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Abstract— The most essential requirement of empowerment 

is energy. Smart grid technology may be a vital leap towards 

reliable and consistent electricity. Integration of knowledge 

and communication technologies could be an important a part 

of good grid progress. Smart grid communication 

infrastructure could be a hierarchical network group action 

heterogeneous set of communication standards and 

technologies. Micro grid plays a vital role as a strategic 

element of smart grid because it allows the employment of 

renewable energy resources. It can resolve the issues like 

unelectrified villages, electricity theft, and depletion of fossil 

fuels, Green House Gas (GHG) emissions and greenhouse 

effect. Smart micro grid can operate on both islands as well 

as grid connected mode. It additionally contains numerous 

hierarchic communication networks for monitoring and 

control of complete system. This paper describes an 

experimental investigation of wireless monitoring and control 

of smart micro grid prototype.    
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I. INTRODUCTION 

Smart grid is the most radical technology of contemporary era 

[1]. An electric ‘Grid’ is a network that carries electricity 

from power plants to customers. The grid is made ‘smart’ or 

‘intelligent’ as it can monitor and control the entire 

distribution system. Smart Grid is an automatic and widely 

distributed energy generation, transmission and distribution 

network [1]. It is characterised by bidirectional flow of 

electricity and data. It is closed loop system for observation 

and response. Supervisory Control and Data Acquisition 

(SCADA) system is an integral part of Smart Grid system. 

Integration of renewable energy resources will result in 

reduced carbon footprint and emissions. Smart Grid can be 

defined in various ways as per its functional, technological or 

beneficial facets. As per the definition given by U.S. 

department of energy, “A smart grid uses digital technology 

to enhance consistency, security, and potency (both economic 

and energy) of the electrical system from large generation, 

through the delivery systems to electricity customers and a 

growing number of distributed-generation and storage 

resources.” smart grid technology ensures reliable, efficient, 

resilient and advanced energy distribution system with 

enormous features. It is an intelligent grid with integration of 

various different and renewable energy resources by means 

of automatic observation, data acquisition, control and rising 

communication technologies. Application of diverse set of 

communication standards requires analysis and optimization 

depending upon requirements. These requirements can be 

decided on the basis of area of coverage, application, 

bandwidth requirement, security aspects etc. Hierarchical 

communication networks can be characterized as Home Area 

Networks (HANs), Neighbourhood Area Networks (NANs) 

and Wide Area Networks (WANs) as per the applications of 

communication technologies at various levels of deployment 

of smart grid. The proposed prototype is designed for the 

management of energy distribution in HAN. A consumer can 

choose the type of source manually or it can be automatically 

changed on the basis of load requirement. The prototype is 

developed for data logging as well as control purpose. 

II. LITERATURE SURVEY 

Almost as presently as there major electrical distribution 

grids, there was a demand for devices to measure the 

consumption and to assist the suppliers distribute, price, and 

monitor their service. The path from the primary tentative 

devices used to measure consumption, to today’s smart grid 

technology which uses two-way metering technology which 

can turn appliances on and off according to demand and off-

season electricity costs, has been a long one. Many obstacles 

required to be overcome so as to get correct info concerning 

the method the grid behaved, and some of the obstacles to the 

earliest attempts to devise technologies for monitoring 

electrical distribution 100 or a lot of years ago are strikingly 

like obstacles facing smart grid technologies nowadays. In 

Edison’s 1882 Pearl Street system in lower Manhattan, the 

pull of associate degree magnet against a carefully-adjusted 

spring closed or opened contacts that lit either a red lamp (if 

the line voltage rose) or a blue lamp (if the line voltage 

dropped) thereby indicating to an attendant to turn a hand 

wheel to control the strength of the electromagnetic field 

within the generators so as to match the output of the 

generators to the load. 

To measure the electricity consumed, Thomas 

Edison devised a meter consisting of 2 electrodes in an 

electrolyte. As current passes through the meter, the current 

caused the metal of the electrodes to transfer. The customer’s 

consumption was calculated by weighing the 2 electrodes. 

