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Abstract The street lighting is one of major compo-
nents in total energy consumption in cities. The paper is
focused on a concept of street lamp control systems and
function organization with remote monitoring, to reduce
maintenance costs and energy consumption. A new
approach to the definition of functional strategy organi-
zation for outdoor lighting systems is introduced in the
paper. Proposed functional strategies are based on four
efficiency classes of building automation and control
systems (BACS) defined in the EN 15323 standard.
They have been formulated, analysed and eventually
implemented and verified in real experiment street light-
ing installation. This outdoor lighting system, designed
by the authors, based on LonWorks (the ISO/IEC EN
14908) platform with a power line communication
aimed to control high-pressure sodium lamps. The street
lamps are integrated nodes of a building management
system (BMS). The results of experimental tests for the
proposed functional strategies, implemented with vari-
ous control scenarios, show that they provide a great
potential in reducing energy consumption by street
lighting installations. In particular, the energy use can
be reduced even by 45 % in comparison to conventional
street lighting system, especially without the use of
monitoring and control.

Keywords The EN-15232 standard . LonWorks .

Power management . Street lighting . Energy
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Introduction

The street and outdoor lighting installations provide
citizens with safe roads, stylish and inviting public areas
and enhance the security in their homes, businesses and
city centres. They are very important elements of infra-
structure in cities around the world. Unfortunately, ac-
cording to different reports, the street lighting is one of
the biggest electrical energy consumers, accounting for
about 40 % of the total energy consumption in cities
(The European PPP Expertise Centre (EPEC) 2010;
European Commission 2013; Mohamed 2013). This
shows that they are costly and contribute considerably
to environment pollution. The production of electricity
needed to power the street lighting systems significantly
adds to carbon dioxide emissions (CO2, greenhouse
gas) and nuclear dust. The costs of the electrical energy
together with the environmental factors encourage mu-
nicipalities to implement solutions to measure, analyse
and reduce energy consumption in order to reduce
spending and decrease maintenance costs (SungKwan
Cho and Dhingra 2008; Li-jun et al. 2011). All round the
world, especially in cities, monitored light installations
of public spaces are implemented and controlled manu-
ally or remotely. These can be commercial technical
solutions and research pilot ones. The leaders are the
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USA, the European Union’s countries and China. In
many of them, the total number of lighting points is
calculated in the tens of thousands, for instance: Oslo,
Norway—65,000 lamps; Varna, Bulgaria—1000 lamps;
Amsterdam, Netherlands—2300 lamps; Dublin, Ire-
land—5000 lamps etc. (E-Street Project Grant Team
2008; Echelon Corp. 2011). In a longer perspective, an
integration of the many control and city infrastructure
maintenance systems, including street lights, is expected
to build complete, integrated networks of data and in-
formation exchange, integrated monitoring and con-
trol—so-called the smart cities systems. This operation
will allow effective energy and media management,
together with energy demand management (Demand-
Response concept) and services for prosumers
(Palensky and Dietrich 2011; Noga et al. 2013;
Oliveira-Lima et al. 2014; Tascikaraoglu et al. 2014).
So far, research and tests of the smart lighting systems
have been carried out, to compare them and their func-
tionalities with the previously used technical solutions,
especially in the quality and user comfort areas, as well
as in relation to energy and maintenance costs savings.
Another investigation concerns the exploration and de-
velopment of lighting control algorithms. Two main
approaches are analysed: static and dynamic. The first
of them is based on the constant settings. The parame-
ters like (i) the type and power level of light sources; (ii)
the on/off time periods, according to the calendar; (iii)
changing the length of day and (iv) light sensor signal
are set to the lighting control system. The second ap-
proach—dynamic algorithms, offer more possibilities of
control, optimization and adjustment of the lighting. But
it requires significantlymore infrastructure elements and
may have different functional development levels. The
simplest solutions allow to change light intensity at
certain periods of time (e.g. at different hours of the
night). This results in different time-action lighting pro-
files, providing additional energy savings and increasing
the lifetime of the lamps (Mohamed 2013; Pizzuti et al.
2013; Wojnicki et al. 2014). This paper is focused on
implementation of the distributed building automation
and control systems (BACS), based on the international
standards, in the street lighting field. They provide the
possibility to control the lamps individually or in a
group, implement both the simple and advanced control
algorithms focused on energy saving, CO2 reduction
and tools to monitor, manage and run diagnostics of
the lamps (Arnold and Barth 2012; Leccese 2013;
Colmenar-Santos et al. 2013). It is possible to integrate

