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Abstract: This paper analyses harmonic emission of different light-emitting diode (LED) lighting 

systems. Basic mathematical analysis of harmonic emission was presented. Paper deals with single 

LED lights (bulbs) and street lighting systems formed by luminaries. Harmonic emission results were 

obtained by measurement. More, single LED bulbs were modeled within EMTP-ATP software. 

Comparison of measured results and results obtained by simulation was performed. Further, one 

LED lighting system was compared with sodium lighting system in the harmonic emission area. 

Comparison was performed by replacing one sodium lighting system (in one street) with appropriate 

LED lighting system. Standards which deals with harmonic emission were presented and compared. 

More, obtained results of harmonic emission were compared with valid Standards. The goal of paper 

is to compare harmonic emission of various bulbs and on other side to analyze LED lighting systems 

with luminaries. It is important because today there are various LED lights in market made by 

various companies. It is due high share penetration of LED lighting in each area and their 

implementation in: house, buildings, business areas, factories, street lighting systems etc. On other 

side, LED lights are nonlinear loads which potentially can have negative effect on distribution grid. 

One more goal is to compare measured results and the results obtained by modeling. Correctly 

modeled LED lighting can be used in various research. It can be used to improve the manufacturing 

process of LED lights.  

Keywords: total harmonic distortion of current (THDI); total harmonic distortion of voltage (THDU); 

LED lighting; mathematical modeling; Norm EN 50160; Standard IEEE 519; Norm IEC 61000 

Series 
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1. Introduction 

Nonlinear loads are generally source of harmonics. Harmonics can be defined as periodic state 

distortions of voltage and/or current waveforms. Harmonics are often used for defining distorted sine 

waves. Distortion is associated with currents and voltages of different amplitudes and frequencies [1]. 

Conventional analysis assumes power system as linear system. Today, nonlinear loads inject great 

amount of harmonic currents in system. Regarding system impedance, voltage harmonics can occur. 

This can cause potential problems in power system. As stated in [2,3], harmonics have harmful 

effects in: conductors, electrical machines, different types of electrical devices etc. They can cause 

series or parallel resonances, considering corresponding grid properties [1,2]. Harmonics can cause 

increased technical losses in grid (decreasing grid efficiency). Problem solution of harmonics is in 

filtering of them (active or passive filtering [1]). Mathematically, harmonic can be stated as a 

sinusoidal component of a periodic wave having a frequency that is an integral multiple of the 

fundamental frequency [1,2].  

Voltage and current can be presented by Fourier series (when steady-state harmonics are 

present): 

                 𝑢 𝑡 =  𝑢ℎ 𝑡 
∞
ℎ=1 =   2𝑈ℎsin(ℎ𝜔0𝑡 + 𝜃ℎ)

∞

ℎ=1
              (1) 

              𝑖 𝑡 =  𝑖ℎ 𝑡 
∞
ℎ=1 =   2𝐼ℎsin(ℎ𝜔0𝑡 + 𝛿ℎ)

∞

ℎ=1
                    (2) 

where Vh and Ih are Root Mean Square—RMS values for h-th order of harmonic voltage and current, 

respectively. 

Applying orthogonal relation [1,2], the RMS values for (1) and (2) are: 

                   𝑈𝑅𝑀𝑆 =  
1

𝑇
 𝑢2 𝑡 𝑑𝑡
𝑇

0
=   𝑈ℎ

2∞

ℎ=1
                         (3) 

                    𝐼𝑅𝑀𝑆 =  
1

𝑇
 𝑖2 𝑡 𝑑𝑡
𝑇

0
=   𝐼ℎ

2∞

ℎ=1
                          (4) 

Unlike load, power system is robust enough to withstand considerable amount of harmonic 

currents without causing problems. It is due to smaller impedance of system compared to load 

impedance. Power system is not significant source of harmonic. But, it can become contributor of 

problems by way of resonance (when multiple distortions exist) [1]. LED bulbs represent a common 

single phase low power nonlinear electronically based loads. There are various approaches for 

nonlinear loads modeling in harmonics analysis. The most widely used approach to nonlinear loads 

modeling is current injection method [4]. In addition, the circuit modeling of electronically based 

loads, represented in [5] overcome some problems related to current injection method. However, 

parameter estimation algorithm should be applied for determination nonlinear model parameters of 

these kind of loads [6]. For simplicity, the mentioned current injection method is preferred in this 

paper. Primary, all nonlinear loads are presented as harmonic current injectors. Then, harmonic 

voltage at each system bus in power system can be obtained by solving following impedance matrix 

or nodal admittance equations (for all orders of harmonics under consideration): 
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                              Uh = Zh ∙ Ih                                 (5) 

