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This review paper focuses on the various modeling practices for the identification and apprehension of non-
technical losses. The modeling practices are extremely vital to develop, upsurge energy performance, examine
and foresee the performance of power transmission & distribution of the electrical system. The data mining based
models are innovative and have the subsistence to examine an enormous potential of energy consumption re-
cords and performing area profile for preparing housing zone directing the electricity effective living. In this
concern, support vector machine model, which classifies illegal customers is a form of advanced mix evolu-
tionary neural network model. Optimum-path forest clustering process is activated to recognize legitimate and
irregular profiles of an industry as well as commercial customers to find out theft of electricity. Real time state
estimation technique determines a state approximation method in the actual stage for every conversion
(transformation) point. Aforementioned allows us to regulate the parts to the maximum extent of non-technical
losses through the radial distribution method. The support vector machine with genetic algorithm advances a
hybrid method for the non-technical loss investigation and provide an automated assistance to dominate the
electricity theft. This model is simplified version of support vector machine. Decision tree and Bayesian reg-
ularization networks are appropriated to identify the several kinds of patterns of losses in the electrical system.
These practices have been accompanied concerning testing and validation for power system losses in the ex-
perimental laboratory. It operates in an influence tool intended to expedite the investigators and scientists. It
assists short of spending a massive amount of money, time and energy in experimental events. Prior fabrication
modeling methods are remarkably significant in replication of diverse kinds of solar electrical systems.
Accordingly, this study concentrates on the base of modeling methods not only saves time but, also preserves the
monetary investment in the electrical system. The benefit and imminent opportunity of modeling practices are
also conferred in the review paper.

1. Introduction system [2], scheming price strategies [3,4] as well as to perform cus-

tomer categorization [5-8]. The population growth, better living stan-

The demand for electricity is gradually expanding from last decade
[1]. Fixing and beginning new plants for generation of electricity is
tough owing to pollution control policies and environmental pre-
servation awareness of government. To acquire discarded of this diffi-
culty, sufficient electricity consumption profiling can be employed to
look for other methods for controlling electricity loads in the times to
come with existing electricity generation capacity. Data mining is used
for taking out concealed projecting information from massive databases
and is manufactured convenience of in nearly each department of en-
gineering and science. The significant practices for data mining are
regression analysis, decision tree, association rule analysis, classifica-
tion & prediction, clustering and mixture of all the practices. Lately, the
practices for data mining are made use of in electricity distribution

* Corresponding author.

dards, and dependence on electrical and electronic applications in usual
life appeal data miners to scrutinize illegal consumers at regional based
on revenue collection, electricity consumption, fraud and theft identi-
fication and other reliant aspects resulting in variations in demand of
electricity and consumption [9,35].

Theft of electricity could be explained as making use of electricity
from the service firm or utility companies without a legal requirement
or contract to change the dimension and measurement of electricity
[10]. Theft of electricity is an ominous disquiet for co-operation in both
developing and developed nations. For instance, owing to theft in
electricity utilities in India experience loss of nearly $4.5 billion [11]
each year. Utilities in United State of America (USA) experience loss of
approximately $1.6-billion [12,13]. In Canada, according to British

E-mail addresses: ahmad_tanveer@hust.edu.cn (T. Ahmad), chenhuanxin@tsinghua.org.cn (H. Chen).

http://dx.doi.org/10.1016/j.rser.2017.10.040

Received 3 November 2016; Received in revised form 10 August 2017; Accepted 26 October 2017

1364-0321/ © 2017 Elsevier Ltd. All rights reserved.

Please cite this article as: Ahmad, T., Renewable and Sustainable Energy Reviews (2017), http://dx.doi.org/10.1016/j.rser.2017.10.040



http://www.sciencedirect.com/science/journal/13640321
https://www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2017.10.040
http://dx.doi.org/10.1016/j.rser.2017.10.040
mailto:ahmad_tanveer@hust.edu.cn
mailto:chenhuanxin@tsinghua.org.cn
http://dx.doi.org/10.1016/j.rser.2017.10.040

T. Ahmad et al.

Columbia Hydro (BCH), there is a loss of about $100 each year [14].
Electricity theft consists meddling with the energy meter, tapping en-
ergy from the distribution feeder or making use of corporal approaches
to circumvent payment [15,16]. Indecorous regulation and unlawful
de-calibration of energy meters at the time of their design [17] may also
result in the non-technical losses (NTLs). Also, numerous engineered
approaches have practiced that influence the consumption of energy
measured with the help of energy meter. Unlawful consumers might
make use of permissible electricity for lesser loads and unlawfully uti-
lized power for heftier loads. Conversely, billing anomalies are one
more kind of illegal consumption. To preserve such kind of un-
scrupulous behavior, different techniques to monitor electricity con-
sumption are introduced in reference [18].

In references [19,20,21] consist practices intended at showing the
load in actual time. This kind of practices consists curves for each type
of client's load and info on payable energy. These include mutable, such
as - kind of load, the season of the year, time and day of the week. The
technique is then continuous, which is directed through statistical
coefficient. In reference [22] suggests assessing the load with least
number of distant dimensions accessible in the system through making
use of statistical information on distribution modifiers.

