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Abstract: - Electrical energy losses in the distribution and transmission lines accounts to any lost energy generated from the
transmission network of a power plant or electric substation down to the consumers. These losses can be a result of different
parameters and the vast amounts are considered to occur in the primary and secondary distribution lines which are classified as
technical (TLs) and non-technical losses. Nueva Ecija Il Electric Cooperative, Inc, - Area 1 (NEECO II- Area 1) have identified
different parameters that causes these non-technical losses which is considered as one of challenges that has been existing for years
as the company has recorded inconsistencies in meeting the standard set. Reducing these identified losses not only can improve
distribution efficiency in the power transmission lines but also can reduce the cost of electricity among its customers. Considering
the electrical losses recorded by NEECO Il Area 1 for 2018 and 2019 utilizing the Synergi Electric system that they are using, there
is a significant amount of non-technical loss which impact the integrity of the total output being generated in the distribution system.

NEECO Il has been practicing a standard and conventional process of managing the non-technical losses but has not been consistent
in doing such as they do not have a standard documented procedure in place. This study is focused on developing a process of energy
management using the DMAIC methodology (Define, Measure, Analyze, Improve and Control) to reduce non-technical losses
identified in the NEECO areas and its distribution lines. With the gathered data, the researchers aim to develop recommend process
that can help better identify, detect, and minimize the occurrence of these causes, thus reduces the overall non-technical losses in the
distribution system.
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|. INTRODUCTION Among the most common and prevalent cases of electricity

theft are meter tempering using magnetic materials and

The occurrence of energy losses in any electric system is
nothing new and considered one of the main causes of financial
losses not only in the electric company but can certainly affect
its stakeholders primarily the consumers. Technical losses such
as conductor loss or load loss, core loss or no-load loss are
totally inevitable and can surely be identified, calculated, and
be fixed but one of the challenges that most electric companies
like NEECO Il Area 1 encounter is the existence of non-
technical losses which constitute to electricity pilferage and
theft such as illegal connection, meter tampering, meter error
and billing irregularity.

Manuscript revised May 16, 2021; accepted May 17, 2021.
Date of publication May 18, 2021.

This paper available online at www.ijprse.com

ISSN (Online): 2582-7898

mechanical jerks that impedes the meters reading. lllegal
connections which are unbridled in slums areas contributes to
the big chunk on such loss. Metering inaccuracies and errors are
also identified as one on the top list of non-technical loss
contributors. Unmetered supply such as traffic lights, traffic
signal and security cameras may not much of a big impact of
the total loss but still can be on the list. The substantial amount
of non-technical losses generated by the Synergi Electric
system utilized by NEECO Il shows that there has been
significant amount of loss for the past 2 years indicated. These
acts of dishonesty among members and consumers can certainly
be detrimental not only to the financial condition of the electric
utility provider and its stakeholders but also can cause scarcity
of electricity. The rampant and irreverent illegal connections
which are mostly cropping up in buildings, compound and
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slums can lead to accidents caused by electricity such as
overloading, electric fire and explosions. The utility’s financial
loss represented by these non-technical losses are not
inevitable. The financial implications, billing irregularities and
inaccuracies caused by these losses are then passed on to the
consumers which poses not only a challenge but a burden to the
local communities in the area. Not only that they are being
billed accurately for their just consumption but also must
subsidized those who do not pay for their electricity services -
intentional or not. For the year 2018 and 2019 alone, a total
47,005,149-kWh overall system loss (using an approximate
residential consumer rate of Php 8.67 per KWH) and the non-
technical losses associated with this has been distributed among
its consumers and stakeholders making them dissatisfied and
lose trust of the company’s billing process. As part of the
government's efforts to provide reasonable retail prices of
electricity by setting annual loss caps and enhancing
Performance Improvement Program, Republic Act 7832
otherwise known as the Anti-Pilferage of Electricity and Theft
of Electric Transmission Lines/Materials Act was signed in
1994 [1]. Likewise, rural electric cooperatives (RECs) are aided
by the Task Force on System Loss Reduction Program (SLRP)
by recommending appropriate measures such as random ocular
inspections of the alleged illegal connections (flying
connections),  routinary  inspection  of  questionable
consumptions of consumers based on the findings of NEECO
Il — Area 1 Billing section. In the aim to reduce the occurrence
of non-technical losses and its cost implications, this study is
focused primarily on not only to evaluate the prevailing non-
technical losses in the coverage areas, improve the
apprehension of identified electric pilferers in different NEECO
areas, and develop a sustainable process improvement on
energy management utilizing the DMAIC methodology.
NEECO Il Area 1 uses Synergi Electric, an electrical simulation
software that generates and analyzes the overall data
performance a power distribution system. It helps the electric
utility primarily the engineers to monitor and evaluate the
performance from the substations to the customer, thus helping
them plan, investigate and optimize the full functionality of the
entire network. This undertaking also considers the data
generated by the NEECO’s Synergi system covering the years
2018 to 2019 for the following distribution areas: Carranglan,
Lupao, Talugtog, Science City of Munoz, Guimba, Sto.
Domigo, Talavera, Aliaga, Quezon, and Licab.

