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EXECUTIVE SUMMARY

Non-technical losses (NTLs) represent one of the most persistent challenges to the finan-
cial sustainability and operational efficiency of utilities in Latin America and the Caribbean.
Beyond the direct economic impact on revenue recovery, high levels of unbilled energy dis-
tort demand signals, compromise service quality and constitute a structural barrier to grid
modernization. In a context of energy transition, where digitalization and operational flexibil-
ity are imperative, reducing these inefficiencies is no longer an isolated goal but a necessary
condition for the viability of the distribution model.

Unlike technical losses, whose reduction faces diminishing returns dictated by physical laws
and requires capital-intensive investments, NTLs respond to behavioral dynamics and man-
agement failures that offer a wider and more cost-effective margin for action. This study fo-
cuses its analysis on intentional losses, systematizing the strategies that allow companies
to act on fraud and irregularity through tools under their direct control. The study proposes
an operational taxonomy organized around three sequential intervention pillars:

1. Detection and Identification (Visibility): Focused on the use of energy balances and
data analytics to target inspection resources, moving from random sweeps to informa-
tion-based risk stratification.

2. Disincentive and Control (Containment): Focused on raising the opportunity cost of fraud
by physically hardening the network (tamper protection, telemetering) and strengthening
the capacity for control and sanctioning.

3. Regularization and Inclusion (Integration): Aimed at addressing the causes that origi-
nate irregularity, through mechanisms of commercial flexibility and inclusion that make
it possible to pay for the service, particularly in contexts of vulnerability, and prevent
recurrence.

The analysis of regional experience suggests that technology, while indispensable for mod-
ernizing management, is not in itself a definitive solution. The incorporation of smart meter-
ing or data analytics facilitates detection, but its effectiveness depends on the robustness
of the processes that support it. In practice, the most consistent results are observed where
loss control ceases to be a temporary campaign and becomes a permanent function of the
operation. This requires not only discipline in the field to manage the human factor, but also
rigorous work on the quality of commercial information, recognizing that no algorithm can
compensate for poor-quality or outdated data.

Finally, the study suggests that strategies based exclusively on coercion face structural lim-
its in contexts of social vulnerability. Efficient management requires distinguishing between
opportunistic fraud and irregularity motivated by the need or lack of infrastructure. Conse-
quently, the sustainability of interventions in informal settlements depends on the ability to
articulate technical regularization with public policy instruments. This approach seeks to
facilitate the integration of users willing to regularize their electricity service, understanding
that energy recovery in these territories is inextricably linked to their urban and social inte-
gration.



PROLOGUE

Electricity losses are one of the most persistent structural challenges with the greatest fi-
nancial impact on electricity systems in Latin America and the Caribbean. When they remain
at high levels, they not only reflect operational inefficiencies in network management, but
also deeper tensions in the sector’s institutional architecture, linked to regulatory incentives,
control capacities, territorial dynamics, legal frameworks, and social conditions. In partic-
ular, non-technical losses express the complexity of a phenomenon where fraud practices,
weaknesses in law enforcement and business processes, and situations of informality or
energy exclusion converge. For this reason, addressing it requires moving beyond purely op-
erational perspectives and recognizing that it is a systemic problem that involves technical,
legal, regulatory, economic and social dimensions.

In this context, this study provides a structured look at the management of non-technical
losses in the region. Based on the compilation of practical experiences of distribution com-
panies, the document proposes a taxonomy of measures and practices that allows ordering
a field that is usually approached in a fragmented way. This systematization facilitates the
comparison between strategies, identifies patterns of intervention and contributes to the
formulation of more coherent policies and action plans. As part of this effort, measurement
sheets designed for easy reading and wide dissemination are developed, which synthesize
operational learning and allow for more direct appropriation by different actors in the sector.
These fact sheets, together with the repository of experiences that support them, seek to
become a living tool, capable of being continuously updated, incorporating new advances
and accompanying the evolution of loss management strategies in the region. The study
also highlights that many of the measures aimed at reducing non-technical losses, such as
digital metering, the use of advanced data analytics or mechanisms for the early detection
of irregularities, can be understood as systemic efficiency investments. These initiatives
not only allow unbilled energy to be recovered, but also improve the overall management of
the grid and reduce operating costs associated with reactive processes, generating benefits
that can be transferred to all users of the system without necessarily implying increases
in the tariff. At the same time, the evidence collected underlines that the management of
non-technical losses must consider the diversity of social realities in which the networks
operate, combining control tools with energy regularization and inclusion strategies.

Finally, this work reflects the value of collaboration between institutions with complementa-
ry roles in the development of the regional electricity sector. The cooperation between the
Latin American Electric Power Distributors Association (ADELAT), the Centro de Soluciones
de Energia Descentralizada Avanzada (SEDA), the Latin American and Caribbean Energy
Organization (OLACDE) and the Inter-American Development Bank (IDB) has made it possi-
ble to articulate institutional and technical knowledge, operational experience and academ-
ic analysis to address a common challenge from a regional perspective. This joint effort
demonstrates that the sustainable reduction of non-technical losses requires not only tech-
nological innovation and regulatory improvements, but also spaces for dialogue, collective
learning and the construction of shared knowledge between companies, public institutions,
international organizations and academia.
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INTRODUCTION AND OBJECTIVE OF THE DOCUMENT

Electricity losses in transmission and distri-
bution are a central indicator of the perfor-
mance of electricity systems, as they ex-
press the difference between the energy that
is generated or purchased and the energy
ultimately billed to customers. While some
level of losses is inherent to the operation of
the network, persistently high levels often re-
veal investment shortfalls and weaknesses
in the technical and institutional functioning
of the sector. In Latin America and the Carib-
bean, this phenomenon not only affects the
financial viability of companies, but also lim-
its their ability to maintain and expand infra-
structure, deteriorates the quality of service,
and amplifies social and environmental im-
pacts associated with unbilled energy and,
sometimes, overconsumption and higher
emissions.

This study focuses on non-technical losses
(NTLs) because they are, in general terms,
the most manageable component through
utility-led action. Unlike technical losses,
which can be explained by physical phenom-
ena, NTLs are associated with commercial,
operational and institutional processes, and
include everything from physical interven-
tions (theft and fraud) to process failures
(metering and billing errors) and financial
aspects such as delinquency. In practice,
and as regional evidence shows, addressing
them transcends engineering: it involves un-
derstanding incentives, control capacities,
organizational practices, regulatory condi-
tions, and socio-territorial dynamics that
shape the payment culture and systemic in-
formality.

The starting point of this document is the In-
ter-American Development Bank (IDB) study
“Economics of Electricity Losses in Latin

America and the Caribbean”, which provides
an updated conceptual framework and un-
derlines the multidimensional nature of the
problem, where technical, financial, socio-
economic, regulatory and political factors
interact. According to the IDB study, Latin
America and the Caribbean faces an en-
demic situation of electricity losses. In the
last three decades, it is estimated that, on
average, around 17% of the energy generat-
ed in the region has been lost, a level three
times higher than that of OECD countries
and above thresholds compatible with an
efficient system. In 2019, losses exceeding
a reference limit of 10% reached the order
of 120 TWh, and the problem is pervasive
across the region, as 22 of 26 countries an-
alyzed exceed 10%. At the same time, the
IDB underscores regional heterogeneity: al-
though the average rates by subregion range
from approximately 15.2% to 18.1%, coun-
tries with performance relatively close to
reference levels (e.g., Peru) coexist with oth-
ers that exhibit extremely high percentages,
where losses can exceed 25% (e.g., Jamaica
and Paraguay) and very critical cases asso-
ciated with relevant absolute magnitudes
(e.g., Venezuela and Honduras).

In this framework, this study proposes that
the implementation of measures aimed at
the reduction and management of non-tech-
nical losses can be understood as system-
ic efficiency investments, whose econom-
ic and operational benefits can be shared
among the users of the electricity system.
The reduction of NTLs not only decreases
unbilled energy, but also lowers operating
costs related to reactive inspections, service
disconnections, equipment replacement,
claims management, litigation, and cus-
tomer compliance activities. Additionally, it
impacts the perception of risk of both inves-
tors and customers. Thus, the incorporation



of tools such as digital metering, advanced
data analytics and early detection of irreg-
ularities opens the possibility of reducing
structural costs of the distribution service,
improving the accuracy of future demand
forecasts, and contributing to the financial
sustainability of the system with a positive
impact on the final rate.

Based on this hypothesis, the document pro-
poses to move from the regional diagnosis
to an applied analysis, focused on the con-
crete experience of distribution companies
in Latin America and the Caribbean. To this
end, measures implemented in different
regulatory, operational and socioeconomic
contexts are systematized, organizing them
into lines of action according to their logic
of intervention and their contribution to the
management of non-technical losses. This
approach seeks to identify both implemen-
tation experiences and the conditions under
which specific measures have proven ef-
fective, the capacities required, and coordi-
nation with the institutional environment of
each country. In this way, the study aims to
provide operational evidence and analysis
criteria that guide the design, prioritization
and evaluation of strategies to reduce NTLs,
recognizing the diversity of existing realities
in the region.

The general objective of this work is to sys-
tematize the measures implemented by dis-
tribution companies in Latin America and
the Caribbean to reduce non-technical loss-
es, identifying, characterizing and organizing
their experiences in order to build an opera-
tional repertoire of good practices, aimed at
supporting decision-making and the design
of contextualized strategies.

To this end, the following specific objectives
are established:

1. To identify the main measures and ap-
proaches used by distribution compa-
nies in the region for the reduction and
prevention of non-technical losses,
based on secondary sources and prima-
ry evidence collected through interviews
and surveys.

2. Characterize these measures according
to their purpose, scope, enabling condi-
tions, capacity requirements (technical,
commercial, and organizational), and
main implementation barriers, distin-
guishing contexts where their applica-
tion is most effective.

3. Systematize the experiences in a com-
mon framework of analysis, classifying
them into areas of action that allow their
comparison and informed selection.

4. Extract transferable learnings and prac-
tical criteria for the design of integrated
NTL management strategies, emphasiz-
ing combinations of measures, imple-
mentation sequences and minimum con-
ditions for their sustainability over time.

The scope of this document is limited to the
operational and customer management of
non-technical losses (NTLS s) in the context
of distribution companies in Latin America
and the Caribbean. Its purpose is to system-
atize the set of actions that can be designed
and implemented under the direct control
of the company itself to detect, reduce and
prevent unbilled energy. Consistent with this
practical approach, the analysis is structured
as a repertoire of intervention tools, ranging
from investment in metering infrastructure
and data analytics, to the deployment of on-
site control strategies and sustainable regu-
larization mechanisms.



tric perspective. While acknowledging that
the success of these strategies depends on
enabling conditions—both internal (institu-
tional health and governance) and external

The study takes a distributor’s agency-cen- ‘ ‘

(public policies and macroeconomic frame- EIectricit\/ losses
works)—this manual focuses on the opera- : S
tional levers through which utilities interact In transmission
with users and the electricity system. In this and distribution
way, it seeks to provide a functional guide on

what measures exist, how they operate and are a ke\/

what capacities they require to be effective L

in the various contexts of the region. indicator of the
ConsequeNTLs y, the design of public poli- performance

cy, legal reforms, and regulatory discussion of electrical

in the strict sense are outside the scope of

the document. These elements are consid- Systems

ered here as the contextual framework with-
in which the company must optimize its de-
cisions, but not as the central object of the
analysis.
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ELECTRICAL LOSSES

Electrical losses are fundamentally defined
by the energy balance of the system: they
correspond to the difference between the
energy generated or purchased (input) and
the energy actually sold to end users (out-

put).
LosseSTotal = Energylnjected_ EnergyBiIIed

These losses function as an indicator of the
performance of the electricity system, as
their levels reveal structural inefficiencies,
lack of maintenance in the infrastructure or
critical weaknesses in the processes of cus-
tomer management and fraud control.

It is useful to distinguish between the two
broad categories of losses, as their nature
and management differ substantially.

Technical losses

Technical losses are those inherent to the
electromagnetic and thermodynamic phe-
nomena that occur in the physical elements
of the electrical system during its operation.
These losses are mainly caused by the dis-
sipation of energy in the form of heat due
to the resistance of conductive materials
(ohmic losses or Joule Effect), as well as by
specific phenomena such as the corona ef-
fect, which at high voltage levels can ionize
the surrounding air, and losses in the core
of transformers, a product of eddy currents
and magnetic hysteresis.

Its magnitude is a direct function of the phys-
ical characteristics of the network—such as
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topology, length of feeders, conductor gauge,
and voltage levels—and depends primarily
on the load being carried. While it is possi-
ble to reduce them through investments in
infrastructure (improvement of conductors,
insulators and topology) or by optimizing
the operation of the system (management
of voltage profiles and current levels), due
to the physical laws that govern them, they
cannot be fully eliminated.

Non-technical losses

Unlike technical losses, which obey im-
mutable physical laws, NTLS s are an empir-
ical and “residual” quantity. They are defined
as the fraction of total losses that has no
electromagnetic explanation:

Losses

(Non Technical) = LossesTotaI_ Losses

Technical
Since their causes are not physical in nature,
these losses stem from human, commercial
and institutional processes. While a certain
level of losses is inherent to the operation,
NTLS s are theoretically preventable through
management, technology, and oversight. Its
management transcends engineering, enter-
ing the field of economic, political and social
conflict by involving the culture of payment
and access to basic services.

