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Abstract
Consumers have increased their use of compact fluorescent lamps (CFLs) due to their greater
energy efficiency relative to traditional incandescent bulbs. Despite this benefit, CFLs pose potential environmental, health, and safety (EHS) risks due to the presence of mercury within the
lamp itself. Without proper handling and disposal, the mercury can be released, with possible
health risks to humans. While each CFL has a small amount of mercury, the cumulative environmental and health effects might be significant.
This case puts students in the position of deciding what to do about CFLs. They have been
appointed by their state’s Department of Environment and Natural Resources to serve on an
advisory board to recommend a statewide policy on the disposal of compact fluorescent lamps
after their useful life. Their task is to evaluate the pros and cons of CFLs, the EHS tradeoffs,
and disposal methods, and decide what actions – if any – the state should take to address CFL
disposal.
The value of this case is that it confronts policymakers with a problem of some scientific and
technological complexity, poses a range of trade-offs, offers asymmetrical incentive structures,
and no obvious correct answer. There is no clear “bad actor.” As such, the case is representative
of the types of challenges policymakers, and not just technical experts, face all the time. What
do we do about products, or practices, that have obvious benefits and yet also pose some risks?
What is “acceptable risk” in a democratic society? And who decides?

Case
Introduction
Consumers have increased their use of compact fluorescent lamps (CFLs) due to their greater energy efficiency relative to traditional incandescent bulbs, the sale of which also was being phased following enactment
of the Energy Independence and Security Act (EISA) of 2007. 1 Despite their benefits, CFLs pose potential
environmental, health, and safety (EHS) risks due to the presence of mercury within the lamp itself. Without
proper handling and disposal, the mercury can be released, with possible health risks to humans.

Mercury
Mercury (Hg) is a naturally occurring element, present in various rocks and ores. It can be released into the
environment through volcanic eruptions and other geothermal events. However, mercury is also produced and
released by humans (known as anthropogenic release), largely through certain industrial activities. 2 Burning
coal for electrical power releases almost 99% of all anthropogenic mercury. 3
Human exposure to mercury can occur in various ways. One obvious way is through particulates of “elemental” mercury released in the air through burning coal. Mercury absorbed through the lungs is subsequently
passed along into the blood stream. 4 Another is through the process of bioaccumulation, in which mercury
makes its way into aquatic environments through rain, snow, or ground run off, to be absorbed by aquatic
plants and animals. The concentrations of such “methylated” mercury grows within each creature in the food
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chain as other fish eat these organisms and then are eaten by bigger fish. 5 Eventually, humans who eat the
larger fish also absorb the accumulated mercury. 6
Exposure to either elemental mercury or methylmercury is toxic to humans and can cause mercury poisoning.
Inhalation of elemental mercury can lead to symptoms such as tremors, emotional changes, insomnia, muscle
weakness/atrophy, headaches, sensation disturbances, changes in nerve response, and poor cognitive function. Methylmercury, the form that accumulates in fish, is more toxic and can lead to chronic problems, particularly in fetal development and in early childhood. 7 Methylmercury exposure can also lead to irreversible
tunnel vision, deafness, impaired speech, loss of bodily movements), and possible death. 8

Compact Fluorescent Lamps Facts and Background
Compact fluorescent lamps, as they are known today, arose out the energy crisis in the 1970s when consumers and manufacturers became increasingly worried about rising energy costs. General Electric (GE) directed an engineer, Edward Hammer, to work on energy efficiency, and he eventually developed the first successful CFL prototype. The major challenge was making fluorescent lighting into a bulb that could be screwed
into a standard light fixture. Fluorescent lamps are typically tubular, and curving them into a usable bulb can
result in reflective losses, meaning that light emitted from point A of the tube gets deflected by another part
of the spiral. However, Hammer was able to create a design that optimized the space between the spirals,
minimizing those losses, and culminated in the design of CFLs known today. 9

