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Hybrid Compensation Arrangement
in Dispersed Generation Systems

Zhe Chen, Senior Member, IEEE, Frede Blaabjerg, Fellow, IEEE, and John K. Pedersen, Senior Member, IEEE

Abstract—This paper presents a hybrid compensation system
consisting of an active filter and distributed passive filters. In the
system, each individual passive filter is connected to a distortion
source and designed to eliminate main harmonics and supply re-
active power for the distortion source, while the active filter is re-
sponsible for the correction of the system unbalance and the can-
cellation of the remaining harmonics.

The paper also analyzes the effects of the circuit configuration on
the system impedance characteristics and consequently the effec-
tiveness of the filter system. Simulation studies are performed for a
power system including the dispersed generation units connected
into the system through power electronic converters and diode rec-
tifier loads, which produce the distorted waveforms. The simula-
tion results have demonstrated that good compensation effects can
be achieved by using the combined filter system consisting of dis-
tributed passive filters and an active filter.

Index Terms—Active filter, dispersed generation, distributed
passive filters, hybrid compensation, impedance characteristics.

I. INTRODUCTION

AN electrical system often supplies consumers with var-
ious types of loads, including nonlinear loads, such as

single-phase and/or three-phase thyristor converters, diode rec-
tifiers and uninterruptible power supplies. These nonlinear loads
may produce harmonics and system unbalance and may also
consume reactive power. The power quality of ac systems can
be deteriorated, if a proper compensation is not in place.

The situation becomes more serious with the development
of the dispersed generation (DG) where power electronic con-
verters are often used to interface the generation units, such as
wind turbines and fuel cells etc. The power electronic interfaces
may generate harmonics and require reactive power (e.g., SCR
converters). Also the types and levels of the distortions may vary
with the operation conditions of the dispersed generation units
and the loads; therefore, an effective compensation system is re-
quired to maintain the power quality.

Passive filters have the features of low cost and good effi-
ciency and have been widely used to absorb harmonic current
of nonlinear loads. They can also provide reactive power to
improve the power factor. However, passive filters suffer some
drawbacks, such as strong dependence on system impedance,
susceptible to source and load resonance and the characteristic
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variation due to aging. Also passive filters are often designed
with fixed parameters, which cannot be easily adapted for the
varying operation conditions and are difficult to correct the
system unbalance.

Active power filters [1], including series and shunt active fil-
ters, have been developed to compensate the drawbacks of pas-
sive filters. Active filters are flexible and can provide excellent
compensation for voltage and current distortions, but are not a
cost-effective solution yet due to the high construction and op-
eration costs. Consequently, hybrid filter topologies, such as the
combination of series active and parallel passive filters [2] and
active filter in series with parallel passive filters [3]–[5] have
been developed to combine the advantages of passive filters and
active filters for cost effective compensation.

The parallel connection of passive filters with an active filter
has been discussed previously [6], [7], where one passive filter
and one active filter are connected in parallel, the arrangement
has shown the effectiveness to deal with the distortion under a
varying operation condition. This paper extends the concept into
a system consisting of a group of distributed passive filters and
one active filter, which can effectively compensate the distortion
in a local network, such as a local DG system or a wind farm.

The system configuration will be presented with a brief de-
scription of the operation of the filter system, then the filters are
described. The variations of the impedance characteristics due
to the change of the system configuration, i.e., the connection of
the shunt passive filters and loads/dispersed generation units, are
to be presented. Furthermore, simulation studies are presented,
analyzed and discussed.

II. SYSTEM CONFIGURATION

The configuration of the studied system is illustrated in Fig. 1,
where the passive filters are distributively connected near the
loads/dispersed generation units in the system and an active
filter is connected at a central connection point, for example, a
substation. Each passive filter may be designed according to the
distortion characteristics of the load/dispersed generation unit
that the passive filter is connected to, and the active filter is in
parallel with the passive filters and loads/dispersed generation
units.

In operation, the passive filters compensate for the major har-
monics at a position near the load or generation unit. Therefore,
the harmonic flow is limited and the harmonic impact, such as
interference to communications and increase in power loss, are
to be effectively reduced.

