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Short Description

Compact fluorescent lighting CFL construction and working and comparison...



Description


History The parent to the modern fluorescent lamp was invented in the late 1890s by Peter Cooper Hewitt. The Cooper Hewitt lamps were used for photographic studios and industries.



Edmund Germer, Friedrich Meyer, and Hans Spanner then patented a high pressure vapor lamp in 1927. George Inman later teamed with General Electric to create a practical fluorescent lamp, sold in 1938 and patented in 1941. Circular and U-shaped lamps were devised to reduce the length of fluorescent light fixtures. The modern CFL was invented by Edward E. Hammer, an engineer with General Electric, in response to the 1973 oil crisis. While it met its design goals, it would have cost GE about US$25 million to build new factories to produce them and the invention was shelved. The design was eventually leaked out and copied by others. CFLs have steadily increased in sales volume. Development of fluorescent lamps that could fit in the same volume as comparable incandescent lamps required the development of new, high-efficacy phosphors that could withstand more power per unit area than the phosphors used with older, larger lamps.



Construction The most important technical advance has been the replacement of electromagnetic ballasts with electronic ballasts; this has removed most of the flickering and slow starting traditionally associated with fluorescent lighting. There are two types of CFLs: integrated and Non-integrated lamps.  



Parts There are two main parts in a CFL: The gas-filled tube (also called bulb or burner) and an d The magnetic or electronic ballast.  



An electrical current from the ballast flows through the gas (mercury vapor), causing it to emit ultraviolet light. The ultraviolet light then excites a phosphor coating on the inside of the tube. This coating emits visible light. Electronic ballasts contain a small circuit board with rectifiers, a filter capacitor and usually two switching transistors connected as a high-frequency resonant series DC to AC inverter. The resulting high frequency, around 40 kHz or higher, is applied to the lamp tube. Since the resonant converter tends to stabilize lamp current (and light produced) over a range of input -4-



voltages, standard CFLs do not respond well in dimming applications and special lamps are required for dimming service. CFLs that flicker when they start have magnetic ballasts; CFLs with electronic ballasts are now much more common. common .



Integrated CFLs Integrated lamps combine a tube, electronic ballast and either an Edison screw or bayonet fitting in a single CFL unit. These lamps allow consumers to replace incandescent lamps easily with CFLs. Integrated CFLs work well in many standard incandescent light fixtures, which lowers the cost of CFL conversion.



Non-integrated CFLs There are two types of bulbs: bi-pin tubes designed for conventional ballasts and quad-pin tubes designed for electronic ballasts and conventional ballasts with an external starter. The bi-pin tubes contain an integrated starter in the base, which obviates the need for external heating pins, but causes incompatibility with electronic ballasts. There are different standard shapes of tubes: single-turn, double-turn, triple-turn, quad-turn, circular, and butterfly. Since the ballasts are placed in the light fixture they are larger and last longer compared to the integrated ones, and they don't need to be replaced when the bulb reaches its end-of-life. Nonintegrated CFL housings can be both more expensive and sophisticated.



CFL power sources CFLs are produced for both alternating current (AC) and direct current (DC) input. DC CFLs are popular for use in recreational vehicles and off-the-grid housing. Some families in developing countries are using DC CFLs (with car batteries and small solar panels and/or wind generators), to replace kerosene lanterns. CFLs can also be operated with solar powered street lights, using solar panels located on the top or sides of a pole and luminaries that are specially wired to use the lamps.
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Working Of Fluorescent Light Tubes Prior to proceeding towards the understanding of Compact fluorescent Lights (CFL) an insight in the working of traditional Fluorescent tube lights (FTL).To understand fluorescent lamps, it helps to know a little about light itself. Light is a form of energy that can be released by an atom. It is made up of many small particle-like packets that have energy and momentum but no mass. These particles, called light photons, are the most basic units of light



How Atoms Emit Light Atoms release light photons when their electrons become excited. Electrons are the negatively charged particles that move around an atom's nucleus (which has a net positive charge). An atom's electrons have different levels of energy, depending on several factors, including their speed and distance from the nucleus. When atom gain or lose energy, the change is expressed by the movement of electrons. When something passes energy on to an atom -- heat, for example -- an electron may be temporarily boosted to a higher orbital (farther away from the nucleus). The electron only holds this position for a tiny fraction of a second; almost immediately, it is drawn back toward the nucleus, to its original orbital. As it returns to its original orbital, the electron releases the extra energy in the form of a photon, in some cases a light photon. The wavelength of the emitted light depends on how much energy is released, which depends on the particular position of the electron. Consequently, different sorts of atoms will release different sorts of light photons. In other words, the color of the light is determined by what kind of atom is excited. This is the basic mechanism at work in nearly all light sources. The main difference between these sources is the process of exciting the atoms. In an incandescent light source, such as an ordinary light bulb or gas lamp, atoms are excited by heat; in a light stick, atoms are excited by a chemical reaction. Fluorescent lamps have one of the most elaborate systems for exciting atoms, as we'll see in the next section. -6-



