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ABSTRACT : In the last years, the wind power generation
incorporated into standard grids has been increased
significantly. This situation forced the revision of grid
connection code requirements, to guarantee the reliability
in systems with high wind power penetration. These
strategies were implemented using a Unified Power Quality
Compensator (UPQC). A model of wind farm with induction
generators connected to a weak grid system, including a
detailed UPQC compensator was developed on simulation
software. In case of wind farms based on SCIG directly
connected to the grid, is necessary to employ the last
alternative. Custom power devices technology (CUPS)
result very use full for this kind of application. A customized
internal control scheme of the UPQC device was developed
to regulate the voltage in the WF terminals, and to mitigate
voltage fluctuations at grid side. The internal control
strategy is based on the management of active and reactive
power in the series and shunt converters of the UPQC, and
the exchange of power between converters through UPQC
DC-Link. This approach increases the compensation
capability of the UPQC with respect to other custom
strategies that use reactive power only. Simulations results
show the effectiveness of the proposed compensation
strategy for the enhancement of Power Quality and Wind
Farm stability.
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I. INTRODUCTION

The location of generation facilities for wind
energy is determined by wind energy resource availability,
often far from high voltage (HV) power transmission grids
and major consumption centers [1]. In case of facilities with
medium power ratings, the WF is connected through
medium voltage (MV) distribution head-lines. A situation
commonly found in such scheme is that the power generated
is comparable to the transport power capacity of the power
grid to which the WF is connected, also known as weak grid
connection. The main feature of this type of

Connections are the increased voltage regulation
sensitivity to changes in load [2]. So, the system’s ability to
regulate voltage at the point of common coupling (PCC) to
the electrical system is a key factor for the successful
operation of the WF. Also, is well known that given the
random nature of wind resources, the WF generates
fluctuating electric power. These fluctuations have a
negative impact on stability and power quality in electric
power systems. [3] Moreover, in exploitation of wind
resources, turbines employing squirrel cage induction
generators (SCIG) have been used since the beginnings. The
operation of SCIG

WWW.ijmer.com

demands re-active power, usually provided from the mains
and/or by local generation in capacitor banks [4], [5]. In the

event that changes occur in its mechanical speed, ie due to
wind disturbances, so will the WF active (reactive) power
injected(demanded) into the power grid, leading to
variations of WF terminal voltage because of system
impedance. These power disturbances propagate into the
power system, and can produce a phenomenon known as
“flicker”, which consists of fluctuations in the illumination
level caused by voltage variations. Also, the normal
operation of WF is impaired due to such disturbances. In
particular for the case of “weak grids”, the impact is even
greater. In order to reduce the voltage fluctuations that may
cause “flicker”, and improve WF terminal voltage
regulation, several solutions have been posed. The most
common one is to upgrade the power grid, increasing the
short circuit power level at the point of common coupling
PCC, thus reducing the impact of power fluctuations and
voltage regulation problems [5]. In recent years, the
technological development of high power electronics
devices has led to implementation of electronic equipment
suited for electric power systems, with fast response
compared to the line frequency. These active compensators
allow great flexibility in: a) controlling the power flow in
transmission systems using Flexible AC Transmission

System (FACTS) devices, and b) enhancing the
power quality in distribution systems employing Custom
Power System (CUPS) devices [6] [9]. The use of these
active compensators to improve integration of wind energy
in weak grids is the approach adopted in this work.

In this paper we propose and analyze a
compensation strategy using an UPQC, for the case of
SCIG-based WF, connected to a weak distribution power
grid. This system is taken from a real case [7].
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Fig. 1 Study Case Power System

The UPQC is controlled to regulate the WF
terminal voltage, and to mitigate voltage fluctuations at the
point of common coupling (PCC), caused by system load
changes and pulsating WF generated power, respectively.

The voltage regulation at WF terminal is conducted
using the UPQC series converter, by voltage injection “in
phase” with PCC voltage. On the other hand, the shunt
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converter is used to filter the WF generated power to prevent

voltage fluctuations, requiring active and reactive power
handling capability. The sharing of active power between
converters is managed through the common DC link.
Simulations were carried out to demonstrate the
effectiveness of the proposed compensation approach.

1. UNIFIED POWER QUALITY COMPENSATOR

A. UPQC:

The UPQC is utilized for simultaneous
compensation of the load current and the voltage disturbance
at the source side. Normally the UPQC has two voltage
source inverters of three-phase four-wire or three-phase
three-wire configuration. One inverter, called the series
inverter is connected through transformers between the
source and the common connection point. The other inverter,
called the shunt inverter is connected in parallel through the
transformers. The series inverter operates as a voltage
source, while the shunt inverter operates as a current source.
The UPQC has compensation capabilities for the harmonic
current, the reactive power compensation, the voltage
disturbances, and the power flow control. However, it has no
compensation capability for voltage interruption because no
energy is stored.
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Fig. 2 UPQC system interconnected with energy storage
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Fig. 3 Phasor diagram of UPQC