the outdoor and street lighting monitoring and control
data with the buildingmanagement system (BMS) in the
building. In more functionally advanced systems, vari-
ous types of proper sensors and other infrastructure
subsystems are integrated. These include, for example:
weather stations, motion/presence and light intensity
sensors, elements of wireless and mobile phones net-
works etc. (Novak and Gerstinger 2010; Müllner and
Riener 2011; Novak et al. 2014; Todorović and
Samardžija 2016). Structure of research installation is
presented and explained in BThe street lighting sys-
tem—experimental installation^ section. In this paper,
we propose a new approach to formulation of control
system functional strategies, based on the BACS effi-
ciency classes. A possibility to use the EN-15232 guide-
lines in a new field e.g. organisation of control systems
for street lighting installation has been investigated. This
study, described in the paper, focuses on the impact of
the control systems on the outdoor lighting energy con-
sumption reduction. This can be achieved by technical,
organisational or behavioural changes. Application of
the BACS efficiency classes allows to categorize differ-
ent, simple and advanced control systems and assess
their impact on street light energy use in general
(Schiavon and Melikov 2009; EN 15232 Standard
2012; Schönenberger 2015). In our opinion, this ap-
proach and the proposed system organization are uni-
versal and useful for integrated automation system de-
signers and integrators, creating an easier path to energy
efficiency improvements. Assumptions for the proposed
scenarios, implementation process and results are pre-
sented in the BImplementation and verification of con-
trol scenarios^ section.

The street lighting system—experimental
installation

Technical parameters and functions of an experimental
street lighting system are presented in this section. Their
analysis and verification have been the first stage of our
research works. A research installation of intelligent
public space lighting is located at one of the car parks
of a university campus—Fig. 1.

Besides the standard functionalities of classic street
lighting systems, associated with lighting a particular
space, the experimental installation has advanced mon-
itoring and control ones. A control system is based on
the ISO/IEC EN 14908 BACS standard (LonWorks)
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with a power line communication (PLC) on the field
level, to control each of a lamp. The PLC technology is
an excellent solution widely studied and analysed by
researchers, even in areas characterized by strict require-
ments, such as industries. Its reliability has been inves-
tigated and verified taking into consideration different
aspects, in order to optimize the use and the perfor-
mance depending on the specific environment
(Sutterlin and Downey 1998; Collotta and Tirrito
2014). In our experiment, the PLC technology is used
as one of the communication channels. A schematic
diagram of the system is shown in Fig. 2.

The lamps as BACS nodes

Our experiment is carried out on the installation
consisting of eight modern road lighting luminaires with
the high pressure sodium lamps (HPS 70W). In each of
the luminaires, there are three additional modules:
LonWorks node module, an electronically adjustable
smart ballast and an interface filter module (Fig. 3).
The applied electronically controlled smart ballast is a
source of power for HPS lamps. It ensures optimal lamp

use parameters throughout the period of its operation,
extending the life of the lamp and reducing energy
consumption compared to conventional ballasts (Hsieh
and Lin 2011; Moo et al. 2011; Gutierrez-Escolar et al.
2016). The mentioned LonWorks network node module
is equipped with a Neuron Chip processor 31xx series
and Power Line transceiver (Sutterlin and Downey
1998). This device is the interface between the ballast
module and the data transmission medium (in this sys-
tem, its supply network—Power Line Communica-
tions). The lamps with these devices are autonomous
control nodes in the distributed automation LonWorks
network (Marcos Alonso et al. 2000; Onat et al. 2011;
Li-jun et al. 2011; Dragičević et al. 2014; Oliveira-Lima
et al. 2014). A block diagram with connections between
the modules in the lamp is shown in Fig. 3.

