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Abstract—As the electric energy demand grows, there is a
significant increase in the penetration of renewable generation
(RG) in the existing electrical grid. With different types of
renewable generation available at present, it is believed that some
designs contribute significantly to electrical network’s Power
Quality (PQ). Therefore, the associated impact due to integration
of renewable technologies into existing electrical networks
contributes negatively to power quality of the grid.

The aim of this paper is to conduct a study on the impacts of
renewable generation on the power quality of electrical the grid.
The aim is to assesses the potential effects of renewable generation
technologies on the operation of electric power system by
designing harmonic current model, analyisis of result and
mitigation technique for as corrective action for power quality
issues. Analytical method for modeling of harmonic interactions
between the grids and renewable generation technologies are
investigated using DigSILENT Power Factory software and the
results obtained were discussed.

Index Terms— Analysis of the effect, Harmonic Stability,
Renewable generation, Power quality, Voltage distortion, Power
Quality Standards

1. INTRODUCTION

As electrical energy consumers in residential and
commercial sectors become more energy conscious and
environmentally aware, the installation of grid connected
renewable generation technologies for small and large scale
electricity generation is growing at an exponential rate [10].
The increased awareness about environmental hazards,
caused by the burning of fuels, is also forcing governments
towards exploiting the renewable-energy resources as the
alternative [12]. The world is currently experiencing severe
energy shortages as the fossil-fuel deposits are decreasing at
an alarming rate. Interconnecting of renewable generation
technologies to an existing distribution system has proven
to provide various benefits such as meeting the growing
load demand and it contribution to energy system
decarbonisation, long-term energy security and expansion
of energy access to new energy consumers in the
developing urban and rural areas [9].

The utilities are concerned due to the high penetration level
of intermittent renewable energy sources (RES) in
distribution systems as it may pose a threat to network in
terms of stability, voltage regulation and PQ issues [10].
Therefore, the DG systems are required to comply with
strict technical and regulatory frameworks to ensure safe,
reliable and efficient operation of overall network [9].
Amongst the major concern for independent power
producers (IPP) and consumers is the quality and reliability
of power supplies at various load location [§].

Due to vast use of power electronics in distributed
technology network such as grid tied inverter, variable speed
drives, computerized processing lines PCs, uninterruptable
power supply (UPS) and nonlinear electronic gadgets in
power system provide increased kind of deformation in
current and voltage waveform called harmonics [5].

These conditions in turn can cause motor and transformer
overheating and problematic operation of susceptible
electronic equipment. Non-linear load results in voltage
harmonics which 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 [S]. As power quality has
become a major concern for all types of industrial and
commercial customers, the quality of power delivered to the
end user is very important as the performance of the
consumer’s equipment is heavily dependent on it [13]. High
harmonic distortions result in the reduction of productivity,
reduce components life and can even damage equipment.
This paper reports on the effect of renewable generation on
the power quality of the grid, modeling analysis of harmonic
stability and voltage distortion [5].

APF features was incorporated in active power filter
conventional inverter interfacing renewable generation with
the grid for research purposes, however the modeling of
nonlinear load to mitigate effects of renewable generation
on the power quality of the grid will be discussed in detail
using tuned passive filter and DIgSILENT Power Factory

software.
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Fig.1. Schematic of proposed renewable based distributed
generation system [13].

2. RESEARCH PROBLEM

The research problem statement in this paper is to analyze
the effects of renewable generation on the power quality of
the grid, design a model to analyze harmonic stability and
voltage distortion. The objective is to design nonlinear
network or harmonic current source as a model to inject
harmonics in power system network. The point of
interconnection to the grid is referred to as the point of
common coupling (PCC) where harmonic analysis



investigation is conducted under the guidelines of IEEE 519
Std specification. The IEEE-519 recommended practice
provides indices to determine distortion as well as
recommending limits within which systems containing
harmonics should operate.

