Analysis of Power Factor Requirements for CFL and LED

Abstract

For the consumers, there are no benefits from power factor requirements.

For the grid company, there are no grid measurements giving evidence of a power factor problem in a grid supplying consumers with many CFLs and LEDs. 

On the contrary requirements to the power factor may lead to further added electronics which may lead to negative side effects e.g. slightly increased energy consumption and added costs.

Additionally for lamps > 25 W this issue is regulated in IEC 61000-3-2:2006.

However, should it end up in requirements to the power factor DEA recommends PF > 0.5 as in the EU LED Quality Charter. This is fulfilled by products of quality and do not impose extra costs on the products for adding electronics.

Analysis

IEC 61000-3-2:2006 regulates for appliances and lamps with power above 25W. There are no requirements below 25W which includes most CFL and LED lamps for sales as replacement lamps for incandescent lamps.

For thirty years, it has been discussed whether the potential benefits to the electric grid of requiring high power factor CFLs and later LEDs outweigh the potential costs and risks that such requirements would produce. The debate often expose a lack of understand of the difference between active, reactive and apparent consumption and that the concept of the power factor (PF) is  based on the fundamental frequency (50/60 Hz) whereas in practice we are dealing with non-linear loads leading to the presence of harmonics there might be of more concern than the power factor. 

The LED active power consumption (lamp and active power grid losses) are the same independent of the size of the power factor. The size of the losses in the grid from reactive and harmonic currents are dependent on the sum of power for all lamps and appliances connected to the actual grid. The reactive load in the grid is often inductive whereas the switched electronics in CFL and LED contribute with capacitive reactive power thus providng the benefit of counteracting the inductive load
. The apparent consumption in the grid might in that respect benefit when shifting from incandescent lamps to LEDs or CFLs.

Analysing this topic, it is important to note that the consumption per lamp change to be several times lower when shifting from incandescent lamps to LEDs regardless of if the size of the PF is 0.5-0.6 (typical value) or higher for the LEDs. In the domestic sector, lighting constitutes around 15-17 % of the total consumption. Replacement of incandescent lamps by LEDs will reduced the lighting consumption to less than 5-8 % of the total domestic consumption. This explains why practical measurements on the total domestic load find no significant noticeable changes due to changing to LED/CFL lighting. The addition of other appliances like a heat pump, washing machine or dish washer impacts the reactive power consumption and harmonic distortion much more. 

It would be peculiar to set requirements for domestic lamps that typically are used 800 hours/year while there is no requirements for other equipment (< 25W) with larger effect and always on all 8760 hours per year e.g. set top boxes and network equipment. 
Addition of a PF corrector-circuit in a LED changing the frequency content might have both positive and negative consequences e.g. Swedish waveform investigations at Luleå University
 showed that the corrector-circuit reduced the distortion for low-order harmonics but introduced new types of distortion where the practical consequences are unknown. Anyway, the measurements at Luleå at domestic customers, in a hotel and in the laboratory did show that there is no need for requirements for lamps below 25W.

A new report
 reviews and summarizes the current power factor findings available documented research results from the last 15 years including laboratory research, experimentation, simulation, field installation plus measurements and interviews with researchers and policy experts. This report conclude with relative certainty that the totality of the research to date, and especially field research, has not proved that CFLs or LEDs with high power factor are needed or even beneficial. Current data indicate that a high power factor LED does not deliver any additional value to either the grid-operator or the end-user under most conditions, other than in cases of isolated, micro, or mini grids with high peak lighting loads. The report states that the addition of a corrector-circuit gives a number of disadvantages:

· consumes a small amount of additional power,

· generates a small amount of heat that might speed the failure of other components in the ballast compartment,

· gives more electronic waste material,

· can affect the LED reliability as a new potential ballast failure point is introduced,

· might increases the lamp size from the added electronics,

· typically adds an estimated 15-25 % to the cost.

From the manufactures side, both NEMA (US)
 and ELC (Europe)
 have published position papers which support that existing regulation is adequate and that additional power factor requirements would be counterproductive. In ELC comments of 9 March 2010 concerning Directional LED lamps to become part of a new European Regulation, ELC recommended a minimum power factor of 0.5 for lamps of 2-25W. 

In conclusion, the current power factor documented research results referred above clearly states that a minimum power factor of 0.5 is appropriate for LED of wattage below 25W in the European countries as included in the EU LED Quality Charter (Feb 2011) and as suggested for CFLs in the present draft (for the CFLs, it makes no sense with a marginal small change from 0.5 to 0.55 in the later phase). Higher requirements only include possible disadvantages for the consumer (worst of them at least the first years an increase of the already high LED price) and no measurable benefits for the grid companies. 
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