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Letter to the Editor:

Comments on ““Apparent Power —a Misleading
Quantity in the Non-Sinusoidal Power Theory: Are all
Non-Sinusoidal Power Theories Doomed to Fail?”

L. S. Czarnecki

Abstract

Itis shown in this comment that recent development in the power theory of systems with non-sinusoidal waveforms
contradicis the conclusions presented in the paper “Apparent Power - a Misleading Quantity in the Non-Sinusoi-
dal Power Theory: Are all Non-Sinusoidal Power Theories Doomed to Fail?” published by P. S. Filipski in ETEP
3(1993). no. 1, pp. 21-26. That paper deforms the history of the power theory development and its present state.
Moreover, the notion of ‘power theory' should not be associated with a particular power equation, but be com-
prehended as a knowledge base on power properties of electric circuits, revealed with various approaches. The
comment discusses also the notion of ‘apparent power’ as a conventional quantity.

1 Introduction

A collective effort of innumerable scientists and en-
gineers has resulted in a comprehension of energy relat-
ed phenomena in non-sinusoidal single-, and three-
phase, linear, non-linear, balanced, and unbalanced
systems. Main questions as regards to improving power
factor in such system have been answered. Various
compensators for non-sinusoidal systems have been
studied or built. Therefore, the question: “Are all Non-
Sinusoidal Power Theories Doomed to Fail?" asked in
the title of paper [C1] seems to be equivalent to ques-
tions like these:

- Was this collective effort on the power theory de-
velopment in vain?

~ Is our interpretation of energy flow phenomena erro-
neous?

— Are the methods of compensation as developed with
existing power theory incorrect?

— Will not the compensators built for improving the
power factor work?

Fortunately, even if we still argue over some inter-
pretations or definitions; even if compensation methods
still could be improved; even if still some questions are
not answered, the effort, exemplified at least partially
with [C2~-C24], aimed at developing the power theory
of systems with non-sinusoidal waveforms, was not in
vain. The power theory of non-sinusoidal systems was
developed and it answers effectively a lot of theoretical
and technical questions.

If the power theory is in such a good shape, why it
was disapproved, however, in the paper [C1]? The argu-
ments presented in that paper may look apparently con-
vincing. particularly that the paper does not refer to re-

sults published recently, but only to very old publica-
tions, often out of date now. An unprepared reader could
accept these arguments with a harm for his understand-
ing the power properties of non-sinusoidal systems.
Therefore, this question should be answered.

This answer is made difficult because paper [Cl1]
deals mainly with apparent problems, or out of date now.
It claims, for example, that a new dispute on definition
of the reactive power revived recently, and “new defini-
tions of reactive power appear with increased frequen-
cy”. This frequency is not too high, if only one sugges-
tion of a new definition appeared [C14] in the last
decade, however. Moreover, even this one definition,
after discussion in [C15], does not seem to supersede the
definition suggested by Shepherd and Zakikhani [C2]
more than 20 years ago.

A lotof terms used in the paper discussed are not de-
fined or vague which makes author’s reasoning difficult
to follow. Terms like ‘RMS’ or *amplitude’ are well
known. Namely, for a periodic quantity x(r), the RMS
value llxll is defined as

Jsl= (L[ oar
13 b

while ‘amplitude’ means the maximum instantaneous
value of a sinusoidal oscillation. What does “RMS am-
plitude” mean, however? Also, what it is “reactive in-
stantaneous VA™? What it is “apparent VA"? What it is
“AC quadrature component”? What it is “in-phase (1o
what?) component”? All these terms are not defined in
the paper [C1] nor they are in a common use in electri-
cal engineering. One could expect that a scientific paper
is written with well defined or at least commonly known
terms, but not with an unclear jargon.
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2 Comments on the History of the Power
Theory Development

The account of how new definitions of reactive
power were introduced and how power equations were
developed as presented in section 2 of paper [C1] does
not comply with the published results. Majority of them
were not developed as suggested.

The study of particular power equations shows that
their authors started, usually, with a decomposition of
the source current into components of a particular im-
portance in their authors opinion. As a consequence,
these authors’ opinion on the importance of particular
components of the current has split the development of
the power theory into a number of paths and differentiat-
ed equations compiled below.