                               Ih = Yh ∙ Uh                                 (6) 

where Vh is the vector consisting of h-th harmonic voltage at each bus that must be determined. Zh is 

system harmonic impedance matrix. Yh is system harmonic admittance matrix and Ih is vector of 

measured or estimated harmonic current representing harmonic-generating loads at connected buses. 

Zh can be obtained by using Z-bus building algorithm for each harmonic of interest or from the 

inverse of Yh. This approach is usually used in conjunction with fundamental frequency load flow 

analysis. Providing the grid harmonic impedance or admittance and harmonic currents injected by 

nonlinear loads (for consideration harmonics), the individual and total harmonic voltage distortions 

at each bus can be computed. More complicated analysis is necessary for unbalanced system.  

There are multiple indices used to describe the effects of harmonics on power system 

components. Those are described in [1]. In case of this paper, Total Harmonic Distortion 

(THD)—Distortion Factor will be presented for voltage (THDU) and current (THDI). Those are the 

most used harmonic index. Where: 

                            𝑇𝐻𝐷𝑈 =
  𝑈ℎ

2∞

ℎ=2

𝑈1
                                (7) 

                            𝑇𝐻𝐷𝐼 =
  𝐼ℎ

2∞

ℎ=2

𝐼1
                                 (8) 

Those indices are defined as ratio of the RMS value of harmonic components to the RMS of the 

fundamental component. It is usually expressed in percent values. For perfect sine wave, 

fundamental frequency, THD values are zero. The connection of nonlinear load in the grid will 

change the total distorted harmonic voltage at the point of common coupling (PCC). Generally, 

THDU is a function of load currents I, THDI and system impedance Z at concerned PCC:  

                           ∆𝑇𝐻𝐷𝑈 = 𝑓(𝐼, 𝑇𝐻𝐷𝐼 , 𝑍)                           (9) 

The component of current I supplying nonlinear load produces across supply grid equivalent 

impedance Z voltage drop ΔU (Eq 10).  

                              ∆𝑈 = 𝑍 ∙ 𝐼                                   (10) 

On Figure 1 degradation of grid voltage caused by nonlinear load is shown [7].  

 
Figure 1. Voltage distortion at the PCC—degradation of grid voltage caused by nonlinear load. 
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This voltage drop is the cause of voltage distortion at the PCC of a harmonic sensitive load. 

Figure 2 illustrates propagation of distortion along the supply feeder [8].  

 

Figure 2. Increase in voltage distortion across supply feeder. 

LED bulbs belong to the distinctive group of low power, single phase nonlinear lightning loads. 

In addition to LED bulbs, this group of nonlinear loads also includes compact fluorescent lightning 

lamps (CFL) and fluorescent lamps (FL) with electromagnetic ballast. CFL was described in [9] 

where it is shown that THDI value for these loads is in range of 150%, while the paper [10] 

represents the FL model with measurements and simulations showing that the harmonic emission of 

these loads is in the range of 10%. It is important to analyze different loads as light sources in 

cumulative action due to the diversity and attenuation effects in electrical networks [11]. The main 

purpose of this paper is to analyze harmonic emission of LED lighting sources. Further, aim is to 

model these sources. Modeling and comparing real measurements and modeled results is research 

method applied in this paper. Modelling of known LED lighting sources enables knowledge of their 

impact on PCC in planning stage (for electrical grid or installation system). It is wide applicable in 

grid analyzing, electrical installation design, power quality analyzing etc. These applications are 

effects of this research.  

2. Power quality Standards review: harmonics 

Standards for harmonic value limits are issued by different authority. There are now three the 

most exploited standards in area of harmonic value limits definition. Those are: 

- EN 50160, issued by CENELEC [12], 

- IEC Series 61000 Series [13], issued by IEC and 

- IEEE 519 [14], issued by IEEE organization. 

