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TECHNICAL APPLICATION NOTES TS 03-000I  Issue 4

POWER CAPACITORS 

The objective of these Technical application notes is to help our customers, distributors and
representatives  giving them solutions for problems and doubts that arise when projecting, installing and
operating reactive power compensation equipments.

This information is not to be given to everybody, as it contains some tips which are taken out from our long
experience in this field. Access to it should be restricted to loyal customers only. It will also be useful to
improve the knowledge of our distributors and agents.

We hope them, together with our general catalogue, will help you in your day-to-day work and will allow you
to set up more efficient and competitive installations. 
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Discharge resistors

Power capacitors store electrical charges that after their disconnection can turn out to be dangerous for
people during operation of inspection and maintenance. To reduce these voltages to safe values, discharge
resistors must be used.

IEC 831 Standard sets up that the voltage in terminals of a capacitor must not exceed 75 V after 3 minutes
since its disconnection. 

Calculation of discharge resistors

A capacitor discharge comes by a law of exponential type. Calculation of the value of the discharge resistor
is done by means of the following expression:

t   = discharge time from UN to UR in seconds (180 s in IEC 831)
R  = discharge resistor value (MΩ)
C  = capacitance per phase (µF)
UN = capacitor rated voltage (V)
UR = allowable residual voltage (75 V in IEC 831)
k   = coefficient according to connection mode: k = 1 for three resistors (delta connection)

k = 3 for two resistors ("V" connection)

By applying the formula to the most usual cases it is obtained: 

UN = 230 V 400 V 500 V UN = 230 V 400 V 500 V

Example: calculation of the resistor for a capacitor of Q = 50 kvar  and  UN = 400 V  50 Hz

value of the resistor will be given by : 
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Power of the resistors is calculated taking into account that capacitors can work with overvoltages of since
up to the 10% of their rated value: 

Comparison between IEC 831 and the old IEC 70 Standards

IEC 70 Standard, nowadays cancelled by the IEC, established discharge values of 50 V after one minute of
disconnection. These requirements imply different discharge resistor values than those of nowadays. By
applying t = 60 s and UR = 50 V to the previous formula it is obtained: 

UN = 230 V 400 V 500 V UN = 230 V 400 V 500 V

 

By repeating the calculation for the 50 kvar 400 V capacitor, value of the resistor would be: 

and the dissipated voltage:

This value implies a dissipation heat considerably higher to the one get according to the present Standard,
what can involve several problems. Let's take as example an equipment composed by 12 capacitors of 50
kvar 400 V and let's see some working parameters related to resistors: 

CHARACTERISTIC R (IEC 70) R (IEC 831) REMARKS 

Resistor 74.5 kΩ 268 kΩ

Power dissipated by
the resistors 

93.6 W 25.9 W 68 W of losses more in R (IEC 70):
Higher working temperature for the whole
equipment: regulator, contactors, fuses,
capacitors, etc.

Surface temperature of
the resistors

137 EC 78 EC Very high working temperature in R (IEC 70):
higher risk for workers and higher possibility
of failures in the resistors

Energy consumed by
the resistors (per year)

819 kWh 227 kWh Almost four more times active energy
consumption

Attention: Discharge resistors mentioned in this document have as objective to protect people from
possible electrical discharges. Nevertheless, these resistors do not guarantee an enough
fast discharge in the case of Automatic capacitor banks (see TS 03-011I Fast discharge
resistors).
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Fast discharge resistors

Connection of power capacitors in Automatic capacitor banks
can produce high transitories of connection (see
TS 03-012I: Selection of contactors). If, besides, the
capacitor being connected is not enough discharged, 
transitory of connection increases considerably and it can
damage both, contactors and capacitors.  

IEC 831 Standard establishes that power capacitors must have
a residual voltage lower than 10% their rated voltage at the
moment of their connection. This voltage value can not be
achieved in capacitors only having conventional discharge
resistors, due to the so small delay times used by the reactive
power controllers. 

In consequence, in the case of automatic capacitor banks it is
imperative to use those named fast discharge resistors. Fast
discharge resistors (see enclosed diagram) have a more
reduced ohmic value than conventional resistors and they are
connected by means of two auxiliary contacts (normally closed)
of the contactor, acting at the moment the capacitor is being
disconnected. 

Calculation of fast discharge resistors

For the dimensioning of fast discharge resistors it is followed a similar procedure to the one used for the
usual discharge resistors (see TS 03-010I), taking into account, however, the requirement of discharge at
10 % of the rated voltage (UR = 0.1UN):

By knowing the necessary discharge time (which must be smaller to the retard time of the controller used),
value of the necessary resistors can be easily calculated.

Fast discharge resistors FDR series

International Capacitors has a range of fast discharge resistors that cover a wide field of application.  To
facilitate their installation, both two resistors are offered mounted over one single body of ceramics material
strongly resistant to temperature.
In the table are shown the available values, as well as capacitor rated powers to which they can be applied.
(T time pointed is the approximated discharge time to achieve 0.1 UN, either at 50 or 60 Hz).

Reference Resistor R UN = 220/230/240 V UN = 380/400/440 V UN = 460/480 V T (s)

FDR40025 2 x 1500 Ω   10 W  QC  #  10 kvar  QC  #  25 kvar QC  # 30 kvar 2 s

FDR40060 2 x 1000 Ω   10 W  QC  #  20 kvar  QC  #  60 kvar QC  # 80 kvar 3 s

FDR40100 2 x 1000 Ω   18 W  QC  #  40 kvar  QC  # 100 kvar QC  # 100 kvar 6 s
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   Contactor with pre-charge resistors
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Selection of contactors

Connection of power capacitors in automatic capacitor banks causes
high transitory overcurrents. In the case of individual compensation,
the value of the overcurrent connection peak can achieve values of
even 30 times the rated current of the capacitor. The great majority
of good quality contactors can handle in a safety way this
overcurrent level.

Nevertheless, in an automatic capacitor bank the connection
overcurrent comes not only from the network but, specially, from
capacitors already connected. In this case, peak values of the
overcurrent can easily achieve values from 150 up to  200 IN. These
high currents can damage both, contacts of the contactors and
capacitors, and the associated voltage oscillations can produce
problems in other circuits of the installation. 

IEC 831 Standard establishes that the peak value of the connection
overcurrent has to be lower to 100 IN. It is then necessary to take
steps to reduce the high overcurrents that appear in the switching of
the automatic capacitor banks.

Usually, there are used two alternatives: contactors specially
designed for the connection of capacitors, or standard contactors
including in the circuit inductive elements that reduce the
overcurrents. 
 

Special contactors for capacitors

These contactors are characterized for having auxiliary contacts
equipped with pre-charge resistors. These contacts are closed
before power contacts and connection peak is strongly limited by the
effect of the resistors. Immediately after this, power contacts are
closed, finishing the resistors action during the normal operation of
the capacitor.  

Use of these contactors is highly recommended because they very
notably limit overcurrents. Nowadays the great majority of contactor
manufacturers add in their catalogues groups of specific contactors
for capacitors. 

For information purpose only, following there are indicated some of
these groups:
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MANUFACTURER CONTACTOR REF. REMARKS

ABB STROMBERG OK ... K11/...

AGUT (POWER CONTROLS) CLC ... a

KLOCKNER MOELLER DIL ... MK

SIEMENS 3TK ...

TELEMECANIQUE LC1-D ... K

Standard contactors

In the case of using standard contactors it is imperative to
reduce the current peak of the connection. 

As duration and resistance of the contacts of the contactors
varies according to the model and the contactor manufacturer,
procedure to be followed is the one preceding: 

F first of all calculate the current value of the connection
(formulas in Annex 1)

F verify through the information of the contactor
manufacturer if the contactor to be used can stand that
said current. 
In the contrary case there has to be calculated by
means of the same formulas, which inductance has to
be added in series with the capacitor, so that the
current gets reduced to an admissible value for the
contactor. 

F after this, Annex 2 gives a method for the constructive
calculation of the needed coil.

Calculations previously stated are slow and bothersome to put
into practice, for what in general it is enough to follow this
practical rule: to incorporate to the circuit an inductance in
between 3 and 4 µH per phase, in series with each capacitor. This inductance value can easily be obtained
by winding 4 or 5 spires from the same feeding conductor of the capacitor, with a diameter of 120 - 140 mm
.

Remark: In any case, it is imperative to ensure that at the time of connecting the capacitor, this one
is duly discharged (see TS 03-011I Fast discharge resistors).
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ANNEX 1: CALCULATION OF THE SWITCHING CURRENTS OF POWER CAPACITORS 

Switching of single capacitor:

In the case of switching a single capacitor, peak value of the connecting current can be approximately
calculated, through the following expression:

where:

IS  = peak value of the transitory switching current (A)
IN  = r.m.s. value of the rated current of the capacitor (A)
Sk = short-circuit power at the point where the capacitor is connected (MVA)
Q  = rated power of the capacitor (Mvar)

Switching of one capacitor in parallel with others already energized:

In this case peak value can be calculated through the following expressions:

and the frequency of the connecting current:

where:

IS  = peak value of the transitory switching current (A)
U  = r.m.s. value of the voltage (neutral-phase) (V)
XC  = series capacitive reactance per phase (Ω)
XL  = series inductive reactance per phase between capacitors (Ω)
Q1  = power of the capacitor to be connected (Mvar)
Q2  = the sum of the capacitors already connected (Mvar)
fN  = rated frequency of the network (Hz)
fS  = frequency of the transitory switching current (Hz)
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ANNEX 2: INDUCTANCE OF A CYLINDRICAL COIL OF SINGLE LAYER 

Value of the inductance obtained through a cylindrical winding of a single layer can be calculated through:

where:

L  = value of the inductance of the coil (µH)
a  = radius of the coil (m)
N  = number of spires
β  = coefficient

The corrective coefficient β depends on the relation diameter/length (2a/l) of the coil and it is tabulated: 

2a/l 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6

β 0,1812 0,3355 0,4964 0,5804 0,6795 0,7664 0,8449 0,9152

2a/l 1,8 2,0 2,2 2,4 2,6 2,8 3,0 4,0

β 0,9789 1,0373 1,0910 1,1407 1,1870 1,2302 1,2708 1,4426

Example: calculation of the inductance obtained while winding over a 130 mm diameter, 5 spires of
a 50 mm2 cable.

