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New Power Balancing According to Standard 1459
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Abstract—

Numerous investigations in active power compensators used to enhance power network quality have been prompted by the growing
concern about harmonic distortion and load unbalances in recent years. In this study, we provide a novel method for resolving the
unbalanced power that is analogous to the method employed in IEEE Std. 1459 for the non-fundamental effective ap parent power.
When shunt active power compensators are installed at customer premises to enhance power quality, the recommended power
magnitudes provide for an explanation of the outcomes attained. In this study, we offer new merit factors related to the new imbalance
power resolution to quantify the quality of the setup. The resolution is used to assess both simulated and experimental outcomes in the
study.

Key words

Active power filters, electrical power-quality in doxes, IEEE Std. 1459, revenue power amounts, unbalanced
power resolution are all terms that may be found in an index.

Introduction

Increases in energy consumption are a concern for
governments and energy providers in our
increasingly industrialized and modern world [1, 2,
3, 4]. Rising fossil fuel costs, caused in part by
rising global demand for electricity, have sparked
widespread interest in harnessing renewable energy
sources like wind and solar [1, 2]. Engineers
striving for peak electrical system efficiency also
face serious challenges from poor power quality
[5-13]. Different lenses are used to the study of
electrical power quality issues. Definitions of
electrical power [5, 6], definitions of electric
power-quality indexes [14, 16], evaluations of
electric energy quality [18-21], electrical energy
billing [22-24], identification and localization of
inefficient loads [21], and active compensators [5—
9] are just a few of the more recent topics being

researched and developed. The updated definitions
for measuring electric power in sinusoidal, non-
sinusoidal, balanced, and unbalanced situations
may be found in IEEE Standard 1459 [16]. IEEE
Std. 1459 is meant to be used in the assessment of
cutting-edge apparatus or in the development of
next-generation instruments for measuring power
and energy [16, 25]. While [25]-[27] provide
various analyses and explanations of IEEE Std.
1459 terminology, [14] formulates several IEEE
Std. 1459 words using an instantaneous power
method.  Instrumentation  that meets the
requirements of IEEE Std. 1459-2000 is shown in
[28] through [30]. At its hearts, each of these
gadgets has a Digital Signal Processor (DSP) that
runs complex algorithms on data gathered from the
instrument's measurement of line-to-neutral and
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three-phase load voltages and currents [30].
According to IEEE Std. 1459, the  updated
definitions were created to aid in the measurement
and monitoring of revenue-relevant quantities [22]—
[24], engineering economic choices, and the
identification of important harmonic polluters [19—
21], [31], [32]. Government rules in certain
countries and electrical utility tariffs [22], [24]
determine the cost for the various power levels.
According to [21], identifying who is responsible
for the presence of certain power amounts, whether
it be end users or electrical utilities, is essential for
accurate electrical energy invoicing. The necessity
for new indices "for the evaluation of harmonic
distortion levels at the metering section and for the
determination of loads and supply polluting
contributions™ is also emphasized. The "Toll Road”
model of [20] and [31] aims to assign and allocate
the cost and expenditures of the circuits required to
maintain the power network with the least possible
harmonic pollution. Quality issues arise in
electrical power networks when loads necessitating
basic positive-se quence reactive power, unbalance
power, and non-fundamental effective apparent
power are present [9], [10]. Historically, banks of
capacitors have been used to compensate for
reactive power [5, 19]. Passive and active
compensators, as well as hybrid configurations, are
used to reduce unbalanced power and harmonic
distortion [5, 33, 34]. In low-voltage distribution
networks, shunt active compensators are favoured
at the terminal non-linear load that requires
harmonic currents [5, 9, 33].