Inside the Tubes When lamp is turned on, there is a considerable voltage across the electrodes, so electrons will migrate through the gas from one end of the tube to the other. This energy changes some of the mercury in the tube from a liquid to a gas. As electrons and charged atoms move through the tube, some of them will collide with the gaseous mercury atoms. These collisions excite the atoms, bumping electrons up to higher energy levels. When the electrons return to their original energy level, they release light photons. The electrons in mercury atoms are arranged in such a way that they mostly release light photons in the ultraviolet wavelength range. Our eyes don't register ultraviolet photons, so this sort of light needs to be converted into visible light to illuminate the lamp. This is where the tube's phosphor powder coating comes in. Phosphors are substances that give off light when they are exposed to light. In a fluorescent lamp, the emitted light is in the visible spectrum -- the phosphor gives off  white light we can see. Manufacturers can vary the color of  the light by using different combinations of phosphors.



Conduction with Gas as conductor Gas conductors differ from solid conductors in a number of ways. In a solid conductor, electrical charge is carried by free electrons. To send a current through gas in a tube, then, a fluorescent light needs to have two things: 1. Free electrons and ions 2. A difference in charge between the two ends of the tube (a voltage) Generally, there are few ions and free electrons in a gas, because all of the atoms naturally maintain a neutral charge. Consequently, it is difficult to conduct an electrical current through most gases. When you turn on a fluorescent lamp, the first thing it needs to do is introduce many new free electrons from both electrodes. -7-



Starting of Fluorescent Light Tubes When the lamp first turns on, the path of least resistance is through the bypass circuit, and across the starter switch. In this circuit, the current passes through the electrodes on both ends of the tube. These electrodes are simple filaments, like you would find in an incandescent light bulb. When the current runs through the bypass circuit, electricity heats up the filaments. This boils off electrons from the metal surface, sending them into the gas tube, ionizing the gas. At the same time, the electrical current sets off an interesting sequence of events in the starter switch. The conventional starter switch is a small discharge bulb, containing neon or some other gas. The bulb has two electrodes positioned right next to each other. When electricity is initially passed through the bypass circuit, an electrical arc (essentially, a flow of charged particles)  jumps between these electrodes to make a connection. This arc lights the bulb in the same way a larger arc lights a fluorescent bulb. One of the electrodes is a bimetallic strip that bends when it is heated. The small amount of heat from the lit bulb bends the bimetallic strip so it makes contact with the other electrode. With the two electrodes touching each other, the current doesn't need to jump as an arc anymore. Consequently, there are no charged particles flowing through the gas, and the light goes out. Without the heat from the light, the bimetallic strip cools, bending away from the other electrode. This opens the circuit. By the time this happens, the filaments have already ionized the gas in the fluorescent tube, creating an electrically conductive medium. The tube just needs a voltage kick across the electrodes to establish an electrical arc. This kick is provided by the lamp's ballast, a special sort of transformer wired into the circuit. When the current flows through the bypass circuit, it establishes a magnetic field in part of the ballast. This magnetic field is maintained by the flowing current. When the starter switch is -8-



opened, the current is briefly cut off from the ballast. The magnetic field collapses, which creates a sudden jump in current -- the ballast releases its stored energy. This surge in current helps build the initial voltage needed to establish the electrical arc through the gas. Instead of flowing through the bypass circuit and jumping across the gap in the starter switch, the electrical current flows through the tube. The free electrons collide with the atoms, knocking loose other electrons, which create ions. The result is plasma, a gas composed largely of ions and free electrons, all moving freely. freel y. This creates a path for an electrical elect rical current. The impact of flying electrons keeps the two filaments warm, so they continue to emit new electrons into the plasma. As long as there is AC current, and the filaments aren't worn out, current will continue to flow through the tube. The problem with this sort of lamp is it takes a few seconds for it to light up. These days, most fluorescent lamps are designed to light up almost instantly. In the next section, we'll see how these modern designs work.