Edward Hammer with his prototype CFL.
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Source: Kanellos
Even after Hammer’s technical breakthrough, development stalled because of the cost of bending tubes into
spirals. CFLs simply were too expensive to produce before the 1990s, when automation technology alleviated
the need to create the spirals by hand. Moreover, the first models created problems for consumers because
CFLs initially operated with a high-frequency electronic ballast that interfered with television reception. 10
This is no longer an issue.
Compact fluorescent lamps have increased in popularity because of their energy efficiency. CFLs use 75%
less energy and last 10 times longer than incandescent bulbs. They also produce approximately 75% less
heat during use. 11 Incandescent bulbs function by heating a filament inside the bulb until it is hot enough to
emit visible bright light, a process requiring a significant amount of electrical energy. CFLs, like standard fluorescents, contain a mercury-vapor gas that can produce invisible ultraviolet (UV) light. As electricity “excites”
the gas, the UV light passes through the CFL’s white coating, transforming the UV light into visible rays. Such
a process uses far less energy and emit far less heat, hence the benefits.
The problem, of course, is that CFLs, like all fluorescents, need mercury-vapor gas to operate. 12 One on
hand, manufacturers have worked to decrease the amount of mercury needed. For instance, in the mid-1980s
a standard T8 fluorescent tube contained some 50 milligrams (mg) of mercury, today it might contain closer
to 20 mg. By comparison, older household thermostats contain around 500 mg of mercury, one reason homeowners are encouraged to use certified contractors when replacing older units. More to our immediate concerns, the average CFL today contains around 5mg of mercury, a relatively trivial amount to most experts. 13
On the other hand, the volume of CFLs used annually poses concerns about the cumulative amount of mercury that can potentially get into the environment. Over 300 million units were sold annually in the U.S. in
2007 and 2008 alone. 14 While those numbers have dropped in more recent years due to competition from
newer technologies (see below), CFLs still comprise 20% of all lightbulb sales, and over half of Americans
purchased the bulbs in 2015, in part in response to energy utility programs that significantly lowered CFL unit
costs. 15
CFLs do not release mercury while intact and functioning. However, risks of release occur at several stages
of a bulb’s life cycle: during production, as a result of breakage during transport and use, from vaporization
during incineration, and evaporation after being disposed and likely crushed in landfills. As of 2008, a comprehensive analysis found that 13% of the mercury in CFLs eventually leaked into the atmosphere, with possible
environmental and health effects. 16

Trade-Offs Over the Lamp Life Cycle
The popularity of compact fluorescent lamps poses various trade-offs. Proponents of CFLs tout the following
benefits:
• The Environmental Protection Agency estimates that CFLs use 75% less energy than traditional light
bulbs. According to the EPA, if every home in the US replaced one incandescent bulb with a CFL, it
would save enough electricity annually to power 3 million homes and reduce greenhouse gas emissions by 800,000 cars worth. 17
• CFLs produce 75% less heat than traditional bulbs, thereby reducing air conditioning needs, but increasing heating requirements during cold months. 18
• CFLs have a significantly longer life span than incandescent bulbs. An analysis by the U.S. DepartPage 6 of 18
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ment of Energy compared the efficiency of the two in producing 20 million lumen-hours, which the
graphic portrays: 19

