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Abstract

This report provides descriptions of the following energy efficiency technologies. energy
management systems; electronic fluorescent ballasts; compact fluorescent lamps; lighting
controls; room air conditioners; high albedo materials, coatings and paints; solar domestic
water heaters; heat pump water heaters,; energy-efficient motors; adjustable-speed drives,
energy-efficient refrigerators; daylight control glazing; insulating glazing; solar control
glazing; switchable glazing; tree planting; and advanced insulation. For each technology,
the report provides a description of performance characteristics, consumer utility,
development status, technology standards, equipment cost, installation, maintenance,
conservation programs, and environmental impacts.

I ntroduction

The buildings sector technology summaries in this report were developed at Lawrence
Berkeley Laboratory (LBL) for use in a database of supply-side and demand-side
technologies developed by Pacific Northwest Laboratories under contract to the U.S.
Department of Energy (DOE).1 DOE funded the creation of this database so that the
Intergovernmental Panel on Climate Change (IPCC) could disseminate the latest
information on carbon-reducing technologies in electronic form to individuals and
institutions around the world. This report was initially prepared as the basis for the
building technologies section of the database. We have updated the original summaries and
added a short discussion (with references) of complex integration issues not explicitly
treated in this report.

The energy-efficiency technologies described in this report were chosen by DOE from allist
of possible options submitted by LBL. While this compilation is by no means
comprehensive, we feel that the short synopses on important efficiency technologies
contained in this report will be helpful to policy makers and analysts.

LBL has unique expertise on energy demand and conservation potential in buildings.
Researchers in LBL’s Energy Analysis Program have substantial experience in assessing
national energy forecasts and policies affecting energy use, in the development and
application of techniques for forecasting energy demand, and in building an extensive and
documented energy conservation supply curve for the residential sector. LBL collaborated
in the development of many of the technologies described in this report, including
electronic fluorescent ballasts, compact fluorescent lamps, daylight control glazing,
insulating glazing, solar control glazing, switchable glazing, and advanced insulation.
Room air conditioners, heat pump water heaters, and energy-efficient refrigerators have
been extensively analyzed by LBL researchers in conjunction with the analysis of the U.S.
appliance efficiency standards. LBL has also pioneered research on tree planting and high
albedo materials, coatings, and paints through its Urban Heat Island studies.

1. Thisreport was created under the supervision of Jonathan Koomey, with substantive contributions and
editorial assistance from Francis X. Johnson, Jennifer Schuman, Ellen Franconi, Steve Greenberg, Jim D.
Lutz, Brent T. Griffith, Dariush Arasteh, Celina Atkinson, Kristin Heinemeier, Y. Joe Huang, Lynn Price,
Greg Rosenquist, Francis M. Rubinstein, Steve Selkowitz, Haider Taha, and Isaac Turiel. We would like
to thank the following reviewers for their valuable comments: Michael Shepard and staff (E-Source),
Evan Mills (Center for Building Science. LBL), Rich Brown (Energy Analysis Program, LBL), and
Nathan Martin (Energy Analysis Program, LBL). This work was funded by the Office of Policy,
Planning, and Analysis of the U.S. Department of Energy under Contract No. DE-ACQ03-76SF00098.



Systems I ntegration I ssues

This report treats individual technologies in isolation and does not discuss benefits that
occur from interactions when individual components are combined either at the equipment
level or through smart building design. Benefits from such systems integration generally
include capital cost and energy savings. They sometimes also include the added side
benefits of improved indoor environment, reduced noise, enhanced labor productivity, and
increased amenity. This section provides a brief list of references on this topic for readers
interested in exploring them further.

Capital cost savings fromintegrated designs

Reducing heat losses and gains from the building shell can allow the designer to reduce the
size of the furnace or cooling equipment, or eliminate it entirely. In some cases, such
redesign saves capital costs, but successful application of this technique requires a whole-
system approach to design. The following references explore these issues.

» Capital cost credits for displaced heating systems

Gregerson, J., Stickney, B.L., Houghton, D., Newcomb, J., George, K., Shepard, M, and
Wilson, A., 1993. Space Heating Technology Atlas, Boulder, CO: E-Source.

Hodges, Laurent, 1985. "The Effects of Internal Gains on Residential Space-Heating
Analyses," Energy 10(12):1273-1276, December.