Instant Starting of CFLs Today, the most popular fluorescent lamp design is the rapid start lamp. This design works on the same basic principle as the traditional starter lamp, but it doesn 't have a starter switch. Instead, the lamp's ballast constantly channels current through both electrodes. This current flow is configured so that there is a charge difference between the two electrodes, establishing a voltage across the tube. Before the lamp is ignited, the lamp resistance is very large so that it can be treated as open circuit. The gain curve of the lamp voltage over Vin as a function of the switching frequency is shown in Figure. The lamp operating point goes from a to b, which means the switching frequency is decreasing and the lamp voltage is increasing. At point b, the lamp voltage reaches the lamp ignition level, so the lamp resistance drops quickly and the gain curve changes to the lower one. The operation point again moves from b to c, which is the steady state operation point. po int. -9-



Ballast Balance In a gas discharge, such as a fluorescent lamp, current causes resistance to decrease. In this way, current will climb on its own in a gas discharge, as long as there is adequate voltage (and household AC current has a lot of voltage). If the current in a fluorescent light isn't controlled, it can blow out the various electrical components. Fluorescent lamps ballast works to control this. The simplest sort of ballast, generally referred to as magnetic ballast, works something like an inductor.



Magnetic ballasts modulate electrical current at a relatively low cycle rate, which can cause a noticeable flicker. Magnetic ballasts may also vibrate at a low frequency. This is the source of  the audible humming sound people peo ple associate with fluorescent lamps. .



High-frequency electronic ballast is an AC/AC power converter, converting line-frequency power from the utility line to a high-frequency AC power in order to drive the discharge lamp. Figure 7 shows the circuit diagram of typical high-frequency electronic ballasts. The AC/DC rectifier contains four diodes and one bulk capacitor. This simple rectification scheme is still widely used because of its lower cost. However, it has very poor line side Power Factor (PF) and large Total Harmonic Distortion (THD). The low PF increases the reactive power and the large THD pollute the utility line. Figure shows the line voltage and line current of typical electronic ballasts without any Power Factor Correction (PFC) circuitry. In order to solve this problem, rectifiers with PFC function are used such as Active PFC rectifier (e.g. Boost converter) or Passive PFC circuitry (e.g. LC filter). Figure shows the line voltage and line current of o f the ballast with an Active PFC rectifier. The DC/AC inverter is a half-bridge series-resonant parallel-loaded converter. MOSFET M1 and M2 switch on and off complementarily with a fixed dead time, which generates a high frequency square waveform at point A. On the other hand, the voltage at point B is half of the bus voltage. If we take the resonant tank (Lr, Cr, and lamp) for consideration, a simplified circuit can be derived,
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Comparison with incandescent lamps



1. Lifespan The average rated life of a CFL is between 8 and 15 times that of incandescent. CFLs typically have a rated lifespan of between 6,000 and 15,000 hours, whereas incandescent lamps are usually manufactured to have a lifespan of 750 hours or 1,000 hours. Some incandescent bulbs with long lifetime ratings have been able to trade voltage for lifespan, slightly reducing light output to significantly improve the rated number of o f hours. The lifetime of any lamp depends on many factors including operating voltage, manufacturing defects, exposure to voltage spikes, mechanical shock, frequency of cycling on and off, lamp orientation and ambient operating temperature, among other factors. The life of a CFL is significantly shorter if it is only turned on for a few minutes at a time: In the case of a 5-minute on/off cycle the lifespan of a CFL can be up to 85% shorter, reducing its lifespan to "close to that of incandescent light bulbs". The US Energy Star program suggests that fluorescent lamps be left on when leaving a room for less than 15 minutes to mitigate this problem.



2. Energy efficiency The chart shows the energy usage for different types of light bulbs operating at different light outputs. Points lower on the graph correspond to lower energy use. For a given light output, CFLs use 20 to 33 percent of the power of  equivalent incandescent lamps. Since lighting accounted for approximately 9% of household electricity usage in the United States in 2001, widespread use of CFLs could save as much as 7% of total US household usage
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Electrical power equivalents for differing lamps Compact Fluorescent (W)



Incandescent (W)



Luminous (lumens)



9 – 13 13



40



450



13 – 15 15



60



800



18 – 25 25



75



1,100



23 – 30 30



100



1,600



30 – 52 52



150



2,600



3. Heating and cooling If a building's indoor incandescent lamps are replaced by CFLs, the heat produced due to lighting will be reduced. At times when the building requires both heating and lighting, the heating system will make up the heat. If the building requires both illumination and cooling, then CFLs also reduce the load on the cooling system compared to incandescent lamps, resulting in two concurrent savings in electrical power. Overall energy cost saving depends on the climate; increased heating energy demand offsets o ffsets some of the lighting energy saved.



4.



Luminous Efficacy and efficiency



Luminous efficacy is the measure of the lamp’s ability to convert input electric power, in watts, into output luminous flux, in lumens, and is measured in lumens per watt (lm/w).