Non-technical losses are a heterogeneous
phenomenon that groups together situations
of different nature, causes and treatment
mechanisms. These losses can originate
both in internal operational weaknesses of
the distribution companies and in deliberate
behavior of users, as well as in structural
contexts of informality and precarious ac-
cess to the service. In order to delimit the



scope of this study, this section proposes
a typology that distinguishes between un-
intentional non-technical losses, intention-
al non-technical losses and situations of
systemic informality. Although all of them
have an impact on the overall level of loss-
es, the subsequent analysis focuses mainly
on intentional non-technical losses, since
these are the losses over which distribution
companies have the greatest direct control
through management and operation tools.

Unintentional non-technical losses

Unintentional non-technical losses corre-
spond to energy that is effectively supplied
and consumed, but that is not correctly re-
corded or billed by the distribution company,
without there being any deliberate fraud on
the part of the user. These losses originate
mainly from internal operational weakness-
es, management failures or limitations of
the metering, billing and commercial admin-
istration systems.

This category includes, in the first place,
metering errors, associated with faulty, ob-
solete, poorly installed or meters past their
useful life, which under-record the actual
consumption. Failures in billing processes
are also considered, such as incorrect read-
ings, inadequate consumption estimates or
regulatory limitations that prevent charging
unread energy in certain periods. Added to
this are customer management problems,
such as active customers who do not appear
correctly in the systems, poorly registered
contracts, existing but not billable supplies,
or collective consumption, such as public
lighting, whose metering is incomplete.

Taken together, these losses reflect structur-
al inefficiencies of the company and not illic-
it user behavior. It is important to note that,
in many cases, the persistence of these inef-
ficiencies can have deep roots in corporate
governance problems, misaligned internal
incentive schemes, or lack of accountability
mechanisms.
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However, in order to narrow the scope and
ensure an integrated systematization of op-
erational practices, this study does not ad-
dress institutional reform or internal gover-
nance issues. This methodological choice
focuses the analysis exclusively on the man-
agement tools that distributors deploy to the
market and the network to combat intention-
al non-technical losses, thus allowing for a
deeper understanding of fraud control, pre-
vention and regularization strategies.

Intentional non-technical losses

Intentional non-technical losses correspond
to energy consumption that is not recorded
or paid for as a result of deliberate actions
aimed at evading formal metering and billing
mechanisms. Unlike unintentional losses, in
these cases there is a conscious decision to
breach the conditions of service, although
this decision can manifest itself in very di-
verse social, economic and regulatory con-
texts. From the perspective of the electricity
system, these losses represent a direct im-
pact on the financial sustainability of distri-
bution and on equity between users.

According to the experience collected, inten-
tional non-technical losses are manifested
through practices with different levels of
processing and degree of integration into
the commercial system. In the most imme-
diate and opportunistic cases, unregistered
consumption usually presents itself as un-
authorized reconnections after a formal sus-
pension of supply, where the user restores
the service directly. These are visible behav-
iors, of low technical complexity and high
recurrence. On a different level are the fraud
practices associated with the manipulation
of the metering process, in which the user
remains contractually bound to the compa-
ny, but deliberately intervenes in the meter
or its environment with the aim of underre-
porting consumption and reducing payment.
These practices can range from easily de-
tectable interventions to more selective or
intermittent schemes, designed to maintain
appareNTLs y normal consumption profiles.



Finally, in the scenarios with the greatest
energy impact, consumption is carried out
through illegal direct connections to the dis-
tribution network, without an authorized me-
tering point or contractual relationship, con-
figuring situations of energy theft on a larger
scale, which usually involve entire homes or
groups of users. Added to this panorama is
an additional dimension that complicates
detection and control: operational collusion.
This aspect is not an isolated technical mo-
dality, but an enabling factor where irregular
activity involves the participation — active or
omitted — of personnel linked to the opera-
tion, who facilitate the intervention, falsify
records or avoid the reporting of anomalies
in violation of the distributor’s internal pro-
tocols.

Non-technical losses therefore present a
marked heterogeneity in terms of magnitude,
sophistication and social context, which pre-
vents them from being addressed through
single or standardized solutions. While
some situations can be effectively resolved
through control, detection and deterrence
measures, others require broader strategies
of regularization, network redesign or social
intervention. Precisely because of this diver-
sity, this study focuses its analysis on inten-
tional non-technical losses, examining the
tools available for distribution companies
to reduce incentives for non-compliance,
strengthen their control capacities and pro-
mote sustainable solutions over time.

Systemic informality and gray areas

There are situations of irregular consump-
tion that do not fully fit into the classic dis-
tinction between intentional and unintention-
al non-technical losses. These gray areas
are associated with informal settlements,
users without property titles, precarious in-
herited access, or historically tolerated con-
sumption, where connection to the electrici-
ty service occurs outside of formal metering
and billing schemes. In these contexts, un-
registered consumption is part of structural
dynamics of exclusion and precariousness,
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and its persistence is often linked to the ab-
sence of adequate infrastructure, legal loop-
holes, or historical decisions of institutional
tolerance.

Unlike deliberate fraud, in these situations
the irregularity does not always respond to
an explicit intention to evade payment, but to
material, legal or administrative restrictions
that prevent regularization. In many cases,
users lack basic conditions to join the com-
mercial system, such as proof of ownership,
personal documentation or access to formal
procedures, even when there is a willingness
to pay for the service. The application of
purely punitive or technical control strate-
gies is often ineffective or counterproduc-
tive, as it does not address the root causes
of the problem and can reinforce dynamics
of conflict or recurrence.

Aware of this reality, several distributors
have begun to develop specific approach-
es for these territories, differentiated from
traditional loss control strategies. These
initiatives include adapted technical tools,
flexible commercial schemes and the cre-
ation of specialised areas or teams with a
more social and inclusive approach, aimed
at the progressive regularization of supply.
This study addresses these experiences as
part of the analysis of non-technical losses,
recognizing that the sustainable reduction
of systemic informality requires combining
technical solutions with policies of inclu-
sion, territorial management and adaptation
of business models, rather than a response
focused exclusively on sanctions.

The management of electrical losses is an
imperative that transcends the financial bal-
ance of the company, compromising the
operational sustainability and social equity
of the service. From an economic perspec-
tive, unbilled energy represents a non-recov-
erable cost and an inefficiency that, under



modern regulatory schemes, results in se-
vere financial penalties. However, the impact
is systemic: high levels of loss degrade the
quality of supply by causing overloads and
voltage drops, exponentially increase public
safety risks from fires and electrocution, and
generate a profound distributive distortion,
where the cost of inefficiency ends up being
transferred to the tariffs paid by compliant
users, eroding the legitimacy of the payment
system and culture.

To address this challenge, utilities must
deploy differentiated strategies depending
on the nature of the loss. On the one hand,
reducing technical losses requires invest-
ments in efficient infrastructure and oper-
ational optimization of the network. On the
other hand, the mitigation of unintentional
non-technical losses involves strengthening
corporate governance, improving business
processes and internal control mechanisms.
Finally, combating intentional non-technical
losses requires a different approach, based
on precise detection tools, disincentive strat-
egies and on-the-ground inspection actions.
It is precisely in this last area, where tech-
nology intersects with fraud management,
where the analysis and good practices sys-
tematised in this study are concentrated.
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The present study focuses its analysis on
intentional non-technical losses. Unlike
technical losses, limited by physical laws,
and unintentional losses, caused by internal
administrative inefficiencies, this segment
responds to deliberate actions by third par-
ties aimed at evading metering and billing
mechanisms. Because they follow behav-
ioral dynamics rather than thermodynam-
ic constraints, NTLS s require operational
and commercial solutions that offer a wider
margin of action. ConsequeNTLs y, the doc-
ument delves into the deployment of man-
agement mechanisms that do not depend
on the physical expansion of the grid, but
on applied intelligence: from the analysis of
consumption data and optimized inspection
campaigns, to the implementation of emerg-
ing technologies that, beyond energy recov-
ery, modernize customer interaction and add
value to the operation of the smart grid.

Although this phenomenon is influenced by
regulatory, legal and social factors that ex-
ceed the scope of control of distributors,
they have their own effective tools to act on
its persistence. In particular, companies can
identify where losses are concentrated, re-
duce incentives for non-compliance and, in
certain contexts, offer regularization mech-
anisms that allow users to be integrated
into the formal system. In this framework,
this study limits its scope to the analysis of
these utility-led actions, concentrating main-
ly on intentional non-technical losses and, in
a complementary way, on situations of sys-
temic informality or gray areas.
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METHODOLOGY FOR GATHERING INFORMATION

The study was developed from a mixed
methodological approach, combining quan-
titative and qualitative tools with the aim
of identifying, classifying and analyzing the
practices used by distribution companies
for the management of non-technical loss-
es. The methodological design was aimed
not only at surveying the existence of cer-

Entrevistas

Realizacio de entrevistas para
aprofundamento das experiéncias de
implementacdo e aprendizado.

Andlises

Processamento de evidéncia qualitativa,
complementacio da taxonomia e
identificacdo de padrdes.

|||I|||g

tain measures, but also at systematically
examining their implementation conditions,
the challenges associated with their oper-
ation, their observed performance, and the
lessons learned from their application in
real contexts. The methodological structure
used is summarized in Fig. 1.

1

Questionario Inicial

Aplicacdo de questionario estruturado as
empresas distribuidoras para identificar as
medidas de gestao de PNT.

Eb

%

Taxonomia das medidas

Elaboracdo de uma taxonomia de
sistematizacdo das medidas de gestdo de
PNT.

=

Questionario de acompanhamento
Aplicacdo de um segundo questionario de
aprofundamento quantitativo.

iz,

Fig. 1. Methodological approach of the study.
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The first stage of the study consisted of the
application of a structured questionnaire
to the participating distribution companies,
with the aim of systematically surveying
the tools and measures implemented for
the management of non-technical losses.
The questionnaire was designed based on
a preliminary classification of areas of in-
tervention, which included technological
and innovation, regulatory and institutional,
economic and commercial, community and
social dimensions, as well as evaluation and
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monitoring mechanisms. On the basis of
these categories, companies were asked to
identify and describe the measures they had
implemented in each of these areas. A total
of 38 responses to the questionnaire were
received, of which 24 met the criteria of con-
sistency and completeness defined for the
analysis, allowing the identification of an ini-
tial set of 191 reported measures that con-
stituted the initial basis for the subsequent
stages of the study. The companies partici-
pating in the study are shown in Table 1.




Table 1. Electricity distribution companies participating in the study.

Argentina

Edea

Edesa

Edenor

Edesur

EPEC S.A.U.

EPESF

SECHEEP

Brazil

CEMIG

CPFL Energia

EDP

Enel Brasil

Energisa

Equatorial

Light

Bolivia

CRER.L.

Chile

Enel Chile

FENACOPEL

Grupo SAESA

Colombia

Afinia

CENS

EDEQ

Enel Colombia

EPM

ESSA

Costa Rica

ICE

Ecuador

Centrosur

CNEL Guayaquil

EEQ

El Salvador

DELSUR

Guatemala

EEGSA

ENERGUATE

Panama

ENSA

Peru

CVC Energia

Electro Dunas

Pluz Energia

Dominican
Republic

Edenorte
Dominicana

Uruguay

UTE

37

30
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The second stage of the study was aimed at
qualitatively deepening concrete implemen-
tation experiences, with the purpose of un-
derstanding the operational nuances, learn-
ing, difficulties and contextual factors that
influence the performance of the different
measures identified. Based on the answers
obtained in the questionnaire from the pre-
vious stage, a pattern of semi-structured
interviews was designed and a total of 30
interviews were conducted with distribution
companies, mainly aimed at those respon-
sible for the areas of non-technical losses.
The interviews were carried out individually
or in groups, depending on the internal or-
ganization of each company, and lasted ap-
proximately between 40 and 60 minutes, be-
ing carried out remotely. This stage allowed
the collection of qualitative information that
could not be observed through standardized
instruments, including operational challeng-
es, success conditions, local adaptations
and lessons learned from the implementa-
tion of the measures in different territorial
and institutional contexts. The instruments
used were specifically designed for this
study and made it possible to ensure the
coherence and comparability of the informa-
tion collected between companies.

The third stage consisted of the develop-
ment of a taxonomy of non-technical loss
management measures, built from the infor-
mation collected in the initial questionnaire
and further explored through interviews.
This taxonomy organizes the identified tools
according to their nature, scope of applica-
tion and logic of intervention, distinguish-
ing between measures aimed at identifying
losses, discouraging irregular behaviors and
facilitating user regularization processes.
Beyond its descriptive role, the taxonomy is
one of the study’s main methodological con-
tributions, since it structures the subsequent
analysis and orders the set of measures ex-
amined throughout the document, serving
as a conceptual and operational framework
for the discussion of results.
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The fourth stage consisted of the system-
atic processing of the qualitative evidence
collected in the interviews, which were previ-
ously transcribed to allow their textual anal-
ysis. The material was organized and coded
through thematic analysis, which allowed
structuring the findings into comparable
categories, contrasting implementation and
performance patterns, and identifying rele-
vant convergences and differences between
distributors according to their operational
contexts, capacities, and local conditions.
The results of this analysis constitute the
empirical basis of the study and are present-
ed in the following sections, where the main
practices reported, their design variants and
the lessons associated with their application
are synthesized.