• In the long run, CFLs are more cost efficient. In a 2012 analysis by Xcel Energy, a CFL costs on
average $6 each, in comparison to $1 for an incandescent bulb. However, the two bulbs had a useful
lifespan of 10,000 hours and 750 hours respectively. Under these assumptions, CFLs are the cheaper option after approximately 17 months. The incandescent bulb will have to be replaced approximately 13 times more often. 20
There are several arguments against use of CFLs:
• Despite long term cost savings, replacing some or all of a home’s light bulbs with CFLs can be a
significant upfront cost that many homeowners may be unwilling to undergo.
• Many CFLs require a warm-up period of 1–3 minutes before reaching full brightness. Additionally,
switching a CFL on and off repeatedly can adversely impact its lifespan. 21
• The presence of mercury and improper disposal. As noted, most CFLs contain 5 mg of mercury.
With improper disposal, this toxic element can leak out and cause potential harm to humans and the
environment. Five milligrams of mercury is the equivalent to tip of a ballpoint pen, and the average
amount of mercury released from a broken CFL is approximately 1.4 mg. 22 However, the issue does
not center around a single CFL, but of the cumulative effects of millions of CFLs disposed of improperly, incinerated, or crushed. Such concerns are elevated by the insufficient availability of disposal
facilities or options, and a lack of public knowledge on how to handle broken or “dead” CFLs.
Another trade-off involves the mercury content of CFLs versus the mercury release involved in coal-fired power plants. According to the EPA, 50% of all human-caused mercury emissions in the United States is attributable to coal-burning power plants. 23 Eckelman et al. conducted a life-cycle assessment of CFLs to determine their mercury emissions, evaluating them from production through end-of-useful-life. Because CFLs
have a longer lifespan, fewer CFLs need to be produced to create the same amount of light. Therefore, in the
production phase, CFLs result in a reduction of mercury emissions in comparison to incandescents as they
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require less coal-based electricity in manufacturing. 24
Eckelman et al. also found significant regional variation in mercury emissions, dependent on the respective
region’s reliance on coal energy. In areas where coal is a primary source of power (e.g. in the US: North
Dakota, New Mexico and West Virginia), replacing incandescent bulbs with CFLs will result in a significant net
reduction of mercury emissions. Where coal is used less, or where clean energy is expanding, CFL substitution will have less impact on mercury emissions. 25 Interestingly, there are a few states that use little coal for
their power needs and marginal use of CFLs will actually result in a slight increase in mercury emissions. 26
The greatest concerns are from improper disposal. CFLs sent to the landfill risk being crushed and broken,
whereby the mercury can leak into the ground and soil, or incinerated, releasing mercury vapor into the air. 27
If a CFL breaks, approximately 11% of the mercury vapor inside it is released. Therefore, if every one of the
272 million CFL bulbs sold in 2009 broke, together they would add 0.12 metric tons (equivalent to 0.12%) to
the anthropogenic mercury emissions in the US. 28 While this may seem insignificant, there already is a high
amount of mercury in the environment, as seen by the risks and warnings attached to eating certain types of
seafood. 29
Although all humans are exposed to mercury at some level, the World Health Organization has identified two
populations that are at particularly high risk for mercury exposure: Highly sensitive populations include fetuses, newborns and children because mercury poses a significant threat to nervous system development.
Highly exposed populations include those who eat large amounts of fish and seafood, including recreational
fishers and those who rely on seafood for sustenance. 30
Given these potential risks, CFL recycling is actively encouraged or even required in some jurisdictions. There
are six steps in this process: 31
1. Lamps brought to the recycling facility: the CFLs are fed into a fully automated machine,
using sub-pressured air to prevent mercury from being released into environment.
2. Byproduct separation: phosphor powder is separated from glass and mental elements.
3. Glass and aluminum stored: clean and salvageable glass and aluminum components are
stored for reuse.
4. Isolate mercury: mercury powder is separated and collected in distiller barrels.
5. Extract mercury: the powder is then retorted, allowing extraction of the mercury from the
powder itself.
6. Elements ready to be re-used: by the end of this process, all elements (glass, aluminum,
powder and mercury) are ready for reuse.