The active filter is located at the upstream position to re-
move the remaining harmonics and corrects the unbalance of
the system.

0885-8977/$20.00 © 2005 IEEE
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Fig. 1. Schematics of a parallel connected hybrid compensation arrangement
in a system with dispersed generation (DG) units.

The filter configuration presents a feature of the relatively
independent compensation; either the passive filters or the active
filter may operate independently within the designed capacity
whether other filters are in operation or not.

III. FILTER SYSTEMS

A. Passive Filters

Passive filters often provide a harmonic sink, the low
impedance path at certain frequencies, to divert some current
harmonics. For a six pulse thyristor converter load, the passive
filter may be designed with branches tuned to 5th and 7th
harmonic frequencies and a high pass branch for the higher
frequency harmonics. A typical shunt filter, including the single
tuned filters for 5th and 7th harmonics and a damped filter
for higher order harmonics, is shown in Fig. 2. Fig. 3 shows
the impedance frequency characteristic of the filter, where the
parameters are based on the system in [6]. The supply ac system
is assumed to have an inductive characteristic as shown by the
dashed line in Fig. 3, while the passive filters tuned to 5th, 7th
and higher harmonics present the characteristics shown in the
solid line.

It can be clearly seen that the passive filter circuit has lower
impedance than the system impedance at the tuned frequencies
(5th and 7th harmonics) and a range of designed higher frequen-
cies so as to provide a bypass branch to the load harmonic cur-
rent at these frequencies. The lower the harmonic impedance of
the passive filters in comparison with the system impedance, the
better the harmonic filtering performance. Obviously due to the
presence of fundamental voltage, the passive filter bank can also
generate fundamental frequency reactive power.

Each group of passive filters in Fig. 1 may be designed on
the basis of the characteristics of the load/dispersed genera-
tion unit that the filter is connected to. According to the har-
monic distribution and the possible range of the reactive power
of the load/dispersed generation unit, the passive filters will be
designed to provide a low impedance path for the major har-
monics and also to compensate some reactive power, for ex-
ample, making a unity power factor for an average operation
condition [6].

Fig. 2. Shunt passive filters for current harmonic source.

Fig. 3. Shunt passive filter characteristic.

B. Active Filter

Active power compensators or active filters are modern ap-
plications of power electronic converters. These converters can
be controlled to cancel the harmonics by generating a harmonic
current or voltage in opposite phase to the harmonic current or
voltage to be corrected. There are basically two types of filter
configurations, parallel compensation and series compensation.
In a parallel compensation system, the compensator is normally
connected to the circuit in parallel and injects a compensation
current at the connection point. On the other hand, a series com-
pensator is connected into the circuit in series, usually through
a transformer, to insert a compensation voltage into the circuit.
Normally, the thyristor converter discussed in the paper is con-
sidered as a harmonic current source, naturally, the parallel com-
pensation system is the choice.

An active filter connected to the system in parallel is shown
in Fig. 4. The active filter is responsible for the central compen-
sation of the local network, it can also correct the unbalanced
system current and further minimize the current harmonics into
the main ac system. Within the rating limit, the active filter
may also provide some reactive power regulation to the supply
system if it is designed and required to do so.

The active filter will be controlled to follow the system op-
eration condition to provide flexible compensation. In order to
reduce the rating of the active filter, a further hybrid configura-
tion, such as connecting a passive filter in series with the active
filter [3], may be adopted.
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Fig. 4. An active filter for a current harmonic source.

C. Control of the Active Filter

The passive filters can be switched in or out together with the
corresponding load/dispersed generation unit, or they may be
put into operation in independence from the associated load/dis-
persed generation unit, if necessary. These passive filters nor-
mally cannot be controlled on-line, therefore, the only active
control is with the active filter.