The first well-known electric meter was patented in 

1872 by samuel gardiner. An electromagnetic started and 

stopped a clock. This provided data on the duration of the 

flow of the current, but not the amount. In 1883, hermann 

Aron patented a recording meter that showed the energy used 

on a series of clock dials. Edward Weston’s indicating meter 

of 1886, that set high standards for precision, wasn't supposed 

to measure consumption, however rather to measure current. 

In 1889, Elihu Thomson introduced a recording 

wattmeter. This instantly became a very well-liked metering 

technology and allowed the utilities to measure the amount of 

electricity provided to a customer. The road to accuracy was 

an extended one, however. Braking magnets at intervals the 

meters were generally weakened by the facility surges that 

accompanied lightning storms; this meant that the meters 

would then run quick, a grievance that parallels modern 

consumer complaints about fast-running smart meters. Older 

meters tend to run slow under overload conditions. In the late 

Forties, General electrical conducted an ad campaign “Time 
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to Retire previous Watt-hour Meters” and demonstrated to 

utilities the lost revenues they were incurring from slow-

running meters. 

In the years prior to utilities having the ability to 

disconnect customer devices at peak times and reconnect 

them in periods of low demand, issues of load management 

typically took care of themselves in a somewhat immediate 

and non-negotiable manner: lines would simply burn out if 

demand exceeded the capability of the line. 

As electricity demands on grids raised through the 

late twentieth century, utilities searched for ways of 

managing peak loads. The capital prices of building 

generating capability to handle these peaks capability which 

might then be idle throughout long periods of non-peak load 

LED utilities to seek out ways to review their demand 

periods, price them accordingly, and to encourage customers 

to switch consumption from peak to non-peak periods. The 

goal of matching consumption to generation needed meters 

that may measure the time of day of the consumption in 

addition to the cumulative consumption. Automatic meter 

reading devices introduced within the Seventies were the 

beginning of meters that provided info back to the utility, a 

basic demand of any smart grid system. The technology for 

monitoring sensors and relaying the data grew out of the 

caller-ID technology patented by Theodore Paraskevakos. 

All these technologies, and the more than one 

century of development, were necessary foundations for 

building the safer, more efficient, and more reliable 

electricity distribution network that will eventually become 

the smart grid. 

III. SYSTEM DESIGN 

A. Implementation 

The developed prototype is designed for smart power system 

[3]. It consists of load operating on grid, solar photovoltaic 

system or battery. The behaviour of proposed system is 

wirelessly monitored and controlled by user [1]. Figure 1 

shows the block diagram of developed prototype. 

 
Fig. 1: Block diagram of developed prototype. 

The designed prototype is developed for data 

acquisition and control purpose. The prototype is controlled 

by ATMEGA28P microcontroller. In the proposed energy 

management prototype, three energy sources are considered. 

Depending upon the threshold current value, the load will be 

switched between grid, solar PV or battery. The sensors use 

Hall Effect principle. Sensitivity of ACS 712-30A sensors 

used in the prototype is 66 mV/A. 

Microcontroller controls the switching operation 

through relay module. HC-05 is a Bluetooth serial port 

protocol module which communicates with user terminal [1]. 

Serial port Bluetooth module is highly competent Bluetooth 

V2.0 + EDR (Enhanced Data Rate) of 3 Mbps [3]. It works in 

2.4 GHz ISM (Industrial, Scientific and Medical) band which 

is an unlicensed band. Figure 2 and Figure show the circuit 

diagram as well as snapshot of actual readings of prototype 

respectively. 

The proposed prototype can work in both automatic 

as well as manual mode. In automatic mode, load will be 

served and switched on the basis of sensed threshold current 

value set by the user. During manual mode, the user can select 

any one system to serve the load. The system is working 

successfully in the range of around 50-60 meters. User can 

receive, monitor the data and control the system on serial 

terminal. Figure 4 shows the flow charts of wireless remote 

monitoring and control of developed energy management 

system. The data is received serially on user terminal and the 

commands are executed accordingly. 

