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Abstract—In recent years, the debasement of power quality of a 
distribution system such as the increase of power system 
harmonics has been apprehended. It is thought to be causally 
related to the diversification of loads by progress of power 
electronics technology and the increase of the number of 
interconnection of distributed generators for home use with the 
reduction of the effect on the environment. The harmonics cause 
not only deterioration of power quality but also further various 
problems. In this paper, the authors propose an estimation 
method of harmonic sources by separating the harmonic current 
flowing through the distribution lines. In addition, the authors 
carry out the numerical calculation and experiment in order to 
verify the validity of the proposed method. 

Index Terms--Distribution system, harmonic sources, 
interconnected inverter, power quality, power system harmonics 

I. INTRODUCTION

Recently, renewable energy sources such as photovoltaic 
(PV) generation and wind-power generation has been noticed 
in Japan in order to break away from dependent on nuclear 
power. Moreover, the total number of distributed generation 
(DG) which is interconnected to a distribution network has 
been increasing steadily. In the future, the DGs will further 
increase. Along with increase of DGs, the number of inverter 
and converter interconnected to the distribution system will 
also increase. Such a power electronics equipment generates 
various harmonics. In Japan, against the harmonics, 6.6 kV 
distribution system need to be kept the voltage total harmonic 
distortion (THD) under 5 % as the level of harmonic 
environmental target [1]. In addition, the harmonics generated 
form household appliances and interconnected inverters are 
regulated [2], [3]. Thus, the harmonics will increase in the 
distribution system, and then the voltage THD in the 
distribution system will exceed the specified value. Therefore, 
in the future, the harmonic countermeasure devices such as an 
active filter or STATCOM (static synchronous compensator) 
will need to interconnect more. However, the interconnection 
of those devices is not realistic since those are very expensive. 
It is necessary to install the minimum number of harmonic 
countermeasure devices at the point where harmonics are 

noticeable from a viewpoint of installation cost. The 
estimation method of harmonic sources in the distribution 
system is needed for this realization, however, the estimation 
of harmonic sources is very difficult itself. 

On the other hand, the actual state of harmonics has been 
reveal nowadays by the previous research [4]. However, the 
study of harmonics by a detailed model of distribution system 
is very difficult, so a simplified model was mainly used [5]-[7].

In this study, the authors propose an estimation method of 
harmonic sources on the distribution system. In the proposed 
method, the harmonic current flowing through the distribution 
line is separated into a harmonic current flowing from the 
upper side of distribution line and a harmonic current flowing 
out from the lower side, in order to estimate the harmonic 
sources. The authors verify the validity of the proposed 
method from both sides of numerical calculation and 
experiment. The analytical model used for the numerical 
calculation includes interconnected inverters of PV system 
and non-linear loads which are the harmonic sources. The 
simulated distribution system equipment used for the 
experiment is composed of loads that generates harmonics, 
interconnected inverters of PV system, distribution lines, and 
so on. This experimental equipment is scaled-down 210V 
distribution system. 

II. ESTIMATION METHOD OF HARMONIC SOURCES

A.  Separating Method of Harmonic Currents 
This section describes the separating method of harmonic 

currents flowing through the distribution lines. In general, the 
harmonic current flowing through the distribution line is sum 
of a harmonic current flowing from the upper side of 
distribution line and a harmonic current flowing out from the 
lower side, and it is not possible to measure each harmonic 
current individually. However, if the specific information of 
distribution lines can be obtained, each harmonic current can 
be estimated and these currents can be separated [6]. The 
harmonic current flowing from the upper side of distribution 
line is obtained by (1). 
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kNNkh : estimation value of h-th harmonic 
current flowing from upper side of distribution line, N: node, 
k: node number, )()1(, tE NkkNh : h-th harmonic voltage at

upper side of distribution line, upper
kNShZ )1(, : h-th impedance at 

measurement point (S means voltage source), )(ˆ
)1(, tY L

NendkNh : 
estimation value of h-th harmonic admittance of loads from 
measurement point to end of distribution line, )(ˆ

)1(, tY C
NendkNh : 

estimation value of h-th harmonic admittance of static 
capacitor of utility customers from measurement point to end 
of distribution line. 

