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A Single Point Measurement Method for Evaluating Harmonic Contributions of
Utility and Customer in Power Distribution Systems
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Abstract: This study presents a method for determining the contribution of harmomnic distortions generated by
utility and customer at the Pomt of Common Coupling (PCC) in power distribution systems. The method 1s
known as the R1.C method as the customer load is modeled with R1.C components using measured voltage and
current at the PCC and the system is represented by a Norton equivalent circuit. The contributions of harmonic
voltage and current distortions from utility and customer sides of the system are derived by estimating the
customer impedance and then calculating the harmomic currents at customer and utility sides. Several case
studies have been made to verify the accuracy of the proposed RLC method in determining the contribution
of utility and customer harmonic distortions by making a comparison with the TEEE1459-2000 standard based
method. Results showed that the proposed RLC method can accurately determine the harmonic contributions
of utility and customer for measurements made at the PCC.

Key words: Harmonic, harmonic distortion, harmonic source location, load modeling, localization of harmonic
sources, power quality, sharing harmonic responsibility

INTRODUCTION

In power systems, harmonic currents are injected into
the system by nonlinear loads such as power electronic
based equipments, arc furnaces, adjustable speed drives
and so on. Such equipments have nonlinearity
characteristic which can distort fundamental voltage and
current waveforms. When such nonlinear loads are
supplied from a sinusoidal voltage, their injected harmonic
currents are referred to as contributions from the
customer. Harmonic currents which flow mn any network
cause harmoenic voltage drops such that the supply
voltage at the customer 1s no longer sinusoidal. Other
customers connected to the Point of Common Coupling
(PCC) will have harmonic currents injected into them by
the distorted network voltage at the PCC and such
currents are referred to as supply harmonics. These
harmonics have many negative effects on power systems
such as power factor distortion and resonance problems.
To address the attribution of responsibility between
customers and utilities for harmonic distortion in a power
system, harmonic source localization approach is
usually considered (Ranade and Xu, 1998; Xiaodong and
Tackson, 2008).

Methods  for determining either harmonic
contributions or location of harmonic sources in power
systems are normally classified as multiple point and

single point measurement strategies. Many of the multiple
harmonic sources localization methods are based on
Harmonic State Estimation (HSE) (Du et al, 1999,
D'Antona et al., 2009). The problem with HSE based
methods 1s that it depends on complete characteristics of
the system and requires several types of measurements
such as voltage, real and reactive powers at each
harmomnic frequency. Generally, such kinds of mformation
are usually unknown or require complicated calculations
which are not economical for large systems. Another
multiple harmonic sources localization method 1s based on
the independent component analysis (Gursoy, 2007). In
this method, the reduced system harmonic mmpedance
matrix is first estimated so as to determine the harmonic
currents of the harmonic sources. The minimum electrical
distances between the estimated impedance matrix and the
actual impedance matrix are then calculated by using the
exhaustive search technique. The buses with minimal
distances are considered as the location of harmonic
sources. This method needs prior knowledge about
system parameters and historical load profiles as well as
the actual impedance matrix of a system at each harmonic
frequency and this makes its implementation impractical
and uneconomical. Therefore, to reduce the cost of
harmonic measurement and to sunplify the calculations,
several single point measurement methods have been
developed for either identifying the location of harmonic
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sources or determining the harmonic contributions of
utility and customer in a power system.

