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Abstract- The smart grid is characterized by two way flow of 

electrical energy and information to create autonomously 

managed distributed network. Generally, smart grid is explored 

in three major systems- smart infrastructure, smart management 

and smart protection in which the smart management systems 

provide advanced energy management and control services with 

the help of smart metering mechanism. This paper focuses on the 

application of smart metering mechanism in load profile 

management, Tariff management without compromising 

consumer’s comfort. 
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I.INTRODUCTION 

 
onventionally, the term grid is used for electrical network 

that performs following operations- electricity generation, 

transmission, distribution, and control. Traditional grid is 

characterized by only one way flow of power and electricity 

also, monitoring of traditional grid is manual. The generation 

is centralized which is used to supply power to large number 

of load centers. In other hand, the Smart Grid differs by 

distributed generation with two way flow of information and 

power with self monitoring abilities [1]. A smart grid is also 

called as smart electrical /power grid, intelligent grid, 

intelligrid, future grid, intergrid, or intragrid, is an 

enhancement of the 20th century power grid.Specifically, a 

"smart grid" must be capable of providing power from 

multiple and widely distributed sources, e.g., from wind 

turbines, concentrating solar power systems, photovoltaic 

panels and perhaps even plug-in hybrid electric vehicles [1]. 

Since all renewable energy sources invented so far 

vary with time, a smart grid must be  capable of flexibly 

storing electric power for later use, e.g., in batteries, flywheels 

or super-capacitors or again even in plug-in hybrid electric 

vehicles, to improve power reliability a smart grid by use of 

new and highly sophisticated adaptive generation and 

distribution control algorithms. Broadly stated, the SG could 

respond to events that occur anywhere in the grid, such as 

power generation, transmission, distribution, and 

consumption, and adopt the corresponding strategies. 

For instance, take the example of demand profile shaping. 

Since lowering peak demand and smoothing demand profile 

reduces overall plant and capital cost requirements, in the peak 

period the electric utility can use real-time pricing to convince 

some users to reduce their power demands, so that the total 

demand profile full of peaks can be shaped to a nicely 

smoothed demand profile.  

The case we take as an example, smart grid could 

support automatic remote switching system to gain benefits of 

energy conservation. The short term electric load forecast of 

the consumer is done and accordingly, load scheduling is 

carried out. Load scheduling pattern is sent to utility server by 

consumer‘s smart meter and relative switching pattern is 

followed [2].  

 

A. Need of Smart Grid System 

 

  The first AC power grid system installed in 1886 was a 

centralized unidirectional system of electric power 

transmission, electricity distribution, and demand-driven 

control. By the 1960s, the electric grids of developed countries 

had become large, mature and interconnected with thousands 

of 'central' generation power stations delivering power to 

major load centers via high capacity power lines which were 

then branched and divided to provide power to smaller 

industrial and domestic users over the entire supply area.  

  At that time, metering of electricity was necessary on a per-

user basis to allow appropriate billing according to the highly 

variable level of consumption by users. Because of limited 

data collection and processing capability during the growth of 

grid, fixed-tariff arrangements were commonly put in place, as 

well as dual-tariff arrangements where night-time power was 

charged at a lower rate than daytime power to motivate for 

lower night-time demand. The metering capabilities of the 

1960s grid meant technological limitations on the degree to 

which price signals could be propagated through the system. 

  Through the next two decades, growing demand led to 

increasing numbers of power stations. In some areas, supply of 

electricity, especially at peak times, could not keep up with 

this demand, resulting in poor power 

quality including blackouts, power cuts, and brownouts. 

Increasingly, electricity was dependant on for industry, 

heating, communication, lighting, and entertainment, and 

consumers demanded ever higher levels of reliability.  

  Towards the end of the 20th century, electricity demand 

patterns were established: domestic heating and air-

conditioning led to daily peaks in demand that were met by an 

array of 'peaking power generators' that would only be turned 

on for short periods each day. The relatively low utilization of 

these peaking generators together with the necessary 

redundancy in the electricity grid resulted in high costs to the 

electricity companies, causing increased tariffs.  