N  = 5
Departing data are: 2a = 0,13 m

d  = 9,3 mm (50 mm2 cable diameter)

coefficient β is calculated:

and the inductance value will be:
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Power capacitors and harmonics

Presence of harmonics in the electric mains can produce overcurrents in the power capacitors as well as
several problems in many other loads of the installation. If it is achieved a resonance point, the result can
be very dangerous for the whole installation (See chapter "HARMONICS" in catalogue "POWER
CAPACITORS AND AUTOMATIC BANKS").

It is complex to make an accurate analysis of a power factor correction installation with loads generating
harmonics and it is required a certain information that it is not always possible to have immediately (such as,
power of the feeding transformer, short circuit voltage of the transformer, short circuit power of the network,
and so on). Besides, it is also convenient to make a monitorization and a recording of the loads generating
harmonics during a reasonable period of time.

When above information is not available, a first evaluation of the risk can be done from two only data: 

ST = Power of the feeding transformer (kVA)

SH = Power of the load(s) generating harmonics (kVA)

Depending on the relation of these two parameters following situations can be established:

RELATION EQUIPMENT TO BE USED REMARKS

Standard capacitors and
automatic banks

Reinforced capacitors:

Capacitors FMR series

Special design on FMR capacitors allows
them to stand overloads with currents up to
1.7 IN

Protection filters: 

INR reactors + FMF capacitors
Automatic banks NF640 series

Danger of resonance is eliminated and the
overload of capacitors is limited. 
With protection filters tuned to 189 Hz, it is
besides obtained, an absorption of even
20% of the 5th harmonic

Absorption filters:

Suitable design for each
installation

Danger of resonance is eliminated.
Absorption performances of even 90% are
reached in all filtered frequencies, with a
notorious reduction of the harmonic
distortion rate

Remark: These relations are approximated and they make an estimation of several parameters of the
electric mains, so, for a higher security an accurate study on each occasion has to be done.
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Measurement and control equipment Power (VA)

Reactive controllers MCR and MR 0.5

Moving iron instruments 0.7 - 1.5

Digital instruments 0.5 - 1.0

Adding current transformers 2.5

Harmonic detector relay 1.5

Active and reactive energy meters 0.5 - 5.0
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Current transformers

For their correct operation, reactive power controllers
that control the automatic capacitor banks, require to
have a signal input to allow them to know at every
moment the needs of reactive energy of the installation.
This signal is provided through a current transformer,
located outside of the bank, in a point of the line through
which circulates the totality of the load of the installation
(capacitors included). 
To select correctly a current transformer, first there have
to be established the following characteristics of itself: 

F Primary and secondary current
F Power 
F Precision class 

Current of the primary and secondary

Primary current of the transformer is calculated from the
power of the feeding transformer or in lack of it, from the
power of the installed load. 

Example: let's suppose that we have a
transformer with a power S = 1000 kVA
and a rated voltage UN =  400 V  50 Hz

It shall then be selected a transformer of 1500 A, which is the standard value immediately higher to the calculated
one. Current of the secondary is standardized in a value of 5 A. Transformer will then be a 1500/5 A. It is named
constant of the transformer to the quotient resulting from the primary current/secondary current, represented by
the letter k. In this case k = 1500/5 = 300.

Power 

Transformer must have a higher
power than the load which is feeding.
This load is composed by the
controller, by any other instrument
(ammeter, etc.) connected in the
same circuit, and by the losses in
the conductors of the line. 

Power of some of the most common
loads are indicated in the table: 
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Losses in the conductors of the line of the secondary can be evaluated through the following relations (for
transformers .../5 A):

Section Losses

1.5 mm2 0.60 VA/m
2.5 mm2 0.37 VA/m
4.0 mm2 0.23 VA/m
6.0 mm2 0.15 VA/m

Example: In the installation of the previous example, current transformer is connected to the capacitor bank
through a line of 10 meters long with 2.5 mm2 section cable. The bank is equipped with a MCR
controller.

Losses in the line: 10 m · 0.37 VA/m = 3.7 VA
Power of the MCR controller: 0.5 VA

-----------
Total power 4.3 VA

A power of 5 VA, which is the normalized value immediately higher to the one obtained by the
calculation will be chosen. Required transformer will then be :

1500/5 A   5 VA

Precision class 

To work, there should be usually used transformers of class 1. Nevertheless, for transformers of small current,
it can be necessary to work with transformers of class 3.

Note: If the distance between the transformer and the bank is very high and the losses in the line are
higher than the power of the transformer, important measuring errors are originated. In this case,
it shall be used an impedance adapter transformer, which reduces the value of the current to only
100 mA. One second adapter transformer gives back the current to its level of .../5 A before the
controller of the bank.

Adding current transformers

When it is necessary to compensate two or more feeding
transformers through only one capacitor bank, a current
transformer has to be installed on each transformer, as well
as to integrate its signals through an adding current
transformer, which will be the one in charge to give the signal
to the controller.  

To allow summing the intensities of the transformers, these
latter ones must have the same transformation relation. In
the example of the figure, the final constant of the current
transformer will be : 
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CURRENT TRANSFORMERS WITH SPLIT-CORE
TCP SERIES

Current transformers TCP series are designed to facilitate their assembly in both, new installations and those that
are already working. 
In the conventional transformers it is imperative to interrupt the primary circuit to set up the cables or  busbars
through the interior of the core. The practicable core of TCP transformers allows its assembly without needing
to interrupt the supply of electrical power, what represents a considerable installation saving cost.

TECHNICAL CHARACTERISTICS

Maximal voltage of the network 0.6 kV  50 Hz
Frequency 50 ... 60 Hz
Insulation level 0.6 / 3 kV
Max. transitory current 20 IN  
Working temperature - 10 / + 50 EC
Precision class 0.5
Intensity of the secondary ... / 5 A
Casing Self-extinguishing V0
Standards IEC 185, VDE 414

UNE 21088

POWER (VA) Core opening

Reference Type(A) class: 0.5 1 3 w(mm) l(mm) a(mm) Weight(kg)

TCP02301005  100/5   -  - 1.5 20 30 51 0.75
TCP02301505  150/5   -  - 2 20 30 51 0.75
TCP02302005  200/5   - 1.5 2.5 20 30 51 0.75
TCP02302505  250/5   - 2 4 20 30 51 0.75
TCP02303005  300/5 1.5 4 6 20 30 51 0.75
TCP02304005  400/5 2.5 6 10 20 30 51 0.75

TCP05802505  250/5 1 2 4 50 80 78 0.90
TCP05803005  300/5 1.5 3 6 50 80 78 0.90
TCP05804005  400/5 1.5 3 10 50 80 78 0.90
TCP05805005  500/5 2.5 5 15 50 80 78 0.90
TCP05806005  600/5 2.5 5 17.5 50 80 78 0.90
TCP05807505  750/5 3 6 18 50 80 78 0.90
TCP05808005  800/5 3 7 18 50 80 78 0.90
TCP05810005 1000/5 5 10 20 50 80 78 0.90

TCP08802505  250/5 1 2 4 80 80 108 1.00
TCP08803005  300/5 1.5 3 6 80 80 108 1.00
TCP08804005  400/5 1.5 3 10 80 80 108 1.00
TCP08805005  500/5 2.5 5 15 80 80 108 1.00
TCP08806005  600/5 2.5 5 17.5 80 80 108 1.00
TCP08807505  750/5 3 6 18 80 80 108 1.00
TCP08808005  800/5 3 7 18 80 80 108 1.00
TCP08810005 1000/5 5 10 20 80 80 108 1.00

TCP81205005  500/5   - 4 12 80 120 108 1.20
TCP81206005  600/5   - 5 14 80 120 108 1.20
TCP81207505  750/5 2.5 6 17 80 120 108 1.20
TCP81208005  800/5 3 7 18 80 120 108 1.20
TCP81210005 1000/5 5 9 20 80 120 108 1.20
TCP81212005 1200/5 6 11 24 80 120 108 1.20
TCP81212505 1250/5 7 15 28 80 120 108 1.20
TCP81215005 1500/5 8 17 30 80 120 108 1.20
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Cables and fuses

Dimensioning of the connection cables and protection fuses of power capacitors is made from their rated
current. Rated current of the capacitors is printed in their characteristics plate and can be calculated from
the following formula: 

Fuses

Due to the high connection overcurrents, fuses must be calibrated to a value of 1.6 to 2 times the rated
current of the capacitor to protect.

Cables

Feeding cables of the capacitors must be dimensionated taking into account that their rated current can be
increased even up to a 30% in the case of harmonics.

