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Abstract--This paper investigates the main similarities and 

discrepancies among three important current decompositions 
proposed for the consideration of unbalanced and/or non linear 
three-phase three-wire power circuits. The considered 
approaches were the so called FBD Theory, the pq-Theory and 
the Conservative Power Theory (CPT), recently presented by 
Tenti et al.. Such decompositions and related definitions may 
influence the power measurement techniques, revenue metering, 
instrumentation technology and also power conditioning 
strategies. The three methods have been summarized, discussed 
and compared by means of computational simulation. Although 
the three methods are based on different concepts, the results 
obtained under ideal conditions are very similar. The main 
differences appear in the presence of unbalanced and non linear 
load conditions. Under linear unbalanced conditions, both FBD 
and pq-Theory suggest that the some current components contain 
a third-order harmonic. Besides, neither pq-Theory nor FBD 
method are able to provide accurate information for reactive 
current under unbalanced and distorted conditions, what can be 
done by means of the CPT-Theory. The paper tries to explain the 
causes of these differences in terms of the decomposition’s 
foundations and the resulting waveforms and spectra. 
 

Index Terms-- FBD theory, pq-Theory, Homo-variables, 
harmonics, current decomposition, power theory. 

I.  INTRODUCTION 
HE worldwide search for a generalized power theory, 
applicable for power systems under non-sinusoidal and/or 

unbalanced conditions, has mostly been motivated by the ever 
increasing of power electronic converters utilization. It point 
out the major requirement of improvement and adaptation of 
reactive/harmonic compensators technology and revenue 
metering techniques under such conditions.  
 In this sense, numerous new power theories have been 
defined, and several of them are based on the frequency 
domain to describe suitable power and current terms under 
non-sinusoidal and unbalanced conditions [1-7]. On the other 
hand, giving special emphasis to instantaneous quantities, 
other important current decompositions and power definitions 
have been presented [8-17].  
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However, despite of the enormous efforts already spent, 

there is still no complete agreement on several current 
decompositions and related power definitions. Most of the 
misunderstanding is probably caused since several authors 
usually had presented their contributions directed to a specific 
application, instead of discussing a general applicable power 
theory [18]. 

Thus, considering just the time domain approaches, one 
could call attention to the proposals of Depenbrock (FBD) 
[10,11], Akagi et al. (pq-Theory) [12,13] and Tenti et al. 
(CPT) [14,15], which are strongly related to power 
conditioning applications. 

Given that the pq-Theory is very well-known and accepted 
by the power electronics community, some authors tend to 
consider it a theoretical tool not only for active filter control 
[16,19-21], but also for power properties’ definitions and 
understanding [22,23], regardless of all the misunderstanding 
about physical phenomena under non sinusoidal and 
unbalanced conditions [18,31-34]. 

Willems [24] had already verified that the pq-Theory faces 
some conceptual problems. More recently, Depenbrock et al. 
[25] have investigated the original and modified pq-Theory for 
three-phase four-wire systems, but it was Czarnecki [26,27], 
who investigated how the properties of three-phase systems 
are described by means of the pq-Theory and discuss why 
such theory should not be used for understanding the power 
properties of the load instantaneously. 

Considering three-phase three-wire circuits, this paper will 
demonstrate that the FBD method exactly matches the pq-
Theory, in case of sinusoidal and balanced PCC (Point of 
Common Coupling) voltages, and both can jeopardize the 
power properties’ analysis under unbalanced or non linear 
loads. These two theories are compared to the proposal of 
Tenti et al. and it will be demonstrated that this last one can be 
very consistent and useful for current decompositions and 
power phenomena explanation. 

Thus, next sections present a concise review of the 
investigated power theories and related current 
decompositions. Then, simulation results for three main cases 
are discussed and compared in order to point out their major 
similarities and discrepancies. The discussions are not directed 
from the point of view of their applications, but as current 
decompositions for power properties elucidation. 
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II.  THE FBD THEORY 
The FBD (Fryze-Buchholz-Depenbrock) method is an 

extension of the Fryze [8] and Buchholz [9] theories, on which 
Depenbrock makes use of Fryze’s current decomposition and 
Buchholz’s instantaneous and RMS collective values for the 
definition of new current decompositions. Such currents were 
also applied to the calculation of novel power components and 
for the proposition of compensation strategies [10,11].  

