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Abstract. The article presents the regulations and standards relating to the quality of electricity, with
special emphasis on higher current and voltage harmonics in high-voltage, medium-voltage and low-voltage

power grids and the power factor (PF). The parameters defining the quality of electricity consumed by

modern LED bulbs for lighting homes, industrial premises such as offices and production halls, as well as
roads and yards were measured and analyzed. The current waveforms for LED lights were presented upon

connection to the power grid.

1 Preface

Light sources based on the LED technology are
increasingly used to light homes, industrial premises and
outdoor sites such as roads. LED bulbs are gradually
replacing less economical incandescent bulbs and
energy-saving gas-discharge lights. Gas-discharge bulbs
are more energy efficient, but they exert a negative effect
on the power grid by causing overvoltage on ignition,
generating higher current harmonics to the power grid,
and absorbing passive inductive power from the grid
(when inductive ignition systems are used). LED bulbs
are characterized by high luminous efficacy and long
life.

2 Standards and
electricity quality

regulations on

Selected provisions of the European Union directives,
Polish regulations and standards are presented in the
References section in points [1] to [12]. These
regulations define the minimum requirements for
electricity quality and supply voltage (higher harmonic
frequencies) and the power factor cosg.

3 Structure of LED light sources

LED bulbs have the following components: a rectifier
circuit, a capacitor for smoothing the voltage supplied by
the rectifier, a current-voltage regulator, and light-
emitting diodes connected in series and in parallel. The
complexity of the rectifier and power supply system
varies in different types of LED bulbs (for home or
industrial use), which significantly influences current
waveforms.
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4 Measurements and analysis of results

The quality of electricity drawn by LED lights was
analyzed by testing more than ten randomly selected
LED bulbs for lighting homes, industrial premises and
roads with the use of the HIOKI 3196 power quality
analyzer. The analyses involved measurements of
current, voltage and power as well as higher current and
voltage harmonics at the place of supply. Transient states
during connection and disconnection from the power
grid were evaluated. The registered higher current
harmonics generated to the grid are presented in Figure 1
for home lights, in Figure 2 for industrial lights, and in
Figure 3 for road lights. The phase angle between current
and voltage for the first harmonic is presented in Figure
4. The current waveform for a household light is
presented in Figure 5a, and for a road light — in Figure
5b.

5 Conclusions

Modern LED lights have high luminous efficacy and

long life, as well as the following characteristics:

— LED lights draw deformed current by generating
higher current harmonics to the power grid (Fig. 1, 2
and 3),

— LED lights decrease the power factor to PF=0.53 for
household lights (Fig. 4) and PF=0.93 for road lights,
and they draw passive inductive power from the grid,
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Fig.1. Percentage of higher current harmonics and THD; drawn
from a low-voltage power grid by household LED bulbs.
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Fig.2. Percentage of higher current harmonics and 7HD; drawn
from a low-voltage power grid by industrial LED bulbs.
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Fig.3. Percentage of higher current harmonics and 7HD; drawn
from a low-voltage power grid by road LED lights.
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Fig.4. Phase angle between voltage and current for the first
harmonic in the tested LED bulbs.
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Fig.5. Steady-state current waveform for: a) PHILIPS
FILAMENT LED bulb for household use: 4 W; E27; b)
POLARIS PLUM-46-D road light.

— most household bulbs have a simple rectifier system
with a capacitor for smoothing the voltage
transmitted to LED diodes (Fig. 5); therefore, they
also generate higher values of higher harmonics
reaching THD; = 140% (Fig. 1) than industrial and
road lights which generate higher harmonics that do
not exceed THD; = 20% (Fig. 2 and 3),

— lighting fixtures for home use should be equipped
with passive [12] or active [13] filters, whereas

industrial and road lighting fixtures should be fitted
with active filters [13] to minimize their negative
effects on the power grid,;

higher harmonics in supply voltage increase with the
absorption of higher current harmonics, which can
lead to electrical current resonance,

all of the tested LED lights meet the limits for higher
harmonics generated to the power grid, as stipulated
by the referenced standards and regulations in [1] to
[12],

industrial and road lights first charge the capacitor,
and LED diodes are gently activated after more than
ten voltage waveforms.
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