The control techniques of active filters have been studied by
many researchers. Various control methods based on frequency
domain or time domain have been developed and reported in
literature, such as the instantaneous power theory, the syn-
chronous rotating reference frame method, and the FFT based
control method. These control schemes produce a current ref-
erence waveform, , which is compared with the measured
current. Then the active filter is driven by the difference be-
tween the two waveforms to generate the desired compensation
waveform. The instantaneous power theory based method [1]
is used in this paper. In the instantaneous power theory, the
instantaneous real and reactive power and can be decoupled
as dc components, and , and ac components, and . The
fundamental power is represented by dc components, and ,
and the harmonics correspond to the ac components, and .
Different compensation schemes can be obtained by choosing
the components to be eliminated, such as harmonic elimination
only or reactive power plus harmonic compensation [6]. A
schematic representation of the used control system is illus-
trated in Fig. 5.

IV. SYSTEM IMPEDANCE CHARACTERISTICS

A. System Description

The connection of multiple passive filters into the system
modifies the system impedance characteristics and therefore
may affect the effectiveness of the filtering system and possibly
cause system resonance. Therefore, it is important to investigate
the system impedance characteristics in order to avoid such
undesirable effects.

Harmonic sources can be generally divided into two types,
voltage harmonic sources and current harmonic sources. The
filter systems connected in parallel (Figs. 2 and 4) are effective
to divert harmonic currents and therefore useful for current har-
monic sources. However, if a voltage harmonic appears in the
system within the frequency range tuned by the passive filters,
then the voltage harmonic may result in a significant amount of

Fig. 5. Block diagram of control system for the active filter.

Fig. 6. Studied system configuration with dispersed generations and distorted
load.

harmonic current. In such a situation, the appropriate filters, se-
ries filters either active or passive, may be required to provide
compensation for the voltage harmonic source.

An example system is used for illustration of the impedance
characteristic study. The configuration of the example system is
shown in Fig. 6. There are two DG units (DG1 and DG3) and
two loads (Load 2 and Load 4). The DG1 and DG3 are interfaced
via the thyristor converter, which is one type of possible DG
interfacing configurations; Load 2 contains unbalanced diode
rectifiers loaded inductively. Therefore, the DG1, DG3 and Load
2 may be considered as current sources in terms of harmonic
distortion. For simplification, the three groups of DG/load are
such arranged that three passive filters ( , and )
may use the same parameters having the characteristics shown
in Fig. 3 and are connected at nodes 1, 2, and 3 for DG1, DG3
and Load 2.

Load 4 is a three phase rectifier system with a capacitive dc
load, hence it is a voltage source in terms of harmonic distortion.
The parallel filter described above may not be suitable for it, an
LCL type filter may be required, however, that type filter is not
to be discussed in this paper and it is assumed that no filter is
used for Load 4 in Fig. 6. Further details about the system can
be found in Table I.

The loads/dispersed generation units are connected
into the system through three phase power lines with
the parameters given in [8]. The lines are represented
by ,

, and
respectively. The system side parame-

ters are and (the resistance is
ignored) for the supply and transformer respectively. To study
the system impedance characteristic variations, the system
equivalent impedance characteristics viewed from different lo-
cations are computed. Such impedance analyzes are performed
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TABLE I
LOAD/DG PARAMETERS AND CONDITIONS FOR THE SYSTEM STUDIED

TABLE II
CIRCUIT IMPEDANCE VIEW POINT AND CONFIGURATION

with the conditions that all current source type of loads/DGs
are open circuited and all voltage source type of loads/DGs are
short-circuited. The ac supply system is assumed as a voltage
source. A linear relation between the inductance and frequency
is also assumed. To illustrate the effects of line length on the
impedance characteristics, another set of line parameters for
shorter electrical distance (1/5 of , , and given
above) is also used to generate a group of impedance character-
istics for comparative studies.

B. Impedance Characteristics

Various possible operation modes (circuit configurations) are
studied. The circuit configurations presented in the paper are
given in Table II.

1) Impedance Characteristics Viewed From the Current
Harmonic Source: The impedance characteristics viewed from
node 1 (excluding PF1) are plotted in Figs. 7 and 8 respec-
tively for the two sets of line parameters in different circuit
configurations. The characteristic of the passive filter, , is
also plotted for comparison. Comparing the system impedance
characteristics viewed from node 1 with that of the shunt
passive filter at node 1, , in Fig. 7, it can be seen that the
passive filter can present lower impedance path in the required
frequency range and therefore provide effective filtering. For
the case of shorter lines shown in Fig. 8, it can be seen that the
impedance characteristics viewed from node 1 become lower
due to the reduction of the series impedance in the line circuit.

