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Abstract:

In this paper, the investigating and comparing the performance of a Solar PV-Wind system based two area
system with Phasor Measurement Unit (PMU) to that of a machine-based two area system is implemented. The
Solar PV-Wind system includes solar PV and wind as renewable energy sources, while the machine-based
system relies on conventional sources of energy. The PMUs are used to monitor and control the Solar PV-Wind
system, providing real-time data that helps improve the stability and reliability of the system. The study
compares the performance and efficiency of the two systems using simulation studies. The results of the study
show that the Solar PV-Wind system with PMU outperforms the machine-based system in terms of
environmental impact, efficiency, and reliability. The use of renewable energy sources like solar PV and wind
contributes to reducing carbon emissions and promotes sustainability. The project provides valuable insights into
the benefits of using renewable energy sources and advanced control systems in power system planning and
design. The findings of the study can be used to guide future research in the development of sustainable and
resilient power systems.MATLAB/Simulink 2018a Software can be employed to evaluate the system's
performance.
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reliable and high-quality power supply at reasonable
prices, a variety of methods are available to
determine  phasor parameters [1]-[3]. The
development of the Symmetrical Component
Distance Relay (SCDR) in the early 1970s is where
the modern phasor measurement systems got their

I. INTRODUCTION:
Effective monitoring and management of
power grids can prevent significant issues such as
blackouts and load shedding in the contemporary

era. Utilizing Phasor Measurement Units (PMUSs)

for proper grid monitoring and control is one way to
address this problem. Data can be transmitted across
the network by measuring important parameters
with PMUs, which improves fault detection and
enables self-healing with state estimation. Obtaining
synchronized data from the power grid is crucial to
achieving an even distribution of power over a
sizable area. To keep track of the condition of the
electrical network, PMUs are typically installed
throughout the transmission side of the grid.In order
to guarantee precise and consistent measurements,
these PMUs are frequently incorporated into a
network known as the wide-Area Monitoring
System (WAMS) and synchronized using GPS.
Information such as monitoring switch status, circuit
breaker status, equipment performance, traffic,
outages, and demand response events are all
available through the phasor parameters that PMUs
provide. To support better decision-making for a
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start. Microcomputer technology at the time was not
developed enough to handle the demands of a
distance relay algorithm. In order to combine the six
fault equations of a three-phase transmission line
into a single equation using symmetrical
components, the SCDR was developed. It does this
by using the symmetrical components of voltages
and currents.The effective techniques for measuring
symmetrical components of voltages and currents
used by the SCDR turned out to be useful for other
applications, even  though  microcomputers
eventually became powerful enough to handle the
distance relay algorithm. In fact, positive sequence
voltages and currents in a network serve as the
foundation for the majority of power system
analysis program, including load flow, stability,
short circuit, optimum power flow, state estimation,
contingency analysis, and others [4]-[6]. Precise
phasor measurement in the distribution grid is made
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possible by the deployment of dedicated PMUs or
by using the phasor measurement capability of
protective relays.In order to facilitate monitoring,
control, energy management, and protection
strategies that are more appropriate for the current
situation, this recently acquired dynamic system
snapshot can be integrated into the distribution
management system (DMS) [7]-[9]. Power systems
have long used coherency grouping to develop
reduced order models, allowing the breakdown of
large models into more manageable, equivalent
systems that are smaller and simpler. When dealing
with many scenarios, this method simplifies the
analysis of the power system and the computational
effort.Studies on transient stability have used
coherency analysis of generators, as well as other
applications like oscillation detection, vulnerability
analysis, and fault event location. In order to
determine voltage stability, coherency grouping
methods for reduced order models, transient stability
studies, oscillation detection, and vulnerability
assessment may not be useful because the series of
events that cause oscillation in the power system or
transient instability differ from those that cause
voltage instability. The main variables in transient
stability studies, oscillation detection, vulnerability
assessment, and related applications [10]-[17] also
involve generator speed, rotor angles, or other
swing-related variables.To expedite line restoration,
shorten outage times, and avoid the emergence of
unstable states in power systems, power utilities
must employ fault location techniques on
transmission lines. The location of transmission line
faults has been addressed by a number of algorithms
developed in recent years. There are three primary
fault location techniques, which include: (1)
travelling wave methods that involve analyzing
travelling waves generated by the fault; (2)
intelligent computational techniques that rely on
qualitative human knowledge modeling; and (3)
fundamental impedance-based techniques. Although
travelling-wave methods offer several benefits such
as resistance to current transformer saturation and
insensitivity to power system parameters and fault
conditions, they also have a few significant
drawbacks. These include the requirement for a high
sampling rate and the inability to differentiate
between a travelling wave emanating from the fault
and one reflected from a remote end.Care must also
be taken to take into account the mother wavelet
selection and the presence of noise. However, these
methods call for the installation of a large number of
PMUs at different locations in the feeder, including
both ends and the centre of the distribution system.
This results in a rise in communication costs and
infrastructure expenses associated with PMU
installation. As a result, power companies may face
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challenges in  managing their  networks.
Furthermore, the approach presented, fails to
account for unbalanced faults and the influence of
DERs. Consequently, it is imperative to develop
fault location estimation methods that rely on a
minimal number of PMUs and can address the
challenges posed by DERSs[25]-[26].Therefore, in
order to overcome these issues, this paper proposes
a Phasor measurement Unit based renewable energy
two area system protection and stability analysis.
Section-1 depicts the introduction and literature of
the work, section-2 depicts system configuration,
section-3 explains the proposed topology whereas
section-4 depicts the results and discussion and
section-5 ends with concluding the proposed work.