In the fifth stage, a second questionnaire
was applied to the participating companies
with a mainly quantitative approach. This in-
strument had a double objective: on the one
hand, to survey the evolution of non-techni-
cal losses over the last five years and, on the
other, to identify the degree of implementa-
tion of the measures described in the pre-
vious sections. The information collected
made it possible to build comparable indi-
cators, derive statistical results and identify
patterns between the characteristics of the
distribution companies, the adoption of dif-
ferent management tools and the observed
evolution of non-technical losses.

Finally, in the sixth stage, a consultation
phase was carried out with regulatory bodies
in Ibero-America. This stage aimed to con-
trast the operational vision of the distribu-
tors with the current institutional framework
and the loss control policies defined by the
authority. The information collected helped
validate the regulatory dimension of the tax-
onomy and ensured that the recommenda-
tions of the study were consistent with the
local regulatory contexts of the region. The
participating regulatory bodies are present-
ed in Table 2.



Table 2. Regulatory bodies participating in the study.

Country Regulatory Entity Interview/Questionnaire
Argentina
Bolivia AETN °
Brazil ANEEL °
Chile CNE °
Spain CNMC °
Colombia
Costa Rica
Cuba ONURE °
Ecuador
El Salvador SIGET °
Guatemala CNEE °
Honduras CREE °
Panama ASEP °
Paraguay VMME °
Peru OSINERGMIN °
Dominican Republic SIE °
Portugal ERSE °
Uruguay

The study was
developed using a mixed
methodological approach
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04

ELECTRICITY LOSSES IN COUNTRIES IN THE REGION

The management of non-technical losses in
electricity distribution systems is strongly
conditioned by the regulatory, institutional
and operational framework in force in each
country. While utilities face common prob-
lems associated with energy theft, irregular
connections, and failures in metering and
billing systems, the tools available, econom-
ic incentives, and enforcement powers to
address these situations vary significaNTLs
y across jurisdictions.

The comparative review of the national ex-
periences included in this study allows us
to identify common patterns, structural dif-
ferences and diverse regulatory trajectories
in the management of non-technical losses
(NTLS s) in electricity distribution systems in
Latin America and the Caribbean. Although
the countries analyzed present heteroge-
neous institutional, socioeconomic and
market realities, the cross-sectional analysis
shows that NTLS s constitute a persistent
and multidimensional challenge, whose
management combines, to varying degrees,
tariff instruments, regulatory mechanisms,
entrepreneurial capacities and social inter-
vention strategies.

Tariff recognition and economic signals

One of the main pillars of differentiation be-
tween countries is the role of tariff recogni-
tion of losses as an economic signal to guide
business management. In systems with de-
veloped economic regulation and explicit
tariff frameworks—such as Brazil, Chile, Co-
lombia, Peru, and Mexico—there are formal
methodologies that define levels of losses
recognized in tariffs, generally differentiating
between technical and non-technical losses,
and reviewed periodically (between annual
and quadrennial, depending on the country).
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Brazil represents the most sophisticated
case in the region, using an econometric
benchmarking scheme that compares dis-
tributors with similar socioeconomic char-
acteristics to define individual targets for
non-technical losses, integrated into the
tariff trajectory. In this model, the economic
signal is clear: companies that exceed the
regulatory level incur economic losses, while
those that exceed it positively retain prof-
its, without resorting to direct administra-
tive sanctions. Chile and Peru, on the other
hand, operate with efficient model company
schemes, where the recognition of losses is
defined ex ante and incorporated as a pa-
rameter of the tariff calculation, without ex-
plicit goals or direct penalties for deviations,
which shifts the incentive towards a more
indirect signal.

In contrast, countries such as Paraguay, Bo-
livia and, to a lesser extent, Ecuador (until
the recent regulatory modernization) show
schemes where tariff recognition of losses
is non-existent, partially or weakly linked to
the real management of companies. In these
contexts, losses are mainly addressed as a
problem of planning or internal manage-
ment of state-owned enterprises, without an
explicit translation into economic tariff in-
centives. Comparative experience suggests
that, in the absence of these signals, the sus-
tained reduction of NTLS s depends strongly
on political decisions, extraordinary invest-
ment programs or specific managerial ca-
pacities, with less stable results over time.



Goals, plans and use of non-tariff
instruments

A second relevant pillar is the use of loss
reduction plans and explicit goals, whether
regulatory, corporate or public policy. The
Dominican Republic, Honduras, Ecuador and
Paraguay stand out for the existence of na-
tional or sectoral loss reduction plans, which
establish quantified objectives and defined
time horizons. In these cases, the goals play
a role of strategic orientation and follow-up,
even if they are not always associated with
direct economic incentives or formal sanc-
tions.

Evidence shows that these plans are most
effective when they are integrated with clear
operational and budgetary instruments (as
happened in Ecuador with PlanREP) and less
effective when they function solely as pro-
grammatic statements. In countries where
targets are not linked to tariffs or account-
ability mechanisms, their impact tends to be
diluted in the face of financial, institutional
or political constraints.

By comparison, regulators in countries out-
side the region, such as Portugal and Spain,
use implicit targets embedded in service
quality and efficiency frameworks, with pe-
riodic reviews and cost-efficient method-
ologies that internalize losses within firms’
expected performance. Although these con-
texts cannot be directly extrapolated, they
illustrate the importance of integrating loss
management into a coherent and stable reg-
ulatory framework, rather than addressing
them as an isolated problem.

Transparency, reporting and quality of
information

A cross-cutting feature in the countries stud-
ied is the centrality of the energy balance
as a basic tool for measuring losses, both
technical and non-technical. However, there
are significant differences in the quality, fre-
quency, and regulatory use of this informa-
tion. In Brazil, Colombia, Ecuador, Chile and
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Peru, distributors are required to periodically
report their loss levels to the regulator, and
such information is used for tariff, compari-
son and monitoring purposes. In these cases,
the data is usually public, at least in aggre-
gate form, which enables comparative analy-
ses and generates reputational pressure.

In other countries, such as Bolivia or Para-
guay, loss information exists and is reported,
but its use is predominaNTLs y analytical or
internal planning, without systematic regula-
tory audits or direct tariff effects. This differ-
ence is not minor: comparative experience
shows that publicity, traceability and con-
sistency of data are necessary conditions to
move towards more sophisticated schemes
of incentives, control and institutional learn-

ing.

The cases of Spain and Portugal reinforce
this conclusion: in both countries, loss re-
porting systems are highly standardized,
audited and publicly available, allowing the
regulator not only to supervise, but also to
adjust methodologies and parameters with a
solid evidence base.

Enforcement powers and inter-agency
coordination

In all the countries analysed, non-techni-
cal losses associated with electricity fraud
are classified as administrative offences or
criminal offences. However, the degree of
effective coordination between distributors,
regulators, prosecutors’ offices and security
forces varies considerably. The Dominican
Republic and Brazil stand out for having more
explicit institutional arrangements, where
the criminal prosecution of fraud actively in-
volves specialized prosecutors’ offices and
formal protocols of joint action.

In other countries, coercive capacity exists
in the legal framework, but its application is
more fragmented, dependent on the initiative
of companies or limited by security condi-
tions, slow prosecution or lack of resources.
In these contexts, the evidence collected in



interviews suggests that coercive control, by
itself, generates transitory effects and can
even deepen social conflicts if it is not ac-
companied by regularization and inclusion
strategies.

Social inclusion, informality and
sustainability of the reduction

A cross-cutting finding of the study is that
NTLS s associated with contexts of informal-
ity and socioeconomic vulnerability cannot
be approached exclusively from the logic of
control. In countries as diverse as Uruguay,
Argentina, Ecuador, Brazil and Chile, distri-
bution companies agree that sustainable
regularization requires combining technical,
commercial and social instruments.

The most effective practices include social
tariffs, payment flexibility schemes, differ-
entiated debt management, community sup-
port, and coordination with broader public
policies on housing, urban planning, and so-
cial protection. In these cases, the reduction
of NTLS s is not conceived as an isolated
objective, but as part of an energy inclusion
strategy that seeks to transform irregular
consumption into formal and sustainable

supply.

This approach contrasts with experiences
where utility-led action is limited to cuts and
sanctions, without accompanying instru-
ments, which tends to reproduce cycles of il-
legal reconnection and recurrent loss. Com-
parison with countries such as Cuba, where
universal access and strong state presence
reduce the space for irregularity, shows that
electricity informality is, to a large extent, a
reflection of broader structural inequalities.
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Overall, the comparative analysis shows that
there is a set of recurrent principles associ-
ated with more robust experiences: (i) clear
economic signals, preferably integrated into
the tariff regime; (ii) reliable, public and au-
dited information; (iii) effective inter-institu-
tional coordination for fraud control; and (iv)
inclusion strategies that address the struc-
tural causes of irregularity.

Countries that manage to articulate these
elements in a coherent manner show more
stable trajectories of NTLS reduction. Con-
versely, when any of these components are
absent—for example, economic incentives,
data quality, or social tools—progress tends
to be partial, fragile, or dependent on extraor-
dinary efforts. This comparative learning is
a key input to guide recommendations and
frameworks of good practices that can be
adapted to different national contexts.

In order to contextualize the business expe-
riences systematized in this study, this sec-
tion describes, for each country analyzed,
the main elements of the regulatory scheme
applicable to non-technical losses, based
on the information provided directly by the
regulatory and supervisory entities through
forms and interviews. The characterization
focuses on the mechanisms for tariff recog-
nition of losses, the regulatory instruments
and incentives associated with their reduc-
tion, the reporting and transparency require-
ments, and the powers granted to distribu-
tion companies for the detection, control
and recovery of unregistered energy.

This comparative analysis allows us to iden-
tify common patterns, structural differences
and degrees of regulatory maturity, provid-
ing an indispensable framework for the in-
terpretation of the good business practices
presented in the following sections.



Argentina has a vertically disintegrated
electricity sector, with competitive gener-
ation and wholesale marketing, regulated
transmission and distribution as a natural
monopoly concessioned by area. The oper-
ation of the wholesale market is in charge
of CAMMESA, while regulation and supervi-
sion are exercised in a dual manner: at the
national level for distributors under federal
jurisdiction through ENRE, and at the pro-
vincial level for the rest of the distributors,
through provincial regulatory entities. Due
to this coexistence of different regulatory
frameworks, tariff review mechanisms and
loss recognition can differ significaNTLs y
depending on the jurisdiction. The owner-
ship of the distributors is mixed, with private
operators and electric cooperatives predom-
inating, with some provincial companies
with state capital.

For distributors under national jurisdiction,
the treatment of tariff losses is defined with-
in the framework of the Integrated Tariff Re-
visions (RTI) and their transitory updates.
For their part, in the case of provincial com-
panies, tariff recognition mechanisms may
respond to specific regulatory frameworks
defined by each province. In the RTI scheme,
the regulator sets levels of recognized loss-
es (technical and non-technical) consistent
with an efficient company, which are incor-
porated into the calculation of the distribu-
tor’s regulated revenues. Losses above the
recognized level are not transferable to the
tariff and constitute an economic cost for
the company, generating an implicit incen-
tive to reduce them. The RTI establishes me-
dium-term parameters (typically five-year),
while subsequent adjustments and revi-
sions can be made through tariff transition
or recomposition mechanisms, especially
relevant in the recent macroeconomic con-
text. In practice, the tariff instability of recent
years has partially weakened the long-term
economic signal, although the principle of

23

limited recognition of losses is maintained
in the regulations.

In addition to tariff recognition, the Argen-
tine framework contemplates complemen-
tary instruments. At the federal level, ENRE
requires distributors to submit investment
and operational improvement plans, which
include loss reduction actions (network re-
newal, supply standardization, metering
improvement). Historically, programs have
been implemented to normalize neighbor-
hoods and informal settlements, aimed at
transforming irregular connections into for-
mal supplies, with the support of public fi-
nancing. Although there are no explicit and
homogeneous loss reduction goals at the
national level applicable to all distributors,
there are indirect economic incentives and,
in certain cases, regulatory penalties asso-
ciated with non-compliance with service and
quality obligations.

Distributors must periodically report their en-
ergy balances (purchased energy vs. billed
energy) to the regulator and CAMMESA.
This information is used for tariff, control
and comparative purposes, and is part of
the technical and economic audit process-
es. At the national level, the ENRE publishes
aggregated information on the performance
of the distributors, including loss indicators,
although the degree of detail and updating
may vary. At the provincial level, the publicity
of information depends on each regulatory
entity, generating heterogeneity in transpar-
ency and comparability.

Distributors have the power to inspect facil-
ities, detect irregularities, suspend supply in
cases of fraud and recover unbilled energy
in accordance with contractual and regula-
tory frameworks. Energy theft is typified in
criminal regulations, which enables criminal
reporting and prosecution in serious cases,
usually in coordination with security forces
and judicial authorities. In practice, the appli-
cation of criminal sanctions has been limited,
privileging administrative and commercial
mechanisms. To balance control with social



protection, social tariffs, targeted subsidy
schemes and regularization programs have
been developed in vulnerable areas, recog-
nizing that a part of the non-technical losses
have a structural socioeconomic origin.

