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Advanced
techniques
of PF 
compensation
Energy efficiency and safety of the electrical 
supply system are subjects of fundamental 
interest both, for technical people and for the 
general users. Progress in these areas requires 
optimisation of the energy transport and 
distribution system in two aspects: improvement 
of the power factor (PF) and balancing of the 
three phase system.

The classical PF compensation equipment is 
not designed for highly unbalanced systems and 
therefore optimal use of the distribution system 
is not achieved, since such PF regulators allow 
more losses than are strictly necessary and 
do not adequately distribute them between the 
phases. Therefore, PF compensation in networks 
with unbalanced loads requires intelligent control 
systems (regulators) with special features 
capable of properly managing the combination 
of a low power factor and a significant currents 
unbalance. This article explains the theoretical 
bases of power factor compensation in 
unbalanced systems and proposes solutions to 
obtain an improvement of the distribution network 
efficiency.
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1 .INTRODUCTION

In electrical distribution systems, 
it is increasingly frequent to find 
strongly unbalanced load currents.
Two types of loads contribute to this unbalance: On 
one side, loads between phase and neutral and, 
on the other side, single-phase loads between 
phase and phase. The latter are particularly 
common and powerful in some industrial plants 
with certain types of loads as furnaces, induction 
heating systems and/or welding equipment.

The two most important effects of these load 
unbalances are:

a) High neutral currents (Zero sequence 
current)

b) Very different load currents in the phases, with 
different modules and phase angles (Inverse 
component)

The increase in neutral current due to unbalance 
is a very well-known topic, but the effects of the 
unbalance on the phase currents have been less 
studied. This unbalance significantly diminishes 
the efficiency of distribution and transport systems. 
As an example, if we consider a supply with a 
1000kVA transformer, it has been designed to 
deliver the rated power if such power is equally 
distributed between the three phases. If we use 
it to feed a system whose loads are all between 
one phase and the neutral or loads between two 
phases, we would evidently not be able to obtain 
1000kW, even if the power factor of the loads 
is one (including cos  + the reduction due to 
harmonics). Therefore, the power we can obtain 
from a transformer depends to some degree 
on the unbalance of the loads. Notice that the 
problem has a certain parallelism with that of 
power reduction because of poor power factor. 
Indeed, if we connect loads with a power factor 
less than one to a transformer of 1000kVA, as in 
the previous example, we can neither obtain the 
1000kW.
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a) 
a) Balanced system

Fig.1 - 

b) 
b) Unbalanced system

Fig.1 - Systems of balanced and unbalanced voltages

Direct system

Fig.2 - 

Unbalanced systemInverse system Homopolar system

Fig.2 - Systems of direct, reverse and zero sequence sequences and their sum
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The consequence of this is that lines and 
distribution transformers, of apparently sufficient 
ratings, are not able to provide the rated power 
and cannot supply the installed loads without 
causing problems of overheating, low efficiency, 
transformer saturation, etc.

To summarise, the unbalance of the load currents 
has to be considered as one more cause of 
inefficiency of the power distribution system. 
For highly unbalanced lines, transformers and 
cables must be oversized in order to be able 
to supply the loads and losses much greater of 
expected are generated (much greater than in 
equivalent balanced systems). 

3. HOW DOES THE UNBALANCE AFFECT PF 
COMPENSATION SYSTEMS?

The “power factor compensation” has a 
fundamental role in optimising distribution 
systems and in the minimisation of losses in the 
electrical distribution systems. When we talk 
about power factor compensation in this context, 
we must understand the "power factor concept" 
in its more general sense that includes the 
compensation of quadrature current  (phase  lag 
or cosΦ compensation), the harmonics filtering 
and the unbalance correction [1].

Until now, improvement of the power factor 
has been achieved by means of two types of 
equipment:

• Capacitor banks and/or passive harmonic 
filtering equipment. (Fig.3)

• Active filters, based on the injection of currents 
to compensate for cos  and harmonics. (Fig.4) 

Equipment from the first group usually has a three-
phase balanced structure, whereas for active 
filters there are two categories: 

• 3 wires active filters. These can compensate 
for cos  and the harmonics in balanced three-
phase systems.
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currently offered as standard in the market are 
always balanced three-phase units which makes 
them very inefficient for networks with a high 
degree of unbalance. In the following paragraphs, 
new trends in compensating equipment based on 
capacitors or L-C groups are explained.

4. NEW PF COMPENSATION TECHNIQUES 
FOR UNBALANCED SYSTEMS
As has been said, the classic PF compensation 
system and harmonics filter is based on equipment 
that connects balanced three-phase stages. It is 
also frequent for the PF regulator to measure the 
current only in one of the phases of the three phase 
system and regulate the compensation considering 
that the system behaves as a balanced system. 

The power circuit may be driven by contactors 
(conventional capacitor banks) or by thyristors 
(static banks) for loads with a very variable current 
profile (large variations in short intervals of time). 