Kweller, E.R., 1992. "Derivation of the Combined Annual Efficiency of Space/Water
Heatersin ASHRAE STANDARD 124-1991," ASHRAE Transactions: Symposia.

Pacific Gas and Electric Company, 1993. "Stanford Ranch Residential Demonstration,”
ACT2 for Maximum Energy Efficiency Fact Sheet, December.

» Capital cost credits for displaced cooling systems

Houghton, D.J., Bishop, R.C., Lovins, A.B., Stickney, B.L., Newcomb, J.J., Shepard, M.,
and Davids, B.J., 1992. Sate of the Art: Space Cooling and Air Handling, Boulder,
CO: E-Source, TA-SC 92, August.

E-Source, 1993. "Hot-Climate House Predicted to Need No Air Conditioner, Cost Less to
Build," Tech Memo TM-93-5, November.

Pacific Gas and Electric Company, 1993. "Davis Residential Demonstration," ACTZ2 for
Maximum Energy Efficiency Fact Sheet, September.

Pacific Gas and Electric Company, 1993. "New Cooling System at Pilot Demonstration,"
ACTZ for Maximum Energy Efficiency Fact Sheet, September.



* Integrated appliances
EPRI, 1993. "High-Efficiency Powermiser Introduced,” End Use News, Summer.
Sims, C., 1989. "New Heat Pump Cuts Power Cost," New York Times, February 8.

Associated energy savings for HVAC systems

Reducing lighting loads by using more efficient equipment or by using daylighting has
implications for HVAC energy use. The following references explore these issues.

* Interactions between lighting and HVAC energy use

Atkinson, B., McMahon, J.E., Mills, E., Chan, P., Chan, T.W., Eto, J.H., Jennings, J.D.,
Koomey, J.G., Lo, K.W., Lecar, M., Price, L., Rubinstein, F., Sezgen, O., and
Wenzel, T., 1992. "Lighting Interactions with Heating, Ventilation, and Air-
Conditioning Energy Use," Appendix H in: Analysis of Federal Policy Options for
Improving U.S. Lighting Energy Efficiency: Commercial and Residential Buildings,
LBL-314609.

Busch, J.F. , du Pont, P. and Chirarattananon, S., 1993. "Energy-Efficient Lighting in Thai
Commercial Buildings,” Energy - The International Journal, 18(2): 197-210.

Dunbar, M., 1991. "Engineers Debate First-Cost Lighting, HVAC Link," Energy User
News, 16(3):30-31, March.

Rundquist, R.A., Johnson, K.F., and Aumann, D.J., 1993. "Calculating Lighting and
HVAC Interactions,” ASHRAE Journal, November.

Selkowitz, S. and Schuman, J., 1992. Integrated Envelope and Lighting Technologies for
Commercial Buildings, LBL-32736, July.

Sezgen, A.O., and Huang, Y.J., 1994. "Lighting/HVAC Interactions and Their Effects on
Energy Consumption and Peak HVAC Requirements in Commercial Buildings,” to
be presented at the American Council for an Energy-Efficient Economy 1994
Summer Study on Energy Efficiency in Buildings, Asilomar, CA, August-
September.

* Interactions between lighting, glazing, and HVAC energy use

Selkowitz, S.E., Lee, E.S., Rubinstein, F., Klems, J.H., Papamichael, K., Beltran, L.O.,
DiBartolomeo, D., and Sullivan, R., 1993. Realizing the DSM Potential of
Integrated Envelope and Lighting Systems, Presented at the Second National New
Construction Programs for Demand-Side Management Conference, San Diego, CA,
LBL-34731.

Selkowitz, S. and Schuman, J., 1992. Integrated Envelope and Lighting Technologies for
Commercial Buildings, LBL-32736, July.



Non-energy benefits

In addition to capital cost and energy savings, certain integrated systems have non-energy
benefits, such as: improved indoor environment, comfort, health and safety; reduced noise;
enhanced |abor productivity, and increased amenity/convenience.

Mills, E. and A. Rosenfeld, 1994. "Non-Energy Benefits as a Motivation for Making
Energy-Efficiency Improvements,” to be presented at the American Council for an
Energy-Efficient Economy 1994 Summer Study on Energy Efficiency in Buildings,
Asilomar, CA, August-September.