Additionally, in each luminary, a filter module has
been implemented to ensure the high reliability of the
data stream received by the node modules or sent to
other system components via a transmission medium
PLC. It eliminates data read errors caused by noises
and interference, appearing in the transmission medium
(Onat et al. 2011). The luminaires fitted with the

Fig. 1 The car park real photo
with the experimental street
lighting installation

Fig. 2 A schematic diagram of a
research street lighting
installation
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mentioned devices, use the advantages offered by the
LonWorks technology and provide remote monitoring
and control level of the load lamp (the on/off function
and adjusting the level of illumination), monitoring of
the supply voltage for each of the lamp, measurement of
energy consumption, information about the number of
work hours and other work parameters. All of the men-
tioned data could be sent to the BMS and integrated
within the BACS.

BACS infrastructure

The integrated system of street lighting includes a server
module i.LON (Figs. 1 and 2). In our experimental
installation, it is a router for the LonWorks standard
communication between two kinds of the transmission
medium: Power Line and IP network (Internet). Routing
is realized by tunnelling LonTalk protocol telegrams in
IP standard frames. The i.LON module also works as a
Web server, with additional control functions for exam-
ple, in our studies, a scheduling function has been used –
see the BControl scenarios—descriptions and
assumptions^section (Li-jun et al. 2011). Another com-
ponent of the system is a L-IP router (Fig. 2). It receives

or transmits data packets to the i.LON router via IP
networks and IP-852 technology as well as enables
connection to the part of the system realized with anoth-
er transmissionmedium—twisted pair (TP) (Soucek and
Sauter 2004). This allows to integrate the outdoor light-
ing control system with the BMS in a university campus
building near the car park. In this particular installation
the daylight level sensor has been connected and inte-
grated this way. The L-IP router and some parts of the
infrastructure of the system are placed in cabinets in the
mentioned building (Noga et al. 2012). The lamp con-
trol system interoperates with a daylight sensor and a
temperature sensor (Fernandes et al. 2014). They sys-
tematically provide information on the current level of
ambient light intensity or the outside temperature to all
devices running on the LonWorks technology. A dia-
gram of network connections between described auto-
mation and monitoring modules, along with data chan-
nels, is shown in Fig. 4. It presents the view of the
experimental street lamp control network in the Lon
Maker package—software for integrators.

An automation server L-INX from the BMS has been
implemented in the street lighting system as well
(Fig. 2). In this experimental installation the L-INX
module is used to provide monitoring and visualization
of the system and lamp status. The visualisation is a key
part of a technical building management (TBM) system.
In our experiment, it has been used to monitor and
control the research street lighting system installed at
the mentioned car park of the university. Designed by
us, the visualization panels are available by a standard
Web browser, from anywhere (with access to the Inter-
net). Starting them and setting the visualization options

Fig. 3 The block diagram of the connections between modules in
the lamp

Fig. 4 Project of the street
lighting installation in the
LonMaker package, with nodes
and data channels—different
kinds of the communication
media

566 Energy Efficiency (2017) 10:563–576



require proper authorization and could be encrypted.
The visualization allows to remotely monitor and man-
age the state of the entire street lighting system, the
groups of the lamps and the state of each lamp separate-
ly. Figure 5 shows one of the graphical panels.

The lamp status monitoring provides information
about on/off states; light intensity level (low—%, medi-
um—60 %, high—80 %); the voltage at the contacts of
the light source mounted in the luminary, the total elec-
trical energy consumption, amount of working hours,
temperature of the ballast and state of the alarm signals.
The visualization has also reporting capabilities about
errors or hazards that may arise during system operation.
They are parts of the mentioned TBM system as well.
For instance, Fig. 5 shows a situation when the lamp is
loaded to the maximum and the voltage on the light
source is 139 VAC. This value is too high and it reports
that the life-end of the HPS lamp is approaching. The
system informs the user about this fact, not only by
changing the colour of an icon (in Fig. 5—red) but also
by sending an e-mail to the service, with information
about the need to take appropriate action. This feature is
an additional value of our TBM and control system,
helpful in maintenance services.