In practical situations, harmonic sources can be
located upstream and downstream relative to a monitoring
point which is usually at the Point of Common Coupling
(PCC). Withregards to this, different approaches focusing
on single point strategy can be found in the literature, for
locating the source of harmonics and determimng the
share of utility and customer harmonic distortion at the
PCC. The side that produces greater harmonic power is
responsible for harmonic pollution. The real power
direction method (Islam and Samra, 1997) is the earliest
method proposed in locating harmonic sources at the
PCC. However, the real power direction method has been
found to be only 50% reliable should the customer change
loads and its disadvantage is that it depends on actual
system parameters values for its calculation (Xu et al.,
2002). Other single point based methods is incentive-
based method (Xu and L, 1999, 2000). The main
weakness of this method 18 its dependency to actual
system parameters values for its calculation. The critical
impedance method (Chaoying, et al, 2004) and voltage
magnitude comparison method (Hamzah et al., 2004) are
other single point measurement methods. These methods
require complete knowledge of system parameters and the
criteria of the possible changes of the system impedances
i harmonic frequency or implementation of switching
tests for determining the wvalues of the harmonic
impedances of the system. However, such data are not
available in most of the time and implementing switching
tests do not allow its application in practical power
systems. More recent methods for determining harmonic
contributions of utility and customer at the PCC are
such as the Total Harmonic Distortion (THD) method
(Costa ef al., 2009) and harmonic vector method
(Pfayfar et af., 2008) which try to solve the drawbacks of
the previous methods. However, these methods still suffer
from some problems such as the use of wnsuitable index,
unpractical harmonic modeling and inability to determine
the location of harmonic sources at individual harmonic
frequencies. A more recent method for locating the
harmonic source is the IEEE1459-2000 standard based
method Cataliotti and Cosentino 2010 which 1s based on
the evaluation of three different non active power
quantities at the PCC. These three quantities are defined
as fundamental reactive power Q,, Fryze’s reactive power
Qr and fictitious reactive power Q. Based on this method,
Q, and Q; are the minimum and maximum reference values,
respectively and Q15 1 between (Q,< Qy< Q). Hence,
when harmomec distortion 1s due to the utility side, the
difference between Q, and Q; is not significant. On the
other hand, when harmonic distortion is due to the
customer side, the difference between Q, and Q; is
significant and Qy is very close to Qy.
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This study presents an improved single point
measurement method for determming the share of utility
and customer for harmonic distortions in a power system.
The proposed method 15 known as the RLC method
because the measured voltage and current at the PCC are
used for side equivalent
impedance which 1s represented by parallel resistance,
inductance and capacitance components. ITn the RLC
method, the utility reference impedance is represented by

obtaimng the customer

short circuit impedance of the system. Using the
impedance values, the share of customer and utility
harmonic voltage and current distortions are determined
as a percentage of measured voltage and current
harmonics at the PCC for each harmonic frequency. From
the contributions of utility and customer harmonic
distortions, the location of the harmonic source can be
determined based on the dominant harmonic distortions.
To prove the accuracy and effectiveness of the RLC
method, a comparison 1s made with the IEEE1459-2000
standard based method Cataliotti and Cosentino 2010.

THEORETICAL BACKGROUND

Generally for simplifying the calculations, it is
possible to convert any test system to its Norton
equivalent circuit as shown in Fig. 1. In the Fig. 1, the
utility side 1s represented by a current source 1, and an
impedance Z,. Similarly, the customer side 1s represented
by a current source [, and an impedance 7 , It should be
noted that superscript h represents the harmonic
frequency and all equations are in the complex form.

Harmonic current sources in the Norton equivalent
circuit can be obtamed from the measured harmome
voltage V. and current 1, at the PCC by usmng the
following equations (3u and Liu, 2000):

pee

~h
ii = \ii:c + i};cc (1 )
h vh h
c = _phcc *Ipcc (2)
ZE
Le
—sPCC
+
L z v bl I
Fig. 1: Norton equivalent circuit
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Fig. 2: Decomposed Norton equivalent circuit

DI:-

By applying the superposition theorem to decompose
the system as shown in Fig. 2, the harmonic contributions
from the utility and customer can be obtained.

