances, the peak-

load impacts of many DSM measures are assumed to
• Modify existing detailed simulation tools scale with their energy savings. This presumes that

to accommodate time- or load-dependent the measures have the same performance under av-
variations in the performance of DSM erage and peak conditions, when in fact the ratio of
program options for residential cooling percentage peak-load impacts to percentage energy-
(for example, high Seasonal Energy consumption impacts can be significantly higher or
Efficiency Ratio, or SEER, air conditioners lower than unity.
and duct-system retrofits). As an example, sealing duct leakage in single-

• Use those tools to break down the loads family residences has been shown to save energy.
and inefficiencies contributing to system However, the peak-demand impacts of that sealing
and power-distribution peak electricity remain unclear. Simulations indicate that duct leaks
demand, have disproportionately higher energy penalties

• Use laboratory and field-test data (includ- under peak cooling or heating conditions, implying
ing load research data) within the detailed that the peak-demand benefits of sealing should be
simulation tools to analyze the electricity- disproportionately higher than the average energy-
demand implications of DSM program savings benefits.
options addressing residential cooling. On the other hand, depending on the degree of

• Use field studies to obtain primary data on oversizing of the air conditioner in the house in
the field performance of residential HVAC which the ducts, are being sealed, the utility may
systems and envelopes, including peak- realize only a fraction of the nominal peak-savings
demand performance, potential. In a house that was undercooled on peak

• Develop simplified analysis tools and days, the owner is likely to "take back" many of the
standardized demand performance duct-efficiency improvements in the form of im-
characterizations for residential HVAC proved comfort during the hours of peak cooling-
system and envelope components, energy demand.

A related example is high-efficiency air condi-
BACKGROUND tioners, which are generally characterized in DSM
The cost-effectiveness of utility DSM programs for programs by their SEER. The problem in this case is
residences is generally based on energy savings and that although SEERmight be a reasonable indicator
demand reduction. In fact, the cost to the utility and of annual energy consumption, it is not necessarily a
ratepayers of peak demand (both system and local good indicator of peak-load performance. The peak-
transmission and distribution) is particularly dra- demand implications of these air conditioners de-
matic for residences, whose air-conditioning elec- pend on the measures taken by the manufacturer to
tricity demand is large and occurs during only a few improve their SEER, and some of those measures do
hours of the year. not significantly improve the unit's performance

Various groups have assessed the demand-side under extreme temperature conditions. These ex-
potential of residential technologies from the point of amples are by no means unique; the same issues are

EBEm 9
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germane to most residential space-conditioning DSM PLANNEDACTIVITIES
measures in both new and existing construction. This effort is restricted to DSM technologies specifi-

In the long term, we need to evaluate the eco- cally targeted at reducing residential space-cooling
nomic performance of utility DSM programs based consumption, focusing primarily on high-efficiency
on ali of their energy-use and demand imp acts. This air-conditioner and duct-system issues. The approach
includes their impact on local distribution peaks as comprises five principal activities: simulation, mea-
well as on the system peak. To evaluate these impacts surement, analysis, synthesis, and management. Spe-
accurately, we need improved analysis tools and cific activities include:
data.

• Acquiring manufacturers' data on capacity
RESULTSTODATE and efficiency variations of standard and
Analysis of residential duct-improvement simula- high-SEER central air conditioners with
tions were examined in terms of their conservation temperature.
load factors. This factor is the ratio of the percent • Using existing load-research data to
improvement in performance during peak-demand characterize the oversizing and occupant-
conditions to the average percentimprovement. Duct control scenarios of typical residential
retrofits were found to have conservation load fac- installations.

torsbetween2and4.Inparticular, astandard retrofit • Modifying and using the DOE-2/COMIS
package that should save 17% of the space-condi- and DUCTSIM simulation codes to
tioning energy used results in a45%efficiency under examine average and peak-demand
peak conditions. This analysis points out that the impacts of residential cooling technologies
entire cost of duct improvement could be more than (including the use of heat-storm data to
compensated for by equipment downsizing. The simulate peak-demand conditions).
implication is that duct DSM programs targeted • Developing and using a data acquisition
toward new construction and/or equipment replace- and analysis protocol for a field study of
merit (at burnout) have enormous potential forpeak- air-conditioner peak-load performance,
demand reduction, with virtually no risk of cus- analysis and synthesis of field measure-
tomer take-back. Moreover, proper design of these ment and simulation results, and develop-
programs will give the customer improved service ment of standardized characterizations of
year-round, including during periods of peak de- the peak-load performance of residential
mand. cooling options.
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PEAKPOWERAND COOLING ENERGYSAVINGSOF SHADETREESAND
WHITESURFACES

Hashern Akbari
Staff Scientist

Lawrence Berkeley Laboratory

he goal of this project is to monitor peak the late summer, the indoor air temperature rises
power and cooling energy savings from shade faster at agiven roof insolation than during the early
trees and white surfaces in Sacramento. The summer. This finding indicates that heat gain through

second phase of the project is focusing on the data walls increases during the late summer and that
and experimental control problems encountered in shade trees are most effective during that time.
the first phase. The air-conditioning energy savings
of shade trees and albedo changes in two temporary WHITESURFACES
school buildings and three housesinSacramento will Site B and Site 2 were monitored to determine the
be monitored and this data compared with simula- effects of modifying a roof's albedo on cooling en-
tion results. This phase is also addressing issues ergy use in a building. Site 2 was monitored with a
related to the durability and market availability of dark roof (albedo 0.18)and the roof painted white. In
high-albedo materials and assessing procedures for 1992, albedo was measured at 0.73.
measuring and labeling their albedo. At Site B, the school site, two similar buildings

For most sites, data was collected on air-condi- were monitored. In 1991,theroofofonebuilding(the
tioning electricity use, indoor and outdoor dry-bulb control) was left alone, while the test building was
temperature and humidity, roof and ceiling surface painted brown and then white. In 1992, the building
temperature, inside and outside wall temperature, that served as the control in 1991 was painted brown
insolation, and wind speed and direction. The col- and then white, and data was collected for both
lected data has been analyzed to estimate the effects buildings.
of shade trees and albedo modification on cooling Cooling energy consumption at Site 2 after the
energy use of the monitored sites. The buildings are roof was painted white was compared to cooling
also being modeled with the DOE2-1.D simulation energy use during the 1991 premodification period
program. (albedo 0.18). The data indicated that with a white

roof the outdoor average daily temperature would
SHADETREES be 2°C higher before air conditioning was necessary.
Sites 7 and 8 were monitored during the summer of Compared to data collected in 1992, the pre-
1992 to quantify the impact of shade trees. A three- modification data from the same period in 1991
stage "flip-flop" experiment was designed to quan- indicated an energy savings of about 2kWh per day;
tify those effects. By comparing measurements atthe that's almost half of the cooling energy use for this
two sites, researchers estimated the savings during part of the year. The hourly averages indicated atwo-
the shaded periods at Sites 7 and 8 at 46%and 26%, hour delay in the indoor temperature's response to
respectively. Further, the shade trees dramatically the outdoor temperature, so the outdoor tempera-
reduced the wind speed as measured on the roofs of ture two hours earlier could be used as an indicator
the houses, of cooling energy use. Comparison of cooling energy

Analysis has revealed the total daily cooling use before and after modification with the difference
energy use at each site to be well correlated with the between the indoor temperature and the outdoor
daily average temperature. Using this correlation, temperature two hours earlier showed that before
researchers estimated the savings over the entire the roof is painted white, cooling needs encompass a
summer at 400 kWh (29%) at Site 7 and 330 kWh range from 1 to 10°C; in the high-albedo case, the
(31%)at Site 8. They also found that at Site 8, during cooling needs were confined to a range of 4 to 6°C.
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SIMULATIONMODELS Sites 7 and 8.
The primary purpose of this work is to investigate A "first cut" of the simulations has been run and
whether or not the simulations can be used to ex- compared to the measured data, helping define the
trapolate the results of this project to other buildings, most interesting areas for further analysis. Based on
locations, and tree and albedo strategies. It is an the work to date, the necessary refinements include
effort not to validate the DOE2-1.D program, but using site temperature, wind speed, and solar data as
rather to determine whether the models as devel- model inputs, particularly at Site 2; investigating
oped are as sensitive to the shading and albedo possible biases in the models with respect to the tree
changes as the buildings in the field, cases at Sites 7 and 8; determining the source of the

The data collected in 1992 offers a much better large overestimation of cooling energy use at Site 8;
opportunity to investigate these issues than does the and investigating the possible biases in the models
data collected in 1991; that's because of the longer with respect to roof albedo. At Site B2, which under-
period of data collection, monitoring during the peak went various roof-painting regimes, the model tends
cooling season in August, more comprehensive data to underpredict energy use in the metal and brown
collection at Site B2, and the larger trees installed at roof cases.
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ASSESSMENTOF NATURAL-GASAND ELECTRICVEHICLES

PROJECTSUMMARY

Daniel Sperling, Professor
Cathy Kling, Associate Professor

Universityof Califomia, Davis

Andy Ford
Associate Professor

Washington State University

otor vehicles are major energy users and during the past year. Households kept detailed dia-
polluters in California, accounting for ries of travel forone week and then were interviewed
about half the hydrocarbon and nitrogen in detail about how a limited-range, home-recharge

oxide emissions, about 30%of the greenhouse gases, vehicle would fit into their lifestyle. Findings from a
more than 80%of the carbon monoxide, and more previous analysis of one-day diary studies, corrobo-
than half the petroleum consumed, rated by initial PIREG findings, suggest that 50 to

This research program comprises four projects: 60% of American households could use a limited-
consumer demand for electric and natural-gas ve- range vehicle with relatively few adaptations.
hicles; fleet demand for EVs and NGVs; incentive- PIREG interviews demonstrated that once con-
based regulatory approaches to introducing EVsand sumers learn more about the effects of limited ranges
NGVs; and utility impacts of EVs and NGVs. The on their household travel, they accept much lower
first three are being conducted at the University of rangesandbecomemoreinterestedinotherattributes
California, Davis, and the fourth at Washington State of the vehicles. The interviews also showed that
University (initially at the University of Southern consumers aremore interested in inexpensive batter-
California). ies for short ranges than expensive batteries for longer

The overall goal of this project is to identify and ranges and that, for some households, the ability to
evaluate transportation end-use technologies and refuel at home rather than at astation is a significant
strategies--specificaUy, vehicles powered by natu- advantage. Over the coming year, PIREG interviews
ral gas and electricity_that contribute to the cost- will be extended to include NGVs, neighborhood
effective reduction of air pollution and greenhouse EVs, and station cars.
gas emissions in California's urban and rural areas. The findings of this project will beused as input

to the EV forecasting subproject under way at UC
CONSUMERDEMAND Irvine and UC Davis with funding from Southern
The topic of this study is the potential demand for California Edison (SCE)and Pacific Gas and Electric
EVs and NGVs in the California passenger-vehicle (PG&E).
market, focusing on underlying consumer behavior
regarding vehicle purchase and use. The goal is to FLEETMARKETDEMAND
identify the incentives most likely to increase the The goals of this project are to identify early fleet
purchase and use of EVs and NGVs. Time-of-day markets for EVs and NGVs, characterize the diverse
consumption of electricity will also be projected, fleet market foruse in alternative-fuel vehicle (AFV)

The heart of this project is an interactive inter- market studies, determine the responsiveness of dif-
view technique developed especially for analyzing ferent types of fleet owners and operators to various
consumer purchase and use of EVs. This PIREG incentives, and forecast the likely penetration of
(Purchase Intentions and Range Evaluation Games) AFVs into the fleet market for a range of economic
technique has been administered in 50 households and technological conditions.
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During the past year, a series of focus groups and system indicated that EVs could be used extensively
one-on-one interviews with fleet managers was the without the need for extra generating resources in
basis for developing a fleet typology and decision- SCE's resource plan. Phase I demonstrated that EVs
making model that will enable researchers to catego- could lead to flatter electric loads, improved opera-
rize fleets and predict how they will react to various fion of SCE generating resources, and reduced aver-
incentives and market and regulatory conditions, age electric rate.

This project is being integrated with a similar These potentialbenefits raised an important ques-
project on fleet demand for EVs, conducted by UC fion: Should utilities step forward with financial
Irvine and UC Davis and funded by SCE and PG&E. incentives to promote the sale and use of EVs?Phase
Costs and research activities will be fully coordi- II research focused on the extent to which utilities
nated in the nextphase, when surveys are conducted could finance incentive programs through the im-
and the data is analyzed, proved operations identified in Phase I. The major

development in this phase was the Alternative Ve-
Ri:GULATORYINCl:hrrlVES hicle Incentive Simulation System. AVISS is a PC-
Thisproject designed and evaluated marketable credit based model that simulates the impact of utility and /
programs for introducing EVs and NGVs in Califor- or governmental incentives to promote the sale of
nia that are targeted at vehicle and energy suppliers, alternative vehicles. Phase IIdemonstrated that AVISS
The economic costs of reducing air pollution using provides an integrated portrayal of incentives over a
various marketable credit schemes--such as the 30-year planning period. The demonstration relied
motor vehicle emission trading and banking pro- on the Phase I results and was limited to a vehicle
gram adopted in late 1990 by the California Air marketplace withonlytwochoices:EVsandconven-
Resources Board--and the value of the credits for fional vehicles (powered by gasoline or diesel fuel).
suppliers of electricity, natural gas, EVs, and NGVs Phase III will extend AVISS by adding vehicles
were quantified, fueled by compressed natural gas (CNGVs) and other

A draft report on AFVs' emission levels and alternative fuels. AVISS will then be adapted to the
emission costs was completed this past year. Cost- planning situation faced by San Diego Gas and Elec-
effectiveness ratios were calculated for a multitude tric, ajoint gas-electric utility with an interest in both
of AFVs based on production costs, fuel costs, and CNGVs and EVs. The SDG&E application will dem-
life-cycle costs. Additionally, a draft report on mar- onstrate the transferability of the _dings and meth-
ketable permits for fuel suppliers was completed ods.
that presents a theoretical model of a marketable
permit system from the perspective of individual TECHNOLOGYI_,ANSFER
fuel producers. A market equilibrium model and its The results of this overall project have been pre-
empirical analog arenow being completed. Based on sented at more than 15conferences and various other
an emissions and cost model (developed in the pre- forums in the past year. The researchers have ac-
vious year) and the fuelsupplier marketable-permits tively participated in various state, national, and
model, the cost savings associated with a permit international organizations dealing with EVs and
system relative to command and control standards NGVs, and the utility-impact models developed by
are being estimated. Andy Ford were the focus of a statewide workshop

in April 1993. In addition, considerable leveraging of
UTILITYIMPACTS funds has occurred through the solicitation ofmatch-
The Phase I analysis of EVs' impact on the SCE ing funds and coordination with other projects.
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ASSESSMENTOF NATURAL-GASAND ELECTRICVEHICLES

THEIMPACT OF ELECTRICVEHICLESON THESOUTHERNCALIFORNIA
EDISONSYSTEM

Andrew Ford
Associate Professor

Washington State University

lectric vehicles' impact on utility companies There were two surprises, however. First, an unusu-
inSouthernCaliforniahasbeenstudiedbyin- ally large number of EVs could be accommodated
vesfigators from academia, state agencies, and within the company's existing resource plan. Sec-

Lheutilities themselves. They have found that EVs ond, part of EVs' rate benefits can be erased if loads
can lead to improved shape of the electric load, are flattened, thereby moving coal plants off the
improved efficiency of utility operations, and a po- margin and increasing the marginal cost basis for
tential reduction in the average electric rate. EVs also payments to qualifying facilities.
contribute to improved air quality in Southern Cali-
fornia. These benefits have prompted many to ask PHASEII: THEALTERNATIVEVEHICLEINCENTIVE
whether the utilities and the state should step for- SIMULATIONSYSTEM
ward with financial incentives to promote the sale Phase II focused on developing an integrated treat-
and use of EVs. ment of the utility impacts that incorporates utilities

These benefits and the question of financial in- and EVowners within asingle simulation model, the
cenfives are the focus of the utility impacts research Alternative Vehicle Incentive Simulation System.
component of the Assessment ofNatural-Gas and Elec- AVISS comprises the three sectors shownin Figure 1:
tric Vehicles project. The main challenge in this re- The utility sector builds from the Phase I study
search is to develop analytical tools that permit inter- results, the vehicle sector represents the competition
nally consistent analyses of the impact of EVson the between EVs and conventional vehicles (CVs) in the
Utility as well as the impact of the utilities' rates and new-car market, and the third sector represents the
incentives on the potential purchasers of EVs. This buildup and drawdown of a state fund that might be
challenge is being met with a three-phase effort, used to promote the sale of EVs.

The Phase II research shows that utility incen-
PHASEI: IMPACTOFEVsON THESOUTHERN fives for EV sales can be analyzed quickly on a per-
CALIFORNIAEDISONSYSTEM sonalcomputer. While the initial simulation results
PhaseI wasa casestudyof the EV scenariosfor the are only illustrative at this time, it appearsthat it
SouthernCalifornia Edison(SCE)system.Eightsce- would be difficult for an electricutility to run anEV
nariosweredesignedto allowfor awide rangeof EV incentive program without raisingtheaverageelec-
numbersand assumptions.The electricloadswere t-ricrate.If utility management and regulatory com-
studied with a spreadsheetprogram designed to missionersconsideritimportant to prevent theaver-
"stack" the EV loadson top of SCE'sregular loads, age rate from increasing, the utility share of an
The impacts of the extra loadswere then analyzed incentive program will have tobe small. The initial
usingELFIN, a utility productioncostingandfinan- AVISS resultsdemonstratethatastate-operatedfund
cialmodel, could beusedto promote EV salesthrough CV fees

ThePhaseIfindingsaresimilartowhatprevious or a gasoline tax to fund rebatesfor EV purchases.
investigatorshavefound:EVscanlead to improved Thesimulations portray the changesin thestatefund
load shapes,improved efficiencyof operations,and over time and show how the fund manager should
a potential reduction in the average electric rate. operatethe incentive program.