Il. LITERATURE REVIEW

There are wide variety of studies focusing on the reduction of
non-technical losses in distribution network and each offers
valuable perspectives and findings. [2] In Spain, a two-module
framework and methodology was developed to reduce non-
technical losses in Endesa Company based on the detection and
inspection of consumers without any electricity consumption
during a given period. Technology integration such as smart
meter reading or power theft detection devices to easily detect
any act of electricity theft have also been developed [4-5].[6]
Detecting unauthorized consumption in the sense of non-
technical losses is much easier by applying "Smart" meters and
low voltage. In some studies, the behavioral aspects of
consumers are taken into an account to detect possible fraud
activities. In [7], an Extreme Learning Machine (ELM)-based
approach was used to correlate the irregularities and abnormal
behavioral kwh consumption of customers with NTL activities.
[8] Theoretical study of the socio-economic and demographic
factors can also be considered in identifying and analyzing the
possible sources of NTLs. Collected data from the customer’s
daily and monthly consumption can also be used to monitor
abnormalities which can be associated to potential electricity
theft. [14] Data mining can be used as a tool for a more effective
and targeted inspections focusing on the identified areas with
suspected fraud. Using statistical modelling, focused areas of
inspections are ranked based on importance.

Strategic implementation of detection and apprehension
process of any act of electricity theft should also be given
priority as this isa crucial step in eliminating the causes of NTL.
The use of a renowned and structured process improvement
such as Six Sigma DMAIC methodology has been proven to
generate positive results through several studies and
applications [9-10]. Process Improvement Methodology is one
of the major focus of DMAIC that improves an already existing
process. The idea of integrating both smart meter-reading
device and data analysis based on the abnormal behaviors and
irregularities of electric consumption in NTL detection is
incorporated in the proposed process using DMAIC
methodology.

Ill. METHODOLOGY

The Researchers Used And Explored On Descriptive Research
Methodology Combining Process Documentation From Recent
Studies And Implementing The DMAIC Methodology In
Developing The Process Of Energy Management In NEECO 2
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Area 1. As Defined, DMAIC Is A Problem-Solving Approach
And Process Improvement Methodology Of Six Sigma That Is
Used By Businesses In Improving And Optimize Current
Processes, Identify, And Fix Errors To Produce Quality Output.
[12] This Methodology Takes A Problem That Has Been
Identified By The Organization And Utilizes A Set Of Tools
And Techniques In A Logical Fashion To Arrive At A
Sustainable Solution(S). DMAIC Stands For Define, Measure,
Analyze, Improve and Control.

