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Abstract: 

Electricity is one of the most important components of infrastructure crucial for the economic growth of nations. Power is 

generated from range of conventional sources such as lignite, coal, natural gas, oil, hydro and nuclear power to non-conventional 

sources such as wind, solar etc. Demand of electricity in a country like India has increased rapidly and is expected to rise further 

in the upcoming years. Massive addition to the installed generating capacity is required in order to meet the increasing demand for 

electricity in our country. Solar power in India is a new industry that is taking off quickly. In order to utilize solar energy and 

electricity from the grid effectively, smart meter can be used. It will help to analyse the behaviour of the user consumption pattern 

which would help to detect energy theft and also help the user to save money by effectively using the electricity. Moreover, it 

would fill the gap of communication between the customer and the electricity supplier during power grid failure.  
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I. INTRODUCTION  

 

In order to address the lack of adequate electricity availability 

to all the people in the country by March 2019, GoI has 

launched a scheme called "Power for All". This scheme will 

ensure continuous and uninterrupted electricity supply to all 

households, industries and commercial establishments by 

creating and improving necessary infrastructure. Massive 

addition to the installed generating capacity is required in 

order to meet the increasing demand for electricity in our 

country. Power generation by coal fired plants and non 

conventional renewable energy sources has mainly contributed 

to the growth in the total electricity generation whereas the 

contribution from natural gas, oil and hydro plants has 

decreased in last four years (2012-2016). 72% of coal 

produced in the country is used for power generation and is 

one of the major cause of pollution [1]. India's renewable 

energy sector is amongst the world's most active players in 

renewable energy utilization. India is ranked number one in 

terms of solar electricity production per watt. In order to 

utilize solar energy and electricity from the grid effectively, 

smart meter can be used take benefit of this, the proposed 

system would help to maximize use of solar energy and 

thereby reduce the impact on environment.  Smart meter can 

be used to utilize solar energy and electricity from the grid 

effectively, thereby helping the customer to save money. 

Smart meters are the basic building block of the smart grid and 

governments have invested vast amounts in smart meters 

deployment targeting wide economic, social and 

environmental benefits. The key functionality of the smart 

meter is the capture and transfer of data relating to the 

consumption and events such as power quality and meter 

status. Such capability has also resulted in the generation of an 

unprecedented data volume, speed of collection and 

complexity, which has resulted in big data challenge. To make 

use of such large amounts of data, it is important to use the 

appropriate tools and technology. 

 

II.  LITERATURE SURVEY REVIEW 

Following are the few papers which were studied to find the 

limitation of the present system like lack of communication 

between the grid and customer, theft detection using the trend 

pattern of the customer and what strategy can be applied to 

encourage and maximize the use solar energy to overcome this 

limitation. 

 

a) Advanced Analytics for Harnessing the Power of Smart 

Meter BigData (Intelligent Energy Systems ( IWIES ), 

2013 IEEE  International Workshop) 

Author: D Alahakoon 

Summary: 

In this paper, they investigated a differentiating user service 

model for electricity usage. The model is based on an analysis 

of a smart metering data trace where they observed that there 

exists various usage patterns among the power energy 

customers [2]. 

Inference:  

In this paper they have defined a smart metering landscape and 

discussed different technologies available for using the 

captured data from smart meter. Firstly, this paper describers 

about AMR which was previously used. AMR were capable of 

automated monthly reads, one way outage, tamper detection 

and simple load profiling.  To overcome the difficulties of 

AMR, AMI (Advanced metering infrastructure) was 

introduced which enables time based rates and dashboard type 

user interface for real time usage monitoring. Consumption 

data analysis is done by clustering and by building load 

profiles. [3]               

 

b) Change Detection of electric customer behaviour based 

on AMR Measurements. (Power Tech, 2015 IEEE 

Eindhoven) 

Author: Tao Chen, Antti Mutanen, Pertti Järventausta 

Summary: The customer behavior change detection is not an 

easy problem since most customer behaviors are quite 

irregular and accompanied with a number of random 

variations. The weekly load profiling method proposed in this 

paper is based on the work of customer classification to detect 

the load shape change. For load level detection, a 

multivariable regression model is formed to detect the 

consumption level difference. 

Inference: This paper emphasized a lot in the future power 
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system and use of Automatic Meter Reading (AMR) 

technology that makes it possible to collect customer’s hourly 

load measurements and to use data analysis methods for 

clustering and load prediction purposes [4]. These paper 

addresses the detection of possible changes in behavior of 

customer pattern for example be a result of heating solution 

change, changed habitation or other equipment [5]. This 

behaviour change detection can be used in improving load 

modeling accuracy by considering the recent consumption 

information after the change that has occurred and can also 

help to detect energy theft. It also focuses on classification and 

regression methods like K-means used to classify the customer 

on their consumption pattern. The only drawback of this paper 

was it did not discuss about two way communication between 

the grid and the customer. 