From the Fig. 2, the harmonic current contributions
of utility side, I . and customer side, I can be derived
as:

=1 Zy
Licpee = =2 I, (3)
I+ 7
h zh h
Tipee = ——— 1, )
L+ 2
and
i};cc = iz—p:c + ii‘—pcc (5)

The values of harmonic current contributions given
mn Eq. 3 and 4 are in phasor form and therefore 1t 1s difficult
to compare. Considering the scalar values of Eq. 3 and 4,
we obtam the following equations:

—h

I};calarfu = Iu—p:: 'Cos(d)ifp:: - d)Ecc) (6)
—h

Il.:calar—c = IL“PCC 'COS(¢1;—p:: 7¢'§cc) (7)

Similarly, the scalar values for harmonic voltage
contributions are determined as follows:

V::alar—u = VE’PCE 'COS(¢'E—pcc7¢'§cc) (8)
V::alar—u = VE’PCE 'COS(¢'E—pcc7¢'§cc) (9)

These scalar values may have either positive or
negative signs which means that the values with the same
sign add up each other and values with opposite signs
cancel out each other as illustrated in Fig. 3.

Considering the effect of utility impedance vanation,
any deviation from the reference impedance (7, ,4) can be
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Fig. 3: Scalar contribution of harmonic vector, (a) add up
condition and (b) cancel out condition

;*SEC

Fig. 4: Customer equivalent circut

\
e

represented by a new harmonic current source (I,,.,) at
the utility side by using:

h

h

_h

PCC—NEW
_h

Lu-old

(10)

| F—— + Ipec-new

In this method, the customer load 1s modeled 1n terms
of a parallel combination of resistance (R), inductance (I.)
and capacitance (C) load model (Varadan and Malram,
1993; El-Arini, 1998). Figure 4 depicts the equivalent
circuit of the customer side with the customer load
represented by resistance, inductance and capacitance.

Using the measured voltage and current at the PCC,
the RLC parameters of the customer load can be
calculated using,

vy

Ro=ef ™ ForR>0 (1)
> Vit i COS(O,)
Bl
i h h
hvE, I8 sin(-g,)
C=2__ FoaC>0 (12)

©

A A2z
mg(\’;cc) h
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Measure voltage and
current at the PCC

Determine utility side harmonic
source by using its short circuit
impedance and Eq. 1

v

Model the customer side by
using Eq, 11-16

Determine the new
harmenic current source [+
by using Eq. 10
Calculate the contribution
> of each side by using
Eq. 3-5
Convert the contribution of
each side to scalar number by
using Eq. 6 and 9

Fig. 5: Implementation procedure of the RL.C method

S(Vh) /0

L, =— ! For L>0  (13)
@ Vi If sin(¢, )/ h
h=l
where:
po_p Vm 14
Loy = lpee — licc (14)
Y
Iy =Ig, ZPCC (15)
‘cap
h h .
=1 - chc (16)

L

and @, is the phase angle difference between related
voltage and current.

I; m Eq. 16 represents the current source related to
nonlmear compenents at the customer side and 1s
considered as the customer harmonic current source, I, in
Fig. 1. Tt should be noted that Eq. 12 and 13 are derived
from non-active current from time domam computation
which satisfies the Fryze’s power theory. The theory 1s
based on Fryze’s reactive power in non sinusoidal
situations where the time domain supply current is

260

decomposed into its active and reactive currents
(Czarnecki, 1997).

The procedure in implementing the RL.C method for
estimating contributions of utility and customer harmonic
distortions in a power distribution system is described in

Fig. 5.
TEST SYSTEMS AND SIMULATION

To validate the performance and accuracy of the RL.C
method, a smmple and a 10 bus test systems are
considered. For all cases, the results of the RLC method
are compared with the results obtained by using actual or
known customer impedance value of the system to show
the validity and accuracy of the method. In the RLC
method, the customer impedance value in terms of the R,
L and C parameters are estimated by using Eq. 11-13. The
results of the RLC method is also compared with the
results of the IEEE1459-2000 standard based method
(Catalioti and Cosentino, 2010). In the simulations,
harmonic sources are placed at both utility and customer
sides in terms of harmonic voltage and current sources,
respectively, with harmonic spectrums of the 5th, 7th and
11th harmonic orders. Four scenarios are considered in
the simulations as follows:

Harmonic source at utility side

Harmomic source at customer side

Harmonic sources at both utility and customer sides
Harmonic sources at both utility and customer sides
with capacitor bank C, switched on at the customer
side

Simulations were carried out using the Matlab
program and calculations were computed for the utility
and customer harmomnic current and voltage contributions
using Eq. 6-9.

