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The effects on radial distribution networks caulgdeplacing
incandescent lamps with compact fluorescent lamgdd.&Ds.

Efectos sobre los circuitos de distribucién causamr el reemplazo de lamparas
incandescentes con bombillas fluorescentes congpadi&Ds.

A.M. Blancd and E. E. Parfa

Abstract — Compact fluorescent lampsand high-power light-
emitting diodes use an electronicdevice that injects harmonics
into distribution networks, thereby altering power quality levels.
This paper shows these lamps’ electrical characterisation and
the results of a computer simulation of aradial distribution
feeder supplying electricity to customerswho use this type of
harmonic load. The objective was to analyse the effect on
distribution systemsdue to CFLs andLEDs’ high penetration.

Index terms—compact fluorescent lamps (CFLs),
emitting diodes (LEDs), harmonic distortion, power quality.

light-

Resumen: Las bombillas fluorescentes compactas y los diogo
emisores de luz de alta potencia usan un disposibivelectrénico
gue inyecta armdnicos en las redes de distribuciéajterando los
indices de calidad de la potencia. Este articulo restra la
caracterizacion eléctrica de este tipo de lamparag el resultado
de la simulacién de un circuito de distribucion radal que
alimenta a consumidores residenciales que utilizaaste tipo de
cargas armoénicas. El objetivo es el de analizar efecto en los
sistemas de distribucion debido a la alta penetragn de BFCs y
LEDs

Palabras Claves. Bombillas fluorescentes compactas (BFCs),
diodos emisores de luz de alta potencia (LEDs), thssion
armonica, calidad de la potencia

1.INTRODUCTION

International policies for caring angreserving the
environment have encouraged the usfe high-efficiency

technologies. TheEuropean Union, Argentina, Canada,
California, Australia,the Philippines, Russia, Colombia and
other countriebave banned the production, import, sale and
useof inefficient incandescent bulbs during the last few years
and have promotetthe implementation of compact fluorescent

lamps (CFLs) and high-power light-emitting diodeé EDs)
in householdngallations.
CFLs and LEDs have a long life andgh luminous
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efficacy, but they use an electronic devider their

operation. These devices (ballasts and drivarenhonlinear

loads that inject harmonics into tledectical grid. Due to

lighting consuming around 20%f the electricity generated
in the United States, theuropean Union (Acevedo et al, 200,
pp. 481-510) and many countries in the world, thessve

change from incandescent bulbs to LEDs and CEas

produce severe problems for distributisggens, such as
unacceptable voltage distortion level8], destruction of
power-factor capacitors and equipmemilfunction (Watson

et al, 2009, pp 1521-1528).

The main object of this paper was to analyse dffiect
of CFLs and LEDs’ large-scale penetration of distributior
systems (Blanco,2010), (Cunill et al, 2007, pp. 2305231
Electrical tests were performed on a group of CFLs and
LEDs to characterise harmonic load. With this
information, simulations were made in egeal distribution
circuit using DigSilent (Blanco,2010).

2.ELECTRICAL CHARACTERIZATION

Twenty-nineCFLs samples and 43 LEDs samples fron
different manufactures were tested to obtain their electric
characteristics (Blanco,2010). These (current, power, pow
factor, distortion) and the lampgurrent signals were
measured according to IEC standard 60969 (IEC Standa
2001). The following procedure wased for measuring the
lamps
1.Lamps were aged for a period of 1000h normal

operation before taking theeasuremaents;
2. The test voltage was stable within +0,%,
during stabilization periods, this tolerance was
reducedto +0,2% at the moment aheasurements.
The total harmonic content of the supplgltage
(THDv) did not exceed 3 %. The harmordontent
was defined as the r.m.s. summation tie
individual harmonic components usinghe
fundamental as 10%.
4. The test voltage was the rated volté@0Vms).
5. Tests were carried out at rated freque(@@Hz).
6. Measurements did not start before #iabilization
time has elapsed. Stable operation has bearhed
after 15 minutes of continuowperation.