Electrical energy measurement instrumentation

There is one electrical energy meter implemented in
the experimental street lighting installation (see
Fig. 2). A main meter measures total energy con-
sumption for all of the eight lamps. The meter com-
plies with the MID directive which is valid in Eu-
rope—the Measuring Instrument Directive 2004/22/

EC (MID). The energy meter accuracy class B,
roughly corresponds to class 1 in the well-known
meter standards. This meter has been manufactured
according to the regulations of the following stan-
dards: the EN 50470-1, the EN 50470-3 and the EN
62053-23. As has been mentioned, each lamp—the
LonWorks network node, has its own built-in energy
meter. The measurement data from each of the
lamps have been sent as network variables. They
have been collected, summed and compared with
the main energy meter indications. Deviations of
the measurements have been negligible and corre-
spond to the class B. In this respect, we decided to
calculate energy consumption for each of the lamps,
using the main energy meter indications.

Implementation and verification of control scenarios

The street lighting system with the mentioned devices
and functions is an object of our research and real
experiments. Ongoing research works are aimed at
analysing the possibility of reducing the energy con-
sumption in the outdoor lighting installation, by func-
tions of the distributed building automation systems
(LonWorks) and to determine the effect of various func-
tional organization strategies and control algorithms,
implemented in the networked control system, on the
energy consumption in the lighting system (Burgos-
Payan et al. 2012; Mohamed 2013; Pizzuti et al.
2013). Therefore, in our opinion, it makes no sense to
compare our outdoor lighting installation with other
existing street lighting control systems. We have not

Fig. 5 Screenshot of the
operating status for a single lamp
in the street lighting system—an
element of the TBM system
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been focused on the differences between the devices and
technologies used in street lighting installations. Our
concept, presented in this paper, is universal and could
be used to evaluate the organization, functional strate-
gies of the street lighting control systems and their
impact on the energy consumption for installations with
all kinds of lamps (HPS, LEDs etc.). Today, road and
street lighting commonly uses high-intensity discharge
(HID) lamps. The HID lamp family includes HPS
(Todorović and Samardžija 2016). The second stage of
our research works has been energy consumption
comparison between lamps equipped with two dif-
ferent kinds of ballasts. In the experiment, by de-
fault, each of the luminaire has been equipped with
high-pressure sodium source (HPS 70W) and appro-
priate modules, including an electromagnetic ballast.
The consumption of electrical energy by a single
lamp in average daily cycle, assuming 15 h of op-
eration, was 1.54 kWh. Following that, all standard
manufacturer’s modules had been replaced by elec-
tronic modules described in BThe lamp as BACS
nodes^ section. As a result, energy consumption in
an average daily cycle was 1.3 kWh. A comparison
of the energy consumption is shown in Fig. 6. A
data acquisition period for these measurements is
105 days.

It should be emphasized that the lamp offered by the
manufacturer did not have dimming and/or energy con-
sumption reducing capabilities. The measurements were
carried out for the maximum load for the lamps and their
Smart Ballasts (SungKwan Cho and Dhingra 2008;
Burgos-Payan et al. 2012; Ożadowicz and Grela 2014;
Fernandes et al. 2014).

Functional strategies—implementation
of the EN-15232 standard

In the next stage of our research works, some different
functional organization strategies of the control system
have been proposed in a new, original approach. Since
the street lighting control system based on the
LonWorks technology—one of the BACS standards,
the proposed strategies have been formulated in an
analogy to efficiency classes in building automation
control systems (BACS), described in the European
Standard EN 15232 BEnergy performance of build-
ings—Impact of Building Automation, Controls and
Building Management^ (EN 15232 Standard 2012).
This standard concerns the impact of the BACS and
the TBM on energy performance and energy use in
buildings. There are four BACS efficiency classes de-
scribed in this document: (i) the class A corresponds to
the BACS with very high impact on energy consump-
tion, (ii) the class B—the BACS with high impact on
energy use, (iii) the class C—the BACSwith low impact
on energy consumption and (iv) class D—the BACS
without any impact on the energy consumption in build-
ings (Djuric and Novakovic 2010; Schönenberger
2015). Considering this, and taking into account the
assumptions for the classes as well as the functions
available in the street lighting control system, in our
experiment, we propose four different functional strate-
gies (EN 15232 Standard 2012):

& The street lighting installation with the standard
lamps (the electromagnetic ballast), not offering
any control options (only basic switch on/off all

Fig. 6 The electrical energy
consumption for the standard
lamp modules and new ones
(Smart Ballast)

568 Energy Efficiency (2017) 10:563–576



the lamps simultaneously). This strategy corre-
sponds to class D.

