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          Abstract — Many households indulge in 
different forms of electricity theft and illegal 
tampering of electric metering devices leading to 
system faults and overload as well as loss of 
revenue by distribution companies. This work 
presents a unique method for energy theft 
detection in a low voltage power distribution 
networks involving analysis of line parameters 
with focus on radial network. The power 
distribution network was modelled with typical 
network parameters and consumer loads. Again, a 
real network was inspected and the physical 
structure modelled with simulated consumer and 
theft loads. Under conditions of no theft using the 
smart meter electrical outputs at each consumer 
end and section line parameters, the developed 
program was first initialized. The resulting matrix 
of consumer service conductor resistances 
obtained was stored for used in the theft detection 
algorithm. Energy theft detection including 
multiple energy theft was achieved by comparing 
the pole node voltages at each pole computed 
with reference to all connected consumer nodes 
using the stored service conductor resistances. 
The differences were evidence of energy theft, 
unpermitted power/energy consumed was 
estimated. For energy meter bypass, evidence of 
energy theft was due to the differences between 
consumer branch currents and meter current or 
significant drop in voltage at consumer end. 
Where zero reading was obtained from energy 
meter, total disconnection of meter was 
suspected. Again, theft power/energy was 
estimated. Results showed 99 percent accuracy in 
service line resistance computation. A variation in 
computed/detected illegal energy within nodes 
and sections was in the range of 50Wh to 210Wh 
and above 92 percent accuracy of theft detection 
was obtained. With this work, legal consumers will 
be protected from the negative impact of energy 
theft while distribution companies will be able to 
increase revenue and potential for sustainable 
electricity supply.  
 

Keywords— Electricity theft; distribution 
system; meter bypassing & tampering; Power 
Distribution; Electrical Energy Theft Detection. 

 

I. INTRODUCTION  

  Electricity is one of the greatest technological 
innovations of mankind. It has now become a part of 
our life and one cannot think of a world without 
electricity. Almost all devices at home and industries 
run because of electricity. Electricity needs to be 
protected for efficient power delivery to consumers. 
Generation, transmission and distribution of electrical 
energy involve many operational losses. Such losses 
are inevitable in the provision of electrical energy; 
even technologically advanced countries cannot make 
all the electricity generated available for consumers. 
These losses are broadly divided into two: technical 
and non-technical losses. Technical losses occur 
because the electrical equipment used in the power 
system, by nature have losses associated with them 
which cannot be totally eliminated. On the other hand, 
non-technical losses (also called commercial losses) 
occur due to energy theft, poorly estimated billing, 
defective metering equipment (either deliberately 
tampered with or not), unpaid bills etc. They are 
generally caused by actions external to the power 
system and cannot be empirically computed like the 
technical losses [1]. 

  Electricity theft has been defined as the illegal 
use of electric power with the intent of evading tariff 
payment [2-3]. Energy theft can be done by tampering 
with meters to make them undercount, bypassing the 
meters, making illegal connections, colluding with 
utility company meter readers to falsify consumption 
data or billing department to alter the bill issued to the 
customers [1-2,4]. Basically, there are four main ways 
that electricity can be accessed illegally. Electricity 
can be fraudulently accessed through illegal hook-
ups, meter tampering or bypass, billing irregularities 
and unpaid bills [5]. 

   Many households indulge in different forms of 
electricity theft and illegal tampering of electric 
metering devices leading to system faults and 
overloading of power lines, increase billing on the part 
of legal consumers as well as loss of revenue by 
distribution companies [5]. A huge amount of revenue 
is lost due to electricity theft [6]. Poor power quality, 
network infrastructure challenges (overloading of the 
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transmission line, feeders and transformer), fire, load 
shedding/grid energy inefficiency and instability, 
equipment failure/damages, death, irregular supply, 
fault, tariff challenges and revenue shortfalls (non-cost 
reflective tariffs, low collection efficiency), metering 
challenges (huge metering gap, estimated billing, poor 
meter maintenance), operational challenges (long 
feeders, quality of workforce, large operational areas), 
funding challenges and unemployment are some of 
the technical consequences of electricity theft [7].  

