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There are several definitions for reactive power in non sinusoidal networks. However, there is
still no   unique definition that is accepted by the electrical communities. In this study seven of
the most common power decompositions, are simulated and compared in AC electric arc
furnace (EAF) plants. For this purpose a large amount of data was collected for a considerable
number of melting processes, including currents and voltages of eight ac EAFs installed in
Mobarakeh steel company (MSC), Isfahan, Iran. The reactive power definitions are compared
to each other utilizing different methods and some statistic indices. By calculating the average
of each definition over all recorded data the definitions that are beneficial to customers and
those that are beneficial to the utilities are obtained. The problem encountered here is that the
ideal definition for reactive power is unknown and there is no criterion to evaluate and compare
the different definitions. So here the mean of the seven most common definitions is considered
as the criterion and the distances of various definitions from it are calculated. Also, the
capacitance that completely compensates the EAF reactive power is calculated according to
each of the discussed definitions.

Keywords: Electrical arc furnace, reactive power definitions, non sinusoidal, optimal comparison,
EAF.

1. Introduction

The reactive power has a unique and well-known definition in the circuits with
completely sinusoidal waveforms of voltage and current which can be calculated simply
from the known equation sinQ VI . On the other hand, there is no unique definition of
reactive power for non-sinusoidal waveforms which exists in networks with nonlinear loads
as yet. However, there are several well known definitions of reactive power in non
sinusoidal networks proposed by Budeanu [1], Fryze [2], Kimbark [3], Shepherd and
Zakikhani [4], Sharon [5], Kusters and Moore [6], and Czarnecki [7]. But the large number
of different definitions makes the choice of one of them for a specified application a
challenging and doubtful process for the utilities and customers both. In this study, with a
simple approach a comparison of the above mentioned definitions for electric arc furnace
(EAF) plants is performed. However, the proposed approach can be followed for other
kinds  of  loads.  EAFs are  one  of  largest  electrical  loads.  They are  widely  used  in  today’s
industry because of their productivity, precision, flexibility and some advanced applications
[8, 9]. An AC EAF is an unbalanced, non-linear and time-varying load that can introduce
serious power quality problems to its nearby power systems [10-13]. Since melting process
of arc furnace is a stochastic and nonlinear process, the real values of recorded voltage and
currents from EAFs could be an appropriate choice for comparing the various reactive
power definitions [14].

In this study, first the above seven definitions are described. Then they are compared
according to some of the important characteristics of reactive power definition at pure
sinusoidal conditions [15]. Also, the above definitions are simulated in MATLAB software
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and applied to the real data recorded from Mobarakeh steel company (MSC) in
Isfahan/Iran, measured at the primary and secondary sides of EAFs transformers, collected
for a considerable number of melting processes over a period of about three months. The
reactive power definitions are compared to each other by different methods using some
statistic indices. By calculating the average of each definition over all recorded data the
definitions that are beneficial to customers and those that are beneficial to the utilities are
obtained. The problem in comparing the various definitions for the real data is that the ideal
definition for reactive power is unknown and there is no criterion for comparison. Here we
use the average of the seven above definitions outputs as the criterion. Then the distance of
each definition to the criterion is calculated for each recorded data.

Also, the optimal capacitance that completely compensates the reactive power according
to each definition is calculated by changing the compensation capacitance from a minimum
value to a maximum value.

2.  Notation

The notation used throughout the paper is stated below.

P active power [W]
U root-mean-square (RMS) of voltage [V]
I RMS of current [A]
Q reactive power [VAr]
S apparent power [VA]

phase difference between voltage and current [Rad]
n angular frequency [Rad/S]
nU RMS of voltage harmonic of order n [V]

nI RMS of current harmonic of order n [A]

n phase angle of n’th harmonic of voltage [Rad]
n phase angles of n’th harmonic of current [Rad]