& The street lighting installation consisting of the
lamps equipped with the modern electronic modules
providing a reduction of energy consumption, pre-
serving the light intensity like the standard lamp,
extending the life of the lamps, without advanced
functions related to settings of lighting intensity and
technical management of the installation. There is
possibility to switch the lamps on/off independently
of each other. The strategy corresponds to class C
(see Fig. 6).

& The street lighting installation with the elements and
functions from previous class C strategy and addi-
tional advanced control and selected technical man-
agement functions of the installation: automated
control with time schedules implemented in control-
ler or automation server module, to adapt to different
scenarios of usage the lighting installation and to
reduce energy consumption. It is possible to imple-
ment individual and group control of the lamps. This
strategy corresponds to class B.

& The street lighting installation with elements and
functions from previous class B strategy and the
advanced functions of the control and technical
management. The control strategy takes into ac-
count mentioned time schedules, but it is focused
on maximum daylight usage with automatic adapta-
tion to external condition changes (daylight level—
provided by Lux sensor integrated in the network)
and adjusting the light level depending on occupa-
tion. The daylight changes do not only depend on
time of the day but also on local weather conditions.
This fact has been taken into consideration by im-
plementation of proper sensors (e.g. Lux sensor,
etc.). This strategy is based on full integration be-
tween the street lighting installation and the BMS.
This approach allows to implement various ele-
ments and functions of the building control and
monitoring system, with an interoperability between
them. The described strategy corresponds to class A.

For the classes B and A, additionally to the men-
tioned advanced control functions and the interoperabil-
ity of the control data, some of the TBM functions have
been implemented—for instance: (i) lamps and control
device failure detection and support in their fixing and
(ii) monitoring of the installation work parameters (volt-
age level, ballast temperature, run hours) with alarms

detection. The outdoor lighting system integration with
the BMS provides synergy between various applica-
tions, improving comfort, safety and energy savings in
the lighting installation. In this context the BACS func-
tions, integration with the BMS and building automa-
tion systems, are important enablers of a new possibil-
ities in control, monitoring and energy savings in the
street lighting installations. In our study the functional
strategies and energy savings provided by them are the
main research question.

Control scenarios—description and assumptions

To implement and verify the functional strategies for the
classes B and A, proposed in the BFunctional strate-
gies—implementation of the EN-15232 standard^ sec-
tion, we decided to test them with several scenarios of
control—for various time schedules and settings of pa-
rameters associated with the level of light intensity. The
approach was based on similar works conducted in other
research centres (Chung et al. 2005; Alzubaidi and Soori
2012; Omar et al. 2013; Pizzuti et al. 2013). The master
device controlling the lamps in these studies was the
i.LON module, described in the BBACS infrastracture^
section. With its scheduling functions for the devices
integrated in a single project of the LonWorks control
network, some scenarios have been prepared and veri-
fied practically and numerically. The first scenario (sce-
nario 1) provides a relatively high level of comfort in
lighting of the concerned parking area and creates pos-
sibility to find good time intervals to reduce the level of
light intensity, with the assumption that it is unacceptable
to switch the lamps off during the night. Day profiles of a
lamp load, corresponding to this scenario are presented
in Figs. 7 and 8 (red solid line). The second scenario
(scenario 2) is a modification of the first one. Based on
the observations, some modifications have been imple-
mented in the levels of light intensity for given working
periods of the lamps. These changes provide levels of
light intensity more suited to the different types of usage
of the mentioned parking area, with the assumption that
it is unacceptable to switch the lamps off during the
night. Day profiles of a lamp load, corresponding to this
scenario are presented in Figs. 9 and 10 (red line). The
third scenario (scenario 3) was created as a modification
of the second one, with only minor changes in the level
of light intensity settings as well as the ability to switch a
few lamps off in the time period identified as Black of use
of the parking^. Day profiles of a lamp load,