A simple test system shown in Fig. 6 is considered
for illustrating the RLC method at various operating
conditions of the non linear loads and harmonic sources.
In the figure, a supply voltage V, = 230V at a fundamental
frequency of 30 Hz and phase angle «, = 0°, utility
impedance 7, = 0.15+0.13190Q, customer impedance
7.=3414430.25Q and a switchable capacitor bank
C, =343 Var is placed at the customer side for improving
the load power factor from 0.75 to 0.9. Harmonic sources
with harmomnic specttums of the 5th, 7th and 11th
harmonic orders are assumed to exist at both the utility
and customer sides.

A 10 bus test system shown in Fig. 7 is also
considered to verify the proposed RLC method The
test system data 1s shown m Table 1. In the simulation,
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Table 1: 10 Bus test system data

Components Parameters Valie Components Parameters Value
Gy VN (Ph-Ph rms) 1", X/R 33kV 100 MVA 10 T Vy (Ph-Ph rms) Sy 2%  33/11kV 7.5 MVA 0.97+4.69p.u
T T Ts VN (Ph-Phrms) & 7%  11/0415kVIMVA 1+5pu = To Ts Vi (Ph-Ph rms) Sy 7%  11/0.415 KV 2.5 MVA 145 p.u
L Active power (P) P.F 600 kW 0.8 L, Ls Active power (P) P.F 1440kW 0.8
T4 Active power (P) P.F 39R4KW 0.8 Is Active power (P) P.F 1284 kW 0.8
o) Reactive power (Q,) 0.24 MVAr
7, PCC Table 2: Actal and estimated values of R1.C components
& Comparison R Q L. (H) C. (F)
v Actual value 60.90 0.219 0
® Estimated value 5891 0.217 0
C,—= Z CDI“
V, . . .
! and customer harmomc voltage contributions calculated
using Eq. 8-9. The results are compared with the harmonic
contributions calculated from using the actual R, 1. and C
Fig. 6 Simple test system values. From the results shown in Table 3, the utility
voltage and current harmonic distortions at all harmonic
e frequencies are 100% and this proves that the harmonic
1 . source is from the utility side. As for the results shown in
Vo ‘harmoni .
) tagms onie Table 4, the customer voltage and current harmonic
2 distortions at all harmonic frequencies are 100% and
() therefore the harmonic source 13 from the customer side.
AT . . o
v, For the case with harmonic sources placed at utility and
3 customer sides, the results in Table 5 show that the utility
gives greater voltage and current distortions compared to
a 5 the customer harmonic contributions. The negative
harmonic voltage distortions at the customer side implies
20 T 5 6 that the harmonic source at the customer side acts like a
6 7 8 9 15 _4PCC harmomnic filter which then mitigates the effect of voltage
Current harmonic i ili
¥ Y% N M Cli_ > recs harmonics caused by utility. Table 6 shows the results for

Fig. 7: One-line diagram of the 10 bus test system

harmonic sources are assumed to exist at both the utility
side (bus 2) and customer side (bus 10). All the loads are
assumed to operate at full load condition with a power
factor of 0.80. The capacitor bank C, at bus 10 is used to
umprove the power factor of load 5 from 0.80 to 0.9.

TEST RESULTS

Results of a simple test system: Table 2 shows a
comparison of the actual and estimated customer R, L and
C components values. The estimated R, I. and C values
are calculated based on the measured harmonic voltages
and currents at the PCC using Eq. 11-13. From the table, it
1s clear that the estimated R, L and C values are close to
the actual values and therefore the proposed R1.C method
can be considered accurate.

Table 3 to 6 show the results of simulation of the
simple system for each of the above mentioned scenarios
in terms of the utility and customer harmonic current
contributions calculated by using Eq. 6-7 and the utility
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the case of harmonic sources at both utility and customer
sides and with a capacitor bank switched on at the
The results show that the share of
customer voltage and current harmomc distortions are
increased due to the parallel resonance phenomenon
occurring m the vicimty of the 5th, 7th and 11th harmomnic
frequencies as shown m impedance-frequency curve of
Fig. 8.

