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Abstract

The rapid increase in the demand for electricity necessitates the power quality improvement for
achieving better reliability in smart grids. Wireless Sensor Networks (WSN) is the proven tech-
nology for reliable monitoring. This paper proposes a system model for the development and im-
plementation of WSN based communication system for the monitoring of distributed generation,
loads and transmission lines in the electrical grid and a controller system for automated control
on the electrical grid. This work also aims to reduce the carbon footprints by reducing the depen-
dency of electrical grid through the enhancement of distributed generation and grid sharing for
avoiding voltage rise problem. To achieve this, a smarter electrical grid has been developed for the
validation of smart grid considering a generation substation, a transmission substation and a dis-
tributed generation with loads. The occurrence of power quality issue and voltage rise has been
controlled by active power control strategy. The communication network and controller has been
modeled and tested for the performance of monitoring system and data communication capability
on smart grid.
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1. Introduction

In the recent decades, GDP (Gross Domestic Product) has seen a tremendous growth. With this growth the de-
mand for electricity has increased and forced the grid for modernization to achieve more reliability by reducing
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transmission losses and power quality issues. The electrical grid was installed in very olden times and hasn’t
been constructed to meet out the present days challenges that were faced now [1]. The infrastructure that acts as
the backbone of a nation and being a most complex to maintain is its electrical network. The growth of a nation
has been measured by the raise of its GDP, and the failure of electrical grid will in turn result in the economical
losses that thwart the growth of GDP. Hence proper electrical grid is therefore needed. If the above mentioned
factors like ageing have been kept apart, the concern on environment has reached to greater extinct for reducing
the emission of carbon footprints and other green house gases into the atmosphere [2]. Added to that, the rise in
fuel prices and rapid depletion of fossil fuels forced the interest of researchers in the field of renewable and
green energy. Due to the geographical dependencies and scalability renewable energy resources got a greater
impact in distributed generation. Ancient electrical grid was not designed to meet out the present day’s capacity
and bidirectional power flow support [3]. To address these issues smart grids emerged. When the present elec-
trical grid becomes smarter by becoming more reliable, consistent, and affordable and encourages more distri-
buted generation will be termed as smart grid. The traditional way of supplying energy from grid has been mod-
ified to utilize the power that has been generated in excess than the demand of that particular consumer through
distributed generation by the use of renewable energy resources in some remote areas [4]. This makes the sys-
tem more complex by the introduction of heterogeneity in the transmission and distribution. Hence a monitoring
system and a control system were therefore needed for demand side energy management [5] [6]. If the monitor-
ing system requires a new architecture, then the system will be less affordable due to the complexity in installa-
tion thorough out the network and economical factor is still an issue. Wireless communication will be an optimal
candidate for these requirements.

Wireless Sensor Networks that play a vital role in various monitoring applications even in the most robust
scenarios will be an ideal candidate [7]. Emerging of such a smarter grid will increase the reliability of the sys-
tem by taking proactive measures in case of power failure and also in the occurrence of natural calamities. The
increased capacity of distribution generation will facilitate the consumers through reducing their dependency on
grid added to that emission of green house gases through the burning of fossil fuels will thereby reduces. These
advantages were nothing when there is the occurrence of varying faults like voltage rise, reverse power flow,
etc., fortunately the distributed generations uses electronic converters and inverters thus can enable islanding
mode incase of grid failure or power shutdown to overcome the issues of distributed generation. Sensing and
control system has three main phases namely: Sensing phase, data communication phase and control phase. The
sensing part can be done effectively by the use of Wireless Sensor Nodes (WSN). WSN is a promising technol-
ogy with infrastructure less nature, tiny sized and adaptability for various topologies made it possible for being
an effective monitoring and enhancement of electric power systems. Data communication can be implemented
with ultra low power RF signals used by WSN transceiver module. The control system can be implemented in
the power electronic converters that are being used as an intermediary for the transmission of generated power
into the grid.

This rest of this paper is organized as follows: the first section gives the clear state of art followed by the need
for solving the identified problem by explaining the traditional methods, the third section will be the proposed
methodology followed by results and discussion and the final section concludes the work and proposes the
possible future research directions.