In the studied case, the passive filter still has lower impedance
in the designed frequency range. However, it can be expected,
if more parallel branches are added into the system, the pas-
sive filter’s effectiveness will be suffered, then a redesign of the
filter or using one passive filter for a group of closely located
loads/DG units may be considered.

Fig. 7. Impedance characteristics viewed from node 1 in Fig. 6.

Fig. 8. Impedance characteristics viewed from node 1 in Fig. 6 (shorter
electrical distance).

2) Impedance Characteristics Viewed From the Active
Filter: The load side impedance characteristics viewed from
the active filter are plotted in Figs. 9 and 10 respectively for
two sets of line parameters in different circuit configurations.
The impedance of the grid supply side is also plotted. It can
clearly be seen that the load side equivalent impedance viewed
from the active filter is reduced due to the parallel connection
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Fig. 9. Load impedance characteristics viewed from the active filter in Fig. 6.

Fig. 10. Load impedance characteristics viewed from the active filter (shorter
electrical distance) in Fig. 6.

of loads/DGs and their associated passive filters, especially
in the shorter line cases. For the studied case, low impedance
appears at around 100 Hz, due to the cancellation of the line
impedance with the capacitive admittance of the passive filters
in that frequency range. In the shorter line case, the impedance
characteristics are further reduced and the low impedance point
moves toward higher frequency.

3) Impedance Characteristics Viewed From the Voltage Har-
monic Source: The system impedance characteristics viewed
from node 4 in Fig. 5, where the voltage harmonic source is lo-
cated, are plotted in Figs. 11 and 12 respectively for the two sets
of line parameters in different circuit configurations. In Fig. 11,
it can be seen that the impedance characteristic is mainly domi-
nated by the line impedance, . Fig. 12 shows the impedance
characteristics with shorter electrical distances. It can be seen
that the impedance viewed from node 4 is varied due to the con-
nection of other branches and passive filters. This may result in

Fig. 11. Impedance characteristics viewed from node 4 in Fig. 6.

Fig. 12. Impedance characteristics viewed from node 4 in Fig. 6 (shorter
electrical distance).

an increase in the harmonic current from the voltage harmonic
source at node 4.

V. SIMULATION STUDIES

Comprehensive simulation studies have been performed with
PSCAD/EMTDC software package on the system illustrated in
Fig. 6. A sinusoidal grid voltage is assumed. Various operation
conditions have been studied. Some typical cases are presented
in this section. The uncompensated load current waveforms are
shown in Fig. 13.

The waveforms of the current in the line branches (after the
passive filters) are shown in Fig. 14 under the condition of all
loads/DG units in operation. The current waveform of Load 4,
which is a voltage harmonic source, is not changed since there is
no shunt passive filter. Comparing the waveforms in Figs. 13 and
14, the effects of the passive filters can be clearly seen. Though
the current unbalance of Load 2 can be still seen clearly.
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Fig. 13. Current waveforms of DG units and loads.

Fig. 14. Current waveforms in line branches (after passive filters).

In the following presented results of current waveforms, the
active filter is switched in operation at 0.1 seconds, so that the
effect of the active filter can be clearly seen by comparing the
system current waveforms before and after 0.1 seconds.

A. All DG Units and Loads With Associated
Filters in Operation

Fig. 15 presents the waveforms of the currents entering the
system and the current injected by the active filter under the con-
dition of all DG units and loads with associated filters in oper-
ation. Before the active filter is switched in, the system current
contains harmonics and is unbalanced. It can be seen clearly that
the active filter is effective in correcting the distortion.

B. Only Load 4 (The Capacitive Loaded Three
Phase Rectifier) in Operation

Fig. 16 presents the waveforms of the currents entering the
system and the current injected by the active filter when only

Fig. 15. System and active filter current waveforms (all DG units and loads
with associated filters in operation).