Vine, E. and J. Harris, 1990. "Evaluating Energy and Non-Energy Impacts of Energy
Conservation Programs. A Supply Curve Framework of Analysis," Energy: The
International Journal 15(1):11-21.

Design of lighting systems

Comprehensive design of lighting systems that integrate task ambient lighting, energy
efficient lighting technologies, and lighting controls can result in improved lighting quality
aswell asincreased energy savings.

Atkinson, B., JE. McMahon, E. Mills, P. Chan, T.W. Chan, J.H. Eto, J.D. Jennings, J.G.
Koomey, K.W. Lo, M. Lecar, L. Price, F. Rubinstein, O. Sezgen, and T. Wenzel,
1992. Analysis of Federal Policy Options for Improving U.S. Lighting Energy
Efficiency: Commercial and Residential Buildings, LBL-31469.

Mills, E. and Piette, M.A., 1993. "Advanced Energy-Efficient Lighting Systems: Progress
and Potential,” Energy: The International Journal 18(2), pp. 75-97.

Piette, M.A., Krause, F., and Verderber, R., 1988. Technology Assessment: Energy-
Efficient Commercial Lighting, Berkeley, CA: Lawrence Berkeley Laboratory
(LBL-27032).



. ENERGY MANAGEMENT SYSTEMS

END-USE: Lighting, HVAC
SECTORS: Commercial, Industrial, Residential
DESCRIPTION

Performance: Energy Management Systems (EM Ss) are special-purpose computerized control systems which
can be programmed to operate building lighting and HV AC equipment such as chillers, fans, bailers, pumps,
dampers, valves and motors. They vary in complexity from a single function controller that performs simple
control of one piece of equipment to a system with a distributed architecture, in which controllers throughout
the building operate local control loops, supervised by a central, or "host" computer. Energy conservation
potential is related to the functions the EM S performs, such as programmed start and stop, optimal start and
stop, duty cycling, economizer control, HVAC optimization, and demand limiting.

Consumer Utility: Most EMS functions will not affect consumer utility. Duty cycling, optimum start and
demand limiting may in some cases cause occupant discomfort. The EMS has a beneficial effect of reducing
building operation personnel requirements and providing fire protection and security functions. However,
operation personnel may require additional training to use the EMS properly.

Development Satus: The technology has been developing quite rapidly. EMSs for commercial buildings are
readily available, with many manufacturers, vendors, and contractors in the market.

COSTS

There is a wide range in EMS savings potential because there are so many different energy management
functions and the base case control strategies vary so widely. Thereis also awide range in system cost, due
to the range in complexity of the systems. Often, a simple and inexpensive controller can be much more
effective than a complex system that has not been implemented correctly, or is not operating correctly. Inan
EMS survey, system costs varied from $300 to $18,000, depending on the type of system; and the average
energy cost savings was about 15%.

IMPLEMENTATION

Installation: Installation costs are highly dependent on the degree of complexity of the system, and the
number of input and output points. System commissioning and operator training are essential.

Maintenance: The EMS itself should require little maintenance, although sensors and actuators may require
periodic attention, and some energy management functions may cause additional wear on equipment. An
EMS can be an aide in performing other building maintenance. Operations and maintenance personnel must
be trained to use the EM S properly.

Conservation Programs. Several utilities offer incentives for installation of an EMS.
ENVIRONMENTAL |ISSUES

Use of EMSs results in improved energy efficiency and reduced energy demand. Reduced energy demand
has the environmental benefits of reduced consumption of fuels used in power plants, reduced emissions from
existing power plants, and reduced need for construction of new power plants. Further, by monitoring stack
gases, EM Ss can help to reduce emissions from building boilers. By alowing for 100% outside air during
mild temperatures, EM Ss can increase indoor air quality.




|.ENERGY MANAGEMENT SYSTEMS
1. Description
1.1 Performance Characteristics

Energy Management Systems (EMSs) are special-purpose computerized control systems
that can be programmed to operate building lighting and HV AC equipment such as chillers,
fans, boilers, pumps, dampers, valves and motors. When properly installed and operated,
EMSs can control buildings more efficiently and effectively than human operators, and are
useful tools in troubleshooting and maintaining buildings as well as in managing energy
consumption.