In the Table are given the cable sections and calibre of the fuses for two usual working voltages: 

Power UN =  230 V               UN =  400 V               
QN (kvar)   IN (A) Fuse (A)   mm2 Cu*)   IN (A)   Fuse (A)   mm2 Cu*)

2 5.0 10 1.5 2.9 10 1.5 
2.5 6.3 16 1.5 3.6 10 1.5 

3 7.5 16 1.5 4.3 10 1.5 
4 10.0 20 2.5 5.8 10 1.5 
5 12.6 25 2.5 7.2 16 2.5 

7.5 18.8 35 4 10.8 20 2.5 
10 25.1 50 6 14.4 25 4 

12.5 31.4 63 10 18.0 35 6 
15 37.7 63 10 21.7 50 6 
20 50.2 100 16 28.9 50 10 
25 62.8 125 25 36.1 63 10 
30 75.3 125 50 43.3 80 16 
35 87.9 160 50 50.5 100 16 

37.5 94.1 160 50 54.1 100 25 
40 100.4 160 70 57.7 100 25 
50 125.5 200 95 72.2 125 35 
60 150.6 250 120 86.6 160 50 
75 188.3 300 150 108.3 160 70 
80 200.8 315 185 115.5 200 70 
90 225.9 400 185 129.9 250 95 

100 251.0 400 240 144.3 250 95 
125 313.8 500 2x120 180.4 315 150 
150 376.5 630 2x150 216.5 400 185 
180 451.8 2x400 2x185 259.8 400 240 
200 502.0 2x500 3x120 288.7 500 2x95
240 602.5 3x300 3x185 346.4 630 2x150
250 627.6 3x400 3x185 360.8 630 2x150

*) Cable sections established from the Standard HD 384-5-523 (UNE 20460), for multiconductor cable
(threecores) of PVC, installed in the open air and for an environment temperature of 40 EC.
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Fig. 1

Fig. 2
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Power factor correction

1.   ACTIVE AND REACTIVE POWER, POWER FACTOR

Devices consuming electrical energy present two type of loads: resistive and reactive. Those purely resistive
are characterized because the current absorbed is placed in phase with the applied voltage 
(fig. 1). This is the case of incandescent lamps, electrical
heaters, and so on.

In this type of loads the network power absorbed is totally
transformed in mechanical power, in heat or in any o other
form of energy. The current absorbed by these loads is
called active current.
An ideal reactive load (inductive) absorbs a current that is
out of phase 90E in delay in relation to the applied voltage
(fig. 2). In this case the power absorbed is not transformed
in useful work or in heat, but stored in form of an electrical
or magnetic field during a short period of time, being
returned to the network in a time equal to the one it took to
be stored, by resulting a void net consumption. Currents
absorbed by these loads are known as reactive currents.
Usual real loads found in industrial installations can be
considered as composed by one part purely resistive, in
parallel with another part ideally reactive (fig. 3). In the
transmission lines, discharge lamps, electric motors,
transformers, soldering equipments, induction furnaces
and so on, the reactive part of the load is of magnitude
comparable to the resistive or active part.

In the figure 3, IA represents the active current, IR the reactive current and I the total current requested by the
load. Cosine of the angle that is forming the active current IA with the total current I, is called power factor or
(in perfectly sinusoidal systems) cosn :

                    IA
   cosn  =  ))                              (1)
                    I

Power factor can vary between 0 and 1. Approximate
values of the power factor in the most usual loads are
following indicated: 

  Loads cosn

Lighting Incandescent lamp   1.00
Fluorescent lamp 0.60
Mercury vapour lamp   0.50
Sodium vapour lamp   0.70

Induct.motor Unloaded-Full load      0.15-0.85 
Soldering Resistance soldering   0.55

Arc soldering 0.50
Furnaces Induction furnaces      0.60-0.80

Arc furnaces      0.80-0.85
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Fig. 3

Fig. 4

Power really consumed by the installation, called active
power is equal to the product of the active current IA and
the feeding voltage V, (P = V · IA), being watt (W) or
kilowatt (kW) its units. This power is the one registered by
the installation meter. 

Reactive power absorbed by the installation is equal to
the product of the reactive current IR by the feeding voltage
V, (Q = V · IR), being measured in var or kvar. This power
is not registered by the meter of the installation (unless
there is a special meter for the reactive energy).

Total current absorbed by the installation, I, multiplied by
the feeding voltage V, gives us the apparent power (S =
V · I), which is measured in VA or in kVA.

As a summarize:

Active Power Reactive Power Apparent Power

P = V · IA     (kW) Q = V · IR     (kvar) S = V · I      (kVA)

Useful power. 
Registered by the meter

Necessary power but not
transformable in useful energy.
Not registered by the meter of
active

Total power that flows towards
the installation through the
lines, transformers, equipments
and so on.

In the case of three phase systems, above products shall
be multiplied by %3.

As the described powers are proportional to the currents,
they can be represented in graphics in the same way (fig.
4).

In figure 4 it is seen that the bigger the reactive current IR
is (and so then Q), the bigger will be the angle n and in
consequence, lower the power factor (cosn). A low power
factor implies a high consumption of reactive power and
then an increasing in the losses in the lines and
transformers.

From the economical point of view, this can mean the
necessity of using cables of higher section and even the
necessity of substituting the equipments of transformation
if total power required is superior to the capacity of the
equipments already existing. 

The other economical factor to be taken into account is the one of the additional charges that supplying
companies apply because of the low power factor. 
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Fig. 5

Fig. 6

2.   POWER FACTOR CORRECTION

The most easy and economical way to increase power
factor, reducing then the reactive power consumption of
the load, is the installation of capacitors.

In figure 5 it has been added to the load a power capacitor
installed in parallel. 

Power capacitors connected in parallel with the load
absorb a reactive current of capacitive type which is out of
phase 90E in advance in regard to the voltage.

This current is in phase opposition in regard to the reactive
current of inductive type of the load, producing its
superposition a decrease of the total reactive current (and
power) of the installation (fig. 6).

By knowing the active power (kW) and the power factor
(cos n1) of an installation, it is then very easy to determine
the necessary reactive power (kvar) of the capacitors to
increase the power factor to a new value (cos n2). From
figure 6 it is deduced the relation:

 QC  =  P · (tgn1 - tgn2) (2)

To avoid having to make calculations, later one there is included a table that gives the multiplying factor (tgn1
- tgn2) of the active power.

3.   ADVANTAGES OF THE POWER FACTOR CORRECTION

3.1 Better profiting of transformers and
generators 

Transformers are dimensioned depending on the power
they must transform. This power is measured in kVA
(apparent power).

Being the active power and the apparent power united by
the expression P = S · cosn, it is clear that if a transformer
feeds a load with power factor equal to the unit, it will be
possible to profit all its apparent power as active power,
while if power factor is low, maximum active power that the
machine will be able to give will be only of one fraction its
apparent power.

For instance, if we consider a transformer of 250 kVA, it
can supply the following active power, without being
overloaded, depending on the power factor: 

cos n P (kW)

  0.5   125
  0.6   150
  0.7   175
  0.8   200
  0.9   225
  1.01   250
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3.2 Reduction of losses by Joule effect

Heat losses in the lines are caused by both, active and reactive currents, representing an energy that it is
lost but payed by the consumer. 

Power losses due to the Joule effect in a three phase line is given by the formula:

P =  3 · R · I² =  3 · R · I²A + 3 · R · I²R   (3)   

where: P = Active power losses in the line
R = Resistance of the line
I = Current of the line
IA= Active component
IR= Reactive component

From equation (3) it is deduced that losses generated by the reactive component of the current are
independent of the active power transported by the line. When connecting capacitors in parallel to the load,
IR reactive current and losses in the line decrease.

Should be observed that power losses depend on the square of the current. In a discharge lamp with a cosn
= 0.5, losses produced by the reactive current are three times bigger to those caused by the active current.
In a motor with a cosn = 0.7, half of the losses are due to the reactive current.

As an example, let's see the losses that experiments a cable of 3 x 25 mm² and 50 m length, transporting
40 kW with different values of the power factor:

cos n P (kW)

 0.5   1.6
 0.6   1.1
 0.7   0.8
 0.8   0.6
 0.9   0.5
 1.01   0.4

Definitively and for what on losses concerns, correction of the power factor offers the following advantages:

F In an installation already working, it very much reduces the losses in the lines or by keeping them
constantly it increases the effective power that the line can transport.  This allows to delay having
to widen the cables or the transformers and some times even making this unnecessary.  Power that
can be transported through the line after the improvement of the power factor can be calculated by
means of the following formula:

                     cosn2
    P2  =  P1 )))))       (4)
                     cosn1

F In an installation still in project, for an established level of losses, it allows to dimension with more
reduced sections and so much more economical.
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cosn '
WA

W 2
A %W 2

R

(5)

3.3   Energy cost decrease

As indicated before, current that registers the meter (active current) is lower than the total current that it is
actually circulating through the installation and which is the one really generated and transported by the
supplying company, who will dimension its generators and transformers not depending on the power able
to be invoiced, but depending on the apparent power, always bigger to the first one mentioned. This is the
reason for which the companies apply an additional charge presenting a low power factor.

Example: (Spanish tariff of electrical energy)

Additional charges being applied nowadays in Spain were fixed by the Ministerio de Industria y Energía
(Ministry of Industry and Energy) in the B.O.E. 251 dated 20/10/83, being calculated from the average (cosn)
power factor of the installation. Average cos n is determined from the following formula:

where: WA = Quantity registered by the meter of active energy (kWh)
WR = Quantity registered by the meter of reactive energy (kvarh)

Installation of meters to measure the reactive energy is compulsory for over 50 kW of the contracted power,
being its installation optional on behalf of the subscriber if the contracted power is lower than this value.
Percentage value of the additional charge, that it is applied to the sum of the power and energy terms, is
determined by the following formula:

                   17
 Kr(%) =  )))) - 21  (6)
                  cosn

Application of this formula to several values of the cos n gives the following results:

  cosn      Charge (%)    Credit (%)

 1.00 ---- 4.0
 0.95 ---- 2.2
 0.90  0.0 0.0
 0.85  2.5 ----
 0.80  5.6 ----
 0.75  9.2 ----
 0.70 13.7 ----
 0.65 19.2 ----
 0.60 26.2 ----  
 0.55 35.2 ----
 0.50 47.0 ----

As it can be seen, correction of the power factor not only gets to eliminate charges up to 47% in the invoice
of the electrical company but also to produce credits of since the 4%.
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cosn1 '
WA

W 2
A %W 2

R

(5)

4.   CALCULATION OF THE NECESSARY REACTIVE POWER OF AN INSTALLATION

Calculation of the necessary power of an automatic capacitor bank to compensate the reactive power of an
installation presents two stages:

1st Determination of both, the power factor and the load of the installation

2nd Calculation of the necessary reactive power to achieve the new power factor

4.1   DETERMINATION OF THE POWER FACTOR 

Power factor of an industrial installation suffers important variations, which extent depends on the nature of
the installed equipments and also on their working timetable. It is so then convenient to clearly determine in
each case in which conditions it has to be measured.