EBEE 15



1993ANNUALCONFERENCE
#

Figure 1. Design ofAVISS. ies of EV impacts on both the utility generation
system and the distribution system. The workshop
included a hands-on demonstration of the various

• Alternative Vehicle models that have proven usefulin the C_E research.
Incentive Simulation System Of greatestinterestwas a MicroWorlds version of

AVISS calledthe Fund Manager, aMach_tosh-based
program that allows the user to experimentwith EV

Vehicle Utility Sector: incentive po[ides through a cockpit like the one
Sector: shown in Figure 2. In this example, the user hassetUser specifies a

EVs and CVs resource plan the fee on the saleof CVs at $500,while the rebate
compete for used to lower the purchase price for an EV is set at
market share Deterministic $8,000.

dispatch under a
rotated load

duration curve Figure 2. One view of the Fund Manager's cockpit.
The cockpit allows planners tooperate A VISS even

Checked against though they areunfamiliar with the programming
Phase Istudy details of the model. Workshop participants used the

Fund Manager to explore the dynamic implications of
Fund EV costs expensed different combinations of CV fees, gasoline taxes, and

or capitalized EV rebates.- Manager:

CV fees, Revenue require- FundManaqer's,Decisions IT_
EV rebates, ment over sales Fee: $/CV sold 500
and a gas- gives the average GasTax: c/gallon O I I

aline tax electric rate Rebate:S/EV sold 8OOO_.]

I Step ][ 5 times I
PHASEII1"FUTUREDIRECTIONS -ReportsPhase III will extend AVISS by adding vehicles fu- CVversus EVReport ---
eledby compressednatural gas (CNGVs). The analy- Fund Status Report
sis of incentives in the SCE situation will be repeated
to learn whether the conclusions change when EVs
must compete alongside other alternative-fueled
vehicles in Southern California. AVISS will then be

adapted to fit the planning situation faced by San
Diego Gas and Electric, which is interested in both
EVs and CNGVs. _ Graphs I '

Balance_in_Fund
TECHNOLOGYTRANSFER Capacity_Factors
The computer models developed in the course of the Electric_Rate
utility-impacts research may be useful to EV plan- EV_Market_Share
hers in state agencies as well as electric utilities. A EV_Pro.qrarn_Costs
technology transfer workshop was conducted at the EVs_in_SCE_Service_Area
Institute of Transportation Studies at the University Fund_Cash_Flow
of California, Davis, in April 1993; the 22participants Marginal_Cost_for_QFs
discussed analytical approaches taken in several stud-
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OFFICETECHNOLOGY EFFICIENCYCONSORTIUM:
OFFICETECHNOLOGIESASSESSMENT

Morton H. Blatt
Commercial Program Manager
Electric Power Research Institute

C IEE is one of ten sponsors of the Office Tech- tection Agency announced the Energy Star Program,
nology Efficiency Consortium, organized in which acknowledges computers and printers that
early 1992 to encourage the development power down to 30watts or less when not in use. The

and increased use of efficient computers, printers, availability of Energy Star equipment was announced
copiers, and faxes. In addition to the cofunders, in June 1993, both in Washington, D.C., and at a
many other organizations have actively participated regional buyers' workshop in New York City.
in Consortium activities. Consortium-sponsored research has been under

Efforts to date have focused on heightening the way to publicize the availability and virtues of en-
awareness of specific users and manufacturers of the ergy-efficient equipment. The American Council for
importance of efficient office equipment, the fastest- an Energy-Efficient Economy prepared a selection
growing electrical load in the commercial sector, guide for the Consortium, "Guide to Energy-Effi-
Slowingload growth in this area helps the utility and cient Office Equipment" (TR-102545). ACEEE and
their customers by reducing the need to add genera- MIT are assessing office technology equipment to
tion and distribution capability. More efficient equip- identify the state of the art and potential future
ment helps the individual building owner by reduc- enhancements to this equipment. They are also de-
ing electric service requirements as well as energy veloping test procedures to measure energy use for
bills, copiers and other office equipment.

Accomplishments include a workshop, held in A fact sheet, "Electronic Office Equipment" (BR-
San Jose in June 1992, to encourage dialog between 101965), reviews energy-use characteristics of office
users, utilities, and manufacturers. Breakout groups equipment, suggests energy-saving options, and pro-
discussed imaging technologies, software, LANs, files three companies that lowered energy costs by
telecommunication, PCs, workstations, and termi- changing user behavior and purchasing new equip-
nals, then joined forces to develop a plan for action, ment.
Workshop proceedings (EPRI TR-101945) are avail- The Office Technology Efficiency Consortium
able from the Electric Power Research Institute's last met in New York inJune1993 to discuss ongoing
Research Reports Center, (510)9344272. research and member activities and to formulate

At the workshop, the U.S. Environmental Pro- plans for future research.
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ENVELOPEAND LIGHTINGTECHNOLOGYTO REDUCEELECTRIC
DEMAND: PROJECTOVERVIEW

Stephen Selkowitz
Program Leader, Building Technologies

Lawrence Berkeley Laboratory

ore than 40% of the increase in electric envelope- and hghting-system prototypes that in-
demand in California over the next 20 corporate smart controls to make optimal use of
years is projected to come from the non- daylight and electric light. An automated venetian-

residential building sector. Approximately 40% of blind system linked to daylighting controls serves as
this demand can be attributed to electric hghting and a near-term alternative to electrochromics, smart
cooling from lighting and solar gains. While assess- glazings of the future that will be able to modulate
ment studie'; and efficiency advocates claim that transparency from a clear to colored state with an
efficient glazing, daylighting controls, and lighting applied voltage. Designing the dynamic system in-
technologies can substantially reduce energy use volved exploring various control strategies to actu-
and demand growth, in practice the projected sav- ate the tilt angle of the blinds and to optimize solar
hags are not routinely captured, and dayh_hting performance. Core daylighting pro-

The problem stems from several factors. First, totypes included passive optical light-shelf designs
the tr_cdtional mandatory building standards ap- using special dayhghting optical films and a hghtpipe
proa_ to energy efficiency tends to be component- to be installed within the ceiling plenum. These
eriented, requiring piecemeal substitution of more systems were designed to bring daylight to a depth of
efficient components for less efficient components 30 feet from the window wall.
(norma!ly at increased first cost). A better approach Expanding on work completed in Phase I, re-
is to integrate multiple components and their control searchers developed these systems iteratively: first
network into a single system, thereby reducing the using preliminary scale models to evaluate overall
diffic_a!ty and risk of designing and specifying the daylighting performance, then progressing to more
ovel ali set of envelope and lighting technologies, sophisticated numerical simulation models and field
These integrated envelope and lighting systems have tests on a subset of designs. As the designs evolved,
the potential to result in higher energy savings with the research team worked concurrently with win-
reduced cost. Second, existing energy-efficient tech- dow, shading, control, and lighting manufacturers,
nologies, even if fully integrated to meet energy- trade associations, and architectural and engineer-
efficiency goals, often do not satisfactorily accom- ing firms to determine manufacturing constraints
modate user needs and preferences. Physiological and potentialmarket barriers. They also continued to
(visual and thermal comfort) and psychological (view, pursue new opportunities to demonstrate the proto-
atmosphere) factors must be considered in the enve- types for Phase III and to follow up on demonstration
lope and lighting design, activities initiated in Phase I.

.The goal of this multiyear project is to provide Using a new, experimental method to model

designers with cost-effective integrated envelope and optical performance within the DOE-2 building en-
lighting systems that meet the full range of occupant ergy simulation program, researchers evaluated the
needs and to demonstrate their vse in built projects, ability of multiple control strategies to achieve the

targeting building peak-demand ."_.ductions of 15 to optimal balance between daylighting benefits and
40%. solar liabilities. Dynamic systems were found to

provide significant savings over typical static glaz-
PROGRESSTO DATE ing systems, with the additional benefit of being able
The primary focus of this second phase of research is to accommodate user preferences and comfort
to design, build, and test two integrated, dynamic throughout the day. Both hardware and software
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components were then assembled and tested out- Demonstration opportunitiesinitiatedduringPhases
doors Ln a reduced-scale-model room to evaluate I and II will permit fuU-scale testing of either ele-
real-time performance under dynamic sun and sky ments of these integrated systems or a complete
conditions. The peak cooling performance of the prototype system at a smaller scahwithin an existing
dynamic system was also evaluated using the Mobile building. Tools to ensure proper design will also be
Window Thermal Test facility in Reno. developed during Phase HI. The dynamic system

will be developed further through more sophisti-
FUTUREWORK cared control strategies to accommodate other com-
Fu11-scaledemonstrations of the prototypes in occu- plex criteria, such as occupant preferences and real-
pied buildings will be the major objective of Phase III. time pricing from utilities.



ENVELOPEAND LIGHTINGTECHNOLOGYTO REDUCEELECTRIC
DEMAND: INTEGRATINGFENESTRATIONCONTROLSWITH

LIGHTING CONTROLS

Francis Rubinstein
Staff Scientist

Lawrence Berkeley Laboratory

ne component of the Envelope and Lighting • Global external horizontal illuminance
Technology toReduce Electric Demand project (measured with a standard photometer).
involves developing a building prototype • Diffuse external horizontal illuminance

to test the performance of an integrated dynamic (measured with a standard photometer
envelope and lighting system. Researchers at equipped with a shadow band).
Lawrence Berkeley Laboratory have designed, built, • Electric lighting power (measured with a
and instrumented a reduced-scale-model room, part watt transducer connected to the dimming
of a prototype that also features adimmable electric ballasts).
lighting system, a motorized venetian-blind system, • Sun azimuth and altitude (measured with
associated controls, and a data acquisition system, a custom-fabricated sensor designed
Located on a rooftop at LBL, the model simulates a around a positioning photodiode).
single-person office at one-third scale.

The purpose of the prototype is to test various To assess the performance of the integrated con-
strategies for simultaneously controlling the opera- trol system, researchers are measuring internal
tion of the venetian blinds and the electric lighting workplane illuminance (at varying distances from
system for improved energy efficiency and to deter- the window with standard photometers) and electric
mine whether they can be implemented practically lighting power.
using afew simple sensors and controls (see the table The prototype integrated control system is being
on the following page). While dimming ballasts and implemented using a Macintosh-based data acqui-
controlphotosensors forelectric lighting systems are sition and control system (National Instruments'
commercially available (though currently expensive), LabView). This system lets the user write programs
control sensors that automatically adjust venetian- that process multiple inputs from disparate sensors
blind blade angles according to solar position are not according to various control algorithms; the user can
available off the shelf; neither are systems that opti- also produce appropriately scaled outputs to drive
mallyintegratetheoperationofboththefenestration the motorized venetian-blind system and the
system and the lighting system to reduce energy use dimmable fluorescent lights. The control strategies
while maintaining occupant comfort, being tested can then be implemented in software

The inputs to the integrated control system are: and the results examined without the need to con-
struct physical electronic circuits. In addition, the

• Internal illuminance (measured with a LabView system has various output features that
commercially available ceiling-mounted allow the graphical display of real-time data.
photosensor).
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Fenestrationlighting control strategies.

Strategy Fenestration Control Electric Lighting Control

Strategy I Blade angles adjusted to block Dimming system adds just enough electric
direct sun when sun in light to provide total illuminance equal to
window-facing hemisphere. If the design light level at workplane
no sun, maximize openness, stationpoint. Lighting dimmable to 15% of

maximum.

Strategy 2 Blade angles adjusted to Dimming system adds just enough electric
maximize daylight illuminance light to provide total illuminance equal to
at workplane stationpoint, the design light level at workplane
Also block direct sun when stationpoint. Lighting dimmable to 15% of
sun in window-facing maximum, then switches off when daylight
hemisphere, alone exceeds design level.

Strategy 3 Blade angles adjusted to Dimming system adds just enough electric
optimize daylight illuminance light to provide total iUummance equal to
at workplane stationpoint, the design light level at workplane

stationpoint. Lighting dimmable to 15% of
maximum, then switches off when daylight
alone exceeds design level.
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NEIGHBORHOOD COOLING BYVEGETATION

Hashem Akbari
Staff Scientist

Lawrence Berkeley Laboratory

t has been widely observed that the climates in thermodynamics (as suggested by the ASHRAE
urban areas are generally different from those in Handbook of Fundamentals).
surrounding rural areas. The magnitude of the

difference depends primarily on both anthropogenic FINDINGS
factors--degree of urbanization, population density, Researchers have analyzed the temperature pattern

and land-use patterns---and natural factors, such as and specific humidity distribution and the correla-
the abundance of vegetation, topographic features, tion between them from both averaged seasonal and
and mesoscale/microscale weather patterns, diurnal variations and case observations. One of the

In most middle and high latitudes, urban air most important findings is that there are distinctive
temperatures are usually higher than their rural sur- inland sources of moisture, the magnitudes of which
roundings due to the heat-island effect. This phenom- have a strc_ng surface air temperature dependency.

" enon has been linked to recent increases in electricity In other words, there is generally a positive correla-

demand, photochemical smog levels, and human tion between surface air temperature and specific
discomfort, giving rise to social interest in mitigating humidity. This correlation was most obvious in the
its effects, central part of the Los Angeles Basin, such as the

Strategic planting of vegetation is among the Rosemead and San Dimas stations. The highest spe-
most cost-effective and efficient ways to control the cific humidities and surface air temperatures were
heat-island effect. Urban vegetative systems are usu- usually found around noon in the summer and the
ally categorized as trees and grass; trees can provide lowest right before sunrise during the winter. The
direct cooling effects (shading) and indirect cooling specific humidity gradients during fall and spring

effects (evapotranspiration), whereas grass can were significant and are attributed, at least in part, to
merely provide indirect cooling via evapotranspira- the seasonal succession of urban vegetation.
tion. The goal of this project is to investigate the At far-inland stations, the positive correlation

correlation between surface air temperature and spe- was also verified; however, there were sudden de-
cific humidity--an indication of moisture abun- creases in specific humidity around noontime, espe-

dance---in the Los Angeles Basin. ciaUy when the surface air temperatures exceeded
80°F. As many previous studies suggested, the sud-

DATAAVAILABILITY den surface drying was attributed to strong vertical
From 1987 to 1992, Southern California Edison oper- mixing caused by intensive heating on the surface.
ated a short observation tower (about 10 feet tall) at Among the four major moisture sourcesJpre-
each of 23 weather stations in southern California. cipitation, sea breeze, anthropogenic activities, and
Meteorological data, including surface air tempera- soil/vegetation--the evapotranspiration of soil/
ture, dew-point temperature, wind speed and direc- vegetation appears to be the only mechanism that
tion, and solar radiation, was recorded every 15 would explain most of the findings from both aver-
minutes as well as hourly and daily. The value of aged seasonal and diurnal variations and case obser-
specific humidity for each hour at each station was vations. Short-term traverse measurements of air
derived from temperature and dew-point tempera- temperature are planned for several parks in Los
ture based on the physical principles of atmospheric Angeles to verify the hypotheses on sounder ground.
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ENERGYEFFICIENCYAND FIRESAFETYASPECTSOF
REFLECTIVECOATINGS

Paul Berdahl
Staff Scientist

Lawrence Berkeley Laboratory

he purpose of this exploratory project is to mal infrared, thereby reducing infrared heat trans-
evaluate the feasibility of developing new, fer. It appears feasible to modify conventional low-e

practical materials that can retard the spread coatings to reflect both ordinary thermal radiation
of fire through enhanced reflectivity for the infrared and the radiation from fires.
radiation emitted by fires. Materials with enhanced

reflectivity for solar radiation and for the thermal REFLECTIVEPAINTS
infrared spectrum are also important in energy con- Reflective coatings such as white paint have energy
servationapplications, creating asynergismbetween conservation benefits in hot climates due to their
energy efficiency and fire safety. The primary con- high solar albedo (reflectivity). White coatings also
clusion of this project is that we can develop modi- usually have high thermal infrared emissivities (low
fled paints that will significantly reduce the absorp- reflectance) as weil, aiding in the radiation of heat to
tion of infrared radiation from wooden-structure the environment.

fires. Schematically, typical white paint consists of
small particles of titanium dioxide (TiO2), 220 nano-

BACKGROUND meters (rum) in diameter, in a transparent polymer

For various applications of radiant energy control, film. TiO2 is chosen for its high refractive index
different portions of the electromagnetic spectrum (which enhances its ability to scatter light), low cost,
are important. These portions are identified by the and ability to absorb ultraviolet light, protecting the
wavelength of the light; the solar spectrum, ranging polymer from UV damage. The 220-nm particle size
from 0.3 to 2.5 micrometers wavelength, includes the is carefully optimized to reflect visible radiation,
ultraviolet 0-W, 0.3 to 0.4 micrometers), the visible with visible reflectance as high as 98%. The solar
(0.4 to 0.7), and the near infrared (NIR, 0.7 to 2.5). albedo is fairly high--roughly 80%---despite the UV
Thus, the ideal window in a hot climate would be absorption and reduced infrared reflectance beyond
reflective in the UV and NIR bands and transmissive a 2-micrometer wavelength.

in the visible. Other important spectral ranges are Typical white paints don't reflect fire radiation
those for fire (1,500 K blackbody, 1 to 8 micrometers) well due to the poor infrared reflectance for wave-
and for thermal infrared radiation (300 K blackbody, lengths greater than 2 micrometers. Reflectance is
5 to 40 micrometers), poor because the particles are very small compared

to the wavelength, and the scattering cross-section
LOW-EMISSlVITYCOATINGS decreases inversely with the fourth power of the

The ability to reflect fire radiation is important be- wavelength. With larger particles, it should be pos-
cause of a process known as differential thermal expan- sible to increase the reflectance of ordinary (white)
sion (the edges are cooler than the center). This ex- paint to fire radiation.
pansion causes the window to fracture, which in turn The researchers wrote a computer program to
hastens the spread of fire due to the increased supply evaluate the spectral reflectance of paints with vary-
of air. ing pigment sizes. They used the weil-known Mie

Low-emissivity window coatings are now fairly theory to compute the scattering from TiO2 spheres
commoninenergy-conservingbuildings.Thesecoat- and a model based on the work of Palmer et al. (J.
ings are transparent in the visible spectrum but be- Coatings Technol. 61: 41, 1989) to deal with the math-
come reflective and consequently low-e in the ther- ematics of the multiple scattering problem. First, the
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program was applied to scattering from particles 220 85%. The exact maximum value of the fire reflectance
mn in diameter; this diameter was determined to be is determined by the infrared absorptivity of the

best for scattering of visible light. Next, radiation polymer, which is not known precisely.
from fire was simulated as 1,500 K blackbody. The
average reflectance for this radiation was then com- FUTUREWORK
puted using TiO2 particles of larger sizes. With a The logical next step is to acquire windows with
fixed total amount of TiO2 in the paint film, the best suitable low-e coatings and paints with a pigment
"fire"reflectanceshowedabroadmaximumofabout particle size of 1 to 2 micrometers. The theoretical
75% for particle diameters of 1 to 2 micrometers expectation that the spread of fire can be slowed by
(compared to 30% for ordinary paint), infrared-reflective materials can then be verified.