The luminous flux of a light source is the electromagnetic radiation within the visible part of the electromagnetic spectrum multiplied by the sensitivity of man’s eyes to that part of the light from the source. - 12 -



A typical CFL is in the range of 17 to 21% efficient at converting electric power to radiant power based on 60 to 72 lumens per watt source efficacy The luminous efficacy of CFL sources is typically 60 to 72 lumens per p er watt, versus 8 to 17 lm/W for incandescent lamps.



5. Embodied energy While CFLs require more energy in manufacturing than incandescent lamps, this embodied energy is more than offset by the fact that they last longer and use less energy than equivalent incandescent lamps during their lifespan.



6. Cost While the purchase price of an integrated CFL is typically 3 to 10 times greater than that of an equivalent incandescent lamp, the extended lifetime and lower energy use will more than compensate for the higher initial cost. A US article stated "A household that invested $90 in changing 30 fixtures to CFLs would save $440 to $1,500 over the five-year life of the bulbs, depending on your cost of electricity. Look at your utility bill and imagine a 12% discount to estimate the savings."



7. Starting time Incandescent reach full brightness a fraction of a second after being switched on. As of 2009, CFLs turn on within a second, but may still take time to warm up to full brightness. The light color may be slightly different immediately after being turned on. Some CFLs are marketed as "instant on" and have no noticeable warm-up period, but others can take up to a minute to reach full brightness, or longer in very cold temperatures. Some that use a mercury amalgam can take up to three minutes to reach full output.



Comparison with alternative technologies Solid-state lighting has already filled a few specialist niches such as traffic lights and may compete with CFLs for house lighting as well. LED lamps presently have efficiencies of 30% with higher levels attainable. LEDs providing over 150 lm/W have been demonstrated in laboratory tests, and expected lifetimes of around 5 0,000 hours are typical. The luminous efficacy of available LED fixtures does not typically exceed that of CFLs. Everyday operating temperatures are usually higher than those used to rate the LEDs, their driving circuitry loses some power, and, to reduce costs, LEDs are often driven at their brightest rather than their most efficient point. - 13 -



DOE testing of commercial LED lamps designed to replace incandescent or CFL lamps showed that average efficacy was about 31Lm/W in 2008 (tested performance ranged from 4 lm/W to 62 lm/W). As of 2007, 2007 , LED lamp fixtures also did not deliver the intensity of light output required for domestic uses at a reasonable cost. General Electric in 2007 announced a high-efficiency incandescent bulb, which was said to ultimately produce the same lumens per watt as fluorescent lamps. GE has since discontinued development. Meanwhile other companies have developed and are selling incandescent that use 70% of the energy of standard incandescent.



Ave. Lm/Watt



Ave. Lm/Watt



Life, Hrs



Incandescent



14



1000



FTL



50



5000



High Lumen FTL



90



15000-18000



CFL



60



8000-10000



LED



150



50000



Halogen



20



2000-4000



HPSV



90



6000-12000



LPSV



150



6000-12000



Table giving different parametric comparison of CFL with different lightening technologies
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Spectrum of light from CFL The light of CFLs is emitted by a mix of phosphors of phosphors on the inside of  the tube, which each emit one color. Modern phosphor designs are a compromise between the shade of the emitted light, energy efficiency, and cost. Every extra phosphor added to the coating mix causes a loss of efficiency and increased cost. Good quality consumer CFLs use three or four phosphors to achieve a 'white' light with a CRI (color rendering index) of around 80, where 100 represents the appearance of colors under daylight or a black-body (depending on the correlated color temperature). temperature). A photograph of various lamps illustrates the effect of color temperature differences (left to right): 1. 2. 3. 4.



Compact Fluorescent: General Electric, 13 W, 6,500 K Incandescent: Sylvania 60 W Extra Soft White Compact Fluorescent: Bright Effects, 15 W, 2,644 K Compact Fluorescent: Sylvania, 14 W, 3,000 K



Color temperature



kelvin



mired



'Warm white' or 'Soft white' ≤ 3,000 K ≥ 333 M 'White' or 'Bright White'



3,500 K



286 M



'Cool white'



4,000 K



250 M



'Daylight'



≥ 5,000 K ≤ 200 M



Color temperature is a quantitative measure. The higher the number in kelvin, the 'cooler' (i.e., bluer) the shade, Color temperature can be indicated in kelvin or mired (1 million divided by the color temperature in kelvin). Some manufacturers now label their CFLs with a 3 digit code to specify the color rendering index (CRI) and color temperature of the lamp. The first digit represents the CRI measured in tens of percent, while the second two digits represent the color temperature measured in hundreds of kelvin. For example, a CFL with a CRI of 83 and a color temperature of 2,700 K would be given a code of 827. CFLs are also produced, less commonly, in other colors:    