D distortion power [W]
ai purely resistive part of load current [A]
ri residual part of load current [A]
nY load admittance [S]
nG load conductance [S]
nB load susceptance [S]

iQ i'th sample of reactive power as a time series [VAr]

iD i'th sample of distortion power as a time series [W]
iAQ i'th sample of the average of seven definitions of reactive power [VAr]
iAD i'th sample of the average of seven definitions for distortion power [W]

NH The power of N th harmonic
DC distance from criterion [VAr]
MDC mean distance from criterion [VAr]
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3.  Reactive power definitions

At linear loads and systems where both voltage and current are sinusoidal, the active
power (P), reactive power (Q) and apparent power (S) can be expressed by the familiar
equations:

cosP UI                                                                                                                        (1)
sinQ UI                                                                                                                        (2)

2 2S UI P Q                                                                                                             (3)
Where U and I are the root-mean-square (RMS) values of voltage and current and  is

the phase difference between voltage and current.
In the non sinusoidal conditions voltage and/or current waveform can be expressed as

[15]:
cos( )n n n

n
U U                                                                                                       (4)

cos( )n n n
n

I I                                                                                                       (5)

where nU   and nI  are the RMS values of the voltage and current harmonics of order

n, n  is the angular frequency of n'th harmonic of voltage or current, n  and n  are the

phase angles of n'th harmonic of voltage and current respectively.
At non sinusoidal conditions there is, more or less, a general agreement for using

S UI .  So  for  a  periodic  non  sinusoidal  signal,  the  apparent  power  is  equal  to
2 2
n n

n n
S U I .

There are various definitions for reactive power in non sinusoidal conditions; these
definitions are based on the physical phenomena of electrical power and energy [16].

3.1. Budeanu’s definition

    The Budeanu’s power decomposition is shown in the following equations [1]:
cos( )n n n

n
P U I                                                                                                             (6)

sin( )n n n
n

Q U I                                                                                                             (7)

2 2 2 2D S P Q                                                                                                                (8)

where n  is the phase difference between voltage and current of the n'th harmonic. P is the

active power and can be transferred to, for instance, thermal power and energy and can be
measured as thermal or mechanical properties [17]. For the special case where both the
voltage and the current are sinusoidal the active and reactive power will be expressed by the
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familiar equations (1) and (2). D is the distortion power, which determines the relation
between apparent power, reactive power and active power.
In [18], Czarnecki showed the budeanu reactive and distortion powers do not possess the
attributes which can be related to the power phenomena in circuits with non sinusoidal
waveforms, and their values do not provide the information that could be used to design
compensating circuits. But a revision of Budeanu’s reactive power definition and related
concepts presented in [19] show that an interesting physical interpretation of this concept is
possible.

3.2. Fryze’s definition

   The Fryze’s power decomposition is shown as the following equations [2]:

2a
Pi u

U
                                                                                                                          (9)

ai  is the purely resistive part of the load current and has the same wave-shape and phase

angle as the voltage. The second part of the current is a residual term named ri and is

determined by equation (10).

r ai i i                                                                                                                          (10)

Active power can be derived as:

aP UI                                                                                                                             (11)

And the reactive power according to Fryze is written by:

rQ UI                                                                                                                             (12)

aI , rI  and U  are the RMS values of ai , ri and u . Fryze’s definition doesn’t have any

distortion power (D); so when the reactive power is reduced to zero the power factor will be
unity.

3.3. Kimbark’s definition

The Kimbark’s power decomposition is shown in the follow equations [3]:

1 1 1sin( )Q U I                                                                                                                  (13)

Where 1U   and 1I  are the RMS values of the fundamental harmonic of voltage and

current and 1  is the phase difference between them.

P and S are the same as (1) and (3) and D could be written as:
2 2 2D S P Q                                                                                                        (14)

3.4. Kusters and Moore’s definition

Kusters and Moore provide the power system operator to determine if the possibility of
improving power factor by means of shunt capacitance or inductance exists and to identify
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the proper value required to realize the maximum benefit [6]. The current components are
as follows:

The first part is defined similar to Fryze’s active current:

2p
Pi u

U
                                                                                                                          (15)

The capacitive reactive current is the current component which can be compensated by
the capacitance; and in the case of capacitive load is defined as equation (16):

2

1 ( )( )
T

qc

u i dt
T

i u
U

                                                                                                         (16)

u  denotes the periodic part of derivative of instantaneous voltage and U denotes the
RMS value of the derivative of instantaneous voltage.