Because of improvements in information and communications technologies, computerized
EMSs are a growing technology in all building sectors. Industrial buildings use EMSs to
control building services, while the energy used by industrial processes is usually
controlled by very specialized and process-specific control systems. In residential
buildings, the technology for controlling building systems is typically referred to as home
automation, and is a newly emerging and promising technology. However, by far the most
common application of EMSs is in commercial buildings, and they are the main focus of
this review. Note that EM Ss are sometimes referred to as "Energy Management Control
Systems," or EMCSs.

The term Energy Management System can refer to a wide range of technologies for
controlling building systems, and varying in complexity. The simplest EM S might consist
of a single function controller, used to perform one task, controlling one or more building
systems. A more complex EMS utilizes a centralized computer to control systems
throughout the building, implementing several different functions. The most commonly
installed EM Ss today utilize a distributed architecture, in which controllers throughout the
building operate local control loops (for example, controlling a Variable Air Volume
[VAV] box in a zone, based on input from the local thermostat). The local controllers
communicate with one another over a local area network. These controllers can then be
supervised by a central, or "host", computer (for example, the central computer would send
a temperature setpoint to the local loop controller, which would implement control). The
host computer can be used for many other tasks, such as graphic communication with the
operators, data collection and analysis, and providing a more convenient environment for
programming the local controllers.

While the foregoing discussion covers the architecture of an EMS, its energy conservation
potential is related to the functions it can perform or how it controls the equipment. Listed
below are several of the most common energy-management functions typically
implemented inan EMS:

Programmed Start and Stop: An on/off schedule is defined for the operation of each end
use, and implemented by the EMS. The schedule can vary by day of week and can include
contingencies, i.e., different ways to respond depending on conditions in the building, such
as operation of other end uses or past operation of this end use. Occupant and operator
override, invoked from central or remote locations (by telephone or a timer device, for
example), are helpful in maintaining flexibility.

It is useful to compare this function to that of a simple time clock, which is often
considered as an alternative to a full EMS. With most time clocks, it is possible to turn
equipment on and off several times a day, and to have a separate schedule for each day of



the week. However, an EM S can automatically adjust for daylight-savings time and reduce
operation during holiday periods. Time clocks are notorious for becoming out of
synchronization with real time, often with disastrous results. One final advantage to an
EMS is that each end use can be controlled individually and their start times can be
staggered. With a time clock, entire systems may begin operation at the same time, often
creating a power spike.

Programmed start and stop is often responsible for most of the energy savings from an
EMS. To evaluate the savings, it must be compared with the alternative method of turning
equipment on and off. For example, if a building has a dedicated operations staff who turn
equipment on and off at the correct times, there will be no energy savings from this
technique. One study estimated that the HVAC savings over and above those made
possible by a 7-day time clock are on the order of 5% to 20% (Guntermann, 1982).

Optimal Start and Stop: With this function, historical performance and outdoor temperature
are used to determine the latest possible time to begin conditioning each day, and the
earliest time to stop conditioning so that the building will always be comfortable while
occupied. Historical performance determines the response time of the building which is
used with indoor and outdoor temperatures to cal culate the optimum times.

Optimal start and stop times may result in large savings, depending on the alternative
means of control. Often, in buildings without an EMS, occupants or building managers
guess on an appropriate time to begin conditioning. If occupants complain that the building
is uncomfortable prior to the set start time, then the time is moved earlier and earlier, until
complaints stop. That setting will then be used throughout the season, resulting in
inefficient, "worst-case,” scheduling.

Duty Cycling: With this function, equipment is periodically switched on and off in order to
reduce its average output. The fraction of time that it is switched on is referred to as its
"duty cycle." Thisis usually used for single speed equipment that has been oversized or
sized for worst-case conditions. The duty cycle can be a fixed value, or proportional to
zone temperature. To prevent equipment from turning on and off too rapidly, minimum on
and off times are usually specified. For a single piece of equipment, this technique does
not reduce building peak demand. However, when coordinated with several pieces of
equipment, it can be set so that there is aways at least one piece of equipment off at any
time, and demand can be reduced. This illustrates an advantage of integrated building
operation, made possible only by awhole-building EMS.