In (1), the authors referred to [7] about calculation of
C

NendkNhY )1(,
ˆ And then, the harmonic current flowing out 

from the lower side of distribution line is obtained by (2). 
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Where, )(ˆ
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kNNkh : estimation value of h-th harmonic 
current flowing out from lower side of distribution line, 

)()1(, tI kNNkh : measured h-th harmonic current flowing 
through the distribution line. 

B. Evaluation Method for Estimation of Harmonic Sources 
Based on the results obtained from (1) and (2), the authors 

estimate where the generation of harmonic current is 
noticeable. In this study, the harmonic sources are estimated 
by calculating in plural time periods. Using the amount of 
change in the difference of harmonic currents which flow 
between nodes as an evaluation index, it is determined 
whether or not a large change appears with the loads as a 
boundary. The evaluation index for estimation of harmonic 
sources is shown in (3) and (4). 
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Where, in (3), Lk means a load at node k. LkhEHS , :
evaluation index for estimation of harmonic sources, 

)1(,)ˆ( kNNkhupperII : integrated value of difference of 

)()1(, tI kNNkh  and )(ˆ
)1(, tI upper

kNNkh  between node k and node 
(k+1). 

III. VALIDATION BY NUMERICAL CALCULATIONS

In order to verify the validity of the proposed method, the 
numerical calculations are carried out by using the analytical 
model of distribution system. In this study, only the 5th order 
is analyzed for the estimation. 

A. Analytical Model 
In this study, the analysis target for the estimation of 

harmonic sources is a low-voltage distribution system, in 
order to compare with the experimental results described in 
Chapter IV.  The system configuration diagrams used for the 
estimation are shown in Fig. 1. 
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Figure 1. Analytical model of low-voltage system. 

In these figures, the harmonic generation loads are single 
phase full-wave rectifier circuits with RL loads, and the loads 
are R loads (100 Ω). The pole transformers are simulated with 
voltage sources and included 5th harmonic voltage of 4 %. 
The phase of fundamental wave voltage is fixed at 0 degree 
and the phase shift of 5th harmonic voltage is set to four 
patterns of 0, 90, 180, and 270 degrees. In Case 1 and Case 2,
RL values of the load at Node 2 is 100 Ω and 500 mH, RL
values of the load at Node 4 is 140 Ω and 500 mH, 
respectively. And the capacity of PV system is 1 kW. Fig. 2 
shows the harmonic generation load and inverter connected to 



the analytical model, and Fig. 3 shows the load current of 
harmonic generation load and the output of inverter. 

   
(a) Harmonic generation load                         (b) Interconnected inverter 

Figure 2. Harmonic generation load and inverter connected to analytical 
model. 
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(a) Load current of harmonic generation load 
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(b) Output of inverter (without harmonic voltage from upper system) 
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(c) Output of inverter (with 5th harmonic voltage of 4% from upper system) 

Figure 3. Load current of harmonic generation load and output of inverter. 

In Case 3, each single phase full-wave rectifier circuit has 
a static capacitor (SC). The SC is inserted in parallel so as to 
the power factor of the load is one. And in Case 3, the active 
power and reactive power of the load at Node 2, Node 4, and 
Node 5 are varied in 24 hours as shown in Fig. 4, in order to 
obtain the admittance of SC: )(ˆ

)1(, tY C
NendkNh . Fig. 5 shows the 

transition of the content rate of 5th harmonic current when the 
active power and reactive power vary as shown in Fig. 4.
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Figure 4. Load curve of feeder. 
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Figure 5. Transition of content rate of 5th harmonic current at Load 2, Load 4, 
and Load 5.

B. Calculation Results 
Fig. 6 shows the analysis results of each case.  As shown 

in Fig. 6 (a), (b), in Case 1 and Case 2, the harmonic sources 
could be clearly estimated regardless of the presence or 
absence of branching of the feeder. In addition, it is 
considered that the loads with the large evaluation index have 
high harmonic content. In Case 3, as shown in Fig. 6 (c), the 
harmonic sources could be clearly estimated even when SC 
exists. From these results, it is considered that there is no 
influence of SC in the estimation of the harmonic sources by 
the proposed method. Throughout the obtained results, it was 
confirmed that the harmonic generation amount varies 
depending on the phase of harmonic voltage.  
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(a) Case 1 (with PV systems, single feeder) 
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(b) Case 2 (with PV systems, branched feeders) 
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(c) Case 3 (with static capacitor) 

Figure 6. Calculation results of each case. 