Il. SYSTEM DESCRIPTION:
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Figure 1: Block Diagram of the proposed system

The above figure will depict about the
block diagram of the proposed system. It mainly
consists of 2-areas. The generated power is supplied
to the respected areas through the transmission lines.
Two sources namely Solar PV and WIND are
considered. The voltage and currents of respected
parameters are measured by using Phasor
Measurement Unit. This related description is
explained below.

1. SOLAR PV SYSTEM

In this system, solar panels convert sunlight
into electrical energy, which is then sent to the load
for immediate use. The solar PV system consists of
solar panels, a boost converter, and an inverter. T
The inverter converts the DC power generated by
the solar panels into AC power that can be used by
the load. When the solar panels generate more
power than the load needs, the excess energy is not
stored and is typically lost. On the other hand, if the
load requires more power than the solar panels can
provide, the system will draw power from other
sources such as the grid or a backup generator.
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Figure 2: Schematic representation of Solar PV
System

This system is frequently utilized in distant
regions where grid access is unavailable or in
circumstances where the expense of linking to the
grid is prohibitively expensive. It is also suitable for
applications where power demand is low and can be
met by the solar panels' output. The below figure-2
depicts the schematic representation of solar PV
system.

2. WIND POWER GENERATION

An apparatus that harnesses wind power
and utilizes a doubly fed induction generator (DFIG)
system transforms the mechanical energy of wind
into electrical energy. The DFIG system features a
power converter that links the three-phase windings
on the stator with the three-phase winding on the
rotor.The power converter allows the rotor winding
to be connected to the grid through a variable
frequency drive, which enables control of the
generator speed and reactive power.The DFIG
system has several advantages over other types of
wind turbine systems, including better control of the
output power, improved efficiency, and lower
maintenance costs. It also allows the wind turbine to
operate at variable speeds, which can help to
optimize energy production in different wind
conditions.However, the DFIG system also has
some disadvantages, including the need for
additional control equipment, such as the power
converter, which can increase the overall cost of the
system. Additionally, the DFIG system can be less
reliable than other types of wind turbine systems,
particularly in harsh weather conditions.Overall,
wind turbines with DFIG systems are a popular
choice for wind power generation due to their
flexibility and efficiency, but they also require
careful design and maintenance to ensure reliable
and cost-effective operation.