The existing international Standards dealing with harmonics as power quality parameter can be 

divided on Standards for measurement techniques and Standards for harmonic value limits. IEC 

61000-4-7 [15] is Standard which defines maximum error when measuring harmonics. It is a 

Standard that defines the desired accuracy of the instrument. According to IEC 61000-4-7 [15], 

instruments for measuring harmonic values can be Class A and class B. Uncertainty in harmonic 

measurement is linked to maximum permissible measurement errors. Those permissible errors are 

defined in IEC 61000-4-7 for instruments Class A and Class B. Instruments Class A are more 

rigorous than instruments Class B.  

Norm EN 50160 [12] is issued in mid-nineties by CENELEC. It deals with various power 

quality parameters. For harmonics, this Norm defines maximum allowed THDU values and individual 
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harmonics in percentage values. Summary of this Norm for harmonics is presented in Table 1. Norm 

EN 50160 does not deal with current harmonic emission.  

Table 1. EN 50160 [12]: THDU values and individual harmonics. 

Individual harmonics 

THD 3 5 7 9 11 13 15 17 

8.0 % 5.0 % 6.0 % 5.0 % 1.5 % 3.5 % 3.0 % 0.5 % 2.0 % 

IEC Series 61000 Series [13] are Standards in area of power quality issued by IEC. In these 

Standards, THDU values and individual voltage harmonics in percentage values are defined. Further, 

THDI values and individual current harmonics in percentage values are defined. Summary of this 

Norm for voltage harmonics is presented in Table 2. 

Table 2. IEC 61000 Series [13]: THDU values and individual harmonics. 

Individual harmonics 

THD 3 5 7 9 11 13 15 17 

8.0 % 5.0 % 6.0 % 5.0 % 1.5 % 3.5 % 3.0 % 0.5 % 2.0 % 

Table 3 presents current harmonics according to IEC 61000 Series Standard [13] for lighting 

loads with rated current ≤16 A. 

Table 3. IEC 61000 Series [13]: maximum allowed values for individual current harmonics. 

Individual harmonics 

2 3 5 7 9 9–39 

2 % 30 %∙cos 10 % 7 % 5 % 3 % 

IEEE 519 Standard [14] deals with permitted values of harmonics in power system. For 

distribution system, THDU values and individual voltage harmonics in percentage values are defined 

in Table 4. Individual current harmonic values in percentage are defined in Table 5. 

Table 4. IEEE Standard [14]: THDU values and individual harmonics. 

 Individual harmonics 

THD 3-n 

5.0 % 3.0 % 
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Table 5. IEEE Standard [14]: individual permitted current harmonic values. 

In Table 5, ISC presents available short circuit current in PCC and IL 15 or 30-minute average 

maximum demand current.  

Generally, EN 50160 [12] does not deals with current harmonics. For THDU, IEC 61000 

Standard series [13] and IEEE 519 [14] are more rigorous than EN 50160 [12]. IEEE 519 [14] has 

the most rigorous conditions for harmonic values. Individual current harmonics are defined in IEEE 

519 [14] regarding strength of the grid. In IEC 61000 Standard series [13], current harmonics are 

defined based on rated current of load and load type. In this paper we deal with lighting loads, rated 

current ≤16 A. 

3. Harmonic emission of LED lighting systems—literature review 

LED technology is being increasingly penetrated in modern homes and industrial facilities. 

LED lamps are more efficient than any conventional lamp. On other side, they are still more 

expensive than any conventional technology. But generally, this technology is becoming cheaper 

each year. It is expected that this technology will be more represented in every future year and it is 

due large investments in this technology development. As each load, LED lighting system has some 

influence on PCC in subjected grid regarding power quality. This phenomenon is under research in 

recent years. From the available literature, the most exploited power quality parameter are 

harmonics [16–20]. Harmonics generation from LED lamps are conditioned by rating and brand of 

LED manufacturer [16]. In each case is concluded that LED lamps generate harmonics regardless of 

manufacturer and type. In [16], several LED lamps are examined regarding harmonic emission. 

