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Abstract

Electric utilities and end users of electrical power
are becoming increasingly concerned about
meeting the growing energy demand. Seventy five
percent of total energy demand is supplied by the
burning of fossil fuels. But increasing air pollution,
global warming concerns, diminishing fossil fuels
and their increasing cost have made it important to
look towards renewable sources as a future energy
solution. Since the past decade, there has been
interest in many countries on renewable energy for
power generation. The market liberalization and
government’s incentives have further accelerated
the renewable energy sector.

Renewable energy source (RES) integrated at
distribution level is termed as distributed
generation (DG). The utility is due to the high
penetration level of intermittent RES in distribution
systems as it may pose a threat to network in terms
of stability, voltage regulation and power-quality
(PQ) issues. Therefore, the DG systems are
required to strict technical and regulatory
frameworks to ensure safe, reliable and efficient
operation of overall network.

1.1 Introduction

With the advancement in power electronics and
digital control technology, the DG systems can be
actively controlled to enhance the system operation
with improved PQ at PCC. However, the extensive
use of power electronics based equipment and non-
linear loads at PCC generate harmonic currents,
which may deteriorate the quality of power.

Generally, current controlled voltage source
inverters are used to interface the intermittent RES
in distributed system. Recently, a few control
strategies  for  grid  connected inverters
incorporating PQ solution have been proposed. In
an inverter operates as active inductor at a certain
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frequency to absorb the harmonic current. But the
exact calculation of network inductance in real-
time is difficult and may deteriorate the control
performance. A similar approach in which a shunt
active filter acts as active conductance to damp out
the harmonics in distribution network is proposed.
A control strategy for renewable interfacing
inverter based on — theory is proposed. In this
strategy both load and inverter current sensing is
required to compensate the load current harmonics.

The non-linear load current harmonics may result
in voltage harmonics and can create a serious PQ
problem in the power system network. Active
power filters (APF) are extensively used to
compensate the load current harmonics and load
unbalance at distribution level. This results in an
additional hardware cost. However, in this paper
authors have incorporated the features of APF in
the, conventional inverter interfacing renewable
with the grid, without any additional hardware
cost.

Here, the main idea is the maximum utilization of
inverter rating which is most of the time
underutilized due to intermittent nature of RES. It
is shown in this paper that the grid-interfacing
inverter can effectively be utilized to perform
following important functions:

1) transfer of active power harvested from the
renewable resources (wind, solar, etc.); 2) load
reactive power demand support; 3) current
harmonics compensation at PCC; and 4) current
unbalance and neutral current compensation in case
of 3-phase 4-wire system. Moreover, with adequate
control of grid-interfacing inverter, all the four
objectives can be accomplished either individually
or simultaneously. The PQ constraints at the PCC
can therefore be strictly maintained within the
utility standards without additional hardware cost.
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1.2 Distributed Energy Systems:

Today, new advances in technology and new
directions in electricity regulation encourage a
significant increase of distributed generation
resources around the world. As shown in Fig. the
currently competitive small generation units and
the incentive laws to use renewable energies force
electric utility companies to construct an increasing
number of distributed generation units on its
distribution network, instead of large central power
plants. Moreover, DES can offer improved service
reliability, better economics and a reduced
dependence on the local utility.

Distributed Generation Systems have mainly been
used as a standby power source for critical
businesses. For example, most hospitals and office
buildings had stand-by diesel generation as an
emergency power source for use only during
outages. However, the diesel generators were not
inherently cost-effective, and produce noise and
exhaust that would be objectionable on anything
except for an emergency basis.
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Fig 1.1: A large central power plant and
distributed energy systems

Meanwhile, recently, the use of Distributed Energy
Systems under the 500 kW level is rapidly
increasing due to recent technology improvements
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in small generators, power electronics, and energy
storage devices. Efficient clean fossil fuels
technologies such as micro-turbines and fuel cells,
and environmentally friendly renewable energy
technologies such as solar/photovoltaic’s, small
wind and hydro are increasingly used for new
distributed generation systems.