Fig. 16. System and active filter current waveforms (only load 4 in operation).

Load 4 (capacitive loaded three phase rectifier) is in operation.
It can be seen that the active filter effectively corrects the current
waveform into a sinusoidal waveform.

C. All DG Units and Loads in Operation
Without Passive Filters

Fig. 17 presents the waveforms of the currents entering the
system and the current injected by the active filter under the con-
dition of all DG units and loads in operation but none of the pas-
sive filters are in operation. It can be seen that the harmonic and
unbalance have been corrected. The active filter is controlled to
compensate harmonics and unbalance only, the reactive power is
not compensated. Consequently the supply current is increased
in comparison with the case that passive filters are in operation
as shown in Fig. 15, since there is no passive filter to provide
reactive power in the case of Fig. 17.
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Fig. 17. System and active filter current waveforms (all DG units and loads in
operation without passive filters).

Fig. 18. System and active filter current waveforms (all four branch in
operation, short electrical distance).

D. All DG Units and Loads With Associated Filters in
Operation (Short Electrical Distance)

Fig. 18 presents the waveforms of the currents entering the
system and the current injected by the active filter under the
condition of all DG units and loads with associated filters in
operation in the system with the shorter electrical distance dis-
cussed above. The active filter can still correct the waveforms
into a sinusoidal shape in this case.

E. Only Load 4 (Capacitive Loaded Three Phase Rectifier) in
Operation (Short Electrical Distance)

Fig. 19 presents the waveforms of the currents entering the
system and the current injected by the active filter when only
Load 4 (capacitive loaded three phase rectifier) is in operation.
It can be seen that the active filter is still effective, since there

Fig. 19. System and active filter current waveforms (only load 4 in operation,
short electrical distance).

Fig. 20. System and active filter current waveforms (all four branch in
operation without passive filters, short electrical distance).

are some impedance exists between the active filter and Load
4. However the low line impedance results in high current from
Load 4, which requires a higher active compensation current.

F. All DG Units and Loads in Operation Without Passive
Filters (Short Electrical Distance)

Fig. 20 presents the waveforms of the currents entering the
system and the current injected by the active filter under the con-
dition that all DG units and loads are in operation without any
passive filters for the case of the shorter electrical distance, it
can be seen that the unbalance has been corrected but the wave-
forms still contain harmonics because passive filters are not in
operation and more branches are connected in parallel, this in-
creases the harmonic current and reduces the load side equiva-
lent impedance and makes the filtering task more difficult.
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VI. DISCUSSIONS

The analysis and simulation show that the hybrid and
distributed filtering system can effectively compensate the
distorted waveforms.

The compensation effectiveness of the parallel filters is re-
lated to the system parameters. An analysis of the impedance
characteristics can provide good indication on determining the
filtering system arrangement. Various possible system config-
urations should be considered to ensure that the filter system
perform appropriately under all possible operation conditions.

As predicted by the impedance characteristic analysis, the
simulation results show that the presented hybrid compensation
system can perform well in harmonic and system unbalance cor-
rection under the studied conditions.

The distributed passive filters can solve the reactive power
and major harmonics locally, however, if the loads/DGs are lo-
cated closely (very short electrical distance), care should be
taken to design these passive filters, one passive filter may be
better suited for a group of closely connected loads/DGs.

The results also show that the active filter without the assis-
tance of passive filters may have difficult to remove all the har-
monics in the studied shorter electrical distance case.

VII. CONCLUSIONS

The paper extends the concept of connecting one active filter
and one passive filter in parallel into a hybrid compensation
system consisting of an active filter and a group of distributed
passive filters. Passive filters are used for each distorting
load/DG to remove major harmonics and provide reactive
power compensation. The active filter is connected in parallel
with the distributed passive filters and loads/DGs to correct
the system unbalance and remove the remaining harmonic
components. The effectiveness of the presented compensation
system has been demonstrated. The system may be used for a
local network, a DG system, a wind farm, etc.

The variations of system impedance characteristics caused by
the connection of multiple loads and passive filters have been
analyzed and the effects on the compensation system have been
discussed.
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