4.1.1   Use of Network Analyzers

There is nowadays in the market a large variety of network analyzing instruments, specially adapted for this
application, from simple phasemeters that provide an accurate and immediate lecture of the cosn, up to more
complete instruments that also provide the active and reactive power of the installation.

After a connection period for the acquisition of data, the most sophisticated instruments allow the supply of
complete information on the average and the full load values of the power factor, the active and reactive
power, as well as on the presence of harmonics.

The using of one of these instruments offers the most effective result in the determination of the power factor
because it allows to monitorize the installation during complete working cycles and makes possible the
most adequate election of the rated power of the automatic capacitor bank.

4.1.2   Installations with a reactive energy meter

When an analyzer is not available and the load is not subject to big variations during the working day, the
following formula (5) can be applied:

where: WA = kWh consumed during a long period of time (one month, i.e.)
WR = kvarh consumed during the same period of time

kWh and kvarh consumed can be obtained through the supplying invoices or as well through the direct
watching of the meters.

Example: Industrial plant working from Mondays to Fridays in one shift (8 h/day).
Data obtained from a supplying invoice of electrical energy:

Active energy consumption: 33600 kWh
Reactive energy consumption: 44688 kvarh
Invoicing period: 1 month
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cosn1 '
33600

336002%446882
' 0.60

P '
WA

lecture time(h)
'

33600 kWh
168 h

• 200 kW (7)

cosn1 '
WA

W 2
A %W 2

R

'
3.5

3.52%4.812
• 0.59

P '
WA

lecture time(h)
'

3.5 kWh
1/60 h

• 210 kW

tgn1 '
WR

WA
(8)

cosn1 '
1

1 % tg 2n1
(9)

by applying formula (5) it is obtained:

For the later calculation of the power of the capacitors to be used, it is also necessary to know the active
power. Active power can be determined by dividing the active energy by the time taken as lecture period. In
the example, this time is of 21 days x 8 hours = 168 hours:

Cosn being calculated in this way, gives us an idea of the AVERAGE value of the power factor. As
previously indicated, if during the working day big variations of charge are presented and if the variable loads
come from different equipments, it should be determined the power factor at FULL LOAD. 

Power factor at full load can be determined (if we do not have a network analyzer) by looking at
simultaneously both meters during a small period of time (i.e. one minute) and writing down the number of
revolutions they have done. This measurement shall be done at the time the installation is working at full
load . This system shall be used with caution due to the possibilities of mistakes that it implies. 

Example: We observe the meters of the above industrial installation during a working period at full
load, finding that during one minute the meter of active energy turns 70 times and the one
of reactive 77 times.

Constant of the active meter is 20 rev per 1 kWh and constant of the reactive meter is 16
rev per 1 kvarh.

Active energy consumed is: and the reactive energy is:

   70 rev  77 rev
  ))))))  =   3.5 kWh  )))))))  =   4.81 kvarh
   20 rev/kWh 16 rev/kvarh

Through the formula (5) we get:

and the value of the active power at full load will be (7):

Note : Another calculation variant is to use the formulas
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S ' 3· U· I · 1000 (10)

4.1.2   Installations without meter of reactive energy

If the installation has not a meter of reactive energy, energy and active power are determined in the same
way that in previous cases through the meter of active energy. To determine power factor it is necessary to
have additional measuring instruments. These instruments shall be at least, one voltmeter and one ammeter.

System to be followed is:  The active power is determined through the meter in conditions of full load.
Simultaneously, through the voltmeter and the ammeter it is measured the voltage between phases and the
current of phase. This system must be used also with caution due to the higher possibilities of mistakes that
it involves.

With values of voltage and current, apparent power can be calculated through the following formula: 

being: S = Apparent power (kVA)
U = Voltage between phases (V)
I = Current of phase (A)

calculating through the following formula the value of cos n1 in these conditions:

        P (kW)
     cos n1  = )))))))     (11)

        S (kVA)

4.2  CALCULATION OF THE NECESSARY REACTIVE POWER

In an installation which active power is P and its power factor cos n1,  necessary power of the capacitors to
pass to a new power factor cos n2 is given by (2):

 QC  =  P · (tgn1 - tgn2) (2)

being: QC  =  Necessary reactive power in kvar
P    =  Active power of the installation in kW

To simplify calculations, the expression (tgn1 - tgn2) can be calculated and presented in a table form as a
multiplying coefficient of the active power. In next page it is included Table 1 that forwards this coefficient
depending on the initial and final cos n. 

If the load is not subject to big variations during the working day, average values calculated according to what
mentioned before can be used as cos n1 and power. In this case,  cos n2 to be reached should be foreseen
to a slightly higher value to the minimum fixed by the company of electricity (0.90 in Spain), so that in the
moments of full load, work is not done under a too low power factor.

If the load experiments important variations during the working day, it shall be taken as cos n1 the power
factor at full load, determined through a network analyzer or through any of the above mentioned procedures.
In this case,  active power to consider will be also the one at full load.  Cos n2 to be reached can be taken
the same minimum one required by the company, even a detailed economic study can prove that in certain
cases, compensation to a cosn higher than this minimum can be interesting due to the credit note that it is
received from the company.
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TABLE 1

Capacitor power in kvar per kW of load to pass from cosn1  to  cosn2

    Initial                                                   cosn2    values     
tgn1 cosn1  0.80 0.86 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1.00