 J

WIND Load
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Figure 3: Schematic representation of Wind System
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The above figure-3 describes the schematic
representation of the proposed system of wind
system.

3. Phasor Measurement Unit

A Phasor Measurement Unit (PMU) is a
tool employed in the realm of monitoring and
regulating power systems.It is used to measure the
electrical parameters of an alternating current (AC)
power system, such as voltage, current, frequency,
and phase angle, at a specific point in the system.
PMUs are commonly used in power systems to
monitor the state of the system in real-time and
provide accurate and synchronized data to the
control center.PMUs measure the phasor or the
complex sinusoidal representation of the AC signal,
which consists of the amplitude and phase angle.
The PMU converts the measured analog signal into
a digital signal, which is then transmitted to the
control center through a communication network.
The data from multiple PMUs can be synchronized
using a common time reference, which allows for
accurate measurement of the power system's
dynamic  behavior, including power flow,
oscillations, and transient events.PMUs are an
essential component of modern power system
control and protection systems. They are used for
applications such as wide-area monitoring, system
stability analysis, fault detection and location, and
control of power system equipment. PMUs are also
employed in renewable energy systems, where they
can enhance the management and sizing of the
power grid's incorporation of renewable energy
sources.

4. ASYMMETRICAL FAULTS

A three-phase asymmetrical fault is a type
of fault in an electrical power system that involves
an unequal or unbalanced distribution of fault
current among the three phases of the system.
Three-phase asymmetrical faults can occur due to
various reasons, such as insulation failure, lightning
strikes, or accidental damage to power lines.
In a three-phase asymmetrical fault, the fault current
in each phase of the power system is different,
which can cause voltage imbalances, phase shifts,
and other disturbances in the system. The severity
and duration of the fault depend on factors such as
the fault location, fault impedance, and the
protective devices installed in the system.
Three-phase asymmetrical faults can take many
different forms, including:
1. Line-to-Line fault: When two power
system phases are short-circuited together, a fault of
this type develops. Line-to-line faults can result in
significant voltage and phase shifts within the
system, as well as high fault currents.
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2. Line-to-Ground fault: When one phase of
the power system is shorted to ground, a fault of this
type occurs. In addition to seriously harming the
system, line-to-ground faults can cause voltage
drops and power supply flickering.

3. Double Line-to-Ground fault: When two
power system phases are shorted to ground, this
kind of fault happens. VVoltage imbalances and phase
shifts can result from double Line-to-Ground faults,
which can also seriously harm the system.To protect
the power system from three-phase asymmetrical
faults, protective devices such as circuit breakers,
fuses, and relays are installed in the system.

In this work, three phase asymmetrical LLLG fault
is injected into the system to evaluate the
performance of the respected areas with getting
affected of the grid systems.

I1l. PROPOSED SYSTEM:

The combination of solar PV and wind
energy systems has become increasingly popular in
recent years, as it provides a more reliable and
efficient energy source compared to relying on just
one type of renewable energy. In this context,
implementing a PMU based two area system can
help enhance the stability of the overall power
system. The system can be modeled as two
interconnected areas, with each area consisting of
solar PV and wind power sources, along with other
components such as inverters, transformers, and
transmission lines. The system can incorporate
Phasor Measurement Units (PMUs) to measure the
voltage and current phasors at various locations
throughout the power network. The PMU data can
be used to monitor the system in real-time and find
any potential faults or disturbances.A control system
can be designed to manage the operation of the solar
PV-wind system. The control system can include
various components such as power converters,
inverters, and energy storage systems. The control
system can also use the PMU data to adjust the
operation of the system to maintain stability.

