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Measurement of power characteristics in public lighting
networks

Abstract. The aim of this paper is to share the results of measurements in public lighting networks of current status in terms of electrical
characteristics. Based on the measurements it is possible to create an image of the actual power proportions in public lighting networks and the
problems that arise after incorrect design. The optimal solution to the energy aspects of public lighting networks requires an assessment of a several
technical and electrical inputs.

Streszczenie. Celem artykutu jest przedstawienie wynikéw pomiaréw parametréw elektrycznych publicznej sieci o$wietleniowej. Na podstawie
pomiaréw mozliwe byto odwzorowanie rzeczywistych pozioméw mocy w publicznej sieci o$wietleniowej i probleméw pojawiajgcych sie przy
niewfasciwym projektowaniu. Optymalne rozwigzanie aspektéw energetycznych publicznej sieci oswietleniowej wymaga oceny kilku parametrow

technicznych i elektrycznych (Pomiary parametréow mocowych w publicznej sieci o$wietleniowej).
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Introduction

Nowadays, the energy consumption is assessed and
evaluated in most of new products. In order to use
technology more effectively and reduce CO, emissions in
the construction industry, new and renovated buildings are
certifying since 2008. Preparation methods and determining
the limits of different classes, depending on conditions in
individual countries, lasted several years. The aim is to fulfil
the obligations of the Kyoto Protocol, which EU committed.

Short time ago, the EU has created mandate to assess
the energy consumption of public lighting systems. It is one
of the best ways to evaluate the effectiveness of proposed
solutions and to meet Kyoto Protocol commitments. The
evaluation methodology was created in the working group
CEN TC 169/226 JWG. The aim is not only define the
evaluation process but also to verify the measurement of
energy consumption in the sections under consideration.

Energy performance assessment methodology currently
created is based on the determination of the consumption in
selected sections with the same lighting parameters and
geometry of communication. This method is showed in
Figure 1. By comparing the calculated values and the
measured values of electricity consumption are emerging
differences. In order to identify and quantify these
differences, the measurements in real public lighting
networks was performed. From measurements is possible
to identify and quantify a more conclusions. Evaluating the
energy consumption in public lighting networks brings some
specific problems. It is because of the harmonic currents
flowing through lamps, voltage drop, load asymmetry,
variability installed lamps and other factors.

Measurement of electrical parameters in public lighting
networks

Lamp is a major appliance in public lighting networks.
The true consumption to get in lighting networks is not
possible by simply multiplying the installed power and the
time of its operation. For better understanding the
particularity of public lighting networks, the electrical
parameters were measured in switchboards and endpoints
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Fig.1. Analyser connected to the switchboard
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In this paper are presented the results from measuring
in Slovak Republic networks. Public lighting networks have
various years of construction; some networks are also
reconstructed or newly built. A totally was analysed 130
public lighting networks.

Table 1. The parameters of networks

L Number of measured
Municipality switchboards Network

Michalovce 82 Cable,'overhead
lines

Dunajska Streda 43 Cablei_overhead
ines

Gabcdikovo 1 Overhead lines
Handlova 2 Cable
Galanta 1 Cable
Matuskovo 1 Cable

Measurements have been realised at the time of the
minimum and maximum load of distribution networks in
terms of distribution network impact to the public lighting
network. Electricity consumption affects the size and
distorted supply voltage of the surrounding customers.

Specifics of public lighting networks in determining the

energy consumption
Exact determination of network power consumption in

time is nearly impossible. This is due to many influences

and variable network characteristics. Lamps and network

analysis identified the following impacts on instantaneous

consumption:

- Voltage drop,

- The impact of switchboard, line, connectors, fuse and
luminaries,

- Power variability of lamp during stabilisation,

- Passive consumption of the network,

- Control, measurement and communication equipment
consumption,

- Effect of harmonic voltages and currents - distortion
power,

- Installed regulators,

- Variable operating time during the year,

- Reactive power,

- Load asymmetry,

- Connected other
illumination, etc.)

devices (kiosk lighting, building
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Measured data

The aim of the measurements is to determine the
consumption of public lighting networks and analyse the
effects to power consumption. From the measurements is
possible to identify specifics of public lighting networks in
terms of electrical parameters.