Red, green, orange, blue, and pink, primarily for novelty purposes Blue for phototherapy Yellow, for outdoor lighting, because it does not attract a ttract insects Black light (UV light) for special effects. - 15 -



Health issues According to the European Commission Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) in 2008, the only property of compact fluorescent lamps that could pose an added health risk is the ultraviolet and blue light emitted by such devices. The worst that can happen is that this radiation could aggravate symptoms in people who already suffer rare skin conditions that make them exceptionally sensitive to light. They also stated that more research is needed to establish whether compact fluorescent lamps constitute any higher risk than incandescent lamp. If individuals are exposed to the light produced by some single-envelope compact fluorescent lamps for long periods of time at distances of less than 20 cm, it could lead to ultraviolet exposures approaching the current workplace limit set to protect workers from skin and retinal damage. The UV received from CFLs is too small to contribute to skin cancer and the use of doubleenvelope CFL lamps "largely or entirely" mitigates any oth er risks, they say.



Environmental issues Mercury emissions CFLs, like all fluorescent lamps, contain small amounts of  mercury as vapor inside the glass tubing. Most CFLs contain 3  –  5 mg per bulb, with some brands containing as little as 1 mg. Because mercury is poisonous, even these small amounts are a concern for landfills and waste incinerators where the mercury from lamps may be released and contribute to air and water pollution. In the U.S., lighting manufacturer members of the National Electrical Manufacturers Association (NEMA) have voluntarily capped the amount of mercury used in CFLs. In the EU the same cap is required by the RoHS law. In areas with coal-fired power stations, the use of CFLs saves on mercury emissions when compared to the use of incandescent bulbs. This is due to the reduced electrical power demand, reducing in turn the amount of mercury released by coal as it is burned. In July 2008 the US EPA published a data sheet stating that the net system emission of mercury for CFL lighting was lower than for incandescent lighting of comparable lumen output. This was based on the average rate of mercury emission for US electricity production and average estimated escape of mercury from a CFL put into a landfill. Coal-fired plants also emit other heavy metals, sulfur, and carbon dioxide.
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Net mercury emissions for CFL and incandescent lamps, based on EPA FAQ sheet, assuming average US emission of 0.012 mg of mercury per kilowatt-hour and 14% of CFL mercury contents escapes to environment after land fill disposal. In the United States, the U.S. Environmental Protection Agency estimated that if all 270 million compact fluorescent lamps sold in 2007 were sent to landfill sites, that this would represent around 0.13 tons (US), or 0.1% of all U.S. emissions of mercury (around 104 tons (US)) that year.



Broken and discarded lamps Due to health and environmental concerns about mercury, it is unlawful to dispose of fluorescent bulbs as universal waste in the states of California, of  California, Minnesota, Ohio, Illinois, Indiana, Michigan, and Wisconsin. Spent lamps should be properly disposed of, or recycled, to contain the small amount of mercury in each lamp, in preference to disposal in landfills. In the European Union, CFLs are one of many products subject to the WEEE recycling scheme. The retail price includes an amount to pay for recycling, and manufacturers and importers have an obligation to collect and recycle CFLs. Safe disposal requires storing the bulbs unbroken until they can be processed. In the US, The Home Depot is the first retailer to make CFL recycling options widely available. Special handling instructions for breakage are currently not printed on the packaging of  household CFL bulbs in many countries. The amount of mercury released by one bulb can temporarily exceed U.S. federal guidelines for chronic exposure. Chronic however, implies that the exposure continues constantly over a long period of time and the Maine DEP study noted that it remains unclear what the health risks are from short-term exposure to low levels of elemental mercury. The Maine DEP study also confirmed that, despite following EPA best-practice cleanup guidelines on broken CFLs, researchers were unable to remove mercury from carpet, - 17 -



and agitation of the carpet —  such as by young children playing — created created spikes as high as  — such 25,000 ng/m3 in air close to the carpet, even weeks after the initial breakage. Conventional tubular fluorescent lamps have been in commercial and domestic use since the 1930s with little public concern about their handling; these and other domestic products such as thermometers contain far more mercury than modern CFLs. The U.S. Environmental Protection Agency (EPA) recommends that, in the absence of local guidelines, fluorescent bulbs be double-bagged in plastic before disposal. The Maine DEP study of 2008 compared clean-up methods, and warned that the EPA recommendation of plastic bags was the worst choice, as vapors well above safe levels continued to leach from the bags. The Maine DEP now recommends a sealed glass jar as the best repository for a broken bulb. The first step of processing CFLs involves crushing the bulbs in a machine that uses negative pressure ventilation and a mercury-absorbing filter or cold trap to contain mercury vapor. Many municipalities are purchasing such machines. The crushed glass and metal is stored in drums, ready for shipping to recycling factories. According to the Northwest Compact Fluorescent Lamp Recycling Project, because household users in the U.S. Northwest have the option of disposing of these products in the same way they dispose of other solid waste, in Oregon "a large majority of household CFLs are going to municipal solid waste". They also note the EPA's estimates for the percentage of fluorescent lamps' total mercury released when they are disposed of in the following ways: municipal waste landfill 3.2%, recycling 3%, municipal waste incineration 17.55% and hazardous waste disposal 0.2%.