Comparing the results of the proposed RT.C method
with that of using the actual R, L and C parameters, the
harmonic distortion values are very close to the actual
values and this proves the accuracy of the RLC method.
Table 7 shows the results of the IEEE1459-2000 standard
based method Cataliotti and Cosentino 2010 and the
results are compared to the results of the proposed RL.C

customer side.

method in terms of harmonic localization. In Table 7, Q,,
Q, and N indicate the fundamental reactive power,
fictitious reactive power and non active power,
respectively. The results show that the TEEE1459-2000
standard based method 1s not able to fully determine
correct location of the harmonic source. The reason for
incorrect harmonic source location 1s that the harmonic
source at the customer side produces current harmonics
with low magnitudes while the harmonic source at the
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Table 3: Utility and customer harmonic contributions with harmonic source at utility side

Harmonic order Sth Jth 11th

PCC voltage (V) 41.45<-81.36 27.97<-7.05 14.35<-35.48

PCC current (A) 0.69<-91.40 0.45<-14.85 0.24<-40.18

Localization method RLC method Actial value  RLC method Actual value RILC method Actual value
Customer harmonic voltage contribution (%) 0 0 0 0 0 0

Customer harmonic current contribution (%) 0 0 0 0 0 0

Thtility harmonic voltage contribution (%6) 100 100 100 100 100 100

Utility harmonic current contribution (%) 100 100 100 100 100 100

Table 4: Utility and customer harmonic contributions with harmonic source at customer side

Harmonic order Sth Tth 11th

PCC voltage (V) 5.13<131.25 2.49<-139.26 1.98<-142.42

PCC current (A) 0.33<-138.20 0.11=-48.86 0.06<-52.17

Localization method RLC method Actual value  RLC method Actual value RLC method Actual value
Customer harmonic voltage contribution (%) 100 100 100 100 100 100
Customer harmonic current contribution (%) 100 100 100 100 100 100

Utility harmonic voltage contribution (%) 0 0 0 0 0 0

Utility harmonic current contribution (%o) 0 0 0 0 0 0

Table 5: Utility and customer harmonic contributions with harmonic source at both utility and customer sides

Harmonic order Sth Jth 11th

PCC voltage (V) 37.16<-85.86 25.56<-11.24 14.18<-43.23

PCC current (A) 0.94<-106.16 0.55=-21.05 0.30<-42.45

Localization method RLC method Actial value  RLC method Actual value RILC method Actual value
Customer harmonic voltage contribution (%) -10.70 -10.81 -5.79 -5.94 -1.88 -2.16
Customer harmonic current contribution (%) 26.72 27.83 16.40 17.43 17.63 18.39
Thtility harmonic voltage contribution (%6) 110.7 110.81 105,79 105.94 101.88 102.16
Utility harmonic current contribution (%) 73.28 7216 83.59 82.56 82.37 81.60

Table 6: Utility and customer harmenic contributions with harmonic source at both utility and customer sides and capacitor bank C, switched on

Harmonic order Sth Tth 11th
PCC voltage (V) 66.91<-98 76.36=-74.50 11.05<-172.6
PCC current (A) 2.30<-45.90 3.65<-6.08 0.82<-91.26
Localization method RLC method Actual value  RLC method Actual value RLC method Actual value
Customer harmonic voltage contribution (%) 38.7 4072 86.31 86.34 194.5 197.35
Customer hammonic current contribution (%) 79.90 79.31 87.97 87.92 81.85 80.99
Utility harmonic voltage contribution (%) 59.60 59.29 14.04 13.66 -95.15 -96.90
Utility harmonic current contribution (%o) 22.05 20.95 12.45 12.20 19.12 1877
Table 7: Results using the TEEE14359-2000 standard based method
Decision (location of the Accuracy