B. UPQC control strategy:

The UPQC serial converter is controlled to
maintain the WF terminal voltage at nominal value (see Ul
bus-bar in Fig.4), thus compensating the PCC voltage
variations. In this way, the voltage disturbances coming
from the grid cannot spread to the WF facilities. As a side
effect, this control action may increase the low voltage ride—
through (LVRT) capability in the occurrence of voltage sags
in the WF terminals. Fig.5 shows a block diagram of the
series converter controller. The injected voltage is obtained
subtracting the PCC voltage from the reference voltage, and
is phase aligned with the PCC voltage (see Fig.3).0n the
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other hand, the shunt converter of UPQC is used to filter the
active and reactive power pulsations generated by the WF.
Thus, the power injected into the grid from the WF
compensator set will be free from pulsations, which are the
origin of voltage fluctuation that can propagate into the
system. This task is achieved by appropriate electrical
currents injection in PCC. Also, the regulation of the DC bus
voltage has been assigned to this converter. Fig. 4 shows a
block diagram of the shunt converter controller. This
controller generates both voltages commands Ed_shu(t)*
and Eq_shu(t)* based on power fluctuations AP andAQ,
respectively. Such deviations are calculated subtracting the
mean power from the instantaneous power measured in
PCC. The mean values of active and reactive power are
obtained by low—pass filtering, and the bandwidth of such
filters are chosen so that the power fluctuation components
selected for compensation, fall into the flicker band as stated
in IEC61000-4-15 standard. In turn, Ed_shu(t)* also
contains the control action for the DC—bus voltage loop.
This control loop will not interact with the fluctuating power

compensation, because its components are lower in
frequency than the flicker—band.
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Fig. 4 Shunt compensator controller
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Fig. 5 Series Compensator Controller

In summary, in the proposed strategy the UPQC
can be seen as a “power buffer”, leveling the power injected
into the power system grid. The Fig.6 illustrates a
conceptual diagram of this mode of operation. It must be
remarked that the absence of an external DC source in the
UPQC hbus, forces to maintain zero—average power in the
storage element installed in that bus. This is accomplished
by a proper design of DC voltage controller .Also, it is
necessary to note that the proposed strategy can-not be
implemented using other CUPS devices like D-Statcom or
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DVR. The power buffer concept may be implemented using

a D-Statcom, but not using a DVR. On the other and, voltage
regulation during relatively large disturbances, cannot be
easily coped using reactive power only from D-Statcom; in
this case, a DVR device is more suitable.
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Fig. 6 Power Buffer Control

1. S IMULATION RESULTS AND DISCUSSION
The model of the power system scheme illustrated

in Fig. 1, including the controllers with the control strategy

detailed in section Ill, was implemented using

Matlab/Simulink software. Numerical simulations were

performed to determine and then compensate voltage

fluctuation due to wind power variation, and voltage

regulation problems due to a sudden load connection. The

simulation was conducted with the following chronology:

e at t = 0.0” the simulation starts with the series converter

and the DC-hus voltage controllers in operation.

e att=0.5" the tower shadow effect starts;

eatt=3.0" Q and P control loops(see Fig.4) are enabled;

*att=6.0" L3 load is connected.

*att=6.0" L3 load is disconnected
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speed condition, the power fluctuation frequency is f = 3.4
Hz, and the amplitude of the resulting voltage variation at
PCC, expressed as a percentage is 1.50%. This voltage
fluctuation is seen in middle curve of Fig. 9 & Fig.10 for 0.5
<t<3.

The fluctuation value is higher than the maximum
allowed by the IEC61000-4-15 standard. This means that
even in normal operation, the WF impacts negatively on the
System Power Quality. At t = 3.0"the active and reactive
power pulsations are attenuated because the P and Q
controllers come into action. The amplitude of the PCC
voltage fluctuation is reduced from its original value of 1.6%
(without compensation) to this new value 0.18%. The
pulsation of active power and voltage at the UPQC DC-side,
are shown in Fig.9

As can be observed in the upper curve, the series
converter requires negligible power to operate, while the
shunt converter demands a high instantaneous power level
from the capacitor when compensating active power
fluctuation. Compensation of reactive powers has no
influence on the DC side power.

Fig. 9 active and reactive power demand at power grid side

Hij

Fig. 8 Main Simulink diagram for UPFC

At t = 0.5"” begins the cyclical power pulsation
produced by the tower shadow effect. As was mentioned, the
tower shadow produces variation in torque, and hence in the
active and reactive WF generated power. For nominal wind
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Fig. 10 PCC voltage

The DC-bus has voltage level limitations in
accordance with the VSI’s operational characteristics. As the
fluctuating active power is handled by the capacitor, its
value needs to be selected so that the “ripple” in the DC
voltage is kept within a narrow range.

Fig. 11 Power of the capacitor in the DC-Bus
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Fig. 12 Shunt and Series Active Power

In the upper curve of Fig.11 and Fig. 12 is seen
shunt and series converter active power behavior. The mean
power injected (absorbed) by series converter is absorbed
(injected) by shunt converter, because of DC voltage
regulation loop action (Fig.9). So, the step in series
converter active power is the same but opposite sign, that
shunt converter power. Fig.12 also shows DC—bus voltage,
and is clearly seen the VDC control action

IV. CONCLUSION

In this paper, a new compensation strategy
implemented using an UPQC type compensator was
presented, to connect SCIG based wind farms to weak
distribution power grid. The proposed compensation scheme
enhances the system power quality, exploiting fully DC—bus
energy storage and active power sharing between UPQC
converters, features not present in DVR and D-Statcom
compensators. The simulation results show a good
performance in the rejection of power fluctuation due to
“tower shadow effect” and the regulation of voltage due to a
sudden load connection. So, the effectiveness of the
proposed compensation approach is demonstrated in the
study case. In future work, performance comparison
between different compensator types will be made.
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