The inductive reactive current is the current component, which can be compensated by
the inductance defined as equation (17)

int

int 2
int

1 ( )( )
T

ql

u i dt
T

i u
U

                                                                                                    (17)

intu  denotes the periodic part of integration of instantaneous voltage and intU  denotes

the RMS value of integration of  instantaneous voltage.
Capacitive and inductive reactive currents are determined by equations (18), (19);

qcr p qci i i i                                                                                                                (18)

qlr p qli i i i                                                                                                                 (19)

P is the same as Fryze’s could be written as:

pP UI                                                                                                                            (20)

Terms cQ  and lQ can be determined by the equations (21), (22);

c qcQ UI                                                                                                                          (21)

l qlQ UI                                                                                                                          (22)

cQ  and lQ  reactive powers obtained from the above equations can be positive or

negative; the sign specifies whether a load is of inductive or capacitive type.
If cQ or lQ is negative signed, the load is capacitive or inductive respectively and the

required reactive power for compensation is equal to cQ or lQ  respectively.

So the sign of cQ is like the conventional sign of the capacitive load reactive power in

sinusoidal situations while the lQ will have an opposite sign of the conventional inductive

load reactive power.
The rest terms are crQ  and lrQ .

2 2 2
cr cQ S P Q                                                                                                       (23)
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2 2 2
lr lQ S P Q                                                                                                       (24)

In some special conditions where the load voltage significantly changes due to
resonance, Kusters and Moore’s reactive power fails to achieve maximum power factor
available with a basic capacitance [20]. However, in most practical networks the
decomposition successfully provides the maximum power factor available with passive
compensation.

3.5. Shepherd and Zakikhani’s definition

The Shepherd and Zakikhani’s power decomposition is shown in the following equation
[4]:

2 2 2cos ( )R n n n
n N n N

S U I                                                                                          (25)

RS  is the active apparent power. nU and nI and cos( )n are defined in (3). Also, N is

the set of all common harmonic orders of voltage and current; when a nonlinear load
connected to an ideal source  results in current harmonics that do not have any
corresponding voltage harmonics, the current and voltage harmonics are divided into
"common" and "non common" harmonics. For the common harmonic of order n both

nU and nI are nonzero, while for the non common harmonic of order n only one of nU and

nI is nonzero. Active apparent power ( RS ) is different from the active power (P). So this

decomposition does not provide any information leading to determination of power factor.
Reactive apparent power is defined as:

2 2 2sin ( )X n n n
n N n N

S U I                                                                                            (26)

The reactive apparent power may be far from Budeanu’s definition even if the voltage is
close to sinusoidal and also it could not be directly used to determine the power of optimum
compensation capacitance.

The rest term, named distortion apparent power, is equal to DS :

2 2 2
D R xS S S S                                                                                                       (27)

3.6. Sharon’s definition

Sharon  proposed  new  decomposition  in  which  the  average  power  (P)  is  the  same  as
Fryze’s definition and the reactive apparent power ( QS ) is defined in equation (28), [5]:

2 2. sin ( )Q n n
n N

S U I                                                                                                    (28)

N is the set of common harmonics of voltage and current.
The rest term in the equation 2 2 2 2

Q CS P S S  named complementary apparent

power will be:
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2 2 2
C QS S P S                                                                                                       (29)

3.7. Czarnecki’s definition

The Czarnecki’s power decomposition is a frequency domain definition [7], the
instantaneous value of a periodic voltage and current, expressed as a complex Fourier series
with n harmonics as equation (30),

12 Re jn t
n

n
u U e                                                                                                      (30)

12 Re jn t
n

n
i I e                                                                                                       (31)

where 1 is the fundamental angular frequency and n is the harmonic order. In this
definition P is the average power, same as Fryze’s definition.