V. SIMULATION BASED RESULTS:

This section shows the system's suggested
simulation-based results. A two-area generator-
based existing system is compared to the
performance of the two renewable energy-based
systems in the proposed method. These outcomes
are evaluated using MATLAB/Simulink 2018a
software.
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Figure 4; Simulink Model of Proposed System

The above figure depicts the Simulink
model of the machine based two area system. The
simulation aims to evaluate the effectiveness of the
proposed PMU-based two area system in enhancing
power system stability. The simulation assumes a
two-area power system, where each area is modeled
as a generator with a governor, excitation system,
and automatic voltage regulator (AVR). The
simulation also considers the presence of
disturbances, such as load changes and fault events.
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Incorporating solar and wind energy will
‘ . ‘ ‘ . ‘ ‘ . ‘ boost the system's overall power generation
w . w w . w w . w capacity, assisting in meeting the rising demand for
' ! ' electricity. The system may have energy storage
components, such as batteries or pumped hydro
storage, to store extra energy produced by the solar
[ I [ [ I [ [ I [ and wind sources during periods of peak output. The
accumulated energy can subsequently be utilized to
fulfill the demand when renewable energy

S T P production is low. The incorporation of renewable
= o e ] T2 00 energy sources may result in voltage fluctuations
Figure 9: (PLL-Based,Positive-Sequence) of labc that can trigger instability within the system.
2) However, the PMUs can monitor and control the

P_G1 (pui300MW) . . ‘ =

voltage levels in real-time, ensuring that the system
remains stable. The integration of renewable energy
sources can also cause fluctuations in the frequency
of the system. PMUs can monitor and control the
frequency levels in real-time, ensuring that the
system remains stable.PMUs can also monitor the
power flow within the system and adjust it in real-
time to maintain a balance between the power
generation and demand.
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above figure depicts the simulation results obtained
by employing machines-basedgrid system. At 0.6s
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Figure 16: Active and Reactive power of the system

The above figure depicts the simulation
results obtained by employing the renewable energy
based two area system. At 0.6s to 0.8s, the fault has
been injected. Initially the circuit breaker is in
closed position whenever the fault is occurred, then
circuit breaker will gets opened, so that the effect of
fault will not fall on the solar PV and wind system.
The voltages, current and active power of the area
system is depicted above. PMU is used to measure
the positive, negative sequence of the frequency in
the solar area. The valuesobtained is mentioned in
the below comparison table-1

TABLE 1: Comparison Table of Conventional
and proposed method

Parameter | Grid Connected Renewable energy-
System based System
AREA- | AREA- SOLAR WIND
1 2
Input 20000V | 20000V 100V, 250V
Voltage Vde=1500V
¢ e ! R Current 1A 1.8e5A 1A 1.8e5A
Ready Sample based | Offset=0 |T=2.000

Figure 14: (PLL-Based,Positive-Sequence) ‘?“]:P“‘ 1500V | 1490V 1500V 1490V

V. B1 oltage
atVabe_ Reactive 900MW 00MW

power

Sample based |Dffset=0 | T-2.000

Y Figure 15: (PLL-Based,Positive-Sequence) at
labc_B1
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The above table describes the comparison of
the conventional and proposed system. The
discontinuity in the supply of the system will leads
to the less power transmission. In order to overcome
these issues, the area-1 and area-2 is replaced with
renewable energy systems like solar and wind. The
same values are evaluated but the only difference
here is continuous power generation is possible.

V. CONCLUSION:

In this work, the Solar PV-Wind system
based two area system with Phasor Measurement
Unit (PMU) is a more advanced and efficient system
compared to the machine based two area system.
The former system takes a step towards
sustainability and the reduction of carbon emissions
by using renewable energy sources like solar PV
and wind. The use of PMUs for system monitoring
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and control also provides real-time data and
contributes to the system's increased stability and
dependability.In contrast, the machine-based two
area system relies solely on conventional power
sources and does not incorporate modern
technologies like PMUs, which limits its
performance and efficiency. While machine-based
systems may still have a place in the current energy
landscape, it is clear that a transition towards
renewable energy and advanced control systems is
necessary to ensure a sustainable and resilient
energy future.Overall, the Solar PV-Wind system
based two area system with PMU is a promising
approach for future power system planning and
design, as it offers significant advantages over
conventional systems in terms of environmental
impact, efficiency, and reliability.