With the correct considerations, the FBD method can be 
applied in any multiphase power circuit, which can be 
represented by a uniform circuit on which none of the 
conductors is treated as an especial conductor. In this uniform 
circuit, the voltages in the m-terminals are referred to a virtual 
star point “*”. The single prerequisite is that Kirchhoff’s laws 
must be valid for the voltages and currents at the terminals 
[11]. Here, it is important to point out that the measured 
voltages to the virtual star point may not represent the RMS or 
the instantaneous values of the voltages over the load 
terminals [28], especially under unbalanced conditions. 

Considering multiphase power circuits, the FBD-method 
uses multidimensional voltage and current vectors ( , ) and 
their instantaneous collective values ( , ), defined 
respectively as:  

  ;                      (1) 

 

  ;                 , (2) 

where, “m” indicates the number of conductors (wires) and 
bold letters indicate vector representation. Thus, the collective 
instantaneous power results from the inner (dot) product: 

·  (3) 
Under periodic conditions the collective RMS value of the 

currents and of the voltages can be calculated as: 

1
  ;              

1
 , (4) 

and the collective “active” power results from: 
1

. (5) 

  Thus, according FBD method, the instantaneous current 
through each phase of the system ( ) is decomposed in some 
components, proportional and orthogonal to the voltages: 

Active currents ( ): responsible for the transference of 
average energy to the load. This current was introduced by 
Fryze [8] for single-phase circuit and expanded for Buchhloz 
[9] to polyphase circuit. These definitions are generally valid 
under periodical condition and  is responsible for the same 
active power as the current .  

. (6) 

Nonactive currents ( ): associated to any type of 
disturbance and oscillations that affect the instantaneous 
power, but do not transfer average energy to the load.  

. (7) 
Power currents ( ): responsible for the instantaneous 

power, including possible oscillations related with harmonic 
and unbalances.  

. (8) 

Powerless currents ( ): they do not contribute for the 
energy conveyance and can be compensated instantaneously 
without the necessity of energy storage elements. 

. (9) 
 Variation currents ( ): responsible for the oscillation of 
the instantaneous equivalent conductance  around its 
average value , or also, variations of  around . 

. (10) 
Thus, the orthogonal currents decompositions proposed by 

FBD results that: 
 . (11) 

III.  THE  PQ-THEORY 
The instantaneous power theory proposed by Akagi et al. 

[12,] is usually known as pq-Theory. This theory is based on 
the Clarke transformation of voltages and currents in three-
phase systems (a,b,c) into (α, β,0) orthogonal coordinates. 

The pq-Theory describes the power properties of three-
phase three-wire systems by means of two main instantaneous 
power components: the instantaneous real power p, and the 
instantaneous imaginary power q. The proposal could also be 
applied for three-phase four-wire system by introducing the 
instantaneous zero-sequence power  [13,22]. This theory 
was originally proposed as a mathematical tool, specially 
directed for the control of active power filters and this was one 
of the most important motivations for its great dissemination 
during the last two decades. It is worth mention that Akagi et 
al. spread the concept of reactive compensation without 
energy storage elements. 

Thus, using the Clarke’s Transformation, the phase 
voltages in the α, β and 0 coordinates has the form: 
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 (12) 

Similarly, the instantaneous currents ( ,  and ) can be 
transformed to the α, β and 0 coordinates. Note that in the 
case of three-phase three-wire systems, the measured phase 
voltages are referred to a virtual star point (as in the FBD) and 
with four-wire systems, the voltages are referred to the return 
conductor. 

Therefore, considering three or four-wire circuits, the 
authors define three instantaneous power components: the 
zero-sequence power “ ” (just in case of four-wire system), 
the real power “ ” and the imaginary power “ ” as: 
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0

. (13) 

The sum of  and  results in the traditional 
instantaneous power of three-phase systems: 

 , (14) 
which can be simplified in case of three-wire systems as: 

 (15) 
Then, the authors introduced the concept of the 

instantaneous imaginary power “ ”, defined as: 
. (16) 

Using these two instantaneous power,  and , the 
orthogonal currents  and   can be decomposed into 
instantaneous active (  and ) and reactive (  and  ) 
currents, as follows: 

 ;  , (17) 

 ;  , (18) 

where . 
Accordingly, the instantaneous zero-phase sequence, active 

and reactive currents can be calculated in the original 
coordinates, by means of the inverse Clarke transformation: 
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0
. 