Thus, more than half of the fire radiation that The computercode developed in this projectwiU

ordinary paint would have absorbed can be reflected be used in follow-on work that has been proposed to
if the particle size is altered. (The visible reflectance the U.S. Department of Energy. In this work, to be
declines from 98% to about 85%.) Furthermore, in- performed jointly with Kerr-McGee, a pigment man-
creasing the pigment in the film or using a thicker ufacturer, pigments are to be optimized for high-
film raises the reflectance even further, to roughly solar-reflectance paints.

24 E__



ADAPTIVEOPTIMIZATIONOF INTERNALCOMBUSTION ENGINESFOR
FUELVARIABILITY

J.E. Bobrow, Associate Professor
Derek Dunn-Rankin, Professor
University of California, Irvine

atural gas is likely to become an important pedal," while the controller sets the air and timing to
alternative fuel for vehicular internal com- maximize the efficiency of the incoming fuel.

bustion engines, both because it is inher- The results show that, due to the cycle-to-cycle
ently cleaner-buming than gasoline and because it variability inherent in the combustion process, care
can help reduce U.S. dependence on foreign sources must be taken when developing an efficient numeri-
of oil. Its composition is variable, however, necessi- cal search strategy for the optimum values of the
tating an adaptive control strategy to maintain opti- three parameters. The figure below is a typical plot of
mal engine operation independent of fuel character- the indicated horsepower N _PdV versus time as the
istics. The goal of this project is to apply such an ignition timing is advanced. It showsthecombustion
adaptive strategy to a realistic automobile engine variability problem and the fact that optimum per-
using sensors and computer technology, formance for the fixed-load condition is reached at

about 18 degrees before top dead center. Changes in
STRATEGY the other two parametersmthrottle angle and fuel

In this one-year exploratory project, the researchers injector timing--also reveal some interesting trends.
replaced the stock control unit from a 5.0-1iter Ford
Mustang engine with their own control software
running on a 486/50 computer. After instrumenting As fuel flow is held constant and the ignition timing is
the Ford engine with a Kistler pressure transducer on varied, the indicated horsepower (ihp) appears to be
the number-one cylinder, the team used a 16-bit, 48- optimum at about t=200 sec.

khz analog-to-digital converter configured in direct 140

memory access mode to sample the pressure 1,024 ii Itimes every two revolutions of the crankshaft. These 120 .... [ ......... i ........ Mass Air Flow _
conversions were triggered by a 32,000 count/revo-
lution optical encoder mounted on the crankshaft. 100
The work integral, J PdV, was evaluated during the

subsequent two revolutions and used to optimize 80 -___---'--!-------[__

engine performance. The goal is to maximize fuel
economy at any engine speed and load. 60

Fora andset I I
duration, three parameters were adjusted on-line to 40 : ............. ._........ ._........ .........
produce the greatest power output, or N JPd V, where ' :
N is the engine rpm. Those parameters are the igni- 20 . i i ........t i

tion timing, the intake manifold throttle butterfly : ,, ,,
valve position, and the time within the cycle at which 0 _._ : .' {_,-,,.,,v a,_,,,-,,_,...[' -

the injectors deliver the fuel. To vary the throttle _._._'.'_ I_
plate angle from the computer, the researchers re- -20 : : i_i........ " .... _ ::.::a22 _.[[ _-
placed the conventional throttle cable control (open , , , ,
loop) with a high-bandwidth analog servomotor PID -40 t '_ ; ',
position control system. The concept here is that the 150 200 250 300 350

driver controls the actual fuel flow rate with the "gas Time

E__ 25



To find the best parameter values, the researchers Automotive Engineers' International Congress and
optimized a low-pass filtered version of the power Exposition. The Congress allowed the team to:
output by a scaled sequential search.

The results are important for today's gasoline • Identify the latest in adaptive control
engines because the strategy described here can com- research.
pensate for engine aging and variable-composition • Interact with automotive engineers from
gasolines, including those with ethanol additives. In all major vehicle manufacturers.
addition, if natural gas is used as the fuel, faster * Establish a connection with Southwest
optimization convergence will likely be achieved Research Institute, a major center of
because the better fuel mixing will decrease cycle-to- automotive research (including natural-
cycle variability, gas vehicles). The SwRI connection in turn

provided a contact with BKM, a San Diego
TECHNOLOGYTRANSFER engineering consulting firm and Clean Air
The research team met with the manager of a natural- Partners' consultant in the retrofit of Ford

gas-vehicle project for Southern California Gas. He 4.3-liter engines for natural gas in turbo-
expressed interest in the project and indicated that charged, lean-burn operation. BKM will
SCG would contribute a natural-gas "fuel maker" provide one of these retrofit engines to
and associated tank storage, allow the control approach to be tested on

The researchers also attended the Society of a realistic natural-gas engine.
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WALKINGSYSTEMFORTHECAL POLYCONTROLLEDTRAFFIC
FARMINGSYSTEM

E. J. Carnegie
Department Head, Agricultural Engineering

California Polytechnic State University, San Luis Obispo

ith funding from Pacific Gas and Elec- COMPUTERCONTROL
tric, Southern California Edison, and The prime consideration in the design and irnple-

CIEE, the Agricultural Engineering De- mentation of the control system was that ali compo-
partment at California Polytechnic State UniversiW nents be readily available and obtained locally. For
has for the last few years been working on a Con- that reason, an MS-DOS 486 PC was chosen as the
trolled Traffic Farming system. The basic component heart of the controller. The computer controller reads
of the CTF system is an electrically operated movable operating conditions, makes decisions, and activates
truss that spans a distance of 100 feet (30.5 m). In operations. Data received by the computer comes
operation, the truss is positioned at the starting loca- through a Jameco Electronics PC Lab card placed in
tion in the field and the implement carriage is low- one of the computer's I/O slots. The control signals
ered and powered along the length of the truss, come from the computer through a standard parallel
When the carriage has traversed the full span of the card, which is also placed in one of the I/O slots.
truss, it is automatically raised and rotated 180 de- The control program was written in Borland C++
grees. The truss is then automatically indexed (moved using an object-oriented design approach. The use of
ahead one field row), the implement is lowered, and object-oriented programming allowed the system to
the carriage makes a return pass. be built up in discrete, stand-alone modules, simpli-

Because the indexing and implement motions fying long-term development. The main program is
are controlled by a computer, no operator is required a real-time control executive that sets up the virtual
for normal operation of the unit; the operator need function for the desired implement, then calls the
only decide, for example, when to start a series of object functions in the order of desired execution.
field operations. Severalsuch operations---including This has the effect of going through a general com-
scraping, disking, spring tooth harrowing, rototill- mand chain that is identical for each task (tilling,
ing, listing, and plantingmhave been tested. The unit plowing, and planting).
has so far shown great promise, performing these
operations with one-fifth the energy of a standard WALKINGSYSTEM
tractor using the same implement. In addition to Each movable leg in the walking system must per-
energy savings, the soil compaction was measured to form five functions: lower, align, advance, lift, and
be about half that of the standard tractor and imple- return. These functions are carried out by three mo-
ment. tors under computer control and four linear actua-

During preliminary testing, the accuracy or re- tors for each leg. To lower and lift the foot, one motor
peatability of field-implement position on the CTF operates two 2-ton ballscrew actuators. Before the
unit was approximately plus or minus one foot. This CTF is advanced, the computer determines whether
inaccuracy was hindering further progress of the the CTF unit is in the proper position. If a correction
system. One major limiting factor was the program- is required, the computer operates the align motor
mable controUer; the original controller used an eight- and actuator, which change the advance angle to
bit processor with limited I/O capabilities and was compensate for any misalignment. The advance
too slow to measure six elements and control 13 motor and a long-lead ballscrew actuator advance
motors in real time. The other limiting factor was the CTF one index length. Real-time position feed-

wheel slip, which the walking system was developed back tracks the CTF movement and determines when
to eliminate, one index length has been completed. The foot is then
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lifted, and the advance motor and baUscrew actuator same time, the computer is checking the carriage's

return the leg to its starting position in preparation position the field. Field positioning will be a combi-
for the next step. During the return operation, the nation of recorded field movement and computer
implement carriage is moving across the field; at the vision.
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METHANERECOVERYIN ADVANCED INTEGRATEDPONDING SYSTEMS:
AN UPDATE

William J. Oswald, ProfessorEmeritus
F. Bailey Green, Graduate Student Researcher

Universityof California, Berkeley

unicipal wastewater treatment accounts tion of fossil fuels (see Figure 2), and recycling the
for more than 1% of the total electrical carbon dioxide produced by its combustion to en-
energy consumption in the U.S. (approxi- hance microalgal growth further reduces the level of

mately 27 billion kWh/yr). Because the need for greenhouse-gasemissions.
more complete treatment of increasing amounts of Other improvements over first-generation AIPSs
wastewater will compound future demand for en- are being demonstrated at Richmond; they include
ergy in this sector, more efficient wastewater treat- the optimal method and velocity for mixing algal
ment technologies are needed, high-rate ponds and improved methods of microalgal

Advanced Integrated Ponding Systems (AIPSs), harvest and reuse. Gentle paddlewheel mixing at a
developed over the last three decades at the Univer- velocity of 0.5 feet per second, as opposed to the lift-
sity of California, Berkeley, provide equivalent, if not pump or screw-pump mixing used at St. Helena and
superior, treatment toconventional mechanical sys- Hollister, greatly reduces the aeration energy re-
terns at a fraction of the capital and operating costs, quirement. Paddlewheel mixing fosters the growth
AIPSs also reduce the land requirements and elimi- of microalgae, which will settle when removed from
nate the nuisance conditions associated with conven- the mixing field. The harvested algal biomass may
tional waste-stabilization ponds. The economy of then be used for animal or fish food, fertilizer, or
first-generation AIPSs, such as those serving the additional fermentation substrate to increase meth-
cities of St. Helena and Hollister, result from the ane production.
complete digestion of sludge and
from the photosynthetic production
of oxygen by microalgae grown in Figure 1. Change in biogas composition due to scrubbing.
high-rate ponds.

At the 30,000-gallon-per-day pi- 100 _ Methane [
lot AIPS at UC Berkeley's Richmond
Field Station, researchers have in- 90 [---1 Nitrogen

creased the efficiency of these first- 80 _ Carbon Dioxide
generation AIPSs by proving the fea-
sibility of recovering methane from 70

in-pond digesters using submerged ,-- 60
collectors. Over the past nine months, r--
a second digester and gas collector o 50
have been installed to allow an opti- n. a0
real loading rate of the existing facul-
tative pond. Biogas produced in the 30
in-pond digesters is scrubbed as it
emerges through the overlying pond, 20
and the Btu content of the biogas is 10
thus increased by nearly 50% (see
Figure 1). Using this renewable re- 0
source ofmeth__ne reduces the deple- Bottom Collector Surface Collector
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TECHNOLOGYTRANSFER 6000
The researchers have completed the pre- /,
liminary design for a full-scale, second- "o 5000
generation AIPS that will serve a new o_ >"o Sewage +

development in the Central Valley. They ._ _, 4000 __----are also hosting the Second IAWQ Inter- p _-_o Algae _

national Specialist Conference on Waste a. _ 3000 _Stabilization Ponds and the Reuse of Pond __ /-o o 2000

0 , , , ;
0 20 40 60 80 1 ]0

Figure 2. Extrapolated electrical energy
production from methane recovery in AIPSs. Million Gallons per Day
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ADVANCED REFRIGERATOR/FREEZERDESIGNCONCEPTS

Dariush Arasteh, Staff Scientist
BrentT.Griffith, Senior Research Associate

Lawrence Berkeley Laboratory

he impending phaseout of chlorofluorocar- polymer outer-shell materials for conventional steel
bons (CFCs)used to expand foam insulation, to reduce thermal bridging and edge losses. The
combined with requirements for increased computer modeling of a simplified R/F door indi-

energy efficiency, make the use of non-CFC-based, cated that this could improve overall R-values by
high-performance insulation technologies increas- 13% for foam insulation, 15% for gas-filled AIP/
ingly attractive. The majority of current efforts are foam insulation, and 18% for evacuated-powderAIP/
directed at using advanced insulations in the form of foam insulation.
thin, flat, rectangular, low-conductivity gas-filled or Another design alternative uses polymer outer-
evm__ated panels, or advanced insulation panels. AIPs shell materials but discards foam-in-piace insulation
can be used in conjunction with blown polymer in favor of a more comprehensive use of advanced
foams to improve insulation performance in refrig- insulation technologies. In this case, a distinction is
erator/freezers (R/Fs) of conventional design and made between AIPs and advanced insulated compo-
manufacture.ThisAIP/foam-compositeapproachis nents (AICs): While an AIP is an insulating panel
appealing because it appears to be a feasible, near- made for the inside cavity of a component, an AIC is
term method for incorporating advanced insulations an entire functional component that incorporates an
into R/Fs without substantial redesign or retooling, advanced insulation technology. An AIC is thus a
However, the requirements for adequate flow of thin-walled, hermetic, barrier part with a modified
foam during the foam-in-piace operation limit the internal atmosphere and an insert consisting of ad-
allowable thickness and coverage area of AIPs. This vanced insulation filler material. In the case of R/Fs,
restriction, combined with the thermal bridging ef- an AIC could be an entire door with accessories
fects of elements such as steel outer shells and sur- attached to it.

rounding foam, allows only relatively small improve- The barrier envelope, or outer surface, of an AIC
ments in overall thermal resistance with AIP/ would typically be a formed (or molded)polymer
foam-composite insulation, part that includes multiple layers of gas and moisture

This research is examining design alternatives barrier material. A gas-filled AIC would have an
that may offer a greater increase in overall thermal insert consisting of a multilayer reflective baffle and
resistance than is possible with the use of AIP/foam polymer stiffeners as needed. An evacuated-powder
composites in current R/F design. These design al- AIC would, for example, have an insert consisting of
ternatives generally involve a basic redesign of the compressed and formed powder. It is unlikely that
R/F, taking into account the unique requirements of AICs would employ blown polymer foam insula-
advanced insulations and the importance of mini- tion.
mizing thermal bridging with high-thermal-resis- The polymer-barrier AIC approach offers some
tance insulations. The focus is on R/F doors because significant advantages over using AIP/foam com-

they are relatively simple, independent components posite in conventional R/F design. One of the most
and therefore good candidates for development of important advantages is better resistance to heat
alternative designs. A three-dimerksional finite dif- transfer resulting from greater thickness and cover-
ference computer model of an R/F door geometry age area of the advanced insulation. The polymer
was used to compare the overall levels of thermal outer shell, h_addition to causing less thermal bridg-
resistance (R-value) for the various design configu- ing than steel, can offer such advantages as design
rations, freedom, parts reduction, weight reduction, scrap

One design alternative involves substituting recyclability, and process consolidation. Adhesive
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polyurethane foams make it difficult to disassemble used to join the barrier parts hermetically.
conventional R/Fs; polymer-barrier AICs could be The major conclusions of this study are:

designed for disassembly, imFroving post-consumer
recyclability over conventional foam-core R/Fs. • AICs could be mass-produced with

The individual materials and manufacturing existing polymer technologies.

technologies needed to fabricate polymer-barrier • AIC refrigerator components can offer
AICs are generally well developed; however, it ap- higher levels of thermal resistar, ce than
pears that there have been no efforts to apply them conventional assemblies insulated with
directly to the production of AICs. Technologies foam or AIP/foam composites that have
such a., coextrusion and lamination could be used to the same thickness.

producethermoplasticmultilayerpolymerstructures • A considerable amount of development is
with the necessary stiffness and barrier properties, required and warranted to assess the
Twin-sheet _ermo;vrming and coextrusion blow energy-efficiency improvements, econom-
molding could be used to fabricate shaped barrier ics, manufacturing, and reliability of AICs
parts for AICs; thermal or solvent welding could be for R/F applications.

Computer modeling of a simplified geometry, representing a refrigerator door two inches (0.05 m) thick, produced
the following overall R-values for various configurations of insulation and shell materials.

i

Refrigerator Door Confi_,uration Overall Effective R-value
hr.ft2.'F/Btu m2._

CFC-b!own foam with conventional steel _uter shell 9.03 1.59

Evacuated AIP/foam composite with conventional steel outer shell 11.14 1.96
Gas-filled AIP/foam composite with conventional steel outer shell 9.71 1.71
Evacuated AIP/foam composite with polymer outer shell 13.09 2.31

Gas-filled AIP/foam composite with polymer outer shell 11.15 1.96
Evacuated-powder polymer-barrier AIC 18.80 3.31
Gas-filled polymer-barrier AIC 13.50 2.38
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UTILIZATIONOF WASTEOXYGEN FOR LOW-EMISSIONCOMBUSTION

Ian Kennedy, Associate Professor
Daniel Chang, Professor

Universityof California, Davis

ecent concern about toxic air contaminants rate dependence on temperature than concentration.
emitted from wastewater treatment pro- However, at water treatment plants using pure-oxy-
cesses, haloform formation in water supplies, gen processes, enhanced-oxygen streams arenot cap-

and storage of chlorine will result in a variety of tured but simply vented. For example, the Los Ange-
measures to reduce those emissions and chlorine les Aqueduct Filtration Plant has a 50-ton-per-day
use. In the case of wastewater treatment plants, con- (tpd) oxygen plant; a stream containing 60to 80% 02
tinuing conversion to covered pure oxygen activated is being vented at about 50,000 standard cubic feet
sludge processes for secondary treatment is likely, per hour (about 24 tpd of O2!).Thus, the economics of
Recent studies have demonstrated that nondegrad- 02 availability are not a limiting factor.
able volatile compounds are emitted from the acti- The researchers have estimated that as much as
vated sludge exhaust gas vents. At the same time, it 10 to 20 MWe of relatively clean power can be gener-
is not uncommon for the oxygen concentration in the ated in California's urbanized areas as increasing
exhaust to be as high as 40 to 60% 02, the balance numbers of water treatment plants switch to pure
being CO2 and N2 stripped from the wastewater. In oxygen for disinfection. Peak use of oxygen coin-
both wastewater and normal water treatment plants, c.ides with peak use of water, typically when addi-
conversion from chlorination to ozone disinfection tional power-generation capacity is needed. Use of
to reduce on-site storage of chlorine and haloform this resource, which would otherwise be wasted, can
formation in the water results in a waste oxygen provide a relatively clean source of energy, become a
stream whose 02 concentration can be as high as 60 significant asset forpublicly owned wastewater treat-
to 80°/°but that might also contain formaldehyde, mentplantsandwatertreatmentplantsinCalifornia's
Thus far, it has not proven economical to use or more populous air basins, and negate the require-
recover enhanced-oxygen waste gas streams at ei- ment for additional pollution-control systems.
ther type of water treatment plant.