1.98 0.45 1.230 1.384 1.501 1.532 1.561 1.592 1.626 1.659 1.695 1.737 1.784 1.846 1.988
1.93 0.46 1.179 1.330 1.446 1.473 1.502 1.533 1.657 1.600 1.636 1.677 1.725 1.786 1.929
1.88 0.47 1.130 1.278 1.397 1.425 1.454 1.485 1.519 1.532 1.588 1.629 1.677 1.758 1.881
1.82 0.48 1.076 1.228 1.343 1.370 1.400 1.430 1.464 1.497 1.534 1.575 1.623 1.684 1.826
1.77 0.49 1.030 1.179 1.297 1.326 1.355 1.386 1.420 1.453 1.489 1.530 1.578 1.639 1.782
1.73 0.50 0.982 1.132 1.248 1.276 1.303 1.337 1.369 1.403 1.441 1.481 1.529 1.590 1.732
1.68 0.51 0.936 1.087 1.202 1.230 1.257 1.291 1.323 1.357 1.395 1.435 1.483 1.544 1.686
1.64 0.52 0.894 1.043 1.160 1.188 1.215 1.249 1.281 1.315 1.353 1.393 1.441 1.502 1.644
1.60 0.53 0.850 1.000 1.116 1.144 1.171 1.205 1.237 1.271 1.309 1.349 1.397 1.458 1.600
1.55 0.54 0.809 0.959 1.075 1.103 1.130 1.164 1.196 1.230 1.268 1.308 1.356 1.417 1.559
1.51 0.55 0.769 0.918 1.035 1.063 1.090 1.124 1.156 1.190 1.228 1.268 1.316 1.377 1.519
1.47 0.56 0.730 0.879 0.996 1.024 1.051 1.085 1.117 1.151 1.189 1.229 1.277 1.338 1.480
1.44 0.57 0.692 0.841 0.958 0.986 1.013 1.047 1.079 1.113 1.151 1.191 1.239 1.300 1.442
1.40 0.58 0.665 0.805 0.921 0.949 0.976 1.010 1.042 1.076 1.114 1.154 1.202 1.263 1.405
1.36 0.59 0.618 0.768 0.884 0.912 0.939 0.973 1.005 1.039 1.077 1.117 1.165 1.226 1.368
1.33 0.60 0.584 0.733 0.849 0.878 0.905 0.939 0.971 1.005 1.043 1.083 1.131 1.192 1.334
1.30 0.61 0.549 0.699 0.815 0.843 0.870 0.904 0.936 0.970 1.008 1.048 1.096 1.157 1.299
1.26 0.62 0.515 0.665 0.781 0.809 0.836 0.870 0.902 0.936 0.974 1.014 1.062 1.123 1.265
1.23 0.63 0.483 0.633 0.749 0.777 0.804 0.838 0.870 0.904 0.942 0.982 1.030 1.091 1.233
1.20 0.64 0.450 0.601 0.716 0.744 0.771 0.805 0.837 0.871 0.909 0.949 0.997 1.058 1.200
1.17 0.65 0.419 0.569 0.685 0.713 0.740 0.774 0.806 0.840 0.878 0.918 0.966 1.007 1.169
1.14 0.66 0.388 0.538 0.654 0.682 0.709 0.743 0.775 0.809 0.847 0.887 0.935 0.996 1.138
1.11 0.67 0.358 0.508 0.624 0.652 0.679 0.713 0.745 0.779 0.817 0.857 0.905 0.966 1.108
1.08 0.68 0.329 0.478 0.595 0.623 0.650 0.684 0.716 0.750 0.788 0.828 0.876 0.937 1.079
1.05 0.69 0.299 0.449 0.565 0.593 0.620 0.654 0.686 0.720 0.758 0.798 0.840 0.907 1.049
1.02 0.70 0.270 0.420 0.536 0.564 0.591 0.625 0.657 0.691 0.729 0.769 0.811 0.878 1.020
0.99 0.71 0.242 0.392 0.508 0.536 0.563 0.597 0.629 0.663 0.701 0.741 0.783 0.850 0.992
0.96 0.72 0.213 0.364 0.479 0.507 0.534 0.568 0.600 0.634 0.672 0.712 0.754 0.821 0.963
0.93 0.73 0.186 0.336 0.452 0.480 0.507 0.541 0.573 0.607 0.645 0.685 0.727 0.794 0.936
0.90 0.74 0.159 0.309 0.425 0.453 0.480 0.514 0.546 0.580 0.618 0.658 0.700 0.767 0.909
0.88 0.75 0.132 0.282 0.398 0.426 0.453 0.487 0.519 0.553 0.591 0.631 0.673 0.740 0.882
0.85 0.76 0.105 0.255 0.371 0.399 0.426 0.460 0.492 0.526 0.564 0.604 0.652 0.713 0.855
0.82 0.77 0.079 0.229 0.345 0.373 0.400 0.434 0.466 0.500 0.538 0.578 0.620 0.687 0.829
0.80 0.78 0.053 0.202 0.319 0.347 0.374 0.408 0.440 0.474 0.512 0.552 0.594 0.661 0.803
0.77 0.79 0.026 0.176 0.292 0.320 0.347 0.381 0.413 0.447 0.485 0.525 0.567 0.634 0.776
0.75 0.80 ----- 0.150 0.266 0.294 0.321 0.355 0.387 0.421 0.459 0.499 0.541 0.608 0.750
0.72 0.81 ----- 0.124 0.240 0.268 0.295 0.329 0.361 0.395 0.433 0.473 0.515 0.582 0.724
0.69 0.82 ----- 0.098 0.214 0.242 0.269 0.303 0.335 0.369 0.407 0.447 0.489 0.556 0.698
0.67 0.83 ----- 0.072 0.188 0.216 0.243 0.277 0.309 0.343 0.381 0.421 0.463 0.530 0.672
0.64 0.84 ----- 0.046 0.162 0.190 0.217 0.251 0.283 0.317 0.355 0.395 0.437 0.504 0.645
0.62 0.85 ----- 0.020 0.136 0.164 0.191 0.225 0.257 0.291 0.329 0.369 0.417 0.478 0.620
0.59 0.86 ----- ----- 0.109 0.140 0.167 0.198 0.230 0.264 0.301 0.343 0.390 0.450 0.593
0.57 0.87 ----- ----- 0.083 0.114 0.141 0.172 0.204 0.238 0.275 0.317 0.364 0.424 0.567
0.54 0.88 ----- ----- 0.054 0.085 0.112 0.143 0.175 0.209 0.246 0.288 0.335 0.395 0.538
0.50 0.89 ----- ----- 0.028 0.059 0.086 0.117 0.149 0.183 0.230 0.262 0.309 0.369 0.512
0.48 0.90 ----- ----- ----- 0.030 0.058 0.089 0.121 0.155 0.192 0.234 0.281 0.341 0.484
0.46 0.91 ----- ----- ----- ----- 0.030 0.060 0.093 0.127 0.164 0.205 0.253 0.313 0.456
0.43 0.92 ----- ----- ----- ----- ----- 0.031 0.063 0.097 0.134 0.175 0.223 0.284 0.426
0.40 0.93 ----- ----- ----- ----- ----- ----- 0.032 0.067 0.104 0.145 0.192 0.253 0.395
0.36 0.94 ----- ----- ----- ----- ----- ----- ----- 0.034 0.071 0.112 0.160 0.220 0.363
0.33 0.95 ----- ----- ----- ----- ----- ----- ----- ----- 0.037 0.078 0.126 0.186 0.329
0.29 0.96 ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.041 0.089 0.149 0.292
0.25 0.97 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.048 0.108 0.251
0.20 0.98 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.061 0.203
0.14 0.99 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.142

Examples:

Power of the load = 200 kW 210 kW
Initial power factor, cos n1 =       0.60 0.59
Desired power factor, cos n2 = 0.90 0.90

It is required a capacitor of  200 x 0.849 = 170 kvar  210 x 0.884 = 185 kvar
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TECHNICAL APPLICATION NOTE TS 03-017I  Issue  0

Life of power capacitors

Customers ask very often which is the approximated
expected life of power capacitors. 

Life of a power capacitor is a parameter which is
measured in tens of years and that shall be
calculated through trials and indirect tests. 

For the valuation of the effective life in capacitors it is
successfully used a law of potential type, as the one
indicated in equation 1, which extrapolates the
results obtained in an accelerating ageing test. 

A law of this type is used between other cases in the
IEC 1049 Standard to determine the expected life of
capacitors for power factor correction in lighting
equipments. 

where: L =   Expected life of the capacitor
LTest =   Duration of ageing test
UTest =   Voltage applied during ageing test 
UN =   Rated voltage of the capacitor 
k =   Coefficient which depends on the technology of the capacitor

For capacitors of metallized polypropylene it is usually used a value of k . 9.

A test of accelerating ageing consist in submitting the capacitor during a long working period at a higher
voltage than the one in service, while at the same time it is under the maximum working temperature. IEC
831 Standard establishes, for instance, that low voltage power capacitors have to succeed a 1500 hours
duration test with a voltage 25% higher than the rated one, without appearing any short-circuit and with a
diminution of capacitance (or power) lower than 5%.

In the figure it is shown the typical ageing test result of a group of LIFASA power capacitors with rated
voltage 400 V, tested at 500 V. If as failure criteria it is taken a decrease of capacity of 5%, through the
graphic can be deducted that the mean life of a power capacitor is of about 160.000 hours, which is
approximately equivalent to 18 years of continuous service. If the capacitor does not work 24 hours a day,
then of course, its duration will be bigger.

As reliability of a power capacitor depends in great measure on the installation and working conditions, above
results suppose that capacitor works within its rated parameters of voltage, temperature and current. In
relation to this point it is necessary to emphasize the importance of respecting the working condition indicated
in the Installation Instructions (ICP) which are joining capacitors and that are based in the "Guide for
installation and operation of power capacitors" of the IEC 831 Standard.
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TECHNICAL APPLICATION NOTE         
 
Internal heating of capacitor banks 
 
A very important matter to consider when working in the design of a capacitor bank for the automatic 
compensation of the power factor, is the one of its internal heating. 
 
This heating, provoked by the losses of the components that are placed inside, produces an increase of 
the temperature that should be lower to the maximum working temperatures of the equipment and 
capacitors. This point is especially important in the case of power capacitors because their work at 
temperatures higher than the maximum expected, produce a premature ageing of the dielectric. 
 
An estimation of the heating of the equipment to be built can be easily done by taking the following steps: 
 

o Calculation of losses  
o Determination of the cooling surface  
o Calculation of the temperature rise  

 
1st CALCULATION OF LOSSES 
 
Internal dissipation of the capacitor bank is the sum of the individual losses of each of its components:  
 
 
Fuses 
 
 
Losses of the link fuses and their bases 
are usually indicated in the catalogue of 
manufacturer.  
 
Most usual values for several types and 
sizes of fuses are indicated in the table. 
 
 
 
 
 
 
 
Contactors 
 
Dissipated power due to contactors is 
composed of the power consumed by the 
coil besides the one dissipated in the 
contacts. These values can be found in 
the technical information from the 
contactor manufacturer. 
 
Guiding values of the total power 
dissipation of several contactors for 
different capacitor powers are indicated in 
the table.  
 
 
 

Losses for each type of fuse IN (A) DO NH 00 NH 0 NH 1 
25 2.5 W 1.7 W   
35 3.0 W 2.4 W 2.4 W  
50 3.5 W 3.6 W 3.6 W  
63 4.0 W 4.6 W 4.6 W 4.6 W 
100  7.5 W 7.5 W 7.5 W 
125  9.5 W 9.5 W 10.0 W 
160  10.7 W 12.0 W 12.7 W 
200    16.4 W 
250    21.5 W 

Contactor for a 
capacitor 

Coil 
losses 

Losses 
per pole 

Total 
Power 

20 kvar 400 V 4.5 W 7.0 W 25.5 W 

30 kvar 400 V 4.5 W 7.0 W 25.5 W 

40 kvar 400 V 4.5 W 10.5 W 36.0 W 

50 kvar 400 V 4.5 W 10.5 W 36.0 W 

60 kvar 400 V 4.5 W 14.0 W 56.5 W 

75kvar 400 V 4.5 W 14.0 W 56.5 W 
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Cables 
 
Internal cables of the capacitor bank are an important source of heating 
inside the equipment. 
 
 
To evaluate its contribution there must be determined: total length of the 
cables, current circulating through the cable. Next, following formula has 
to be applied: 
 

( ) 2·IRWP =  
 
 
where 
 R = Resistance of the conductor in ohm 

I  = Current in the conductor (A) 
P = Total dissipated power (W) 
 

R resistance is calculated by multiplying total length of the conductors by 
the value given in the enclosed table.  
 
 
Power capacitors 
 
Power capacitor losses can be considered in regard to 0.5 W per each kvar. 
 
 
Harmonic filters 
 
If the bank is equipped with harmonic 
protection filters, the reactors also 
contribute to the heating inside the cabinet. 
 