From a regulatory perspective, the main
challenges to reduce non-technical losses
in Argentina include: (i) restoring stable and
predictable tariff signals that reinforce effi-
ciency incentives; (ii) standardize regulatory
criteria between national and provincial ju-
risdictions to improve comparability; (iii) ac-
celerate metering modernization (telemeter-
ing and data analysis) in critical areas; and
(iv) deepening electricity regularization and
inclusion programs, coordinating distribu-
tors, local governments, and social policies.
The Argentine experience shows that the
sustainable reduction of NTLS s requires a
combination of economic, regulatory, tech-
nological and social instruments, rather than
a single isolated measure.
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In Bolivia, as reported by the regulatory enti-
ty consulted, the level of losses recognized
in the tariffs is determined by a tariff study
commissioned by the distribution compa-
nies, which is reviewed every four years. The
available inputs do not detail an additional
mechanism for intra-period adjustment, nor
an explicit disaggregation between techni-
cal and non-technical losses within the tariff
recognition.

In addition to tariff recognition, the regula-
tion contemplates sanctions associated
with infractions linked to irregular consump-
tion. In particular, Electricity Law No. 1604
establishes consumer infractions (arbitrary
connection, alteration of measuring instru-
ments, clandestine consumption and refusal
of access to inspections), and provides for
the application of fines calculated based on
energy (kWh) multiplied by the correspond-
ing average tariff, without prejudice to other
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liabilities.

Regarding reporting and transparency, the
response received indicates that distributors
should not report, audit, or certify their loss
levels to the regulator within the framework
of this form, and that such information is not
considered public (as indicated by the enti-
ty). Therefore, the evidence available for this
study does not allow us to describe system-
atic regulatory uses (comparative, corrective
or sanctioning) based on periodic reports of
losses.

Finally, the strengthening of prevention in-
formation campaigns aimed at alerting the
population to people who offer “services”
to carry out infractions or manipulate con-
sumption is highlighted as a relevant mea-
sure. This emphasis is consistent with
recent public messages disseminated by
companies in the sector in Bolivia, which
warn about the illicit nature of energy theft
and its consequences.

Brazil has one of the most sophisticated
regulatory frameworks in the region for the
management of non-technical losses in elec-
tricity distribution. The level of losses recog-
nized in terms of tariffs is defined in the Pe-
riodic Tariff Review (RTP) processes of each
distributor, which are carried out every four
or five years depending on the duration of
the concession cycle. Technical losses are
determined from a regulatory engineering
model, while non-technical losses are estab-
lished through a comparative benchmarking
approach between distributors operating in
areas with similar socioeconomic character-
istics.

To this end, ANEEL uses an econometric
model that identifies socioeconomic vari-
ables that explain non-technical losses,
building a ranking of complexity of the con-
cession areas. Each distribution compa-
ny is compared to potential peers, and the



regulatory target for non-technical losses is
defined as the lowest value resulting from
a weighted average between its own his-
torical losses and those of its benchmarks.
This target corresponds to the level that the
company must reach at the end of the tariff
cycle, and translates into an annual reduc-
tion trajectory, which determines the level of
non-technical losses recognized in each tar-
iff year of the regulatory period.

The main incentive instrument is econom-
ic: the tariff recognition of losses may differ
from the level actually incurred by the com-
pany. If the distributor manages to perform
better than the regulatory level, it obtains
an economic gain; if he does not reach the
goal, he faces an economic loss. There are
no direct sanctions or fines for non-compli-
ance with the goals, nor additional explicit
rewards, beyond this economic signal. The
plans to combat losses presented by com-
panies during tariff reviews do not directly
influence the definition of regulatory levels.

A relevant element of recent evolution is
Decree No. 12,068/2024, which establish-
es that distribution concessions that will be
extended in the coming years, and that face
severe operational restrictions, must pres-
ent non-technical loss reduction plans, the
performance of which will have an impact
on tariff recognition. The specific regula-
tion of this mechanism will be the subject of
public discussion during 2026, which could
strengthen the link between operational
planning and regulatory signals.

In terms of information and oversight, Bra-
zilian distributors must report their loss
levels to ANEEL on a monthly basis. These
data are used to feed the econometric mod-
el, make comparisons between companies,
define regulatory goals and monitor sectoral
performance. All this information is public,
and is disseminated through official regula-
tory reports and documents, fulfilling a com-
parative and transparency role rather than
sanctioning.
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Finally, one of the main challenges to
strengthen the reduction of non-technical
losses is to move towards greater inter-in-
stitutional coordination. It is identified as
necessary to coordinate more closely with
ANEEL, the sectoral Ministry, the distribution
companies, the police forces, the judiciary
and the state and municipal governments.
Likewise, the need for an integrated pub-
lic policy to combat losses is raised, which
combines control actions in the face of a
cross-cutting problem with measures to re-
duce the cost of energy focused on vulner-
able areas, allowing the problem to be ad-
dressed from a structural logic and not only
tariff.

B —

In Chile, the level of electricity losses rec-
ognized in tariffs is determined within the
framework of the four-year process of fixing
the Distribution Value Added (VAD), which
is based on the design of an efficient model
company. For this model company, the in-
vestments and the costs of operation, main-
tenance and administration necessary to
provide the distribution service are defined,
considering the restrictions of the operation
of real companies. In this context, the char-
acteristics of the networks defined for the
model company allow the technical losses
of the system to be determined, while the
non-technical losses are estimated in a com-
plementary way, mainly considering energy
theft as a relevant variable. In the last tariff
process, the level of theft was estimated us-
ing an econometric model that incorporated,
among its explanatory variables, the histori-
cal theft reported by the distribution compa-
nies and the Gross Domestic Product (GDP).
The level of losses recognized is reviewed
and updated every four years, with each new
VAD setting process.

In addition to tariff recognition, the Chilean
regulatory framework includes specific reg-
ulatory instruments that guide the manage-



ment of non-technical losses. In particular,
the Regulations of the General Law of Elec-
trical Services, contained in Supreme Decree
No. 327 of 1997, establish explicit provisions
regarding irregular connections. Article 157
of said regulation states that, when the Su-
perintendence of Electricity and Fuels (SEC)
confirms the existence of an alteration of the
facilities or metering equipment, the distri-
bution company is empowered to charge for
the unregistered energy (CNR) and, when ap-
propriate, initiate the relevant legal actions,
operating these mechanisms as deterrent
instruments against this type of conduct.

In terms of transparency and reporting, dis-
tribution companies report their loss levels
as an input for modeling the VAD determi-
nation process. This information is used for
methodological and comparative purposes,
without direct corrective or sanctioning ef-
fects on real companies. The background in-
formation associated with the tariff studies
is public and is available on the institutional
website of the National Energy Commission,
in the section corresponding to the Value
Added of Distribution.

Regarding the role of distributors and en-
forcement authority, the Regulations of the
General Law of Electric Services establish
that, upon detection of non-technical loss-
es confirmed by the SEC, companies can
proceed to collect unregistered energy and
initiate legal actions. In addition, Article 147
of the same regulation provides that, in the
event of non-payment, the distribution com-
pany may cut off the electricity supply, once
45 days have elapsed since the expiration of
the first unpaid account and prior notice to
the user at least 5 days in advance, incorpo-
rating procedural safeguards aimed at pro-
tecting the user.

Finally, loss reduction in distribution systems
can be strengthened through a combination
of regulatory and technological measures.
Among the actions highlighted are the iden-
tification and replacement of assets with
technical losses higher than expected pa-
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rameters; the development and integration
of databases that allow characterizing and
monitoring non-technical losses; deepen-
ing the digitalization of networks, including
smart metering, real-time monitoring, and
advanced analytical tools; and the mainte-
nance of economic signals in tariff process-
es that encourage the reduction of losses.
In addition, the relevance of public policies
aimed at reducing the socioeconomic incen-
tives associated with generating non-techni-
cal losses is recognized, as well as dissua-
sive and educational measures that promote
regulatory compliance and responsible use
of energy.

In Colombia, the level of electrical losses
recognized in distribution tariffs is defined
differeNTLs y by voltage level, in accordance
with the provisions of the General Annex of
Resolution CREG 015 of 2018 . For systems
with nominal voltage greater than or equal to
57.5kV and less than 220 kV, the recognized
losses are calculated monthly through ener-
gy balances for each Regional Transmission
System (STR), using information managed
by the Liquidator and Account Administra-
tor (LAC) of the electricity market. Howev-
er, this mechanism does not yet apply to all
distributors, because some have not met the
necessary technical requirements; In such
cases, losses continue to be estimated us-
ing hourly load flows based on historical
information, with a progressive migration
towards the energy balance scheme. For
systems with a voltage between 1 and 57.5
kV, the recognized losses are determined
from load flow studies carried out by the
grid operators and reviewed by the regulator,
remaining constant throughout the tariff pe-
riod. For systems with a voltage of less than
1 kV, in addition to a methodology similar to
the systems just described, a non-technical
loss component is explicitly recognized, cal-
culated based on variables of the commer-
cializing market, such as kilometers of rural



networks and energy sold in special areas
characterized by high levels of losses, low
levels of collection or informal conditions.

In addition, the current methodology incor-
porates a mechanism for the recognition
of additional non-technical losses associ-
ated with the level of investment executed
by the distributor in the previous year, with
the aim of encouraging investments aimed
at reducing losses. This mechanism allows,
in the first year of the tariff period, to recog-
nize up to all the losses recorded in systems
with a voltage of up to 1 kV at the beginning
of the period, subsequeNTLs y establishing
a linear path of reduction over a ten-year
horizon, until converging towards levels con-
sidered efficient. Access to this scheme is
conditional on compliance with regulatory
requirements and is explicitly regulated in
Resolution CREG 015 of 2018.

As a complementary regulatory instrument,
the CREG introduced the Loss Reduction
Plan, to which distributors that had losses
in their systems with a voltage level lower
than 1 kV higher than those recognized at
the beginning of the tariff period could ap-
ply. Companies that accessed this mecha-
nism had to submit a plan that included an
annualized loss reduction path for a ten-year
horizon, the cost of the plan, and the Total
Loss Ratio (TPI) at the beginning of the pe-
riod. Likewise, the regulator defined maxi-
mum amounts to be remunerated, intended
for specific investments for the reduction
of non-technical losses (such as meters for
user legalization, metering equipment at
entry points by voltage level, feeder meters
in transformers and centralized metering
systems) using an efficiency model based
on neural networks trained with data from
companies considered efficient. It should be
noted that, during the first five years of appli-
cation of this scheme, there was no positive
correlation between the receipt of these in-
centives and the effective reduction of the
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loss indicator.

In terms of transparency and reporting, the
Total Loss Index (TPI) is a regulatory obli-
gation only for distributors that applied to
the Loss Reduction Plan. This index is cal-
culated by the Market Administrator (XM
S.A. E.S.P) based on the information on
trade borders managed by the ASIC and the
records of the Unified Information System
(SUI), under the supervision of the Super-
intendence of Residential Public Services
(SSPD). The information is mainly used to
evaluate the annual fulfillment of the goals
defined in the reduction path and determine
the continuity, suspension or cancellation of
the incentives. The data used for this moni-
toring are not public on an individual basis;
however, the CREG has published aggregate
analyses and sectoral diagnoses that allow
observing the evolution of losses at the na-
tional level, such as draft resolution CREG
701 090 of 2025 .

Regarding the role of distributors and en-
forcement authority, they have the power to
inspect facilities, suspend or terminate con-
tracts in the event of fraud, recover unbilled
consumption (generally up to five months
backwards, extendable if fraud is proven)
and criminally report the crime of fraude
de fluidos (energy theft) to the prosecutor’s
office, with police support when deemed
necessary. In this context, the SSPD has
established specific technical-legal proce-
dures that guarantee the right of the user to
challenge the energy recovery processes,
including the review of minutes, technical
tests and calculations, with the possibility
of a claim before the Superintendence itself.
CurreNTLs y, the CREG is updating the user
protection regime, in force since Resolution
CREG 108 of 1997.

Finally, it is identified that the strengthening
of loss reduction in Colombia requires ad-
vancing in the massification of advanced
metering infrastructure (AMI), harmonizing



regulatory developments with the current
legal framework; evaluate alternative incen-
tive schemes, including the remuneration
of additional assets for loss management,
the use of data analytics and artificial in-
telligence, macro metering and symmet-
ric incentive mechanisms; and continue to
ensure a tariff design that reflects efficient
costs and preserves the financial sustain-
ability of the service. In addition, the need to
improve social targeting criteria is identified,
migrating from strata-based schemes to
more precise vulnerability approaches, and
to strengthen social management and fo-
cused control programs in areas with higher
volumes of unbilled energy.

In Costa Rica, the regulation of the electric-
ity service corresponds to the Public Ser-
vices Regulatory Authority (ARESEP), in an
institutional context characterized by a high
participation of public and social economy
companies. The provision of electricity dis-
tribution service is mainly carried out by the
Costa Rican Electricity Institute (ICE), includ-
ing the National Power and Light Company
(CNFL), together with rural electrification co-
operatives and municipal companies. This
model has made it possible to achieve high
levels of universal coverage and access,
configuring an environment where loss man-
agement is closely linked to security of sup-
ply and social responsibility objectives.

