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Abstract

:

According to various estimates, street lighting in Poland consumes between 1.500 and 2.500 GWh per year and is responsible for some greenhouse gas emissions from electricity generation. Also on the basis of estimates, it is estimated that approximately 3.3 million road and street luminaires are used in Poland. The increase in electricity costs, on the one hand, and the technical possibilities in the field of lighting, on the other, force the search for new solutions aimed at saving during the operation of electrical devices and installations, including road lighting installations. One of the methods of saving electricity is to replace the luminaires with energy-saving ones with LED sources, but also with new sodium and metal halide sources. The latter solution is cheaper and allows us to keep existing poles, electrical installation and luminaire heads if their technical parameters have not been degraded. The new and already used luminaires with discharge sources can be used in road lighting, provided that they meet the requirements of Polish law and the EU regulations. Like luminaires with LED sources, they can have an adjustable value of the emitted luminous flux, which allows us to save electricity. One of the methods of saving electricity in road installations is their effective lighting control. Such control can take place at very different levels, from the manual setting of the required light intensity using dimmers to full automation taking into account other factors influencing the operation of the road lighting system, e.g., time of day, intensity of external light, presence of road users, weather conditions and others. The article describes both of the above-mentioned methods, describing their advantages and disadvantages on the basis of actual measurements of working road installations, and analyzes the annual operation of a modernized road lighting installation with automatic lighting control in one of the selected cities in Poland.
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1. Introduction


In Poland, the illumination of streets and roads during the year is provided in a natural way through the influence of the sun, both directly and indirectly (reflections from the sky and surrounding objects), in more than half of the time (approx. 4610 h). In the remaining time (i.e., 4150 h), streets and roads are illuminated with the use of artificial light sources, mainly from sources that use electricity [1]. Several million road luminaires require greater or lesser intervention in order to increase the efficiency of lighting [2]. Reducing electricity consumption related to lighting is one of the widely promoted savings in the electricity sector. The slogans about replacing discharge lighting with LED luminaires and achieving savings of up to 80% of the current energy consumption have become popular. The implementation of such investments is inherently connected with the use of modern control systems. All activities in this direction should be carried out in accordance with the provisions of EU and national law [3,4,5,6,7,8,9].



Along with the growing use of new control technologies in power grid supply systems, there is a problem of maintaining the parameters required by the standards that define the quality of electricity [3,4]. The constantly growing number of non-linear receivers, also in lighting installations, causes increasing problems with voltage and current distortions. The current distortions are not only greater than those allowed by the current standards, but, in extreme cases, they are so large that they cause various types of failure. Many works present both the definition of the basic parameters, the quality of electricity and the methods of shaping the voltage and current waveforms [10,11] and the methods of reducing harmonics through the appropriate selection of filters and the impact of road luminaires on the power supply network [12,13,14,15]. Many authors also point out and present analyses of the economic and technical aspects of the replacement and modernization of existing light sources with LEDs, which are commonly regarded as the most energy-efficient [16,17,18,19].



The use of LED technology is considered by investors as a panacea for all problems. The expected goal of modernization is to reduce investment and operating costs. The lighting market uses regulators to reduce the emitted luminous flux of discharge sources. With an unused lighting infrastructure (cables, poles, luminaire heads), this only means the need to replace the sources and supplement the installation equipment with a regulator. The authors want to emphasize the advantages and disadvantages of controlling discharge sources and LEDs by comparing the effects of their work in real conditions, describing it in the following chapters of the article.



The rest of this article is organized as follows. The second chapter describes the problems of control and problems resulting from the use of control in street lighting containing luminaires with discharge sources. The authors’ opinions and actual measurements are from the work of such sources. The third chapter in the polemics to the second chapter presents the analyses and problems resulting from the operation of a road lighting installation containing only LED luminaires. The fourth chapter presents the currently functioning street lighting system after comprehensive modernization along with the lighting control system. The article ends with a summary in which the authors present conclusions.