Disposal and Recycling Laws and Regulations
Disposing of compact fluorescent lamps is an issue because of the mercury inside their glass tubing. As such,
when a CFL has reached the end of its useful life, consumers should not dispose of it in regular waste for
risk of breakage and subsequent mercury release. Instead, CFLs need to be disposed of at a facility capable
of handling hazardous waste, or recycled. Nearly every component of CFLs can be recycled, as the process
entails isolating and extracting the mercury and separating the individual components. 32
Requirements for CFL disposal vary across the United States. Some states have specific recycling regulations, others do not. Federal law permits “small quantity handlers” – meaning a “universal waste handler who
does not accumulate 5,000 kilograms or more of universal waste (batteries, pesticides, mercury-containing
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equipment, or lamps, calculated collectively) at any time” 33 —to dispose of mercury-containing products,
conditional upon the implementation of various steps to ensure mercury is not released into the environment.
34 Specific to mercury containing lamps, a handler must:
1. Contain any lamp in containers or packages that are structurally sound, adequate to prevent breakage, and compatible with the contents of the lamps. Such containers and packages must remain closed and must lack evidence of leakage, spillage or damage that
could cause leakage under reasonably foreseeable conditions.
2. Immediately clean up and place in a container any lamp that is broken and must place in
a container any lamp that shows evidence of breakage, leakage, or damage that could
cause the release of mercury or other hazardous constituents to the environment. Containers must be closed, structurally sound, compatible with the contents of the lamps and
must lack evidence of leakage, spillage or damage that could cause leakage or releases
of mercury or other hazardous constituents to the environment under reasonably foreseeable conditions. 35
Federal law only applies to waste handlers – entities that manage the CFL once the consumer disposes of it.
As it now stands, no federal law governs consumer recycling or disposal, nor facilitates any method of how
and where to dispose of CFLs. However, several states have enacted laws on this issue, requiring various
efforts to reduce the likelihood and amount of mercury from CFLs that could leak into the environment:

Vermont
Vermont has relatively strict laws requiring labeling of nearly all mercury-containing products and regulating
their use in various industries and locations. 36 Specific to compact fluorescent lamps, the state requires that
manufacturers take action to make disposal easy and convenient. Manufacturers, even prior to being allowed
to sell CFLs, must:
1.
2.
3.
4.

implement an approved collection plan;
pay an annual fee to cover operational costs of disposal;
submit to an independent audit and subsequent report of its practices;
and ensure that no non-mercury containing lamp can fulfill its products’ purpose at an
equivalent cost. 37

Free collection for the consumer must be provided, and collection sites must be conveniently accessed
throughout the state. Every county must have a minimum of two collection sites, and any retailer must be
permitted to opt in to become a certified collection site. 38 Furthermore, manufacturers must provide public
education (through a variety of means) to convey:
1. there is a free collection program for mercury-containing lamps;
2. the location of the collection site and access information;
3. and the safe handling considerations for the products. 39
Manufacturers can undertake these responsibilities individually, or as a member of a “stewardship organization” made up of other manufacturers, so long as the organization represents, in the aggregate, at least 45%
of the mercury-containing lamps sold in Vermont. 40
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Maine
Maine also allows for individual or collective action on behalf of manufacturers in establishing recycling programs for mercury-containing lamps. This program must include:
1. convenient and free collection sites throughout the state;
2. “effective” public education, including but not limited to point-of-purchase information;
3. and an annual report detailing the number of CFLs recycled, an evaluation of the program’s effectiveness, recommendations for improving consumer uptake, and accounting
costs. 41

Massachusetts
Law in Massachusetts, enacted in 2006, forbids the intentional disposal of any mercury-containing product
through any means other than approved hazardous waste disposal methods. 42 Specific to mercury-containing lamps, such as CFLs, manufacturers (either individually or collectively) must submit and have approved
a collection plan that will provide information and locations, free to the consumer, regarding proper disposal
and recycling. 43
The law requires that manufacturers set and achieve recycling rate goals – 30% by 2008, gradually increasing
annually to 70% in 2011 and subsequent years. Failure of manufacturer(s) to achieve these goals “shall obligate the manufacturers of mercury-added lamps as a group to make available not more than $1,000,000,
per year of non-compliance, to the department for grants to municipalities or regional authorities to facilitate
meeting recycling rates.” 44