NUMBERING TO IEEE STANDARD
1459

According to IEEE Std. 1459, the following are
the primary electrical quantities for three-phase
power systems. Included in the total measure of
"fundamental powers" provided by "fundamental
effective apparent power" are, among others, and.
Whole-load apparent power generated by the flow
of harmonic components of the load current and the
PCC voltage is quantified by the non-fundamental
powers, which are represented as. The effective
apparent power, as described by the standard, is the
product of the effective voltage and current. In
contrast to the other powers (, and), which are not
related to the efficient transmission of energy from
generators to loads, is regarded a useful power
quantity [6, 16], 25], 28]. In contrast to the more
popular "non active powers," which include include
active basic negative-sequence power and active
fundamental zero-sequence power, as well as
harmonic active power, the phrase "useless powers"
is favoured. Unlike in IEEE Std. 1459, where
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resolution is not done, the PCC voltages and load
currents are resolved as shown in (1).

—~2 > el v
Sew = Dy + Dy + Scpe

The power magnitudes that appear in (1) are as
follows.

* The current distortion power . It is calculated
from the product of the fundamental effective
voltage and the harmonic effective current , as it
appears in (2). quantifies the part of produced by
the current distortion. This is usually the dominant
component of Sgn

Dy =315V,

* The voltage distortion power . It is calculated in
(3) from the product of the fundamental effective
current. and the harmonic effective voltage
quantifies the part of produced by the voltage
distortion.

Doy =314 Vep.

The harmonic apparent power . It is calculated in
(4) from the product of the effective harmonic
current and the effective harmonic voltage
quantifies the part of produced by the product of
voltage and current harmonic components

Serr = 3eqgVen

Unbalance Power decomposition

The unbalance power quantifies the effect of the
load fundmental current unbalances jointed with
the PCC fundamental voltage asymmetries. is a
fundamental power that is callculated from the
resolution of ? can be expressed as a function of
and or as the quadratic sum of all the fundamental
power quantities as follows:

(Se)? = (BVardo)? = (PF)° + (1) + (St )P

The value of is calculated from (10) as follows

e

(Se1) = (Sa)* = {1”1')_2— (@)
= (Sa)f = (8)°

where is the effective ap parent power of the basic
positive sequence? In [14], the basic symmetrical
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components of the PCC voltages and line currents
are used to do the computation. An ideal balanced
resistive load will need a number of unbalanced
currents if the PCC basic voltages are not perfectly
symmetrical. Following IEEE Std. 1459, a SAPC's
primary function is to transform the customer load
into a balanced resistive load that only requires [6,
16], [25], and [28] in order to operate. It is difficult
to achieve this target if PCC fundamental voltages
exhibit asymmetries, as the customer is not
responsible for all of the unbalanced power. The
SAPC can only decrease specific powers due to
basic voltage anomalies at the PCC. This was
found for the first time in the course of evaluating
the simulation results and experimental data
reported in [6]. The SAPC implemented in [6]
supplies the load current components associated
with the presence of, and. To minimize the high-
frequency harmonic content introduced by the VSI
inverter's self-switching operation, the SAPC is
able to produce a balanced set of supply
fundamental currents. The client needs just the "on"
or "active" portion of the basic "positive-sequence
current,” which is the only component of the
current that is directly connected to the existence
of. Some electrical words associated with and
maintained in the supply lines as part of regular
SAPC functioning. Since the SAPC cancels
properly, both and are zero, but the converse is not
true. Since the PCC has voltage asymmetries and
harmonic voltage distortion, a SAPC will not be
able to totally nullify the wasteful energies. If is
employed in this instance to impose a penalty, the
customer will be forced to foot the bill for an issue
that originated in the electrical grid.

PREDICTED OUTCOMES

The proposed decomposition (, and) and the
updated merit factors (and) are verified using some
simulated outcomes. The averaged model of the
circuit shown in Fig. 3 uses the values ;. The
inductances for the ac output are offered for
choosing in [35]. In [6], you can read more about
the simulation model and the control algorithm
used in SAPC. Figure 4 depicts the simulation
results for the PCC line to neutral voltages, which
have fundamental voltage asymmetries with rms
values of 220 V, 230 V, and 205 V, respectively.
The frequency at its core is 50 hertz. A balanced
linear load with the following parameters is utilized
as the simulation load. The neutral current (lower
plot) and load currents (upper plot) are shown in
Fig. 5. Because of the asymmetry in the PCC
voltage, the load currents are not balanced, and the
rms neutral current is 2.18 A. The data in Tables |
and I
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Fig. 1. SAPC connection to the power network.
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Fig. 2. Phase-to-neutral voltages used in the simulations
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Fig. 3. Phase (top) and neutral (bottom) currents for a pure
resistive three-phase balanced load.