One should note that such systems are usually only specified as a retrofit, since there are
preferable ways to reduce equipment output in new buildings or when installing new
equipment. More appropriate sizing or staging of the equipment would take advantage of
higher efficiencies found when operating a piece of equipment closer to itsfull load. Also,
adjustable speed equipment has a reduction in demand that is nominally proportional to the
cube of the reduction in output. In fact, adjustable speed drives can be installed as a retrofit
and work very well in conjunction with EM'S control.

Economizer Control: Cooling energy can be minimized by monitoring the temperature (and
possibly humidity) of return and outdoor air, and selecting a supply airstream with
minimum temperature. Thiswill vary anywhere from 100% outdoor air on mild daysto a
specified minimum amount of fresh outside air on hotter days. Although this technique is
common even in buildings without EM Ss, the EM 'S can more closely control the system to
optimize its performance. For example, while a standard economizer controller will
typically be set to change over from outdoor air to mechanical cooling at a certain
temperature, an EMS that is controlling multiple zones with different conditioning



requirements can more effectively modulate the amount of outdoor air to provide the
optimum supply air temperature.

Another advantage of using an EMS to implement economizer operation is that the EMS
can monitor the performance of the economizer, and can alert the operations personnel
when it is failing to perform. Since economizers are prone to problems throughout their
life cycle, thisis an important benefit.

HVAC Optimization: The operation of the fans, chillers, and boilers can be optimized in
several ways. A few examples are resetting supply air and heating and cooling coil
temperatures, efficiently combining several small chillers, adjusting the rate at which
setpoints are approached, and monitoring stack gases to increase fuel-burning efficiency.

Demand Limiting: For buildings that are charged for peak demand as well as energy
consumption, limiting building demand is an important means of controlling costs. An
EMS can limit demand by cutting back use of non-critical equipment when the building
demand approaches a preset target. Equipment is turned off or reduced sequentially,
according to a prioritized list. When demand is reduced to a sufficiently low level, end
uses are restored, either in the same order they were shed (rotating load shed) or in the
inverse order (priority load shed). An algorithm that predicts upcoming demand (by
extrapolating past trends) will allow the EMS to prevent, rather than respond to, demand
excesses. Demand limiting may or may not reduce energy consumption since it is
primarily aload management strategy.

Monitoring: Most EMSs are capable of monitoring electricity consumption and reporting it
at different time intervals. Thisinformation is used in energy management efforts such as
energy accounting (tracking the performance of the building) and in detection of equipment
malfunctions or inefficient operation. EMSs are also capable of monitoring many different
building operation variables, such as zone temperatures and central equipment thermal
parameters. This capability is useful in detecting or diagnosing operational problems, and
in responding to occupant thermal comfort complaints. EM S-based monitoring can aso be
used to assist utilities and ESCO's in efforts such as load research, DSM evaluation, and
savings calculation for shared savings contracts.

1.2 Consumer Utility

Most EMS functions will not affect consumer utility. For example, economizer operation
or plant optimization will provide the same energy services with increased efficiency.
Some EMS functions, if not properly implemented, could have negative impacts on
occupant comfort. For example, if optimum start times or duty cycles are incorrectly
calculated, the building may become uncomfortable. Demand limiting, in particular, has
the potential for negative impacts. Although the algorithms for starting and stopping end
uses and assigning priority and rotation schedules are well thought out and implemented,
care must be taken in selecting loads to be shed. There will be an effect on comfort if shed
loads include HVAC, and shedding process and other miscellaneous loads will often affect
productivity.

Asatool for building operation, the EMS allows the building to be operated from a central
location and sensors throughout the building can detect fluctuations in operation and
conditions. The EMS can monitor trends in building or system performance and can also
be useful in keeping track of equipment runtime and maintenance schedules. These
abilities can alow for a reduction in building operations staff. EMSs also often serve fire
protection and security functions, in addition to energy management.



1.3 Development Status

Aswith most micro-electronics, EM S technology has been developing quite rapidly. EMSs
for commercial buildings are readily available. There are over 150 EMS manufacturers
(EPRI, 1986), and many manufacturer's representatives, vendors, and contractors in the
market. According to one survey, 69% of all commercial buildings over 50,000 square feet
had an EMS, 32% of all commercia buildings between 10,000 and 50,000 square feet, and
15% of all commercial buildings less than 10,000 square feet (EPRI, 1986). Although
technological improvements come quickly, most systems can be upgraded with new
software or computer hardware while still making use of much of the existing hardware.