This project is intended to demonstrate the feasi- SMALLDIESELENGINEEXPERIMENT
bility of using these humid (enhanced-oxygen)waste A small-scale demonstration project has been initi-
gases for combustion in the engines and generators ated to determine the feasibility of using waste oxy-
commonly found at water treatment plants. The ger_ in a stationary power-generating engine with
combustion process itself will reduce the trace con- reduced NOr. A single-cylinder diesel engine has
centrations of toxic compounds contained in the been installed in the Combustion Laboratory at the
waste gas stream to negligible levels and therefore University of California, Davis. The engine is
obviate the need for further controls. By applying equipped with torque and speed transducers and is
either exhaust gas recirculation or water/steam in- loaded with a water pump. The engine is being mod-
jection(orsomecombinationofthetwotoreducethe flied to run a synthetic air produced from engine
oxygen concentration in the waste gas stream) to exhaust and a carbon dioxide/oxygen/methane
maintain or reduce peak flame temperatures, it may mixture that is equivalent to the digester gas formed
be possible to significantly reduce the level of N2 in at the East Bay Municipal Utility District. Flow rates
the combustion chamber. Currently accepted mecha- of aU gases will be measured, and an analyzer is
nisms of thermal or prompt NO formation indicate being set up to measure the engine's NOx emissions.
linear proportionality of production rates with N2 The engine and ancillary equipment have been suc-
concentration. A reduced N2 mode of thermal NOx cessfully tested. The NOx sampling system is being
control has not been pursued because of the econom- set up, and the flow system for supplying gases to the
ics of 02 production compared to air and a stronger test engine is being designed and built.
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USEOF EMCSTECHNOLOGIESTOREDUCEPEAKCOOLINGLOADSIN
NONRESIDENTIALBUILDINGS:AN UPDATE

Sukhblr Mahajan and Charles Newcomb
Professors

California State University, Sacramento

he goal of this exploratory project is to opti- A concise computer simulation code based on
mize the use of energy management and con- the existing PSTAR has been developed and tested
trol system (EMCS) technologies to reduce for a simple building. The cooling season data is

peak load and energy consumption innonresidential being used as input for this code to obtain building
buildings. The research will focus on developing and thermal parameters, which will then be used to test
field-testing a simulation-based, adaptive control nighttime cooling strategies for saving energy and
methodology for night precooling of thermal mass in reducing peak load. The energy use of this building
a large classroom building, has been compared to that predicted by the DOE-

A campus building (with approximately 77,000 2.1D computer simulation code. The use of EMCSs
square feet of floor area)has been instrumented to for data acquisition and as a diagnostic tool was
collect the data necessary for thermal performance explored; they were found to be very useful for both
analysis and development of possible strategies to tasks. The summer cooling data (for days on which
reduce peak cooling load. The data collection system the temperature exceeded 90°F) is expected to be
is fully functional, and data for a full heating season collected during June and July 1993,with the analysis
(October through April) has been collected and ana- of cooling data and some cooling strategies com-
lyzed for internal consistencies, pleted by the end of July 1993.

EBmE



DESIGNOF HYBRIDPOWERCYCLESFORWASTEHEAT
RECOVERYAPPLICATIONS

Ashish Gu_ta, Graduate Student Research Assistant
Vasilios Manousiouthakis, Associate Professor

University of California, LosAngeles

aste heat, such as that from industrial t-ions show that the working fluid mixture thermo-
processes or that contained in hot flue dynamics are sensitive to the equations of the state
gas exhaust of turbines employed in gen- models used. In particular, the ease of flash separa-

erating electricity, can be converted to power. In a tion is overestimated.
typical waste heat recovery steam cycle application, In this research, the pinch approach_which
water isevaporated at constant temperature, whereas quantifies the closeness of the working fluid tem-
heat is available from a source with a graded tem- perature profile to the source temperature profile--

perature profile up to a few hundred degrees above was used to analyze the design. This hybrid cycle
the boiling point of water. This gap between the requires separating a binary mixture and thus in-
source and the working fluid temperature profile is volves interactions between mass and heat exchange.
a measure of the irreversibility of the process or Next, the state-space methodology was used to

wasted energy. Using a pure component (water) as analyze hybrid cycles that involve both separation
the working fluid, the cycle involves producing su- and heat-exchange technologies. This approach de-
perheated steam from water, expanding it through composes the problem into evaluation of an opera-
adiabatic turbines, condensing the turbine exhaust tor, where mass and heat exchange are described,

steam by cooling water, and recirculating the con- and the distribution network, which contains ali the
densed water to the boiler through a pump and a flows to and from the operator. This representation

preheater, allows consideration of ali possible configurations.
If the working fluid is a binary fluid mixture, Using this representation, researchers analyzed

however, the vaporization can be carried out at a the potentialthermodynamicadvantagesofahybrid
temperature much closer to that of the source due power cycle using an NH3/H20 working fluid. For
to the temperature change the mixture undergoes this part of the project, theoretically predicted ther-
(from bubble to dew point) as it vaporizes. A design modynamic data from ASPEN was regressed to sim-

using such a technology can increase power produc- plified relations with respect to composition and
tion over the Rankine (steam) cycle, pressure in the range 2 to 190 atm. These relations are

A typical cycle employing a binary mixture was coded as part of the state-space formtflation, which
simulated using the ASPEN simulator. A 75% NH3 / includes pressure changes, heatexchangers, and flash
H20 mixture in the heat recovery section is sent to operations. The resulting optimization problem is

three staged turbines operating at a temperature solved using a MINOS optimizer, and chemical pro-
profile close to the source temperature curve. This cesses in which this cycle may be used to recover
profile is achieved by an intercooler between the waste heat or improve process integration are sug-
intermediate- and low-pressure turbines. The tur- gested.
bine exhaust is condensed and separated into two Future work on this project will include the

high- and low-NH3-concentration mixtures that lose simultaneous synthesis of chemical processes and
heat to cooling water at ambient temperature. The power cycles to achieve maximum integration, in-
cooled condensate is reconstituted and pumped back vestigation of other binary mixtures, and rigorous
to the heat recovery vapor generator. The simula- simulation of state-space designs.

EHmm 3s



COMPUTER-BASEDDESIGN ADVISOR FORENERGY-EFFICIENT
BUILDINGDESIGN

John La Porta
Staff Research Associate

CAD Research Center
Callfomia Polytechnic State University, San Luis Obispo

he computer program being developed is a Design recommendations are generated from
tool for analyzing climatic data and generat- the climatic data, the use times, and heating and
ing architectural building recommendations cooling strategies plotted on the psychrometric chart.

for energy-efficient design. It is not a simulation For eachmonth, climatic data and the use times of the
program but is intended to be used in the earliest building are examined to determine heating and
design stages---those in which the site and building cooling needs. Effective strategies are then selected,
type are known but the building form has not yet taking into consideration conflicts in climatic condi-
been developed, tions and strategies (for example, heavy fog pre-

_ Energy efficiency is an important consideration cludes the use of direct gain heating for that time).
in these early stages of design if the building form After each month has been examined, an iterative
and envelope areto be optimized. Ifenergy issues are process begins in which general characteristics are
left to the design development stage, when adetailed chosen to accommodate, as much as possible, the
design already exists, major design changes will be requirements of the strategies selected foreach month.
difficult or impossible to accommodate. These characteristics are then mapped to specific

As building geometry is typically unavailable design recommendations. Recommendations are
during the early design stages, inputfor theprogram made at the site, building, and component levels in
consists of use times of the building (during the day the following areas:
and throughout the year) and climatic data. Normal
"means and extremes" data published by the Na- * Heating strategies
tional Oceanic and Atmospheric Administration is • Cooling strategies
used, but the user can also define site-specific cii- • Layout
matic occurrences--such as fog, high winds, and • Form
thunderstorms---that may not be evident from the • Orientation
data. Although Typical Meteorological Year data • Construction system
provides the most detailed description of the climate, • Air movement
its limited availability would impose too great a • Landscaping
restriction on the use of this program. • Roof design

Once data has been entered, it can be displayed • Glazing
graphically in terms of human comfort on either a • Entry.
psychrometric chart or various 2-D and 3-D tempera-
ture and humidity graphs. On the psychrometric Not allof these issues have recommendations for
chart, the human comfort zone is superimposed on each level; forexample, Entry has a recommendation
the data along with the effective boundaries of vari- at the building and component levels but not at the
ous heating and cooling strategies. This allows the site level. The user can view the final recommenda-
user to see not only why a climatic condition is tions or the optimized recommendations for each
uncomfortable (too hot, too humid) but also what month. A limited explanation facility is also available
strategies would be most effective in mitigating a showing why certain strategies were chosen and
given condition. The user can also incorporate the which factors were significant in generating each
bioclimatic chart into the comfort zone, shifting its recommendation.
boundaries according to wind and solar radiation. The recommendations generated by the pro-
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gram are necessarily general in nature, given the design considerations and willbe carried through in
early design stage being addressed. It is hoped, how- greater detail in later design stages by existing pro-
ever, that it will be the first step in energy-efficient grams, such as DOE-2.
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USEOF INTELLIGENTCONTROLTECHNIQUESFORENERGY-EFFICIENT
SMARTBUILDINGS

Anthony V. Sebald
Associate Professor

University of California, San Diego

he goal of this exploratory project is to re- * Task 3:Perform computer-aided design on
search smart building controls, focusing on both control strategies to determine the
smart control of a variable air volume (VAV) best design of each type of controller and

system in spaces containing fume hoods. The analy- to gain information on the situations in
sis is being done in the context of a single air handler which these designs perform the most
feeding a multiple-zone laboratory space in a new poorly.
building on campus. Of particular interest is the • Task 4:Analyze the effects of sensor type
extent to which intelligent algorithms can balance and placement.
HVAC systems and run themoment-to-moment con- • Task 5: Analyze the smart controllers'
trol of a complicated space, exploiting the energy- ability to do initial building balancing and
efficient VAV approach while maintaining occupant adapt to changing situations. As in Task 3,
comfort and safety, computer-aided design will be very

The project has been broken down into five tasks: helpful.

• Task 1: Generate a dynamic model of VAV Task lhasbeen accomplished, the fuzzy control-
ventilation in a multizone environment ler in Task 2 has been designed, and the neural
with fume hoods and a suite of sensors, controller has been coded. In Task 3's "fuzzy" area,
This will be a reasonably simple model extensive testing has been done; the neural work is
focusing on the variables under study, also proceeding.

• Task 2: Specify both fuzzy and neural By the end of the summer, researchers will have
controllers oriented toward intelligent completed Task 4, the experiments with the fuzzy
control of ventilation and temperature, controller, and the neural controller design.
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WIND MACHINES FORFREEZEPROTECTION

Richard L.Snyder
Blometeorologlst

University of Callfornla, Davis

he objectives of this exploratc_ry research file was written to tell the telecommunications soft-
project are to: ware to call the weather station each half hour and

update the data file; another program is then called to
• Develop a weather-based model for real- graph the predicted temperatureprofiles on the com-

time prediction of freezing temperatures, puter screen. Eventually, the freeze prediction model
• Develop a model to help citrus growers and the starting and stopping model will be inte-

determine when to start and stop wind grated into this software to provide guidance to the
machines based on real-time weather grower.
measurements and forecasts.

• Evaluate various ways to start, stop, and REMOTESTARTINGANDSTOPPINGOFWINDMACHINES
monitor wind machines remotely. Turnupseed Electric Services, a subcontractor, is

• Investigate the possibility of synchronizing working on the remote starting and stopping of wind
the rotation rates of wind machines in an machines as part of this project. Researchers have set
orchard so they blow in the same direction, up and tested an infrared telemetry system to start

and stop the wind machines remotely and monitor
REAL-TIMEFREEZEPREDICTIONMODEL their performance. The use of radio signals or hard-
Since November, weather data from each of the four wiring to controllers at each wind machine has also
treatment sites in the Paramount Citrus orchard near been considered; the cost-effectiveness of these meth-
Visaliahasbeen recorded eachhalfhourand archived, ods is being evaluated.
The wind machines were operated on six nights
during the winter; visual observations ofthe weather SYNCHRONIZINGWINDMACHINEROTATION
on those nights were recorded by the Paramount Considerable efforthasbeenexpended to determine
Citrus co-operators. Because those nights were clear whether wind machine rotation rates canbe synchro-
and relatively calm, researchers used that data to nized. Based on conversations with wind machine
develop a freeze prediction model. Data from rainy manufacturers and distributors, it seems that the
nights is being eliminated from the complete data set, mechanical nature of the machines limits the ability
and the remaining data is being used to verify the to synchronize rotation. Electronic wind machines
model, cost approximately $13,000; a variable-speed drive

to control the rotation rate may be as much as $10,000.
STARTINGANDSTOPPINGMODEL Consequently,the costof modifying thesemachines
Weather data from the six nights when wind ma- to control rotation rates is prohibitive. However, it
chineswere operated is being analyzed to developa may bepossibleto control rotationratesof internal-
wind machine starting and stopping model. The combustionwind machinesby controlling the flow
approach is to use temperature profiles (updated of fuel to the engine.
each half hour) and wind information to predict
changes during the night. A user-friendly program is GROWERMEETINGS
being developed to call a weather station, update the Two grower meetings on the use of wind machines
database, predict changes in the temperature profile, for freeze protection were held during the past phase.
and provide guidance to the grower on the condi- This project was discussed with growers in both
tions that should trigger starting or stopping. A batch meetings.
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ULTRASONIC51LICON-BASEDAIR-QUALITYMONITOR

Barat Shah, Graduate Student Research Assistant
Richard M. White, Professorand BSACDirector

Berkeley Sensorand Actuator Center
Universityof California, Berkeley

his research effort is focused on an ultrasonic absorbed from the atmosphere.
vapor sensor for use in room air-quality mea- With a knowledge of the partition coefficient,
surements. This device, made using silicon researchers can determine the gas concentration. In

microfabrication techniques, consists of a thin silicon prior research, these devices were operated in small
nitride membrane onto which has been deposited a laboratory test chambers; the tests showed that the
piezoelectric film and electrodes that form an elastic- devices are extremely sensitive vapor detectors. Rug-
wave transducer. After being coated with a sorptive gedized versions have been made and will be tested
polymer film, this ultrasonic delay line is operated in a metal-lined room at Lawrence Berkeley Labora-
with an electronic amplifier so that self-sustained tory. Vapor indications from this device will be com-
oscillations are produced. The frequency of the oscil- pared with those obtained by standard means (mea-

- lations, which are in the low-megahertz range, is a surement of air samples with a gas chromatograph).
measure of the phase velocity of the ultrasonic waves The poster exhibit will detail the device design,
and hence the amount of gas the polymer film has operating principles, and initial test results.
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MODELTO SIMULATETHEPERFORMANCEOF HYDRONIClRADIANT
COOLING CEILINGS

Fred Winkelmann
Staff Scientist

Lawrence Berkeley Laboratory

BACKGROUND climates. In particular, occupant comfort will be ana-

R adiantcooling, in which chilled water is circu- lyzed by calculating air and surface temperatures,
lated through ceilings, may be an energy- and peak-day cooling energy profiles for radiant
conserving, peak-power-reducingalternative cooling systems will be compared to conventional

to conventional air-conditioning systems. Such hy- systems.
dronic systems are particularly well-suited to dry
climates, such as those typical of California. Radiant OBJECTIVESANDMETHODS
cooling systems have been used for more than 30 Current energy analysis programs, such as DOE-2,
years in hospital rooms because they provide a draft- cannot simulate radiant cooling systems. As a result,
free, thermally stable environment; however, their the expected performance of these systems cannot be
energy savings and peak-load reduction characteris- analyzed (short of installing and measuring them),
tics have never been appreciated. Furthermore, lack inhibiting their use. The primary goal of this project
of adequate guidelines for the design and control of is therefore to develop a computer model that allows
these systemshaspreventedtheirwidespreadappli- users to calculate heat extraction rates and room
cation to other building types, surface temperature distributions for radiant cooling

Cooling ofnonresidentialCaliforniabuildingsis systems. The model can be used to evaluate such
a significant contributor to electrical consumption issues as comfort, controls, sizing, system configura-
and peak demand. A large fraction of this cooling tion, dynamic response, and energy use.
energy is attributable to the fans that transport cool The model being developed uses SPARK, which
air through the ducts;not only is electricity needed to provides a methodology for describing and solving
drive the fans, but heat from the fan motor might add the dynamic, nonlinear equations that correspond to
to the thermal load. The electrical demand of the complex physicalsystems.Theradiantcoolingmodel
motors and their drives also adds to the peak load. will be designed to be included later in DOE-3 (a

One way to reduce fan energy is to transport only version of DOE-2 that incorporates SPARK) and will
enough air for ventilation and provide thermal con- be made available in the SPARK library. It will be
ditioning by radiant cooling with ahydronic system, used to simulate typical office rooms to show rates of
The amount of energyneeded to pump chilled water heat removal and determine room air and surface
to the conditioned spaces is then small compared to temperatures (which affect thermal comfort).
the equivalent fan energy foran all-air system. More- The DOE-2 model compares overall cooling loads
over, eliminating the return air improves comfort by with the overall capacity of hydronic radiant systems
reducing drafts and improves airquality by reducing currently on the market. Although results indicate
interzone pollutant transfer, that the overall cooling loads for office building

The goalofthisprojectistodevelopamodelthat construction are low enough to be met by current
can accurately simulate the dynamic performance of radiant systems, this simple matching of overall load
hydronic/radiant cooling systems. This model is and capacity is not sufficient to establish the viability
being created using the LBL Simulation Problem of radiantsystems. More detailedanalysis, including
Analysis and Research Kernel (SPARK, formerly system modeling, isnecessarytoestablishthepoten-
called Energy Kernel System). The resulting model tial for using hydronic radiant systems in California
will help analyze the performance of radiant cooling commercial offices.
systems for office buildings in different California So far, the room model containing passive walls
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and windows has been devel-

oped. External loads are taken
from DOE-2 simulations, thus re-

ducing the need for a detailed
description of the facade. The next
step is to develop the active
(heated or cooled) components
using the two-dimensional finite
differences method. Data ob-
tained from in-situ measure-

ments will be used to evaluate
the simulation model.