the main magnitudes of the circuit. Table |
includes the voltages, currents, power magnitudes,
and merit factors of the three-phase balanced linear
load. The values included in the tables are grouped
according to the magnitudes represented:
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* Voltages V.. Viq, \'l'. Vepr. and Vg are calculated from
the rms line to neutral voltages (Vi = Vs = V).
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Fig. 4. Phase (top) and neutral (bottom) supply currents after
SAPC operation.

TABLE | LOAD VOLTAGE, CURRENT, AND
POWER MAGNITUDES DURING THE
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exist in the experimental test. The SAPC operates
reducing all the exiting useless load powers as is
described in [6]. The load used in the test is
implemented using an unbalanced linear load in
parallel with a balanced three-phase non-linear
load. Fig. 8 shows the load current waveforms, and
the rms values of the load currents are detailed on
the right of the scope. The waveforms are captured
with a Yokogawa DL7100 oscilloscope. The scale
used in all oscilloscope current waveforms is

100mV=1A."

The per-phase non-linear load is built using a

TABLE 1] EXPERIMENTAL LOAD
VOLTAGE, CURRENT, AND POWER
MAGNITUDES
Vp=124.24 V Ve= 12352V | V=771V
V, = 110,50 V ¥V, = 110,48 V Vi =210 V
7, '~ 108.89 V 1), - 1552V ] 0 = 14.68 V
Vo= 18.68 V Py iV = 14.26 % VoIV = 13 A8 Ve
Fua = 6.02A | 1y =480A | Fn=1.95A | Zy.=SK0A
Jg=S.60 A I =483 A Jop= 232 A
LTATEA 7124 A 10137 A
Lo~ 301 A 1,770 < 32.85 % 1,1, = 36.30 %
THD, ;- 29.43 %, THD, 4123 % THD, ~85.36 %
5, = |K34.70 VA S = 100117 VA Son = 950,08 VA
S\ = 123415 VA | 1" = 120509 W ' = 200,24 var
Py~ 131501 W P 132413 W Sen = 1020010 VA

Py 7001 56 W

M= 821 .55 W

e 1002 W

iy = OHVKV0 W

Moy = S510.K1 W

Py = G080 W

TV, 16.919%,

Pl O, 7139 Py = OR2LS Py = 09704
Sepp= 270,08 VA Sear= 99790 VA Seno = 168.70 VA
L 5020 W P - 5972 W Sy = 127.97 VA

T, - 62.32°

THD = 1 M

I

TTHD, = S8 ALY

D= 3042 VA |

D, = 93538 VA

| Syp= 1777 VA

D= 15.25 VA

Fy=9.12 W

SIMULATION
Va=220V Vs=230V Vr=205V
V.=218.51 V V., =218.51V Vy=0V
V)" =21833V Vi =725V V=727V
V=889V ViV =332% V%V, =333%
Le=22A | I1o=23A | 1,-205A | £,=218A
I,=21.87A I,=2187A Ly=0A
L'=2181 A L =072A L"=072A
Lo=162A L =332% 51,70, =333%
S,=14337.86 VA | §,,=14337.86 VA S.v=0VA
S5, = 1428640 VA | P, = 1428640 W O, =0 var

P =14318.10 W

P=14318.10 W

Sin = 1212.56 VA

Pp=Pp~4830.53 W

PP =5287.26 W

Py=Pp=420031 W

Pr= Pg, = 0.9986

Pr'=1

Sip=583.31 VA

Str= 106391 VA

Sy =4328 VA

P-=15397TW

PY=1583W

Sine=29.58 VA

TUy = 4.07

9% |

TU; = 7.42%

e Currents , , , , and are calculated from the rms line
supply currents and the rms current through the

neutral wire

EXPERIMENTAL RESULTS

To verify the validity of the proposed power
quantities and factors, some experimental results
are obtained with the smallscale prototype
described in [6]. The experimental test reproduces
different supply conditions and load values than in
the simulations, to increase the effect of the load
unbalances and voltage asymmetries.