Additionally, for comparison, some CFL and conventional lamps were examined too. Generally, 

LED lamps have more THD in current than conventional lamps. CFL and LED lamps have similar 

emission of THD. These results are for single lamp examination (bulbs). THDI values for single LED 

lamps varies from 63% to 115%. Further, some examinations were conducted for more lamps used 

together. If identical lamps are connected together, THDI is increased. If different (different producer 

and rated power) lamps are connected together, THDI is decreased. However, this increasing is not 

significantly. When different lamps work together, their harmonics of opposite phase angles mitigate 

each other. That is why THDI is decreased comparing average THDI of singular lamp [16]. In [17], 

harmonic emission of single LED lamp is examined regarding type of filter for harmonic emission. It 

is a filter that can be integrated in lamp for harmonic emission decreasing. They are mostly used in 

lamps with dimmers. Those filters can be [17]: active filter, passive filter, valley fill. But, lamp can 

be even without filter. Examining single LED lamps, no matter on filter type, THDI is in each case 

greater than 30%. It is not foreign level of THDI greater than 150%. Among all examined lamps, 

ISC/IL <11 11 ≤ h ≤ 17 

<20 4.0 2.0 

20–50 7.0 3.5 

50–100 10.0 4.5 

100–1000 12.0 5.5 

>1000 15.0 7.0 
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THDI has the lowest value for lamps with active filter, and the greatest value is if there is no filter at 

all. This is similar as in [18]. In [17] too, some examinations were conducted for more lamps used 

together. In this case too, if different lamps are connected together, THDI is decreased. It is due using 

of different ballast types. But in this case, connection of more same lamps does not increases 

harmonic value. In [19], investigation of harmonic generation from dimmable LED lamps was 

performed. THDI values ranges between 47% and 360% for dimmable LED lamps. Normal LED 

lamps generate lower harmonic values than dimmable ones. Additionally, dimmable CFL lamps 

show similar harmonic characteristics as LED lamps. It was concluded that THDI value generated by 

LED lamp depends on ballast type too. In [20], analysis of harmonic emission on LED street lighting 

system was performed in one case study. LED street lighting system replaced existing one based on 

high-pressure sodium (HPS) lamps. After installing LED street lighting system, THDI value 

decreased comparing with HPS system. Comparison of street lighting systems based on HPS and 

LED technologies was performed in [21]. For more HPS lamps connected, the higher is current 

harmonic value in magnitude. For two LED street lamps, decreasing of harmonic current magnitude 

value was obtained. In that case, because all the complex currents belong to different quadrants, 

therefore having different phase angles, the combination does result in a decrease in the resultant 

current harmonic magnitude. Due to diversity, harmonic emission of two LED lamps is lower than 

one of them individually (measuring in same PCC). In this case were different manufacturers of LED 

lamps. 

4. Case study—single LED bulb  

Power quality measurements of LED lamps were performed with instrument class A according 

to IEC 61000-4-30 [22]. Instrument has a software which can be easy installed on computer. Serial 

communication was used for data transfer between instrument and computer. It is shown on Figure 3. 

It is important note that current measurements were performed with current clamps and voltage 

measurements with direct connection on instrument. Sampling time was 𝑡 = 1.3310−5 𝑠.  

 

Figure 3. Measurement procedure. 

Table 6 presents parameters of used LED lamps type. Each type has its own ID number. Lamp 

parameters are: voltage input, maximum current and power. Some of lamps are shown on Figure 4. 
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Table 6. LED lamps characteristics.  

    

Figure 4. Look of some lamps. 

Figures 5 to 10 present measured currents (I) and voltages (V) waveforms for analyzed lamps. 

Figure 5. U-I waveforms for lamp ID 1. 

ID LED lamp type Voltage input (V) Imax. (mA) Power (W) 

1 Panel (circle) 85–265 280 8–12 

2 Panel (square) 220–240 300 9–12 

3 Downlight 85–245 300 5–9 

4 Downlight 85–264 300 12–18 

5 Downlight 85–264 300 4 

6 Floodlight 100–265 900 30 
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Figure 6. U-I waveforms for lamp ID 2. 

Figure 7. U-I waveforms for lamp ID 3. 

Figure 8. U-I waveforms for lamp ID 4. 
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Figure 9. U-I waveforms for lamp ID 5. 

Figure 10. U-I waveforms for lamp ID 6. 

THDU and THDI values for lamps are presented in Table 7. 

Table 7. THDU and THDI values for analyzed lamps. 

Results show that THDU values for each case are below 5%. It is relatively low value in 

accordance with all known Standards. Current measurements in each case show similar waveform of 

current. It is high non-sinusoidal waveform. It can be concluded that higher harmonic level is 

present. 