Heat and mass flows in a room
conditioned by a cooled ceiling and
vented using the displacement
ventilation method.
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ENERGY-EFFICIENT,LOW-NOx AND -CO BURNERSFOR RESIDENTIAL,
SMALLINDUSTRIAL,AND COMMERCIAL GAS APPLIANCES

RESIDENTIALEMISSIONMODELING AND FORECASTING

Gregory W. Traynor
Staff Scientist

Lawrence Berkeley Laboratory

ne goal of many local, state, and federal Data for the model will be collected from a wide
agencies is to reduce outdoor air-pollution variety of sources. Pollutant emission-rate data will
levels in California's South Coast Air Basin be collected from published journal articles and re-

and other urban airsheds. Developing gas-fired burn- ports; to date, researchers have found more than 80
ers that produce low levels ofNOx and COcould help papers reporting pollutant emission rates from some
reduce outdoor air-pollution emissions from gas- 700 residential gas appliances. Appliance market
fired appliances; measures that reduce the need for penetration and residential housing stock character-
gas combustion (such as increased space- and water- istics will be collected primarily from local utility
heater efficiencies and house insulation) would also surveys, while information on appliance usage rates
help decrease pollutant emissions, will be modeled or obtained empirically from sur-

The goal of this project is to develop a quantita- veys.
tive model that can both predict outdoor pollution After gathering the data and developing the
emissions from residential natural-gas appliances model, researchers will run the model to compare its
and evaluate various pollutant-reducing strategies results to current aggregate pollutant emission esti-
on a cost/benefit basis. The model will use detailed mates used by state and local air-quality districts.
information on residential natural-gas-appliance Discrepancies between the two will be explored. The
emission factors, usage rates, and market penetra- model will also be run to compare, on a cost/benefit
tion to evaluate the benefits of various pollutant- basis, various strategies for reducing outdoor air-
reducing strategies, rank the strategies, and compare pollution emissions from residential gas appliances.
them to similar measures proposed in other pollut-
ant-producing sectors, such as large industrial and RESULTS
mobile sources. The first phase of this project--the literature survey

of pollutant emission rates from residential natural-
APPROACH gas appliances---reveals mixed findings when the
This approach has three components: develop amodel resulting literature values are compared with those
that quantifies outdoor pollutant emissions from published by the U.S. Environmental Protection
residential gas appliances, collect the data necessary Agency in its Compilation of Air Pollutant Emission
to run the model, and then run the model. Besides the Factors (AP-42). NOx and fine particulate emission
parameters mentioned earliermgas-appliance emis- factors collected in the literature search are consis-
sion rates, usage rates, and market penetration--the tent with the emission factors in AP-42; however, the
model will include usage rates forselected gas appli- CO and methane emissions collected are consider-
ances (such as space heaters) based on the need for ably higher than the AP-42 values. These results may
those appliances. For example, residential space- indicate that the impact of residential natural-gas
heater usage depends on outdoor temperature, house combustion on outdoor CO and hydrocarbon levels
insulation levels, house air-exchange rates, and other has been underestimated. A well-designed field study
energy-related parameters, is needed to test this hypothesis.
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ALTERNATIVESTO COMPRESSORCOOLING IN CALIFORNIA
TRANSITIONCLIMATES

PROJECTOVERVIEW

Joe Huang
Staff Scientist

Lawrence Berkeley Laboratory

his multiyear project is aimed at reducing the model building plans and low-energy cooling sys-
unfavorable electricitydemandpeakscaused terns. They will also collaborate with utility pro-
by sporadic air conditioning of houses in grams and the building industry to construct actual

California transition climates by developing housing buildings.
designs and control strategies that keep houses com- The research team consists of eight investigators
fortable using less energy-intensive cooling tech- from Lawrence Berkeley Laboratory (LBL) and five
niques. These alternative cooling strategies include universities representing several diverse disciplines.
improving thehousing design forbetter solar control Ed Arens (Architecture, UC Berkeley) is studying
and thermal storage; using noncompressor cooling indoor comfort criteria and health conditions. Bruce
systems, such as evaporative coolers or whole-house Hackett and Loren Lutzenhiser (Sociology, UC Davis
fans; and installing "smart" systems for improved and Washington State University) are surveying
ventilation control, public attitudes toward cooling equipment use and

Although the ultimate goal is to design and build identifying barriers to acceptance of alternative cool-
houses that demonstrate these alternative cooling ing strategies. Baruch Givoni (Architecture, UCLA)
strategies, the first year of the project has been de- is gathering field data on the effects of ventilation and
voted to: evaporative cooling. Hofu Wu (Architecture, Cal

Poly Pomona) is studying evaporative cooler designs
• Improving simulation methods and and the architectural implications of cooling strate-

gathering field data on the effectiveness of gies.
alternative cooling strategies under At LBL,Helmut Feustel is impro_,ing the ventila-
transition-climate conditions, tion modeling and developing algo 'ith_ns for venti-

• Determining the criteria for indoor com- lation controlstrategies; Fred Winkelma,,_n is provid-
fort. ing simulation support for improv¢,ments to the

• Investigating public attitudes toward air DOE-2 program. Joe Huang, the ovr ;aU coordinator
conditioning versus alternative cooling of the project, has completed a p:eliminary assess-
strategies, ment of cooling strategies and is working to improve

an evaporative cooler model.
In subsequent phases, researchers will apply the The following seven summaries describe the work

analysis tools and insights developed to produce done to date by the individual researchers.
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ALTERNATIVESTO COMPRESSORCOOLING IN CALIFORNIA
TRANSITIONCLIMATES

ANALYSISOF CLIMATIC CONDITIONS AND PRELIMINARYASSESSMENT
OF ALTERNATIVECOOLING STRATEGIES

Joe Huang
Staff Scientist

Lawrence Berkeley Laboratory

he aims of this research are to characterize this climate means that the design-day conditions
conditions intheCaliforniatransitionclimates, will be highly dependent on the choice of design
to study cooling requirements, and to deter- stringency.

mine the effectiveness of alternative cooling strate- The preliminary analysis of alternative cooling
gies in meeting these requirements for typicalhouses, strategies was done using a parametric DOE-2 analy-
The climate analysis will help define design condi- sis of two prototypical houses in three transition-
tions and identify the availability of weather data; climate locations (Santa Rosa, Pasadena, and River-
the preliminary assessment of cooling loads and the side). Change in the indoor temperature was the
effectiveness of alternative strategies will guide fu- primary criterion for evaluating the impact of several
ture research and designs, strategies: light-colored roofs, reflective glazing, ex-

Thestudyofclimatecharacteristicswasbasedon posed floor slab, evaporative cooling, and natural

ASHRAE design temperatures and California En- and mechanical ventilation. Electricity use was a
ergy Commission hourly weather tapes. Plots made secondary criterion, assuming the houses had air
from ASHRAE design temperature data for more conditioning. The results indicate that the peak in-
than 600 locations suggest that a rough transition door temperature of a typical current-vintage, un-
climate extends 10 to 30 miles inland from the coast, conditioned house in Riverside can be reduced from

Compared to the Central Valley further inland, the 89 to 79°F using a combination of relatively simple
climate in this zone is more humid (but still semi- alternative designs and strategies. For a similar con-
arid); it has significantly lower daytime tempera- ditioned house, the cooling load is reduced by 85%;
tures on most days but occasionalpeak temperatures if the load is met by a direct evaporative cooler, the

that approach those in the Valley. The irregularity of energy and peak reductions are 82% and 52%.
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ALTERNATIVESTO COMPRESSORCOOLING IN CALIFORNIA
TRANSITIONCLIMATES

COMFORT ANALYSIS

Fred Bauman, Research Specialist
Edward Arens, Professor

Center for Environmental Design Research
University of California, Berkeley

he effect of indoor air motiol, ox, cooling the The primary objective of this phase has been to
human body is not well-understor, d, )et it is test human subjects in the Controlled Environment
very important to the success of several en- Chamber at the University of California, Berkeley,

ergy-conserving approaches to cooling b",:ildings in under varying combinations of temperature and air
the summertime. These approaches are: movement: Two studies have been completed, one

with the air movement coming primarily from the

• Fan-powered ventilation as provided by subject's front and the other with the air from the
r_,am fans, ceiling fans, whole-house fans, side. In the first study, cosponsored by the Univer-
or the fans in direct evaporative coolers, sitywide Energy Research Group, the subjects were

,, Natural ventilation as induced by wind tested in residential ._ettings doing residential types
pressure or thermal buoyancy pressures of activities. The fa' l used to provide the air move-
across the building envelope, ment was program ned to provide a distribution of

velocities represen_tive of natural gustiness. The

By producing air motion across the body, these results of these studies, while not yet complete, show
approaches enhance the rate ofheattran_fer from the a marked preference for greater air movement than
body; tbus, a warmer environment c:an be comfort- the standards permit. Encouragingly, these results

abie than would be possible und, er still-air condi- are corroborated by results from a recent field study
tions. Because the energy req,',ired to move air is the researchers carried out in Australia.
usually much less than that required to lower its With the goal of more accurately predicting air-
enthalpy, these approaches are potentially very at- movement comfort in the future, researchers have
tractive in terms of saving energy, met a number of secondary objectives. A multi-

The problem is that air movement's effects on segment computer model of the human body has
body cooling are usually construed in the context of been under development. To calibrate it, researchers
undesirable drafts, the unwanted cooling induced by took detailed measurements of heat flow and skin
air movement when the body is already cool. This tempera_-_re with an electrically heated thermal
viewhasperhapsarisenbecau_oftheEuropeanand mannequin exposed to the same air flows as the
East Coast origins of comfort research, where heat- subjects in the chamber. This mannequin was also
ing is the primary concern. Standards regulating the tested knthe wind tunnel under a carefully controlled
indoor thermal environment, such as ASHRAE Stan- set of wind sgeeds, allowing the effects of air move-
dard 55 and ISO Standard 7732, have maximum air- ment on clothing insulation to be determined in

movement limits that essentially prevent the use of unprecedented detail. Finally, the mannequin was
air movement for comfort. These are now under used to determine the thermal insulation provided

debate, and this study is intended to give the stan- by various types of chairs used in offices and resi-
dards-writing committees enough information that dences, helping researchers retroactively assess the
they will take air-movement cooling into con_ider- findings of earlier field and laboratory studies in

CU, LK,L IL,...._,,PJLLLJLUI I.
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A related subproject is a literature review of ings that are being mechanically cooled or that are in
humidity's effect on human health. This project was a heating mode. The effects also depend to a great
initiated because the indoor humidity maxima pre- extent on the mechanical system features and the
scribed in environmental standards are lower than finishes and furnishings of the building. The simple
the humidities provided by direct (or direct/indi- prescription of a maximum relative humidity in the
rect)evaporative coolers. The review shows that the oca_pied space is probably not sufficient to control
effects of higher humidities in buildings that are health problems in buildings and works against the
beingcooledevaporativelydifferfromthoseinbuild- adoption of healthy evaporative cooling systems.
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ALTERNATIVESTO COMPRESSORCOOLING IN CALIFORNIA
TRANSITIONCLIMATES

VENTiLATIVECOOLING AND CONTROLSTRATEGIES

Helmut E. Feustel
StaffScientist

Lawrence Berkeley Laboratory

VENTILATIVECOOLINGSTRATEGIES door air is supplied to the building during cooler

uring the literature review for Alternatives hours, storing "coolth" in the structure for later use
to Compressor Cooling, ventilative cooling during warmer hours. The ventilation rateis reduced
was identified as the most likely candidate as the outdoor temperature rises. Because the cool

to replace compressor cooling in California transi- structure absorbs heat fromtheindoorair, theindoor
tion climates. Ventilative cooling refers to any strategy temperature rises more slowly than the outdoor tem-
that uses outdoor air in the cooling process. The two perature. Thus, this ventilation method takes advan-
basic ventilative cooling approaches are direct cool- rage of the delay between the availability of cooling
ing ventilation, in which ventilation air is supplied as resources and the need for cooling.
cooling is desired, and thermal storage ventilation, in The charging and discharging of the storage
which ventilation air is supplied primarily during medium used in thermal storage ventilation may be
off-peak hours to reduce the temperature of the either passive or active. In the passive/passive case,
thermal mass in a building, cool night air is used to remove heat from a structure

Direct cooling ventilation works by removing that has absorbed heat during the day. A passive/
internally generated heat. Its cooling effect is en- active combination can be used when night air is too
hanced because people feel cooler when air is mov- cold for continuous night ventilation of the structure.
ing over them, partially a result of air motion increas- The cold air is directed to an isolated storage me-
ing the rate of evaporation from the skin. In climates dium, cooling it and preparing itto absorb heat again
with diurnal temperature swings of more than 10°C, the following day.
direct cooling ventilation is typically used when the These ventilative cooling methods may be either
outdoor temperature has peaked and is subsiding, natural or induced. Induced ventilation must be
For transition-climate houses incorporating other used when the natural driving forces are inadequate
significant cooling measures (such ashigh insulation or when the large oper_.ingsin the building envelope
levels, solar control window glazings, exterior shad- required for natural ventilation would create secu-
ing, and substantial thermal mass), this ventilation rity or privacy problems. Induced ventilation is also
strategy might be unnecessary, easier to control automatically.

If cooling is required when outdoor conditions
are unfavorable, evaporative cooling can be used as CONTROLSTRATEGIES
the direct ventilative cooling method. In this strat- Manyalternativesystemcontrolsareinherentlymore
egy, outdoor air, cooled by the evaporation of water, complex than compressor cooling controls. Ventila-
is supplied to the conditioned space at asignificantly tion can be difficult to control manually, necessitat-
lower temperature than the ambient airtemperature, ing automatic controls in many cases. Ventilation

While direct cooling ventilation has been stud- systems without additional cooling sources should
ied in considerable detail for some time, many as- be off when the outdoor temperature is higher than
pects of thermal storage ventilation are now being the indoor temperature. Thus, automatic control of
investigated. This method is feasible only in climates ventilation requires at least a determination of the
with significant diurnal temperature swings. Out- outdoor and indoor temperatures, and optimum
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control requires information about the air humidity, know the quantity and velocity of ventilation air
time of day, heat capacity of the building, and so on. supplied to a building. Accurate calculation of the
The control problem becomes more complicated effects of a structure's air-flow velocities on the con-
when ventilation is combined with other cooling vective heat transfer requires determination of the
strategies (such as evaporative cooling), velocity field in each room. However, most building-

A system providing ventilative cooling to a resi- energy simulation models are currently unable to
dential building requires a set of"smart" controls to calculate air-flow distributions in multizone struc-
use the supplied energy most efficiently. The system tures. Therefore, a multizone air-flow model, such as
should provide both direct cooling ventilation and COMIS, that provides the air flows and distributions
thermal storage ventilation. Based on the compari- in a building must be linked to a building heat-
son of temperature differences between the indoor transfer calculation model, such as DOE-2, to calcu-
air and ambient air, the capacity of the thermal late the air-flow rates required for cooling in a zoned
storage, and the time of day, the system should be structure.
controlled either to use minimum outside air flow or The accuracy of simulation data must be con-
to be in the direct ventilative cooling or thermal firmed by measured performance data. Simulations
storage cooling mode. The system may also include permit the low-cost evaluation of various cooling
the use of ceiling fans. In addition to the basic venti- strategies in different climates, but experience has
lation system, adirect evaporative cooler can beused shown that simulations can produce very question-
asa booster to avoid extreme indoor airtemperatures able results if not grounded in actual measurements.
in peak cooling situations and to reduce the supply The development of any"smart" ventilative cool-
air temperature for effective night thermal storage ing system must include design of the apparatus and
ventilation. For reduced water consumption, evapo- control mechanism. The apparatus must be flexibly
rative cooling should be used only in extreme peak designed to facilitate direct ventilative cooling, ther-
situations, real storage cooling, and some supplemental (such as

evaporative) cooling. The control design should be
SYSTEMSELECTIONANDDESIGN based on the performance evaluation described above.
To design an optimum ventilative cooling system A prototype should be built and used to demonstrate
and determine acomplementary control strategy, we the cooling strategy in a residential building.
must determine the relative performances of various Although ventilative cooling has the potential to
ventilation applications. Computerized building- replace compressor cooling in California transition
energy simulations arenecessary to obtain such per- climates, it is most viable when used in conjunction
formance data. To simulate ventilative cooling and with building envelope technologies that minimize
its effects on the building and its occupants, we must external heat gains, particularly solar gains.
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ALTERNATIVESTO COMPRESSORCOOLING IN CALIFORNIA
TRANSITIONCLIMATES

NOCTURNALVENTILATIVECOOLING

Baruch Givoni
Professor

University of California, Los Angeles

MONITORINGPLAN using a pyranometer. Radiation fluxes will be mea-

t the Pala Research Facility, three test build- sured either parallel to the surface in question (the
ings with _ferent levels of thermal mass impinging radiation, R-i) or facing the surface (the
are being monitored as part of this research, reflected radiation, R-r). The ratio (R-r/R-i) provides

The objective of this study is to evaluate the effect of an estimate of the surface albedo.
ventilation on indoor temperatures as an alternative

to compressor cooling. This effect will be quantified DECREMENTFACTORAND TIMELAG
and expressed as a function of the thermal mass of The measured decrements of the indoor temperature
the buildings and the ventilation schedule and rate. swing (relative to the outdoor swing) and the time
The monitored buildings have low-mass stud wails, lags of indoor maxima behind outdoor maxima will

high-mass concrete walls, and medium-mass walls, be correlated with the calculated thermal mass of the
Three physical characteristics of the buildings, three test buildings according to their design details.