The load admittance corresponding to n'th harmonic can be written as:

n
n n n

n

IY G jB
U

                                                                                                       (32)

where nG and nB are the conductance and susceptance corresponding to n'th harmonic

of load respectively.
The reactive power and distortion power of Czarnecki’s definition is written as:

2 2
r n n

n
Q U B I                                                                                                             (33)

2 2 2
s rD S P Q                                                                                                      (34)

4. Reactive power characteristics at sinusoidal conditions

The most important reactive power characteristics at completely sinusoidal conditions
are as follows [15]:
1- If the reactive power is reduced to zero, the power factor will be unity.
2- The reactive power completes the power triangle, 2 2 2S P Q .
3- The sum of all reactive powers in a node of a power system is zero.
4- Reactive power can be positive or negative (the sign specifies whether a load is of
inductive or capacitive type).
5- Reactive power can be reduced to zero by inserting inductive or capacitive components.
6- The reactive power can be calculated from the time domain wave forms of voltage and
current.

The above characteristics are summarized in the table 1 for the mentioned reactive
power definitions.
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Table 1:  Characteristics of reactive power for various definitions

                           Ch.no

definition
1 2 3 4 5 6

Sinusoidal conditions

Budeanu

Fryze

Kimbark

Kusters and Moore

Shepherd and Zakikhani

Sharon

Czarnecki

5. Case Study

Actual input voltage and current waveform data was recorded from eight EAFs installed
in MSC in Isfahan/Iran. The plant includes eight EAFs, each rated at 70 MW. The EAF
transformers have the following ratings: 90-108 MVA, 63kV/230-720V, /Y with
x=6.5%. The main transformers are two three-phase, three-winding transformer banks rated
at: 220/220/110 MVA, 400(Y)/63(Y)/33( ) kV. The EAFs are compensated by two static
VAr compensators (SVCs) consisting of thyristor controlled reactors (TCRs) and fixed
capacitors (FCs). The SVC and second, third, fourth and fifth harmonic filters have been
connected to the tertiary winding of the supplying transformers. Single line diagram of the
plant is shown in Fig .1.

Fig1. Single line diagram of the MSC power system
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Data for eight EAFs including three-phase supply voltages and currents, measured in the
primary and the secondary sides of the EAF transformers, are collected for scrapping,
melting and refining stages of several melting processes during a three month period . Data
records cover 10, 20, 50 and 100 seconds of real time furnace operation (Table2). Each data
set includes a number of samples with 128 sec  sampling time (the sample frequency is
7812.5 Hz).

Table 2: The total number of data records
Data record 10 s 20 s 50 s 100 s

Primary side 345 6 50 20

Secondary Side 201 15 6 0

The reactive power is calculated per each cycle according to the various reactive power
definitions. So for each recorded data the calculated reactive power according to each
definition is a time series. For example, for each 10 sec data there will be a time series with
the length of 500 (=10/0.02) samples for each definition. Hence for the 10 s data, there will
be totally 345 500=172500 cycles of reactive power (Q) and distortion power (D).

6. Comparison of the reactive power definitions using the measured data

The comparison between the seven above-mentioned definitions is made by applying all
the recorded data to them. Firstly, the mean and standard deviation of reactive power for
each record according to above definitions is calculated and then the average of these
quantities is made over all records. Also, the average of the seven definitions outputs is
used as the criterion and the distance of each definition to the criterion is calculated for
each recorded data and averaged again over all data records. The mentioned indices and the
related results are as follows.