Fig. 5 shows a typical connection scheme for a 
regulator to control cos   ,  measuring the voltage 

Fig.5 -  

Fig.5 - Diagram of one stage of a static battery with a regulator measuring current and 
voltage in a single phase
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and the current in only one of the phases of the 
three phase system. Only one stage of the power 
circuit is shown, although the equipment usually 
consists of several stages that would allow a 
step by step regulation in a balanced system.

For systems with highly unbalanced loads, the 
system represented in Fig. 5 would not properly 
regulate cos    , and would produce an erroneous 
compensation for several reasons: The first and 
most important is that the compensation depends 
on the phase where the current is measured. 

Depending on which phase has the greater load, 
the system may over- or undercompensate at a 
global level, generating unnecessary losses in 
both cases and causing a flow of reactive energy 
that would be reason enough for a surcharge in 
the electricity bill.

Providing that the compensation system would 
measure in three phases and the regulation 
was made according to an average value of the 
reactive energy measured in the three phases, 
a considerable improvement is obtained, but the 
compensation system is still imperfect, since some 
phases are charged with an unnecessary reactive 
while it fails to completely compensate others.

To solve these problems and to 
increase the efficiency of the power 
factor compensation systems, 
CIRCUTOR has developed a 
new series of regulators, called 
computer Plus, which are able of measuring 
and performing individual compensation for each 
phase, for both,  systems where the star loads 
(phase-neutral) dominate and for those where 
delta loads dominate (three-phase or single-
phase between phase and phase). Fig 6 shows 
a scheme for a circuit of a static filter, (controlled 
by thyristors), in a delta configuration, such that 
each phase can be compensated individually. 
Note that this compensation must always be 
performed with static switches. It could not be 
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done with contactors, since these are designed to 
connect the three phases at the same time.

For facilities where single-phase loads between 
phase and neutral dominate, the stages should be 
configured in a star mode and the regulator has to 
measure the voltage and the current in the three 
phases and decide how to compensate each one 
independently. 

For facilities with unbalanced loads between 
phases, the regulator is capable of choosing the 
optimal connection to minimise the current of each 
and every one of the phases, thereby obtaining the 
minimum losses and consequently the maximum 
efficiency in the supply system.

Fig.6 -  

Fig.6 - Scheme of a stage of a static capacitor with a regulator 
measuring current and voltage in three phases
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Note that the losses are practically double in the 
extreme case considered.

5.1 Typical case

A study has been done on a typical case (not 
extreme situation) that allows to highlight the 
advantages of the individual phase to phase 
compensation. The studied case, was a facility 
with a set of loads formed by a combination 
of balanced loads in delta and other single-
phase loads between phase and phase, fed at 
400V/50Hz. The data for power, current and 
losses before and after the compensation can be 
seen in Table 1.

Table 2 shows the comparison, for the same load 
situation of Table 1, in case of using a balanced 

Before compensation After Phase-Phase compensation

 1
Phase 1

2
Phase 2

 3
Phase 3

Total  1
Phase 1

 2
Phase 2

 3
Phase 3

Total

 (kW)
Active Power (kW)

79.35 48.06 70.96 198.37 72.73 57.09 68.54 198.37

 (kvar)
Reactive Power (kvar)

79.35 70.96 48.06 198.37 6.61 2.42 -9.03 0

 (A)
Current (A)

487.9 372.65 372.65 — 317.55 248.45 300.59 —

  
Losses W (R= 1 mΩ per phase)

238.05 138.87 138.87 515.78 100.84 61.73 90.35 252.92

Tabla 1 - 
Table 1 - Comparison with and without compensating using individual phase to phase compensation

W (

compensator, where the PF is controlled on the 
basis of  the average reactive power measured in 
the three phases.

Note that the individual phase to phase 
compensation, besides from cancelling the 
reactive power, obtains a balance of the active 
powers consumed by each phase and in the typical 
case provides a reduction of losses to one half. 

)R=1 mΩ
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This solution is usually more expensive, due to the 
need to increase the size of the capacitors when 
they are working at lower voltages.

6. CONCLUSIONS
The use of PF compensation equipment which uses 
balanced steps does not correctly compensate for 
the PF in facilities with a high degree of unbalance. 
The worst case where this effect can be seen is 
in plants with single-phase welding machines 
connected between phase-phase, and another 
very typical case occurs in buildings with the 
majority of loads between phase and neutral. 
The new generation of regulators with individual 
phase-phase regulation, along with equipment 
using static switches are able to improve the 
balance of currents in the system up to an optimal 
point, completely cancelling the consumption 
of reactive power  and minimising losses in the 
facility.
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Reactive Energy multi-function 
regulator
�Intelligent
Computer Plus, a new concept in compensation:
� It measures on the three phases and compensates 
accurately the total reactive energy consumed.
� It compensates reactive energy phase by phase 
in real time and in addition to correcting the total 
reactive to zero; it obtains an active power balance 
on the phases.
�  It is entirely self-programming and starts working 
at the touch of a key.