Condition Q [6) N dominate harmonic source) of decision
Harmonic source at utility side 698.54 717.69 740.80 Utility True
Harmonic source at customer side 698.54 699.09 702.86 Utility Wrong
Harmonic source at both utility and customer side 698.54 720.94 757.09 Utility True
Harmonic source at both utility and customer side with capacitor bank C, 403.14 413.96 44947 Utility Wrong

E gg_ Impedance 10 Phase

Z 4 ? 504

g 30 E 0-

E ol £

E G 1 1 1 1 1 1 1 1 1 -lﬂc T T T 1) T T 1 T 1

100 200 300 400 500 600 700 80O 900 1000 0 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz)

Frequency (Hz}

Fig. 8 Impedance vs. frequency characteristic of the system in presence of capacitor bank C, at customer side

utility side produces voltage harmonics with high
magnitudes. Therefore, the calculated harmonic powers at
the customer side are negligible compared to the utility
side and this 1s the main reason for the incorrect customer
harmonic source location by the TEEE] 459-2000 standard
based method In comparison, the results of the RL.C

method give correct harmoenic source location based on
the dominant harmonic contributions of the utility and
customer sides.

Results of the 10 bus test system: Table 8 shows the
calculated R, T. and C parameters for the customer side
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calculated by using the RL.C method and the parameters
are compared with the known actual impedance values.
The comparing of results prove that the RLC method 1s
able to accurately model the customer load in terms of its
parallel R, I. and C components.

Table 9 shows the harmonic contribution results for
the case where the harmonic source is placed at the utility
side which at bus 2 of the 10 bus system. The results
show that with the 100% voltage and current harmonic
distortions at the utility side and 0% voltage and current
harmonic distortions at the customer side, the source of
harmonic is from the utility side. In the case for the
harmonic source placed at the customer side, the results
of Table 10 show that the voltage and current harmonic

Table 8: Load parameters

Comparison 11 (9)] L.(H) C.(F)
Actual value 01322 58.52e-5 0
Estimated value 0.1320 584%e-5 0

distortions at the customer side are 100%. Table 11 shows
the results for the case where harmonic sources are placed
at both utility and customer sides. The results show that
the utility has greater voltage and current harmonic
distortions compared to that at the customer side and
therefore this means that the utility is responsible for
By
at bus 10, parallel resonance

generating harmonic  distortions. serting  the
capacitor bank C,
phenomenon is said to occur as shown in Fig. 9. From the
figure, 1t 1s shown that parallel resonance 1s visible in the
vicinity of the 5th, 7th and 11th harmonic orders. The
results for the case with a capacitor bank inserted in the
system are shown in Table 12. From the table, it 1s shown
that the voltage and current harmonic distortions of the
7th and 11th harmonic orders at the customer side are
much greater than that at the utility side and therefore the
customer 1s responsible for harmonic distortions.

Table 9: Utility and customer harmonic contributions with harmonic source at utility side

Harmonic order Sth 7th 11th
PCC voltage (V) 60.49<-98.05 36.47<-26.90 16.91<-58.19
PCC current (A) 455.72<-106.34 273.39<-32.85 126.36<-61.98
Localization method RLC method Actal value  RLC method Actual value RLC method Actual value
Customer harmonic voltage contribution (%) 0 0 0 0 0 0
Customer hammonic current contribution (%) 0 0 0 0 0 0
Thtility harmonic voltage contribution (%6) 100 100 100 100 100 100
Utility harmonic current contribution (%) 100 100 100 100 100 100
Table 10: Utility and customer harmonic contributions with harmonic source at customer side
Harmeonic order Sth 7th 11th
PCC voltage (V) 12.25<119.62 5.67<-152.74 4.10-157.82
PCC current (A) 199.85<-146.87 66.50<-59.71 30.95<-65.38
Localization method RLC method Actual value  RLC method Actual value RLC method Actual value
Customer harmonic voltage contribution (%) 100 100 100 100 100 100
Customer harmonic current contribution (%) 100 100 100 100 100 100
Utility harmonic voltage contribution (94) 0 4] 4] 0 4] 0
Utility harmonic current contribution (%) 0 0 0 0 0 0
Table 11: Ttility and customer harmonic contributions with harmonic source at both utility and customer sides
Harmonic order Sth Tth 11th
PCC voltage (V) 51.34<-106.43 33.47<-34.79 16.72<-72.19
PCC current (A) 621.41<-118.40 334.06<-38.01 157.27<-62.65
Localization method RLC method Actal value  RLC method Actual value RLC method Actual value
Customer harmonic voltage contribution (%) -15.78 -15.82 -6.60 -7.27 2.94 2.71
Customer harmonic current contribution (%) 27.68 27.73 17.61 17.84 19.27 19.29
Thtility harmonic voltage contribution (%6) 115.78 115.83 106.6 107.27 97.05 97.28
Ttility harmonic current contribution (%6) 72.31 72.26 82.38 82.15 80.72 80.70