ID THDU (%) THDI (%) 

1 <5 85–265 

2 <5 220–240 

3 <5 85–245 

4 <5 85–264 

5 <5 85–264 

6 <5 100–265 
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Generally, any analyzed lamp does not have filter for reducing higher harmonic level. Harmonic 

analysis of measured and simulated waveform of current will be presented below. Figure 11 presents 

model of analyzed LED lamps.  

 

Figure 11. U-I model of analyzed LED lamp. 

LED lamp was modeled within EMTP-ATP. For this case study lamp ID 4 was chosen. Similar 

analysis is for each lamp type.     

Source voltage is presented as a sum of first 15 harmonics, according to: 

                            𝑒(𝑡) =  𝐸𝑛sin(𝑛𝑡 + )15
𝑛=1  (11) 

where: 

                       = 2𝑓, 𝑓 = 50 𝐻𝑧 (12) 

Amplitude and phase angle of all harmonics is shown in Table 8. 

Table 8. Amplitude and phase angle of all harmonic. 

Harmonics 1 2 3 4 5 6 7 8 

Amplitude 

[V] 
317.97 0.9631    1.0554     0.3630     2.6777     0.2181     1.7832     0.2398     

Phase 

angle [] 
−1.0 179.9   149.2   188.4   227.2   151.5    32.0   168.5   

Harmonics 9 10 11 12 13 14 15  

Amplitude 

[V] 
1.6621     0.1075     1.3569     0.1213     0.8587     0.1059 0.7248      

Phase 

angle [] 
201.6   187.7     4.4   165.9   137.7 147.6   252.9  

Figure 12 presents simplified equivalent model of used LED lamp. The model is applicable in 

harmonic analysis within EMTP-ATP. 
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Figure 12. Simplified equivalent circuit model of LED lamp within EMTP-ATP. 

Basic simulation parameters are: 

- simulation time: 𝑇𝑠𝑖𝑚 = 40 𝑚𝑠, 

- numerical method: trapezoidal, 

- integration step: 𝑡 = 10−5 𝑠, 

Below, simulation results will be presented and compared to measured results. 

Measured/simulated parameters which will be compared are: 

- waveform of LED lamp input current and 

- harmonic analysis of LED lamp input current (up to 15
th

 harmonic). 

For selected LED lamp type, Table 9 presents measured numerical current values up to 15
th

 

harmonics. Table 10 presents simulated numerical current values up to 15
th

 harmonics for selected 

lamp.  

Comparing Tables 9 and 10 it is visible that odd harmonics are predominant. Even harmonics 

are more pronounced in measurement than in simulating. It is due to imperfections of 

instrument (measurement error of instrument, relatively low signal sampling and electromagnetic 

noise in laboratory). In contrary, there is good matching of predominant odd harmonics, measured 

and simulated. 

Table 9. Measured numerical current values up to 15
th

 harmonics. 

Harmonics  1 2 3 4 5 6 7 8 

Amplitude 

[V] 
0.1229 0.0082 0.1060 0.0076 0.0791 0.0097 0.0548 0.0082 

Harmonics  9 10 11 12 13 14 15  

Amplitude 

[V] 
0.0457 0.0020 0.0447 0.0039 0.0424 0.0066 0.0390  
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Table 10. Simulated numerical current values up to 15
th

 harmonics. 

Harmonics  1 2 3 4 5 6 7 8 

Amplitude 

[V] 
0.1289     0.0010     0.1089     0.0014     0.0787     0.0013     0.0542     0.0010     

Harmonics  9 10 11 12 13 14 15  

Amplitude 

[V] 
0.0511     0.0011     0.0565     0.0017     0.0528 0.0021     0.0383  

A little disagreement is present due to measurement constraints (noise, instrument accuracy 

class etc.) and simulation constraints (chosen numerical method accuracy, model imperfection).    

Table 11 presents measured numerical current values up to 15
th

 harmonics in percent value (in 

comparison to fundamental harmonic of 100%). Table 12 presents simulated numerical current 

values up to 15
th

 harmonics in percent value (in comparison to fundamental harmonic of 100%).   

Table 11. Measured numerical current values up to 15
th

 harmonics in percent value. 

Harmonics 1 2 3 4 5 6 7 8 

Amplitude 

[%] 
100     6.67 86.25 6.18 64.36 7.89 44.59 6.67 

Harmonics 9 10 11 12 13 14 15  

Amplitude 

[%] 
37.18 1.62 36.37 3.17 34.49 5.37 31.73  

 

Table 12. Simulated numerical current values up to 15
th

 harmonics in percent value. 