Therefore, the present approach taken through electrical businesses
in a discovery of NTLs is fundamental of two types. The first is estab-
lished by taking situ assessments for individual customers from a for-
merly selected area. The second is constituted by the evaluation of
consumers that have zero consumption at some particular time. One
main obstacle in the first option is that it needs a huge number of ad-
ministrators and, hence, implicates an elevated cost. The difficulty with
the second choice is the likelihood of spotting consumers merely with
null consumption and not the consumers that have non-null consump-
tion, nevertheless impartially lesser as compared to the consumption
which they may have. At present, data mining practices [23,24] are
executed in different areas & power utility is a sector, where in it has
become successful implemented [25-29].

The project is on the plan of MIDAS (MIDAS is a scheme that has
made two approaches for the discovery of non-technical damages, one
with the help of neural networks and the other one through statistical
practices) scheme being conducted at the Electronic Technology
Department of the University (Seville) by backing of the electrical firm.
The consequences for the project MIDAS have been shown to them, by
making use of a detection procedure that is based on extraction
guidelines and clustering practices [30,31] and initial forms of the al-
gorithms for the discovery of the losses [32,33]. Current studies show
the critical practices that made use of the classification of solutions for
the development of non-technical losses is suggested, and the sources
and the probable vulnerability/attack points are recognized. The de-
termined literature covers an extensive series of solutions linked with
non-technical losses. From the total 103 preferred studies, six are the-
oretic, 25 suggest hardware solutions and 72 suggest non-hardware
solutions. Models based on data classification and data from con-
sumption with extraordinary resolve are respectively needed in around
47% and 35% of the stated solutions [156-158]. In reference
[159-161] the writer has examined the non-technical wastages re-
garding the systems of power distribution. The data of under voltage of
the distribution operation are fixated more that affect industrial, agri-
cultural, commercial, residential users, through the utilization of data
of kWh interval that is determined in a month by getting used to the
smart meter structure. The argument of this review paper defines study
and preclusion practices of NTLs to protect from the illicit utilization of
the electricity in the dispersal of electrical power scheme.

Diverse studies have been taken on the comparative study of three
most frequently utilized practices 1. Capacitor placement 2. Feeder
reconfiguration 3. Distribution generation allocation for loss mini-
mization in electrical distribution network built on above 147 pub-
lished articles, with the intention that new investigators can effortlessly
get literature predominantly in this field [162]. Esther Villar-Rodriguez
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et al. presents a new algorithmic method for attaining the under-
standing of consumer's behaviors (load profiling) that allows for the
reorganization of consumption behavioral outliers in Smart Grids by the
hourly measurements given by the advanced metering infrastructure
[163]. To diminish non-technical losses because of the thefts of elec-
tricity and imprecise smart meters readings, investigators [171-178]
discovered utility providers are leveraging on the data of energy con-
sumption gathered from the advanced metering infrastructure in-
stigated in smart grids to recognize potential faulty smart meters and
unfamiliar consumers' consumption patterns.

The plans of the upcoming electricity markets are intended to offer
users extremely cost-effective, dependable, flexible and easily acces-
sible energy services through utilization of benefits from small dis-
tributed power generation apparatus and big centralized generators
[155]. Algorithms studied in this paper can result in a strategic and
motivated development in the direction of attaining aims and aspects
of smart grid. Execution of the smart grid improves control, mon-
itoring, and optimization of numerous power quality constraints.
Furthermore, smart meters offer a chance to adequately control and
monitor household energy consumption by both utility and consumer.
On the application of smart grid, interfering with the meter might be
the major method of stealing. These kinds of tampering means are yet
not known; however, might consist physical alteration. Discovery of
illicit customers in power distribution system is a very perplexing
problem in today's power engineering and utility's day to day tasks.
This study offers a generalized algorithm, which makes use of con-
sumer energy consumption patterns to spot illicit customers in a smart
grid environment. To know this explication, at first, this paper carries
out a vast literature on the approaches applied in stealing electricity
and skills included in smart energy meters. Subsequent, a broad lit-
erature review of communication technologies and the smart meter is
conducted clarifying the structures of the smart grid. Utilities gather
real-time energy consumption erudition from its consumers numerous
times each day. Though, due to the inaccessibility of that energy
consumption data, a study on that dataset with around real-time en-
ergy consumption designs and recognizes theft of electricity has been
investigated in this work. Diverse algorithms are considered and
executed that projections immediate consumer energy consumption
designs into indiscretions in consumption while conserving the ex-
clusivity in designs of diverse consumers. After this, intelligent cate-
gorization algorithms are studied, which can be applied to recognize
illicit customers.

The remaining part of the review paper is structured, as — Section —
2 confers numerous energy theft recognition approaches, applied for
stealing electricity and also offers pertinent literature. Additionally,
Analyses of numerous setbacks and issues in implementing measures for
controlling illegal consumption and provides a broad analysis of smart
meter tools. Lastly, the Section — 3 concludes the paper.

2. Numerous modeling practices
2.1. Data mining model

The variety of data mining model is widespread; besides, it is per-
tinent to every city or area bearing in mind closeness to geographic and
other man-made aspects. The available model is competent to distin-
guish areas according to their electricity consumption behavior by
making use of fixed connotation guidelines. The pioneering attitude of
the said model is responsible for maintaining an enormous capacity of
information and to lead out area profile for organizing residential zone
directing electricity effectual existence. Recommended model of data
mining operates in two segments. For the first stage — relation amid
electricity consumption and atmospheric temperature is made by
making use of data of electricity consumption of one year. For the
second stage; the result of environmental circumstances on the con-
sumption of electricity of town at the local level. The recommended
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