C 
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  In the 21st century, some developing countries like China, 

India and Brazil were seen as pioneers of smart grid 

deployment. Since the early 21st century, opportunities to take 

advantage of improvements in electronic communication 

technology to resolve the limitations and costs of the electrical 

grid have become apparent. Technological limitations on 

metering no longer force peak power prices to be averaged out 

and passed on to all consumers equally. In parallel, problems 

of environmental damage from fossil-fired power stations 

causes need to use the renewable energy. As wind 

power and solar power are highly variable, the need for more 

sophisticated control systems became apparent, to facilitate 

the connection of sources to the otherwise highly controllable 

grid. 

  The smart grid operation will not be feasible in absence of 

smart components as the data collection, transfer and 

processing are integral part of successful smart grid operation 

with two way flow and power and information. The smart grid 

components are listed below. 

B. Components of smart grid 

  The word ‗Smart‘ is applicable to each step of power system 

in smart grid phenomenon. Each component of grid must work 

independently, smartly with self healing capabilities. The main 

characteristics of smart grid are integrated communications, 

smart sensing and measurement technologies, advanced 

components, advanced control methods, improved interfaces 

and decision support [3]. 

1. Smart Generation- Must have ability to integrate the 

different characteristics of power generation resources to 

optimize energy production, and to automatically maintain 

voltage, frequency and power factor limits based on feedback 

occurring from different points of the grid [3].  

2. Smart Transmission & Distribution- The self-healing, self-

balancing and self-optimizing including superconducting 

cables for long distance transmission, and automated 

monitoring and analysis tools capable of detecting or even 

predicting cable and failures based on real-time data about 

weather, outage history, etc [3].  

3. Smart Load – The home, commercial and industrial 

appliances capable to work according to consumers required 

preset load profile with automatic switching provisions, 

offering energy conservation. It will also shave load profile 

peaks which has a major impact on electricity generation 

costs. It will lower the need for new power plants and cut 

down the harmful greenhouse emissions. 

4. Intelligent appliances- capable of deciding when to 

consume power based on pre-set customer preferences. Early 

tests with smart grids have shown that consumers can save up 

to 25% on their energy usage by simply providing them with 

information on that usage and the tools to manage it [3].  

5. Smart Energy Meters- These allow the two-way 

communications between consumers and utility to automate 

billing data collection, detect outages and dispatch repair 

crews to the correct location faster.   

6. Smart Substations- Include monitoring and control of power 

system parameters at critical and non-critical conditions such 

as power factor performance, breaker, status of various 

equipments and their security [3]. 

7. Integration of Renewable Energy Resources- Integration of 

renewable resources to the national grid (e.g., wind turbines, 

concentrating solar power systems, photovoltaic panels) 

provided with efficient storage (e.g., in batteries, flywheels or 

super-capacitors or in plug-in hybrid electric vehicles).  

  All above components play significant role individually or 

collectively to make grid ‗Smart‘. Some of above components 

participate in management of load profile, tariff and remote 

switching control.  For successful demand side management 

projects, ‗smart meter‘ is an integral part of the project 

planning, deployment and maintenance of the systems. Their 

contributions in areas of the process are required and 

fundamental to the project success which shows that, smart 

meter though forms a tiny component of smart grid is going to 

play a significant role in smart grid management.  

II.SMART METERING MECHANISM 

  Conventionally, energy monitoring is a less sophisticated 

technology that uses a stand-alone device which gives an 

estimated account of electricity usage. A conventional energy 

meter is not 100% accurate but does give the option of real 

time output. The next generation electronic meters display the 

energy used on an LCD or LED display, and some can also 

transmit readings to remote places. In addition to measuring 

energy used, electronic meters can also record other 

parameters of the load and supply such as instantaneous and 

maximum rate of usage demands, voltages, power 

factor and reactive power used and also support time-of-day 

billing but unable to transmit, process the data and control the 

load parameters accordingly [5]. 

  Smart Meters are electronic measurement devices used by 

utilities to communicate information for billing customers and 

operating their electric systems. For over fifteen years 

electronic meters, have been used effectively by utilities in 

delivering accurate billing data for at least a portion of their 

customer base. Initially, the use of this technology was applied 

to commercial and industrial customers due to the need for 

more sophisticated rates and more granular billing data 

requirements. The use of electronic meters came into service 

to the largest customers of the utility and over time gradually 

expanded to all customer classes. This migration was made 

possible by decreasing cost of the technology and advanced 

billing requirements for all customer classes. 