 

c) Analysis and Clustering of Residential Customers 

Energy Behavioral    Demand Using Smart Meter Data. 

(IEEE Transactions on Smart Grid) 

Author: S. Haben 

Summary: Large quantities of information about how 

customers use their energy are becoming available through the 

uptake of smart meters. Clustering the most important 

attributes of customers is a very common method for better 

understanding the different residential energy behaviors that 

exist and has many applications. In this paper, they have 

present a methodology for extracting, classifying, and then 

verifying the reliability of the final clustering. 

Inference:  This paper mainly focuses on clustering methods 

that are being applied to residential smart meter data, which 

provides a number of opportunities for grid to manage and 

plan its demand and supply [6]. It list down various 

advantages of clustering can provide for analysis including the 

identification of suitable customer for demand response and 

the improvement of energy profile modeling. In this paper, 

they have present in-depth analysis of customer smart meter 

data for better understanding the peak demand and major 

sources of change in their behavior. They found four key time 

periods, in which the smart meter data can be analyzed, and 

then use this data to form relevant attributes for our 

clustering[7].The drawback of this paper was it did not discuss 

about two way communication between the grid and the 

customer and how energy theft can be detected from the 

clustered customer data. 

 

d) Statistical Treatment for Trend Detection and 

Analyzing of Electrical Load Using Programming 

Language R  

Author:  I Keka 
Summary: The data collected based on the electricity stream 

in a Power system could be very useful information for 

electricity companies. This information is related to the 

electrical demand of the customers. This paper analyzes and 

help to detect the trend of electrical load consume from the 

customers in an area. These papers give an overview of the 

features of electricity and also calculate some statistical 

parameters. 

Inference: In this paper they have analyzed the electricity data 

collected from meter reading of electricity, known as Load 

Profile [10]. By using the R language they have presented the 

histogram and boxplot, which give a better view of the 

distribution of data. In order to detect the loading or trend of 

electricity consumption in an accurate way it is necessary to 

add more loading factors in the regression model such are 

temperature, humidity or tariffs.  

 

III. REQUIREMENTS FOR THE PROPOSED 

SYSTEM 

 

A. Functional Requirements 

1) Consumption pattern at the consumer level. 

2) Power generation pattern at the grid level. 

3) Usage of any alternative non renewable source of 

energy. 

4) Energy theft detection. 

5) Helps the consumers in saving money by using less 

energy at peak times. 

6) Keeping customers informed about the status of the 

power grid. 

7) Comparing and correcting metering service provider 

performance. 

 

B. Non Functional Requirements 

1) Efficiency: The reports and graphs obtained as the 

output should be accurate. 

2) Quality Control: To validate the platform 

independent format before inserting it into the 

centralized repository. 

3) Recovery: In case of failure, the system must recover 

in few hours. 

4) Security: The details of the user should be kept secured. 

 

C. Constraints 

1) Complete data set is not available. 

2) Weather changes are not taken into consideration. 

 

D. Hardware/Software Requirements 

1) Hardware         

● Quad core CPUs or greater which are Hyper-Threading 

enabled. 

● Using High Availability and dual power supplies for the 

host machine. 

● 4-8 GBs of memory per processor core, with 6% overhead 

for virtualization. 

● 2 Gigabit Ethernet interface for providing adequate 

network bandwidth. 

2) Software 

● SQL Server 2014  

● R programming language 

● Microsoft Excel 2016 

 

IV. PROPOSED ARCHITECTURAL DIAGRAM AND 

DATA FLOW DIAGRAM 

 
Firstly, the customer uses solar consumption system. The solar 

consumption system has 3 modules 
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1. Monitoring: In monitoring we have theft detection and 

prediction. In theft detection, the customer is alerted in case of 

abnormal consumption of electricity. Prediction sub module 

deals with predicting the future reading and the cost of the 

customer. 

 

2. Switch to solar: We display the amount of money which 

could be saved by using solar energy. This encourages the 

customer to switch to solar. 

 

3. ICT: Mails would be sent to the customers in case of any 

abnormal consumption of electricity. This module uses the 

customer database (Client DB). 

 

Detailed Design 

 

LEVEL 0 

 

The input to the system is from Customer Database which is 

processed by the system and the output is provided to the user 

in form of graphs, reports. It also performs some prediction on 

the input. 

 
Figure. 1. DFD level 0  

 

LEVEL 1 

 

The system is divided into 4 components 

 

1. Customer Profiling: Performs clustering and trend 

pattern of customer 

 

2. Analysis: It analysis the pattern of customer usage to 

improve utilization of energy efficiently. 

 

3. Prediction: It predicts the future consumption and 

savings from past usage 

 

4. Graphs: The reports and graphs are displayed which 

are output for the user  

 

LEVEL 2 

 

In this, the Analysis phase is further classified as Customer 

Detail, Classification, Pattern Analysis, Peak Consumption 

and Risk Analysis. Peak consumption can be determined as 

hourly and weekly, whereas pattern analysis analyzes the trend 

of usage based on hourly, monthly and yearly bases. Risk 

analysis helps to determine the Return on investment and risks 

associated with the installation of smart meter. 