Energy Efficiency (2017) 10:563–576 569



corresponding to this scenario are presented in Figs. 11
and 12 (red line). All proposed scenarios have been
accepted by the technical department of the university
as well as car park users and provide sufficient lighting
conditions. These three scenarios have been implement-
ed in the street lighting control system devices in respect
of the mentioned functional strategies corresponded to
the BACS energy efficiency classes B and A. This way,
we would like to show differences in energy consump-
tion between these both strategies (different strategies
verified with the same group of three scenarios) and
eventually between them and other two—corresponded
to C and D classes. Energy consumption for the class D
and class C have been measured in the second stage of
our research works and described already at the begin-
ning of the BImplementation and verification of control
scenarios^ section.

Experimentation and results

Experiments and tests have been the another stage of our
research works and have been carried out on real data,
measured in the street lighting system described in the
BThe street lighting system—experimental installation^
section.. The results of observations and measurements
of the energy consumption in the lighting system for the
mentioned functional strategies, are presented in the
form of graphs. For each of them, the red solid line
shows the change in the level of the lamp load (light
intensity values in %). The green solid line—energy
consumption of the lamp for a given scenario [Wh].
The dark blue solid line represents the energy consump-
tion of the lamp equipped with electronic systems de-
scribed earlier, but in the absence of the lamp load (light
intensity) level regulation [Wh]. The average daily

Fig. 7 Scenario 1 class
B—measurements and results of
energy consumption

Fig. 8 Scenario 1 class
A—measurements and results of
energy consumption
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consumption of the electrical energy for a single lamp is
presented on the graphs. For each the lamp a 15-h work
cycle has been considered. The first two graphs (Figs. 7
and 8) refer to measurements for the Scenario 1 and two
functional strategies corresponded to the B and ABACS
efficiency classes. The average daily consumption of
electrical energy for the single lamp for class B is
0.97 kWh and for class A is 0.94 kWh. A data acquisi-
tion period for these measurements is 52 days.

The next two graphs (Figs. 9 and 10) show measure-
ments for the scenario 2 and two functional strategies
corresponded to the B and A BACS efficiency classes.
The average daily consumption of electrical energy for
the single lamp for class B is 0.92 kWh and for class A is
0.89 kWh. A data acquisition period for these measure-
ments is 57 days.

The last two graphs (Figs. 11 and 12) present mea-
surements for the scenario 3 and two functional

strategies corresponded to the B and A BACS efficiency
classes. The average daily consumption of electrical
energy for the single lamp for Class B is 0.87 kWh
and for class A is 0.85 kWh. A data acquisition period
for these measurements is 66 days.

From these three comparisons based on different
control scenarios, it is clear that in general, the function-
al strategy corresponded to the class A provide energy
savings, compared with the class B. The savings are not
very significant, but it is important to take into account
that the presented data and results concern only 1-day
periods.

The measurements and calculations of the street
lighting system energy consumption for longer periods
have been the last part of our study. We decided to
present results for a 1-year period. The results concern
whole street lighting installation (8 lamps). Bearing in
mind all technical and environmental conditions and

Fig. 9 Scenario 2 class
B—measurements and results of
energy consumption

Fig. 10 Scenario 2 class
A—measurements and results of
energy consumption
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their changes during the year, for our calculations and
analysis, we assumed:

& The results concern whole street lighting installation
(8 lamps).

& All control scenarios are constant—settings are the
same throughout the year.

& For functional strategy corresponded to the class A
(with daylight level sensor) switching on/off the
lamps also depends on astronomical calendar for
the location of the street lighting system—sunsets
and sunrises.

& For the classes D and C—without control scenari-
os—the overall work time for each of the lamp in the
lighting system is 4500 h.

The results of the mentioned measurements and cal-
culations are presented in Fig. 13.