which will be included in a generalized model of the The measurements taken in the sol-air temperature

performance of nocturnal ventilative cooling, are rise evaluation will also be taken in this series.
being evaluated: indoor sol-air temperature rise, dec-
rement factor and time lag, and heat-transfer coeffi- HEAT-TRANSFERCOEFFICIENT
cient. These thermal properties can be evaluated The buildings will be heated continuously with con-
from the same measured data. The indoor tempera- stant and known convective electrical heating sources
tures are recordedwhenthebuildingsareclosed (not for about two weeks. The heat input, Q, and the
ventilatedorcooled).Themeasurementsinthismode measured difference between the indoor and out-

will provide the baseline thermal performance data. door averages minus the sol-air temperature eleva-
tion, (Tin-Tout)-dTs-a, are used to calculate the over-

INDOORSOL=AIRTEMPERATURERISE all building heat-loss coefficient (BLC):
The indoor sol-air temperature rise--in other words,
the elevationofthe average indoor temperature above BLC = Q / [(Tin-Tout)-dTs-a]

the average outdoor temperature (dTs.Ta)---reflects
the solar energy absorbed at the building's envelope. THEEFFECTIVENESSOF NOCTURNALVENTILATIVE
It can be correlated with measured solar absorptivi- COOLING AT DIFFERENTTHERMALMASS LEVELS
ties of the external surfaces of the test buildings as The effect of ventilation at the three levels of thermal
well as with measured outdoor climate data. A for- mass is being tested under the following ventilation

mula is then derived expressing the indoor sol-air conditions:
temperature rise of the test building as a function of
average albedo, daily solar radiation, and daytime • Buildings dosed day and night (control
wind speed. This parameter will be included in a conditions).
generalized mathematical model predicting the ex- • Buildings closed during the day and
pected performance of nocturnalventilative cooling ventilated at night, with different ventila-
under different climatic conditions, tion rates.
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Two criteria will be used to evaluate the perfor- This sequence will be performed in the spring
mance of ventilative cooling: the reduction of the andmidsummertoobtaindataontheeffectofchang-

average daytime temperature and the reduction of ing climatic conditions on the performance of
the peak temperature. The performance will be ex- ventilative cooling. The effect of these ventilation
pressed, at the data-analysis stage, as functions of modes will be compared with the baseline perfor-
the heat capacity of the building, the ventilation rate, mance (when the buildings are not ventilated).
and the climatic conditions. The effect of ventilation In a nocturnally ventilated building, the stored

at the three levels of thermal mass will also be tested cold is used during the daytime hours to lower the
under the following ventilation conditions: indoor temperature, thus reducing the need for me-

chanical (compressor or evaporative) cooling. The
* Buildings closed during the day and structural cold-storage effectiveness is expressed by

ventilated at night (two or three weeks, the reduction of the indoor daytime temperatures in

each with a different ventilation rate, the nocturnally ventilated buildings below the in-
depending on equipment capabilities), door daytime temperatures of the same buildings

• Buildings ventilated day and night (two when they are closed day and night or when venti-
weeks, with two ventilation rates), lated day and night.
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IMPROVEDDOE-2/COMI$ RESIDENTIALSYSTEMMODEL

Fred Winkelmann
Staff Scientist

Lawrence Berkeley Laboratory

esearchers on the Alternatives to Compressor position of window openings, and effects
Cooling project are devising approaches to of interzone air flow.
mitigate the large and sporadic electric de- • Calculation of forced night ventilation to

mand peaks on hot summer days caused by air precool the building mass.
conditioning of houses in California transition cii- • Improved calculation of direct and indirect
mates. The main toolbeing used to analyze demand- evaporative cooling.
reducing cooling strategies is the DOE-2 building • Simulation of a "smart controller" that will
energy analysis computer program, decide what alternative cooling strategy is

An improved DOE-2 residential system model is most appropriate at any given time,
being developed that will provide increased flexibil- depending on the building type and
ity and accuracy in simulating alternative cooling environmental conditions (such as outside
strategies, such as natural ventilation, forced ventila- temperature, humidity, and wind speed).
tion, and evaporative cooling. The key new features • Simulation of duct losses.
of this model are:

The improved model willbe used forparametric
• A link to the COMIS air-flow model to analyses in this project, validated against measure-

allow accurate modeling of wind-induced ments from the Pala test buildings, and laterreleased
natural ventilation, taking into account for public use.
wind direction, wind speed, size and
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Bruce Hackett
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Loren Lutzenhiser
Associate Professor
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his element of the Alternatives to Compressor (such as the perception of evaporative coolers as
Cooling project is designed to identify poten- lower-status "swamp coolers"). AC is increasingly
tial barriers to the adoption of alternative questioned by consumers on environmental grounds,

cooling technologies in new home construction in however, and few AC users are pleased with its noise
California transition climates. The first phase of the and unpredictable costs. Continuing CIEE research
project has involved in-depth interviews and sec- may show that AC and noncompressor alternatives

ondary analysis of existing data. The researchers are appeal to different, and changing, consumer market
exploring both consumer cooling behavior and pref- segments. The work on consumer behavior is being

erences and market constraints faced by the organi- expanded to compare cooling practices, preferences,
zational actors who shape residential design (build- and desires in different parts of the transition climate
ers, developers, HVAC installers, realtors, appraisers, area.
lenders, and code officials). The immediate goal is to Studies of the organizational networks respon-
identify those characteristics and attributes of com- sible for building design and first purchase of cooling
pressor air conditioning (AC) and alternative tech- technologies show that AC is, of course, weU-estab-
nologies that are most salient to buyers and users, lished and strongly supported by vendor networks,

Preliminary analysis has identified a good deal engineering standards, and sellers' beliefs about buy-
of variability in cooling behavior and cooling energy er preferences. The residential housing industry is
use in transition climates, with wide variation in changing rapidly, however, and a number of eco-
saturations of the various types of cooling equip- nomic and regulatory trends seem to be combining in
ment used (central and room AC, evaporative cool- support of AC alternatives. These include CFC regu-
ers, and whole-house and attic fans) and the finding lation/phaseout and the increasing adoption of new
of widely variable cooling energy load shapes. Some building materials and construction techniques--
important dimensions of consumer preference and such as panehzed building systems, steel framing,
understanding regarding cooling alternatives have engineered lumber, and increased use of concrete--
also been identified, although data continues to be in response to wood's declining quality and unpre-
collected from both AC users and nonusers living in dictable prices.
transition areas. We may be entering a period in which an indus-

While some consumers are strongly opposed to try in transition may be more receptive to innovation
compressorcooling(andhavedevelopedavarietyof than in more stable times. A depressed housing
strategies for dealing with heat, often in dwellings industry is also more cautious, and preliminary as-
that are poorly designed for natural cooling), others sessments of builder concerns regarding cooling al-
express concerns about alternatives. These include ternatives point to perceived risks and costs, lack of
aesthetics, risk, cost, post-sale support, functionahty, off-the-shelf and proven designs, and uncertainties
fashion, comfort, resale value, and culturalmeanings about the Title 24 implications. The concerns and
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interestsofHVACcontractorshavealsobeenconsid- to supply team members whose expertise lies in
ered, along with those of developers, architects, the building and system design with suggestions re-
lender/appraiser subsystem, utilities, and govern- garding design acceptability and alternative design
ment. The importance of various factors (critics/ strategies (for example, designs that do not preclude
opponents of AC, buyer/user knowledge, codes and future modification and approaches to design that
standards, non-California actors, interest rates and integrate structure with occupant behavior). Indus-
financial conditions, marketing barriers, and sub- try and consumer studies are being expanded to
systems undergoing particularly rapid change) in build a network of key sources of criticisms and
the development, acceptance, and diffusion of cool- suggestions regarding specific design alternatives.
ing technologies is being investigated. This effort is being coordinated with other util-

Until the project team develops a range of proto- ity-sponsored DSM marketing and building proto-
type designs, industry and consumer informants can type R&D projects. These networks are intended to
only supply fairly generic information regarding develop into primary channels through which tech-
barriers to adoption. However, some of the forms of nology development resulting from this project may
support and resistance that are likely to be encoun- be readily transferred to designers, builders, install-
tered by specific design alternatives have been ex- ers, and marketers. Regional and national trends in
plored; these include evaporative coolers, exposed changing consumer lifestyles and preferences, in-
slab and interior mass, shading, increased albedo dustry developments, and competing cooling tech-
levels, insulation, modified window design and place- nologies will continue to be closely monitored, with
ment, forced ventilation, night ventilation, and ad- a long-range goal of assuring optimal acceptability
vanced building/HVAC control systems, and adoption of noncompressor cooling designs by

As the project proceeds, researchers are working first buyers and end users.
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EVAPORATIVECOOLING SYSTEMS

Hofu Wu
Brooks Cavin III

Professors
California State Polytechnic University, Pomona

f alternative strategies for replacing compressor periments, and system parameters are derived from
cooling in residential buildings are to be success- computer simulations to achieve the most energy-
ful, the proposed evaporative cooling systems efficient system designs for residential buildings in

must provide both adequate comfort level and sub- transition climates.
stantial energy benefits. From the utility's point of For example, an evaporative cooler's perfor-
view, the system must have drastic peak reduction mance varies greatly depending on the thickness of
and no negative environmental impact; from the the wetted media and the speed of the air passing
developer's perspective, the system needs to offer through the media. Once the performance relation-
flexible compatibilities for design and construction, ship to the pad thickness and air speed is determined,

it can be used to derive various design combinations
PRELIMINARYASSESSMENT for specific application. Meanwhile, the energy-load
Preliminary assessments are being conducted using profiles and peak-load demands can be closely moni-
the existing analytical module in the DOE-2 pro- tored to confirm the effects of system cycling and
gram. Energy consumption and peak demand of seasonal operations.
evaporative cooling systems are quantitatively com-
pared with several system design variables: dimen- INTEGRATEDDESIGNSOLUTIONS
sions of the wetted pad, size and type of heat ex- Optimizing the cooling potential of ventilation, evap-
changer, air-flow rate, and fan power. After reviewing orative cooling, and thermal storage requires a smart-
alternative cooling strategies, researchers deciC__dto control device. Based on the variables monitored
focus on ventilation and evaporative cooling sys- between the outdoors and the interior, a smart-con-

terns; system optimization is planned for the transi- trol system can choose among various routes to meet
tion climate only. The conclusion of the preliminary cooling needs. Researchers are developing ways to
assessment is that building with better envelope integrate alternative cooling systems with standard
thermal criteria can almost eliminate the cooling load architectural elements to allow industry implemen-

in this region, tation. Because many of the alternative cooling strat-
egies being analyzed require specific architectural

VALIDATINGTHEEXISTINGMODEL changes to the building, the physical constraints
Researchersare investigating the factors that deter- imposed by residential construction and system inte-
mine the effectiveness of evaporative cooling sys- gration are being analyzed. A preliminary collection
terns in transition climates; these include fan and of architecturaldesignandconstructiondetailsused
pump power, part-load efficiency, and water usage, by the regional architectsandbuilders isbeing exam-
The system performance is validated with field ex- i_ned.



CALIFORNIAUTILITYDATABASEON MONITOREDPERFORMANCEOF
EFFICIENTEND-USETECHNOLOGIES

Alan Meier
Staff Scientist

Lawrence Berkeley Laboratory

he objective of this project is to uncover and As a result of this revelation, Southern California
assess the California utilities' "gray litera- Gas looked into offering a special rebate on gas ovens
ture" pertaining to energy use and conserva- not equipped with this option. Another result of this

tion. Gray literature is the technical reports, memos, study is that the Department of Energy will probably
and informal studies undertaken by utilities that are revise the appliance energy-efficiency standards to
never published, categorized, or disseminated, typi- discourage the use of this technology.
caUy residing in file cabinets and closets. Earlier The PG&E report reflects many aspects of this
projects had indicated that this literature contained CIEE project. First, it was truly gray literature: The
information that would improve the general knowl- report was never listed in any collection and lacked
edge of energy use and conservation technologies, an identifying number. (The cover didn't even have
Indeed, some of the studies were unique or would be a date.) Second, the report had important results that
extremely expensive to duplicate. If such informa- were not available elsewhere. Finally, uncovering
tion appeared useful, then the second goal of this these results caused another utility to consider an
project would be to determine the feasibility of estab- entirely new demand-side management program.
lishing a catalog so that other utilities would benefit There is no easy way to identify and collect the
from the research, gray literature. In fact, one objective of this project

To limit the scope of the study (and to avoid any was to determine whether or not the gray literature
nervousness amongthe authors), researchers placed could even be located. It was not possible, for ex-
three restrictions on the gray-literature search: ample, to telephone every utility and ask them to

mail all their gray literature. Instead, the researchers
• Only studies containing measured energy are visiting each of the utilities and identifying the

use or savings would be included, people who are most likely to know about this kind
• No studies with rate-making implications of research. In the larger utilities, this may involve

would be considered, visiting several departments. The researchers typi-
• A utility may ask that any of its documents callygiveexamplesofthekindsofinformationb¢ "_g

not be included in the database, sought as well as examples from other forays. One
result of these discussions is that information is

The response to one of the documents uncovered transferred both among the utilities and, even more
confirmed the potential value of gray literature. Pa- surprising, among different departments within the
cific Gas and Electric (PG&E) had commissioned a same utility.
detailed study of a stand-alone solar house. The Hundreds of documents have been reviewed;
objective was a better understanding of the energy more than 75 have been entered into an electronic
requirements of an ultra-low-energy home. In the database. Although several sites remain to be visited,
course of the investigations, the researchers discov- some tentative conclusions have been reached:
ered that the gas stove was a significant consumer of
electricity and identified the source as the electric • The research contained in the gray litera-
igniter for the oven. Unlike ordinary, pilotless igni- ture is valuable and should be dissemi-
tions on range burners, this igniter drew 400 watts nated.
whenever the stove burner was on. In fact, when • It would be difficult to compile and update
cooking small items, the gas oven consumed more a comprehensive list of gray literature
electricity than a microwave oven! pertaining to energy use and efficiency;

..
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there are simply too many people in- case studies that name the customers and
volved. Many of those people would not unique features of their operations.
even realize that they were creating the Utilities are justifiably reluctant to reveal
desired gray literature, while others would this information to the public.
be much less candid if they knew their • Everyone involved would benefit from
reports would be widely disseminated, increased exchange of this information. A

• Customer confidentiality could become a database is probably the wrong medium,
major obstacle to wider dissemination, but an informal conference or an add-on to
Many documents in the gray literature are an existing conference might be suitable.
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RESIDENTIALSECTORSPACE-CONDITIONING LOAD DATAANALYSIS

Joseph Eto
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esidential space-cooling loads are of particu- Both PG&E and the CEC use a load-shape fore-
lar concern for resource planners; not only casting model (called HELM) developed by the Elec-
are they growing rapidly, but the loads they tric Power Research Institute to prepare electricity

piace on utilities coincide with system peak demands, demand forecasts. However, they use different con-
The annual energy-demand forecasting models ventions for defining end uses within HELM.

usedbyCaliforniautilitiesandtheCaliforniaEnergy Working within existing PG&E and CEC con-
Commission (CEC) rely on an explicit representation ventions, the researchers developed HELM input
of the end-use structure of energy demand. Fore- flies by applying consistent analysis procedures to
casting peak electricity demand and load shapes the PG&E data. Three types of inputs were devel-
requires additional disaggregation of annual fore- oped: weather response functions that allocate fore-
casts over the hours of the year. These disaggrega- casts of annual energy use to the days of the year; sets
tions are appropriate because policy interventions to of 24-hour load shapes correlated with measures of
improve energy efficiency can only be captured by daily climatic severity; and an alternative to the use
forecasting tools that incorporate end-use and load- of a single 24-hour load shape that relies on direct
shape detail, estimation of each of the 24 hourly values.