 

    
 Figure.2. DFD level 1 

 

 
Figure.3. DFD LEVEL 2 

 

V. RESULT AND EVALUATION 

 

Following is the graph is taken from NASA’s official website. 

It provides us with the solar irradiance in different parts of the 

world. The amount of solar energy received is given by the 

color which is mapped to a range of 0-7 where black gives the 

least amount while white gives the highest amount of solar 

energy. India has solar irradiance in the range of 4-5 which 

tells us that India receives a lot of solar energy. 

 

 
 Figure .1. Solar Irradiance. 
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This is the page which would be used by the customers. After 

the customer enters customer id, all the information like 

average consumption, error, current month cost and peak 

consumption would be shown. The average consumption is 

calculated over 12 months. The error is the amount or 

deviation of the current month reading from the mean. The 

current month cost is calculated using the current tariff 

depending on the consumption slabs. 

 

           
Figure .2. Customer Profile 

 

We have ICT module which sends the message automatically 

to the consumers when their consumption goes above or below 

a particular threshold. 

 

 
Figure.3. Email Message. 

 

We do k-means clustering based on region. Depending on the 

number of clusters and the cluster means, we can identify 

customers with similar readings in the month of January. From 

the center of the cluster we can get mean value of 

consumption of each cluster which would help the grid to 

manage the demand of electricity. 

 

 
Figure.4. K-means clustering. 
 

Cost benefit analysis (CBA), is used to determine options that 

provide the best approach in achieving benefits while 

preserving savings. The CBA is also defined as a systematic 

process for calculating and comparing benefits and costs of a 

decision. 
 

Broadly, CBA has two main purposes: 

 

 To determine if an investment/decision is sound 

(justification/feasibility) – verifying whether its 

benefits outweigh the costs, and by how much; 

 

 To provide a basis for comparing projects – which 

involves comparing the total expected cost of each 

option against its total expected benefits. 

 

CBA is related to, but distinct from cost-effectiveness 

analysis. In CBA, benefits and costs are expressed in monetary 

terms, and are adjusted for the time value of money, so that all 

flows of benefits and flows of project costs over time (which 

tend to occur at different points in time) are expressed on a 

common basis in terms of their net present value. For a 1MW 

solar grid system, we have created the Cost Benefit Analysis 

model. This comprises of the following: 

 

1. Personnel Cost 

 

2. Development Cost 

 

3. Operational Cost 

 

4. Payback Analysis of the system 

 

The personnel cost comprises of the total cost payable by an 

employer to an employee in return for work done by the latter 

during the reference period.  The development cost can be 

referred to as “One-time installation cost”. Once a group of 

customer has paid the cost, they don;t need to pay this cost 

again. Development costs are the costs a business incurs from 

researching, growing and introducing a new product or 

service. Development costs are commonly referred to as 

research and development costs. The development cost 

comprises of PV modules, the land cost, civil and general 

works, mounting services, power conditioning unit etc. The 

operating cost is the expenses which are related to the 

operation of a business, or to the operation of a device, 

component, and piece of equipment or facility. They are the 

cost of resources used by an organization just to maintain its 

existence. These costs are required by the customers every 

year, particularly for the maintenance of the grid. The payback 

period is the length of time required to recover the cost of an 

investment [11]. The payback period of a given investment or 

project is an important determinant of whether to undertake 

the position or project, as longer payback periods are typically 

not desirable for investment positions. The payback period 

ignores the time value of money, unlike other methods of 

capital budgeting, such as net present value, internal rate of 

return or discounted cash flow[12]. The discount factor taken 

here is 6% [13]. The payback analysis is done and it is been 

found that the payback period comes around 7 years [14]. 

Following is the scenario from the predicted values, wherein 

the inputs are taken from the customer database and uses the 

correlation formula [15]. The unit readings of the particular 

customer are forecasted for every month.   

 

 
Figure.5. Cost Incurred. 
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Figure.6. Cost Benefit Analysis. 

 

The actual unit readings of two successive years for a 

particular user are given as shown above. Using the values 

from year 2011, the values for year 2013 are predicted and are 

shown below. 

       

          
 Figure.7. Customer Reading 

 

 
Figure.8. Predicted Value 

 

The forecasted and the actual unit readings are plotted on a 

graph and the linear regression can be found out. The graph is 

plotted taking the number of months on the y-scale and the 

unit readings for each month on the x-scale. 

 
Figure .9. Customer Reading and Analysis 

 

VI. CONCLUSION 

 

As we have seen, the current system does not provide us with 

an interactive frontend. The smart meter will help to monitor 

the behaviour of the user consumption Thus; the user will be 

more aware and better informed about his usage. It will also 

provide a medium through which the user can contribute in the 

fight against energy crisis, by encouraging him to use an 

alternative source of energy i.e solar energy at individual 

level. 
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