Effective values and transients of voltages and currents
have been measured. Values have been recorded at start,
during, and after stabilisation of lamp. Measuring sensors
have been connected in the switchboard and in selected
line endpoints. From waveforms is possible to determine
voltage and current harmonic analysis at start and after
stabilization.
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Fig.2 Measured voltage and current (Examples — Dunajska Streda,
switchboard 40, branch 1)
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Fig.3 Measured active power and reactive power (Examples —
Dunajska Streda, switchboard 40, branch 1)

Drop voltage

Design of cables in public lighting networks requires
checking the current capacity and dropping voltage,
especially if lighting regulator is used. This could be caused
by reduced voltage by regulator and large voltage drops at
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the end of the line. Large voltage drops cause problem with
discharge stability in the lamp. This problem occurs mainly
for lamps with magnetic ballasts. Electronic ballasts can
solve problem with voltage drop.

From measurements performed in Matuskovo it can be
seen that at the end of the line voltage was out of the
boundaries of EN 50 160. Although at the beginning of the
branch is almost nominal voltage. This situation occurs
when at the beginning of the line is almost nominal voltage.
This network has been just before reconstruction and
almost half of the lights have been broken. Some lamps
have been connected to another phase, but it is expected
that already during the construction of the network with a
250 W mercury lamps.

More often lamp switching due to unstable discharge is
reason of low voltage in lighting network. This could cause
the state where the two phases are interrupted..
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Fig.4 Measured voltage in switchboard (green) and at the end of
line (red). Measuring in Matuskovo

Variation of lamp power during stabilization

In street lighting networks, usually discharge lamps are
used. For these lamps are characteristic progressive
stabilisations of parameters. Stabilization of the discharge
and electrical parameters is not longer than 15 minutes.

I Harm. 1 [A]

1588 Ufivatet Jariga Proskt MERANIE S MEerd: IVO 7V1 Modut FFT Velfina | Ham. 1 j4]

%= 28,200
1 - LE AR
12.00- .

— _ -

10,00+

ganan B
12 2822 2

1 e
(53] nmnlr '1 nrr 814000
28z 2. nz gz

Fig.5 Current variation during stabilisation of Iamp in public lighting
network (inductive ballasts)
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Fig.6 Current varlatlon durlng stabilisation of Iamp in public lighting
network (electronic ballasts)

What concerns the lamp power; there are two typical
situations during start-up of discharge lamps. If the lamp is
supplied by inductive ballast, then current flowing in lamp is
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higher at start up and during stabilisation the current flow
decreases. In the case of a lamp with electronic ballast, the
situation is reversed. This means that due stabilisation the
current increases.

Control, measurement and communication equipment
consumption

The calculations consider only lines resistance.
Reactance is ignored because it is several times lower. .
Measurement in real networks with nine lamps has
confrmed a little impact on the course of the current
reactance. The following figure shows, that the harmonic
content is not changed by distance, but only due to
distorted voltages. Slight differences are due to age of
lamps (lifetime lamps are changing the electrical
parameters) and small variations of electrical parts (the
same lighting parameters are slightly different).
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Fig.7 Effect of cable length on the harmonic content (L - light
position)

Passive consumption of the network

Consumption in network consists of the consumption of
lamp and consumption of the other equipments. Usually
these elements are placed inside the switchboard. Passive
consumption and the consumption of auxiliary equipments
can be divided into two groups:

- Consumption depends on the
consumption,

- Consumption is independent of the installed power
consumption.