(19) 

So, the instantaneous three-phase currents (a, b and c) can 
be decomposed on the following components: 

. (20) 

According to [17], the powers of (13) could also be 
decomposed into: 

,    , (21) 

where  and  represent the average and oscillating 
component of ; and where  and  represent the average and 
oscillating component of . It was assumed that the oscillating 
parts of  and  are related to the occurrence of unbalanced 
and/or distorted voltages and currents. 

Consequently, the instantaneous active current can also be 
decomposed into average ( ) and oscillating ( ) component. 

   ; 

   . 
(22) 

Resulting in the (a,b,c) coordinates: 
0 0

  . (23) 

Finally, the instantaneous phase currents yield:   

. 

(24) 

However, neither the interpretation of these current 
components, nor their association with specific physical 
phenomena was directly treated by the authors of the pq-
Theory. 

IV.  THE CPT FRAMEWORK 
The third considered approach (Conservative Power 

Theory, CPT) was recently proposed by Tenti et al. [14] and it 
is based on the definition of instantaneous complex power 
under non-sinusoidal conditions and it represents an extension 
of the usual complex power, defined for sinusoidal conditions. 
Even though detailed discussion has been directed to single-
phase systems, this theory is also easily extended to 
multiphase systems [29]. 

The authors had introduced the so-called homo-variables 
(integral and derivate) which can be defined under periodic 
conditions and are homogeneous to the current, voltage and 
power terms. Since homo-voltages and homo-currents satisfy 
the Kirchhoff’s Laws, the corresponding homo-powers are 
conservative in any electric network, what allows introducing 
the concept of conservation of the complex power under non-
sinusoidal conditions. In addition, a current decomposition 
was proposed, on which every term is related to a specific 
physical phenomenon (power absorption , energy storage , 
voltage and current distortion ). Moreover, it has been 
discussed its application to harmonic and reactive 
compensation, for local or distributed devices [15,30]. 

Assuming multidimensional systems, the following 
definitions make use of the same symbols applied to the FBD 
method, it means, bold variables to vector representation and 
the index “µ” for each m-phase variable. Regarding to the 
voltage referential, the authors suggest using the return 
conductor in case of its existence and the virtual point unless 
[29]. Thus, the homo-integrals of the voltages and currents are 
defined as: 

 

̂  (25) 

 

where: , , are time integral 
of voltages  and currents , and ,  are the average 
value of each  and  , over period T. 
 Note that  and ̂ are dimensionally homogeneous to 
voltage and current respectively. This means that the operation 
of integration does not influence the amplitude of the resultant 
signals, since they are multiplied by the angular frequency. 
 Likewise, the homo-derivatives of the voltages and currents 
are given by: 

1
;      ̌

1
 (26) 
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As well as  and ̂  the variables  and ̌ are also 
dimensionally homogeneous to the original voltages and 
currents, respectively. In this case the derivative is multiplied 
by the inverse of the angular frequency. 

In addition, the authors have demonstrated some important 
properties of the defined homo-variables. Considering 
periodical quantities, with period  and fundamental angular 
frequency 2 ⁄ , it is well-known that the internal 
product of voltage and current vectors is defined as: 

, ,
1

.  (27) 

and in the same way, the voltage and current norms are: 
,  , 

,     , 
(28) 

which results equal to the RMS collective values from the 
FBD method ( , ). For single-phase circuits or considering 
each phase of an m-dimensional system: 

    ,    , 

yields the RMS phase voltages and currents. 
The homo-variables defined in (25) and (26) have the 

following properties:  
̌  ;            ̂   

, ;         ̂, ̌  
, , 0 , ̂ , ̌  

, , ̂  
, , ̌  

, ̌ , ̂ ,  

(29) 

Moreover, if  and  are sinusoidal quantities with RMS 
value respectively equal to  and  and phase angle equal to ϕ, 
the following properties are valid: 

; 
̂ ̌  

, . .  , 
, . .  , 

(30) 

which exactly matches with the traditional definition of single-
phase active and reactive fundamental powers. 