 
In the table there are indicated the values 
of power dissipated by each one of 
components that they form the protection 
filter and the total power dissipated of the 
filter 
 
 
 
 
 
Other equipments 
 
If the bank is incorporating other equipments (main general switch, reactors, transformers, etc.) their 
losses must be also taken into account. 
 
 
2nd COOLING SURFACE 
 
Cabinet without openings  
 
It is calculated the surface of the cabinet which contributes to the refrigeration (by radiation and 
convection). In normal conditions this surface will be the sum of the lateral panels, the rear panel, the 
door and the ceiling. 
 
 

Section 
(mm2) 

Resistance 
(Ω/km) 

4 4.95 
6 3.3 

10 1.91 
16 1.21 
25 0.78 
35 0.554 
50 0.386 
70 0.272 
95 0.206 
120 0.161 

Power of 
filter (400V) 

Reactor 
losses 

Capacitor 
losses 

Total 
losses 

5 kvar 25 W 3 W  28W 
10 kvar 50 W 5.5 W 55.5 W 
15 kvar 57 W 8 W 65 W 
20 kvar 76 W 11 W 87 W 
25 kvar 90 W 13.5 W 103.5 W 
 30 kvar 120 W 16 W 136 W 
37.5 kvar 138 W 20 W 158 W 
40 kvar 145 W 21.5 W 166.5 W 
50 kvar 185 W 27 W 212 W 
60 kvar 205 W 32 W 237 W 
75 kvar 230 W 40.5 W 270.5 W 
80 kvar 235 W 43 W 278 W 
100 kvar 250 W 54 W 304 W 
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Cabinet with openings 
 
In the cabinet with openings for the natural convection, besides the surface refrigeration, the surface of 
inlet air openings and the exit air openings are very important. By means of these data and the following 
graphic we will get the constant "k" of the cabinet: 
 

 
 

Graph 1 (Standard CEI 890) 
 
 
REMARK:  If the opening surface for the air entrance is higher than 700cm2, the constant "k" of the 

cabinet will be the same value of 700cm2. 
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3rd CALCULATION OF TEMPERATURE RISE 
 
Cabinet without openings  
 
Increase average of the temperature in the interior of a closed cabinet is calculated through the formula: 
 

Ah
PT T

·
=∆  

            
where, )T  = Increase of temperature in the interior of the cabinet 

h    = Coefficient of transmission (convection and radiation) 
approximately 5.8 W/m2 K for metallic cabinets 

5.2 W/m2 K for insulating cabinets 
 

A   = Cooling surface in m2 
PT  = Total power of losses in W 

 
Cabinet with openings 
 
In this case the temperature average increase inside the cabinet is calculated through the formula:  
 

715,0· TPkT =∆  
            
where, )T  = Increase of temperature in the interior of the cabinet  

k    = Constant of the cabinet (see graph 1) 
PT  = Total power of losses in W 
 

EXAMPLE OF CALCULATION 1: Capacitor bank without harmonic protection having the following 
characteristics: 

o Capacitor bank 300 kvar 400 V 
o Composition 6 x 50 kvar  400 V 
o Fuses NH00  125 A 
o Power cables 50 mm2, total length 18 m 
o Dimensions of metallic cabinet  2000 x 1000 x 400 mm 

 
 
1st   Calculation of losses 
 
Fuses:  6 x 3 x 9.5 W   171 W 
 
Contactors:  6 x 36 W   216 W 
 
Cables:  18 x 0.000386 x 72.22    36 W 
 
Capacitors: 6 x 50 x 0.5   150 W 
 
   Total losses  573 W 
 
 
2nd Cooling surface 
 
Lateral panels 2 x 1 x 0.4   0.8 m2 
 
Rear part and door  2 x 2 x 1  4.0 m2 
 
Ceiling   1 x 0.4    0.4 m2 
 
   Total surface  5.2 m2 
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3rd Calculation of temperature increase 
 

19
2,5·8,5

573
·

===∆
Ah

PT T
 

 
Average increase of temperature in the interior of the cabinet will be then 19 EC.  If room temperature is 
30 EC, temperature inside of the cabinet will be 49 EC, lower than the maximum 50 EC recommended by 
the IEC 831 Standard for power capacitors. 
 
If outside temperature is expected to be higher, following solutions can be used:  
 
o Enlarge the size of the cabinet in order to have a bigger refrigeration surface 
 
o Use a cabinet having lower and upper openings, so to easier refrigeration by natural 

convection:  for instance, a capacitor bank with similar characteristics, N450 type, equipped with 
ventilation openings on the lateral and frontal panels, shows a temperature increase of only 15 EC. 

 
o Use a ventilator to improve even more the refrigeration by convection: 
 

In this case the additional decrease of temperature depends on the air flow of the ventilator used and 
it has to be calculated according to the instructions of the ventilator manufacturer.  
Here following it is exposed a simplified system of calculation in which the flow can be calculated by 
the formula: 

( ) ( )
T

WPhmV D

∆
=

·1,3/3  

 
where, V   =     Necessary air flow (m3/h) 

PD  = Extra power to be dissipated by the ventilator (equal to the difference between 
total power of losses PT and the power evacuated by the own cabinet          
)T (h · A), that is :  

PD = PT - )T (h · A) 
)T  = Increase of temperature desired in the interior of the cabinet  
 

 
In the same capacitor bank of the previous example, we wish to reduce the increase of 
temperature from 19 to 10 EC   ( )T = 10 ) 
 
Extra power to be dissipated by the ventilator will be then: 
 

( ) =−= 2,5·8,510573DP  271,4W 
 
and the necessary air flow:  
 

==
10

4,271·1,3V  84 m3/h 

 
Remark: It is convenient to choose a ventilator having approximately a 15% more of air flow 

than the one calculated, so as to have a security margin and foresee the possible 
reduction of the air flow in case of working with dirty filters.  
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EXAMPLE OF CALCULATION 2: Capacitor bank with harmonic protection having the following 
characteristics: 

o Capacitor bank 100 kvar 400 V 
o Composition 4 x 25 kvar  400 V 
o Fuses D02  63 A 
o Power cables 16 mm2, total length 18 m 
o Dimensions of metallic cabinet  1300 x 710 x 525 mm 
o Inlet air openings 525cm2 
o Exit air openings 500cm2 

 
 
1st   Calculation of losses 
 
Fuses:   4 x 3 x 4 W     48 W 
 
Contactors:  4 x 25.5 W         102 W 
 
Cables :  18 x 0.00121 x 362    29 W 
 
Filter (capacitor 
and reactor):  4 x 103.5 W        414 W 
 
   Total losses             593 W 
 
 
 
2nd Cooling surface 
 
Lateral panels  2 x 1.3 x 0.625   1.625 m2 
 
Rear part and door 2 x 1.3 x 0.710   1.850 m2 
 
Ceiling   1 x 0.625 x 0.710  0.444 m2 
 
   Total surface   3.920 m2 
 
We know the total surface (3.92m2) and the inlet air opening (525cm2). Therefore the constant “k” of the 
cabinet is approximately 0.088 (see graph 1). 
 
3rd Calculation of temperature increase 
 

5.8593·088.0· 715.0715.0 ===∆ TPkT  
 
Average increase of temperature in the interior of the cabinet will be then 8.5 EC.  If room temperature is 
30 EC, temperature inside of the cabinet will be 38.5 EC, lower than the maximum 50 EC recommended 
by the IEC 831 Standard for power capacitors. 
 
If outside temperature is expected to be higher than 41.5ºC, following solutions can be used:  
 
o Enlarge the size of the cabinet and inlet air openings in order to have a bigger refrigeration 

surface 
 
o Use a ventilator to improve even more the refrigeration by convection (see example 1) 
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TECHNICAL APPLICATION NOTE TS 03-019I  Issue 3

INTEGRAL SAFETY IN LIFASA POWER CAPACITORS

Safety requirements have been taken into account in all matters of design of LIFASA power capacitors. They
form an integral part of them and cover all potential risks described in the standards of the International
Electrotechnical Commission.

PROTECTION AGAINST ECOLOGICAL AND FIRE RISKS: 

DRY CONSTRUCTION

LIFASA power capacitors are of dry construction and so, ecologically sure: there is no risk of impregnating
liquid leakage.
 
Impregnating liquids used in other types of capacitors are usually toxic and  persistent. In certain cases (PCB)
their use is even prohibited in a large number of countries. 

Dry construction of capacitors is intrinsically sure because any escape of impregnating liquid is particularly
dangerous. This is because all impregnants used nowadays are flammable. Besides, all space between
elements composing LIFASA power capacitors are filled with a material of mineral origin, inert and non-
flammable and they are mounted in strong metallic cases. 

PROTECTION AGAINST TRANSIENT OVERVOLTAGES: 

SELF-HEALING DIELECTRIC 

Capacitors are composed by capacitive elements winded with
metallized polypropylene of low looses. 

This dielectric is of self-healing type: this means that the plates of
the capacitor are of a so extremely small thickness that in the case
of a transient, overvoltage produces a dielectric breakdown, the
current circulating through the breakdown point  will vaporize the
metallic plate around this breakdown point, allowing the capacitor
to continue working normally. Self-healing process is extremely fast
and requires a few microseconds only. 

PROTECTION AGAINST ELECTRICAL DISCHARGES: 

DISCHARGE RESISTORS 

Power capacitors store electrical charges that even when being disconnected from the mains they can
produce dangerous voltages in their terminals. LIFASA power capacitors incorporate discharge resistors that
avoid any risk of electric discharges during handling of capacitors, as well as during  their installation or
maintenance operations. 