   The Nigerian scenario of electricity theft is a 
pathetic one. The development of poor countries like 
Nigeria has been hampered by electricity shortage [8]. 
One of the problems preventing the development of 
the electricity sub-sector in Nigeria is the history of the 
nation, which sees it emerging from a mentality that 
views electricity as a non-tangible item with worthless 
value. Until recently, many Nigerians did not see 
electricity theft as a crime against the provider of the 
commodity as well as a crime against other 
consumers. Recently, there has been the 
development of more policies and stronger legislative 
power to deal with those who take part in the 
fraudulent extraction of electricity. Under the law, 
electricity theft is punishable in Nigeria [2,9]. Electricity 
theft is a threat to the entire value chain. Although its 
impact is borne substantially by the Discos in terms of 
loss of revenue, the overall effect of theft of electricity 
affects the value chain in totality. Distribution 
companies recently published that it loses N21billion 
annually to electricity theft, thus amounting to an 
estimated average of N231 billion for the entire 
industry [10]. The Enugu Electricity Distribution 
Company (EEDC) reported a loss of about 43% of its 
expected monthly revenue to energy theft. There is an 
estimated average loss of about N21 billion annually 
in the power sector to energy theft [11-12].  

In this paper, we present a unique method of 
electricity theft detection and location in a fully metered 
smart grid through analysis of line parameters. 
Modelling/simulation was done with MATLAB. This 
paper is organized as follows: Heading II, describes 
the network structure, parameters/electrical variables 
used for analyzing the network and development of 
algorithm; heading III explains the different scenarios 
of theft detection model that were developed; the 
results from a case study network including conclusion 
are presented in heading IV. Acknowledgement and 
references make up heading V.  

II. DESCRIPTION OF NETWORK   STRUCTURE, LINE    

PARAMETERS, ELECTRICAL VARIABLES AND ALGORITHM 

 
       An overhead radial network is selected for this 
work based on the typical installation in the Nigerian 
power distribution system as shown in Figure 1. The 
three-phase transformer primary is supplied at 11 kV 
while the secondary produces a rated voltage of 0.415 
kV, phase to phase and 240V, phase to ground. 
Consumers are supplied at the phase voltage of 240 
V. The three phases of the transformer as well as the 

neutral are connected to the distribution lines 
suspended from concrete or wooden poles with 
insulators. Stranded bare aluminium conductors - All 
Aluminium Conductors (AAC) are used for the 
distributors; while four-core 0.6/1 kV aluminium cable 
with cross linked polyethylene (XLPE) insulation and 
polyvinyl chloride (PVC) sheath, sometimes with steel 
wire armoured (SWA) is used for the cable riser 
connection from the feeder pillar to the first pole of the 
network. The conductor parameters of critical 
importance in this work are the resistance, 
capacitance and inductance; values sourced from a 
typical manufacturer (13). The distribution network 
was therefore modelled as a short line with the 
impedance computed for each distributor. The same 
treatment is applied to the service entry conductor 
although its impedance value is assumed to be 
unknown and is determined through the algorithm 
presented in this work. Consumer loads are 
connected to the network at poles; the loads are 
modelled as a mix of constant impedance and 
constant power loads. The smart meter for each 
consumer is expected to transmit readings of the load 
current, voltage and other parameters to the central 
station for the network analysis; the meter at the 
distribution station transmits the total current drawn 
from the transformer and terminal voltage. 

A. Line Parameters and Electrical Variables  

  Fig.1 shows the network labelled with parameters 
to be used for the analysis of the distribution network; 
a description of each parameter is provided in Table 
1. A description of electrical variables used is also 
provided in table 2.  

 
 
Table 1: Network Parameters for Energy Theft 
Detection 
Parameters Description 

Rd1 Impedance of XLPE riser cable – 
known 

Rdn Impedance of distributor or section- 
known 

Rsn_m Service conductor resistance from 
pole n to consumer node n_m, is 
unknown and is calculated using the 
algorithm. 

Pn Poles or nodes are located and 
numbered serially 

Pn_m Consumer node m connected to pole 
node n 

Vn_m Voltage at n_m to be calculated for 
pole nodes but known for consumer 
nodes. 

In_m Current at n_m to be calculated for 
pole nodes but known for consumer 
nodes. 