  A Smart Meter simply measures the amount of electricity a 

customer uses. The primary difference between a Smart Meter 

and an older mechanical meter is that the Smart Meter can 

automatically and remotely transmit a customer‘s total electric 

usage to utility. To send information, Smart Meters transmit 
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relatively low power radio signals similar to those used by cell 

phones, baby monitors and garage door.  

  The combination of the electronic meters with two-way 

communications technology for information, monitor, and 

control is commonly referred to as AMI. Previous systems, 

which utilized one-way communications to collect meter data, 

were referred to as AMR Systems. AMI has developed over 

time, from its roots as a metering reading substitute AMR to 

today‘s two-way communication and data system. The 

evolution from AMR to AMI is shown in Fig.1 with lists the 

stakeholders and benefactors for each step in Smart Meter 

evolution [4]. 

 

Fig.1 Smart Meter Technology Evolution 

 

Stakeholder  Benefits 

 

Utility Customers  

1. Better access and data to 

control energy use  

2. More accurate and 

timely billing  

3. Improved rate options, 

outage restoration  

Customer Service 

and Field 

Operations  

1. Reduced cost of Meter 

reading  

2. Reduced trips for off-

cycle reads  

3. Eliminates handheld 

meter reading equipment  

4. Reduced collections, 

connects/disconnects  

Revenue Cycle 

Services -  

 

1. Reduced back office 

rebilling  

2. Early detection of meter 

tampering ,theft  

3. Reduced estimated 

billing and errors  

 

Transmission and 

Distribution  

1. Improved capacitor bank 

switching  

2. Data for improved 

efficiency, reliability of 

service, losses. 

3. Power quality data for 

the service areas 

4. Improved transformer 

load management  

 

Marketing  

1. Reduced costs for 

collecting load research 

data and processing. 

 

Utility General  

1. Reduced regulatory 

complaints  

2. Improved customer 

premise safety & risk 

profile  

3. Reduced employee 

safety incidents  

 

External 

Stakeholders  

1. Improved environmental 

benefits  

2. Support for the Smart 

Grid initiatives  

 
Table.1 Smart Meter Benefits for Utility Stakeholders. 

 

  As stated, though all the components of smart grid play 

significant role, a specific component called ‗Smart Meter‘ 

and its role in smart grid has been discussed in following 

sections. 

 

III.SMART METER FOR LOAD PROFILE 

MANAGEMENT 

 

  With improvements in smart metering technologies, load-

based pricing in Demand Side Management issues are 

becoming more popular and imperative. Smart meters are 

applicable in many smart grid applications like Energy theft 

detection and its preventive measures, load scheduling of 

consumer to flatten load curve of the consumer, remote 

automatic switching management, tariff management which 

benefits in low cost of consumer energy and improved load 

factor. A typical load profile is shown in Fig.2 

    For load profile management, short term load prediction has 

been adopted to improve system efficiency which does not 

affect on consumer‘s household demand. An hourly peak 

consumption pattern for the next day can be predicted using 

quantitative and qualitative prediction techniques like 

polynomial curve fitting, ARIMA, Fuzzy logic, ANN etc. 

  The predicted load profile along with cost function is 

displayed on the user network which is received by consumer 

smart meter [2]. The effectiveness of smart meter applications 

can be found from few of the significant examples, when 

applied in the smart grid as discussed in following sections. 
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    Fig.2 Representation of load profile 

 

 
 

Fig.3 Smart Meter for Load Profile Management 
 

  Fig.3 shows communication between smart meter and utility 

server. Consumer smart meter is receiving area-load profile 

and pricing function from utility server and providing its own 

energy usage to the server. Scheduling is done for area-load 

based cost function using Genetic Algorithms and hence a 

comparatively smoother load profile is obtained.  

  This helps each consumer to shift high power household 

appliances in accordance to the displayed load profile [2]. The 

consumer‘s actual energy usage profile would then be used in 

evaluating the corresponding individual load factor (LF), thus 

encouraging to adopt load shifting strategy in order to reduce 

the daily electricity bill. This would benefit the generation unit 

by operating at improved load factor. The scheduled load 

curve is fed to smart meter for local load control.  