Under the assumption of periodic behavior, the following 
quantities have been defined, which are valid for both 
sinusoidal and distorted, balanced or unbalanced conditions: 

Active power: that represents the conveyed average power. 
This definition is identical to the conventional active power 
(Steinmetz, Budeanu, Fryze, Buchholz). 

,
1

.  (31) 

Reactive power: that represents the average energy stored 
in the network and was defined as:  

,
1

.  (32) 

The physical meaning of this and other power terms are 
widely discussed in [14]. Following, the original currents are 
split into some parcels, regarding to their association to the 
power terms. The active current is the minimum current (i.e., 

with minimum norm) conveying active power P to the load 
and it is defined as: 

. .  . (33) 

The reactive current is the minimum current transferring 
reactive power , and it is related to the average energy being 
exchanged through the circuit: 

 . (34) 

Both the active and reactive currents have an explicit 
physical meaning. They are associated with the presence of 
the active and reactive powers,  and , and are related to the 
load average equivalent conductance , and susceptance, . 

The void current is the remaining current (residual term), 
since it does not convey active  nor reactive  power: 

. (35) 
According to the authors, the void currents may exist only 

in presence of current distortion, however it will be 
demonstrated following that it is also influenced by current 
unbalances. Further details of each current component and its 
physical meaning can be found in [14]. 

By definition, all current terms are orthogonal: 
  . (36) 

V.  SIMULATION RESULTS: COMPARISON AND DISCUSSION 
In the view of the previous definitions, and considering just 

the three-phase three-wire power circuits, next sections 
demonstrate the main similarities and differences among the 
proposals. The main goal is to compare the resulting current 
components by means of each method. For that, three different 
conditions were simulated and analyzed. 

In order to make easier the comparisons, the following 
under scripts were applied: FBD, pq, CPT. 

A.  Case I: Unbalanced resistive load – small line impedance 
Figure 1 shows the power circuit for Case I, while the 

Table 1 presents the values of grid voltages, line impedance 
and load phase resistances. Figure 2 shows the measured PCC 
voltages (v) and currents (i). 

Table 1 – Voltages and impedances for Case I. 
Source Line Load (Y) 

Va = 127∠0º Vrms RLa = 1mΩ  LLa= 10 μH Ra = 9,3405Ω 
Vb = 127∠-120º Vrms RLb = 1mΩ  LLb=10μH Rb = 6,2270Ω 
Vc = 127∠120º Vrms RLc = 1mΩ  LLc=10μH Rc =3,1135Ω 

 

 
Figure 1: Power circuit for Case I – unbalanced resistive load.  
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Figure 2: PCC voltages and currents for Case I. 

 

Note they are not exactly in-phase, since the voltages are 
measured to a virtual point, which in practice represents that 
the voltages are referred to the power source central point, 
instead of the load central point. Besides, the voltages results 
balanced, since this kind of measuring filters out the 
homopolar components of the load voltages.  

Figure 3 shows the current decomposition by means of the 
FBD (a), the pq-theory (b) and CPT (c). In this case, the active 
current based on the FBD and CPT are exactly the same, since 
they are based on the Fryze’s definition. Besides, they match 
with the average part of the Akagi’s active current ( ) and 
are in-phase with the respective voltages, since equations (6), 
(33) and the left side of (22) are equivalents under sinusoidal 
and balanced voltages ( ). 

However, some confusing results can be pointed out, e.g.: 
the components   and  results distorted, even 
without any voltage distortion or non linear load, what could 
indicate that they are not good representation of the power 
phenomena in such condition. In addition, the oscillating part 
of the Akagi’s active current ( ) is also distorted, what 
means that the total active current in this case is not sinusoidal 
and even considering a linear pure resistive load, with no 
capacitors or inductors, the decomposition indicates the 
existence of reactive current (Fig. 3-b). 

Finally, Fig. 3-c shows the current decomposition based on 
the CPT. Note that the resulting reactive currents are equal to 
zero ( 0), indicating the absence of energy storage 
elements, and the void currents are sinusoidal ( ) and 
represents the resistive load unbalances.  