3. RESEARCH METHODOLOGY

DigSilent Power Factory is an industry software used in
multi-functional design systems and the package fully
integrates with other software packages for simulation and
data analysis. Due to its extensive use by most power
utilities for network design, plant monitoring and grid
analysis, it was chosen for use in this study. The software
was utilized to design electrical network for simulation of
the effect of renewable generation on the power quality of
the grid. Harmonic emission load was designed to imitate
renewable generation technologies effect on the quality at
various integration points on power system grid. In addition,
the single-tuned passive harmonic filter was design for
reduction of harmonic current and well discussed the thesis
[5]. Figure 2 illustrates the research design plan undertaken
to explains the findings of simulation model and results
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Fig.2. Figure 2 illustrates the research design plan
undertaken to explain the finding of simulation model and
results

3.1 Definition of renewable generation and brief
theory of DG

Different definitions regarding Renewable Generation are
used in the literature and in practice. The definition of the
location of the renewable generation (RG) plants varies
among different authors [1] and sometimes these variations
in the definition can cause confusion. Therefore, in this
study, an approach towards a general definition of
renewable generation is considered. The general definitions
for renewable generation suggested here are: Renewable
generation is an electric power source (Solar plant, Wind
plant, hydro-plant etc.) connected directly to the distribution
network or on the customer side of the meter [4]. For
clarification of terminologies, the term DG generally refers
to a heterogeneous group of power sources. The term DG is
often associated with renewable energy sources (RES).

However, not all DG technologies are environmentally
friendly. The DG technologies that are available in the
market ranges from traditional power sources like diesel
generators to new technologies like micro turbines, fuel
cells, photovoltaic systems and wind turbines [1].

3.2 Definition of power quality and brief theory

The fact that power quality has become more of a concern
recently does not mean that it was not important in the past.
Utilities all over the world have for decades worked on the
improvement of what is now known as power quality [6].
Many theories give different definition of Power Quality.
For example, the Institute of Electrical and Electronic
Engineer (IEEE) dictionary (page 807) states that “Power
quality is the powering and grounding sensitive equipment a
matter that is suitable to the operation of that equipment.”
IEC defines Power Quality as the set of parameters defining
the properties of the power supply as delivered to the user in
normal operating conditions, in terms of the continuity of
voltage and voltage characteristics [3]. Renewable
generation technologies which are nonlinear loads in nature,
introduce harmonics in the system which has their own
adverse effects including power factor reduction. Fig.3.
demonstrates the effect of renewable generation
technologies on the voltage wave form due the source
impedance of current harmonic loads.

Due to the increasing of new renewable energy generation
technologies, a lot of devices have been designed and
developed for mitigation of power quality issues [4]. The
various types of power quality used for the mitigation of
power quality issues include transients, short duration
voltage variation, long duration voltage variation, voltage
imbalance, waveform distortion and voltage flicker [6].

Currrent.
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Fig.3. Typical waveform of voltage and current for
nonlinear loads that result in PQ issues on the network [3].

Analysis and assessment of power quality disturbances deal
with the nature and frequency of occurrence of these
variations, the types of loads mostly affected by them in
terms of voltage and frequency sensitivity and the measures
that may be adopted by the customers to safeguard their
sensitive loads from these disturbances [12].

Power quality improvement is only possible by mitigating
power quality problems and main power quality problems
are voltage sag and harmonic distortion.



3.3 Harmonic theory analysis

Harmonics can be described as a sinusoidal section of a
periodic wave having a frequency that is an integral multiple
of basic frequency [5]. A distorted periodic wave of any
possible shape might be generated by utilizing distinctive
harmonic frequencies with different amplitudes. Any
distorted periodic wave could be disintegrated into a basic
wave and a set of harmonic waves [5]. This disintegration
process is called Fourier series expansion. Fourier analysis
is a mathematical technique for finding the amplitudes,
frequencies, and phases of the components of a given
waveform. In the equation below shows the discrete Fourier
Function for F(t) before approach infinity [14]. Mathematics
that explains Harmonics [5];

f(t)= Z A -sin(n%/T)

(1)
*  Where;
*  f{(t) = is the time domain function
* 1 =is the harmonic number
* An=n is the amplitude of the nth harmonic
component
*  T=is the length of one cycle in seconds.

Figure 4 is the expansion of graphs, showing the influence
of nonlinear loads in power system grid that was
systematically investigated. The nonlinear loads are
continuous power supply (UPS and Grid tied Inverters),
rectifiers, PCs and solid states variable speed motor drives
[5,17].
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Fig.4. In Figure 4 the expansion of graphs displays the
influence of nonlinear loads in the power system grid [14].

The Asymmetrical power flows from PV systems, Wind
systems and the use of power electronic converters inject
harmonics into the power system network. This harmonic
current flowing through the impedances of electric grid
causes voltage distortion [14]. The nature of non-linear
loads is to generate harmonics in the current waveform.
This distortion of the current waveform leads to distortion
of the voltage waveform. Under these conditions, the
voltage waveform is no longer proportional to the current.