A. Application of DMAIC Methodology
Define Phase:

In the define phase, the problem that requires a solution needs
to be identified and should end with a clear understanding of its
scope. For the past few years, NEECO 2 Area 1 has been
implementing a conventional energy management process in
identifying non-technical losses and apprehending acts of
electricity theft. This approach poses a challenge in consistently
reducing the NTL as evident in the utility’s generated monthly
output for the years 2018 and 2019. Being able to strategically
identify and detect the sources of these non-technical losses can
absolutely minimize contributing factors, thus can eliminate the
inconsistencies and discrepancies in the monthly distribution
output. As the cooperative continue to use the Synergi Electric
system which detects the overall system losses, it is still a
stumbling block for the utility to identify the causes and sources
of the non-technical loss in each substation as they, most of the
time, rely on the reports of concerned citizens in apprehending
acts of electric theft. In the year 2018 the total system loss is
23,050,823 kWh and in 2019 it recorded a 23,954,326-kWh
system loss, technical and non-technical included. Although the
recorded non-technical losses every year are being covered by
the power purchased in the Wholesale Electricity Spot Market,
it is undeniably evident that it has significant impact to the
overall system loss and eliminating the contributing factors of
NTL can positively impact distribution costs, thus can lead to a
much more reasonable electric bill among consumers.

Measure Phase:

In this phase, current performances are measured, and the
identified problem is quantified. [] The data gathered are based
on the information shared by the Planning and Design Section
of Technical Services Department and are based on the data
generated by the Synergi Electric System. The given data below
shows the recorded and tabulated overall monthly system losses
of each coverage areas of NEECO Il Area 1 for the year 2018
and 2019 [2].

Table.1. Monthly System Losses for 2018

| NEECO II - AREA 1 System Loss for 2018

MONTH Talavera | Munoz | Quezon | Guimba | Pant | Aliaga | Lupao Total
JAN 1356 | 2132 | 2293 18.97 3241 2258 | 2413 19.64
FEB 0.44 741 535 4,34 8.35 8.48 6.71 4.68
MAR 11.78| 1253 1119 8.39 9.97| 1600 1397 11.85
APR 1001 1637| 1545 796 | 1248| 1444| 123 11,96
MAY 864 | 1387] 1301 919 1034]| 1454| 1434 1139
JUN 6.21 6.26 | 13.21 4.27 6.56 9.97 9.84 7.32
JuL 5.86 18.56 |  0.00 6,04 18.62 10.73 13.49 10.71
AUG 581 1620 000 493 5.32 800 1081 8.84
SEP 974 2333| 000 951 2009| 1946| 17.05 15,16
ocT 615| 25| 23 542 890 | 1563| 1480 12,05
NOV 246 824 | 1200 1004 [ 1662 1124 129 9.12
DEC (8.45)] (3.8)] 5.20 (1147 (147 (543 (085)  -4.09

TOTAL/AVE. | 651 | 1417 | 1192 | 655 [ 1214 | 1223 | 12.08 9.85

Table.2. Monthly System Losses for 2019

I NEECO Il - AREA 1 System Loss for 2019

MONTH Talavera | Munoz | Quezon | Guimba | Pant | Aliaga | Lupao Total
AN 1202 1242 | 1345 1348) 1341 44| 1874 14,62
FEB 877| 1052| 1407 869 1569 1180 1531 11.12
MAR 6.73 7.55 | 1126 5.98 13.34 12.76 10.55 8.68
APR 4.53 10.61 | 10.76 1217 12.38 10.94 10.61 9.34
MAY 14.45 1533 | 1717 11,76 21.54 18.22 19.83 15.77
JUN 10.09 3.67 | 8.66 894 1711] 1438 9.54 9.39
UL 484 670 1109 955 1699 79| 1353 8.60
AUG 17 091 655 348 3.45 2.95 4.75 3.3
SEP 10.44 9.25| 1654 12.02 22.14 15.05 16.26 13.25
0oCT 7.59 8.22| 13712 9.03 8.89 10.88 12.13 10.05
NOV 641 512 1340 1L10)  2067| 87| 1163 9.67
DEC (249)] 1.7 166 (338) (787 (279)] (204)] 131