Discharge resistors used are in accordance to the new requirements of the IEC 831 standard, so their heating
is much lower than the one obtained with the previous standards,  reducing the total looses of the capacitors
and increasing the reliability of the equipment. 
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PROTECTION AGAINST PERMANENT OVERLOADS: 

CONSTRUCTIVE DESIGN

Capacitive elements that form the capacitor are fully encapsulated with thermohardening resin and are
mounted into steel cases. Void spaces between elements and the case are filled with a non-flammable inert
mineral material.

This construction system avoids any risk of explosion of the capacitor and allows to meet all the tests
specified in the IEC 831-1 and IEC 831-2 standards. Type test certificates from Official Laboratories
according to these standards are available.

INTERNAL FUSE  +  OVERPRESSURE SYSTEM   (Patented system)

In certain markets, there are standards and
specifications  asking for an individual protection of each
capacitor element. This additional protection is also
incorporated to LIFASA capacitors. Its principle of
function is as follows:

IEC standards establish maximum limits of overload, on
temperature, voltage and current among which a power
capacitor can work. 

If these limits are exceeded in a permanent way, self-
healing mechanism is likely not able to act effectively
and the overloaded capacitor can fail definitively. 

Unlike those capacitors with a metallic plate, self-healing
capacitors present a fault impedance that can have very different values. 

These impedance values produce fault currents that can vary between the order of the rated current and
several hundreds times of itself (see enclosed graphic). 

To avoid this type of failure, LIFASA power capacitors are  provided with a double protection system in each
element:  Internal fuse and Overpressure system. 

In the case of a medium or high fault current, the internal fuse acts as a conventional fuse interrupting the
circuit of the damaged element and allowing the rest of the capacitor to continue working normally.   

In the case of low fault current, not enough to blow the fuse, heating located in the damaged area of the
dielectric provokes a generation of gas that increases internal pressure of the element. This pressure
increase activates the overpressure system  which interrupts in a mechanical way the circuit of the damaged
element and allows the rest of the capacitor continues normally working. 
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400

)2 ' 100·0.902 ' 90.2 kvar

TECHNICAL APPLICATION NOTE TS 03-020I

RATED POWER VERSUS RATED VOLTAGE OF POWER CAPACITORS

VARIATION OF CAPACITOR POWER WITH VOLTAGE

In certain networks, a considerable difference may exist between the rated and service voltage of the
network. It is then common practice to give some allowance in the rated voltage of the capacitor (e.g. 
400 V rated voltage of capacitors for a 380 V network), as the performance and life of capacitor may be
adversely affected if they work above rated voltage.

The output power of a capacitor connected to a network of lower voltage than its rated voltage will
however be reduced, and can be calculated from:

Where: Qeffective = power of capacitor at Unetwork  (kvar)
QN        = rated power of capacitor (kvar)
UN              = rated voltage of capacitor (V)
Unetwork    = voltage of network (V)

For example, a 100 kvar capacitor rated at 400 V will give only about 90 kvar when connected to a 380 V
network:

Herebelow are some examples of capacitors connected to voltages other than their rated voltages, with
indication of the output obtained:

Voltage Power Voltage Power Voltage Power

400 V 100 kvar 415 V 100 kvar 440 V 100 kvar

380 V 90.2 kvar 400 V 92.9 kvar 415 V 89.0 kvar

360 V 81.0 kvar 380 V 83.8 kvar 400 V 82.6 kvar

347 V 75.3 kvar 360 V 75.3 kvar 380 V 74.6 kvar
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CALCULATION OF CAPACITOR POWER FROM CAPACITANCE VALUES 

The reactive power that a capacitor is able to supply is proportional to its capacitance value and it depends
on the voltage and frequency of the network where it is connected. The reactive power can be calculated
from:

Where: QN = rated power of capacitor (kvar)
C   = capacitance (µF)
ω   = 2 · π · fN
fN   = rated frequency (Hz)
UN   = rated voltage (V)

In the case of a three phase capacitor (delta connected), the reactive power can be
calculated from:

MEASURED (APPARENT) CAPACITANCE OF A POWER CAPACITOR

All the formulae shown above are useful if you already know the value of the internal capacitance C. Usual
problem is that you have a capacitor and you want to know or confirm which is its output. You can do that
accurately if you have a capacitance meter. These are the steps to follow:

1) ATTENTION:  Before performing any maintenance operation or handling any part of power
capacitors, remove all  fuses and check that capacitors are discharged.
Even when banks are disconnected from the mains, capacitors may still be charged. Therefore, after
removing the fuses, wait for five minutes and then short circuit them and earth the terminals or outlet
cables of each capacitor.

2) With the capacitance meter measure between any two-line terminals of a three phase capacitor
(either delta or star connection). You will get three readings Ca, Cb, Cc. These readings are called
apparent capacitance.

3) If the phases of the capacitor are reasonably well balanced, the output Q of the capacitor can be
calculated with enough accuracy from:

Where: Q = capacitor output (kvar)
Ca, Cb, Cc = measured capacitance (µF)
ω = 2 · π · fN
fN = rated frequency (Hz)
UN= rated voltage (V)
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Following tables give the measured (apparent) capacitance of a three phase capacitor when measured
between two line terminals, for different rated voltages and frequencies:

Common tolerances for these values (for capacitors up to 100 kvar) are, according to IEC 831- EN 60831,
-5%/+10 %

Table 1: apparent capacitance (µF) of three phase power capacitors at  50 Hz 

QN
(kvar)

Rated voltage of capacitors (V)
220 230 240 380 400 415 440 480 500

5 164 150 138 55 50 46 41 35 32

10 329 301 276 110 99 92 82 69 64

15 493 451 414 165 149 139 123 104 95

20 658 602 553 220 199 185 164 138 127

25 822 752 691 276 249 231 206 173 159

30 986 903 829 331 298 277 247 207 191

35 1151 1053 967 386 348 323 288 242 223

40 1315 1203 1105 441 398 370 329 276 255

50 1644 1504 1382 551 497 462 411 345 318

60 1973 1805 1658 661 597 554 493 414 382

75 827 746 693 617 518 477

80 882 796 739 658 553 509

100 1102 995 924 822 691 637

Table 2: apparent capacitance (µF) of three phase power capacitors at  60 Hz 

QN
(kvar)

Rated voltage of capacitors (V)

220 230 240 380 400 415 440 480 500

5 137 125 115 46 41 39 34 29 27

10 274 251 230 92 83 77 69 58 53

15 411 376 345 138 124 116 103 86 80

20 548 501 461 184 166 154 137 115 106

25 685 627 576 230 207 193 171 144 133

30 822 752 691 276 249 231 206 173 159

35 959 878 806 321 290 270 240 201 186

40 1096 1003 921 367 332 308 274 230 212

50 1370 1254 1151 459 414 385 343 288 265

60 1644 1504 1382 551 497 462 411 345 318

75 689 622 578 514 432 398

80 735 663 616 548 461 424

100 918 829 770 685 576 531
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Figure 1
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TECHNICAL APPLICATION NOTE TS 03-021I   Ed. 0

Harmonic Protection Filters

1. Introduction

Presence of harmonics in electrical networks can produce very high overcurrents in power capacitors as
well as several problems in many other components of the installation. If a resonance point is achieved,
the result can be even dangerous for the whole installation.

Harmonic protection filters are used in supply networks having a high level of harmonic distortion. A guide
for selecting when it is necessary to use them is given in TS 03-013. The purpose of protection filters is
to avoid that harmonic currents overload the capacitors by diverting them to the mains.

A protection filter is made by connecting capacitors in series with reactors, tuned to a frequency in which
there are no harmonic generation.

Keeping in mind that, in three phase systems the first harmonic that usually appears is the 5th, we can
tune the filter between the fundamental frequency and the 5th harmonic.

In 50 Hz supply networks it is very common to
use filters tuned at 189 Hz. These filters are
called 7% filters because in them the power of
the reactor is 7% the power of the capacitor.
We can compare the impedances of a
capacitor bank and a protection filter on
figure1.

The relationship between the power percent
and the resonance frequency is

where :

  freson = Frequency of resonance (Hz)

  fn   = Fundamental frequency (Hz)

FMF series of capacitors is specially designed to work with reactors in order to make protection filters
tuned at 189 Hz in supply networks of 400 V 50 Hz (On request we can make capacitors and reactors
for other tuning frequencies and rated voltages).

As capacitors connected into a filter work at a voltage higher than network voltage, FMF capacitors have
higher voltages than network voltage. For example for 400 V networks, FMF capacitors are rated at
460 V.

The rating plates of the INA and INR reactors show the code of the FMF capacitor to be used in order
to make the right protection filter.
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Figure 2

2. Example of application

The need for using a protection filter can be seen from the following case. On the installation of figure 2,
it was planned to install a 250 kvar 400 V capacitor bank for power factor compensation.

Let us see what will be the effects of the introduction of this capacitor bank. Calculations are made taking
into account the 800 kVA transformer and also the 10 MVA transformer from the Electrical Supply
Company in order to calculate also the distortion level in the Point of Common Coupling (PCC, see Fig.
2) 

The fundamental current of the harmonic sources (converters) is 550 A, and has the following harmonic
distribution:

I5 = 20% I1 = 110 A
I7 = 14% I1 = 77 A
I11 = 9% I1 = 50 A
I13 = 8% I1 = 44 A Which is a typical distribution for six pulse rectifiers.

Order Ihar (A) Ihar (%) Ubusbar (V) Ubusbar (%) Ic (A) 

 1 550 100 400 100.0 361

 5 110   20     22.9      5.7 103

 7   77   14   107.6    26.9 679

11   50    9     8.6      2.2   85

13   44    8     5.4     1.3   63

THD (UPCC) =     5.3 %
THD (Ubusbar) =   26.6 %
Ubusbar  =    415 V
Uc max =    544 V
Ic =    783 A
Ic / In =   2.17

The harmonic distortion level of voltage (THDU) in the Point of Common Coupling (PCC) is higher than
5 %. This value is normally considered as the maximum distortion allowed at that point by different
Electricity Authorities and standards.