Lack of high-quality end-use data to support
these modeling activities has been cited as the most CURRENTSTATUSAND FINDINGS
important factor limiting forecasting improvements. The findings are being summarized in a final report,
Moreover, collecting this data can be very expensive, which should be available about the time of the CIEE
California is fortunate because its utilities have be- Annual Conference. In addition, the results of the

gun collecting end-use metered data. Analysis of the analysis will be delivered to PG&E and the CEC in
data for forecasting purposes, however, has been the form of revised I-IELM input files so that both can
limited, incorporate project results into their fall 1993 forecast

filings.
PROJECTOBJECTIVESAND APPROACH

The objective of the project was to analyze end-use FUTUREWORK
metered data on residential space cooling to develop At present, all load-shape models operate as post-
a common set of inputs for the end-use forecasting processors to annual energy-demand forecasting
models used by Pacific Gas and Electric (PG&E) and models. In the future, the researchers would like to
the CEC. investigate methods for relating observed hourly

PG&E's load research group has been collecting end-use electricity consumption directly to physical
end-use metered data from more than 700 residential and other characteristics of metered households. CIEE

customers since 1985. This data was obtained, along is also interested in determininghow best to leverage
with corollary weather data and statisticalweighting expensive end-use metered data with nonmetered
factors, in a previous CIEE-sponsored project (a sub- end-use data to develop reliable information for

project of Integrated Estimation of Load Shapesand End- forecasts and demand-side management program
Use Energy Intensities in Commercial and Residential evaluations.
Buildings).
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his multiyear project has three primary equipment vintages considered are buildings built
objectives. The first is to apply an end-use before 1979with pre-1979equipmentandthosebuilt
load-shape estimation model and develop a after 1979but before 1982 with post-1979 equipment.

common set of hourly end-use load shapes and an- The core data on which the project is focused
nual energy-use intensities (EUIs) in commercial includes:
buildings by building type, vintage, and climate
region. The results will be compatible with the en- • PG&E on-site survey data of 855 buildings,
ergy and peak-demand forecasting models devel- hncluding billing data and weights.
oped by Pacific Gas and Electric (PG&E) and the • Load research short-interval (30-minute)
California Energy Commission (CEC). Load shapes load data of more than 1,000 accounts for
are of special interest for typical weekdays, weekend 1985 and 1986.
days, and peak days, by month or by season. • The 1985 and 1988 PG&E commercial-

Second, the adequacy of the estimated load shapes sector end-use mail surveys (roughly 6,000
and EUIs for the PG&E and CEC forecasting models for 1988).
will be evaluated. The third objective is to analyze • Hourly weather data for five climate
measured end-use load data collected by California zones.
utilities (such as PG&E and Southern California
Edison) for commercial buildings and to validate an The integrated methodology has two major com-
end-use load-shape estimation model developed at ponents: reconciliation of initial end-use load-shape
Lawrence Berkeley Laboratory. estimates with measured whole-building load data

This project, being conducted in two phases, to produce intermediate EUIs and load shapes, and
addresses the first and second objectives. The scope data-transfer procedures to transform intermediate
of Phase I, which was completed in May 1992, in- outputs into a revised set of inputs for CEC and
cluded three building types and up to 10 end uses per PG&E forecasting models. In previous presentations,
building. Phase II began the following September researchers have talked in detail about the reconcili-
and will study the remaining eight building types, ation methodology, which includes initial estimates
The building types being studied are small office, of end-use load shapes, average whole-building load
large office, retail store, restaurant, food store, ware- shapes, and reconciliation of the two sets of load
house, school, college, health, lodging, and miscella- shapes. This presentation will focus on data-transfer
neous. The end uses include space heating, space issues and adjusting the reconciled EUIs for direct
cooling, ventilation, indoor lighting, outdoor light- application to CEC and PG&E forecasting models
ing, refrigeration, cooking, and office equipment, based on the following factors:

The project addresses both electric EUIs and
electric load shapes. The average annual electric • Determining climatic impacts on space-
EUIs for each vintage are being developed for the conditioning EUIs.
conditioning and nonconditioning end uses. Whole- • Accounting for fuel saturation effects.
building load shapes have also been developed for * Disaggregating reconciled EUIs by build-
all building types. Weather-dependent EUIs are be- ing and equipment vintage.
ing evaluated for two climate zones: coastal and • Developing EUIs for electric heating and
inland. For each building type, the two building/ nonelectric end uses.
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• Expressing reconciled EUIs relative to a effects of twogenerations ofmandatorybuilding and
1975 base year. appliance minimum-efficiency standards). Each of

these underlying dimensions of total energy use
The end-use load shapes and EUIs developed (climate zone, fuel choice, vintage, and equipment

through the reconciliation procedure represent a saturation) is explicitly represented as a separate
snapshot of 1986 electricity use by building type and element within the CEC and PG&E commercial-
end uv for two regions of the PG&E service territory, sector energy-demand forecasting models. In addi-
For each building type, this snapshot represents an tion, the models' forecasts are based on a common
aggregation of the energy used by buildings in all base year, 1975, so that the impacts of energy prices
five PG&E climate zones considered in the CEC's on energy use between 1975 and 1986 must also be
forecasts. Within these zones, the snapshot also ag- taken into account. Finally, both the CEC and PG&E
gregat_¢ _iffering saturations of fuels and end-use models require information on several classes of
equipment wiOJn each end-use category. It further EUIs--such as electric space heating and nonelectric
aggregates energy, use over buildings and equip- space heating and water heatingmthat cannot be
ment subject to various eras of building construction developed directly through the reconciliation proce-
and equipment selection practices (Lacluding th_. dure.
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University of Caiifomio, San Diego

he goal of this multiyear project is to assess _- Investigate the degree to which the
and demonstrate ways to operate and control intelligence of the EMCS should be
whole-building systems through intelligent expanded and how best to distribute

computer control, diagnostic measurements, and that intelligence throughout the
f_dback. This approach makes commissioning a building.
continuous activity rather than a one-time certifica- • Investigate advanced methods for mini-
tion, combines commissioning with operation and mizing energy consumption and maximiz-
maintenance, and integrates building customers with ing comfort and indoor air quality by
the internal building control system, integrating occupant (and other customer)

Specifically, this proiect will define a standard cooperation with advanced building
set of information that will, if provided by the control techniques.
build_ng's energy management and control system • Demonstrate systems that achieve these
(EMCS), assist utilities, building owners, and build- goals in a commercial building or build-
ing operators by allowing rapid evaluation of build- ings to be chosen during the first phase of
ing performance and rapid diagnosis of the most the project.
important operational and maintenance problems.
This standard will address informational needs of SUBPROJECTPRINCIPALINVESTIGATORS
owners, operators, and utilities in both energy and Edward Arens
economics. Its four main components are the data Department of Architecture
that needs to be recorded, the data processing and University of California, Berkeley
graphics display (for conveying the information to
the users), the networking protocol forextracting the Samuel Haddad
information either locally orremotely, and user train- Department of Mechanical Engineering
ing. Utilities may decide to require conformance Santa Clara University
with the standard as a condition for rebates.

This multidisciplinary project, which will begin Harry Misuriello
in August 1993, consists of three phases: research, The Fleming Group
development of the tools required to demonstrate
the utility of the approach, and demonstration of the Mary Ann Piette and Alan Meier
approach. Specific tasks are to: Lawrence Berkeley Laboratory

• Determine the status and performance of A.V. Sebald (Project Coordinator)
current commissioning techniques and Department of Electrical and Computer Engineering
investigate strategies for correcting the University of California, San Diego
worst building performance problems.

• Give building customers clear, up-to-date Dale Seborg
information on the building's current Department of Chemical and Nuclear Engineering
status and performance. University of California, Santa Barbara
_- Investigate how to present relevant

information to customers so they can Robert Tatum and Chris Shockman
easily understand the current status Department of Civil Engineering
and performance of the building. Stanford University
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SHAPING THROUGHLIGHTINGCONTROLS:A SCOPING STUDY

Mark Rea, Director
Dorene Maniccia, LightingApplication Specialist

LightingResearch Center
Rensselaer Polytechnic Institute

his scoping study was sponsored by CIEE, RESULTS
the New York State Energy Research and De- The interviews showed that the state of the art in
velopment Authority, Pacific Gas and Elec- lighting controls has two definitions: what is known

tric,and Bonneville Power Administration. JimBenya to work and is cost-effective and what is being pro-
of Proven Alternatives, Inc., and RudyVerderber of moted and might be made to work. By the first

. Lawrence Berkeley Laboratory served as subcon- definition, occupancy sensors, time-of-day schedul-
tractors, ing, or a combination of the two strategies was con--

The project was designed to evaluate the atti- sidered cost-effective and state-of-the-art by the speci-
tudes and opinions of electric utilities, lighting con- tiers and manufacturers interviewed. By the second
trol manufacturers, and lighting control specifiers definition, "smart" technologies are defined by all
regarding: three groups as the state of the art in lighting controls.

The three groups identified similar barriers to
• The state of the art in lighting control the application of controls. All three believed that

systems and components, education, first cost, research and development, reli-
• Barriers limiting the application of the ability, and culturalbeliefs were barriers to the appli-

state-of-the-art technologies, cation of lighting controls, although specifiers most
• Energy benefits of lighting controls as they often considered effects on the end user.

apply to commercial office buildings. This scoping study showed that the identified
barriers are inhibiting the specification and use of

METHODS lighting controls. Although smart technologJes are
Attitudes toward lighting controls were assessed considered state of the art, they are not being speci-
through mailed and telephone surveys and personal fled because of certain barriers. Also, objective data
visits from utilities, manufacturers, and specifiers, to support convictions by the three groups was scarce.
These three groups were contacted because of the The groups' beliefs were based largely on personal
significant impact they can have on the penetration experience or on a narrow perspective of a particular
of lighting controls into commercial buildings, lighting control strategy. Although past demonstra-

Utilities influence the specification of lighting t-ionshave reported significant energy savings from
products through their demand-side management using lighting controls, most of the data was col-
programs, including the use of rebates, but they lected for combinations of strategies rather than a
co_d be much more influentialin the specification of single strategy. Further, there exist few demonstra-
lighth_g controls through these programs. Manufac- t-ions documenting systematic analyses of occupant
lurers defh-_ethe marketplace for lighting controls responses to lightingcontrols and long-termevalua-
through their products; therefore, it was essential to t-ion of maintenance issues and energy benefits. In
understand their attitudes toward the state of the art effect, the potential for lighting controls to improve
in lighting controls. The specifiers' confidence in and lighting and building energy efficiency is not well
past experiences with products drive their decisions documented.
on what, if any, control product to specify. If specifi- A comprehensive research, development, dem-
ers have no confidence in lighting control products, onstration, and technology transfer program is rec-
those products will never become a prevalent effi- ommended to overcome the identified barriers and
cient-lighting technology, to identify the energy benefits of lighting controls.
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The demonstrations should be designed to collect and human-performance issues of new and existing
objective data using standardized methods, evaluate lighting control technologies is critical to gaining
new and existing control technologies, and develop wider acceptance and use of lighting controls, and
application guidelines based on the results of the application guidelines are necessary to help users
data collection. Documenting the energy benefits select, specify, and use lighting controls.
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RESIDENTIALVENTILATIONSYSTEMS

Helmut E. Feustel
StaffScientist

Lawrence Berkeley Laboratory

ver the past two decades, rising home heat- ceptable ventilation without significantly affecting
ing costs have increased efforts to improve the home's energy usage. The results of this phase
energy efficiency in homes by limiting air will be used to develop a manual of acceptable de-

infiltration. State energy planners have responded sign and installation practices for ventilation sys-
by enacting new building codes and programs re- tems. Additional short-term monitoring shall then
quiring builders to construct homes that are better be performed to evaluate the design and installation
insulated and limit air infiltration. While these el- practices outlined in the manual.
forts have succeeded in reducing home heating costs,
homes have now become so "tight" that they don't PHASEIACTIVITIES
allow adequate ventilation. Whereas natural airinfil- Phase Iconsists of the following tasks:
tration through the building once provided adequate
ventilation, energy-efficient building practices have 1. Review of ventilation approachesand strategies
effectively eliminated that as a means of meeting Technicalliterature willbe researched to identify the
current ASHRAE ventilation standards, range of approaches available for providing ventila-

With state home energy efficiency programs lim- tion in homes, review the products used, and com-
iting allowable air infiltration and ASHRAE stan- pare the results of these studies. Relevant standards
dardsrecommendingminimumair-ventilationrates, for ventilation equipment, building ventilation re-
it has become obvious to builders that these oppos- quirements, and air-infiltration measurements
ing requirements can only be met by incorporating (ASHRAE 62-119, ASTM E779, and NYSE-STAR, for
ventilation systems into the designs of their homes, example) will be identified.
Builders across the state, as well as across the coun-
try, are now faced with the task of identifying and 2. Review of air-change data for New York state and
selecting ventilation strategies and products that California homes
provide sufficient ventilation without significant Measured data from air infiltration and ventilation
impact on the home's energy usage, studies provided by CIEE will be reviewed and

analyzed to characterize the natural infiltration rates
OBJECTIVES of the New York and California housing stock and
The goal of Phase I of this project is to identify and create a baseline database for subsequent analysis.
assess effective, economical, energy-efficient venti-
lation approaches to residential construction. The 3. Product and HVAC contractor survey
approaches currently in use will be researched and Air-leakage data will be acquired from the NORIS
analyzed to assess their performance, cost-effective- study and compared to the New York and California
ness, and impact on home energy usage. At the data to examine the similarities in measured air
conclusion of this phase, the most appropriate venti- leakage and calculated ventilation ratesbetween these
lation strategies will be recommended, homes and homes in other states.

The objective of Phase IIwill be to demonstrate
the ventilation approaches determined to be most 4. Development ofanalysis plan
appropriate forNew York state homes to verify their An analysis plan that describes the methods and
field performance and impact on home energy us- procedures fordetermining the most promising ven-
age. The ventilation approaches recommended in tilationapproachesandstrategiesforNewYorkstate
Phase I will be implemented in 24 New York homes and California homes will be developed.
and monitored to verify their ability to provide ac-
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5. Analysis of ventilation approaches equipment operation (such as back draft from ex-
At a minimum, the analysis will determine the fol- haust) will be analyzed, as will the effects of ventila-
lowing for each ventilation approach: tion systems on moisture buildup and humidity in

homes.

• Air-change rate
• Uniformity of air distribution 6. Development of ventilation guide
• Energy impact A ventilation guide forNew Yorkstatehomes willbe
• Equipment costs developed based on the results of the work com-
* Operating costs pleted in Phase I. The guide, which will be suitable
• Life-cycle costs, for use by building contractors and HVAC contrac-

tors, will cover issues related to ventilation in New

Life-cycle cost analyses shall also be performed York state homes; the types of ventilation products
for each of the ventilation options based on New available; methods and strategies appropriate for
York fuel prices, fuel price escalation rates, inflation ventilating those homes (including new, existing,
rates, and length-of-time information provided by NYSE-STAR, and non-NYSE-STAR homes); and a
the Energy Authority. This analysis shall be per- list of products researched in this project, including
formed for new and existing homes of varying tight- their performance specifications, purchase costs, and
ness in New York and California. The effect of venti- installation issues and estimated costs.
lation systems on combustion appliances andheating
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THEROLEOF VEGETATIONAS A SOURCEAND SINK FORAIR POLLUTION
IN THESOUTHCOAST AIR BASIN

Arthur Winer
Director, Environmental Science and Engineering Program

University of California, Los Angeles

he goal of this three-year project is to address To determine the effects of additional trees on air
the direct and indirect effects of end-use effi- quality in the SoCAB, the researchers developed a

ciency on reducing photochemical smog in baseline vegetative emissions inventory using a Geo-
California's South Coast Air Basin (SoCAB). The graphic Information System. The advantage of a GIS

proposal under study involves modifications to the over conventional database management systems is
surface characteristics of the SoCAB, primarily an the ability to manage and model large spatial data-
increase in surface albedo and a massive tree-plant- bases. A GIS was used in this study to resolve exist-

ing program. These changes in surface characteris- ing biogenic hydrocarbon emissions spatially and to
tics are designed to moderate the urban heat-island model the effects of various tree-planting scenarios.
effect and reduce the air temperature of the SoCAB The first step in developing a spatially resolved
during the summer months. An overall decrease in biogenic emissions inventory was to digitize land-
temperature is hypothesized to lead to reduced en- use databases compiled for the entire SoCAB by
ergy use with an assoc_.a_eddecline in NOx emissions Ellefsen and Sidawi. Most of the urban areas were
from electric power plar_ts, as well as lower evapora- resolved to a 50 m resolution, while the rural areas
tire emissions of reactive organic gases from a vari- were resolved to a 5,000 m resolution. By combining
ety of mobile and stationary sources. Reducing these this digitized land-use map with land-use-specific
photochemical smog precursors would lead to ira- biomass factors estimated by Horie et al., researchers
proved air quality without imposing additional emis- were able to develop a spatially resolved green-leaf
sionsregulations, biomass inventory. This baseline inventory was

However, the effects of a massive tree-planting modified to correct for seasonal variations in bio-
program may not be entirely benef4.cial.While many mass.
trees have been shown to remove airborne pollut- The second phase of the study involved estimat-
ants, they also emit volatile hydrocarbons--prima- ing hydrocarbon emission rates for all identified tree
rily isoprene and various monoterpenes---that have species in the SoCAB through an exhaustive litera-
been shown to contribute to the formation of photo- ture search. Where available, measured emission
chemical smog in both rural and urban areas. More- rates were assigned. Tree species for which emission
over, volatile hydrocarbons emitted from vegetation rates were not measured were assigned rates based
generally have a greater photochemical reactivity in on phylogenetic relationships.
the atmosphere than a typical urban mix of anthro- Next, these hydrocarbon species-specific emis-
pogenic hydrocarbons. Adding large numbers of sion rates were combined with the spatially resolved
trees could therefore increase both the total hydro- biomass inventory to produce a spatially resolved
carbon emissions inventory for the SoCAB and the emissions inventory for isoprene and monoterpene
reactivity of the atmosphere. The specific focus of in the SoCAB. Correction algorithms, which account
UCLA's portion of this collaborative study is to for the effects of temperature, light intensity, and
examine the effects of massive tree-planting pro- humidity, were applied to the emissions database to

grams proposed for the SoCAB and the ability of develop a diurnally corrected emissions inventory.
vegetation to act as both a source of and a sink for air Existing vegetation in the SoCAB contributes an
pollution, estimated 250 metric tons per day of hydrocarbon
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emissions on a typical summer day, as compared to tree species for massive tree-planting programs.
estimated anthropogenic hydrocarbon emissions of However, other factors must also be considered when
approximately 2,000 MTPD. Since the biogenic hy- selecting candidate trees; these include drought re-
drocarbon emissions are concentrated in the down- sistance, flammability potential, pollutant trapping
wind, eastern portions of the SoCAB--namely the and resistance, and abroad spectrum of horticultural
forested San Bernardino, San Gabriel, and San Jacinto properties and landscape uses.
Mountains--they are likely to have a relatively mi- Insummary, hydrocarbon emissions from exist-
nor effect on the urban areas in the upwind, western ing vegetation do not appear to contribute substan-
portion of the SoCAB. tiaUy to the air-pollution problems in the SoCAB

Additional emissions contributed by a massive relative to current anthropogenicimpacts. However,
tree-planting program would vary depending on the as anthropogenic emissions decline with future con-
species of trees planted. For illustrative purposes, trol programs, vegetative emissions may define a
estimates of the emissions from two tree-planting lower limit on hydrocarbon emissions for the Basin.
scenarios were calculated. Planting 10 million trees, Thus, greater emphasis may be required in the future
equally distributed among 10 of the most popular on control of NO× smog precursors. In addition,
species found in the SoCAB, could contribute ap- proposed massive tree-plantingprograms may have
proximately 50 MTPD of biogenic hydrocarbons on positive or negative impacts on air quality depend-
atypical summer day. Ifthose trees represented 10 of ing on the species of trees planted; investigation of
theultra-low-emittingspeciesidentifiedinthisstudy, the role of vegetative hydrocarbon emissions will
however, the contribution to current biogenic emis- take on greater importance as mandated emission-
sions would be negligible. These simple scenarios control strategies reduce overall inventories of an-
emphasize the importance of selecting low-emitting thropogenic hydrocarbons.
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METEOROLOGICALMODELING INVESTIGATIONOF MITIGATION
STRATEGIESFORTHESOUTHCOASTAIR BASIN