TOTAL/AVE. 7.38 751 1142 8.64 13.34 11.12 11.68 I 9.38

Table.3. Overall Monthly System Losses for 2017 - 2019

MONTH 2017 2018 2019
JAN 19.68 19.64 14.62
FEB 6.39 4.68 11.12
MAR 9.92 11.85 8.68
APR 10.63 11.96 9.34
MAY 12.132 11.39 15.77
JUN 5.93 7.32 9.39
JUL 10.68 10.71 8.60
AUG 6.56 8.84 3.23
SEP 10.24 15.16 13.25
oCT 14.87 12.05 10.05
NOWV 7.99 9.12 9.67
DEC 0.28 -4.09 -1.21

TOTAL/J/AVE. 39.58 9.85 9.38

The tables illustrated below show the tabulation of non-
technical losses (in kWh) of the different substations of
NEECO Il Area 1 for the year 2018 and 2019. Non-technical
losses in each substation were calculated by subtracting the
calculated technical loss to the total system loss.
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Table.4. Monthly Non-Technical Losses of Substations NEECO |1
Area 1 Year 2018

ONTECEMCALLSSE OFYEAR Mt

SUBSTATON| AN | FB | NARCH | ML | MAY | NNE | LY | G | ST | 0T | MV |
THARR | Q075000 | %9 | JMTR | I3 | M | L8O | 15K | ABIS | MM | AL |50 | 458
WKL | 4081 | 4 IR0 | MR B | B | 60 | IR | GBRD | RS | 5B | A
QO | M50 | DG | BE | KN | 40| AR 0| 1| -0
OB | 58 | AN | 8 | LW | S | B3| A | SN | B36 | RM | ED | WSS
ARG | O | | ISR | G | B3 | RGN | LR | IS | IO | NI | A8 | 8N
U | 608 | 83 | W05 | N5 | I | B | M| IR0 | MR | NS | G| MM

=

Table.5. Monthly Non-Technical Losses of Substations in NEECO Il
Area 1 Year 2019

NONTECHAICALLOSSESOF VAR 219
SUBTATON ] AN | PR | NARCH | APRL | MAY | INE | | MG | ST OO0 | NV | DK
THAVRR | BLAG | (B3 | B30 | MSIOT | MRS | U2 | 6L\ LS | ML | ABL | S| 50
NN | S| MG | WM | GHE | WOMT | MG | B | BSE ) W9 | A6 | B B
QEION | SAL | G | QU9 | MW | I ) DGEE LW | I | IRID | BAD | S5 | 4BA
G | GLOM | IBIO | T || AL | G0 | G| AN | ST [ B0 | %0 | R
i

A | B0 | AIGS | ML | BB | B | 0 | L4M | 645 | B8 A

(0 | 3% | B8R | LMD | | IS | 0LKS | GE0 | DML 9K | BN | DA | M5

Table.6. Average Non-Technical Losses of NEECO Il Area 1
Substations

AVRAGENOVTECNCA OS5V A

SURTATON] AN | FE8 | WRCH | ML | MAY | NNE | MY [ MG | S| O | NV |

THAVRA | L5 [ 0% | IS | 080 | TR | B | IMER [ RE | B | 40| RS |00

L I I A 6T U vt A 1 g B

QRN | LD | G0 | BIG ) N[ LR O[WTR L || DBID | SN | BAD A

GUNGA | 1B | G | DBID | R | GDRNH | T | DB | HLAD | 6D | D4R | BEM |0

AW | WG| LNE | UGN [ DD | IONE | A | MG | N0 | IBED | LM [ 91 |46

O B I L O I L AR L R s T R

Analyze Phase:

Data collected is to be analyzed to determine the root cause of
the problem and identify the source of variation. Considering
all the gathered data as shown in the tables above, we have seen
discrepancies and variation of data for the overall system loss
and the non-technical loss. It is crucial that we has to ensure
that an electric utility just like NEECO Il Area 1, is aligned with
system loss cap set by the governing agency and/or the
regulatory body.