Mercury poisoning of Chinese factory workers In the past decade, hundreds of Chinese factory workers who manufacture CFLs for export to first world countries were being poisoned and hospitalized because of mercury exposure. Examples include workers at the Nanhai Feiyang lighting factory in Foshan city where 68 out of  72 were so badly poisoned that they required hospitalization. At another CFL factory in Jinzhou, 121 out of 123 employees were found to have excessive mercury levels with one employee's mercury level 150 times the accepted standard.
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Design and application issues The primary objectives of CFL design are high electrical efficiency and durability. However, there are some other areas of CFL design and operation that are problematic:



Size CFL light output is roughly proportional to phosphor surface area, and high output CFLs are often larger than their incandescent equivalents. This means that the CFL may not fit well in existing light fixtures.



End of life In addition to the wear-out failure modes common to all fluorescent lamps, the electronic ballast may fail since it has a number of component parts. Ballast failures may be accompanied by discoloration or distortion of the ballast enclosure, odors, or smoke. The lamps are internally protected and are meant to fail safely at the end of their lives. Industry associations are working toward advising consumers of the different failure mode of CFLs compared to incandescent lamps, and to develop lamps with inoffensive failure modes. New North American technical standards aim to eliminate smoke or excess heat at the end of lamp life.



Incandescent replacement wattage inflation An August 2009 newspaper report described that some manufacturers claim the CFL replaces a higher wattage incandescent lamp than justified by the light produced by the CFL. Equivalent wattage claims can be replaced by comparison of the lumens produced by the lamp.



Dimming Only some CF lamps are labeled for dimming control. Using regular CFLs with a dimmer is ineffective at dimming, can shorten bulb life and will void the warranty of certain manufacturers. Dimmable CFLs are available. The dimming range of CFLs is usually between 20% and 90%. However, in many modern CFLs the dimmable range has been improved to be from 2% to 100%, more akin to regular lights. There are two types of  dimmable CFL marketed: Regular dimmable CFLs, and "switch-dimmable" CFLs. The later use a regular light switch, while the on-board electronics has a setting where the number of times the switch is turned on & off in quick succession sets a reduced light output mode. Dimmable CFLs are not a 100% replacement for incandescent fixtures that are dimmed for "mood scenes" such as wall sconces in a dining area. Below the 20% limit, the lamp remains at the approximate 20% level, in other cases it may flicker or the starter circuitry may stop and restart. Above the 80% dim limit, the bulb will generally - 19 -



glow at 100% brightness. However, these issues have been addressed with the latest units and some CFLs may perform more like regular lamps. Dimmable CFLs have a higher purchase cost than standard CFLs due to the additional circuitry required for dimming. A further limitation is that multiple dimmable CFLs on the same dimmer switch may not appear to be at the same brightness level. Cold Cathode CFLs can be dimmed to low levels, making them popular replacements for incandescent bulbs o n dimmer circuits.



Perceived coldness of low intensity CFL When a CFL is dimmed the color temperature (warmth) stays the same. This is counter to most other light sources (such as the sun or incandescent) where color gets warmer as the light source gets dimmer. Emotional response testing suggests that people find dim, bluish light sources to be cold or even sinister. This may explain the persistent lack of  popularity for CFL's in bedrooms and other settings where a subdued light source is preferred.



Power quality The introduction of CFLs may affect power quality appreciably, particularly in largescale installations. In such cases, CFLs with low (below 30 percent) total harmonic distortion (THD) and power factors greater than 0.9 should be used.



Infrared signals Electronic devices operated by infrared remote control can interpret the infrared light emitted by CFLs as a signal, this limits the use of CFLs near televisions, radios, remote controls, or mobile phones.



Audible noise CFLs, much as other fluorescent lights, may emit a buzzing sound, where incandescent normally do not. Such sounds are particularly noticeable in quiet rooms, and can be annoying under these circumstances. The noise can be generated by the ballast circuit in the CFL. Newer compact fluorescent light bulbs are nearly noiseless, but some poorly made CFLs may still emit a buzzing sound.