2. Control of Lighting Fixtures with Discharge Sources


Since the beginning of the “LED revolution” in the road lighting industry, there has been a problem of whether to continue to use luminaires with discharge sources or with LED sources. Luminaires with discharge sources used so far are perceived as “obsolete” and require a complete replacement by luminaires with LED sources [20,21,22]. In fact, they concern mercury and low pressure sodium sources. Luminaires with high-pressure sodium and metal halide sources will continue to be used in road lighting. Contrary to the prevailing, very positive opinions, LED technology has its drawbacks, which result, among others, from the functions of electronic systems (the light source itself—the LED chip and supporting systems). Luminaires with discharge sources also contain auxiliary systems. However, they are less complicated and therefore less prone to damage. They allow us to control the value of the emitted luminous flux, contrary to the common opinion that it is impossible.



The device supporting the work of light sources used in discharge fittings is called “control gear” [23]. However, its name defines more functions than the previously known ballasts for discharge lamps. Pursuant to the provisions of the regulation [23], “control gear” means one or more devices, which may or may not be physically integrated with a light source, designed to adapt the supply network to the electrical format required by one or more specific light sources within the boundary conditions dictated by electrical safety considerations and electromagnetic compatibility. The process may include converting the supply voltage and ignition voltage, limiting the operating and preheating current, preventing cold ignition, correcting the power factor or limiting radio interference. This means that the requirements for the energy efficiency of discharge luminaires must also be extended to their control systems.



One of the methods used to save electricity is the use of power reducers. This can be carried out in two ways. The first is by lowering the voltage value (transformer or transformerless systems based on semiconductor systems) and the second is by changing the frequency of the voltage supplying the light source.



A power supply with high-quality parameters is the basic factor that allows for the rational management of electricity. The applied transformerless systems save electricity used by lighting through a controlled voltage reduction. The introduction to the use of transformerless power reducers also means a lower consumption of light sources and lighting fixtures due to lower operating currents, affecting the durability of electrodes in discharge sources and lowering the temperature of semiconductor sources.



The power reducer reduces energy consumption from the mains and, together with a modern controller, enables a reduction in electricity costs by up to 30% compared to conventional solutions (achieving a power reduction of more than 30% is not possible due to the physical properties of conventional discharge sources and luminaires). The time and degree of the power reduction are set depending on the needs and capabilities of the electric circuit. Electronic voltage settings on the stabilizer allow us to adjust the lighting intensity to the time of day/night, and the use of additional traffic intensity sensors can modify the lighting level in selected sectors in accordance with the requirements of PN-EN 13201 [6,7,8] and the needs of the lighting class, allowing us to save energy in others. A reduced use of lamps contributes to the extension of their service life. The converters used ensure the correct parameters of the supply voltage.



In order to analyze the electrical parameters, measurements were made on the operating lighting installation, with sodium discharge luminaires divided into three circuits with the use of a voltage regulator. Luminaires (170 pieces) were installed over the paths of pedestrian housing estates. Table 1 below shows the results of three electrical measurements of the three-phase lighting installation.



The measurements of electrical parameters were carried out for the reduced values of the power supply voltage of the luminaires 208 V and for 171 V. The selected results of the measurements of electrical parameters (after obtaining a full stabilization of the luminous flux value) are given in Table 2.



The use of regulators, i.e., the possibility of lowering the value of the luminous flux emitted, is used only assuming a change in the lighting class related to the night hours of operation of lighting installations.The new and already used luminaires with discharge sources can be used in road lighting, provided that they meet the requirements of EU regulations [23]. They can have an adjustable value of the emitted luminous flux, which allows us to save electricity. For the analyzed case (Figure 1 and Figure 2), the savings amount to approx. 35% (the results include active energy consumption by the controller). On the basis of data from suppliers of voltage regulators, these savings reach up to 40% for large installations and with the use of several levels of voltage reduction. The presented results of the measurements of electrical parameters allow us to conclude that, when using voltage regulators, the value of supply currents decreases and the values of the PF and tg ϕ  coefficients improve. Unfortunately, the coefficients of the harmonic content do not decrease, which results in the need to use additional harmonic filters. The value of the tg ϕ  coefficient is greater than 0.4, which results in the need to replace capacitors in the luminaires (predictive maintenance) and/or use capacitor banks.