 
 

 



JM

 
Ta
for

Tot
in a

Se
bra
con
am

Tra
gro
(kn
Vo
nod
(Kn
Sm
Vo
Vn_

 

 

Fig

B. 

the
ins
no

   

Th
to 
     

   
 

MESTN423540

able 2: Netw
r energy the

Electrical 
tal transforme
amperes (know

rvice cond
anch current 
nsumer node

mperes (Known

ansformer p
ound voltage, 
nown). 
ltage at each
de, Vn_m 
nown). 

mart Meter C
ltage, In_m 

_m(Known) 

. 1. Radial Netwo

  Developme

The approa
e pole node 
stance, unde
de P2_2, V2 ca

                V2 

e same volt
give (2) and 
              
              V2 =

016 

work Electr
eft detection

Variables 
er current, I1 

wn) 

ductor or 
at each 

e, In_m in 
n) 

phase to 
V0 in volts 

h consumer 
in volts 

Current and 
 and 

ork for Low Volta

ent of Algorit

ach is to dete
voltage as a

er no-theft co
an be obtain

= V2_2 + I2_2 R

tage can be 
(3) respectiv

= V2_1 + I2_1 R

rical variab
n. 

Descr
Compared w
of legal c
identify theft. 

Used for co
determine 
voltage and 
with total 
current. 
Utilized for th
of pole node 

Applied for th
of pole nod
comparison. 
To determ
cases of Mete

age Power distrib

 
 
 

thm 

 
ect the differe
a result of en
onditions, wi
ed as follows

Rs2_2                       

 
projected fr

vely. 

Rs2_1                          

w

les monitor

ription 
ith total curren
consumers t

omputations t
pole nod

for compariso
transforme

he computatio
voltages. 

he computatio
e voltages fo

mine possib
er bypass 

bution (Urban Are

ential change
nergy theft. 
ith reference
s; 

                               (

om P0 and P

                               (

Journal 

www.jmest.or

red 

nt 
to 

to 
de 
on 
er 

on 

on 
or 

le 

 

ea) 

e in 
For 

e to 

(1) 

P2_1 

(2) 

  

Sim
ne
eq
on

II
DE

the
co
av
un
ve
res
co
us
rep
res
sto

   
of
cu
fro
dif
is 
de
us
loc
len
po
dif
the
fro
se
we

   

 

A.

 

 

of Multidisciplin

rg 

                V2

milar analys
etwork. Thes

ual provided
e of the nod

II. MATHEM

ETECTION 

  The system
eft. The init
nditions of 
ailable syste
known cons
rify accurac
sistance da
mputations.
ing (3) an
peatedly alo
sistances ar
ored for use 

   It must firs
reported cu
stomer node

om the tran
fference will b

unauthorize
etermined as
ing the theft 

cation of thef
ngth of the s
oles estimate
fferent scena
eft along se
om section c
ction condu

ere identified

       ∑ ∑

Scenario 1 

Fig. 2 dem
bypass at 
These are s
meter from
meter from
currents for
IC_m respect
meter is Im. 

nary Engineerin

= V1 – I2 Rd2  

is can be re
se computed
d there is no 
es.  

ATICAL MOD

m is first initi
tialization pr
no theft a

em voltage/c
sumer branc
cy of the 
ta for use 
The pole no

nd Kirchho
ong the line
e then com
in the theft d

st be establis
rrents from 

es, In_m is les
nsformer. If 
be indicative 
ed. The spe

a percentag
detection alg

ft was estima
section cond
ed as 25 m
arios includi

ervice condu
conductor, d
ctor and ille
. They have 

In_m               

– Energy Me

onstrates th
three diffe

shorting of p
m loads and
m load and 
r each of the
tively while c

ng Science and T

Vol. 9 

                                 

 
eplicated ac
d pole node
unauthorize

DELING OF 

ialized under
rocess occu

and it invol
current data 
ch resistanc
model and 
in future 

ode voltages
off’s Curren
e. The con
puted using

detection algo

shed using (
the smart m
ss than curr

this is tru
 of energy co
ecific locati
ge of service
gorithm. For 
ated as a frac
ductor or dis

metres for ur
ing energy 

uctor, direct 
direct multipl
egal tapping
been analyz

         I1            

eter Bypass 

 
hree cases o
erent consu
phase line, d
d outright di

supply line
e bypass be
current reco

Technology (JME
ISSN: 2458-9

Issue 4, April - 2

15

                                (

cross the en
e voltages 

ed connection

ENERGY TH

r condition of
urs only un
ves using 
to compute 

ces in order
store bra

theft detect
s are compu
nt Law (KC
nsumer bran

(1) or (2) a
orithm.  