This design can also be used for solar rooftop system 

with some minor modifications. The DC micro grid is 

considered for the proposed prototype. For AC micro grid, an 

inverter can be used for conversion. User can decide to 

operate on either manual or automatic mode. The design for 

energy management system can be explored with other 

communication standards depending upon applications and 

necessities. 

B. Methodology 

The momentum of nowadays is focused on smart grid 

facilities that enable green energies to be utilized in electrical 

networks. But a very important issue is to have powerful tools 

at hand able to measure power quality parameters in a very 

versatile manner in such grids. This paper gives a flexible 

system designed and implemented to monitor power quality 

parameters within the power grid. Not only real time 

observation was taken into consideration however conjointly 

a build-in information was designed for inspections and 

future statistics. Different measuring standards can be 

employed in order to provide flexible data in energy 

measurements. 

There are various methods for monitoring and control of 

smart power system by using wireless communications which 

are as follows: 

 Smart power monitoring and control system through 

internet of things using Cloud Data Storage. 

 Smart energy monitoring and control system based on 

Zig-Bee. 

 Personal Area Network for remote wireless monitoring 

and control of power system [3]. 

We are using the Personal Area Network for remote 

wireless monitoring and control of power system in our 

project. 

In this method, the micro grid is considered to 

operate by using renewable energy sources [2]. The current 

technology used to operate and monitor the micro grid is PAN 

(personal area network) from the remote place. The 

monitoring and controlling operations will be performed 

wirelessly. 

A personal area network (PAN) could be a network 

for interconnecting devices targeted on a personal person's 

space [3]. A PAN provides data transmission amongst 

devices like computers, smart phones, tablets and personal 
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digital assistants. PANs are often used for communication 

amongst the personal devices themselves, or for connecting 

to a higher level network and the Internet (an uplink) where 

one master device takes up the role as gateway. A PAN may 

be carried over wired computer buses like USB. 

A wireless personal area network (WPAN) could be 

an occasional high-powered PAN carried over a short 

distance wireless network technology like IRDA, Wireless 

USB, Bluetooth and ZigBee [3]. The reach of WPAN varies 

from a few centimetres to a few meters. 

In our project we are using Bluetooth module for 

wireless communication which is “Bluetooth mate silver”. 

So the process will be followed from using 

renewable energy sources as input to the system. The 

renewable energy sources used are solar energy and wind 

energy. The output of these two sources can be fed separately 

to the load or can be fed by combining them together. The 

output from sources first inverted to AC and is fed to the load. 

There will the provision of grid connection so that if the 

demand of supply is not fulfilled by renewable energy sources 

then the load will be shifted to the grid supply. 

The shifting operation will be performed by using 

relay circuit which will be operated by PAN through 

ARDUINO. The current sensor board connected at load side 

will continuously sense the current and if the current at load 

side is increased then the signal for the set value of current 

will be send to the ARDUINO. This current value is 

monitored at the receiving user terminal through Bluetooth 

module and the necessary control action will be taken by 

ARDUINO. The ARDUINO will send signal to the relay 

circuit and the switch connected between load and input will 

get open and connected to the switch which connects the load 

to the grid supply. 

This is the whole process of operation of the smart 

power system. The power system will be smart by using the 

wireless technology because if the monitoring and control is 

performed wirelessly from a remote place, the faults 

occurring in the system will get reduced. Due to this, the 

efficiency of whole system will be improved. 

IV. CONCLUSION 

Home energy management system is an integral part of 

revolutionary Smart Grid technology. The proposed system 

uses solar PV as a renewable energy source. The system can 

be extended by exploration of various other sources of 

renewable energy such as wind, biogas, and hydropower as 

well as for mesh networks. The proposed design uses low 

power communication protocol for home applications. It 

provides simple and energy efficient solution to consumers. 

The developed prototype is expected to serve as an 

experimental demonstration tool to study smart micro grid 

behavior. The prototype can be implemented using different 

communication protocols on the basis of technical 

requirements such as security, data rates, coverage area and 

type of application. Future work includes development of 

energy monitoring and control system for industrial network 

applications. 
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