3. Road Installations with LED Sources


LED road luminaires are a breakthrough in the development of management systems. Their control is relatively simple. The smooth regulation of the luminous flux, an increase in luminous efficiency with a decrease in the supply current, no inertia between the control signal and the reaction of the device, and the universality and simplicity of the design of converters with the possibility of adjusting the luminous flux make using such a management system bring very measurable benefits in saving electricity, thus reducing costs and maintaining the comfort of use.



The system was extended with devices measuring the intensity of vehicle traffic; weather stations or light intensity sensors can save an additional 50% in relation to energy consumption for the installation controlled in the “0/100%” mode. In a simpler form (without the smooth adjustment of the luminous flux), when using a step control (e.g., a multi-stage power reduction), very significant savings in the amount of electricity consumed can be achieved: up to 35% in specifically implemented installations. LED matrix systems are powered by low DC voltage, most often 12 V or 24 V from power supply systems; these, in turn, are powered by a 230 V mains voltage and a frequency of 50 Hz.



Extensive electronic power supply systems perform control functions and supervise all important parameters related to the correct operation of the diode matrices, such as:




	
Stabilize the forward current;



	
Regulate the operating temperature of the diode arrays;



	
Control the amount of power consumed depending on the thermal conditions in the luminaire;



	
Reduce the value of the luminous flux in the event of improper thermal parameters of the luminaire’s operation;



	
Implement a programmed regulation of power consumed while reducing the level of lighting intensity (in accordance with the recommendations of the PN-EN 13201 standard, when the traffic intensity is low).








Regulators of LED road luminaires use one of two methods to adjust the value of the luminous flux: dimming, by reducing the active value of the current or voltage (phase regulation), or by adjusting the pulse width (PWM). Due to the wide control range and the linear relationship between the control level and the value of the luminous flux, the PWM method is more often used. The savings are associated with the use of luminous flux reduction “programs” at certain hours of the night (Figure 3).



The diagram shows an example of a lighting “scene” that allows for a reduction in the flux to 100%, 80%, 60%, 40%, 60%, 80% and 100% of the rated value, respectively. Exemplary measurement results are presented in Table 3 and Figure 4 and Figure 5. The analysis concerns the circuit of 10 LED luminaires powered by 230 V/50/Hz.



With the decrease in the luminous flux value of the luminaires, the THDI value increases in the range (2.85; 17.88%), the tg ϕ  value decreases in the range (−0.19; −9) and the PF power factor decreases in the range (0.98; 0.16) (Figure 5). Lighting installations with luminaires equipped with LEDs are characterized by a negative tanning factor. Even with the rated data (100% of the emitted luminous flux), it has a negative value. Its negative value results from the selection of elements and systems in converters co-operating with light emitters. As the obtained results show, the reduction in the value of the emitted luminous flux obtained thanks to the control systems causes a significant increase in capacitive reactive power flows and thus an increase in operating costs. It clearly shows that the control does not change the electrical parameters of the lighting installation only up to a certain value (Figure 4 and Figure 5). Thus, the offers of companies that declare a reduction in the value of the emitted stream almost to “zero” do not take into account the fact that significant costs arise from the flow of capacitive reactive energy. In this type of installation, it is necessary to use reactive power compensation systems. This will mean high operating costs, which, as stated earlier, may be the reason for the lack of cost reduction, and sometimes even an increase in costs.