2. Related Works

Among the literatures available, the papers for proposing more methodologies for reliability [8]-[10], the ac-
ceptable range of T&D losses is 6% but in some countries the ageing factor of the distribution lines lead to in-
crease in the losses of about 40% - 50% [11]. Proposed a monitoring system with WSN based data acquisition
for effective monitoring of power data and also indicates the theft of power is also detected in this regard [12].
States the complete state of art in utilizing the WSN based monitoring systems for smart grid applications. The
reliability of WSN in terms of energy efficiency, performance has been explained in [13]-[15]. This paper pro-
poses a novel architecture for control and monitoring system for smart grids. There are a number of works in the
monitoring of smart grids [16]-[18] and WSN based monitoring applications were explained in [19] [20]. The
need for integrated communication, high speed bidirectional flow of data and power for the exchange of infor-
mation in mega infrastructure has been better projected in [16]. The issues related to reliability, manageability,
adaptability and integrity for the deployment of heterogeneous communication system have been briefed in [21]
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[22]. The flexibility of the system for the scalability related issues and adaptability for integration of products
from various vendors also plays a vital role in such types of heterogeneous networks. The use of WSN in such a
complex and harsh environment has been better explained by incorporating its performance.

3. System Model and Communication Controller

In this section the proposed work has been briefed by explain the origin and need for the proposed work fol-
lowed by the overall system architecture with the simulation parameters assumed and the scenarios considered
for the same.

3.1. Motivation

The geographical dependencies of the renewable energy facilitated for a greater increase in the distributed gen-
eration. The generated power when exceeds the demand will result in either waste of generated power or may
incur voltage snag. The demand for power has seen a tremendous level and the same can be managed by the use
of distributed generation through proper balancing of system through demand management with the locally gen-
erated power.

3.2. Proposed System

The overall system architecture has been given in Figure 1. The system has been designed with two generation
plants, a consumer and a consumer with distributed generation. The complete system has been modeled with
wireless sensor networks for the acquisition of data from these units. In case of solar power plant the Power
Conditioning Unit (PCU) will facilitate the islanding mode by enabling the feedback data from the grid for the
synchronization. The islanding mode for consumer with distributed generation is same as the solar power unit as
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Figure 1. Monitoring and controlling system architecture for smart grids.
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the converters uses feedback data to send the excess power generated into the grid. When there is no feedback
data from the sensing module it refers to the failure or shutdown of the grid. In such cases the produced power
will be cutoff within the generation unit and the connection with the grid will be terminated till the reception of
feedback. The islanding mode alone is not an ultimate aim but also to provide proper synchronization the gener-
ated power values like voltage and frequency. The consumer is a unidirectional user where the sensor will play a
role of communication alone and the controller is therefore not needed till the occurrence of harmonics. The
power quality when affected by the loads of the consumer the information will be recorded and sent to the
communication controller in the interest of increasing reliable transmission by maintain the power quality. When
there is exceed of rated level of harmonics to be injected then the connection will be terminated so that the pow-
er quality of the overall grid will be maintained. The wind power plant has a controller for the grid synchroniza-
tion at the converter level and the data will be gathered by the communicating devices. The wireless sensor
nodes with voltage and power sensors were incorporated with the transceiver module of crossbow motes men-
tioned as sensor in the architecture shown in Figure 1. These nodes are capable of forming a network by a group
nodes connecting together without any other communication requirement like base station. The neighboring
nodes will be acting as the relay and supports multi hop communication in the network.

3.3. Performance Analysis

The parameters that have to be monitored are voltage, power harmonics, current at the consumer side, and at-
mospheric data for the generation stations that were utilizing the renewable resources for the sake of the substa-
tion monitoring. The performance metrics that has to be considered for the validation are the time delay and
power analysis. Data transfer rate depends on each system based on the standards followed by the system and
the frequency of operation [23]. The operating frequency for WSN has been chosen at ISM band of 2.45 GHz
and the bit for the same is 4 ps. the total processing time for the system will depend on the data payload and data
frame.

TdataPr = datapayload +Tpr (1)

Tatarr 1S the time taken for processing of the data mentioned in Equation (1) [23], which is equal to the sum of
time taken data payload and the data processing time for the header and trailer bits such as preamble, frame de-
tails and also the addressing field. The power consumed for the same application can be given as follows:

Ptot = Ptx + Prx + I:’pr + I:’L (2)

Pyt represents the total power involved in the communication and is equal to the sum of [24] power transmit-
ted (R, ), power received (R, ), and processing power (P, ) involved in the processing substation of WSN and
the power lost at any three phases like sensing, transmission and processing. The transmission model has been
considered as two ray ground reflection model and the path loss has been calculated accordingly. The transmit-
ted power will be the sum of processed power and transmitted power through the antenna and is represented in
Equation (3) [25] and the power within braces were the power utilized at exponential back off, channel sensing,
packet transmission, buffering, power for system idle and the power for waking the device from sleep state. The
received power has been mentioned in Equation (4)

Ptx = I:)pr + ( Pbackoff + F:‘ch sense + F)pkt X + I:)buff + Psys idle + Pwakeup) (3)
PXG xer hé her
k= : [d4L 4