Results discussion

The studies and research presented in the paper show
that using modern technologies and the BACS elements
to reduce lighting energy consumption and manage
power demand in the public spaces is reasonable and
economically viable. Integration of the lamp installation
with advanced controllers as well as additional sensors
in the distributed automation networks and the BACS is
the crucial element of our approach. The proposed func-
tional strategy corresponded to the class B assumptions
(Figs. 7, 9, and 11) causes the street lighting system to
have a much lower energy consumption compared to
installations made with standard lamps (Fig. 6), which
do not have functions of scheduling and regulating the
light intensity level. The reduction of electrical energy
consumption is approximately by 41 %. Then, function-
al strategy made consistent with the class A of the

Fig. 11 Scenario 3 class
B—measurements and results of
energy consumption

Fig. 12 Scenario 3 class
A—measurements and results of
energy consumption
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automation and control system assumptions (Figs. 8, 10,
and 12) provide a little bit more electrical energy savings
in the lighting system, compared to the functional strat-
egy corresponded to the class B and of course to that
without control functions (the class D and C). Those last
are by about 45 %. It should be noticed that this result
has been obtained from a set of real data from our
experimental installation with the Lux sensor, presented
in Fig. 2 and Fig. 4. A short summary of the results is
presented in Table 1.

For the experimental street lighting installation
corresponded to class A and for scenario 3, financial
analysis has been carried out. Prices and costs are con-
sidered in it, arising from the Polish economic and
political conditions. The analysis has established signif-
icant potential in operation cost savings. It is a direct
result of the experimental street lighting system mod-
ernization from class D to class A. Finally, a payback
time calculated for the mentioned case is 7 years. The

return of investment (ROI) factor for the 2014 year is
12.5 %. Bearing in mind all these results, lighting sys-
tems realized in the class D (no control in practice—
only basic switch on/off manually or automatically by
simple devices), should be modernized and new instal-
lations should no longer be built in such standard. The
smallest power consumption characterized of course the
lighting control systems made in the class A. However,
it should be noted that they are more complex and
require the involvement of a larger infrastructure (for
instance additional sensors) than the class B systems.
We propose to implement new, modern control systems
of the street lighting in the public spaces in accordance
with the class A objectives (EN 15232 Standard 2012).
One of the ways to meet the mentioned communication
and integration requirements is the use of the open,
international standards and technologies of distributed
network systems used in the BACS applications. The
street lighting control systems are more and more

Fig. 13 Results of the energy
consumption in the street lighting
installation for a 1-year period

Table 1 The control scenarios, functional organization strategies classes and energy consumption—comparison

Functional strategies class Description Scenarios Energy consumption
day (15 h) per lamp

Energy consumption 1 year
for the whole lighting system

A Advanced integration; all kinds
of sensors and actuators

1 A (Fig. 8) 0.94 kWh 2061.92 kWh

2 A (Fig. 10) 0.89 kWh 1945.52 kWh

3 A (Fig. 12) 0.85 kWh 1844.88 kWh

B Advanced integration; selected
sensors and actuators

1 B (Fig. 7) 0.97 kWh 2123.2 kWh

2 B (Fig. 9) 0.92 kWh 2012.48 kWh

3 B (Fig. 11) 0.87 kWh 1887.2 kWh

C Basic control functions; lamps
with electronic modules

C (Fig. 6) 1.3 kWh 3117.6 kWh

D Without control; basic on/off
functions; lamps with
electromagnetic ballast

D (Fig. 6) 1.54 kWh 3693.6 kWh
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popular in cities and they will be a standard element of
their infrastructure in the future. They are and will be
implemented in other applications as well: surrounding
industrial plants, logistic centres, stadiums, entertain-
ment centres etc. The ability of their integration with
energy management systems (EMS) and the BMS is
particularly attractive (Novak and Gerstinger 2010). In
this sense, in our opinion, the research and experiments
presented in this paper are very important. The results of
our studies and experiments confirm that the integration
with the BACS and the BMS along with proposed new
approach to functional strategies organizing, based on
the BACS efficiency classes, provide energy savings in
the outdoor lighting systems. However, due to diverse
and individual characteristics of the possible applica-
tions of public lighting (lighting highways, roads,
streets, sidewalks, alleys, squares, parks etc.), the con-
clusions of the studies should be regarded as a case
study and proposal of possible functional control algo-
rithms or scheduling time.