3.
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7. Lamps were operated in free air invertical base- s00 —eoar | 2

up postion. 400 —— —rEpz

The circuit for measuring the bulbs was taken fro ., \ ——LEDO0S? |
the standard IESNA LM-66-00 (IESNA Standard, 2000) ar | £ [ | |\ —Vertae | 100
is shown in Fig. 1, where a Fluke 43B power analyzerw _~ | /| \ \ .

used to measure the electrical variables and a Fluke 1' &' / ”
oscilloscope to obtain the voltage and current signals of 1

e LIRS\
lamps. E oo RN\ /R
S \ /)
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Voltage (V)

A
120£2V </\<;j Fluke 190B
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‘I’ 7 Figure 3. Voltage and curremtaveformsmeasured fob LEDs
W
PF Total harmonic distortion (THD) shows percentag
Fluke 138 current (or voltage)signal distortion [4]. In line with
Fig. 1. Testing circuit for individual CFLs andDs. IEEE-Std 519-1992, this factor was defired
Table | shows the results of ten selected samled, m
Figures 2 and 3 illustrate voltage armlirrent signals. THD(%)=Y—2 3 K 100% o))
Results for the full set of bulbs were simitarthose shown G
below. where Ci was harmonic voltager current amplitude
Table 1. Measurement values for 10 samples
Nominal Measurement Values This indicator alone does not show the specif
p[‘:A";’]er VO['\tl?ge C[Unr]f/f]”t P[‘\)AVIV]GT PE T[';']Di characteristics of a signal, because two signail different
Crlo%s 10 190l 17174 1091 od2 °132 s har_mo_nlc content can have the same THD, but ttitscteon
! i ! h 1 a distribution system would be different (Parra)20Pp. 481-
CFL-005 15 120 186 | 1406 063 943f 510). To complete the analysis, the harmonic cdrntbthe 10
CFL-020 20 120 | 36423 22,78 0582 13314 gelected samples are shown in figures 4 and 5.
CFL-010 23 1199 | 344,78 22,78 055 125,94
CFL-027 42 1199 | 6225 40,3 054 136,66
LED-131 35 120,1| 5293 378 059 129,82 _
LED-124 55 120 | 68,025 49| 06 117,49 f
LED-076 7 120,1 122 747 051 136,36 %
LED-089 7 120 83,5 571 05f 79,89 -
LED-038 75 119,8| 118,79 854 06 12507 5
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Figure 2. Voltage and current waveforms measure& foFLs
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Figure 5. Voltage and current waveforms measure® fdEDs
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According to the tests, the measured samples’ CFL curnelas used, but the combination that use CFLs and LEDs
signals and harmonic content were similar. This happerted best response.
because the ballast used these lamps had the same
configuration for all brandsThe situation was completely
different for LEDs, since current signals depended oredriv PN oo

—coM2
3000 | 150

configuration. However, CFLand LED spectra were o

equivalent, having high odd harmonicsgry low even
harmonics, poor power factor and highiDi (around 80% / /\ \ \
PN\ .

to 140%). /

A customer has aboutlbibs from different manufacturers ! > : . s 5 - / ’
in simultaneous operation for approximately fveursdaily. 1000 \\f\\// 0
Using many lamps at the same time cerange current - \ \\// /

signals, a phenomenon known atsenuation effect [9]. The \\/ /
N

1000

Current [mA]
Yoltage |V]

current signals from different CFL andlED combinations 0o
were measured to recreate this scenario. The informatio 0

L . . Ti
aboutthese combinationsis given in Table. _ mefme]
Table 2. Combinati f CEL d LED Figure 7. Voltage and current waveforms measuredr fihe
able 2. Combinations o san S combinations of lamps

Nominal Power | Nominal Power
Number | Number consumed by consumed by
of CFLs | of LEDs CELs LEDs 100
COM-1 1 2 23 21 oo |
COM-2 5 0 80 1
COM-3 0 5 0 23,5

The test circuit is shown in Figure 6, wherd-lake 43B
power analyser and a Fluke 190b oscilloscapere used.
The electrical parameters aedrrent signals were measurec
using the procedure describkeoxe.

Lamps —‘

+ )
1202V Fluke 190B 1 2 3 4 5 6 7 8 9 10 1l 12 13 14 15 16 17 18 19 20 21
60 Hz = Oscilloscope Harmonic Order

‘If Figure 8. Spectrum of theombinationscurrent waveforms

Current magnitude [%]

W
PF 3. SIMULATIONS
Fluke 43B Simulations were carried out in a real distribution feeder
Figure 6. Testing circuit for CFL arldED combinations Bogota with the results obtained in the electric

characterization. The objective is estimate the effect
distribution circuits due to intensive use of CFLs and kED
The circuit is shown in Fig. 9. It is a 11.4kV radial citcu
whose phases are in balance and have transformers wi
Delta-Wye connection. The characteristics of lines a
transformers were supplied by the local distribution compa