IV. VALIDATION BY EXPERIMENT

The validity of the proposed method is also verified from a 
viewpoint of experiment by using the simulated distribution 
system equipment. 

A. Simulated Distribution System Equipment 
The simulated distribution system equipment is shown in 

Fig. 7. The system configuration of experimental equipment is 

the same as in Fig. 1 (a), (b), and the value of each load is the 
same as the value of analytical model described in Chapter III.  
Two types of inverters are used for PV systems, and each 
rated capacity is 1 kW and 5.5 kW. The pole transformer is 
simulated with a programmable AC power supply and the AC 
power supply generates 5th harmonic voltage of 4 %. For 
Case 3 in Fig. 1 (c), the authors have not verified in this paper 
since there is no SC in the experimental equipment. 

Figure 7. Simulated distribution system equipment. 
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Figure 8. Experimental results of each case. 



B. Experimental Results 
The results of estimation of the harmonic sources obtained 

by analyzing the waveform data of voltages and currents 
measured at each node are shown in Fig. 8.  As shown in Fig. 
8, although harmonics were detected from Load 3, which is 
not a harmonic source, but since it is a relatively small amount, 
it was confirmed that the harmonic sources can be estimated 
regardless of whether there is no branch. Also in the 
experiment, it was confirmed that the amount of harmonic 
generation varies depending on the difference in phase shift of 
harmonic voltage from the upper system. 

Fig. 9 shows the experimental results of Case 1 in the 
absence of harmonic voltage from the upper system. As can be 
seen from a comparison of Fig. 8 (a) and Fig. 9, the evaluation 
index of the inverter connected to the Load 1 is particularly 
different. From these results, it is considered that the influence 
of the harmonic voltage from the upper system is large. 
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Figure 9. Experimental results of Case 1 (without harmonic voltage from 
upper system). 

V. CONCLUSION

In this study, the authors proposed the estimation method 
of harmonic sources on distribution system. In the proposed 
method, the harmonic sources are estimated by separating the 
harmonic current flowing through the distribution line into the 

harmonic current flowing from the upper side and the 
harmonic current flowing out from the lower side. Then, it is 
possible to estimate the location where the value of the 
defined evaluation index is remarkable as the harmonic 
sources. The authors verified the validity of the proposed 
method by numerical calculation and experiment, and showed 
the possibility of the estimation of harmonic sources. 

The future work is as follows. 

Verification in high-voltage distribution system 

Verification in more complex large-scale distribution 
system 

Analyses of influence by SC on estimation accuracy 

Development of harmonic suppression method 

ACKNOWLEDGMENT

The authors gratefully acknowledge the contributions of G. 
Ogasawara and K. Fujii to this study. 

REFERENCES

[1] Guidelines for harmonic suppression technology, The Japan electric 
association, JEAG 9702, 2013. 

[2] Electromagnetic compatibility (EMC) – Part 3-2: Limits – Limits for 
harmonic current emissions (equipment input current less than 20 A 
per phase), Japanese Industrial Standards Committee, 2011. 

[3] Interconnection of Power System Regulation JEAC 9701-2012,
Interconnection of Power System Expert Committee of Japan Electric 
Association, 2012. 

[4] K. Yukihira, N. Okada, and M. Watanabe, "Quantitative analysis of
contribution by different types of loads to the fifth harmonic voltage in 
the electric power system", CRIEPI Research Rep., System 
Engineering Research Laboratory Rep. No. R14002, Jan. 2015.

[5] Y. Tada, "An estimation method to determine equivalent circuit 
parameters for the harmonic analysis", IEEJ Trans. on Power and 
Energy, Vol.132, No.6, pp.597-603, Jun. 2012. 

[6] K. Yukihira, “A method to separate harmonic current flows according 
to the directions of their sources in a distribution substation”, IEEJ 
Trans. on Power and Energy, Vol.117, No.3, pp.308-315, Mar. 1997. 

[7] M. Inoue, "Simple estimations for finding the generating source of a 
harmonic current and its equivalent circuit", IEEJ Trans. on Power and 
Energy, Vol.101, No.8, pp.451-158, Aug. 1981. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