Moreover, considering the distorted current components, 
the comparisons of their spectra and waveform (Fig. 4) allow 
identifying the following relations: 

            
 

Czarnecki [26,27] has demonstrated that the total active 
and reactive currents from the pq-Theory present a third 
harmonic content, originated by the decomposition itself. 
From Figs. 3 and 4, one can observe that the harmonic content 
comes from the oscillating active current ( ) and the 
reactive current ( ). On the other hand, it has never been 
discussed in literature the equivalence with the FBD method, 
under such conditions. Fig. 4 shows that either the powerless 
current or the variation current also presents the same third 
harmonic content. 

 
a) FBD-decomposition b) pq-decomposition 

 
c) CPT-decomposition 

Figure 3: Current decompositions for Case I. 
 

a) FBD-decomposition b) pq-decomposition 
Figure 4: Spectra of some FBD and pq current components - Case I. 

In terms of physical phenomena interpretation, such results 
suggest that the Tenti’s approach could br more appropriate 
and consistent, if considering the traditional definitions for 

1.97 1.975 1.98 1.985 1.99 1.995 2
-200

-150

-100

-50

0

50

100

150

200
v 

[V
]  

i [
A]

Time [s]

a

a

b

b

c

c 1.97 1.98 1.99 2
-50
-25

0
25
50

i [
A]

1.97 1.98 1.99 2
-50
-25

0
25
50

i a [A
]

1.97 1.98 1.99 2
-20
-10

0
10
20

i z [A
]

1.97 1.98 1.99 2
-20
-10

0
10
20

Time [s]

i v [A
]

a

a

b c

c b a

c

b c
a

b

1.97 1.98 1.99 2
-50
-25

0
25
50

i [
A]

1.97 1.98 1.99 2
-50
-25

0
25
50

i p-
 [A

]

1.97 1.98 1.99 2
-20
-10

0
10
20

i p~
 [A

]

1.97 1.98 1.99 2
-20
-10

0
10
20

Time [s]

i q [A
]

a

a

a

b

b

b

ab

c

c

c

c

1.97 1.98 1.99 2
-50
-25

0
25
50

i [
A]

1.97 1.98 1.99 2
-50
-25

0
25
50

i a [A
]

1.97 1.98 1.99 2
-20
-10

0
10
20

i r [A
]

1.97 1.98 1.99 2
-20
-10

0
10
20

Time [s]

i v [A
]

a

a

a

b

b

bc

c

c

abc

0
60

120
180

240
300

360

0

2

4

6

8

10

F [Hz]

i z [A
]

abc

0
60

120
180

240
300

360

0

2

4

6

8

10

F [Hz]

i v [A
]

abc

0
60

120
180

240
300

360

0

2

4

6

8

10

F [Hz]

i p~ 
[A

]

abc

0
60

120
180

240
300

360

0

2

4

6

8

10

F [Hz]

i q [A
]



 6

sinusoidal systems. The load unbalance is represented by 
means of the sinusoidal void current components. Note that 
the phase sequence of the decomposed currents ( ) is 
negative if compared to the active current. According the 
Tenti et al. [14], such current ( ) does not contribute 
neither to the active nor to the reactive power phenomena. 

Thus, if ( ), it is 
proved that the harmonic components are introduced by the 
FBD and pq decompositions and even though the differences 
in names or in the decomposition process, their results are 
very similar in this first case. 

 

B.  Case II – Two non linear and one linear load – small line 
impedance  

Considering the same power source and line impedances, 
Figure 5 shows the circuit for Case II, while Table 2 presents 
the different load impedances. 

Over again, the results from FBD and pq-Theory are 
equivalent (Fig. 6):  

                      
 

 

The active components are in-phase and with the same 
waveform of the PCC voltages. The powerless and variation 
current from FBD are distorted and unbalanced (Fig. 6-a), as 
well as the oscillating component of the active current and the 
reactive component from pq-theory (Fig. 6-b), mixing the 
effects caused by the load nonlinearities and unbalances. 

Figure 5: Power circuit for Case II – unbalanced non linear load. 

 

Table 2 – Load impedances for Case II. 
RL Rectifier RC Rectifier RL 

LCC = 8mH  RCC = 5Ω CCC = 8mΩ  RCC = 4Ω Lac = 8mH  Rac = 5Ω 
 
 

In this case, the differences among the CPT and the other 
two methods are still more significant, since its decomposition 
identifies the active current ( , related to the active 
power consumption (resistors or equivalent average 
conductance), the reactive current ( ), related to the 
capacitors and inductors present in the power circuit 
(equivalent average susceptance) and the void current, related 
to the load unbalances and nonlinearities ( ). Note that 
( ) and ( ) are balanced and practically sinusoidal 
(Fig. 6-c), since the line impedances are very small. 