Iridescence Fluorescent lamps can cause window film to exhibit iridescence. This phenomenon usually occurs at night. The amount of iridescence may vary from almost imperceptible, to very visible and most frequently occurs when the film is constructed using one or more layers of sputtered metal. It can however occur in non-reflective films as well. When iridescence does occur in window film, the only way to stop it is to prevent the fluorescent light from illuminating the film. - 20 -



Use with timers, motion sensors, and other electronic controls Electronic (but not mechanical) timers can interfere with the electronic ballast in CFLs and can shorten their lifespan. Some timers rely on a connection to neutral through the bulb and so pass a tiny current through the bulb, charging the capacitors in the electronic ballast. They may not work with a CFL connected, unless an incandescent bulb is also connected. They may also cause the CFL to flash when off. This can also be true for illuminated wall switches and motion sensors. Cold cathode CFLs avoids many of these problems.



Fire hazard When the base of the bulb is not made to be flame-retardant, as required in the voluntary standard for CFLs, then the electrical components in the bulb can overheat which poses a fire hazard. The Electrical Safety Authority of Canada has stated that certified bulbs do not pose a fire hazard as they use anti-fire plastics.



Outdoor use CFLs not designed for outdoor use will not start in cold weather. CFLs are available with cold-weather ballasts, which may be rated to as low as −23 °C (−10 °F). Li ght output drops at low temperatures. Cold cathode CFLs will start and perform in a wide range of  temperatures due to their different design.



Differences among manufacturers There are large differences among quality of light, cost, and turn-on time among different manufacturers, even for lamps that appear identical and have the same color temperature.



Lifetime brightness Fluorescent lamps get dimmer over their lifetime, so what starts out as an adequate luminosity may become inadequate. In one test by the US Department of Energy of  'Energy Star' products in 2003 – 04, 04, one quarter of tested CFLs no longer met their rated output after 40% of their rated service life.



UV emissions Fluorescent bulbs can damage paintings and textiles which have light-sensitive dyes and pigments. Strong colors will tend to fade on exposure to UV light. Ultraviolet light can also cause polymer degradation with a loss in mechanical strength and yellowing of  colorless products. - 21 -



Electrical Issues with CFL Power quality is a relatively obscure concept, limited mostly to conversations among utility engineers and physicists, but as electronic appliances take over the home, it may become a residential issue as well. By the year 2000, electronic loads may account for half of U.S. electrical demand, and much of that growth in electronic load will take place in the residential sector. Power quality is a two-pronged issue, with electronic equipment playing both villain and victim. Most new electronic equipment, while more efficient than its mechanical predecessors, consumes electricity differently than traditional mechanical appliances. While older devices like incandescent bulbs use power as it is supplied by the utility, electronic devices draw currents in bursts, altering the electricity that flows through them, so that what comes out the other side and returns to the grid is distorted. This "dirty" power underutilizes utility equipment and increases line losses. Thus, some of the efficiency gained through improvements in appliances is lost in the transportation of the electricity that runs them. Additionally, utilities must invest in filters and capacitors to "clean" this dirty power. Poor-quality power also causes transformers, cables and other transmission equipment to burn out more quickly, thus increasing utility equipment costs. In general, the more sophisticated equipment is the more sensitive it is to variations in power quality. Household appliances that were once simple mechanical devices--like furnaces, air conditioners and heat pumps-are going electronic. And the home electronics revolution has made video recorders, personal computers, microwave ovens and digital clocks--all sensitive to power distortions-commonplace in American homes. As computers get smaller and faster, they become increasingly sensitive to power quality problems. Efficiency improvements on the horizon for refrigerators include electronic motors, which will also make them prey to the same power disturbances that leave the VCR clock blinking at us dumbly when we walk in the front door. (Top) Motors and incandescent lights (Middle) Computers and electronic equipment (Bottom) Dimmers and variable-speed drives - 22 -



CFL as Victims Advanced electronic equipment is more sensitive to power disturbances than traditional machinery, as this graph of sensitivity thresholds illustrates. For instance, v oltage sag resulting in 70% of normal voltage for six cycles (point A) will trip an adjustable-speed drive (ASD), while neither computers nor breakers will be affected. A voltage sag to 60% at 12 cycles (point B) will affect computers as well as ASDs but still lies outside the sensitivity threshold for breakers.



CFLs as Villains Too Traditional, electromagnetic equipment will draw sinusoidal current from a sinusoidal voltage. But electronic equipment, which converts ac power to dc power does not draw current for the entire voltage waveform interval. The resulting current irregularities can cause disturbances, such as impulses and voltage loss, on the power distribution system.