(4) that the s
meters at all 
rent I1, supp
ue, then s
onsumption t
on of theft
e of service 
the section l
ction of the to
stance betwe
rban area. F

meter bypa
online tapp

e tapping fr
g at pole no
zed as follow

                   

of energy me
umer locatio
disconnection
isconnection
. Let the th

e, IA_m, IB_m a
rded by ene

EST) 
9403 
2022 

242 

(3) 

ntire 
are 
n at 

EFT 

f no 
nder 

the 
the 

r to 
nch 
tion 

uted 
CL) 
nch 
and 

sum 
the 
lied 
uch 
that 
t is 
line 
ine, 
otal 
een 
Five 
ass, 
ping 
rom 
ode 

ws; 

(4) 

eter 
ons. 
n of 
n of 
heft 
and 
ergy 



JM

     

 

Ca
of 
sho
Th

Th

Th

CA
loa
cu
me
(Vt

vol

CA
Co
dis
dir
me
co
vol
co

a p
Fig

MESTN423540

                    F

ase A: Short
the current

orting wire to
eft voltage, V

eft current, I1 

eft power, Pt =

ASE B: Dis
ads: The an
rrent, I1_2 is t
eter is record
t) or meter 
ltage, V1_2. 

ASE C: C
onsumer loa
sconnected 
ectly so tha

eter, Vm are 
nsumer bran
ltage, Vt is 
nsumer (term

B  Scenar
Section Con

  Consider t
point A whic
g. 3 resulting

  Vt   =    V2 - V

016 

Fig. 2. Energy Me

ting of the P
t and powe
o the load so
Vt is the sam

= IA_m + Im + 

= IA_m (V1 – I1

sconnection 
alysis is sim
the same as
ding zero cu
voltage is 

omplete By
ad and su
from energ
t meter curr
zero. Theft c

nch supply c
the actual

minal voltage

rio II – Dir
nductor 

the case wh
ch is L2A met
g in flow of t

V  = I2A (Rd2 –

eter Bypass 

hase Line at
er is passe
o that IA_m is 

me as termina

I1_1                 

1_2Rs1_2) or IA_

of meter fr
milar except 
 theft curren

urrent, Im = 0
the same a

ypass of E
pply line a
gy meter a
rent, Im and 
current, Ic_m 

current, I1_2 a
 voltage re

e).  

rect Online 

ere there is 
ters from P1

theft current 

– Rd2A)            

w

t Point A: Mu
ed through 
greater than

al voltage, V1

                     

_m V1_2                  

rom Consum
that consum

nt, IB_m since 
0. Theft volta
as the termi

Energy Me
are complet
and connec
voltage acro
is equivalen
nd energy th

eceived by 

Tapping fr

energy theft
 as depicted
I2A. The len

                    

Journal 

www.jmest.or

uch 
the 

n Im. 
1_2. 

(5)                 

 (6) 

mer 
mer 
the 

age 
inal 

eter: 
tely 

cted 
oss 
t to 
heft 
the 

rom 

ft at 
d in 
ngth 

of 
res
A 
se
cu
en
vo
P2

ac
of 
(11

Fig

 (7) 

of Multidisciplin

rg 

                      

the distrib
sistance of th
is Rd2A. Let
ction P1–P2

rrents with 
tering the n
ltage at node
is still I2 (t

tual node vo
the theft is 

1). 

. 3. Distribution N

I2A = I1 – I1_1

nary Engineerin

  

utor or sec
he conductor
t the calcula
 (using the
no knowled

ode P2 be I
e P2 be V'2. T
though I2 + 
oltage is still

accomplish

Network with En

– I1_2 – I2_1 – 

ng Science and T

Vol. 9 

ction P1 - 
r between P1

ated current
e reported c
dge of ene
'2 and the a
The actual c
I2A is leavin

l V2. Detectio
ed by applic

nergy Theft along

– I2_2 – I3              

Technology (JME
ISSN: 2458-9

Issue 4, April - 2

15

 

P2 is L2. T
1 and theft po
t flowing in 
consumer lo

ergy theft) a
ssociated no

current reach
ng P1) and 
on and locat
cation of (7)

Section Conduct

                                