Further, the following similarities can be drawn: 
 

 
 

 
 

 . 
 

 
a) FBD-decomposition b) pq-decomposition 

 
c) CPT-decomposition 

Figure 6: Current decompositions for case II. 
 

C.  Case III - Two non linear and one linear load - high line 
impedance 

Assuming the same circuit of Fig. 5, but changing the line 
impedance to RL = 10mΩ and LL= 2mH, which represents a 
week PCC condition, Fig. 7 indicates the PCC voltages and 
currents. Note that in this case, the voltages are distorted and 
unbalanced, because of the larger line impedance. This was 
not observed in the previous two cases. 

This is a critical case. From Figs. 8 and 9 it is possible to 
conclude the following relations: 

 
 ;                 
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Observe that the average part of the Akagi’s active current 
( ) does not agree with FBD and Tenti’s active current. It 
happens since in case of nonsinusoidal or unbalanced voltages, 
the denominator of (6) and (33) are equal, but they do not 
correspond to ( + ) in (22). It means that even if the 
numerators from the three equations are equal, the ratios are 
not. Indeed,  the ratio in (6) and (33) are constant over a 
fundamental period (average equivalent conductance), while 
the ratio in (22) is not (and does not represent any physical 
phenomena). 

 
Figure 7: PCC voltages and currents for Case III. 

 

 
a) FBD-decomposition b) pq-decomposition 

 
c) CPT-decomposition 

Figure 8: Current decompositions for case III. 

Another important observation is that the Tenti’s reactive 
currents are slightly distorted (see Fig. 9). Since they represent 
the portion of current relative to energy storage elements and 
their calculation is based on an integral (34) function, it is 
expected some attenuation in the harmonic content if 
compared to the voltages or to the active currents. 

These last two observations may be valid even for Case II, 
however in that conditions, the voltages were practically 
sinusoidal and balanced (small line impedance).  

 

 

 

 
a) FBD-decomposition b) pq-decomposition 

 

c) CPT-decomposition 
Figure 9: Spectra of some FBD, PQ and CPT current components - Case III.

VI.  CONCLUSIONS 
Notwithstanding the basis of the FBD method seems to be 

more suitable to the understanding of different power 
phenomena, if compared to the pq-Theory, especially because 
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it does not uses any axis transformation and it is based on the 
extension of well-accepted Fryze’s definitions, their results are 
very similar in the case of three-phase three-wire circuits. 

In [26,27], the author’s analysis were directed to the 
instantaneous active and reactive current components from pq-
Theory. In this paper, cases I and II show that under some 
conditions, the interpretation of either the FBD and pq-Theory 
can lead to invalid conclusions, e.g., considering a third 
harmonic content of a linear resistive load circuit. Case III 
shows that under significant voltage deterioration (week PCC 
condition), even the average active current from pq-
decomposition is useless for the interpretation of the circuit. 
Besides, it has been demonstrated that the active current from 
FBD and CPT methods match for three-wire circuits. 

Considering that the current decompositions and related 
power components could be useful to revenue metering, power 
conditioning, active filtering, power quality monitoring and so 
on, the results suggest that the proposal from Tenti et al. seems 
to be a very interesting alternative to the analysis, control and 
regulation of distinct power circuits, from the case of 
traditional sinusoidal and balanced voltage and current signals, 
to nonlinear load circuits with deteriorated voltages. 

VII.  REFERENCES 
[1] C. I.  Budeanu, “Puissances Reactives et Fictives” Instytut Romain de 

l'Energie, Pub. No. 2, Bucharest, Rumania, 1927 (in Romanian). 
[2] N. L. Kuster and W. J. More, “On the Definition of Reactive Power 

under Non-Sinusoidal Condition”, IEEE Trans. on Power Apparatus 
and Systems, PAS-99, pp.1845-1854. 1980 

[3] W. Shepherd, P. Zakikhani “Suggested Definition of Reactive Power for 
Non-sinusoidal Systems”. Proc. Inst. Elec. Eng., vol. 119, pp.1361-
1362, Sept. 1972. 

