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I. Introduction
The objective of this paper is to describe the new national minimum

efficiency standards for fluorescent lamp ballasts that were recently passed into law
and to estimate the electricity, peak demand and dollar savings from these
standards. The paper begins with an overview of the current state of ballast
technology. Second, the paper reviews the development of federal ballast
standards. Third, the requirements of the standard are discussed. Finally, an

estimate of the expected savings is presented.

II. Technologv Overview
Fluorescent lamp ballasts are a small device installed in fluorescent fixtures

that regulates the power provided to the lamps. The ballast provides a suitable
starting voltage and then limits the current flow during operation of fluorescent

lamps.
There are two basic types of ballasts, magnetic and electronic. Magnetic-type

ballasts are based on a coil of wire surrounding an iron core. Magnetic ballasts are
the traditional design and are also known as "core/coil" ballasts. Variations in
material amount and quality can increase the efficiency of a magnetic ballast. While
a standard magnetic ballast dissipates about 20% of the total power entering a fixture,
a more efficient magnetic ballast will limit this loss to 10% or less.

Electronic ballasts were introduced around 1980. They are constructed of solid-
state, electronic components. This approach allows for greater control over ballast
output enabling not only increased efficiency, but reduced flickering and, in some
designs, continuous dimming. While there were initially some problems with
quality control, electronic ballasts are now considered a fairly mature technology and



are being marketed and installed widely. Sales in the U.S. in 1986 were estimated to
be approximately 1.0 million, about 1.5% of the national domestic market [1].

Electronic ballasts provide substantial electricity savings over even the more
efficient magnetic-type ballasts. A typical fixture containing two 40 watt, 48" lamps
and a standard magnetic ballast will consume about 96 watts. The same fixture with
an efficient magnetic ballast will consume about 86 watts. Further replacement of
the ballast with an electronic ballast will reduce demand to about 72 watts. The
electronic ballast is able to reduce power consumption to this extent by operating the
lamps at a high frequency operation as well as by minimizing losses at the ballast.

A standard magnetic ballast costs around $10. An efficient magnetic ballast
costs about $4 more, but typically consumes $40 less worth of electricity over its
lifetime. An electronic ballast currently costs about $30. Lifetime operating savings
from the electronic ballast typically amount to $96 relative to the standard magnetic

ballast [2].

ITI. Legislative Background
Prior to passage of the federal ballast standard, ballast efficiency standards had

been adopted by five states, including California, New York, Massachusetts,
Connecticut and Florida. In the summer of 1987 conservation advocates raised the
possibility of a national standard for ballasts. Negotiations between the American
Council for an Energy-Efficient Economy, the Natural Resources Defense Council,
the Alliance to Save Energy and the National Electrical Manufacturers Association
(representing ballast manufacturers) led to a consensus proposal. The proposed
national ballast standard was essentially identical to the standard initially adopted in
California in 1982 and extended to the other four states [3].

The ballast bill was introduced by Senator Metzenbaum and Representative
Sharp early in 1988 as an amendment to the Energy Policy and Conservation Act.
The bill was intended to extend the coverage of the National Appliance Energy
Conservation Act of 1987 (NAECA) whose passage in 1987 had established federal
minimum efficiency standards for ten consumer products [4]. The ballast bill would
extend NAECA by adding fluorescent lamp ballasts to the list of covered products.

A broad coalition of over 20 organizations supported the ballast bill. It was
passsed without objection by the Senate and the House and signed into law by
President Reagan on June 29, 1988 as the National Appliance Energy Conservation

Amendments of 1988 (Public Law 100-357).




IV. Description of Standards
Broadly speaking, the federal ballast regulation prohibits the manufacture of

standard magnetic ballasts and, conversely, requires the use of energy-efficient
magnetic ballasts or electronic ballasts. The standard goes into effect on January 1,
1990. The regulation also contains labeling requirements to indicate compliance.

The ballast standard applies to fixtures containing four foot and eight foot
lamps with nominal wattages of 40 and 96 watts. Ballasts used with these lamps
comprise about 90% of total fluorescent ballast sales [3]. The only major exemption
is for ballasts with power factor of less than 0.90 designed for use exclusively in
residential buildings. The ballast standard also does not apply to ballasts designed
for dimming or for use in ambient temperatures of 0° F or less.

The regulation specifies a minimum “ballast efficacy factor” (BEF) for
different classes of fixtures. The BEF is the ratio of relative light output per unit of
power input (percent lumens per watt) for a lamp-ballast system. Light output is
given as a percentage of that for a reference lamp-ballast system (the same lamps are

used in both tests). Thus, the BEF is a true measure of ballast efficiency, accounting
The minimum ballast efficacy

for variations in light output between ballasts.
factors are shown in Table 1. The regulation also contains a provision that regulated

ballasts must have a power factor of 0.90 or greater.