From a regulatory point of view, the market-
ing and treatment of losses are governed by
the technical standard “Supervision of the
electricity supply in low and medium volt-
age” (AR-NT-SUCOM, updated as of October
2024). This regulation grants clear lines and
explicit powers to distribution companies.
Among its provisions are the prohibition of
tampering with measuring equipment (Art.
20), the authorization of entry to buildings
for inspections (Art. 30), and the guidelines
against damages, illicit use, resale of energy
and suspension of service. Likewise, the reg-
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ulations expressly prohibit companies from
providing electricity service totally or partial-
ly free of charge (Art. 33).

With respect to tariff recognition, Costa Ri-
can regulation does not explicitly distinguish
between technical and non-technical losses,
but operates under a scheme of global rec-
ognition of losses with a maximum limit.
This cap is calculated based on the average
value of electrical losses for the entire distri-
bution industry during the two years prior to
the year of fixation. In this way, if a compa-
ny registers losses below the ceiling, its real
value is recognized; however, if its losses
exceed the historical industry average, the
surplus is not transferable to the tariff and
constitutes a direct financial loss for the dis-
tributor. This mechanism acts as a strong
economic incentive (and an indirect sanc-
tioning measure) for the reduction of losses,
also highlighting that this cap does not in-
clude adjustment factors for socioeconom-
ic, demographic or crime variables present
in the different concession areas.

With regard to the treatment of fraud, when
illicit use is detected (whether by inspection,
maintenance or reporting), the regulations
support a standardized procedure. This in-
cludes the collection of evidence, the meter-
ing normalization and the determination of
the unbilled energy by analyzing variations in
the historical consumption pattern (compar-
ing consumption before and after the irreg-
ularity). The collection is managed through
internal processes that, depending on the
amount, can be taken to court.

To ensure transparency and monitoring of
these indicators, companies are required to
report their loss levels annually to ARESEP
as part of tariff studies, in addition to sub-
mitting their available energy and sales bal-
ances monthly. This information is public
and is hosted on the ARESEP Open Data por-
tal, evidencing, as an example, that the total
losses of the ICE have remained in a stable
range between 7.5% and 8.3% during the pe-
riod 2019-2024.



Finally, at the level of business manage-
ment, the ICE Group complements these
regulatory requirements with its Corporate
Energy Loss Management Policy. This poli-
cy establishes an integrated approach that
combines technical actions (improvement
of networks, macro-metering), commercial
(control of irregular consumption) and so-
cial actions. In this way, it is recognized that
informal and insecure connections must be
addressed not only from punitive inspection,
but with criteria of safety, inclusion and sus-
tainability, prioritizing the regularization of

supply.

The Cuban electricity system operates un-
der a fully state-owned and vertically inte-
grated model, in which the generation, trans-
mission, distribution and retail of electricity
are the responsibility of the State, mainly
through the Electricity Union (UNE) and its
subordinate companies. There is no com-
petitive electricity market or functional sep-
aration between activities, and the planning
of the sector responds to centralized criteria
defined by the Ministry of Energy and Mines.
In this context, electricity tariffs are adminis-
tratively regulated and play an explicit social
role, with extensive cross-subsidies and fis-
cal transfers aimed at guaranteeing univer-
sal access to the service.

In Cuba there is no explicit tariff recognition
scheme for electricity losses, neither tech-
nical nor non-technical, comparable to the
models used in regulated market systems.
The losses are part of the overall operating
balance of the electricity system and their
cost is absorbed by the State as part of the
general financing of the sector. Tariffs are
not adjusted for firms’ loss performance,
nor are they used as an economic signal
to incentivise reduction. The tariff review
responds mainly to public policy decisions
and fiscal availability, rather than to periodic
processes of efficient cost review.
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The management of electrical losses is fun-
damentally addressed as a technical-opera-
tional and social discipline problem, rather
than as a regulatory-economic challenge.
The energy authorities establish internal loss
reduction plans, mainly aimed at improving
metering, modernising networks and con-
trolling illegal consumption. No formal reg-
ulatory goals with differentiated economic
consequences for companies are identified,
since they do not operate under a regime of
autonomous financial incentives.

However, the Cuban regulatory framework
contemplates administrative and criminal
sanctions for energy theft and the manipula-
tion of electrical installations, which are ap-
plied by state bodies in coordination with the
judicial system. These sanctions serve a de-
terrent function, although their effectiveness
depends to a large extent on operational in-
spection capacities and the socio-economic
context.

State-owned electricity companies prepare
energy balances and internal loss reports,
which are used by the sectoral authorities
for planning, diagnosis and operational con-
trol purposes. However, this information is
not published in a systematic or disaggre-
gated manner, and its use is predominaNTLs
y internal. There is no independent regulato-
ry audit system or mechanisms for compar-
ison between companies, given the monop-
olistic and state nature of the sector. The
loss information is integrated into general
sectoral reports and technical diagnoses,
without direct tariff or sanctioning effects
associated with their level.

The Cuban State has broad enforcement au-
thority in the face of non-technical losses.
Theft of electricity and illegal connections
are classified as serious offences, subject to
administrative and criminal sanctions. The
electricity companies, in coordination with
security bodies and local authorities, can
proceed to cut off the supply, remove irreg-
ular connections and apply fines. The prose-
cution of electricity fraud is integrated into a



broad state control scheme, where inter-in-
stitutional coordination is guaranteed by the
centralized design of the system itself.

From a comparative perspective, the Cu-
ban experience shows that a high degree of
state control and heavily subsidized tariffs
does not in itself eliminate the existence
of non-technical losses, especially in con-
texts of prolonged economic restriction.
Reducing losses is critically dependent on
the capacity to invest in infrastructure, the
availability of reliable metering technology
and the stability of supply. The absence of
explicit economic incentives and transpar-
ency mechanisms limits the use of losses
as a performance management tool, al-
though the model allows for direct and co-
ordinated enforcement action. In this sense,
Cuba is a reference case for analyzing the
limits of purely administrative approaches
to the management of non-technical losses,
in contrast to regulatory schemes based on
economic incentives and tariff signals.

m

In Ecuador, the public electricity service op-
erates under a mostly state-owned and reg-
ulated scheme. Distribution is carried out by
regional publicly owned companies, mainly
the National Electricity Corporation (CNEL
EP), which serves about 48% of regulated
customers, and municipal or regional com-
panies (Quito, Centrosur, Ambato, Riobam-
ba, Loja, among others). Marketing to end
customers is carried out under a single
national tariff sheet, with the exception of
a small number of large consumers autho-
rized to contract under unregulated condi-
tions. The system has a high concentration
of small consumers, complemented by tar-
geted subsidy policies, such as the Dignity
Tariff, aimed at vulnerable households.

Rate loss recognition is based on a partial
recognition approach. The regulation de-
fines a maximum level of recognized loss-
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es, which is incorporated into the tariff
calculation by means of voltage level loss
factors. Losses that exceed this threshold
are not transferred to the tariff and must be
absorbed by the distributor, generating an
economic signal aimed at efficiency. This
recognized level has been gradually reduced
in line with national efficiency targets, cur-
reNTLs y aligned with the domestic target of
reaching 10.5% total losses by 2025. The up-
dating of the distribution tariff parameters,
including recognized losses, is carried out
periodically, with annual reviews based on
the information reported by the companies.
The regulator (ARCERNNR) has stated that it
is also developing specific technical regula-
tions for the definition of admissible losses,
which will allow differentiating objectives by
type of service area; the foregoing consider-
ing that there is curreNTLs y no official regu-
lation in force in this matter published.

In addition to tariff recognition, the Ecua-
dorian framework contemplates comple-
mentary instruments for loss management.
Of note are the official goals established
in sectoral plans, the loss reduction plans
at the business level, and the possibility of
financing specific investments via tariffs,
such as network modernization, advanced
metering, customer standardization, and
strengthening of business processes. The
periodic publication of statistics on losses
by company also introduces a reputational
incentive, which is relevant in the context of
public companies subject to political and so-
cial control.

Distributors are required to report their ener-
gy balances to the regulator on a monthly ba-
sis, disaggregating technical and non-tech-
nical losses. This information is audited,
used for tariff, comparative and corrective
purposes, and is widely available to the pub-
lic through statistical reports on the elec-
tricity sector, constituting a central input for
regulatory oversight and policy formulation.

In relation to the powers against non-tech-
nical losses, distribution companies can in-



spect facilities, suspend irregular supplies,
recover unbilled energy and apply adminis-
trative charges, in accordance with current
regulations. The theft of electricity is clas-
sified as a criminal offense, which enables
the complaint to the Prosecutor’s Office and
coordination with the National Police. These
actions are complemented by regularization
and inclusion programs, aimed at informal
settlements and vulnerable users, seeking
to balance fraud control with the protection
of access to the service and the security of
the facilities.

In this way, strengthening loss reduction
in Ecuador requires consolidating specific
technical regulations, advancing in a more
efficiency-oriented tariff methodology, ac-
celerating the execution of investment proj-
ects, deepening the deployment of smart
metering, and reinforcing the social and
community approach in areas of high vulner-
ability. Accumulated experience shows that
an integrated strategy, combining econom-
ic signals, public investment, institutional
control, and social policies, has allowed for
substantive progress, although challenges
remain in converging towards levels of loss-
es comparable to the most efficient systems
in the region.

[

In El Salvador, the level of electricity losses
recognized in the tariff is defined through
the methodology for the calculation of Distri-
bution and Marketing charges, which consti-
tutes the integrated tariff study that sets the
reference charges for a period of five years.
This methodology contemplates the prepa-
ration of a specific study of energy losses
in medium and low voltage distribution net-
works, from which the losses to be recog-
nized for tariff purposes are determined. In
this framework, 100% of technical losses
and up to 50% of justified non-technical loss-
es are recognized, with the rest of the latter
remaining as risk that is not transferable to
tariffs. The implementation and updating
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process is executed by the distribution com-
panies and reviewed by the General Super-
intendence of Electricity and Telecommu-
nications (SIGET), and is based on energy
purchase and sales balances, along with the
consolidation and modeling of commercial
and network information to estimate losses
through power flows. The resulting percent-
ages are translated into factors that feed
the tariff component associated with loss-
es, transferring its efficiency to the end user
throughout the five-year period.

Beyond tariff recognition, the Salvadoran
regulatory framework includes specific reg-
ulatory instruments for the management of
non-technical losses, highlighting the Pro-
cedure for Irregular Conditions (Agreement
283-E-2011), which regulates the detection,
inspection, documentation, verification of
metering equipment, calculation and recov-
ery of unregistered energy, as well as the
treatment of disputes. In addition, the tar-
iff methodology itself introduces a cost-ef-
fectiveness criterion, establishing that the
component associated with theft or fraud
is only recognized when its elimination is
not economically justifiable, which acts as
an implicit incentive to prioritize efficient
measures. At the operational level, activities
such as inspections, meter readings and
suspension of service are part of the usual
control processes.

In terms of transparency and reporting, dis-
tributors report to SIGET every six months
electricity statistics that include technical
and non-technical losses, which are mainly
for statistical purposes and do not modify
the levels of losses recognized in the tariff
during the five-year period. This information
is publicly accessible through the SIGET
statistical bulletin. In parallel, global losses
can be certified by the regulator when they
are required for tax reporting to the Ministry
of Finance. In cases of irregular conditions,
SIGET maintains powers to verify calcula-
tions of unrecorded energy recovery, using
the information for corrective and technical
purposes.



Regarding the role of distributors, they have
regulated enforcement authority to face
non-technical losses, including inspections,
suspension or disconnection of supply in
extreme cases, demand for guarantees and
reconnection collection, all under the Terms
and Conditions to the End User approved
by SIGET, which limits business discretion.
There is coordination with institutions such
as the police, municipalities and community
organizations, especially in contexts where
control and security measures promoted by
the central government are implemented.
The balance between user control and pro-
tection is guaranteed through regulatory su-
pervision of the actions of distributors and
the existence of formal complaint channels,
both with companies and through SIGET's
User Service Centers (CAU).

Finally, opportunities are identified to
strengthen the current scheme, including the
evolution towards performance instruments
with verifiable goals and incentives, the pro-
motion of the deployment of advanced me-
tering and predictive analytics, the reinforce-
ment of inter-institutional coordination and
the deterrent capacity in the face of serious
or repeat cases, and the integration of a so-
cial approach that combines control with
regularization, inclusion and adapted pay-
ment mechanisms to reduce losses without
disproportionately affecting vulnerable us-

Spain operates a liberalised electricity sys-
tem, with a separation between distribution
(regulated activity, under a natural monop-
oly regime by area) and commercialisation
(competitive activity). Distribution is remu-
nerated via tolls and regulated remuneration,
while marketers acquire energy on the mar-
ket and supply consumers under competitive
conditions, with a regulated price supply seg-
ment (PVPC) also coexisting for certain con-
sumers. In this framework, electrical losses
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are managed as part of the energy metering,
settlement and allocation processes, with
standardized rules and regulatory oversight.
This process is regulated by the Unified Reg-
ulation of Metering Points of the Electricity
System (Royal Decree 1110/2007), which
establishes the operation of the metering
system and the Electricity Metering Informa-
tion System (SIMEL).