Passive consumption in public lighting networks is
caused by loss of breakers, power control circuit (timer or
sensor light intensity). This group includes the consumption
of the controller.

installed power

Effect of harmonic voltages and currents - distortion
power

Lamps with inductive ballast currently dominate in the
public lighting networks. These lamps have a nonlinear VA
characteristic and non-harmonic currents flow thru. Current
distortion increases with voltage distortion. Undistorted
power supply voltage does not occur.
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Fig.8 Sample of the current flowing in public lighting network

Distorted currents cause distortion power. Apparent
power takes into account distortion power necessary.

(1) S=P*+Q*+D? [VA]

where: S— apparent power, P — active power, Q — reactive
power, D — distortion power.

Finally distorted currents cause increase losses, voltage
distortion and greater stress of network elements. Deformed
currents flows are eliminated in lamps with electronic
ballasts. Harmonic generation in the LED lamps is
depending on the power supply. If the power supplies to the
LED don’t have the harmonics filter such lamp generate
strong distorted currents.

Installed regulators

In order to reduce the consumption of network,
regulators control the power lights. Technically, regulation is
designing individually in lamps or in the central switchboard.
Deeper analyses are showing that the change in voltage
changes the power factor and harmonic content of current.
These changes are caused by changing the discharge and
capacitor in lamp. In the case of voltage regulation on
lamps with electronic ballasts, is to some extent this
regulation is ineffective.
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Fig.9 Voltage and current regulation

Some newer regulators do not change only the
amplitude but also the supply voltage waveform. In such
cases, it is strongly influenced by the current flow
deformation in lamps.
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Reactive power

Results of measurements show problem with apparent
power and power factor. Although the lights have
compensating capacitor, the measured values are outside
the range of the desired value given by distribution network
operators (PF in the range 0.95 to 1.00). Because it is a
small consumption, there is no reactive consumption fee in
Slovak Republic. In the measured networks losses caused
by reactive power transfer are negligible. With an average
wattage of public lighting network to 10 kW are losses not
great. Losses due to the transfer of reactive power are not
the same throughout the network. Maximum losses are
near the switchboard and at the ends of line are minimal.
With careful optimization of the network it makes sense to
deal with this problem and eliminate possible causes.
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Fig.10 Alteration power factor during voltage variation

As shown in Figure 10, there is no power factor
dependence on voltage change. The problem with reactive
power can occur due to loss of capacity of the
compensation capacitor. This failure occurs very rarely.
Another possible reason may be the usage of an
inappropriate capacitor as in lamps in Galanta, where the
resultant value of the power factor is 0.77 and the
incremental value of the power factor of individual lights is
low.

Load asymmetry

From several measurements carried out in the elderly
and reconstructed networks is indicated that the load
unbalance is a common phenomenon. In terms of power
quality this is not a danger. It doesn’t even increase
operating costs, because the distribution system operators
don’t charge the load unbalance to customers.

Load asymmetry in new networks caused by the
inappropriate connecting of lamps to different phases.
Except the problem with uneven lighting pronounced in
case of failure of one phase may be a problem with
overloading phase, because the design is considered with
uniform distribution. Very significantly, this problem is seen
from measurements in Galanta, where all the lights are
connected to one phase even if the network was made the
new three-phase cable. If the new networks are not
connected with balanced load, it may lead to switch off fuse
of line.
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Conclusion
In determining consumption in public lighting networks, it

is important to first determine whether the assessed
instantaneous consumption or  annual. Solving
instantaneous consumption is easier to take into account,
however, setting the operating time. When comparing
values calculated with the measured then differences may
exist due to other influences such as:

- connecting other devices (phone box lighting, buildings
illumination, fountains power source)

- connecting a special occasional light
decoration, lighting used during holiday)
Because the measurements obtained during the large

amount of data, the results are still analyse readings. For
solve power balance network of public lighting with LED
lighting are not some of the problems. Also in these
luminaires can be clearly defined behaviour when a certain
voltage. In this case, you can build a network model and
make a calculation take into account the most impact.
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