4. Analysis of an Exemplary Installation of Urban Lighting


The currently operating street lighting system was fully adapted to the comprehensive modernization of street lighting. The modernization was carried out in the form of a simple exchange of the luminaire for the luminaire. Such a replacement does not require interfering with the power supply system of the luminaires and is the fastest way to save money. The use of replacing the luminaire with the luminaire did not release the investor from the implementation of lighting projects based on the provisions of the 13201 series standards.



The lighting control system in the city is based on controlling the process of switching the lighting on and off by means of astronomical clocks. These clocks have sunset and sunrise times stored for each day of the year. This system guarantees the possibility of almost simultaneous switching on and off the lighting for independent circuits and enables the use of switching time corrections, planning and disciplining electricity costs. The introduction of the RSM system allows us to save approximately 40 min of lighting a day in relation to the astronomical clock. It is estimated that savings on the electricity used are approx. 10%. Thanks to the power reduction (CPA NET), electricity savings are estimated at approximately 15%.



The modernization of lighting in Bydgoszcz as part of the SOWA program allowed us to reduce electricity consumption in lighting subject to replacement by approx. 60%. Figure 6 shows a fragment of the modernized installation which is the subject of the analysis in the article. The green "pins" in the drawing symbolize circuits with on-line access to measurement data. The numbers in the red circles are the number of alarm states (malfunctions in the operation of luminaires or measuring equipment) in the analyzed period of time. On the modernized lighting, a power reduction was applied, which allowed for an additional reduction in energy consumption on lamps undergoing modernization by an additional 10%. On the other hand, the above modernization allows us to reduce electricity consumption for all lighting located within the city limits by approx. 14%. The modernization allowed for: saving electricity, reducing carbon dioxide emissions, improving the quality of maintenance, accurately analyzing network parameters and precise budget planning based on a data read from the system. The disadvantages were: the high cost of modernization/construction and the need to use electric heaters that consume additional electricity (electronics used in lighting cabinets).



Unfortunately, the disadvantages also include a relatively high consumption of active energy and flows of reactive energy. The analysis was carried out in the cycle of one calendar year. The following figures present the course of changes in the values of active and reactive powers and tg ϕ  coefficients in the lighting installation with luminaires with discharge sources (Figure 7, Figure 8 and Figure 9) and LEDs (Figure 10, Figure 11 and Figure 12) (without reduction ) within 1 day.



In the operating lighting installation, the analysis of active energy consumption and passive energy flows was performed on two circuits with discharge sources and LED sources. Figure 13 shows the consumption of active and passive energy in one circuit of the lighting installation of the luminaire with discharge sources (without reduction) during 1 year.



As can be seen from the presented comparison, the reactive energy values are very large (despite the use of individual compensation in the luminaires), and the circuits are asymmetrical. Figure 14 shows the active and passive energy consumption in one circuit of the lighting installation of the luminaire with LED sources (without reduction) during 1 year.




5. Conclusions


Based on the conducted energy audits and measurements of lighting installations described in the article, the authors put forward several general conclusions:




	
The control and monitoring devices can be used in already existing lighting installations. Unfortunately, in some of the installations used in lighting fittings with discharge and LED sources, converters that do not meet the harmonic content standards may be used. In addition, the total power factor PF is often neglected and only cos ϕ  is indicated in the description or by the manufacturers. It is similar to the value of the rated power—only the power of the sources is given instead of the entire luminaire;



	
In some installations, an extensive measurement module should be provided for analyzing energy, reactive and active power, as well as PF and THD. The possibility in this regard ensures the optimal management of the supply network. Lower operating costs are, in turn, gained by monitoring the condition of the lamp, i.e., detecting and reporting failures. Modern lighting control systems focus on a flexible and distributed network structure. Its significant range and low operating costs are also important. The data exchange system often uses the 230V AC mains. The ability to remotely update the software plays an important role in this. Thanks to these devices, it will be possible to use more effective reactive power compensation systems (both individual and group). Control measurements in lighting circuits will make it possible to perform lighting audits based on actual electricity consumption data;