[13] The Energy Regulatory Commission (ERC)
ResolutionNo.10, Series of 2018 has set the distribution loss
caps for electric cooperatives as shown in the table below:

Table.7. Distribution Loss Caps for Electric Cooperatives

Year Cluster1 Cluster2 Cluster3
2018 12.00% 12.00% 12.00%
2019 12.00% 11.00% 11.00%
2020 12.00% 10.25% 10.00%
2021 12.00% 10.25% 9.00%
2022 onwards 12.00% 10.25% 8.25%

The system loss is calculated by getting the difference of the
Total Sales in kWh and the Total Energy Purchased in kWh
over the Total Energy Purchased.

System Loss (%)

_Total Energy Purchased (kWh)— Total Sales (kWh)X 100
Total Energy Purchased (kWh)

Considering the data illustrated in Table 5, for the year 2018
alone, NEECO 1II Area 1’s overall system loss failed to
consistently meet the 12% loss cap set by the ERC for Cluster
2 for 3 months — January, September and October. For the year
2019, with the set cap of 11%, the electric utility failed to meet
the standard for four months — January, February, May, and
September. NEECO Il Area 1 may have met the system loss
cap for the entire year, but it can consistently meet the set cap
every month, that can assure a more productive output every
year. For the average non-technical losses (2018 and 2019),
January, March and May have been identified to be the months
with the highest amount of non-technical losses measured in
kWh as shown in Table 6 making Talavera, Lupao, and Munoz
substations as the top contributors of these non-technical losses.
These three areas can be the primary focus of the established
and recommended energy management process.

Improve Phase:

In the aim to efficiently manage energy by reducing the non-
technical losses in the distribution network by effectively
monitoring and minimizing the identified contributing factors
in the focused areas, the researchers would like to propose an
improved management process that can be implemented by
NEECO Il Area 1.
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Fig.1. Proposed Energy Management Process of NTL

Detection Process: The most crucial part of the process is
detection. It is indeed a challenge for electric utilities to detect
the exact source of all non-technical losses. Different electric
utilities implement different ways of detecting any act of
pilferages or electric theft and other NTL contributors. The
integration and utilization of hardware solutions such as the
installation of specific devices like meters with tampering
sensors and RFID devices can certainly boost the detection
processes thus increasing the chances of reducing the NTLs.
[14] Utilities from developed countries such as ENEL, an
Italian multinational manufacturer and distributor of electricity
and gas, integrated the use of smart meter-based infrastructure
for minimize NTL in their coverage areas which improved their
theft detection rate from 5% to 50%. The significant results of
the smart meters installation have paved the way to new
perspectives of developing a more advanced techniques of NTL
detection. Non hardware solutions focus on NTL detection
techniques using theoretical study by analyzing different
factors and available parameters that constitute to the
occurrence of NTL in a specific area such as population,
geographical area, records on existing identified NTL zones
and statistical techniques. Improving the detection process by
not just merely relying on the reports or allegations from
concerned citizens but implementing consistent statistical
analysis of consumer electric consumption based on their
monthly electric bill can help identify potential pilferers or any
factors that cause non-technical losses. Billing Department
should be able to provide monthly report to Pilferage
Apprehension Team of all consumers, residential and
commercial, with significant increase or decrease of electric
consumption. Consistent random inspections and surveys
focusing on the areas with the most instances of electric bill
variation can also help identify potential pilferer and eliminate
factors such as unmetered load and flying connections.
Identifying the areas with the greatest number of pilferage cases
and careful study of their socio-economic status can help in the

detection process. The integration of smart reader in the
detection process may lead to a significant boost in identifying
and apprehending electric theft in any form should be
considered by NEECO 2 Area 1 despite of its high equipment
cost implications.