f o1 Tpedance 100 Phase

S 010 W 304

3 0.08 ﬁ 0

i ]

8 0.021 5]

'g 0'00 T 1 T L T T L 1 1 —lm T T 1 1 T T 1 T 1

0 100 200 300 400 500 600 700 800 9S00 1000 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz)

Frequency (Hz)

Fig. 9: Impedance vs. frequency characteristic of the system in presence of capacitor bank C, at customer side
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Table 12: Ttility and customer harmonic contributions with harmonic source at both utility and customer sides and switched on capacitor bank ¢

Harmonic order Sth 7th 11th
PCC voltage (V) 74.16<-119.30 58.64<-72.81 17.66<-160.90
PCC current (A) 885.86<-01.45 T64.42<-23.26 307.33<-89.48
Localization method RLC method Actual value  RLC method Actual value RLC method Actual value
Customer harmonic voltage contribution (%) 23.39 23.71 54.92 56.30 121.48 120.37
Customer harmonic current contribution (%) 46.86 47.75 64.58 64.83 63.74 63.35
Utility harmonic voltage contribution (%) 76.64 76.02 45.11 43.27 -21.35 -21.86
Utility harmonic current contribution (%) 53.19 52.71 34.45 35.26 36.19 36.46
Table 13: Obtained results using IEEE1459-2000 standard based method
Q Q, N Decision (location of the Accuracy

Scenario (MVAr)  (MVAr) (MVAr)  dominate harmonic source) of decision
harmonic source at utility side 0.7262 0.7405  0.7408 Utility True
harmonic source at custormner side 0.7262 0.7308 0.7321 Utility Wrong
harmonic source at both utility and customer side 0.7262 0. 7481 0.7550 Thtility True
harmonic source at both utility and customer side with capacitor bank C; 0.5572 0.6374  0.6473 Custorer True

From the results shown in Table 9-12, it 1s clear that ACKNOWLEDGMENTS
the estimated harmonic contributions values are very
close to that calculated from using the actual impedance This research has been done at University

values and this proves the accuracy of the RLC method.
To further validate the accuracy of the RL.C method, it is
compared with the IEEE1459-2000 standard based method.
Table 13 shows the results of the IEEE1459-2000 standard
based method for the four scenarios in the placement of
utility and customer harmonic sources. The results show
that the TEEE1459-2000 standard based method cannot
accurately determine the location of harmonic sources for
all the scenarios. In addition, it is also unable to determine
the share of harmonic distortions of individual harmonic
orders at the customer and utility sides.

CONCLUSION

A new method for determining the contribution of
harmonic distortions at the PCC has been presented. In
the method, the utility harmonic source is represented by
its short circuit impedance and a current source whereas
the customer impedance is modeled in terms of its parallel
R, L and C components. The proposed method which 1s
known as the RI.C method has been validated on a simple
2 bus and a 10 bus test systems. Four simulation cases
were reported showing the application of the RLC method
in determining the contribution of harmonic distortions at
the PCC and at the same time determimng the harmonic
source location. Comparing the results of the RL.C method
with the results obtained from using the actual impedance
values and the IEEE1 459-2000 standard based method, it
is proven that the RL.C method can accurately determine
the voltage and current harmonic distortions at the utility
and customer sides and locate the harmonic sources even
at resonarnce situations.
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