The regulation requires the Federal Trade Commission to prescribe labeling
rules. These rules provide that any ballast covered by the standard and
manufactured on or after January 1, 1990 be labeled with a capital letter 'E' in a circle.
This labeling must also be printed on the packaging the ballast or on the luminaire
into which the ballast has been incorporated.

The regulation contains a provision requiring the Secretary of Energy to
review the standards and, no later than January 1, 1992, publish a final rule in the
Federal Register as to whether the initial standard levels should be raised. In this
rule the Secretary will also decide whether the standard should be expanded to
include those classes of ballasts currently excluded. Any amendment prescribed by
the Secretary will apply to products manufactured on or after January 1, 1995. It is
expected that this review will focus on whether the initial standards levels should
be upgraded to the point where only electronic ballasts can be produced. As is the
case for the appliance standards, DOE's rulemaking process will provide a number
of opportunities for input. In particular, public comments will be solicited in the

Federal Register.



Table 1
Minimum Ballast Efficacy Standards

Ballast
Application for Total Nominal Efficacy
Lamp Operation Lamp Watts Factor
One F40 T12 40 1.805
Two F40 T12 (120 V) 80 1.060
Two F40 T12 (277 V) 80 1.050
Two F96 T12 150 0.570
Two F96 T12 HO 220 0.390

Like the other standards in NAECA, the federal ballast standard preempts
state standards. However, existing state standards are grandfathered; i.e. they
remain effective until January 1, 1990 when the federal standard becornes effective.
Further, states are in no way restricted from regulating ballasts not covered by the
federal standard, until the effective date of a federal standard regulating such
ballasts.

States may petition the Secretary for a waiver from preemption by the federal
ballast standard. The Secretary is required to grant a waiver if he or she finds that it
is needed to meet unusual and compelling state or local energy interests and that it
would not significantly burden manufacturing, marketing, distribution, sale or
servicing of ballasts on a national basis. These criteria are expanded on in the text of
the law and their interpretation is currently being considered in a DOE

rulemaking [5].

V. Estimate of Savings: Methodology
The methodology used in this study is similar to that used in a previous

assessment of appliance standards conducted by one of the authors [6]. Product sales
are projected year-by-year along with the anticipated average electricity use of new
ballasts produced under a “marketplace case” (i.e., without standards in effect) and a
“standards case”. This yields estimates of unit and aggregate savings as a
consequence of the standards year-by-year. Summer peak demand savings are

estimated using an appropriate diversification factor.
Fluorescent ballast sales are forecast first by averaging ballast sales during
1984-86. This value, 69.1 million units [7], is considered the normalized sales level as



of 1985. Sales during 1985-2010 are increased at the projected rate of growth in
commercial sector floor space, 1.1%/yr [8].

In order to determine the potential savings from standards, it would be very
useful to know the percentage of standard and efficient ballasts produced at the
present time. Unfortunately, such data are not available [9]. One ballast industry
representative estimates that about one third of all ballasts produced in 1987 were
energy-efficient types [10]. However, the impacts of state standards are included in
the “standards case” rather than the “marketplace case” in this analysis.

For this study, it is assumed that 10% of ballasts produced in 1987 are more
efficient without being induced by state standards. Of this fraction of the market, it
is assumed that 9% are efficient magnetic ballasts and 1% are high frequency
electronic ballasts [1]. Table 2 includes the assumed shipment breakdown between
standard, efficient magnetic, and electronic ballasts in the marketplace case for 1990-
2010. The assumption that 50% of ballasts shipments would be of a more efficient
type by 2000 in the marketplace case also was used in a study of minimum efficiency

standards in Massachusetts [11].
Table 2 also shows the assumed market breakdown in the standards case. The

assumption that the market share for high frequency electronic ballasts grows from
about 1% as of 1987 to 10% by 1990 and 50% by 2000 is consistent with industry
forecasts [1]. While it is possible that the minimum standard could be revised during
the 1990's to require electronic ballasts, such a step was not factored into this
analysis.

To estimate relative electricity use and savings between the two cases, it is
assumed that all ballasts operate two 48", 40 watt lamps. This is the most popular
lamp and circuit type [1,3]. It is assumed that a two- lamp fixture with a standard
ballast consumes 96 watts, a fixture with an efficient magnetic ballast consumes 86
watts, and a fixture with an electronic ballast consumes 72 watts [3,12].