According to the CNMC, the procedure for
covering losses is mainly implemented
through marketers, who must “increase” ex
ante the energy acquired for delivery at a net-
work point using standard loss coefficients,
differentiated by voltage level, hourly period,
calendar, among others. SubsequeNTLs y, in
the metering settlement, the imputed losses
are adjusted to reflect the actual losses, ap-
plying an adjustment coefficient that allows
demand and generation to be equalized.
ConsequeNTLs vy, the standard coefficients
are periodically adjusted to maintain their
alignment with the reality of the system and
ensure consistency between ex ante imputa-
tion and ex post closures.

In addition to the recognition through stan-
dard coefficients and their adjustment, the
existence of economic incentives of the bo-
nus/malus type aimed at network operators
to reduce loss levels is reported, which is
also regulated by Royal Decree 1110/2007.
In addition, when distributors are detected
with losses greater than what is reasonable,
the CNMC carries out a technical inspec-
tion aimed at ensuring that the losses are
as close as possible to the technical losses,
establishing that non-technical losses, when
detected, are not allowed. It is also stated
that, in previous periods in which the levels
of NTLS s were higher, companies were al-
lowed to appropriate a percentage of the
value of the fraud detected, as a specific in-
centive mechanism (today not described as
in force, but as a precedent).

In terms of transparency and monitoring, it
is indicated that it uses the national system
of measures SIMEL, managed by the sys-



tem operator, which receives measurements
from secondary concentrators and allows
the CNMC to estimate loss levels for three
main purposes: (i) the calculation of stan-
dard loss coefficients; (ii) the calculation
of incentives to reduce losses; and (iii) the
detection of anomalous losses that trigger
inspection activity. In this scheme, metering
information functions as a basis for eco-
nomic regulation and for corrective perfor-
mance supervision.

In the event of detection of NTLS s, distrib-
utors are authorized to suspend the supply
until regularization, re-invoice the unpaid en-
ergy, and initiate legal proceedings for elec-
tricity fraud, in addition to the obligation to
inform the competent administrations and
the affected parties of situations of fraud or
other anomalies. With regard to the balance
with the protection of vulnerable users, the
CNMC highlights explicit instruments: elec-
tricity social bonus (regulated discount on
bills, in 2025 between 42.5% and 57.5% de-
pending on vulnerability, applicable to con-
sumers covered by the PVPC and who meet
requirements), thermal social bonus (com-
plementary annual aid associated with the
electricity bonus) and restrictions on supply
cut-off by extending deadlines and impos-
sibility of cutting off for severely vulnerable
people at risk of exclusion social (with co-fi-
nancing of social services) and other cases;
Additionally, the extension of prohibitions on
cuts in basic supplies to vulnerable consum-
ers until December 31, 2025 is indicated.

Thus, the changes necessary to strength-
en loss reduction would already be imple-
mented and agents would have incentives
to act in line with the interests of the sys-
tem. In particular, the recent implementation
of quarter-hourly metering is noteworthy,
which, together with telemetry, would im-
prove the control of non-technical losses. It
is also noted that a regulation has been pro-
posed to the competent ministry to improve
the treatment of electricity fraud and provide
greater legal certainty in detection and pro-
cessing procedures.
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In Guatemala, the level of electricity losses
recognized in the tariff is defined within the
framework of the process of setting the Dis-
tribution Value Added (VAD), which is car-
ried out on a five-year basis, as established
by the General Electricity Law and its Reg-
ulations. In this process, the National Elec-
tric Energy Commission (CNEE) determines
the efficient costs of a model company, in-
cluding a recognized level of losses that is
part of the tariff calculation. In accordance
with current regulations and the information
gathered in the interview, the recognition of
losses is based on technical and economic
criteria associated with the efficient opera-
tion of the networks, without the regulator
automatically recognizing the total loss-
es effectively incurred by the companies.
Losses above the recognized level must be
absorbed by the distributor, configuring an
economic signal oriented to efficiency. The
available information does not allow us to
identify an explicit and public disaggregation
between technical and non-technical losses
within the tariff recognition, beyond their in-
corporation via parameters in the design of
the model company.

In addition to tariff recognition, the Guatema-
lan regulatory framework includes regulato-
ry and operational instruments that guide
the management of non-technical losses.
Among them are the Technical Standards
for Distribution Service, which regulate the
conditions of connection, metering, inspec-
tion, suspension of supply and obligations of
users and distribution companies. The infor-
mation reviewed shows that reducing loss-
es is a permanent priority for the regulator
and companies, particularly in areas with a
high incidence of fraud, and that actions are
focused on early detection, standardization
of supplies and strengthening of metering
and control systems. In the public regula-
tion analyzed, no explicit numerical regula-
tory goals for reducing losses imposed by



the CNEE are identified, nor are there formal
schemes of additional incentives other than
tariff recognition and the economic signal
associated with unrecognized losses.

In terms of reporting and use of information,
as established by the General Electricity Law
and its Regulations, distributors must peri-
odically report to the CNEE operational and
commercial information relevant to tariff
and inspection processes, including infor-
mation associated with energy balances.
This information is mainly used for regula-
tory and supervisory purposes, in particular
for the determination of tariffs and the eval-
uation of the performance of companies in
relation to efficiency assumptions. Some of
the tariff and regulatory background is pub-
licly accessible, although detailed informa-
tion on losses at the company level is mainly
used in internal regulatory processes and is
not necessarily systematically disclosed in
public comparative reports.

With respect to the role of distributors and
enforcement authority, the Guatemalan legal
framework empowers companies to inspect
facilities, suspend supply in cases of illegal
connections or manipulation of metering
equipment, and charge for unregistered en-
ergy, in accordance with the procedures es-
tablished in technical and contractual regu-
lations. The theft of electricity is typified in
national legislation (Decree 8-2023), which
enables criminal complaints in cases of
fraud. In addition, in areas of high social con-
flict, companies tend to coordinate their ac-
tions with local authorities and security forc-
es, seeking to balance the effectiveness of
control with the safety of personnel and con-
tinuity of service. Likewise, the importance
of advancing in processes of regularization
and formalization of supply in informal set-
tlements is recognized, as a complement to
strictly punitive measures.

Thus, strengthening the reduction of
non-technical losses in Guatemala requires
deepening the modernization of metering
systems, improving the quality and traceabil-
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ity of commercial information, and strength-
ening inter-institutional coordination to
confront electricity fraud as a cross-cutting
phenomenon, complementing these actions
with measures focused on areas of greater
social vulnerability. The experience gathered
suggests that the combination of economic
signals via tariff, clear operational powers
for distributors and regularization strategies
constitutes a central pillar to advance in the
sustainable reduction of non-technical loss-
es, while maintaining user protection and
service stability.

* *
* ¥

The Honduran electricity sector operates
under a state-dominated wholesale market
scheme, where the National Electric Power
Company (ENEE) maintains a central role in
transmission and distribution, while genera-
tion is carried out through a combination of
public and private assets. In recent years,
the country has promoted reforms aimed at
improving the financial sustainability of the
system, including the functional separation
of activities within ENEE and the strengthen-
ing of the regulatory role of the Electric En-
ergy Regulatory Commission (CREE). Elec-
trical distribution faces relevant structural
challenges, with high levels of total losses,
where non-technical losses constitute a
significant component. In the period 2024-
2025, total losses (technical and non-tech-
nical) have been recorded of around 35-36%,
according to sector reports and specialized
press.

As reported by the CREE, the level of electric-
ity losses recognized in the tariff is defined
within the framework of the tariff review pro-
cesses (Electricity Distribution Service Reg-
ulations), using the energy balance of the
distribution system as the main input. Rec-
ognized losses are established as a regulat-
ed parameter that is part of the tariff calcu-
lation, differentiating between technical and
non-technical losses at a methodological



level, although in practice recognition is usu-
ally carried out in aggregate form. The review
of these parameters is carried out on a reg-
ular basis, associated with tariff processes
that include the updating of efficient costs,
allowing the level of losses recognized to
be adjusted according to the evolution ob-
served and the sectoral policies in force.

In addition to tariff recognition, the Hondu-
ran regulatory framework includes control
instruments, goals, and indirect incentives
to guide the reduction of losses, particularly
in the context of the recovery and sustain-
ability policies of the electricity subsector.
The CREE has incorporated into the regula-
tions performance indicators linked to loss-
es within the regulatory monitoring of the
distributor, and there are explicit commit-
ments by the State to reduce them. However,
the experience reported indicates that direct
economic incentives are curreNTLs y limited
and that the effectiveness of these instru-
ments depends to a large extent on the oper-
ational and financial capacity of the distribu-
tion company to carry out sustained control,
investment and regularization actions.

Companies in the subsector are required
to periodically report operational and com-
mercial information to the CREE, including
data on purchased energy, billed energy, and
loss levels. This information is used for the
purposes of supervision, corrective analysis
and support for tariff processes. The regula-
tor may also require additional information,
carry out technical verifications or request
audits when relevant inconsistencies are
identified. Aggregated loss data are part of
sectoral reports and official documents, con-
tributing to transparency and public monitor-
ing of the system’s performance, although
the availability of detailed disaggregation
remains a challenge.

The Honduran legal framework criminalizes
the theft and fraud of electricity in accor-
dance with the Penal Code and applicable
sectoral regulations. Distribution companies
have the power to inspect supplies, suspend
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service in the event of irregularities, rebill un-
metered energy and report the facts to the
competent authorities. The criminal prose-
cution of electricity fraud involves coordina-
tion with the Public Prosecutor’s Office and
other security agencies, although the expe-
rience reported shows practical limitations
in the effective and sustained application of
these powers, especially in areas of high so-
cial and territorial vulnerability.

Thus, the sustainable reduction of non-tech-
nical losses in Honduras requires simultane-
ous progress on several fronts: (i) strength-
ening the mechanism for calculating and
recognizing losses, improving the disag-
gregation and traceability between techni-
cal and non-technical losses; (ii) strength-
en metering, information and commercial
control systems; (iii) provide the regulatory
framework with clearer economic signals
that align the distributor’s management with
explicit loss reduction objectives; and (iv)
deepen inter-institutional coordination to
address electricity fraud in conjunction with
social and territorial policies. The Honduran
experience shows that, in contexts of struc-
turally high losses, regulatory instruments
must be complemented with operational
capacities, sustained investment, and inclu-
sion approaches that allow transitory reduc-
tions to be transformed into lasting improve-
ments in the system'’s performance.

Mexico operates an electricity system with a
predominance of the State and with the pub-
lic transmission and distribution service un-
der State conduction . In this context, distri-
bution and basic supply are mainly provided
through the Federal Electricity Commission
(CFE), while the wholesale market is coordi-
nated by CENACE and maintains private par-
ticipation in generation within the limits and
conditions defined by current regulations.




The tariff recognition of losses (including
technical and non-technical losses) is part
of the Regulated Tariffs scheme and the
methodologies to be issued by the regulato-
ry authority. In particular, the Electricity Sec-
tor Law (DOF 18-03-2025) establishes that
the CNE must issue, through general admin-
istrative provisions, the methodologies to
determine the calculation and adjustment
of the Regulated Transmission and Distribu-
tion Tariffs (among other components). The
Law also specifies that the Regulated Tar-
iffs for transmission and distribution must
allow efficient costs to be recovered and a
reasonable return, including technical and
non-technical losses in accordance with the
standard determined by the CNE. In addition,
the Law provides that the CNE must apply
these methodologies for the calculation and
adjustment of Regulated Tariffs (and the
final tariffs of the basic supply), and that it
must publish the calculation reports used,
reinforcing the principle of regulatory trace-
ability.

With respect to the periodicity of review/
update, neither the Law nor the Regulations
establish in these articles a rigid cycle (e.g.,
annual or five-year). Rather, the regulatory
framework refers the operational definition
to the methodologies and administrative
provisions issued by the CNE (i.e., periodicity
is endogenous to the methodological design
of “calculation and adjustment”). The Regu-
lations of the Electricity Sector Law (DOF 03-
10-2025) reinforce this approach by stating
that electricity tariffs must consider the rec-
ognition of costs and that the CNE, in coor-
dination with the Secretariat, must establish
the methodologies for the determination of
tariffs and the regulatory accounting guide-
lines; and it also requires the publication of
relevant information on the process, includ-
ing calculation reports.

In addition to the tariff component, Mexico
uses sectoral policy and management in-
struments that have an impact on losses:
sectoral plans and network modernization
programs (including metering, instrument

36

transformers, telemetering/monitoring, and
connection replacement), along with pub-
lic monitoring of aggregate indicators. In
practice, the recent emphasis has been on
operational and technological actions (e.g.,
metering and infrastructure modernization)
to reduce both technical and non-technical
losses.

Regarding reporting and transparency, loss
information is published in aggregate form
in official sectoral planning/monitoring doc-
uments and also through institutional/busi-
ness reports. In particular, SENER has dis-
seminated recent national results of losses
and their evolution, which enables compara-
tive uses and public monitoring.

In relation to powers in the event of non-tech-
nical losses, the federal criminal framework
classifies the use or exploitation of electrical
energy without the right as conduct equiva-
lent to theft (Federal Penal Code, art. 368,
section Il), enabling criminal prosecution
when appropriate. Operationally, the distrib-
utor can carry out inspection, detection and
regularization actions, and coordinate with
competent authorities in cases that escalate
to the criminal sphere, trying to reconcile the
control of illicit acts with continuity of ser-
vice and attention to vulnerable users (in a
system with a high proportion of residential
users).