 

Harmonics 1 2 3 4 5 6 7 8 

Amplitude 

[%] 
0.1289     0.78 84.48 1.09 61.06 1.01 42.05 0.78 

Harmonics 9 10 11 12 13 14 15  

Amplitude 

[%] 
39.64 0.85 43.83 1.32 40.96 1.63 29.72  

The conclusion is the same as for case of comparing measured and simulated values in absolute 

values (A). 

For selected lamp, measured and simulated THDU value is the same: 1.38%. It is acceptable 

value according to IEC/IEEE Standards.  

Measured value of THDI is 144.2% and simulated value of THDI is 141.9%. It is relative similar 

value. 

Current harmonics can be decreased using properly CFL filters. 

On other side, comparing THD measured and simulated values, it is visible that LED lamp was 

simulated very good within EMTP-ATP. 

Figure 13 presents comparison of measured and simulated LED lamp current. Figure 14 

presents comparison of harmonic emissions of measured and simulated LED lamp current. 
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Figure 13. Comparison of measured and simulated LED lamp current. 

  

Figure 14. Comparison of harmonic content of measured and simulated LED lamp current. 

Thus, LED bulbs represent nonlinear loads, since according to the equivalent model of Figure 11, 

they contain diodes (Greatz bridge). It is clear that due to its voltage-current characteristics, diodes, 

or LED bulbs, represent nonlinear loads. Nonlinear loads, when connected to a sinusoidal source 

voltage, result in a non-sinusoidal (distorted) current. Distorted currents primarily have increased 

Joule losses of local loads. In addition, these currents contain higher harmonic components, which 

create non-sinusoidal voltage drop through the impedances of the system. This results in a distortion 

of network voltage that powers other loads and a general degradation of power quality. For these 

reasons, it is necessary to develop appropriate models of LED bulbs in order to predict different 

scenarios in electrical networks. 

 

 

 

 



15 

AIMS Energy  Volume 8, Issue 1, 1–26. 

5. Case study—luminaries (street lighting systems) 

5.1. Great LED lighting system-analysis 

This section deals with street lighting system in low voltage distribution grid. Two systems will 

be analyzed. First system is one which consists of LED luminaries, placed on poles in one feeder. 

Installed power of system is 20 kW. Power quality measurement of LED system was performed with 

instrument class B according to IEC 61000-4-30 [22]. Harmonic measurements were in accordance 

with EN 61000-4-7 [15], class B. Current measurement was performed on feeder phases and voltage 

measurement on facility buses. There were no other feeders loaded at this facility during 

measurements. Measurement lasted for a week and it was performed according to EN 50160 [12], in 

10-minutes interval.  

Figure 15 shows voltage variations for measurement period. There were no any un allowed 

voltage deviations in this period.  

Figure 15. Voltage variations for measurement period. 

Figure 16 shows current values in phases and neutral conductor for measurement period. 
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Figure 16. Current values for measured period. 

Figure 17 presents THDU in phases for this LED lighting system. Values are <5% during 

measuring period and are in accordance with Standards. 

Figure 17. THDU for phases and neutral conductor in percent value. 

Figure 18 presents predominant voltage harmonics. The highest values are for 5
th

 voltage 

harmonic, <4%. Still, these values are in accordance with Standards.  
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Figure 18. Predominant voltage harmonics in percent value. 

Figure 19 presents THDI for phases and neutral conductor in percent value. THDI in phases is 

up to 30%. But, it is interesting value of THDI in neutral conductor. Harmonics are predominant in 

period of lamps starting.  

 

Figure 19. THDI for phases and neutral conductor in percent value. 
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Table 13 shows measured current harmonic values up to 15
th 

harmonics in percent value. 

Percent values are shown for phase and neutral conductor. For example: 3/p presents harmonic value 

of 3
rd

 harmonic in phase conductor and 3/n presents harmonic value of 3
rd

 harmonic in phase 

conductor. 

In neutral conductor, 3
rd 

harmonic is predominant; in phase conductors, 5
th

 and 7
th

 harmonics 

are predominant. 

Table 13. Measured current harmonic values up to 15
th

 harmonics in percent value. 