To emphasize differences in the form of these equa-
tions, they are presented here for the same circuit cate-
gory, namely, for a single-phase linear load supplied
from an ideal source of non-sinusoidal voltage

u(t)=LU,cos(nwt). (C1)

— Fryze’sequation was developed starting from the fol-
lowing decomposition of the source current
i=iy+is, (C2)

where symbol i, denotes the active current which is
indispensable for the active power transmission and
which is of the voltage u(r) waveform, while cur-
rent iy, does not contribute to the active power trans-
mission.

— Shepherd and Zakikhani’s [C2] equation was de-
veloped starting with decomposition of the source
current

i=ZXl, cos(nwt-e,) (C3)
into the current ‘in phase’ with the voltage, namely
ir ==L 1, cos @, cos(nw) (C4)
and the reactive current

i,:=ZX1,sin @, sin(nw;r) (C5)
such that

i=ig+i,. (C6)

— Depenbrock’s [C3] equation was developed starting
with separation of the fundamental harmonics u, and
i, from the voltage and current

u=u +uy, I=i+1i,

(C7)
with

Wol=u—uy, h=i—ig (C8)

— Kusters and Moore's [C5] equation was developed
starting from the decomposition of the source current
into the active current i,, the capacitive reactive cur-
rent g which can be compensated with a shunt capac-
itor that increases the power factor to its maximum
value, and a current not affected by such a capacitor
iger « Namely
I =g+ dge + g

(€9)

The currents iy and iy, were defined as

(i,u) . 5w
e =——u, I =i-i,—i. (C10)
T ‘*
respectively, where i := (d/dr) u; the bars || denote the
RMS value, and (i, &) denotes the scalar product of
the current and the voltage derivative w.

— Czarnecki’s [C10] equation was developed starting
from the decomposition of the source current i intothe
active current i, , the reactive current i, , and the scat-
tered current i, which occurs if the load conductance
G, changes with the harmonic order n around an
equivalent conductance G, , namely

i=i,+is+i, (C11)
where
i, =v2ReY (G, - G,)Ue™", (C12)

and U, := U,e'*" is the complex RMS value of the n-
order voltage harmonic.

All current components in egs. (C2), (C6), (C7),
(C9) or (C11) are proved to be orthogonal, so that the
RMS value of the current |17 |l can be expressed in terms
of the RMS values of these components. For example,
the RMS value of the source current |l il can be expressed
in terms of RMS values of the components i, ige, and fge,
as follows:

W12 = Wi 4 Wigel? + Nige 112, (13)

Multiplying such equation for the source current
RMS value with the square of the supply voltage RMS
value, lul’, Kusters and Moore's power equation

=P +0*+ 0% (14)
can be obtained, with

S=Mallllill, P=1wllllil,

Qc = lulllligell, Oc :=Nullllig,ll. (15)

The apparent power S in this equation and the pow-
ers Q. and Q are conventional quantities, without any
physical interpretation, like the apparent power Sina si-
nusoidal situation. This procedure, valid also at devel-
oping power equations suggested by Fryze, Shepherd
and Zakikhani, Depenbrock, or Czarnecki, has nothing
in common with the alleged approach as described in
section 2 of [C1] at introducing new powers. Moreover,
the equations obtained in this procedure do not contain
any “meaningless component” (REST), as suggested in
section 3. Thus these two Sections deform substantially
the history of the development of the power theory of
non-sinusoidal systems.

The same relates to the assertion terminated with
eq. (21). Orthogonality of current components in eqgs.
(C2),(C4),(C7),(C9), or (C11) is not an assumption as
suggested in the paper [C1], section 5. It is a proven
property of these components. Also, itis a proven prop-
erty of these components, but not an “assumption that
RMS values of the current must be equal to the geomet-
ric sum of RMS values of all current components™ as
suggested in the paper [C1].
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3 Why the Apparent Power Sisnota
Misleading Quantity?