	
The use of lighting luminaire control systems (sets of luminaires) allows for high energy savings. The proposed solutions (sensors, devices and measurement systems) can also be successfully used in luminaires used outdoors (garden, street and road). These luminaires operate in a very wide temperature range, and also during the day. They are often covered with snow in winter. This changes the working conditions of light sources and electronic systems. The control of power parameters, and, above all, the monitoring of the operating temperature of the systems, enables a more effective operation of this group of lighting devices;



	
In the era of sodium lamps, two simple systems of “luminous flux control” were adopted: lowering the supply voltage to the minimum limit that maintains the discharge in the lamp, and the commonly known so-called power reduction. The voltage reduction is performed circumferentially so that the last lamp in the circuit is guaranteed to be lit. Power reduction is based on the use of ballasts that allow us to operate a lamp with one device at nominal power or, optionally, at a power reduced by one level in the power range. Such a reduction can be performed with or without the use of an additional control wire, depending on the needs. The adopted name of such a reduction—“50%”—does not reflect the realism of the situation at all. Due to the fact that the jump in the power range is less than 50%, and also due to the non-linear dependence of the luminous flux and the active power of the lamp, the savings are much smaller here. Taking into account that the reduced mode is approximately half of the total operating time, the additional savings from the methods used so far for sodium lamps are in the range of 10–20% compared to the energy consumption for an installation operated in “0/100%” mode. For the above-mentioned technical reasons, electronic ballasts with the possibility of regulating the luminous flux for sodium lamps have been used very rarely so far, which is largely justified, because neither energy savings nor comfort of use here are at the appropriate level;



	
LED road luminaires are a breakthrough in the development of management systems. Their control is very simple. The smooth regulation of the luminous flux, an increase in luminous efficiency with a decrease in the supply current, no inertia between the set signal and the reaction of the device, the universality and simplicity of the design of power supplies with the possibility of adjusting the luminous flux—all of this means that the idea of using such management brings measurable benefits in saving electricity and money, maintenance and the comfort of use. The system expanded with devices measuring the flow of vehicles, weather stations or light intensity sensors can save even 50% in relation to energy consumption for the installation operated in the “0/100%” mode. In a simpler form (without a smooth adjustment of the luminous flux), when using a step control (e.g., multi-stage power reduction), very significant savings in the amount of electricity used of up to 35% can be generated;



	
Lighting installations with luminaires equipped with LEDs are characterized by negative values of the tg ϕ  coefficients. Their negative value results from the selection of elements and systems in converters co-operating with light emitters. As shown by the obtained results, the reduction in the value of the emitted luminous flux achieved by control systems causes a significant increase in capacitive reactive power flows, and thus an increase in operating costs. Offers of companies declaring a reduction in the value of the emitted stream to almost “zero” do not take into account the fact that significant costs arise from the flow of capacitive reactive energy. In this type of installation, it is necessary to use reactive power compensation systems.
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Figure 1. Characteristic of changes in the value of voltage, current, active power and reactive power in circuit 1 of the tested lighting installation—discharge sources. 