Harmonics 1/p 1/n 3/p 3/n 5/p 5/n 7/p 7/n 

Amplitude 

[%] 
100     100 8.81 300 16.15 50 19.50 103 

Harmonics 9/p 9/n 11/p 11/n 13/p 13/n 15/p 15/n 

Amplitude 

[%] 
3.70 58.5 6.16 20 1.70 3.60 0.65 5 

THDI numerical values are shown on Figure 20. These currents present losses due to harmonics. 

Neutral current harmonic values are predominant in most of the measured periods. 

Figure 20. Numerical values of THDI for phases and neutral conductor. 

Figure 21 presents 3
rd

, 5
th

 and 7
th

 harmonic of current (numerical value) in neutral conductor. 

Predominant current harmonic is 3
rd

 harmonic. Other harmonics are with considerably lower value.      
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Figure 21. Numerical harmonic values in neutral conductor. 

Figure 22 presents 3
rd

, 5
th

 and 7
th

 harmonic of current (numerical value) in phase L2. 

Predominant current harmonics in phase conductors are 5
th

 and 7
th

 harmonic. It is the same for other 

phases. Other harmonics are with considerably lower value.    

 

Figure 22. Numerical harmonic values in phase conductor L2. 

Conclusions for great LED lighting system can be as follows: 

- THDU values are acceptable, under 5%. It is in accordance with any Standard, 

- Predominant voltage harmonic is 5
th

 voltage harmonic (under 4%). Still, these values are in 

accordance with Standards, 
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- THDI in phases is up to 30%. THDI in neutral conductor is predominant during lamp starting. 

Those values after starting are around 160%, 

- In neutral conductor, 3
rd

 harmonic is predominant; in phase conductors, 5
th

 and 7
th

 harmonics 

are predominant, 

- 5
th

 and 7
th

 harmonics in phase conductors are above permitted value according to IEEE 519 

[14], where for ISC/IL>1000, max. current harmonic value is 15% (for harmonics up to 11
th

), 

- For numerical values, greatest THDI values are for neutral conductor and phase L2 and 

- Generally, numerical values of current harmonics in this case can increase technical losses in 

system. Still, those values are far from values needed for neutral conductor overloading.   

5.2. Comparison of LED and sodium small lighting system-analysis 

Small street lighting system in low voltage distribution grid will be analyzed here. LED lighting 

system will be analyzed and compared with sodium lighting system. Generally, five high pressure 

sodium lamps were replaced with five LED street lamps. Voltage quality measurement was 

performed for sodium and LED system. Presented system is one phase system and presents lighting 

of one short street.  

The goal is to compare harmonic parameters for old lighting system performed with sodium 

lamps and new installed LED system.    

Power quality measurement was performed according to EN 50160. Instrument of class B 

according to IEC 61000-4-30 was used. Harmonic measurements were in accordance with EN 

61000-4-7 [15], class B. Current measurement was performed on feeder phase and voltage 

measurements on facility bus. There were too other feeders loaded at this facility during 

measurement. Measurement lasted few days for sodium lamps and for LED lamps too.  

Figure 23 shows voltage variations for measurement period. There were no any voltage 

deviations in this period. It is not possible to distinguish in which period sodium lamps were 

measured and in which LED lamps. 

 

Figure 23. Voltage variations for measured period. 
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Figure 24 shows current values in phase conductor for measurement period. Even number of 

lamps and illuminate area is the same, current values are very different. It is due to lower rated 

current of installed LED lamps.  

 

Figure 24. Current values in phase conductor for measurement period. 

Figure 25 presents THDU values for measured period, parallel with current values. There is no 

impact of light source on THDU values. Values are <2.5% during all measuring period and are in 

accordance with Standards. 

Figure 25. THDU values for measured period. 

 

Sodium lamps 

LEDlamps 
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Figure 26 presents predominant voltage harmonics. The highest values are for 5
th

 voltage 

harmonic, <2.2%. This is valid for sodium and for LED light system. Still, these values are in 

accordance with Standards.  

 

Figure 26. Predominant voltage harmonics in percent value. 

Figure 27 presents THDI in percent value. THDI in phase conductor is up to 18.4% for sodium 

lamp system, and up to 11% for LED system.  

 

 

Figure 27. THDI percent values for sodium and LED system. 
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For numerical values, THDI values for sodium system are higher 10 times compared to LED 

system. It is shown on Figure 28. 