The harmonic distortion level of voltage in the busbar is 26.6 %. This can cause important problems in
a wide range of electrical equipments like electronics systems, PLC´s, computers, etc.

The maximum voltage on the capacitors, calculated according to IEC 831 standard, is 544 V. This voltage
is much higher than rated voltage of the capacitor (400 V) and also is very far from the maximum
overvoltage level stated by IEC (440 V), and will produce premature dielectric degradation.

It can also be seen that a big amount of 7th harmonic current (679 A) is flowing through the capacitor bank
due to the resonance at 350 Hz between the bank and the transformer. The total rms current on the
capacitor is 2.17 times the rated current. This level of overcurrent will destroy the capacitor.
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Figure 3

Let us see what happens if a 7% harmonic protection filter is installed.

We can make a 250 kvar 400 V protection filter by adding FMF capacitors*) and the appropriated reactors
(a 7% filter means a tuning frequency of 189 Hz).

Order Ihar (A) Ihar (%) Ubusbar
(V)

Ubusbar(%
)

Ic (A) Uc (V) 

1 550 100 400.0 100.0 360.7 430.1 

5 110 20 7.4 1.9   41.3     9.8 

7 77 14 8.5 2.1   20.6     3.5 

11 50 9 9.1 2.3   11.2     1.2 

13 44 8 9.6 2.4     9.7     0.9 

THD (UPCC) =     0.8 %
THD (Ubusbar) =     4.4 %
Ubusbar =    400 V
Uc =    430 V
Uc max =    445 V
Ic =    364 A
Ic / In =   1.01
THD (Uc) =     2.5 %

The THD in the Point of Common Coupling is in this case well below 5%.

The harmonic distortion level in the busbar is also below 5%.

The big overcurrent through the capacitor bank is not present anymore. Now capacitor current is only 1.01
times the rated current.

The amplification of the 7th harmonic current due to the resonance with the transformer is now missed.

The capacitor voltage at 50 Hz is 430 V. The maximum voltage, including harmonics, is 445 V. These
operating values give a considerably safety margin from the 460 V rated voltage of FMF capacitors.

*) Note that capacitors work at higher voltage than network voltage: standard capacitors cannot be
used to build up filters.
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61 kvar
460 V

FMF 4661

3 x 460 V   50 Hz

3. FMF capacitors: Rated power and voltage

Parameters of FMF capacitors like rated voltage, capacitance and rated power and their tolerances are
calculated and designed considering their principal function as filter capacitors in harmonic protection
filters.

For example, to build up a 50 kvar 400 V 50 Hz 7% filter, according to our catalogue, we have to use a
INA40507 reactor and a FMF4661 capacitor.

This FMF capacitor will have different power outputs depending on its connection as shown in the
following examples:

FMF4661 capacitor has a rated voltage of 460 V. It is
possible then to connect it to a network having this voltage.
In this case it  will give 61 kvar.

If  FMF4661 capacitor is connected to a 400 V 50 Hz
network, its  power output will be only 46 kvar.

When the FMF4661 capacitor is connected to the INA
reactor to form the protection filter, the working voltage of
the capacitor within the filter will be 430 V (50 Hz) and its
power, within the filter, will be 54 kvar.

The total reactive power of the filter will be 50 kvar at 400 V
network voltage.
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Figure 2. Automatic capacitor bank with
contactors 

Figure 1.  Automatic capacitor bank with static control 

Figure 3. Switching on/off  in a capacitor bank
with static control

TECHNICAL APPLICATION NOTE TS 03-022I
STATIC CAPACITOR BANKS: ADVANTAGES IN FRONT OF CONVENTIONAL (CONTACTOR) BANKS

When compensation of reactive power is required, depending on the type of loads in the installation, it may
be necessary to do a selection between a traditional capacitor bank and a capacitor bank with static
contactors. This technical note gives information  to make easier this selection as it shows the advantages
and disadvantages on the use of a capacitor bank with static contactors in front of a traditional capacitor
bank.

 
 

Automatic capacitor banks with static contactors are a new generation of compensation equipment that use
the latest semiconductor technologies that have been rise in the last years. These banks use static
contactors (thyristors or SCR) instead of conventional
contactors. They are formed by a fast response reactive power
controller, an electronic control circuit that gives the firing
pulses to the thyristors, three pairs of anti-parallel connected
thyristors and a group of MiniFILMETAL or FILMETAL power
capacitors.

1. Advantages of SCR system over contactor system

Traditional reactive power compensation equipment with
electromechanical contactors has a well proven performance
in installations where loads have slow variations and are not
very sensitive to voltage fluctuations. Today, however, more
and more industrial installations include electronic equipment
very sensitive to voltage variations (like PLC’s, computers,
etc.) and also very fast changing working cycles (automatic
welding machines, robots, etc.)
The thyristors switch on capacitors on zero crossing voltage,
and switch them off on zero current situation. This firing
strategy grants a totally transient free switching of power
capacitors, avoiding any problem with transient voltages (Fig.
3). This added to the no existence of mechanical contacts give
some advantages to SCR systems over contactor systems:
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Figure 4. Special capacitor with six
terminals, FMS series

Speed

The transient free switching gives a very fast reaction time of the power factor equipment in front of sudden
reactive power demand variations. This reaction time (the time to switch on or off a capacitor step) is usually
not higher than 80 milliseconds. That means that up to 12 operations per second are possible.
With the traditional contactor system a much higher delay in the connection of each new step is required in
order to assure the discharge the capacitors. A typical delay is 10 seconds. That means that, with a 12 steps
bank, two minutes are required for its total connection, while with a thyristor system this time is only about
one second. 

Overvoltage

According IEC 831, when a step is connected in a capacitor bank with contactors, an overcurrent up to 100
IN goes trough the capacitor causing an overvoltage up to 2%2 UN . If the busbar also have connected loads
sensitive to voltage fluctuations like PLC’s or computers, these may have a bad function during the switching
transients.
With an automatic bank with static control this overcurrent does not exist allowing the connection of any kind
of load to the busbar.

Maintenance

The contacts of the contactors used in the capacitor banks have an expected service life of 100.000
switchings, that means in normal operation they must be changed in
about two years. The change of these contacts is an important
expense in materials and in labour.
With a capacitor bank with static control no maintenance works are
required and only is necessary a simple revision from time to time.

2 Disadvantages of SCR system over contactor system

Special capacitors

In the capacitor banks with static control each phase of capacitor
step is controlled by the firing circuit, that means we must have
access to each phase of the three phase capacitor. We must use in
this capacitors banks the FMS capacitors series with six terminals or
use three single phase capacitors in each step. These capacitors are
a little more expensive than standard series.
In capacitor banks with traditional contactors, standard capacitors
are used.

Isolator

Capacitor banks with static control require an isolator, in order to do maintenance works due to the fact that
thyristors do not guarantee the galvanic isolation of the capacitors.
This is not an important disadvantage because in some countries this isolator is required by local standards
and in many others this isolator is placed in any case to assure the safety of the works.

Fuses only protect the capacitors

To protect the thyristors in front of external overcurrents, ultra-fast fuses are needed. This fuses are usually
almost as expensive as the thyristors themselves. In order to be cheaper, in the capacitors banks with static
control this protection is not installed and only limiting inductances (to avoid high di/dtin internal delta
connection of the capacitors) and standard protection fuses (to protect the capacitor, the cables, etc.) are
installed.
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INC '
QN

3 · UN

'
80000 var
3 · 400 V

' 115.5 A

P ' 3·UN · INC ' 3·0.9V · 115.5A ' 180W

Padd ' P&Pcont ' 180W&19W ' 161W

Eadd ' 7 steps · 161W · 16 hour
day

· 365 days
year

' 6581 kWh/year

Heat

In capacitor banks with static control it must be taken into account the heat generated by the thyristor losses.
This heat is evacuated by means of heat sinks properly calculated.
It is very important to install the capacitor bank in well ventilated places and to leave enough room close to
heat sinks in order to assure a proper cooling. Minimum distance between heat sinks and walls should be
200 mm. That is shown in the next example:

Capacitor bank with 7 steps of  80 kvar 400 V

The line drop in thyristors is typically 0.9 V (maximum  1.8 V), that means that the active power loses in
thyristors is:

The typical power losses in a 160 A contactor are 19 W.

That means that the additional power losses of use thyristors instead of contactors are:

If we suppose a function of the capacitor bank during 16 hours a day, 365 days per year, the total increment
of energy is

Price

The capacitor banks with static control include the latest technologies in the world of semiconductors. This
technologies are expensive and cause that this system of capacitor banks be a little more expensive than
the contactor system. This additional cost is however compensated by the fact of the no necessity of
maintenance works.
Another overprice to be taken into account in the capacitor banks with static control is the consumption of
active power due to the active losses of the thyristors, as it is shown in paragraph Heat.

3. Conclusions

It is not possible to give a simple rule to chose between traditional and static contactor capacitor banks.

The selection of capacitor banks with static contactors is usually recommended in cases where a fast
response of the compensation equipment is required (automatic welding machines, robots, etc). In these
cases the additional cost of the static capacitor is compensated by the fact that with a traditional equipment
a correct compensation  is not possible. This equipment is also recommended in case of installation sensible
to  voltage variations.

Note: Usually, the installations with a fast variation of the load have also a high distortion level of harmonic
currents, for that reason sometimes it is necessary to install capacitor banks with static contactors and
protection filters.