1.4 Technology Standards

Few standards exist for EMS technology. With over 150 EMS manufacturers and a trend
towards distributed architecture, there is a growing appreciation for the need to standardize.
The American Society for Heating, Refrigeration, and Air-Conditioning Engineers
(ASHRAE) has provided guidelines for specifying measurement requirements and
recommended methods of verifying accuracy of EMS instrumentation (ASHRAE, 1986).
ASHRAE isnow in the process of creating a standard for communications, BACnet, which
will allow equipment from different manufacturers to communicate (ASHRAE, 1990).
Standardization is also under way in residential automation systems, based on two different
technologies; they are commonly referred to as the Smart House Limited Partnership and
the CEBus standard. These standards should help to transform home automation into a
more viable energy management strategy.

Some building energy standards also refer to EMSs. For example, ASHRAE/IES Standard
90.1-1989 suggests that all new buildings with a floor area of over 40,000 square feet
should consider installing an EMS (ASHRAE, 1989). Standard 90.1 recommends that the
EMS should at least have the following capabilities. monitoring of energy consumption on
adaily basis with weekly summaries; programmed stop and start on HVAC, service water
heating, and lighting; reset control on HVAC equipment; monitoring operation on HVAC
systems; override capability on lighting and HVAC; and optimum start and stop for HVAC.

2. Cost
2.1 Equipment Cost

It is difficult to assess EMS cost effectiveness in a generic way. There is a wide range in
EMS savings potential, because there are so many different energy management functions,
and the basecase control strategies vary so widely. There is also a wide range in system
cost, due to the range in complexity of the systems. For example, often a simple and
inexpensive controller can be much more effective than a complex system that has not been
implemented correctly, or is not operating correctly. According to a survey of EMSs
carried out for the Electric Power Research Institute (EPRI), the cost for single function
controllers was from $300 to $8,000, depending on the complexity and number of
controlled devices (EPRI, 1986). The minimum cost for centralized systems was $10,000,
and the minimum for distributed architecture systems was $18,000. In their survey, the
average energy cost savings was about 15%. One should also remember that EM Ss, when
used by properly trained operations personnel, may reduce building operation and
maintenance costs as well as provide fire and security functions.



3. Implementation
3.1 Installation

Installation costs are highly dependent on the degree of complexity of the system and the
number of input and output points. Installation of communications paths throughout the
building is often a large part of the cost. Systems are typically configured, installed, and
commissioned by the vendor or a manufacturer's representative. Two essential and often
overlooked steps in EMS installation are making sure the system is doing what it was
designed to do (commissioning) and making sure the operators understand and trust the
system (training). A survey of EMS users found that one EMS in five had been
disconnected by building personnel (Schwed, 1988). With appropriate attention to
commissioning and training, such problems can be avoided.

3.2 Maintenance

The EMS itself should require little maintenance, as it consists primarily of solid-state
electronics. Sensors and actuators may require periodic attention. Some energy
management functions, such as duty cycling of motor-driven devices, may cause additional
wear on belts, motors, and electric starters, requiring much more frequent maintenance.
EMSs can be an aide in performing other building maintenance and operations.

It should be emphasized that EMS operators may require training to use the system
properly. The added complexity of the EMS increases the potential for problems,
especialy in the face of changing building needs. Without such training, an EMS may be
underutilized, overridden, or disconnected.

3.3 Conservation Programs

Several utilities offer incentives for installation of an EMS. In these programs, certain
EMS functions must be implemented or an EMS contractor must calculate estimated
savings. Many of these programs are oriented more towards |load management rather than
efficiency.

4. Environmental |1ssues

Use of EM Ss results in improved energy efficiency and reduced energy demand. Reduced
energy demand has the environmental benefits of reduced consumption of fuels used in
power plants, reduced emissions from existing power plants, and reduced need for
construction of new power plants. Further, by monitoring stack gases, EMSs can help to
reduce emissions from building boilers. By allowing for 100% outside air during mild
temperatures, EM Ss can increase indoor air quality.
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II.ELECTRONIC FLUORESCENT BALLASTS

END-USE: Interior lighting
SECTORS. Commercial, Industria
DESCRIPTION

Performance: Controls voltage and current supplied to linear or compact fluorescent lamps. Uses integrated
circuits instead of a core and coil mechanism. High quality ballasts with high power factors and low
harmonic distortion do not significantly affect power quality. Savings are achieved from improved lamp
performance and lower ballast losses. Electronic ballast/lamp systems have improved efficacies of 20-25%
over standard magnetic ballast/lamp systems (that no longer meet U.S. Federal standards) and about 15%
over energy-efficient magnetic ballast/lamp systems. Electronic ballast lamp control may be on/off, step
dimming, or full range dimming.