 

Figure 28. THDI numerical values for sodium and LED system. 

Figure 29 presents 3
rd

, 5
th

 and 7
th 

current harmonic in percent values. Predominant current 

harmonic in phase conductor for sodium lamp system is 3
rd

 harmonic. Other harmonics are with 

considerably lower value. For LED lighting system, predominant is 5
th 

harmonic, but similar values 

are for 3
rd

 and 7
th

 harmonic. 

 

Figure 29. Percent values of predominant current harmonics. 

Conclusions for compared small sodium and LED lighting systems can be as follows: 
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- THDU values are acceptable, under 2.5%. It is in accordance with any Standard, 

- Predominant voltage harmonic is 5
th

 voltage harmonic (under 2.2%). Still, these values are in 

accordance with Standards, 

- THDI is up to 18.4% for sodium lighting system and up to 11% for LED lighting system, 

- For sodium system, 3
rd

 harmonic is predominant; for LED system, 5
th

 harmonic is 

predominant and  

- 3
th 

harmonics in phase conductors for sodium lighting is 15.3% and it is above permitted 

value according to IEEE 519 [14], where for 100 < ISC/IL < 1000, max. current harmonic 

value is 12% (for harmonics up to 11
th

), 

- According to IEEE 519 [14], all current harmonic values are under permitted value for LED 

lighting system and 

- For numerical values, THDI values are 10 times greater for LED lighting system compared 

to sodium system. 

5.2.1. Comparison of great and small LED lighting system 

Now, comparison of great and small LED lighting system can be presented. Conclusions are as 

follows: 

- THDU values are acceptable in each case (in accordance with Standard) and predominant is 

5
th

 voltage harmonic, 

- THDI is up to 11% for single phase small LED lighting system and up to 30% for great 

system. 

- For small and for great LED system to, 5
th

 and 7
th

 harmonics are predominant in phase 

conductor(s) and 

- Current harmonic values are under permitted value for small LED lighting system, what is 

not case for 5
th

 and 7
th

 harmonics in great LED lighting system. 

6. Conclusions 

LED lighting loads are nonlinear loads. Those loads are source of higher harmonics of current. 

If grid is weak, current harmonics can increase voltage harmonics. Different literature describes 

negative influences of harmonics increased value. This paper deals with measuring and modeling of 

different LED lighting sources. Single LED loads (bulbs) were examined. Measurements showed 

high level of current harmonics emitted by single LED loads. THDI values were up to 150%, what is 

high level of harmonics. Single harmonic values were analyzed and some of them were above 

permitted value according to IEC Standards. The highest value is of 3
rd

 harmonic. Obtained values 

are similar to those in literature. Single LED lights were modeled within EMTP-ATP. Similar results 

were obtained by measurement and by modelling. More, two LED lighting systems were examined. 

One system is great system of LED lighting and second one is smaller system. THDI is up to 11% for 

single phase small LED lighting system and up to 30% for great system. For small and for great LED 

system to, 5
th

 and 7
th

 harmonics are predominant in phase conductor(s). It is obviously that single 

LED bulbs have more negative impact on distribution grid in PCC than whole LED lighting systems. 

THDI values in neutral conductor of great LED lighting system have very high value. Further, small 

sodium system was compared with small LED system by replacing light loads (sodium was replaced 
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by proper LED loads in one small urban street). THDI is up to 18.4% for sodium lighting system and 

up to 11% for LED lighting system. For sodium system, 3
rd 

harmonic is predominant; for LED 

system, 5
th

 harmonic is predominant. 3
th

 harmonics in phase conductors for sodium lighting is 15.3% 

and it is above permitted value according to IEEE 519. THDU values were <5% for each case study. 

Obtained results implies that LED lighting sources can have negative effect on voltage quality in 

PCC and/or in power grid. For example, neutral conductor can be overloaded due higher harmonics. 

This is important for installation designers in manner of correct design of installation cables. Further, 

impact of these results can have influence on power losses in systems. Higher harmonic increase 

non-active power in system. These losses should be financial validated. In industry, reactive power 

compensation has increasing problems due to higher harmonics. Compensation systems should have 

filters for predominated harmonics. For lighting, presented results of measuring and modeling can be 

helpful in this area. Further work would consist of modelling great LED lighting systems.  
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