These DES are applied to a standalone, a standby,
a grid-interconnected, a cogeneration, peak
shavings, etc. and have a lot of benefits such as
environmental-friendly and modular electric
generation, increased reliability, high power
quality, uninterruptible service, cost savings, on-
site generation, expandability, etc.

2.1 Configurations for DES:

1) Case I: A Power Converter connected in a
Standalone AC System or in Parallel with the
Utility Mains Fig. show a distributed power system
which is connected to directly load or in parallel
with utility mains, according to its mode. This
system consists of a generator, an input filter, an
AC/AC power converter, an output filter, an
isolation transformer, output sensor (V, I, P), and a
DSP controller. In the Figures, a distributed
generator may operate as one of three modes: a
standby, a peak shaving, and a standalone power
source. In a standby mode shown in Fig. a
generator set serves as a UPS system operating
during mains failures. It is used to increase the
reliability of the energy supply and to enhance the
overall performance of the system.

The static switch SW 1 is closed in normal
operation and SW 2 is open, while in case of mains
failures or excessive voltage drop detection SW 1
is open and SW 2 is simultaneously closed. In this
case, control techniques of DES are very similar to
those of UPS. If a transient load increases, the
output voltage has relatively large drops due to the
internal impedance of the inverter and filter stage,
which frequently result in malfunction of sensitive
load. Fig. can serves as a peak shaving or
interconnection with the grid to feed power back to
mains.

In both modes, the generator is connected in
parallel with the main grids. In a peak shaving
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mode, this generator is running as few as several
hundred hours annually because the SW 1 is only
closed during the limited periods. Meanwhile, in an
interconnection with the grid, SW 1 is always
closed and this system provides the grid with
continuous electric power. In addition, the
converter connected in parallel to the mains can
serve also as a source of reactive power and higher
harmonic current components.

In a standalone AC system shown in Fig. the
generator is directly connected to the load lines
without being connected to the mains and it will
operate independently. In this case, the operations
of this system are similar to a standby mode, and it
serves continuously unlike a standby mode and a

peak shaving mode.
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Fig 1.2: Block diagram of a standby mode
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Fig 1.3: Block diagram of a peak shaving mode
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Fig 1.4: Block diagram of a standalone mode

As shown in Fig. the output voltage of the
generator is fed to a DC/AC converter that converts
a DC output of the generator to be fixed voltage
and frequency for utility mains or loads. The DSP
controller monitors multiple system variables on a
real time basis and executes control routines to
optimize the operation of the individual subsystems
in response to measured variables. It also provides
all necessary functions to sense output voltages,
current, and power, to operate protections, and to
give reference signals to regulators.

The output power of the converter is controlled
according to the reference signal of the control
unit. As described above, in order to compensate
for reactive power and higher harmonic
components or to improve power factor, the active
power (P) and reactive power (Q) should be
controlled independently. Moreover, the above
system needs over-dimensioning some parts of the
power converter in order to produce reactive power
by the converter at rated active power.

Because a power converter dimensioned for rated
current can supply reactive power only if the active
component is less than rated. Therefore, a control
strategy easy to implement is required to ensure
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closed loop control of the power factor and to
provide a good power quality. In case that a
generator is used for distributed generation
systems, the recent research focuses are
summarized as follows:

1. Control strategy which permits to connect more

generators on the network

2. Compensation of the reactive power and higher

harmonic components

3. An active power (P) and a reactive power

control (Q) independently

4. Power factor correction

5. Synchronization with the utility mains
6. System protections

3.1 Power Quality Problems:

For the purpose of this article, we shall define
power quality problems as:*Any power problem
that results in failure or misoperation of customer
equipment manifests itself as an economic burden
to the user, or produces negative impacts on the
environment’. When applied to the container crane
industry, the power issues which degrade power
quality include:

» Power Factor

» Harmonic Distortion
* VVoltage Transients

« Voltage Sags or Dips
* VVoltage Swells

4.1 Conclusion

A novel control of an existing grid interfacing
inverter to improve the quality of power at PCC for

IJSMER201640

a 3-phase 4-wireDGsystem. It has been shown that
the grid-interfacing inverter can be effectively
utilized for power conditioning without affecting
its normal operation of real power transfer.
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