A Power Quality Primer Power quality is affected from both sides of the grid, referring both to the quality and reliability of power as supplied by the utility and to the type and effect of customer loads on the transmission system. While power supply is generally regular and reliable, it can be interrupted or altered by storms and overloading of the system. Conversely, an ideal load--with a power factor of 1 and no harmonic distortion. distortion.



Harmonics are a distortion of the utility-supplied waveform (see Figure B) and are caused by "non-linear," (distorted) loads, which include motor controls, computers, office equipment, compact fluorescent lamps, light dimmers, televisions and, in general, most electronic loads.



Harmonic distortion refers to the difference between the shape of the current wave drawn by a device, and the shape of the voltage wave supplied to that device. Total harmonic distortion (THD) measures the degree to which the input is distorted, and is the relative value of all the harmonics combined, as a percentage of the fundamental current.



Power factor is a measure of how the current is being used to transmit power. It is a number between zero and 1, with 1 indicating perfect power factor. For example, electric resistance heaters and incandescent bulbs have a perfect power factor of 1, while newer electronic equipment, like electronically ballasted compact fluorescents, have lower power factors. When a load draws current that is not "in phase" with the voltage waveform, or draws a current that differs from the sinusoidal waveform provided by the utility, the power factor is less than 1. Poor power factor causes inefficiency in the delivery of electricity to the end-user, requiring more energy to compensate for losses on the line. For example, a load with a power factor of .5 will require twice as much current as a load with a power factor of 1 for the same amount of usable power. A low power factor is a power drain that decreases system efficiency.
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Power factor improvement  



 



Due to Converter circuit present the power factor of the supply gets poor by CFLs Thus for power factor correction circuitry is used which may be by means of Freewheeling diode etc. Or according to the need PW capacitors can be installed. Or Passive PFC circuitry (e.g. LC filter).



THD improvement Reducing the harmonic distortion of a system can be accomplished with centralized or localized harmonic filters. Centralized filters include filtered automatic power factor correction units and active harmonic filters. Localized filtering can be accomplished b y applying drive filters or active filters at the harmonic generating loads themselves. the mselves. A comparison of the harmonic filtering methods follows. For the purposes of this article the harmonic generators will be considered individual variable speed drives (VSD) of 6 pulse configuration on low voltage systems. The harmonics created by the VSD are 5th, 7th, 11th, 13th, etc. The largest amount of  harmonic current produced would be the 5th harmonic, followed by the 7th harmonic, then the 11th harmonic and so on. Following circuitry methodologies are used to improve THD.    



LC filters Active Harmonic Filters Resonant arm filters OTT filters



Figure B. Harmonic distortion.
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Efforts to encourage adoption Due to the potential to reduce electric consumption and pollution, various organizations have encouraged the adoption of CFLs and other efficient lighting. Efforts range from publicity to encourage awareness, to direct handouts of CFLs to the public. Some electric utilities and local governments have subsidized CFLs or provided them free to customers as a means of reducing electric demand (and so delaying dela ying additional investments in generation). More controversially, some governments are considering stronger measures to entirely displace incandescent. These measures include taxation, or bans on production of incandescent light bulbs that do not meet energy efficiency requirements. Australia, Canada, and the US have already announced plans for nationwide efficiency standards that would constitute an effective ban on most current incandescent bulbs.



Bachat Lamp Yojna    



Seeks to sell CFLs to households at a price similar to that of bulbs BEE is preparing a Programme of Activities covering all of India The Programme aims at replacing up to 400 million bulbs The replacement would lead to savings in peak demand of 6,000 to 10,000 MW, and reduction of 24 million tonnes of CO2 every eve ry year.



Other CFL technologies Another type of  fluorescent lamp is the electrode less lamp , known as a radio fluorescent lamp or fluorescent induction lamp. These lamps have no wire conductors penetrating their envelopes, and instead excite mercury vapor using a radio-frequency oscillator. Currently, this type of light source is struggling with a high cost of production, stability of the products produced in China, and establishing an internationally recognized standard and problems with EMC and RFI The Cold Cathode Fluorescent Lamp (CCFL) is one of the newest forms of CFL. CCFLs use electrodes without a filament. The voltage of CCFLs is about 5 times higher than CFLs, and the current is about 10 times lower. CCFLs have a diameter of about 3 millimeters. CCFLs were initially used for document scanners and also for backlighting LCD displays, but they are now also manufactured for use as lamps. The efficacy (lumens per watt) is about half that of CFLs. Their advantages are that they are instant-on, like incandescent, they are compatible with timers, photocells and dimmers, and they have a long life of approximately 50,000 hours.
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