6.1. MQ and MD

These indices for each data record determine the Mean of reactive power (MQ) over the
time and also  the  Mean of  Distortion  power  (MD).  In  other  words,  MQ and MD are  the
averages of reactive power and distortion power of each time series according to each
definition.  Figures  2  and  3  show  the  MQ  and  MD  indices  applied  to  a  part  of  10  s  data
records for various definitions belonging to the EAF transformer primary side.
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Fig 2. MQ applied to a part of 10 s for various definitions belong to the EAF transformer
primary side

Fig 3. MD applied to a part of 10 s for various definitions belong to the EAF transformer
primary side

6.2. SQ and SD

These indices determine the Standard deviation of reactive power (SQ) and the Standard
deviation of Distortion power (SD) for each record over time. Figures 4 and 5 show SQ and
SD indices applied to a part of 10 second data records for various definitions belonging to
the EAF transformer primary side.
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Fig 4. SQ applied to a part of 10 s for various definitions belong to the EAF transformer
primary side

Fig 5. SD applied to a part of 10 s for various definitions belong to the EAF transformer
primary side

MMQ, MMD, MSQ, MSD indices are the means of MQ, MD, SQ, SD parameters
respectively over all the recorded data. Tables 2 and 3 show the indices  for the 10 s, 20 s,
50 s and 100 s data for EAF transformer primary and secondary sides respectively.
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Table  3:  MMQ, MMD, MSQ,  MSD indices  for  data  records  of  EAF transformer  primary
side

10 s data

Fryze Budeanu Kimbark Kusters Sharon Shepherd Czarnecki
MMQ (10^7) 2.6578 2.5912 2.5929 2.5890 2.6004 2.6001 2.6165
MMD (10^6) 0 4.2611 4.1755 4.5584 4.0241 3.7109 3.1569
MSQ (10^6) 5.6505 5.7697 5.7686 5.7609 5.7172 5.7167 5.6733
MSD (10^6) 0 1.4822 1.4825 1.4367 1.4584 1.2210 1.5288

20 s data

MMQ (10^7) 2.3059 2.2962 2.2961 2.2925 2.2964 2.2963 2.3015

MMD (10^6) 0 1.6428 1.6504 2.1506 1.6347 1.7233 1.2017
MSQ (10^6) 1.6564 1.7036 1.7043 1.7014 1.6976 1.6976 1.6699
MSD (10^6) 0 4.2387 4.2015 3.3690 4.2426 4.1978 4.2585

50 s data

MMQ (10^7) 2.4870 2.4400 2.4401 2.4373 2.4495 2.4493 2.4607
MMD (10^6) 0 3.0967 3.0380 3.4930 2.9736 2.9401 2.2944
MSQ (10^6) 4.6244 4.7029 4.7162 4.6932 4.6603 4.6599 4.6268
MSD (10^6) 0 1.4816 1.5074 1.4062 1.4003 1.1485 1.4142

100 s data

MMQ (10^7) 2.7134 1.4168 1.4171 1.4149 2.7083 2.7082 2.7107
MMD (10^6) 0 1.6098 1.5633 2.2119 1.5284 1.6711 1.1055
MSQ (10^6) 3.3047 3.3116 3.3116 3.3065 3.3118 3.3116 3.3062
MSD (10^6) 0 4.0468 4.0407 3.4126 4.1095 3.9526 4.0510

Table 4: MMQ, MMD, MSQ, MSD indices for data records of EAF transformer secondary
side

10 s data

Fryze Budeanu Kimbark Kusters Sharon Shepherd Czarnecki

MMQ (10^7) 2.4638 2.3208 2.3243 2.3473 2.3599 2.3563 2.3622

MMD (10^6) 0 7.8662 7.8219 7.1126 6.7152 2.7557 6.6390

MSQ (10^6) 4.1329 4.0584 4.0628 4.1236 4.1238 4.1127 4.1215

MSD (10^6) 0 1.5757 1.4696 1.3855 1.3452 1.3157 1.3457

20 s data

MMQ (10^7) 2.9343 2.7522 2.7565 2.7956 2.8091 2.8030 2.8123

MMD (10^6) 0 9.9738 9.8979 8.6463 8.2062 3.5227 8.1007

MSQ (10^6) 5.2564 5.2390 5.2333 5.3162 5.3272 5.3057 5.3250
MSD (10^6) 0 1.5337 1.4339 1.4126 1.3877 1.5946 1.3759

50 s data

MMQ (10^7) 1.4800 1.3724 1.3756 1.3914 1.4043 1.3998 1.4068

MMD (10^6) 0 4.5384 4.5284 4.1797 3.7444 2.0893 3.6819

MSQ (10^6) 9.1202 9.2051 9.2035 9.2142 9.2193 9.2034 9.2143

MSD (10^6) 0 1.4158 1.2642 1.5267 1.2052 0.6553 1.2057
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6.4. MFQ, MFD
As there is not a definition that is accepted by all, the average of the seven mentioned