EST) 
9403 
2022 

243 

The 
oint 
the 

oad 
and 
ode 
hing 
the 
tion 
) to 

 
tor 

(8) 



JM

wh
res
vol
co
pow
no
of 
est
the
(13
the

Fig

 
V1 

Vt 

I2 =

I1_2

Rs1

L1_

Pt =

     

     
wit
Th
ap

MESTN423540

Rd2A = Rd2 -

Location of

 Pt =I2A (V1 –

C  Scenario
Conductor 

    Fig. 4, de
hich results i
sistance up 
ltage, V'1 
nsumer nod
wer theft is 
de voltage, V
the differen

timated from
eft detection 
3) to (18) wh
e theft point a

 

. 4. Distribution n

= V1_2 + I1_2 R

= max (V) – m

= 
 

           

2A = I1 – I1_2 – 

1_2A= 
_

       

_2A = 
RS1_2A

RS1_2
  L

= I1_2A (V1 – (I

 

 D  Scenario

   It is treat
th the length
e algorithm 
plied for the 

016 

                  

f theft point, L

– (I2 + I2A) Rd2

o III – Energy

emonstrates 
n the flow o
to point A

calculated 
e current I1_

expected to 
V1 by ‘I1_2ARS

nt values of
m its connect

and theft po
here L1_2A is t
and Pt is the 

network with ene

Rs1_2                      

min (V) = I1_2

                      

I1_1 – I2              

                      

L1_2                          

I1_2 + I1_2A) R

o IV – Illegal 

ed as a spe
h, L2A and i
described fo
detection an

                     

L2A =  L

2A)                  

 

y Theft along

 
illegal conne

of theft curre
A is RS1_2A. 

using (12) 
_2 and witho

be different
S1_2A’. If V is t
f voltages f
ted service c
ower can be 
the distance 
estimated th

rgy theft along se

                                 

A RS1_2A              

                     

                                 

                     

                                 

s1_2A)              

l Tapping at P

ecial instanc
impedance, 
or scenario 
nd location of

w

                     

L2                             

                     (

g Service 

ection at poin
ent, I1_2A. Bra

The pole n
with repo

ut knowledg
t from the ac
the vector m
or a pole n

conductors, t
computed u
from the po

heft power. 

ervice Conductor

                      (12)

                      (13)

               (14)

                        (15)

               (16)

                       (17)

               (18)

Pole Node 

ce of scenar
R2A being z
II can be va
f this theft. 

Journal 

www.jmest.or

  (9) 

(10) 

(11) 

nt, A 
anch 
node 
orted 
ge of 
ctual 

matrix 
node 
then, 
using 
ole to 

 

r. 

) 

) 

) 

) 

) 

) 

) 

rio II 
zero. 
alidly 

     

repo
cus
from
una
app
illeg
The
sub
thef
from
syst
imp
irres
Inst
serv
curr
imp

of Multidisciplin

rg 

E  Scenario 

    First, is t
orted curren
tomer nodes

m the transf
authorized 
proached es
gal tapping c
e value of 
sequent pro
fts within the
m the feedin
tem, once it 
lements and
spective of 
tallation of 
vice line 
rents/voltage
lementation.

          Fig. 5. Fl

nary Engineerin

V – Detectio

to establish 
nts from the
s, In_m is les
ormer. Such
energy co
tablished fo
closest to th
this known 

ojection and 
e network as
ng point. But

is designed
d detect all 
the numbe
smart energ

resistanc
es are b
 

low diagram for s

ng Science and T

Vol. 9 

on of Multiple

using (4) th
e smart me
ss than curr
h difference 
onsumption.

or theft dete
he supply e

energy the
detection o

s we gradua
t naturally, 

d to detect th
energy the

r of theft in
gy meter, c

ces and 
basic requ

system initializat

Technology (JME
ISSN: 2458-9

Issue 4, April - 2

15

e Theft 

hat the sum
eters at all 
ent I1, supp
is evidence

 Using 
ection, the f
nd is detect
eft is used 
of other ene
ally move aw
in a smart g

heft, the syst
ft automatic
n the netwo
computation 

pole no
uirements 

ion 

EST) 
9403 
2022 

244 

m of 
the 
lied 

e of 
the 
first 
ted. 
for 

ergy 
way 
grid 
tem 

cally 
ork. 