Figure 1. Characteristic of changes in the value of voltage, current, active power and reactive power in circuit 1 of the tested lighting installation—discharge sources.
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Figure 2. Characteristic of changes in voltage, total power factor, THDI and tg ϕ  circuit 1 of the tested lighting installation—discharge sources. 
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Figure 3. Diagram of reducing the luminous flux at night. 
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Figure 4. Characteristic changes in the value of voltage, current, active power and reactive power in circuit 1 of the tested lighting installation—LED source. 
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Figure 5. Characteristic changes in voltage, total power factor, THDI, and tg ϕ  in circuit 1 of the tested lighting installation—LED sources. 
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Figure 6. Arrangement of the tested circuits of lighting fittings. 
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Figure 7. Characteristic of changes in active power values—luminaires with discharge sources (without reduction). Source: own study. 
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Figure 8. Characteristic of changes in reactive power values—luminaires with discharge sources (without reduction). Source: own study. 
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Figure 9. Characteristic of changes in the values of tg ϕ  coefficients—luminaires with discharge sources (without reduction). Source: own study. 
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Figure 10. Characteristic of changes in active power values—luminaires with LED sources (without reduction). Source: own study. 
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Figure 11. Characteristic of changes in reactive power values—luminaires with LED sources (without reduction). Source: own study. 
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Figure 12. Characteristic of changes in the values of tan coefficients—luminaires with LED sources (without reduction). Source: own study. 
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Figure 13. Active and passive energy consumption in 1 circuit of the lighting installation of the luminaire with discharge sources (no reduction—100%, with a reduction—80%, with a reduction—60%). Source: own study. 
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Figure 14. Active and passive energy consumption in 1 circuit of the lighting installation of the luminaire with LED sources (no reduction—100%, with a reduction—80%, with a reduction—60%). Source: own study. 
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Table 1. Selected results of measurements of electrical parameters of a 3-phase lighting installation.
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	U [V]
	I [A]
	P [kW]
	Q1 [kvar]
	SN [kvar]
	S [kVA]





	L1-N
	233.75
	31.84
	5.671
	4.278
	2.178
	7.443



	
	f [Hz]
	PF [-]
	cosj [-]
	tgj [-]
	THDU [%]
	THDI [%]



	L1-N
	49.98
	0.76
	0.80
	0.75
	3.47
	30.40
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Table 2. Exemplary measurement results of electrical parameters (phase 1 circuit) for two values of power supply voltages of the fittings: 208 V and 171 V.
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	U [V]
	I [A]
	P [kW]
	Q1 [kvar]
	SN [kvar]
	S [kVA]





	L1-N
	207.99
	27.46
	4.210
	3.405
	1.808
	7.711



	L1-N
	171.12
	20.39
	2.872
	1.619
	1.148
	3.490



	
	f [Hz]
	PF [-]
	cosj [-]
	tgj [-]
	THDU [%]
	THDI [%]



	L1-N
	49.97
	0.74
	0.78
	0.82
	4.54
	33.03



	L1-N
	50.01
	0.82
	0.87
	0.56
	4.41
	34.46
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Table 3. Selected results of measurements of electrical parameters of a single-phase lighting installation.
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	U [V]
	I [A]
	P [kW]
	Q1 [kvar]
	SN [kvar]
	S [kVA]





	L1-N 100%
	237.97
	5.447
	1.284
	−0.153
	0.083
	1.296



	L1-N 80%
	237.82
	4.211
	0.988
	−0.141
	0.076
	1.001



	L1-N 60%
	237.66
	3.241
	0.755
	−0.134
	0.075
	0.770



	L1-N 40%
	238.23
	2.209
	0.504
	−0.129
	0.079
	0.526



	
	f [Hz]
	PF [-]
	cosj [-]
	tgj [-]
	THDU [%]
	THDI [%]



	L1-N 100%
	49.99
	0.99
	0.99
	−0.12
	1.36
	6.12



	L1-N 80%
	50.00
	0.99
	0.99
	−0.14
	1.42
	7.32



	L1-N 60%
	50.00
	0.98
	0.98
	−0.18
	1.42
	9.49



	L1-N 40%
	50.02
	0.97
	0.97
	−0.26
	1.43
	14.64
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
200

—— Phase 1
—— Phase 2
—— Phase 3

16:00

19:00

22:00 1:00
Time [H]

4:00 7:00






media/file4.png
UL1 éred [V]

175.0

170.0 /

PF L1 éred [---]

1.700

1.100

tg(ep) L1 sred [---]

36.80

35.25

33.70

30.60

THD I L1 éred [%)]






media/file18.png
—
U

o
I

Tangens [VAR/W]
o o
N W

O
o

16:00

19:00  22:00 1:00 4:00
Time [H]