definitions is used as the criteria. For each data record there are seven time series according
to the seven definitions. The average of seven time series is considered as criteria and the
distances of the various definitions from it, are calculated. For each record the distance
from criterion (DC) is defined as follows

N 2
ci i

i =1

1
DC = (Q - Q )

N
                                                                                         (35)

iQ and ci
Q are the i'th sample of  reactive power time series related to various reactive

power definition methods and the criterion respectively. N is the length of time series.

Table 5: MDC of reactive and distortion powers for EAF transformer primary side data
10 s data

MDC Fryze Budeanu Kimbark Kusters Sharon Shepherd Czarnecki

Q (10^7) 9.0530 4.6114 4.1930 5.6918 3.6685 3.7561 4.4757

D (10^7) - 3.7942 3.3562 4.9907 3.0077 4.5514 5.3389
20 s data

Q (10^7) 5.0869 1.9092 1.9968 4.5907 1.9733 1.9968 3.0295

D (10^7) - 1.5275 1.6616 4.1560 1.7308 1.7544 3.5581

50 s data

Q (10^7) 1.6071 0.7887 0.7584 1.0745 0.6833 0.6845 0.8336

D (10^7) - 5.9273 5.6741 9.0025 4.7573 6.7034 9.3513
100 s data

Q (10^7) 5.4189 4.9138 4.8368 5.3939 4.8273 4.8367 5.1029
D (10^7) - 3.8321 3.4623 10.5312 3.1889 4.2917 8.2350

Table 6: MDC of reactive and distortion powers for EAF transformer secondary side data
10 s data

MDC Fryze Budeanu Kimbark Kusters Sharon Shepherd Czarnecki

Q (10^7) 10.524 9.5068 9.2194 5.5944 3.4715 4.1222 3.3784

D (10^7) - 1.0185 0.9924 0.6857 0.5101 1.3177 0.4867

20 s data

Q (10^7) 2.6525 1.7810 1.7246 0.8283 0.6207 0.6762 0.6667

D (10^7) - 1.8828 1.8322 1.0655 0.8077 2.3023 0.7725

50 s data

Q (10^7) 2.0317 1.3303 1.2729 0.9180 0.5805 0.6083 0.6096

D (10^7) - 1.3627 1.3071 1.0030 0.6629 1.6582 0.6789
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To have judgments based on all time series, the Mean Distance from Criteria, (MDC)
index is defined as the following equation:

M
j

j =1

1
MDC = DC

M
                                                                                                    (36)

jDC is the DC index of the j'th reactive power time series and M is the total number of
time series. A smaller MDC value for each definition means this method is closer to the
criteria. Tables 5 and 6 show MDC for primary and secondary side of EAF transformer.

7. Optimal reactive power compensations according to various definitions

In this section the optimum capacitance value that completely compensates the EAF
reactive  power  in  each  cycle  is  determined  for  various  definitions.  For  this  purpose,  by
increasing the compensation capacitance from zero, the reactive power first decreases and
reaches to a minimum value and then starts to increase. The capacitance that results in the
minimum reactive power is the optimum compensation. The shape of reactive power
variation and the optimum compensation capacitance is different for various definitions.

It is shown in figures 6 and 7 according to data records of the primary and secondary
sides of EAF transformer. Optimum compensation capacitance according to various
reactive power definitions and also the minimum value of total reactive power are shown in
tables 7, 8 for the primary and secondary sides of EAF’s transformer.