of 
ode 
for 

 



JM

Fig
of P
 

Fig
 

MESTN423540

. 6. Flow diagram
Phase Line/Discon

ure 7: Energy M

016 

m for energy mete
nnection of Energ

Meter bypass (T

er bypass detectio
gy Meter from Lo

Total Disconnect

w

on algorithm (Sh
oad) 

tion of Meter) 

Journal 

www.jmest.or

 
horting 

 

Fig. 8

 

IV.
SEC

F
Stre
The
con
leng
enu
dist
sus
twe
nod
are 
the 
alum
kV 
(XL
with
wer
[13]

 

of Multidisciplin

rg 

8. Flow diagram o

. CASE ST

CONDARY DIST

Field survey
eet, a predom
e number o
ductor size 
gth of cons
umerated. T
ribution sy
pended fro
nty-four pole

des distribute
made of 95
branch cond

minium cable
aluminium 

PE) insulatio
h steel wire a
re obtained 
] while consu

nary Engineerin

of energy theft de

TUDY: ETIM 

TRIBUTION NE

 
was condu

minantly resid
of poles, d
of section; n
sumer branc
he network 
ystem with
m poles—w
es and a tota
ed across the
 mm2 bare a

ductors are m
e. Riser cable
cable with 

on and polyv
armoured (S
from a cabl

umer load va

ng Science and T

Vol. 9 

etection algorithm

OKON US

ETWORK, UYO

 
cted at Etim
dential area 
distances b
number, cond
ches at ea

structure—
h aluminium
was sketche
al of sixty s
em. The sec
aluminium co
made of 16 m
e is made of
cross linke

vinyl chloride
SWA). Condu
le manufact

alues were sy

Technology (JME
ISSN: 2458-9

Issue 4, April - 2

15

m for the Study 

SANGA STR

O 

m Okon Usan
in Uyo, Nige

between po
ductor size a
ach pole w

—a low volta
m conduct
ed. There 
even consum

ction conduct
onductors w
mm2 single c
f four-core 0.

ed polyethyle
e (PVC) she
uctor resistan
urer data bo
ynthesized. 

EST) 
9403 
2022 

245 

 

EET 

nga 
eria. 
les, 
and 

were 
age 
tors 
are 
mer 
tors 
hile 

core 
.6/1 
ene 
eath 
nce 
ook 



JM

A. 

a b
sym
un
an
the
co
tra
inp
un
ver
da
line
the
po
line
the
the
we
de
are

we
sig
pro
en
loa
by

co
pro
clo
pro
co
de
the
en
the

co
dis
ter
de
the
the
est
ins
ob

MESTN423540

System Mo
Location 

The system
balanced sys
mmetrical th
balanced op
ticipated. It w

eft. The ini
nditions of 
nsformer an

put to compu
known cons
rify accuracy
ta for use af
e resistance 
eft loads we
ints of the m
e, consumer
eft detection 
e theft points
ere labelled 
tected indep
e labelled as 

    For mete
ere introduce
gnificantly su
ogram was 
d. Output p

ad was mu
pass.  

  Again, for 
nnected to d
ogram was r
osest to the f
ogressed tow
nsistent wit
veloped. But

eft detection
ergy theft au

eft in the netw

   Procedure
nsumer nod

stance of the
rms of perc
tection algo

eft was estim
e section c
timated as 2

stantaneous 
tained using 

 

 

 

 

 

 

016 

odelling, En

m was modell
stem basis. T
ree phase s

perations du
was first init
tialization p
no theft a

nd smart me
ute the pole
umer service
y of the mod
fterward. 99 
computation

ere subsequ
modelled netw

r service lin
program w

s. The theft 
as “modell

pendently by 
 “computed t

er bypass, t
ed to the c
uppressed th
run to detec

power of zer
uch higher 

multiple the
different poin
run to detect
feeding poin
ward the en
th the ear
t in practice,

n system im
utomatically i
work. 

e for loca
de, pole loca
e theft locati
centage of s
rithm. For t

mated as a f
conductor o
25 metres f
rms power 
 the theft det

nergy Theft 

 
led in MATLA
The system i
system in a s
e to fault o
ialized unde

process occ
and it invo
eter voltage/
e node volta
e line resista
el and store
percent acc

n was obtain
ently conne

work (Consum
e and pole 
as run to de
loads insert

led theft” w
the theft det

theft’’. 