[4] L. S. Czarnecki, “Orthogonal Decomposition of the Currents in a 3-
Phase Nonlinear Asymmetrical Circuit with a Nonsinusoidal Voltage 
Source”, IEEE Trans. on Instrumentation and Measurements, vol. IM-
37, n.1, pp.30-34, March 1988. 

[5] IEEE Trial-Use Standard Definitions for the Measurement of Electric 
Power Quantities under Sinusoidal, Non-sinusoidal, Balanced or 
Unbalanced Conditions, IEEE Standard 1459-2000, June, 2000. 

[6] L.S. Czarnecki, “Currents’ Physical Components (CPC) in Circuits with 
Non-sinusoidal Voltages and Currents. Part 1: Single-phase linear 
circuits,” Electrical Power Quality and Utilization Journal, Vol. XI, No. 
2, 2005, pp. 3-14. 

[7] L.S. Czarnecki, “Currents Physical Components (CPC) in Circuits with 
Non-sinusoidal Voltages and Currents. Part 2: Three-phase three-wire 
linear circuits,” Electrical Power Quality and Utilization Journal, Vol. 
XII, No. 1, 2006, pp. 3-13. 

[8] S. Fryze, “Wirk-, Blind- und Scheinleistung in Elektrischen 
Stromkreisen mit Nichtsinusförmigem Verlauf von Strom und 
Spannung”, Elektrotechnische Zeitschrift, vol. 53, No. 25, 1933, pp. 
596-599, 625-627, 700-702. 

[9] F. Buchholz, Das Begriffsystem Rechtleistung, Wirkleistung, totale 
Blindleistung, Selbstverlag München, 1950. 

[10] M. Depenbrock, “The FBD-Method, a Generally Applicable Tool For 
Analyzing Power Relations”, IEEE Trans. on Power Systems, vol. 8, n. 
2, 381-387, May 1993. 

[11] M. Depenbrock, Quantities of a Multiterminal Circuit Determined on the 
Basis of Kirchhoff's Laws, ETEP European Trans. on Electrical Power 
Engineering , Vol. 8, 1998, No. 4, pp. 249- 257. 

[12] H. Akagi, Y. Kanazawa, A. Nabae, “Generalized Theory of the 
Instantaneous Reactive Power in Three-Phase Circuits”, in Proc. of 1983 
JIEE-IPEC Conf. Power Electronics. Conf., pp. 1375-1386. 

[13] H. Akagi, A. Nabae, The p-q Theory in Three-Phase Systems under 
Non-Sinusoidal Conditions”, ETEP European Trans. on Electrical 
Power Engineering, Vol. 3, No. 1, Jan./Feb. 1993, pp. 27-31. 

[14] P. Tenti and P. Mattavelli, “A Time-Domain Approach to Power Term 
Definitions under Non-sinusoidal Conditions”, in Proc. of 2003 Sixth 

International Workshop on Power Definitions and Measurements under 
Non-Sinusoidal Conditions. 

[15] P. Tenti, E. Tedeschi, P. Mattavelli, “Optimization of Hybrid Filters for 
Distributed Harmonic and Reactive Compensation”, in Proc. 2005 IEEE 
International Conference on Power Electronics and Drive Systems 
PEDS. 

[16] F. Peng, G. Ott, and D. Adams, “Harmonic and Reactive Power 
Compensation Based on the Generalized Instantaneous Reactive Power 
Theory for 3-phase 4-wire Systems”, in Proc. 1997 IEEE Power 
Electronics Specialists Conference PESC, vol. 2, pp. 1089-1095. 

[17] J. L. Willems, “Instantaneous Sinusoidal and Harmonic Active and 
Deactive Currents in Three-phase Power Systems”, ETEP European 
Trans. on Electrical Power Engineering, Vol. 4, No. 5, pp. 335-343. 
1994. 

[18] F. P. Marafão, Analysis and Control of Electrical Energy by means of 
Digital Processing Techniques. PhD Thesis. University of Campinas, 
Brazil, 2004. (in Portuguese).    