St\ ])11- Dr". S,H. and PH

single-phase uncontrolled rectifier with an LC filter
and a resistive load . The unbalanced linear load is
connected from phase terminals to neutral wire and
has the following values:

Zfl‘ load = (RR load = 34 Q//LR load = 21 mH ):
Z\' load = (R\" Ioad = 5T Q//L\“ load = 12 “1-”):
ZT toad = RT toaa = oc SL.
Table Il displays the three-phase total harmonic
distortion of the supplied current. Load
fundamental currents are not equal, therefore even
though non-linear loads need identical harmonic
currents in all three phases, their quantities are not
the same. Fundamental voltages from PCC line to
neutral are measured at about 125 V and 80 V rms,
respectively, throughout the testing. Using a three-
phase Y-Y transformer with the phase terminal
switched, the desired voltage asymmetry may be
attained. Since the transformer's main is hardwired
to the grid, the experimental testing account for
1.9% voltage distortion at the power conversion
center (PCC). Before and after the SAPPC is
connected, there is little to no difference in the
values of and the ra tios and. The line-to-neutral
voltage waveforms used in the testing are shown in
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Fig. 9. All of the algorithms necessary for SAPC
control, such as SVPWM at a switching frequency
equal to 19.2 kHz, dc bus voltage control, analog-
to-digital conversion, current control, etc. [6], are
implemented in a TMS320F2812 DSP. The
circuit's primary magnitudes are shown in Tables
Il and 1V, as they were in the preceding section.
Voltages, currents, power levels, and the merit
factor of the supply with the SAPC turned off are
all listed in Table I11. Similar results may be seen in
Table IV when the

(2)
T o1 o1 Pdge Line

5.00 Usdiv 500 Uiy 5,00 Undiv futo
bc Al 0 Pl S 1

Fig. 5. Experimental phase-to-neutral supply voltage
waveforms.
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Fig. 6. Main power magnitudes when the SAPC is connected.

The SAPC link is active. The primary power
magnitudes provided by the power network and the
SAPC are shown in Fig. 10. By using the SAPC:

* is mitigated but not eliminated from the electrical
grid. Both and are drastically lowered, while
retaining the same value. Similarly, is decreased
but not eliminated, and are mostly supplied by the
SAPC, while remaining connected to the electrical
grid. The SAPC's contributions to and represent the
largest reductions. Since the SAPC is unable to
compensate for the PCC's voltage inequalities, we
can only employ remains equal. The SAPC
operation modifies the new power words in a way
that is analogous to the adjustment made to their
corresponding terms in. and are close to zero as a
result of the reduction. is quite close to 1,
indicating that the system is functioning very close
to optimally. The self-sustaining dc bus generates
the marginal increase in. To make up for power
losses in the SAPC, the dc voltage controller
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determines by how much the active power must
increase [36, 38].

* The installation's power quality has improved, as
measured by the values of the various power
factors.

CONCLUSION

Electric power quantities that may exist in every
state of an electric power network are defined in
IEEE Std. 1459. In order to quantify energy and
power in accordance with IEEE Std. 1459, a new
generation of instruments is now in development.
Unbalanced loads that use a SAPC to correct for all
unnecessary capabilities inspired more simulation
and experimentation. The study introduces a new
resolution of by using methods similar to those
described in IEEE Std. 1459 for. The paper's
calculations and experimental testing make
advantage of the revised power magnitudes and
factors. The obtained findings show that it is
possible to differentiate between the various
apparent powers in using the suggested resolution
of. When SAPC are used in customer installations
to enhance power quality, the recommended power
magnitudes provide for an explanation of the
observed effects. Proper electrical energy billing
and, in conjunction with other magnitudes, tracing
the source of pollutions in imbalanced power
networks are both made possible by the new power
terms and factors.
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