Consumer Utility: Operating at higher frequencies, electronic ballasts eliminate lamp flicker and ballast hum.

Development Status:  Available from major ballast manufacturers and some specialty companies.
Compatible with T12, T10, or T8 fluorescent lamps and compact fluorescent lamps.

COSTS

Electronic ballasts range in price from $20 to $80, the high-end models can be continuously dimmed and
adjusted automatically with photosensor controls. Prices are dependent on the quantity ordered. Paybacks
for electronic ballasts typically range from six months to two years depending on operating hours and
electricity prices.

IMPLEMENTATION

Installation: Local codes may require a licensed electrician to install the ballasts. Replacing a ballast may
take 10 to 40 minutes depending on accessibility.

Maintenance: Typical rated lifeis between 20 and 25 years, but the actual average lifetimeis 12 years due to
building remodeling and renovation projects. Burnouts will occur at a rate of a few percent a year, with the
rate increasing with ballast age.

Conservation Programs: Some utilities offer rebates for replacing standard core and coil ballasts with
electronic ballasts, although the new ballasts may need to meet specified performance requirements. In the
U.S., these rebates range from $5 to $30 per ballast.

ENVIRONMENTAL ISSUES

Use of electronic fluorescent ballasts results in improved energy efficiency and reduced energy demand.
Reduced energy demand has the environmental benefits of reduced consumption of fuel used in power plants,
reduced emissions from existing power plants, and reduced need for construction of new power plants.

There are solid waste issues associated with the replacement of fluorescent ballasts. When replacing older
core and coil ballasts with electronic fluorescent ballasts, care must be taken with ballasts manufactured prior
to 1978 because they may contain polychlorinated biphenyls (PCBs). These ballasts must be disposed of asa
hazardous waste. Disposal costs for PCB ballasts are estimated at $4 per ballast. When retrofitting lighting
systems (with both electronic fluorescent ballasts and energy-efficient fluorescent lamps), disposal of the old
lamps must also be addressed because of the mercury contained in each lamp. Mercury, which is a toxic
heavy meta, is used to excite the phosphors in the lamp and is gradually deposited onto the glass, filaments,
and phosphors. Mercury releases can occur during the manufacturing process, when a lamp breaks, or at the
time of lamp disposal, even if the lamp has completed its useful life.
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[I. ELECTRONIC FLUORESCENT BALLASTS
1. Description
1.1 Performance Characteristics

Discharge lamps require a ballast to provide a sufficiently high voltage to initiate the lamp
arc and to regulate current flow in the lamp. Electronic ballasts control the voltage and
current supplied to the lamp using integrated circuits, an improvement over standard
magnetic ballasts and energy-efficient magnetic ballasts with a core and coil mechanism.

Electronic ballasts are more efficient than magnetic ballasts for two reasons. First,
electronic ballasts drive the lamps at high frequencies (typically 20 to 60 KHz) which
results in more efficient lamp operation because of reduced losses at the lamp's electrodes.
For a four-foot lamp system, this results in about a 10% improvement in efficacy. The
efficacy improvement is more significant for shorter lamps. The second reason for
improved performance is that electronic ballasts operate at lower temperatures. Since
reduced light output has been associated with overheating (from improper lamp and fixture
geometry, wattage, ballasts, ambient temperature, lamp orientation, and air circulation), the
cooler operation contributes to improved lamp performance (Mills, 1993). These two
factors result in about a 20% to 25% improvement in system efficacy over a standard
ballast/lamp combination (that no longer meet U.S. Federal standards) and an improvement
of about 15% over energy-efficient magnetic ballast/lamp systems (Nadel, et al., 1993).

In selecting a ballast, one must consider the effect the ballast will have on the line power
quality. Power quality can be affected by the ballast's power factor, harmonic distortion,
and crest factor. The power factor is the ratio of real to apparent power. Some utilities
penalize customers who have low power factors. Gen