7:00






media/file21.jpg
—— Phase 1
—— Phase 2
—— Phase 3

16:00

19:00

22:00 1:00
Time [H]

4:00 7:00






media/file26.png
A [MWh] B [Mvarh]

25

2"| ‘|
15
* » 100%
= e B0%
1 |‘ . "
0 | ' IIIIIIIII

P1F P1F P1F P2F P2F P2F P3F PaF P3F QlF Ql1F Q1F QZF Q2F Q2F Q3F Q3F Q3F

=]

L





media/file27.jpg
12

10

A[MWh] 8 [Mvarh]

«+100%
< 80%
- 60%

PIF PIF PIF P2 P2F P2F P3F P3F PO 1; 1F 11; 1; 1;& & &





media/file3.jpg





media/file22.png
_20 .

—— Phase 1
—— Phase 2
—— Phase 3

16:00

19:00

22:00 1:00
Time [H]

4:00

7:00






media/file19.jpg
700~ —— Phase 1

~J ~——— Phase 2

60 — Phase 3
50
= 40

2

30
20
10
o

16:00 19:00 22:00 1:00 4:00 7:00

Time [H]






media/file7.jpg





media/file28.png
12

10

=5}

4=

]

o]

A [MWh] B [Mvarh]

* » 100%
e B0%
* 60%

PIF PIF PIF P2F P2F P2F P3F P3F PSFCI cI cI 1 1 1 T ER"





media/file10.png
UL1éred |~] Wiustaw skale | tole)c+L1sred [ toe)c+L1sred [ to@)c+L1sred | >] |L! v | |i§:| |i§
248.0 65 |oss 1542
246.0 / 007 |oss2 1509
244.0 N\ 0.087 |0974 1475
242.0 4‘1_, \Yr— 0009|0967 1442
240.0 v I ey % 0110|0959 1409
238.0 \ \/T, 0121 |o9st  13.7
236.0 0132|0943  13.43
234.0 ’ 0143 0935  13.10
2320 ! / 0155 |07 1278
230.0 ' / 0.166 0920 1243
228.0 ’ / 0177 |os1z 1210
226.0 \ j 0.188 0904 1177
224.0 U 0.200 0896 1144 _
2220 Il\ 43,211? 0.888 | 11.11 %
2200 0222 = |oss1 B 1077 @
218.0 ”\ 0.233 % 0.873 ; 10.44 ;
216.0 0245 T oses 1011
214.0 J g 0256 [0.857 9.7
212.0 7 0267 |0849 9.4
210.0 \ 0278|084t 912
208.0 \ 020 |08 8.7
206.0 \ 301 |0.826  8.45
204.0 \ 0312 |08l 812
202.0 \ 0323 |osw 7.7
200.0 e \L’ s 0335  |0802 7.4
198.0 03% |05 7.3
196.0 20357 |07  6.80
194.0 N 0368 |07  6.46
1520 T 00 o e






media/file14.png
P[W]

200 -

150-

501

—— Phase 1

—— Phase 2

—— Phase 3

‘—M ﬂ

16:00 19:00  22:00 1:00 4:00 7:00

Time [H]






media/file11.jpg
Segesey R
&ﬁ‘b@?“a





media/file6.png
/

40%

60%

\

\ 80%

100%






media/file15.jpg
—— Phase 1
—— Phase 2
— Phase 3

16:00

19:00

22:00 1:.00
Time [H]

4:00 7:00






nav.xhtml


  energies-15-05378


  
    		
      energies-15-05378
    


  




  





media/file16.png
—— Phase 1

——— Phase 2 |
—— Phase 3

/

-

\_/ "

16:00

19:00

22:00 1:00
Time [H]