REFERENCES:

[1]. Xi Fang, Satyajayant Misra, Guoliang Xue,
and Dejun Yang, Smart Grid — The New and
Improved Power Grid: A Survey, IEEE
communications surveys & tutorials, vol. 14,
no. 4, fourth quarter 2012.

[2]. A.G. Phadke, J. S. Thorp, HistoryAnd
Applications Of Phasor Measurements,
Power Systems Conference and Exposition,
2006. PSCE '06. 2006 IEEE PES.

[3]. Chandarani Sutar, Dr. K. S. Verma,
Application Of Phasor Measurement Unit In
SMART GRID , Pratibha: International

Journal Of Science, Spirituality, Business
And Technology (1JSSBT), vol. 1, no.2,
February 2013 .

[4]. G. Phadke, M. lbrahim, T. Hlibka,
"Fundamental Basis for Distance Relaying
with Symmetrical Components”, IEEE Trans.
on PAS, Vol. PAS-96, No. 2, March/April
1977, pp. 635-646.

[5]. Nathan Cohn, “Control of Interconnected
Power Systems”, (Book), John Wiley, [3].
A.G. Phadke, J. S. Thorp, 2 chapters for
"ADVANCES IN ELECTRIC POWER AND

ENERGY CONVERSION SYSTEM
DYNAMICS AND CONTROL", edited by
C. T. Leondes

[6]. A.G. Phadke and J.S. Thorp, “Computer
Relaying for Power Systems”, (Book), RSP-
John Wiley publishers, 1993.

[7]. M. Nordman and M. Lehtonen, “Distributed
agent-based state estimation for electrical
distribution networks,” IEEE Trans on Power
Systems, vol. 20, no. 2, pp. 652-658, May
2005.

[8]. I. Dzafic, H. Neisius, and D. Ablakovic,
“Multi process real-time network applications

Www.ijera.com

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

in distribution management system,” in Proc.
IPEC, Oct. 2010, pp. 340-345.

“Load  representation for dynamic
performance analysis of power systems,”
IEEE Trans on Power Systems, vol. 8, no. 2,
pp. 472-482, May 1993.

R. Podmore, “Identification of coherent
generators for dynamic equivalents,” IEEE
Trans. Power Apparatus System, vol. 97, no.
4, pp. 1344-1354, July 1978. [Online].
Available:
http://dx.doi.org/10.1109/TPAS.1978.354620
J. Zaborszky, K. W. Whang, G. M. Huang, ,
L. J. Chiang, S. H. Lin, “A clustered dynamic
model for a class of linear autonomous
systems using simple enumerative sorting,”
IEEE Transactions On Circuits and Systems,
vol. CAS-29, no. 11, pp. 747-758, Nov. 1982.
[Online]. Available:
http://dx.doi.org/10.1109/TCS.1982.1085095
J. H. Chow, R. Galarza, P. Accari, W. W.
Price.  “Inertial and slow coherency
aggregation algorithms for power system
dynamic model reduction,” IEEE
Transactions on Power System, vol. 10, no. 2,
pp. 680-685, May 1995. [Online]. Available:
http://dx.doi.org/10.1109/59.387903

H. Kim, G. Jang, K. Song, “Dynamic
reduction of the large-scale power systems
using relation factor,” IEEE Transactions on
Power Systems, vol. 19, pp. 1696-1699,
August  2004. [Online]. Available:
http://dx.doi.org/10.1109/TPWRS.2004.8316
97.

Y. Xue, M. Pavella, “Critical -cluster
identification in transient stability studies,” in
Proceedings, Inst. Elect. Eng. C, vol. 140, no.
6, pp. 481-489, Nov. 1993.