the synthes
consumer e
he voltage o
ct energy th
ro was retu
indicating c

eft, several t
nts of the mo
t them startin
nt, one after 
nd of the n
rlier multipl
, in a smart 
mplements 
irrespective 

ating theft 
ation and e
on from a re
service line 
the section 
fraction of th

or distance 
for urban ar
and energy 
tection algor

w

Detection 

AB (Simulink
is designed f
steady state
r short circu
r condition o
urs only u

olves using 
/current data

ages followed
ances in orde

such resista
curacy in ser
ned. Synthes
cted to diffe
mer end, sec
nodes) and

etect and lo
ted in the m

while the va
tection algor

ized theft lo
nd such th

output. Detec
eft at consu
rned when 
complete m

theft loads w
odelled netw
ng from the 
the other as

network. Thi
le theft m
grid system
and detects
of the numbe

point was 
stimation of
eference po
using the 

line, locatio
he total lengt

between p
ea. Unperm
consumed w
ithm develop

Journal 

www.jmest.or

and 

k) on 
for a 

e. No 
uit is 
of no 
nder 

the 
a as 
d by 
er to 
ance 
rvice 
sized 
erent 
ction 

d the 
ocate 

model 
alues 
rithm 

oads 
at it 
ction 
umer 
theft 

meter 

were 
work, 
theft 
s we 
is is 

model 
, the 
s all 
er of 

by 
f the 
le in 
theft 

on of 
th of 

poles 
mitted 
were 
ped. 

Fig. 9

 

Fig. 1

 

F

of Multidisciplin

rg 

9:Modelled/Comp

10: Modelled/Com

Fig 11: Modelled

nary Engineerin

puted Service Lin

mputed Service L

/Computed Energ

ng Science and T

Vol. 9 

ne Resistances (e

Line Resistances 

gy Theft (Section

Technology (JME
ISSN: 2458-9

Issue 4, April - 2

15

ven) 

(odd) 

n) 

EST) 
9403 
2022 

246 

 

 

 



JM

Fig 

Fig

 

 

Fig

 

 

 

 

 

MESTN423540

12:  Bypassing o

. 13: Multiple En

. 15: Energy Thef

016 

of Energy Meter (

nergy Theft along 

ft Location along

(Consumer End) 

Section Line 

g Section Line    

w

Journal 

www.jmest.or

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1

      

 

 Fig. 

of Multidisciplin

rg 

14:  Modelled/Co

16: Minimum Co

nary Engineerin

omputed Energy T

omputed/Detected

ng Science and T

Vol. 9 

Theft at Pole Nod

ed Illegal Energ

Technology (JME
ISSN: 2458-9

Issue 4, April - 2

15

de 

EST) 
9403 
2022 

247 

 

                      



JM

 
Fig 

 

B C

ele
me
ove
co
the
ne
to 
de
wa
loa
the
co
sa
me
de
ap
pro

MESTN423540

17: MATLAB M

Conclusion 

  Many hou
ectricity thef
etering devi
erload as w
mpanies. Th
eft detection
tworks involv
detect diffe

tection and l
as modelled 
ads. A case 
e physical 
nsumer and
me method 
eter bypass. 
tected. With
plication, this
oblem of pilfe

016 

Model of Etim Ok

useholds ind
ft and illeg
ices leading

well as loss 
his work pre
n in a low 
ving analysis
erential line 
ocation. The
with typical 
study netwo
structure 

 theft loads
to detect 

Multiple ene
h the nece
s method is 
erage of elec

kon Usanga Low V

 
dulge in diff
gal tamperi
g to syste
of revenue 

sents a met
voltage pow

s of line para
voltages fo

e power distr
parameters 

ork was also
modelled w
. The study 
different ca

ergy theft sce
essary hard
the answer t

ctricity. 

w

Voltage Distribut

ferent forms
ng of elec

em faults a
by distribut

thod for ene
wer distribut
ameters in or
or energy th
ribution netw

and consum
o inspected a
with simula

also used 
ases of ene
enario was a
ware for fi
to the perenn

Journal 

www.jmest.or

tion Network 

s of 
ctric 
and 
tion 

ergy 
tion 
rder 
heft 

work 
mer 
and 

ated 
the 

ergy 
also 
ield 
nial 

V  

Ele
Nig

[1

[2

[3

[4

of Multidisciplin

rg 

                       