4:00 7:00





media/file2.png
D D ) O

215.0 43. 5.000 8.600
210.0 - U 40.35 4.720 7.890
205.0 . N 37.70 4,490 7.180

B .I'z_/ P \\ 35.05 4.160 6.470

od N\ o s

3.600

200.0

LS

195.0 NG

UL1 éred [V]
IL1 éred[A]
P L1 éred [kw]
¢ ¢
3
Q: L1 éred [kvar]

185.0
- / \
175.0 /

170.0 T 10 15 2.480 2.210

- - 24.45  |3.040 3.630

21.80 2.760 2.920

v/






media/file20.png
—— Phase 1

701 @ —— Phase 2
60 - —— Phase 3
50
— 40
=
o 3. /:l_—;
20 - \ /
10 1 F\L
) — | |
O#
16:00  19:00  22:00 1:00 4:00 7:00

Time [H]






media/file23.jpg
-0.20

-0.25

|
o
W
S

e
W
]

Tangens [VAR/W]
°
5
5

I !
s o
LN
S &

—-0.55

=
—— Phase 1
—— Phase 2 i X X =
—— Phase 3
16:00 19:00 22:00 1:00 4:00 7:00

Time [H]






media/file5.jpg
100%

60%





media/file24.png
Tangens [VAR/W]

—0.20 -
—0.25"
—0.301
—0.351
—0.40- '
—0.45 %
0.50. —— Phase 1
B N /e =
—— Phase 3
—0.55- | | | | | |
16:00 19:00 22:00 1:00 4:00 7:00

Time [H]





media/file1.jpg





media/file25.jpg
* Amwh 8 [Mvarh]

2

.
*100%
‘ e 80%
NI R LARTTRIN

PIF PIF PIF P2F P2F P2F P3F P3F P3F QIF QIF QIF Q2F Q2F Q2F Q3F Q3F Q3F

5





media/file12.png
Ulica Centralna
Uy
L]
Lesny Park

o Kult i Wyp.
Myslencinek

z O
Komunalny

'

MALA KEPA
.
i

. 1 \
J MPL im. L. Paderewskiego
Bydgoszcz





media/file9.jpg





media/file0.png





media/file8.png
Wszystkie U Vv
zy ‘ I P/ Ustaw skale Wszystkie P JVI \ IL1éred |v| | Q:L1sred ‘v' |Lq bl |LQ vl |Lq
250.0
2.000 6.250 -125.0
245.0
: 1911 [6.014 -126.9
240.0 ~
-/ L L (I' ‘\v/h\\ ......................... 1.822 5,778 -128.9
—_— — \7&/
235.0 : \J 5.5
—— 1733 542 -130.8
230.0 / /
// P / 1644 5.306 -132.8
225.0 2
/ \_/ 1.556 5.069 -134.7
220.0 \
/ 1.467 4.833 -136.7
215.0 \ l
/ 1378 4.597 -138.6
..-2
— 210.0 s - 1 \ I
= LG 1 1.289 g 4.361 -140.6 5
S [ -
(3 h PRS- = - S
= 2050 A | / Y H ]
@ f 1200 $ (4125 & |-1425 2
N ﬁ 3
= 200.0 / \ : ) E
ol = = :
/ \ L1 = 3889 |-1444 @
195.0 P / A
\ f 1.022 3.653 -146.4
190.0 \ / /
\ \ / 0.933 3.417 -148.3
185.0 i / \
\ \ / / 0.844  (3.181 -150.3
e i cal
180.0 e \
\,\/’ \\ / v/ 0756 (2944  |-152.2
175.0
\ 0.667 (2708 -154.2
170.0
\ 0.578 2.472 -156.1
165.0 X
b 0.489 2.236 -158.1
160.0
0.400 2,000 -160.0






media/file17.jpg
o
o

o
>

Tangens [VAR/W]
o o
N

o
b

o
°

— Phase 1

—— Phase 2
—— Phase 3
A~ |
L [
16:00 19:00 22:00 1:00 4:00 7:00

Time [H]