[19] E. Watanabe and M. Aredes, “Compensation of Non-periodic Currents 
Using the Instantaneous Reactive Power Theory,” in Proc. of Power 
Eng. Soc. Summer Meeting, Vol. 2, pp. 994–999. 2000. 

[20] M. K. Mishra, A. Joshi, and A. Ghosh, “Unified Shunt Compensator 
Algorithm Based on Generalized Instantaneous Reactive Power 
Theory,” IEEE Trans. Gen., Trans., Distrib., vol. 148, no. 6, pp. 583–
589, Nov. 2001. 

[21] H. Kim, F. Blaabjerg, B. Bak-Jensen, and J. Choi, “Instantaneous Power 
Compensation in Three-phase Systems by Using p-q-r Theory”, IEEE 
Transaction on Power Electronics, Vol.17, pp. 701-710, 2002. 

[22] E. H. Watanabe, R. M. Stephan, and M. Aredes, “New Concept of 
Instantaneous Active and Reactive Powers in Electrical Systems with 
Generic Loads”. IEEE Trans. on Power Delivery Vol. 8, pp. 697–703, 
1993. 

[23]  H. Kim, F. Blaabjerg, and B. Bak-Jensen, “Spectral Analysis of 
Instantaneous Powers in Single-phase and Three-phase Systems with use 
of p-q-r Theory”. IEEE Transaction on Power Electronics Vol. 17, No. 
5, pp. 711-720, 2002. 

[24] J. L.Willems, “A New Interpretation of the Akagi-Nabae Power 
Components for Nonsinusoidal Three-phase Situations,” IEEE Trans. on 
Instrumentation and Measurement, vol. 41, no. 4, pp. 523–527, Aug. 
1992. 

[25] M. Depenbrock, V. Staudt and H. Wrede, “Theoretical Investigation of 
Original and Modified Instantaneous Power Theory Applied to Four-
Wire Systems”. IEEE Transaction on Industrial Application, Vol. 39, 
No. 4, pp. 1160-1168, 2003. 

[26] L. S. Czarnecki, “On Some Misinterpretations of the Instantaneous 
Reactive Power p-q Theory”, IEEE Trans. on Power Electronics Vol. 
19, No. 3, pp. 828–836, 2004. 

[27] L. S. Czarnecki, “Instantaneous Reactive Power p-q Theory and Power 
Properties of Three-phase Systems,” IEEE Trans. Power Delivery, vol. 
21, no. 1, pp. 362–367, Jan. 2006. 

[28] F. P Marafão, S. M. Deckmann, and H. K. Morales P. “The influence of 
the Voltage Referential to Power Quality Evaluation”, IEEE Latin 
America Magazine, Vol. 6, No. 1, PP. 81-88, 2008. (in Portuguese). 

[29] E. Tedeschi and P. Tenti, “Cooperative Design and Control of 
Distributed Harmonic and Reactive Compensators”, in Proc. of 2008 
International School on Nonsinusoidal Currents and Compensation 
(ISNCC). 

[30] P. Tenti, E. Tedeschi, and P. Mattavelli, “Compensation Techniques 
Based on Reactive Power Conservation”, Seventh International 
Workshop on Power Definition and Measurement under Non-sinusoidal 
Condition, Cagliari-Italy, 2006. 

[31] M. Depenbrock, D. A. Marshal, and J. D. van Wyk, “Formulating 
Requirements for Universally Applicable Power Theory as Control 
Algorithm in Power Compensators,” in Proc. of 1993 Second 
International Workshop on Power Definitions and Measurements under 
Non-Sinusoidal Conditions. 

[32] W. G. Morsi, and M. E. El-Hawary, “Defining Power Components in 
Nonsinusoidal Unbalanced Polyphase Systems: The Issues”, IEEE 
Trans. on Power Delivery, vol. 22, No. 4, pp. 2428-2438, October 2007. 

[33] R. S. Herrera and P. Salmerón, “Instantaneous Reactive Power Theory: 
A Comparative Evaluation of Different Formulations”, IEEE Trans. on 
Power Delivery, vol. 22, No. 1, pp. 595-604, January 2007. 

[34] M. Malengret and C. T. Gaunt, “Decomposition of Currents in Three- 
and Four-Wire Systems”, IEEE Trans. on Instrumentation and 
Measurement, vol. 57, No. 5, pp. 963-972, May 2008. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