The next table shows the results regardihg selectel
combinations. Figure 7 illustrates tmeeasured voltage and
current signals and Figure 8 shot® harmonic content of
the different combinations’ current signals

Table 3. Combinations of CFLs and LEDs

Voltage | Current | Power | Power | THDI The. power consumptign assumed is 2020kW, a value .tha
V] [mA] W] Factor [%] equivalent to the maximum load of the system according

COM-2 120,2 1070 8231 0,64] 10843 - : :
COM3 120 1 205 2267 0.64] 11221 The lighting load (harmonic load) was simulated as

current source with the harmonic content measured in th

. c8mb|nat|ons of lamps described before and this load v
Although several nonlinear loads were connecté o
. . . . . assumed equal to 20% of the initial system load. T
simultaneously, the distortion of the current signal ie & _. - . N
o - simulations were carried out in DigSilent.
combinations was significant. The low values of power factor
are due the considerable current harmonic content, particularly

odd harmonics. The worst scenario is one in which only LEDs
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e e e . for three different lines of the circuit. None of the linesaih
the simulations have a distortion above 25%.
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Figure 9. Real distribution feeder used in $iraulations analyze the effect on the system. To do this analysis,

As expected, the power quality indices were affected leﬁlues.of TDD (Total Demand Distortion) were calculate
the introduction of these harmonic loads. The distortiothef according to the Standard IEEE-S186€ Standard, 1993) In
voltages in the circuit was increased significantly. The figu¢cordance with this standard, this factor is defined as the
10 shows the values of THDv for some nodes of the circyff€@n square (rms) of the harmonics expressed as a perce
Some nodes have distortions above 3% but the higher valu@fdhe maximum load current magnitude:

THDv was 3.42% where only LEDs where used (COM-3).

Should be noted that the Standard IEEE-519 (IEEE Standard, Z" |§
1993) limit the voltage THDv to 5% for systems below 89k TDD = h=2 )
so in these simulations all the nodes do not exceed this limi I L max
4 where |, is the amplitude of the harmonic current ar
35 | ::Oj“ I 1max iS the maximum demand current magnitude at there
L] eNodes ~ frequency.
IEEE standard 519 also givd®D limits based on the
T — short-circuit current ratio available #te point of common
°: , ~ coupling (PCC) tomaximum fundamental load current.
g The feeder'sload curve, maximum demand current and
= s — shot-circuit current were known for this analysis, so the
TDD factorwas calaulated.
! ~ Table 4 shows the comparison between Tl TDD
05 - — values for three different lines and tkalues highlighted
did not fulfil the standard's limits. As result, including
0 1

CFLs and LEDs canprodwce unaccepted distortion in
current signals. Figure 1showsline 1's current signal when
only LEDs wereconrected (THDi =20.20%).

COM-1 COM-2 COM-3
Combinations

Figure 10. Voltage distortion in some of ttiecuit’s nodes

Likewise, the distortion of the currents in the circuit was
increased. The Fig. 11 shows the current distortions (THDi)
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Table 4.Combinations of CFLS and LEDS

Line 1 Line 2 Line 3
THDi TDD THDi TDD THDi TDD
COM-1 14.14 13.44 13.99 13.38 13.97 13.37
COM-2 19.15 18.33 18.94 18.25 18.914 18.p4
COM-3 20.20 19.33 19.98 19.25 19.95 19.p4

100

Current |A]

-200
0,00

0,01

0,02
Time [s]

Figure 12. Current signal in line 1 when only LE®sreconnected

4. CONCLUSIONS

Compact Fluorescent Lamps and Light Emitting Diod
are the lighting technologies which will replace tradition
incandescent bulbs. These technologies are energy effic
products, but are characterised by having very low pov
factors (around 0.5) and high current harmonic distortio
(80% to 150%).

According to simulations, the widespread use of LEDs a
CFLs will increase the voltage and current distortion
distribution networks. In an ordinary distribution ciitcu
(radial and with balanced phases), asubstitution will noteca
serious changes in voltage signals, but current signals cc
have unaccepted distortion. Moreover, the simulations shoy
increased active power losses. This was due to the appear
of high harmonic currents circulating through the systen
elements.

High CFL and LEDs penetration of distribution network
could produce unaccepted distortion and low power fact
which should be considered. Stricter standards are neede
prevent future distribution networks problems.

The system'’s power factor and power losses obtained with

harmonic loads were comparetb the system’s values
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