Data and Report Validation: Validation of data and reports is
another critical task to be conducted by  the assigned Anti
Pilferage Team or Special Energy Recovery Group
(Apprehension Group). All information that was gathered from
any source should be handled with utmost sense of urgency and
in-depth analysis. All reported act of pilferages or electric theft
from stakeholders should be carefully assessed and
immediately act on. In partnership with the billing department,
all subscribers with significant variation of atleast +/- 30% of
their normal consumption should be prioritized on regular and
random inspections.

Site Verification and Inspection: Conducting random site
inspection regularly can help reduce common factors that
contribute to the occurrence of non-technical losses. After
careful assessment and validation of the data given, the team
should establish sets of schedules for random checking of all
areas putting all reported and alleged pilferers and that of the
data provided by the billing department. The use of statistical
modelling techniques and data mining process can be a useful
tool to target areas of suspicion.

Actions and Sanctions: As outlined in the Republic Act 7832,
all apprehended pilferers based on the random inspections and
investigations conducted by the Anti Pilferage Team will be
immediately disconnected and will be asked to sign the
Disconnection and Apprehension Report Form. Appropriate
sanction for such act including fines or penalties as well as
criminal case in accordance to RA 7832 will be discussed with
the apprehended pilferer.

Settlement and Agreement: The pilferer may appeal and discuss
with the Anti Pilferage Team together with the utility's legal
councils any settlement relevant to the illegal action committed.
Failure to comply with the agreed settlement or pilferer's
rejection of the proposed agreement shall lead to the case being
filed to court for formal and just hearing.

Control Phase:

In control phase, the goal is to be able to sustain the new process
and set results to higher level. To achieve the expected goal of
reducing the monthly non-technical losses in each substation of
NEECO Il Area 1, consistent monitoring plan and
documentations of all results including the successes and
challenges in each phase of the process should be done
accordingly. All records must be kept by the process owner for
future data analysis and institutionalized process
improvements.
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IV. CONCLUSIONS AND RECOMMENDATIONS

Reducing non-technical losses is certainly one of the prevailing
challenges that an electric utility has been facing and Nueva
Ecija 2 Electric Cooperative — Area 1 is not an exemption.
Segregation of loads conducted through Synergi Electric, a
system used by NEECO Il Area 1, shows the overall system
loss (including technical loss) in each substation. For the years
2018 and 2019, it has been recorded that the substations with
the highest amount of non-technical loss are Talavera, Munoz,
and Lupao. With its conventional approach of energy
management process and non-technical loss detection, it is in
no doubt that they have been challenged in consistently keeping
their monthly system loss within the set cap of ERC. With this,
the proponents would like to propose the improved energy
management process that can help identify and apprehend
factors such as unmetered loads, billing errors and acts of
electric theft in any form such as flying connections and meter
tampering. Detection process has been improved as this is the
most crucial part of the process. Aside for merely relying on the
reports of concerned citizens, integrating the reports from the
Billing section of all consumers with significant discrepancies
in their electric consumption and their bill (+/- 30% tolerance)
and the intensive data analysis of the Anti-Pilferage team, we
can certainly expect positive results in achieving the goals of
apprehending pilferers and correcting meter-related factors.
The use of smart meters can certainly boost the detection
process especially in those areas with the greatest number of
recorded NTL. Consistent random survey and inspection of the
focused areas can also help in ensuring that any attempt of
unlawful act is minimized. Obtaining a reduction of atleast 30%
on the existing NTL can absolutely impact not only the utility’s
entire distribution network but most importantly the consumers.
The process is proposed to be implemented and monitoring as
well as keeping records of the results in each phase of the
process is highly recommended for data analysis and
continuous improvement.
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