Impacts
To date, these laws have not met desired goals. For instance, Massachusetts has fallen below its recycling
targets. In 2009, 34% of the approximately 15 million CFLs thrown away were recycled properly, below the
40% goal for that year (see Figure 1). Even so, in 2014 the legislature responded to industry complaints and
abandoned the target rates and associated fines. 45
Maine reported similarly low results in 2009. As Figure 2 indicates, only 23% of those surveyed had brought
their spent, unbroken CFLs in for recycling, while approximately 30% disposed of them in household garbage
or a municipal facility. Additionally, it is assumed that this 23% is an overestimate of actual behavior. 46 In
2011, the Association of Lighting and Mercury Recycling, a trade group, reported that only 2% of consumers
recycle their CFLs nationwide. Other trade groups report similarly poor enforcement of CFL recycling laws.
47

Figure 1
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Source: Boston Globe, August 24, 2014.

Figure 2. End results of CFL Use in Maine

Source: Wagner, 2009

Other Regulatory Options
Policymakers have other options when it comes to encouraging desired behavior. Two are taxes and subsidies, known respectively as “demand-pull” and “technology-push” policies. A demand-pull policy seeks to
reduce consumer demand by changing the price ratio of a product, thus inducing innovation through creating
an incentive to find a cheaper product or production method. 48 Technology-push regulations seek to spur
technological progress, such as by funding research and development, or requiring manufacturers to utilize
specific production methods. Both of these approaches have been applied in the context of greenhouse gas
emissions. 49
There is room in realm of CFLs to institute stronger policies, should that prove to be the best option. Taxing
mercury content is one alternative. Currently each CFL has approximately 5mg of mercury per unit, and this
amount has been decreasing as technology develops. To further spur development of low-mercury or mercury-free lamps, state or federal governments could impose a tax per milligram of mercury. This may have the
effect of incentivizing companies to find mercury alternatives as quickly as possible to keep their production
costs down. On the other hand, such a tax could backfire; the tax could be shifted to the consumer, increasing
the retail price of CFLs thus decreasing consumer demand.
Page 12 of 18
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Another option involves a parallel with the phase out of incandescent bulbs. The federal Energy Independence and Security Act of 2007 imposed an efficiency metric on that incandescent bulbs could not meet, effectively phasing out their manufacture of in the U.S. 50 While the law was challenged by those who believe
it infringes on consumer choice, it remains in effect.
Furthermore, surveys show that most Americans will not “hoard” incandescent bulbs when supplies run out,
but will instead switch to CFLs or LEDs. 51 Using this as a foundation, governments could phase out CFLs,
in favor of LEDs, which last even longer and use even less energy than CFLs. 52 However, compared to the
long history of fluorescents in commercial and industrial settings, household consumer use of CFLs is still relatively new, and banning them may be premature as the technology is still developing. Furthermore, if CFLs
were to be phased out, there would still be a tremendous number of CFLs left in circulation that would eventually reach the end of their useful life and require disposal. In 2007 alone, 397 million CFLs were sold in the
United States. 53 What action, if any, would need to be taken then?

Examples of Private Sector Initiatives
In general, only a few states have laws on the books that impose requirements on CFL manufacturers. On
the other hand, some private industries have taken action independent of regulation, most likely spurred by
consumer demand, the desire to establish a “green” side to their business, and to avoid more stringent regulation. Home Depot, the world’s largest hardware retailer, began offering free CFL recycling at stores across the
United States. 54 Following Vermont’s labeling requirements for all mercury-containing products, the National
Electronics Manufacturing Association (NEMA), which represents most of the country’s CFL manufacturers,
announced in 2002 that all of its CFLs sold in every state would be labeled.
NEMA also set a schedule for voluntary reduction in Hg content, potentially reducing the scope of the problem
in the future. 55 To be sure, these private sector actions would not have occurred without perceptions of consumer demand or a desire to avoid possibly more stringent state and national regulations.