C. Juarez, A. R. Messina, R. Castellanos, G.
Espinosa-Pérez “Characterization of
multimachine system behavior using a
hierarchical trajectory cluster analysis,” IEEE
Transactions On Power Systems, vol. 26, no.
3, pp. 972-981, August 2011. [Online].
Available:
http://dx.doi.org/10.1109/TPWRS.2010.2100
051

R. Nath, S. S. Lamba, K. S. Prakasa Rao,
“Coherency based system decomposition into
study and external areas using weak
coupling,” IEEE Transactions on Power
Apparatus and Systems, PAS-104, no. 6, pp.
1443-1449, 1985. [Online]. Available:
http://dx.doi.org/10.1109/TPAS.1985.319158
R. Agrawal, D. Thukaram, “Support vector
clustering-based direct coherency
identification of generators in a multi-

DOI: 10.9790/9622-1306142120 | Page



http://dx.doi.org/10.1109/TCS.1982.1085095
http://dx.doi.org/10.1109/59.387903
http://dx.doi.org/10.1109/TPWRS.2004.831697
http://dx.doi.org/10.1109/TPWRS.2004.831697
http://dx.doi.org/10.1109/TPWRS.2010.2100051
http://dx.doi.org/10.1109/TPWRS.2010.2100051
http://dx.doi.org/10.1109/TPAS.1985.319158

Sufia Khanam, et. al. International Journal of Engineering Research and Applications
www.ijera.com
ISSN: 2248-9622, Vol. 13, Issue 6, June 2023, pp. 14-21

machine power system,” IET Generation
Transmission Distribution, vol. 7, no. 12, pp.
1357-1366, 2013. [Online]. Available:
http://dx.doi.org/10.1049/ietgtd.2012.0681

[18]. Bo, Z.Q., Jiang, F., Chen, Z., Dong, X.Z.,
Weller, G., Redfern, M.A.: ‘Transient based
protection for power transmission systems.
Proc. 2000 Power Engineering Society
Winter Meeting, 2000, pp. 1832— 1837

[19]. Bo, Z2.Q., Weller, G., Lomas, T., Redfern,
M.A.: ‘Positional protection of transmission
systems using Global Positioning System’,
IEEE Trans. Power Deliv., 2000, 15, pp.
1163-1168

[20]. Borghetti, A., Bosetti, M., Di Silvestro, M.,
Nucci, C.A., Paolone, M.: ‘Continuous-
wavelet transform for fault location in
distribution power networks: definition of
mother  wavelets inferred from fault
originated transients’, IEEE Trans. Power
Syst., 2008, 23, pp. 380-388

[21]. Elkalashy, N.I., Lehtonen, M., Darwish,
H.A., Taalab, A.M.l., lzzularab, M.A.
‘DWT-based detection and transient power
direction-based location of high-impedance
faults due to leaning trees in unearthed MV
networks’, IEEE Trans. Power Deliv., 2008,
23, pp. 94- 101

[22]. Silva, M.D., Coury, D.V., Oleskovicz, M.,
Segatto, E.C.: ‘Combined solution for fault
location in three-terminal lines based on
wavelet transforms’, IET Gener. Transm.
Distrib., 2010, 4, pp. 94-103

[23]. Reddy, M.J., Mohanta, D.K.: ‘Adaptive-
neuro-fuzzy inference system approach for
transmission line fault classification and
location incorporating effects of power
swings’, IET Gener. Transm. Distrib., 2008,
2, pp. 235 -244

[24]. Reddy, M., Mohanta, D.K.: ‘Performance
evaluation of an adaptivenetwork-based fuzzy
inference system approach for location of
faults on transmission lines using Monte
Carlo simulation’, IEEE Trans. Fuzzy Syst.,
2008, 16, pp. 909-919

[25]. IEEE. Standard for Synchrophasor Data
Transfer for Power Systems; IEEE:
Piscataway, NJ, USA, 2011.

[26]. Available
online:www.powerstandards.com/wp-
content/uploads/dim_uploads/2017/10/Introd
uction-tomicroPMU.pdf (accessed on 18
February 2020).

Www.ijera.com DOI: 10.9790/9622-1306142121 | Page