  With the transmitters i.e. means of controlling the system and 

receivers, the automatic control of domestic loads is possible. 

According to scheduled load profile, smart meter will issue a 

message in numerical code that includes the following, 

 An alert to the system that it's issuing a command,  

 An identifying unit number for the device that should 

receive the command  

 A code that contains the actual command, such as 

"turn off."  

  It is designed to happen in less than a second. Above 

mentioned technique is used in smart homes. Smart Home 

technology started for more than a decade to apply the concept 

of networking devices and equipment in the house. According 

to the Smart Homes Association the smart home technology 

is: the integration of technology and services through home 

networking for a better quality of living [5]. 

 

IV.SMART METER FOR TARIFF MANAGEMENT 
 

  A smart meter electronically tracks how much electricity a 

home or small business uses and when it is used. With that 

information, electricity prices can vary at different times of the 

day, encouraging consumer to think more about how and 

when to use electricity. This detailed information appears on 

the electricity bill to help to manage electricity costs. 

  Smart meters make it possible to introduce time-of-use 

pricing to homes and small businesses. Time-of-use pricing is 

a rate structure that reflects the costs associated with 

electricity production throughout the day. Prices rise and fall 

over the course of the day and tend to drop overnight and on 

weekends, depending on demand and the availability of 

supply: 

 Off-peak is when demand is low and less expensive 

sources of electricity is used. 

 Mid-peak is when the cost of energy and demand are 

moderate. 

 On-peak is when demand is highest and more 

expensive forms of electricity production are 

required. 

  Time-of-use pricing provides a new way to manage energy 

costs. For example, the time of day is divided into 6 slots, 4 

hours per slot. Each slot is then defined for load status like 

peak, mid peak, off peak etc. and accordingly, tariff rates at 

that slot is calculated. One may choose to shift some of your 

electricity use to mid-peak and off-peak times when it is less 

expensive. The heavy household appliances like heaters, 

washing machines etc. may be shifted to off-peak hours and 

loads consuming less energy may be shifted to peak hours. 

The same phenomenon can be used for remote switching. This 

will offer high load factor due to flattened load profile and will 

reduce consumer bill. 

  From the example, it is clear that, Time-of-use pricing 

encourages users to shift some electricity use to off-peak 

hours. By reducing peak demand, the utility can reduce its use 

of the less environmentally attractive resources that are called 

on when demand is high. In the long run, lower peak demand 

will mean less need for new generating facilities and 

transmission and distribution infrastructure, lowering costs for 

all types of users. 

  A smart meter system opens up the opportunity for new 

kinds of conservation and demand management programs. In 

the future, smart meters could allow the introduction of 

different time-based incentive programs, or the opportunity for 

you to control your energy use through energy management 

devices or smart appliances. Smart meter data also provides 

comprehensive, detailed information for electricity system 

planning, allowing us to identify where future generation, 

transmission and distribution investments are required, this 

will lead to following benefits of smart meter. 
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 With a smart meter and time-of-use rates, user is able 

to take advantage of lower rates by switching some of 

the energy use to mid- and off-peak periods. 

 Smart meters provide accurate feedback about 

customer‘s electricity consumption. The electricity 

bill provides a summary of consumption during each 

time-of-use rate period over the previous billing 

period. In the future, user will also be able to get 

information about electricity use the next day over 

the Internet and/or by telephone. 

 In the future, smart meters will make it possible for 

people to use such innovations as home energy 

management systems and electric vehicles. 

 

V. CONCLUSION 

 

  From the discussion in various sections of the paper, it is 

clear that, the current era of energy system is most dynamic 

and vibrant. This demands the automation and smart devices 

for their proper functioning. The benefits and various 

examples elaborated make the point very clear. Hence it is 

concluded that, smart meters would promote and function in 

making the current dumb grids into smart and intelligent grid. 

Apart from which the smart meters are going to relieve both 

the consumers and suppliers from tariff management, load 

profile management and control aspects. The further research 

in this direction may change the existing grids across the 

world into smart grid making its own decisions in years to 

come. 
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