3.4 Network design

This section presents network design model for the analysis
of RES/RG impact on the power quality of the grid or the
impact of energy mix on power system of the grid. The

design of the network and simulation of the design was
conducted using DIgSILENT power factory software. A
technique to evaluate this impact of renewable generation is
achieved by simulation of the network below Fig.7 under
two case study conditions [17]:

3.4.1  Analysis of the network behavior of electric
power grid without the presence of DG or RES
3.4.2  Analysis of the network behavior with the
presence of DG or RES
Generating units
Transmission network
Distribution
network PCC
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Fig.5. Figure 5 Illustrates typical integration of a simplified
grid network with renewable distributed network.

The point of connection for the filter and harmonic source
was chosen to be at the harmonic Load-Bus (see fig.5
above) because it was found that, although this is not the
point-of-common-coupling (PCC) of the low voltage
system, it was effective in the mitigation of harmonic
voltage distortion and Interventions to improve stability and
achieve result. The inverter (voltage source) connected to
the grid via another filter module which provides both
circuit isolation and the filtering operation to reduce
harmonic disturbances and connected to the grid via
distribution transformer to the grid. Sigle-tunned harmonic
filters, was implemented to remove sufficient harmonic
current to achieve harmonic limits at PCC is connected to
the grid. Harmonic source is located at the busbar (PCC) in
power system network where nonlinear loads interconnect.
In this paper, mitigation of power quality, analysis of
voltage distortion and harmonic distortion is analyzed by
using DigSILENT Power Factory Load flow analysis
function.

4. SIMULATION DESIGN AND HARMONIC
ANALYIS

The modeling concepts presented above has been
incorporated into the DigSILENT power system analysis
package, starting with the basic power stage shown in Fig. 5.
The RES modelling is based on the voltage source inverter
representing the source of harmonic injection at PCC. The
intention is that the model complies with the appropriate
standard. On this basis a filtering mechanism was
implemented to limit the magnitudes of harmonic current
(Ih) and ITHD by the recommended limits of harmonic
emissions [7]. IEEE standard 519-1992 is the international
standard set up to evaluated harmonic current and voltage.



All the work done during harmonic analysis will comply
with standards below. According to the voltage harmonic
limits in Table II, the harmonics voltage distortion on power
systems 69kV and below is limited to 5.0% total harmonic
distortion (THD) with each individual harmonic distortion
limited to 3%. Current harmonic limits vary based on the
short circuit strength of the system they are being injected
into.

Table I. Maximum harmonic current distortions limits that
can be contained at the PCC as per IEEE-519 requirement
[15].

<11 11<sh 17 23< 355 %TDD
Isc/Iy <17 h<2 h<3 h
3 5
<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 150 7.0 6.0 2.5 1.4 20.0
Table II. Voltage Distortion Limits [15]
Total
PCC Voltage Individual Harmonic harmonic
Magnitude (%) distortion
HD% THD%
<69 3.0 5.0
69-161 1.5 2.5
>161 1.0 1.5

It’s useful to measure and limit harmonics in electric Power
system grid for ensuring power quality stability in the
system. The inverter output is connected to utility network
via passive filter at PCC for effective harmonic handling.
The filter design formula and procedure have been
highlighted below. The point of connection for the filter
was chosen to be at the harmonic Load-Bus because it was
found that, it was effective in the mitigation of the
harmonic and filters can be sized specifically for each load
and can be switched on and off with the load. It improved
the overall power factor of the low voltage system.

4.1 Filter design

The following formulae were used for the filter design
calculation, equation 1-6 [16];
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Fig.6. Series Tanned filter [15].

The following data in Tables III to VII were used to
simulate a one line diagram, three phase four wire network
using DIgSILENT. The network consists of 22kV grid in-
feed. The magnetizing losses for the transformers were
ignored and the X/R constant for transformer T1 is kept
constant. All loads (Grid tied inverter) are simulated as non-
linear or harmonic current source loads and two power
factor correction capacitor banks, C1 and C2 are connected
to Bus3 and Bus5 load buses for harmonic analysis study.

Fig.7. Figure .7 illustrates 22kV Single line-Diagram used
during Load flow Simulation