Finally, from a regulatory and institutional
strengthening perspective, the challenges
are associated with: (i) deepening the mod-
ernization of networks and metering to sus-
tain loss reduction, (ii) improving inter-insti-
tutional coordination to effectively combat
theft/fraud, and (iii) maintaining economic
and management signals that allow for the
consolidation of reduction trajectories, es-
pecially in territories with a higher incidence
of non-technical losses.
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In Panama, the recognition of the level of
electricity losses in tariffs is part of the Tariff
Regime of the Public Distribution and Mar-
keting Service, regulated in Title IV of the
Distribution and Marketing Regulation (RDC)
and in the Methodology for Calculating the
Maximum Allowed Income (IMP). Within this
framework, the regulator estimates efficient
losses by means of efficiency equations,
applied to historical data and characteris-
tics of each distribution network — such as
energy injected, number of customers and
maximum demand — using regressions or
other statistical methods whose parameters
are set by resolution of ASEP in each tariff
period. The resulting value is incorporated
directly into the structure of the IMP and,
therefore, into the tariff formula.

In addition, the Panamanian regulatory
scheme contemplates an additional recog-
nition of non-technical losses considered
unmanageable by the distributor, particular-
ly those associated with red zones or inva-
sions. For example, in the tariff period July
2022-June 2026, the methodology includ-
ed an additional recognition for estimated
non-technical losses in these territories,
which is expressed as an absolute percent-
age that is added to the efficient losses and
translates into an additional income within
the IMP, accompanied by the regulatory ex-
pectation that the company will execute loss
reduction plans. The tariff period in Panama
lasts for four years, during which the recog-
nized parameters remain in force.

In addition to tariff recognition, the Panama-
nian regulatory framework includes addition-
al instruments that guide loss management.
These include implicit regulatory goals de-
rived from the loss parameter set by ASEP in
each tariff review, the possibility of requiring
specific investment plans aimed at reducing
losses (sectorization, advanced metering,
regularization of customers, among others),
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and the non-recognition of excessive losses
in tariffs, which operates as a natural eco-
nomic incentive to improve performance.

In terms of transparency and reporting, dis-
tributors are obliged to report monthly infor-
mation to ASEP on energy purchased, sold,
own consumption and losses, as well as to
submit technical reports and justify signifi-
cant variations in their indicators when re-
quired by the regulator. This information is
used for comparative, corrective and sanc-
tioning purposes, allowing the evaluation of
relative performance between companies,
identifying critical areas, supporting tariff
processes and feeding instances of public
consultation. A relevant part of this back-
ground is publicly accessible and is avail-
able in the monthly indicators and in the doc-
uments associated with the tariff processes
published by ASEP.

With respect to the role of distributors and
enforcement authority, in the event of the
detection of non-technical losses - such
as theft, manipulation of meters or illegal
connections — companies can suspend the
service, regularize the supply through the in-
stallation of meters or formal connections
when the user proves rights over the proper-
ty, collect the unbilled energy and report the
facts, since the theft of energy is classified
as a crime. In areas authorized by ASEP, the
implementation of prepaid meters is also
allowed in accordance with current regula-
tions. These actions can be coordinated with
the National Police and the Public Prosecu-
tor's Office, particularly in mass operations
or judicial cases.

The need to balance control with social
sensitivity is recognized, promoting the reg-
ularization of settlements by the compe-
tent institutions, the use of prepaid tariffs
for qualifying customers, energy education
campaigns, and the installation of smart
meters and protected equipment to reduce
estimates and fraud. From the regulator’s
perspective, strengthening loss reduction in-
volves the definition of explicit and growing



targets, greater deployment of smart grids,
binding monitoring of investments and theft
control programs, and structured inter-in-
stitutional coordination, including security,
justice, social development, and housing,
especially aimed at the regularization of red
zones and settlements. identified as one of
the main sources of non-technical losses.
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The Paraguayan electricity sector is char-
acterized by a vertically integrated state
structure, in which the National Electricity
Administration (ANDE) exclusively exercises
the functions of generation, transmission,
distribution and retail. There is no compet-
itive electricity market or functional sepa-
ration between activities, and the planning,
operation and definition of tariffs respond to
centralized State guidelines. In this context,
ANDE acts simultaneously as system opera-
tor and provider of the public electricity ser-
vice, under the supervision of the Vice Minis-
try of Mines and Energy (VMME).

According to the information reported, in
Paraguay there is no explicit and differenti-
ated recognition of electricity losses in the
tariff, nor a formal mechanism that defines
recognized levels of technical or non-tech-
nical losses. Electricity tariffs are set at the
national level through administrative resolu-
tions, considering general criteria of system
costs, but without incorporating specific
methodologies of model company, bench-
marking or regulatory goals associated with
losses. ConsequeNTLs vy, losses, including
non-technical losses, are absorbed as part
of ANDE'’s overall economic result, without
direct tariff signals that encourage their re-
duction. The tariff review does not respond
to a fixed periodicity nor is it linked to sys-
tematic evaluations of performance in terms
of losses.

The management of electricity losses in Par-
aguay is mainly approached from an opera-
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tional and administrative logic, rather than a
regulatory one. As reported, there are no for-
mal regulatory goals or loss reduction plans
with explicit economic consequences. The
actions to deal with non-technical losses
are implemented as part of ANDE'’s internal
programs, aimed at detecting irregularities,
standardizing supplies and improving busi-
ness processes. These initiatives depend
fundamentally on budget availability and the
priorities defined by the state-owned compa-
ny, without being integrated into a scheme
of incentives or regulatory penalties.

ANDE carries out internal energy balances
that allow estimating the total losses of the
system, including those associated with dis-
tribution. However, as there is no regulator
constituted, there is no formal obligation to
periodically report losses for sanctioning or
comparative purposes, nor a specific exter-
nal audit system to validate these indica-
tors. Loss information is used primarily for
internal diagnostic and operational planning
purposes, and its publication is limited and
aggregated. In this sense, the regulatory use
of loss information is limited, and it is not
used as a systematic input for the definition
of tariffs or for the evaluation of institutional
performance.

The Paraguayan legal framework classi-
fies the theft of electricity as a punishable
offense, granting ANDE powers to detect il-
legal connections, suspend the supply and
apply administrative sanctions. In addition,
cases of fraud may be referred to the judi-
cial system in accordance with the criminal
legislation in force. However, it is indicated
that inter-institutional coordination with oth-
er State entities (prosecutor’s office, police,
municipalities) is limited and is mainly acti-
vated in a reactive manner in specific situ-
ations, rather than through permanent pro-
tocols of joint action. This conditions the
effectiveness of the prosecution of electric-
ity fraud, especially in contexts of persistent
informality.



In this way, strengthening the reduction of
non-technical losses in Paraguay requires
moving towards a more structured approach,
which transcends the internal operational
management of the state-owned compa-
ny. Among the challenges identified are the
need to improve mechanisms for controlling
and monitoring losses, strengthening in-
ter-institutional coordination for the prose-
cution of fraud, and advancing in awareness
and prevention campaigns aimed at the pop-
ulation. The Paraguayan experience shows
that, in the absence of explicit economic
signals, regulatory incentives or account-
ability schemes associated with losses, the
sustained reduction of non-technical losses
depends to a large extent on administrative
decisions and the operational capacity of
the company, which limits the stability and
predictability of results over time.

In Peru, the level of electricity losses recog-
nized in the tariffs is defined within the frame-
work of the calculation of the Distribution
Value Added (VAD), in accordance with the
provisions of Article 143 of the Regulations
of the Electricity Concessions Law (RLCE).
This framework recognizes standard physi-
cal (technical) losses and trading (non-tech-
nical) losses. Efficient technical losses are
determined based on the optimization of the
electrical installations of an efficient model
company, considering networks technically
and economically adapted to the demand
served by the real company and compliance
with technical quality standards (including
maximum voltage drop tolerance). As for
non-technical losses, the RLCE establish-
es that they cannot exceed 50% of physi-
cal losses; Its level is set for each company
based on the studies presented by the con-
cessionaires and the historical levels used
in previous regulations. Standard losses are
determined and updated each regulatory pe-
riod, with a periodicity of four years.
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In addition to tariff recognition, the Peruvian
regulatory scheme seeks to generate eco-
nomic incentives to reduce costs, including
costs associated with losses. In practice, a
percentage of efficient losses is recognized
in the tariff, so that if the distributor regis-
ters losses lower than those recognized, it
obtains additional income, operating this de-
sign as an explicit incentive to efficiency. In
addition, in certain cases, projects aimed at
technological innovation and/or energy effi-
ciency with a focus on reducing losses are
recognized in the tariff. At the same time,
energy theft can be sanctioned as a criminal
offense under the Penal Code, constituting a
legal endorsement of loss management by
concessionaire companies.

In terms of transparency and reporting, dis-
tribution companies report their loss levels
to the regulator on a monthly basis. This in-
formation is mainly used for regulatory pro-
cess validation and for comparison between
companies. The data is publicly accessible
and updated quarterly; the loss levels of the
main companies are published, among other
means, in the quarterly bulletin “El Informati-
vo’, where they are presented in a systemat-
ic and comparable way.

Regarding the role of distributors and en-
forcement authority, the Electricity Conces-
sions Law (LCE) empowers concessionaires
to immediately cut off the service, without
prior notice or intervention by authorities,
when energy is consumed without authori-
zation or the conditions of supply are violat-
ed. In cases of illicit use, in addition to the
collection of cutting costs and energy con-
sumed, the persons involved may be report-
ed to the criminal courts. Regarding institu-
tional coordination, before carrying out an
intervention, the concessionaire must notify
the user in accordance with the DGE Stan-
dard “Reimbursements and Recoveries of
Electrical Energy”; If the notification is diffi-
cult, a police or notarial verification is carried
out. Osinergmin, for its part, has a specific
procedure for monitoring the refund and re-
covery processes carried out by the distribu-
tors, verifying their correct application.



Finally, strengthening loss reduction requires
promoting targeted investments in this area.
In particular, Osinergmin has promoted tech-
nical specifications and technological stan-
dards for AMI, proposed for approval by the
Ministry of Energy and Mines, recognizing
advanced metering as a key instrument for
reducing losses through more accurate and
timely energy balances.

The Portuguese electricity sector operates
under a liberalised market model, with func-
tional and legal separation between genera-
tion, transmission, distribution and market-
ing. The distribution network is operated by
regulated concessionaires, while marketing
is carried out under a competitive regime.
The Entidade Reguladora dos Servigos En-
ergéticos (ERSE) is responsible for econom-
ic regulation, tariff definition and supervision
of the performance of grid operators, in co-
ordination with the system operator and oth-
er sectoral authorities.

According to the information reported by
the ERSE, electricity losses are recognized
in the tariffs by means of standard loss co-
efficients, differentiated by voltage level and
applied ex ante to the calculation of the en-
ergy supplied. These coefficients reflect the
expected efficient losses of the system and
are directly integrated into the tariff struc-
ture. The level of losses recognized is re-
viewed periodically within the framework of
regulatory processes, adjusting according to
the evolution of the system and the available
empirical information. This scheme allows
losses to be internalized within the calcula-
tion of regulated costs, avoiding their discre-
tionary transfer to consumers.

In addition to tariff recognition, the Portu-
guese regulatory framework contemplates
economic incentive mechanisms aimed at
reducing losses. In particular, bonus/ma-
lus incentive schemes are applied, through
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which the network operator can benefit eco-
nomically if it achieves loss levels below
the reference values established by the reg-
ulator, or be penalised if its performance is
worse than expected. This approach seeks
to align the operator’s incentives with the
general interest of the system, promoting
active and efficient management of losses,
including non-technical losses.

Grid companies are required to report de-
tailed information on energy supplied, mea-
sured energy, and losses to the regulator and
system operator. These data feed into na-
tional metering and settlement systems, and
are used by the ERSE for purposes of super-
vision, tariff calculation and implementation
of incentive mechanisms. Loss information
is continuously monitored and published in
an aggregated manner, allowing for compar-
ative analysis and regulatory transparency.
Likewise, the ERSE has the power to carry
out technical audits and require additional
information when relevant deviations are de-
tected.

In the case of non-technical losses associ-
ated with fraud or manipulation of metering
equipment, distribution companies have the
power to suspend supply, regularize installa-
tions and rebill unmetered energy in accor-
dance with current regulations. These pro-
cedures are clearly defined and have legal
support. When appropriate, cases may be
referred to judicial bodies. Institutional coor-
dination occurs mainly between the network
companies, the regulator and the competent
authorities in matters of supervision and jus-
tice, within a standardized procedural frame-
work.

Finally, it is recognized that the current
regulatory framework provides adequate
economic signals and sufficient tools to
promote the reduction of electrical losses,
including non-technical losses. The empha-
sis is placed on the correct calibration of
loss coefficients and economic incentives,
as well as on the quality of metering and
reporting systems. In this context, the need



for additional structural changes is not iden-
tified, considering that the current instru-
ments make it possible to effectively align
business management with the objectives
of system efficiency and consumer protec-
tion.