The apparent power is qualified as a “misleading
quantity” in |C1] because it is considered there as a
physical quantity, while it is only a conventional quan-
tity. A usefulness of the convention is the only needed jus-
tification for such a quantity. In the case of apparent
power § in single-phase systems, the convention is very
simple: the product of the voltage and current RMS val-
ues, [lullllill. is assumed to be named ‘apparent power’.
Even the adjective ‘apparent’ emphasizes clearly, that
this product does not specify any ‘real’ power. A conven-
tional quantity cannot be misleading or not misleading.
Itcanbe only accepted ornot accepted. Misleading seems
to be rather the conclusion that only a physical interpre-
tation of the apparent power S justifies the equation

S’=P+ 0 (C16)

The apparent power S does not have physical inter-
pretation, however, independently if the waveforms are
sinusoidal or non-sinusoidal. There is a number of dif-
ferences between power properties of systems with si-
nusoidal and non-sinusoidal waveforms, but the con-
vention with regard to apparent power S is the same, Of
course, if someone does not find the convention assumed
for the apparent power, S := llullllill, sufficiently justi-
fied for his needs, he may abandoned it for a better one.

The concern in [C1] that eq. (C16) does not have
physical interpretation with the conclusion that the ap-
parent power is “‘a misleading quantity in non-sinusoid-
al power theory" is only a pseudo-problem. Problems of
this kind can be generated even further: The active
power P is a mean value of the instantaneous power,
while Q is the amplitude of its oscillating component.
Thus could we add up such quite different entities? With
such doubts and questions the electrical engineers might
not be confused with the apparent power, but rather with
apparent problems.

Dealing with the apparent power in three-phase
systems one could be confused, however, not because of
the claim that apparent power is a misleading quantity,
but because there are different conventions as to defini-
tion of the this power. Some conventions have the form

S:=5R+55+ST (CI?)

Si=3(S% + 5%+ 57).

\ (C18)

where Sg , S5 . and Sy are the apparent powers of phases
R, S.and T. Moreover, it can be defined directly withline
voltages and currents RMS values, namely

se=lulli]= U2 + U + VR R+ 2+ . (€19)

It may be only a matter of a study and discussions
which convention could be the most appropriate for a
specific situation, but not which of them has a physical
interpretation. Observe, that the need for conventions
goes even deeper. Even if we agree to accept, for exam-
ple. the convention expressed with definition (C19), the
choice of the reference point for measuring voltages Ug,
Us. and U5 will be still a matter of convention.

The paper [C1] does not contribute anything. how-
ever, to a discussion regarding advantages or disadvan-
tages of particular conventions (see egs. (C17), (CI8),
(C19)), mainly because the various definitions of the ap-
parent powers S are analyzed in section 4 of [C1] interms
of quantities which have nothing in common with power
properties of non-sinusoidal systems, namely in terms of
Budeanu's reactive and distortion powers, Qg and D. It
was demonstrated long ago [C13] that quantity Qg, de-
fined by Budeanu, cannot be considered as a reactive
power. Also, the *distortion power’ D has nothing in com-
mon with waveform distortion. Comparison of various
definitions of the apparent power in terms of quantities O
and D does not provide any information on the relation of
these powers to the power properties of the system. Also
the “three-dimensional representation of apparent pow-
ers”, drawnin coordinates P, Qg and D as shownin Fig. 3,
does not provide any information on advantages or disad-
vantages of particular conventions,

4 Power ‘Theory’ or ‘Theories’?

The notion of the ‘power theory’ with respect to
systems with non-sinusoidal waveforms does not have
any distinct meaning. It is used in [C1] in a plural form.
Itis suggested in the Abstract, forexample, that: *... sev-
eral new power theories have been proposed recently”.

It is true, that at first Fryze's approach was set
against Budeanu’s approach as a different power theory,
especially, before the equivalence of the time-domain
and the frequency-domain was fully understood. This
was reflected also in titles of publications [C4] and [C9].
It seems, however, that just Fryze has terminated this op-
position when he expressed [C8] Budeanu’s quantities
Qg and D (defined originally in the frequency-domain)
according to his approach, i. e., in the time-domain.
Doing it, he elevated the importance of power properties
of the system over their mathematical description. Un-
fortunately, he fell down into a trap of Budeanu’s ap-
proach, since the powers Qg and D have occurred later
to have no relation to power phenomena in non-sinu-
soidal systems.