Other assumptions used in order to estimate electricity savings include
average fluorescent lighting usage of 3,500 hours per year [12,13]. Also, a 90%
diversity factor is assumed for estimating summer peak demand savings, i.e., it is
assumed that 90% of all fluorescent flxtures are operating during the afternoon peak
load period on a hot summer weekday [12]. Finally, a 15-year ballast lifetime is
assumed. This is longer than the average life of a standard ballast, but shorter than
that for an efficient magnetic or electronic ballast [1,3,11]. The longer life of efficient
ballasts (due to cooler operation) is not factored into this analysis. As a result,
efficient ballasts are likely to be even more cost effective than is estimated here.
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1987
Standard - 90%
Efficient magnetic - 9%
Electronic - 1%

2000
Standard - 50%
Efficient magnetic - 25%
Electronic - 25%

1987
Standard - 90%
Efficient magnetic - 9%
Electronic - 1%

2000

Efficient magnetic - 50%
Electronic - 50%

Notes:

Table 2

Marketplace Case 1

1990
Standard - 80%
Efficient magnetic - 15%
Electronic - 5%

2005
Standard - 35%
Efficient magnetic - 30%
Electronic - 35%

Standards Case

1990

Efficient magnetic - 90%
Electronic - 10%

2005

Efficient magnetic - 30%
Electronic - 70%

ASSUMED MIX OF NEW BALLASTS

1995

Standard - 65%
Efficient magnetic - 20%
Electronic - 15%

2010
Standard - 20%
Efficient magnetic - 35%
Electronic - 45%

1995

Efficient magnetic - 70%
Electronic - 30%

2010

Efficient magnetic - 15%
Electronic - 85%

1. Does not include efficient ballasts purchased as a result of state regulations.

The cost effectiveness of ballast efficiency standards is computed based on the
following estimated ballast prices (1986 dollars): standard - $10, efficient magnetic -
$14, electronic - $30. These prices are based on volume purchasing and are consistent
with the values in other studies [1,3,11,13]. Although some electronic ballasts cost
more than $30 currently, their price is falling as the market expands [14].

Electricity savings are valued at 7 cents/kWh, the average tariff paid by
commercial customers in the U.S. in 1987 [15]. It is assumed that the electricity price
increases at the rate of inflation during 1987-2010. The economic analysis is done in

constant 1986 dollars using a 5% real discount rate.



VI. Estimate of Savings: Results

Table 3 summarizes the national electricity and peak demand savings by year.
The average unit power consumption (UPC) in each case, presented in columns 3
and 4, refer to the power consumption of a typical two-lamp fixture based on the
assumed mix of new ballasts (see Table 2). The aggregate annual savings values in
Table 3 refer to savings due to the ballasts sold in a particular year, while curnulative
savings refer to savings due to all products in use that were affected by the standards.
Some savings occur during 1988-89 because it is assumed that manufacturers
gradually move towards full compliance with the standards.

It is estimated that the standards would reduce the power and electricity
consumption of new ballasts by 9-10% during 1990-2010. Cumulative electricity
savings reach 27,600 GWh by 2000 and 36,600 GWh by 2010. These values are
equivalent to 4.1-5.4% of electricity consumption in commercial buildings as of 1987
[15]. The estimated peak load reductions are 7.1 GW by 2000 and 9.4 GW by 2010. The
ballast standards are expected to provide about half the electricity savings and one
third the peak demand savings of the national appliance efficiency standards [6].

Table 4 shows the principal cost and cost effectiveness results. This table
includes the estimated extra first cost for new ballasts as well as the present value of
operating savings during their lifetime. Net savings are the reduced operating cost
minus the estimated extra first cost. It is seen that the net savings are approximately
$1.1 billion in 1990 and decline (due to primarily to discounting future savings) to
about $350 million by 2010. The cumulative net savings for consumers reach $10.7
billion by 2000 and $15.6 billion by 2010.

Benefit-cost ratios (BCRs) are presented on an annual and cumulative basis as
well, where annual BCR refers to the ballasts sold in a particular year and
cumulative BCR refers to all ballasts in use in a particular year that were affected by
the standards. It is seen that the BCR is in excess of 5.0 during the early years of the
standards. The annual BCR drops to 3.7 by 2000 and 2.7 by 2010. Thus, the ballast
standards are highly cost effective for typical consumers. Furthermore, the cost
premium for efficient ballasts may drop after the standards go into effect due to
economies of scale and competition. If so, the regulations would be even more cost
effective.

It is possible to estimate the investment in utility plant that can be avoided as
a result of the ballast standards. In performing this estimate, it is assumed that these
standards lead to reduction in the need for baseload capacity, that new conventioal
coal-fired baseload capacity costs $1,400/kW [16], it operates 65% of the time, and
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there are 8% T&D losses. The resulting potential avoided investment in power
generation is $7.4 billion by 2000 and $9.7 bilion by 2010 (undiscounted 1987 dollars).
In addition, there could be futher savings from avoided investments in

transmission and distribution facilities.
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