�Fast
Computer Plus boasts a measurement system 
which enables us to compensate those installations 
which, due to their configuration, need to be 
compensated in real time.

Unlimited
compensation
and control

�
�

�

PRODUCTS
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management element is therefore essential. The CVMk2
analyser with it power and precision has exceeded the most 
demanding technical requirements for this project and can 
be found at 45 measurement points controlling the quality 
and consumption of this emblematic building.

• Hospital Tuen Mun, one of the most important hospitals 
in Hong Kong with more than 1,500 beds, has extended 
its installations with a new wing for the study of new 
diseases. A total of 100 CVMk2  measure the electrical 
consumption and the supply quality of the building. The 
equipment, together with other CIRCUTOR analysers, 
implements a complete energy management system for 
the entire hospital.

•

 Empire State Building  in New York. One of the most 
emblematic buildings in New York with more than 100 
floors

 

and

 

an

 

annual

 

consumption

 

touching

 

on

 

40

 

M k·h.

 

Controlling  consumption so that thorough maintenance 
can be carried out on the installation has become has 
indispensable task and which requires powerful and 
versatile equipment such as the CVMk2. With units 
installed each of the essential areas of the building can be 
monitored and controlled.

Within

 

the

 

first

 

year

 

on

 

the

 

market

 

the

 

network

 

analyser

 

and quality supply CVMk2 from CIRCUTOR, has 
manager to be present in emblematic installations, where 
technology is an essential requirement and where only the 
most innovative products are present.

•

24    CIRCUTOR  MAGAZINE

with CVM k2
This large screen analyser, enables all the 
electrical parameters necessary for the 
correct control of an electrical installation and 
thus work towards efficient electrical energy. 
Among it also measures electrical quality 
parameters such as voltage disturbance on 
amplitude (peaks, sags, swells) lasting less 
than 20 ms. 

Applications
The high level of features provided by CVMk2, enables 
the quality of electrical installation to be controlled in 
places as important as the:

Burj Tower in Dubai• . In 2008 it will be the tallest 
skyscraper in the world with an approximate height of 
818 m. With an installed electrical power of 36 MV·A, 
it incorporates the most advanced technologies in any 
environment and therefore a energy control and 

Becoming familiar 

 / written by: Bernat Palau

•  

• Product Manager - Measuring division

PRODUCTS

CVMk2
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Smart
earth leakage
protection

RESIDUAL CURRENT MONITORING
DEVICE

  .noitcetorp egakael htrae desinummI
Protection against unforeseen tripping

Measurement in TRMS and class A�
High frequency current strength filtering �
Trip setting to 85% of the rated current�
Trip times inverse curve�

                             557 CEI / 1.80016 dradnats CEI eht yb dekcaB�
/ IEC 947-2

Maintenance and prevention against 
electrical insulation problems in electrical 
installations

Retro-illuminated display in green/red�
Instant current strength defect display• 

  eht secudorp hcihw eulav eht fo noitazilausiV• 
protection tripping. Background display in red.

ELECTRONIC RCM  

�
�
�
�
�

�

PRODUCTS
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International 
presence of 
CIRCUTOR
During the first quarter of 2009,     CIRCUTOR     pre- 
 sented in different energy sector events and fairs 
as one of the leading manufacturers of products 
used to measure and improve the power supply 
quality, responsible for the continuous development 
of electrical energy efficiency systems, the main 
driving force behind CIRCUTOR

Our aim is to offer innovative solutions that can 
manage the consumption of electrical energy 
with the most sustainable and efficient approach 
possible.

We participated in these events, as we have 
done every year, to show you some of our new 
products and listen the comments and suggestions 
of our customers and friends.

CIRCUTOR participated in 

Middle East Electricity
Pavilion 4, Stand 4 A 10

 

•
February 8, 9 and 10

 

•
Dubai (United Arab Emirates)

 

•

Siel 2009
From the 25th to the 28th of February 

 

•
International Center for Fairs and 

 

•
   Congresses CIFCO-Charguia, 
   Tunis ( Tunisia )

CIRCUTOR

 events
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 � Free subscr ip t ion

Fax: (+86) 21 522 87229           e-mail:shanghai@circutor.com

CIRCUTOR shanghai    1907B Westgate Mail 1038 Nanjing Rd.(W) Shanghai China •  tel. (+86) 21 522 87226  •  www.circutor.com

  • Company

• Name

• Address

• City • zip code

• Country

.

• Nr. employees

• Occupation

e-mail

� Warehouse
� Engineering

� Installer
� Power utility

� Industry  �   Panel builder

� Service
� Others

 fax  e-mail  CIRCUTOR 
Please make copy and send information to CIRCUTOR by post, fax or e-mail
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