Making State Policy on CFLs
You have been appointed by your state’s Department of Environment and Natural Resources to serve on an
advisory board to recommend a statewide policy on the disposal of compact fluorescent lamps after their useful life. Your task is to evaluate the pros and cons of CFLs, the EHS tradeoffs, and disposal methods, and
decide what actions, if any, your state should take to address CFL disposal. The list below includes and explains the various alternatives.
1. Do nothing. This can be an attractive option if you look at the progress already made.
Compact fluorescent lamps are a much more efficient technology than incandescent
bulbs, and current CFLs have much less mercury than older models. Doing nothing also
avoid eliciting a response by free-market advocates who believe that government should
not meddle in this arena. Furthermore, it is arguable that this is not even an actual “problem” given how small the amount of mercury from CFLs is compared to that released from
coal power plants.
2. Recommend that the state legislature pass a resolution encouraging proactive behavior
on the part of manufacturers and consumers. A resolution is a non-binding motion released by a legislative body, essentially expressing the legislature’s stance on an issue
without enacting any law on the subject. This has the advantage of taking some action,
Page 13 of 18

Devising State Policy on Compact Fluorescent Lamps

SAGE
© 2017, The Electronic Hallway, Evans School of Public Policy &
Governance, University of Washington. All rights reserved.

3.

4.
5.

6.

7.

8.

SAGE Business Cases

even if only symbolic, without interfering too much in the process of R&D. Resolutions
can also garner significant media attention, bringing public attention and pressure to the
issue, further encouraging manufacturers to develop cleaner technology or invest in better disposal/recycling methods.
Recommend enactment of a state law require recycling of CFLs. As history demonstrates,
laws can be effective in instituting change. For instance, the passage of Vermont’s law
requiring labels on mercury-containing products led to nation-wide change by the National Electrical Manufacturers Association. Massachusetts passed a law in 2008 prohibiting
the disposal and CFLs in household trash and requiring the establishment of collection
sites. Now, these collection sites are all around the state.
Encourage local municipalities to implement their own programs. This would direct the
issue to the local level and allow governing boards/individuals in specific towns/cities to
come up with their own initiatives.
Limit the amount of mercury in CFLs available for sale in the state. Although much
progress has been made decreasing the amount of mercury in CFLs from 20 mg to 5 mg
per lamp, manufacturers need to be forced to innovate faster. As CFLs gain consumer
appeal, manufacturers have incentive to keep them on the market and this new restriction
will only hasten development.
Employ a strategy of taxing and subsidizing. Compact fluorescent lamps can remain on
the market as is, but manufacturers will be incentivized to use less mercury since a mercury-tax will change their cost/benefit ratio. Additionally, subsidizing green technology is
a common strategy employed to encourage development of technology not yet in the
mainstream.
Phase out CFLs for sale in the state. The mercury content and release of CFLs is too big
of a problem to address any other way, so the state should follow the lead of the federal
government when it raised efficiency standards and effectively phased out incandescent
bulbs. However, this may raise interstate commerce issues, opening up your state to vulnerability of a legal challenge by producers, retailers, and, even, consumers.
Other option, or a combination of any of the above.

Keep in Mind
No matter which option is selected, keep in mind the risk of putting your state at a competitive disadvantage.
For instance, a tax on the amount of mercury in CFLs could raise prices in your state. In turn, this could cause
residents to purchase CFLs across state lines, particularly those residents who live close to the borders. State
retailers would lose money.
Certain actions might also make your state less desirable to locate to for business or manufacturing. For example, if your state enacts more restrictions and regulations on mercury in CFL manufacturing or sale compared to the surrounding state(s), a business may pass over your state in favor of a “friendlier” business environment.
In terms of the consumer, another important characteristic to remember is the tragedy of the commons. This
“tragedy” refers to an individual’s lack of concern toward a shared resource for several reasons: 1) no accountability; 2) perception that other people are not doing their fair share; 3) perception that others will do
enough; 4) inability to see outcomes of their efforts; and 5) perception that there are no negative consequences for their lack of effort. 56 In this case, the shared resource is the environment, specifically the soil
and water. Motivating people to recycle/dispose of their CFLs separately may be difficult because of the issues listed.
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