Fig.6 Variation of the total reactive power according to various definitions by changing the
compensation capacitance for primary side of EAF transformer data
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Fig.7 Variation of reactive power according to various definitions by changing the
compensation capacitance for secondary side of EAF transformer data

Table.7 Optimum compensation capacitance according to various reactive power
definitions and the minimum reactive power for primary side of EAF transformer data
Definition Optimum compensation capacitance (µF) Minimum reactive power (MVAr)

Budeanu 24 2.53
Fryze 24 7.92
Kimbark 24 2.53
Kusters and Moore 24 2.52
Shepherd and Zakikhani 24 4.75
Sharon 24 4.74
Czarnecki 24 5.85

Table.8 Optimum compensation capacitance according to various reactive power
definitions and the minimum reactive power for secondary side of EAF transformer data
Definition Optimum compensation capacitance (F) Minimum reactive power (MVAr)

Budeanu 0.23 9.62

Fryze 0.44 28.04
Kimbark 0.24 10.03

Kusters and Moore 0.19 4.18

Shepherd and Zakikhani 0.14 17.69
Sharon 0.12 7.37
Czarnecki 0.12 7.53

According to these tables, for the primary side all definitions reach the optimum
compensation in a unique point. But for the secondary side various definitions reach their
optimum compensations in different compensation capacitances. The reason is the higher
harmonics in the secondary side that make the difference among the various definitions
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higher.  Table  9  gives  the  averaged  THD  of  voltage  and  current  for  the  primary  and
secondary sides.

Table.9 Calculated average THD for the voltages and currents of primary and secondary
sides of power transformer

Parameter THD %
Primary voltage 1.20

Secondary voltage 15.23
Primary current 4.12

Secondary current 5.94

8. Analysis of results

The following results can be extracted comparing various reactive power definitions
using the previous tables:
1-Fryze’s definition has the highest average of all reactive power definitions and benefits
the utilities.
2-Budeanu’s definition has the smallest average of all reactive power definitions and is
beneficial to the customers.
3-Sharon’s, Shepherd’s and Czarnecki’s definitions have similar results and can be put in
one category.
4-Budeanu’s and Kimbark’s definitions have similar results and can be put in another
category.
5-Czarnecki’s distortion part of reactive power (D) has the smallest value between all
definitions
6-Sharon’s reactive power is the nearest definition to the average of all definitions.
7-Fryze’s reactive power is the farthest definition from the average of all definitions.
8- The optimum compensation capacitance for Sharon’s, Shepherd’s and Czarnecki's
definitions is less than others.
9- Kusters and Moore’s definition gives the minimum value for reactive power according to
the optimum value of compensation capacitor among other definitions.

Extracted results of comparing various reactive power definitions with the practical data
of MSC electric arc furnaces are summarized in the table 10.

Table 10: Results of comparing various reactive power definitions with the practical data of
MSC EAFs
Maximum average calculated reactive power Fryze

Mainimum average calculated reactive power Budeanu

Close to each other and put in one category Kimbark - Budeanu

Close to each other and put in one category Sharon - Shepherd - Czarnecki
Minimum calculated distortion power Czarnecki
Farthest definition to the average of all Fryze
Nearest definition to the average of all Sharon

Minimum Compensation capacitance Sharon - Shepherd - Czarnecki
Minimum reactive power compensated by the optimal capacitance Kusters and Moore
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9. Conclusion
Results of comparing various reactive power definitions show that Fryze’s definition has

the maximum average of calculated reactive power and considering the reactive power with
this definition has benefits to the utilities. On the other hand, Budeanu’s and Kimbark’s
definitions have the smallest average of reactive power calculated between all of the
definitions and have benefits to the customer. Our results show that Budeanu’s and
Kimbark’s definitions have very close results and can be put into one category. Also
Sharon’s, Shepherd’s and Czarnecki’s have close results and can be put into another
category. Other results show that Sharon’s definition is the nearest to the average of all
definitions and can be used instead. Sharon, Shepherd and Czarnecki give the Minimum
Compensation capacitance. Kusters and Moore give the minimum reactive power, which is
compensated by the optimal capacitance.
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