David J. Sailor
Graduate Student Research Assistant

Lawrence Berkeley Laboratory

I nthe previous year of this project, an initial series mine the composition of each grid cell (such as per-
of meteorological simulations was conducted to centage urban core, grassland, and low-density hous-
investigate the potential of several mitigation ing). Each cell consists of various percentages of 23

strategies to cool the Los Angeles Basin. This study terrain types. Based on data in the available literature
included a complete two-dimensional sensitivity and professional judgment, reference values of each
analysis and a preliminary investigation of three- surface characteristic were assigned to each land-use
dimensional simulations. The sensitivity study re- category. Simple area-weighted averages of these

" vealed the importance of accurate specification of characteristics were then used to represent each grid
surface characteristics when modeling a heteroge- cell.
neous domain. These simulations also provided an
initial indication that high-albedo and tree-planting MODELINGADVANCES
strategies could cool cities by several degrees. The original version of the meteorological model

In the current phase, a number of advances have used for this project did not allow for explicit repre-
been incorporated into the meteorological model sentation of vegetation within the modeling domain.
and a series of improved three-dimensional simula- In all previous studies, the effects of vegetation were
tions has been conducted. Analysis of these simula- indirectly accounted for through the available input
tions indicates a substantial potential to cool Los parameters. Since the investigation of vegetation
Angeles through citywide implementation of tree- modification (tree planting) was of interest in this
planting and high-albedo programs, project, a method for explicitly including vegetative

changes in the modeling was required.
SURFACECHARACTERIZATION Several vegetation parameterization schemes

The computational domain covers the Los Angeles were investigated. A simple, previously validated
Basin with an array of 5 km grid cells stretching over scheme known as bulk layer parameterization was
320 km east-west and 200 km north-south. The rood- eventually chosen for this study. As implemented,

eling domain extends vertically to 9 km using vari- the BLP requires specification of only one additional
ably spaced vertical levels. Initial profiles of meteo- parameter for each grid cell: the fractional vegetative
rological variables were obtained from sounding cover.
data for August 1987. The model also lacked the ability to include the

The boundary condition of most interest in this effects of anthropogenic (man-made) heat release
study is the land surface. Specification of surface into the environment. This required a simple modi-
characteristics--such as albedo, roughness length, fication to the energy balance of the first air layer and
moisture availability, and substrate propertiesmis the specification of a nominal diurnal profile func-
necessary so that parameterizations of the surface tion. The peak value of daily anthropogenic heat
energy balance can accurately predict surface tem- release was then assigned to each grid cell as a
peratures and heat fluxes. It is common practice for function of the land-use characterization. The simu-
meteorological modelers simply to specify domain- lation results indicate that inclusion of this term
wide average values of all surface characteristics. In produces moderate air-temperature differences with
this study, a land-use database was used to deter- virtually no h_pact on the local flow patterns.
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MITIGATIONSCENARIOS ing application of a moderate tree-planting program

The mitigation scenarios developed in the previous was predicted to have a peak-temperature impact of
phase of this study were refined and tested using a roughly 1°C (1.8°F). The extreme mitigation sce-
land-use database to identify 394 grid cells (out of the narios investigated a doubling of the mitigation level
2,600 cells in the modeling domain) for albedo and/ relative to the moderate cases; the impacts on air

or vegetation augmentation. Two nominal levels of temperatures were approximately a factor of two
each mitigation strategy were investigated for both larger for the extreme cases.
individual and concurrent application. The moder- The complex interactions between the surface
ate-level modification specified a nominal 0.15 in- modifications and the local meteorology give rise to
crease in the albedo or vegetative fraction, while the several conflicting air-quality implications. The lower
extreme-level modification was exactly twice this air temperatures will clearly result in lower biogenic

value. The modified grid cells are highly concen- and anthropogenic emissions from the surface and
trated in and around the city of Los Angeles. These lower rates of photochemical reaction. At the same
394 grid cells correspond to regions that are signifi- time, however, these simulations revealed that mix-
cantly developed and have low existing values of ing heights will also be reduced. Reduced mixing
albedo and/or vegetative cover, height is a mechanism for increased photochemical

smog in Los Angeles because it reduces the effective
METEOROLOGICALRESULTS volume into which surface emissions are mixed,

After developing and investigating several base-case resulting in higher concentrations of photochemical
simulations, the researchers evaluated the mitiga- precursors. The quantitative effect of the two mecha-

tion cases. The results indicate a potential for moder- nisms can only be evaluated by analyzing the photo-
ate application of high-albedo surfacing to cool Los chemical simulations; this analysis is currently un-
Angeles by as much as 2°C (3.6°F). The correspond- der way.
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URBANAIRSHEDMODELING OF THESOUTHCOASTAIR BASIN:
PRELIMINARYSENSITIVITYANALYSIS

Haider Taha
Staff Scientist

Lawrence Berkeley Laboratory

any strategies have been proposed to re- acteristics, emissions, and meteorological data from
duce the emission and formation of atmo- August 26-28, 1987, were used as input to the UAM.
spheric pollutants in urban areas. These The conditions in all 2,340 cells at the bottom

strategies directly or indirectly involve a broad range boundary of the 180-by-325-km modeling domain
of regulations and standards, such as those related to are modified in a similar fashion (equal or propor-
transportationemissionsorenergyefficiencyinbuild- tional amounts of change with respect to a certain
ings. In this project, researchers are examining the variable). For example, temperature-sensitivity
impacts of yet another potential pollution-reduction simulations were performed by modifying the near-
strategy, this one involving large-scale surface al- surface air temperature in every surface cellby 2 and
bedo and vegetation modifications. The impact of 4°C (4 and 7°F). The mixing-height simulations, on
these modifications on the urban meteorology and the other hand, were performed by increasing or
air quality of the South Coast Air Basin (SoCAB) is decreasing the mixing height overeachcellby25%of
being studied with the aid of numerical models, the base-case mixing height at that location and time.
Output from a prognostic mesoscale meteorological As expected, the large space and time variation
modelwillbe used in a three-dimensional mesoscale in thermophysical, emissions, and meteorological
photochemical air-quality model to quantify the im- conditions within the domain results in a range of
plications of these strategies on urban air quality, possible space- and time-varying conditions, combi-

The Urban Airshed Model (UAM) is used to nations, and concentrations. It is inherently difficult
simulate the effects of surface property modifica- to formulate one simple, descriptive statement as to
tions on meteorological conditions and regional air the direct impacts of certain parametric variations on
quality in the SoCAB, with particular emphasis on basinwide air quality. Therefore, the figures pre-
ozone formation. The simulations will account for sented here should be interpreted cautiously at this
existing anthropogenic and biogenic emissions as stage.
well as the additional bio_2_'nicemissions that will The preliminary temperature-sensitivity simu-
result from the proposed increasein vegetation cover, lations indicate that lowering the air temperature
Instead of performing the simulations for hypotheti- near the surface by 2°C (3.6°F) can reduce the ozone
cal and purely theoretical conditions, researchers are by 10 to 15 parts per billion (ppb) in areas such as
simulating UAM sensitivity using SoCAB-specific Riverside, the Los Angeles Civic Center, and Burbank
data to provide more insightful clues to real condi- during times of peak concentrations (about noon to
tions. 4:00 p.m.), when the baseline concentration is be-

At the current stage of this project, the UAM is tween 100 and 170 ppb at these locations. (Site-
being used in preliminary sensitivity simulations to specific reductions can be larger or smaller, but the
analyze the basinwide air-quality changes following numbers given here are representative of these ar-
modifications in major parameters. These include eas.) For a decrease of 4°C (7.2°F) in air temperature,
near-surface air temperature, mixing height, emis- reductions in ozone of 20 to 30 ppb are possible in
sions, roughness, vegetation fraction, and wind field these areas and for the same times of day. Note that
resulting from modifications in surface albedo and cooling the Los Angeles area by 2 to 3°C (up to 5°F)
vegetation cover, in these simulations, surface char- is feasible according to mesoscale meteorological
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simulations that account for the effects of large-scale creases or decreases ozone by 5 to 20ppb in the areas
increases in surface albedo and vegetation cover, and time frames mentioned earlier. Changes in

In terms of mixing height, the results are still basinwide air quality as a function of changes in
being analyzed; however, it appears that the chemis- other parameters are still being analyzed.
try of ozone removal may add a complicating factor Following this stage of preliminary simulations,
to this case. If the mixing height is decreased--as the UAM willbe run using extensive output from the
would happen when albedo is increased, for ex- meteorological model so that specific times, meteo-
ample--ozone concentrations in various areas of the rological and surface conditions, and albedo/veg-
SoCAB would increase or decrease depending on etation modification scenarios may be evaluated.
several factors. Based on preliminary UAM simula- The results will help researchers formulate imple-
tions, a 25% change in mixing height typically in- mentation guidelines for these strategies.
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REDUCING PUMPING POWERIN HYDRONIC DISTRIBUTIONSYSTEMS
THROUGHTHEUSEOF FLUIDADDITIVES

Eric F.Matthys
Associate Professor

University of California, Santa Barbara

ecirculatingwater (hydronic) systems forcool- that using the additives could save on the order of

ing and heating in buildings are very attrac- 50% of the pumping power in typical large hydronic
tive because of their efficiency, compactness, systems. This feasibility study also allowed research-

and comfort level. For large systems, however, the ers to identify the main issues in need of further
pumping power required to circulate the water can investigation: degradation, the effect of hydraulic
be a significant part of the overall energy consump- components on the fluid and vice-versa, diameter
tion of the system, effect, material compatibility, and the effect of the

To minimize the pumping energy used, research- fluid on heat exchangers.
ers on this project have proposed the use of surfac- The aim of the second phase of the project was to
tant additives to reduce the pressure drop in the develop anexperimental installation that will help

- system pipes. These additives affect the turbulence researchers answer these questions. Accordingly, a
intensity of the flow, resulting in decreased friction at large-scale experimental installation has been built
the wall compared to pure water at the same flow to quantify the savings achieved with the additives
rate. This phenomenon is often referred to as visco- and to investigate their flow properties. Several sub-
elasticdrag reduction, and polymeric additives show- systems have also been built to test the flow charac-
ing this effect have been studied for some time. A teristics of the fluid in pipes, heat exchangers, pumps,
common problem with these additives, however, is fittings, valves, and other components. Experiments
that they are very susceptible to degradation caused conducted with a generic additive have confirmed
by the fluid motion i_self and by hydraulic compo- that friction reductions of about 60 to 80% are readily
nents and are therefore generally not usable in long- achieved for velocities normally used in hydronic
term recirculation systems, systems. It was also determined that typical pumps

Unlike these drag-reducing polymeric additives, and valves do not result in serious degradation and
the surfactant additives being examined in this study that the fluid will reconstitute fully less than 150
do not degrade rapidly, making them a potentially diameters after a pump or valve. Other studies have
more viable option for recirculating apphcations such been conducted to investigate the effects of concen-
as hydronic HVAC systems. Because very little was tration, degradation, entrance, and other factors on
known about the flow characteristics of these solu- flow behavior. A large, nonlinear effect of the tube

tions at thebeginningofthisproject, the properties of diameter on friction was also observed and quanti-
these fluids are being investigated to quantify the fled for these fluids.
potential energy savings they may yield and to solve In summary, no major difficulty was encoun-
possible problems pertaining to their implementa- tered in these hydrodynamic experiments, and the
tion in hydronic systems, results obtained have confirmed the validity of the

assumptions made in the feasibility study.
PREVIOUSWORK
The first phase of the project consisted of a theoretical CURRENTPHASE
feasibility study based on a literature survey. The Given that the basic hydrodynamic premises of the
known properties of these fluids were reviewed and proposed approach were satisfactorily validated,
analyzed in light of typical hydronic system charac- some additional issues need to be explored before the
teristics. A good match was determined to exist approach's potential can be accurately quantified.
between the expected fluid properties and the sys- The goal of the current research is to address those
tem requirements. Estimates suggested, for example, points.
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The question of the additives' effect on heat information on change in the fluid properties, but
exchangers is naturally very important to implemen- they may also indicate at what point the fluid be-
tation of these fluids in HVAC hydronic systems. The comes drag-reducing. In addition, this system--to-
researchers are therefore focusing on measurements gether with direct measurements of friction and heat
in both commercial and laboratory heat exchangers transfer in the main test loops--is being used to
to quantify and control the degree to which heat quantify the extent to which the fluid may be sensi-
transfer may be reduced with these fluids. PreUrni- tive to air exposure and mechanical degradation
nary investigations of heat exchangers have sug- over long recirculation periods. These viscometer
gested that heat transfer may be reduced but that the units will also be used to investigate disposal meth-
degree of reduction varies greatly depending on the ods for the fluids.
exchanger's geometry and configuration. Research
has also shown that the reduction can be controlled PLANNEDACTIVITIES

or even eliminated. The current studies are aimed at understanding the
Another significant effort involves characteriz- behavior of these fluids. With this understanding,

ing the fluid and its variations in nature and behav- researchers will be able to optimize the use of the
ior. Clearly, if an HVAC system is recirculating these additives in hydronic systems. The hardware used
additive solutions, we need to know how the fluid is in existing installations will need to be defined more

faring a,_time goes by or as other additives are added, accurately in terms of the pertinent parameters--
One way to do this is to monitor the overall flow tube diameters, flow rates, shear stresses, and heat-

characteristics of the system. Because this measure- exchanger configurations, for example--leading to
ment may not be enough to characterize the fluid identification of a suitable large-scale test site. This
behavior fully, a system of high-pressure capillary test should allow direct measurement of savings in a

viscometers has been built to allow rheometric mea- typical hydronic commercial system.
surements. Not only do such measurements provide
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he overall goals of this project are to identify systems in commercial buildings, new ideas for sav-
the best energy-savings opportunities in ther- ings opportunities continually arise. At this stage of
mal energy di _tribution (TED) systems used the project, it seems appropriate to step back and

in commercialbu_k a' _gsin California and to research look at the larger picture with the objective of identi-
the measures nee_,_d to achieve those savings, fying the most cost-effective savings opportunities.

The objectives of the first-phase effort are to: The term thermal distribution system refers to all
equipment and pathways between the source of

• Identify the prevalence of each major type heating or cooling and the point of use (such as the
of thermal distribution system in existing delivery of air to a room or water to a coil). Typical
and new commercial buildings, distribution media are air, water, steam, and refrig-

• Quantify the typical energ_y performance erants. Of these, air systems are by far the most
and peak-load impacts of those systems, popular and have the largest number of variations.

• Use available energy analysis methods and There are several reasons to evaluate these sys-
performance data, along with a survey of terns more systematically in commercial buildings:
design engineers, to identify the significant
factors (such as inadequate design tools, • The issue of thermal distribution efficiency
construction practice, or operating strate- has not received adequate attention by the
gies) contributing to poor TED system building energy research community.
performance. * Anecdotal stories and case studies indicate

• Identify research and technology transfer that small commercial buildings suffer
needed to achieve the identified savings, from many of the same inefficiencies that

have been uncovered in residential sys-
BACKGROUND terns.

The first two phases of the multiyear research project • The potential for er,,'.:rgy savings associated
Thermal Energy Distribution in Buildings consisted of with increasing thermal energy transport
four subprojects: one directed toward residential efficiency is much gre_.ter in commercial
buildings and three toward commercial buildings, buildings than in residential buildings. For
As the residential building population is fairly ho- example, approxin,a.tely 35% of the energy
mogeneous, the only major difference being between consumption associated with large air-
single-family and multifamily, the appropriate di- distribution systems is due to transport
rection for research has been relatively easy to define, energy; a hydronic system transporting the

In the commercial sector, however, the variabil- same thermal energy would require less

" ity in building types, system types, and operating than 5% of the energy used to transport
charactel_stics is dramatic; thus, the prioritization of air.
research topics has been less than systematic. More- ° Many options are available for commercial

W _ I t_l.J.over, due to the large number of options for I t_u building l _.t_systems, and a way
[

_
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to identify and prioritize the energy- heat pumps tied to a hydronic distribution
savings opportunities, system).

• Retrofits of small commercial-building
CURRENT-PHASEACTIVITIES TED systems, including conversion of
The current phase consisted initially of characteriz- constant-volume to variable air volume
ing TED systems in California commercialbuildings. (VAV) systems and duct insulation
Data from several sources, including studies by Call- retrofits for exterior duct work.
fornia utilities, the California Energy Commission, • Improved control and operating strategies
the Electric Power Research Institute, the U.S. De- for TED systems.
partment of Energy, and the Energy Information • Conversion of constant air volume to VAV
Agency, was collected to identify the types and quan- and reduction of operating pressures in
tities of TED systems used in existing commercial large duct systems.
buildings. The data, which clearly shows that con- • More efficient TED components, including
stant-volume air systems are by far the most com- fans, motors, and pumps.
mon, will be very useful in projecting the potential • Reduced friction losses for both air and
savings of the various strategies being explored, hydronic systems through improved

The next activity is to determine the most signifi- design, more efficient fittings, and addi-
cant causes of energy inefficiencies in commercial tives for hydronic systems.
TED systems found in California construction. The • Integration of design and energy simula-
technical approach will include a literature review, tion tools for large commercial buildings.
an industry survey, and energy analyses of a full • Improved commissioning practices for
range of thermal distribution systems in commercial TED systems and controls.
buildings. This effort will lead to an assessment of the
research and development opportunities for saving Subsequent phases will involve additional en-
energ3, in the design and operation of commercial- ergy analyses and development of new approaches
building TED systems, to improving the energy performance of commercial

Based on the current understanding of the situ- TED systems, including design tools, construction
ation, the technologies that researchers expect to practices, retrofit options, and operating strategies.
examine in detail include: Field measurements will be made to support the

researchers' assessment of energy performance and
• Various forms of hydronic distribution demonstrate the effectiveness of proposed energy-

systems as replacements for or supple- conserving measures. Research needs will be identi-
ments to air-distribution systems (such as fled and pursued to achieve the identified savings.
flexible hydronic piping for localized Energy-efficiency guidelines and other recommen-
thermal distribution systems, radiant dations will be disseminated to the building indus-
panel heating and cooling with hydronic try, utility companies, and other users.of TED tech-
distribution, and distributed water-to-air nology.
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