3.4. Simulation Parameters

The system capacity designed for simulation of smart grid were solar power plant of 10 kW, wind power plant
of 10 kW, consumer with a variable load of about 25 kW and the distributed generation of capacity 2 kW and
the load for 3 kW has been designed. The WSN system has been tested with seven nodes for the effective com-
munication at hardware level and 30 nodes have been created at simulation level for the validation of multi hop
communication delay and the packet delivery ratio determination to ensure the performance of the system.
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3.5. Simulation Scenario

The system has been modeled with a certain scenarios like the grid overflow, demand exceeds the production,
demand meets the production, demand is less/cutoff and the production increases rapidly and the power quality
affects the grid. For these cases an algorithm has been evolved to solve such cases and the algorithm is as fol-
lows:

/*Eg = energy on grid

/*Ed = demand energy

/*Ep = locally produced energy
/*Pq = power quality

void powerqualityanalyser()

éor (Pq<=15%)

éVrite the system is normal and record the data
"}Ferminate the terminal

ioid main()

if (Eg=Ed)

\{/oid powerqualityanalyser()

ilse if (Eg > Ed)

{

the system id on surplus and non peak time tariff
void powerqualityanalyser()

}

else if(Eg<Ed)

{

set peak time and tariff changed to peak
void powerqualityanalyser()

}

else (Ed<Ep)

{

Cause of Voltage rise and terminate production terminal
Production exceeds rated threshold
void powerqualityanalyser()

4. Results and Discussion

The various scenarios have been deployed in the above presented algorithm and the same has been validated
through simulation analysis. The controller module performs the above mentioned functionalities like active
power control strategy for maintaining the voltage rise problem. The first condition on the controller denotes the
normal functionality of the grid where the demand and the grid power and generated power were maintained
within the threshold and the system is at safe operating area and working fine. When this condition fails the grid
power when is lower than the demand and the demand has been met by the generation capacity or maybe in def-
icit then the grid is said to be in the peak time the tariff has to be calculated accordingly. The vice versa case is
said to non peak time and the demand will be lesser than the actual production and the grid were in safe operat-
ing with the power levels maintained within the threshold. The next case is when the demand is reduced and the
production when exceeds the system will suffer from the voltage snag. This refers to the rise in voltage to a
greater extinct in order to maintain the power factor along with which the frequency also increases causing in-
stability of the grid and the loads connected to it. In that case the controller terminates the connection with the



A. K. P. Kovendan, D. Sridharan

generation to the grid to lower the power of grid. The strategy for control the active increase in power flow is
termed as active voltage control strategy and done by the controller. The next part being the communication
phase, the network has been simulated by considering the two ray ground reception model and by considering
the path loss the delay in packet transmission and the packet delivery ratio has been plotted in the following fig-
ures.

Figure 2 represents the number of packets contributed by each nodes in the WSN from the graph it is evident
that there are 91 packets out of 30 nodes in the network. The network size has been varied from 10 to 30 and the
numbers of packets were 29 to 91 respectively. The comparison given shows the proposed methodology is under
performing than the existing system because of the harsh nature of deployed area and the path loss induced by
the EMI/EMC effect. Figure 3 represents the packet delivery ratio for the number of nodes shown from the
above Figure 2 has been plotted and the ranges were 82.2 for 70 packets from 93 for 29 packets. The energy
consumption profile for the varying network size shown in Figure 4 has been plotted with the number of nodes
versus consumed energy (in J). The initial energy has been assumed from 100 J and the average energy con-
sumption per node will be of 6.75 J. The remaining energy of around 80 J is available after the successive
transmission of 30 nodes in the network. Thus the packet delivery ratio and the delay have been analyzed and a
better performance has been noted in the network with minimum energy consumption of about 19.8 J evident in
the graphs shown.
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Figure 2. Number of packets versus the number of nodes.
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Figure 4. Energy consumption profile for varying network size.

5. Conclusion and Future Scope

In this paper, a communication module and a control strategy for controlling the smart grid substation for is-
landing of distributed generation, active power control strategy for avoiding voltage rise and voltage control
strategy along with the power quality analysis has been designed implemented and validated. Through this sys-
tem, better reliability has been achieved and the various scenarios for the need for control strategies like active
power control, islanding power quality control have been briefed.

The future work will consider the implementation of the simulated system in a large scale by incorporating
adaptive filters designed for arresting the harmonics from being injected into the grid. This can be extended for
automation systems and for the monitoring of various components involved in the transmission and Distribution
like transformer’s oil level, etc. The cost effective and reliable monitoring system is mandatory for large scale
deployment which motivates WSN design.
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