It seems that after more than seventy years of re-
search, having so many items of knowledge on power
properties of non-sinusoidal systems, many approaches
to their description, and a variety of conclusions regard-
ing compensation, we should comprehend the notion of
the ‘power theory” as a knowledge base relative to ener-
gy flow phenomena. Power theory comprises sets of
equations that provide fundamentals for a physical inter-
pretation of energy flow and general concepts aimed at
improving power properties of circuits with non-sinu-
soidal voltages and currents. This is a conclusion which
could be drawn from a study of various attempts aimed
at power theory formulation. Mathematical fundamen-
tals of the theory are accompanied, usually, with some
interpretations and more or less advanced concepts of
compensation, though the earliest concepts of the power
theory formulation have not suggested any method of
the power factor improvement.

Thus we should not look at each equation which re-
veals some information on power properties, or on each
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conclusion or definition as on an item of a different
power theory. As long as such an equation or a conclu-
ston 1s not proved 1o be erroneous, it is an item of the
same power theory. Each scientist or engineer who has
developed such an equation or has drawn such a conclu-
sion 1s a contributor to the power theory. Its formulation
can be considered as a dynamic process of enrichment,
successive improvements and corrections.

Equations, definitions and models developed in the
power theory have occurred as a trade off and a compro-
mise between mathematical complexity needed for de-
scription of power phenomena and usefulness of the
power theory as a practical tool for engineers. Itis easy,
usually, to disapprove a compromise without suggest-
ing any alternative, as it is in the case of the paper dis-
cussed.

5 Is the Power Theory of Non-Sinusoidal
Systems Needed?

Inthe section 5 of |C1] the author discusses the need
of the power theory development in terms of several
questions: “do we need...?". He asserts that we do not
need it, and declares our lack of interest in “new power
theories”. But who are “we"? One could ask if Shepherd,
Depenbrock, Koch, Ferrero, Superti Furga, Nabae,
Kusters, Moore, Czarnecki, Willems, van Wyk, Sun and
many others who have developed the power theory be-
long to the set {we ). A reader of paper [C1] may observe
also that just these, not needed, “new power theories”
have enabled the author to conclude in the Abstract:
“Traditional non-sinusoidal power theory does not re-
flect properly the energetic relations in non-sinusoidal
systems’.

Development of power theory can be considered as
an attempt to answer the question: why the current RMS

value in a circuit with non-sinusoidal waveforms may
" be higher than that needed for the active power trans-
mission and how to reduce it? A need for the answer of
such a question could be of a practical nature or purely
intellectual. Just this intellectual curiosity shapes us as
human beings. It shapes also our technology. Of course,
it1s also natural that only some of us ask such questions.
Others are not involved. A lack of knowledge in the sub-
ject may follow the lack of interest, however. As a con-
sequence, an author that declares the lack of interest in
the subject may have very little to convey to a reader.
He may also convey erroneous ideas, like this in paper
[C1] that power theory is irrelevant for methods of
compensation. The author of paper [C1] seems to be
wholly unaware that the concept of instantaneous
imaginary power introduced by Akagiand Nabae [CT)
provides the control algorithm for active power filters;
that the question “can the power factor under non-sinu-
soidal conditions be improved to unity value?” was an-
swered positively in [C21] only after the power theo-
ry was sufficiently developed. The same relates to
methods aimed at improving the power factor in un-
balanced three-phase systems with non-sinusoidal
voltages [C16, C23] which benefit from the develop-
ment in the power theory of three-phase systems as
presented in [C12].

430

6 Conclusions

The assertion that the apparent power S is a “mis-
leading quantity” in the paper [C1] is not supported with
any convincing reasoning. It was formulated because the
author failed to observe that apparent power is a conven-
tional quantity. Only evaluation and justification of par-
ticular conventions could be a matter of discussion.

Various assertions in the paper [C1] of a general na-
ture, such as the need of the power theory development,
itsrelation to compensation, or answers to general ques-
tions as that in the paper title “are all non-sinusoidal
power theories doomed to fail?” could be formulated
based only on a personal deep expertise, i. e., the knowl-
edge of the subject and its literature. The paper [CI]
does not show, however. that its author is well acquaint-
ed with the history of the power theory development,
with recently published results, and with compensa-
tion-related problems. Thus the general assertions on
the power theory are not supported with a sufficient ex-
pertise which could expected if such substantial asser-
tions are formulated.
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