Conclusions

In this paper new approach to infrastructure and control
systems organization in the street and outdoor lighting
installations is introduced. It is based on the EN-15,232
standard guidelines originally dedicated to organizing
control functions and functional strategies in the BACS,
but we propose a new concept to extending the applica-
tion area of this standard in the street lighting installa-
tions. It has been decided since the control and monitor-
ing functions available in the BACS and the TBM,
provide tools to reduce the energy consumption in this
kind of installations. Besides, the proposed approach to
definition and formulation of the functional strategies
provides additional value for scientists, engineers and
integrators allowing them to organize more efficient
outdoor lighting systems and to easy evaluate their
potential energy consumption savings.

To verify this concept and impact of control systems
organization on energy efficiency improvement, authors
have proposed a set of functional strategies with respect
to different BACS efficiency classes introduced in EN-
15,232 standard. They have been implemented in real
street lighting installation. In the conducted experi-
ments, we have confirmed that the BACS functions
influence on the electrical energy consumption. In our
study it has been proved that more advanced and well

organized street lighting control systems could signifi-
cantly improve the energy performance of the street
lighting installations (results presented in Table 1 for
the functional strategies corresponded to the class B and
class A in comparison with class C and class D). The
experimental results presented in Section 3 prove a
potential and effectiveness of mentioned concept not
only in this particular installation. Conclusions from
analysis of results for these control systems organization
could be generalized for other street and outdoor light-
ing installations, particularly with different light
sources.

In comparison to state of the art of investigations
concerning the exploration and development of lighting
control algorithms, mentioned in the Introduction, our
concept provides useful contribution to easier and more
efficient control systems organization process. It is es-
pecially important for dynamic control systems using
various infrastructure elements (sensors, actuators and
advanced controllers). Results of our real experiment
show that guidelines for the functional strategies
corresponded to the Class A and Class B, proposed
and verified in the paper, should be used in control
systems organization process for street lighting installa-
tions. Moreover, the street lighting control systems with
functional strategies corresponding to the Class D shall
be retrofitted and new systems shall not be organized
according to the Class D guidelines.

Furthermore, integration of the outdoor lighting sys-
tems into the BACS offer possibility to exchange infor-
mation with other systems such as the Smart
Metering—energy and media monitoring and other de-
vices used in buildings as well. This allows to integrate
the lighting of public spaces systems and other elements
of the so-called the Smart Grids and the Smart Cities
infrastructures.

Future works

Proposed approach and functional strategies based on
the EN-15,232 standard could be implemented in other
applications as well. One of the proposals for the future
research and tests is an adaptive lighting. The aim of the
research would be to ensure the safety of vehicles and
people on the streets, car parks, squares etc., whereas
reducing energy consumption and operating costs of the
lighting systems. Hence, there is a need for continuous
adjustment of the operating parameters to changing
environmental conditions, resulting from changes in
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the intensity of daylight, variable traffic, changes in
meteorological conditions and possible emergencies,
unusual situations, etc. (Novak et al. 2013). Meeting
these requirements can only be achieved by the integra-
tion of many system components and developing suit-
able algorithms for them, taking into account the dy-
namics of mentioned factors and parameters (Velasco-
Quesada et al. 2012; Wojnicki et al. 2014). Control
systems with mixed communication technologies (e.g.
PLC, wireless communication – IEEE 802.15.4) could
be implemented in this kind of installations (Pantoni and
Brandão 2011). Therefore, in next stage of our studies
we are going to develop a predictive control algorithm,
with ability to adapt to the changes of the seasons,
months and schedules and even able to react to unex-
pected changes in the environmental parameters, etc.
(Oezluek et al. 2010; Alzubaidi and Soori 2012; Lau
et al. 2013; Novak et al. 2013). Another important
question is the Internet protocol IPv6 and an Internet
of Things (IoT) technologies growing. Authors are con-
sidering their implementation in the BACS in future
works. The IoT devices with various types of wireless
communication would be implemented and investigated
in those kinds of implementations. This should create
new possibilities of monitoring and control devices in
the BMS and integrated the street lighting systems.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestrict-
ed use, distribution, and reproduction in any medium, provided
you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if
changes were made.
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