  We would
ectrical/Elect
geria for prov

 

1] O. M. Ko
Electrical 
Journal o
– 254, 20

2] A. Aden
Nigeria," 
http://cppa
electricity
2020]    

3] O. M. Kom
for Elec
Location 
Systems”
5(2): 41-4

4] G. A. Abd
Technical
of Niger
Covenant

nary Engineerin

       ACKNOW

d like to t
tronic Engin
viding the pla

REFER

omolafe and 
Energy Lo

f Technology
20 
iran, "Mitiga
14 March 

aresearch.or
-theft-nigeria

molafe and K
trical Energ
in Low V

. Engineerin
49, 2020. 
dulkareem, “E
 Losses on P

ria 330-Kv 
t University, O

ng Science and T

Vol. 9 

WLEDGMENT  

thank the 
neering, Univ
atform for thi

RENCES 
d K. M. Udo
osses in Nig
y (NIJOTECH

ating Elect
2018. [Onl

rg/nu-en-pl/m
a/#. [Retrie

K. M. Udofia
gy Theft 

Voltage Pow
ng and App

Evaluation a
Power Lines

Network”. 
Ota, Nigeria

Technology (JME
ISSN: 2458-9

Issue 4, April - 2

15

Department 
versity of U
is research.

ofia, “Review
geria”. Niger
H), Vol. 39: 2

ricity Theft 
ine]. Availab

mitigating-
ved 20 M

a, “A Techniq
Detection a

wer Distribut
plied Scienc

and Mitigation
s: A Case Stu

PhD The
. 277p, 2016

EST) 
9403 
2022 

248 

 

of 
Uyo, 

w of 
rian 
246 

in 
ble: 

May 

que 
and 
tion 
ces. 

n of 
udy 
sis, 

6. 



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 9 Issue 4, April - 2022 

www.jmest.org 
JMESTN42354016 15249 

[5] D. O. Dike, U. A. Obiora, E. C. Nwokorie and B. 
C. Dike, "Minimizing Household Electricity Theft 
in Nigeria Using GSM Based Prepaid Meter", 
American Journal of Engineering 
Research(AJER), pp. 59-69, 2015.             

[6] S. Arivazhagan,  T. A. Atiso and M. A. Seid, 
“GSM and Arduino based Power Theft Detection 
and Protection”. International Journal of Advance 
Research, Ideas and Innovations in Technology, 
5: 581 – 588, 2019. 

[7] S. Amin, G. A. Schwartz, A. A. Cardenas, S. S. 
Sastry, "Game Theoretic Models of Electricity 
Theft Detection in Smart Utility Networks," IEEE 
CONTROL SYSTEMS MAGAZINE, 35(1). 66-81, 
Feb.2015.  

[8] M. Golden and B.  Min, “Theft and loss of 
electricity in an Indian State. IGC-ISI India 
Development Policy Conference, University of 
California, Los Angeles. 2th – 4th January, 2012, 
38p,  

[9] S. Garba and D. C. Akpeneye, “Order on 
Unauthorized Access, Meter Tampering and By-
Pass. Abuja: The Nigerian Electricity Regulatory 

Commission”. 2017. 
https://www.energymixreport.com/nerc-reviews-
penalties-electricity-theft-meter-passing/ 
(Retrieved on 25th May, 2020). 

[10] O. G. Olaoluwa, “Electricity Theft and Power 
Quality in Nigeria”. International Journal of 
Engineering Research & Technology (IJERT) 
Vol. 6, 1180 – 1184, 2017 

[11] I. O. Joseph, “Issues and Challenges in the 
Privatized Power Sector in Nigeria”. Journal of 
Sustainable Development Studies, 6(1):161 -174, 
2014. 

[12] A. Osigwe and C. Onyimadu, “Electricity Theft in 
Nigeria: How Effective Are the Existing Laws?” 
Journal of Energy Technologies and Policy, 8: 8 
– 13, 2018. 

[13]Coleman Cables and Wire, "Coleman Cables and     
Wire,"[Online].Available:http://www.colemancables.co
m/products/catalogCTIL_Aerial_Cable_Brochure/AER
IAL/AAC/ACSR%20CABLE/.[Accessed 15 October 
2021].

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  