In the Dominican Republic, the level of elec-
tricity losses recognized in the tariff is deter-
mined within the framework of the Technical
Tariff process for regulated users, in accor-
dance with the methodology established by
the Superintendence of Electricity (SIE). The
tariff study is built from a base year, corre-
sponding to the last closed calendar year,
and considers a retrospective analysis of
operating variables, where the energy and
power balance of the base year constitutes
the main input for the estimation of losses.
The methodology contemplates a tariff re-
view and periodic study cycles, in which the
parameters recognized in the tariff are up-
dated.

In addition to tariff recognition, loss manage-
ment is guided by complementary regulato-
ry and control instruments. These include
performance goals and indicators, inte-
grated into operational plans and reduction
commitments with monitoring by the regu-
lator, such as the Integrated Loss Reduction
Plan 2022-2028. Likewise, the SIE exercises
powers of inspection and administrative ac-
tion, being able to request information, carry
out inspections and demand corrective ac-
tions in accordance with the General Elec-
tricity Law No. 125-01 and its Implementing
Regulations. In addition, there is a specific
methodology for the indicators measure-
ment of the National Electricity Pact, within
which the way of calculating the loss indica-
tor is defined.

In terms of transparency and reporting, dis-
tribution companies are required to periodi-
cally report to the SIE operational and com-
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mercial background that allows determining
and monitoring the levels of total losses.
This information is used for regulatory and
supervisory purposes, mainly for corrective
monitoring, validation of the coherence be-
tween actual performance and the assump-
tions recognized in the tariff, and support
for administrative and regulatory process-
es, including tariff evaluations and, when
appropriate, sanctioning actions. The SIE
may also require technical or commercial
verifications or specific audits in the event
of relevant inconsistencies. Loss indicators
and other sectoral background information
are published on an aggregate and periodic
basis by both the SIE and the Ministry of En-
ergy and Mines.

Regarding the role of distributors and en-
forcement authority, the Dominican legal
framework classifies the detection and
prosecution of non-technical losses as a
criminal action of a public nature, qualifying
them as Electricity Fraud or Attempted Elec-
tricity Fraud, in accordance with the General
Electricity Law No. 125-01 and the Code of
Criminal Procedure. The competent authori-
ties for the lifting of the Electricity Fraud Act
are the Deputy Attorney General’s Office for
the Electricity System (PGASE) and the SIE,
acting joiNTLs y at the request of the distri-
bution companies or the interested party. In
2024, the SIE approved a Regulation on the
verification of supplies and connections,
which delimits the competences of the in-
tervening authorities, assigning the PGASE
the main role of criminal prosecution and
the SIE the technical support of the process.
In this context, distribution companies have
the obligation to cooperate with the informa-
tion requests formulated by the PGASE with-
in the framework of judicial investigations.

Thus, strengthening the reduction of
non-technical losses in the Dominican Re-
public requires simultaneous progress in
strengthening the mechanism for calculat-
ing and monitoring losses (with emphasis
on the disaggregation between technical
and non-technical losses, the homogeniza-



tion of criteria between companies and the
generation of verifiable and comparable
estimates over time). as well as in the im-
provement of the quality, consistency and
traceability of metering, billing and collec-
tion data, incorporating cross-validations
and selective audits based on the energy
balance as a methodological pillar. Added
to this is the need to provide the regulato-
ry framework with clearer signals, through
the incorporation of incentives and, eventu-
ally, effective sanctioning mechanisms that
align business management with loss re-
duction objectives, overcoming an approach
focused mainly on programmatic commit-
ments and administrative monitoring. It
also highlights the importance of deepening
inter-institutional cooperation, in particular
between the Superintendence of Electricity
(SIE), the Deputy Attorney General's Office
for the Electricity System (PGASE) and the
distribution companies, through clear pro-
tocols for the exchange of information that
facilitate the detection, investigation and
prosecution of electricity fraud, considering
that the Dominican experience shows that,
in the absence of economic and coercive
signals SufficieNTLs y structured, the man-
agement of non-technical losses tends to
rely to a large extent on the institutional will
and management capacities of the actors,
which limits the sustainability of the prog-
ress achieved.
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Uruguay has an electricity system where dis-
tribution and retail is strongly concentrated
in UTE (public company), while the opera-
tion of the wholesale market is articulated
through the sectoral institutionality defined
by the electricity reform (including the Elec-
tricity Market Administration, ADME) and the
regulatory supervision of URSEA in matters
within its competence.
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The law that structures the URSEA specifies
as a regulatory objective the “application of
tariffs that take into account the evolution of
costs and other technical criteria” (without
prejudice to the tariff policy guidelines of the
Executive Branch). For purposes of control
and technical consistency, the framework
also contemplates the use of technical
standards and procedures associated with
metering and billing, which are particularly
relevant to non-technical loss management
(e.g., metering rules, meter control, and re-
connection). In practice, the recognition of
tariff costs (including components associ-
ated with energy purchase/supply, operation
and management of the network and cus-
tomers) is reviewed in the tariff adjustment
processes defined by the authority. Likewise,
URSEA's control architecture includes pow-
ers to request information from operators to
fulfill their duties and sanction non-compli-
ance with information requirements or hin-
dering their control work.

Beyond tariff treatment, the institutional
framework enables administrative sanc-
tions for non-compliance associated with
the provision of the service, safety/quality,
and, crucially for NTLS , contraventions of
standards and technical procedures for me-
tering and billing, control and use of meters
and reconnection. In addition, the experi-
ence in regularization/inclusion implement-
ed by UTE stands out, such as voluntary reg-
ularization programs (without penalty if the
client maintains regularity for a period) and
payment facilities (for example, financing in
installments).

In the fight against NTLS s, typical instru-
ments include inspection of facilities, regu-
larization of supplies, actions on metering/
billing and, where appropriate, suspension/
reconnection procedures in accordance with
technical regulations and user protections.
The URSEA law expressly recognizes the
scope of metering, billing and reconnection
as a regulable/controllable matter, which
constitutes the regulatory support for prac-
tices consisting of control of NTLS s.



To make progress in reducing NTLS s, the
Uruguayan case suggests strengthening (i)
the systematic use of metering/telemetry
and analytical tools for early detection, (ii)
regularization mechanisms with a social and
territorial focus (avoiding falling only into
sanctions), and (iii) minimum public trace-
ability of indicators that allows comparative
monitoring (without compromising sensitive
data), relying on the powers of information
requirement and technical control already
contemplated in the framework institutional.

As a synthesis of this international review,
Table 3 presents the summary of the regula-
tory context related to NTLS s in each of the
countries under study.
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CLASSIFICATION OF NON-TECHNICAL LOSS

MANAGEMENT MEASURES

The information collection showed that dis-
tributors have a heterogeneous arsenal of
tools to address unregistered consumption,
which vary significaNTLs y in terms of cost,
technological complexity and approach.
However, these tools do not operate in isola-
tion; In practice, their effectiveness depends
on how they are articulated within an inte-
grated strategy.

In order to systematize the comparative ex-
perience and facilitate the reader’s naviga-
tion, the study has developed a taxonomy
that organizes these measures into three pil-
lars of intervention. This classification is not
arbitrary, but responds to the sequential log-
ic necessary to manage a loss: first visibility
is required, then control capacity and, finally,
sustainability mechanisms.

Fig. 2 contextually illustrates this frame-
work of analysis, where each pillar groups
together measures that share a common
operational objective and a distinctive func-
tional nature:

+ Pillar 1: Intelligence and Detection (Visi-
bility). It groups those measures whose
main attribute is the processing of infor-
mation to identify and locate anomalies.
Its function is not to stop fraud per se,
but to efficieNTLs y direct operational re-
sources to where it occurs. This includes
everything from energy balances to ad-
vanced data analytics.
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Pillar 2: Control and Disincentive (Con-
tainment). It brings together physical
and coercive measures to discourage
network disruptions. Their distinctive
characteristic is that they seek to in-
crease the cost and difficulty of commit-
ting fraud, either through technological
barriers (hardening, smart metering) or
through on-site inspection (inspections
and management of the human factor).

Pillar 3: Regularization and Sustainabil-
ity (Integration). It includes initiatives
aimed at transforming the irregular user
into a formal customer. Unlike the previ-
ous ones, these measures address the
economic and social barriers to access,
seeking commercial and community
solutions that make payment for the ser-
vice over time viable.



The following chapters break down each of tion requirements and the evidence of their
these pillars, analyzing in detail the specific application in the companies consulted.
tools that compose them, their implementa-

Andlise e
segmentacao Instrumentos
das perdas a habilitadores
nivel de rede L
Regularizacao

e inclusao

. _

Fig. 2. Taxonomy of NTLS man-
agement measures according to
their pillars of intervention: detec-
tion, control and social inclusion.
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PILLAR 1: DETECTION AND

IDENTIFICATION OF LOSSES

Non-technical losses are characterized by
their heterogeneity, spatial variability and
dynamics over time. Unlike technical losses,
they are not evenly distributed across the
network or respond to stable load patterns.
In this context, loss detection and identifica-
tion is the first link in any business strategy
for reducing non-technical losses. Without
precise information on where, how and to
what extent the losses occur, subsequent
inspection, sanction, investment or regular-
ization actions tend to be inefficient. Thus,
the objective is to reduce uncertainty about
the origin and magnitude of losses, allowing
resources to be focused where the impact is
greatest.

Screening strategies have evolved signifi-
caNTLs y over the past few decades. Tradi-
tionally, they relied on random inspections
and complaints, with high operating costs
and limited levels of effectiveness. Progres-
sively, these approaches have been com-
plemented by analytical and technological
tools that allow us to move from reactive
detection to predictive and focused detec-
tion. This evolution has made it possible to
concentrate inspection efforts in areas with
a greater probability of non-technical losses,
reducing the need for massive operations
and increasing the effectiveness of field in-
terventions.

FEEDERLEVEL ENERGY BALANCE ANALYSIS

: }))
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In operational terms, detection and iden-
tification measures can be understood as
a process of progressive narrowing of the
search area, which advances from aggre-
gate levels of the system to increasingly
specific levels. This process usually starts
at the substation and feeders, continues at
the level of transformers and low-voltage
circuits, and culminates in the identifica-

Energy balances are one of the central tools
for detecting and locating non-technical
losses. Applied to different levels of the net-
work, they allow progress from aggregate
analyses to increasingly limited territorial
areas. In this framework, the balances at
the feeder level and at the distribution trans-
former level represent two successive steps
within the same segmentation logic, differ-
ing mainly by the spatial resolution and the
degree of focusing they enable.

6.1.1. Feeder-level balances

The energy balances in substations and
feeders are supported by metering and te-
lemetry systems installed at the outlet of the
substations, typically at the head of the me-
dium voltage feeders. These devices mea-
sure electrical variables such as current,
voltage and energy, allowing the quantifica-
tion of the flows entering each circuit and
comparing them with the energy recorded
downstream, usually from aggregated bill-
ing information, without yet identifying in-
dividual users or connections. This frontier
measurement constitutes the starting point
for the analysis of non-technical losses with-
in a logic of progressive segmentation of the
network, since it provides a first estimate of
the level of losses and allows an initial de-
limitation of the area of analysis. In prac-
tice, this first segmentation plays a key role
in guiding subsequent analyses, by making
it possible to identify which feeders justify
descending to higher resolution levels, such
as carrying out energy balances at the trans-
former level, as well as focusing inspection
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tion of specific customers or connections,
supported by metering information, ener-
gy balances and, in more advanced stages,
end-user telemetry. This logic of gradually
increasing resolution makes it possible to
systematically reduce the inspection radi-
us, improve the efficiency of field actions
and lay the foundations for subsequent
more precise and effective interventions.

campaigns on broad sectors of the network,
optimizing the use of technical and invest-
ment resources.

Although the general concept of energy
balance at the feeder level is relatively ho-
mogeneous, the interviews show some rele-
vant nuances in its practical implementation
among distributors. In its most traditional
form, companies such as SECHEEP or Elec-
tro Dunas rely on physical metering at the
head of the feeders, using these circuits
as aggregate units of analysis to obtain a
first signal about the level of losses. Other
distributors, such as CVC Energia or Cen-
trosur, have made progress by incorporat-
ing greater analytical depth, either through
additional metering at intermediate points
in the network or through an explicit differ-
entiation between macro balances, asso-
ciated with the primary feeder, and micro
balances, which descend to more localized
levels of the network. In this context, a rele-
vant nuance is the decision to increase the
resolution of the balance by descending to
the level of the distribution transformer, as
a response to the inherent limitations of the
feeder to delimit areas with high internal het-
erogeneity, which naturally gives way to the
next layer of analysis.

6.1.2. Distribution transformer-level
balances

Energy balances in distribution transformers
constitute a next level of resolution within
the process of segmentation of non-tech-
nical losses, by comparing the energy deliv-



ered by a transformer with the sum of the
energy billed to the customers connected to
it. This allows the analysis to be limited to
a smaller territorial scope than that enabled
by the balance at the feeder level, although it
implies greater requirements for investment,
installation and maintenance of metering
equipment. In practice, while transform-
er-level balancing does not yet identify the
individual customer with non-technical loss-
es, it significaNTLs y reduces the universe
of analysis and enables more precise oper-
ational actions, such as prioritizing crews in
specific sectors, triggering focused inspec-
tions, targeting advanced analytics on a lim-
ited set of customers, and planning techni-
cal or commercial interventions around a
network asset common.

At the distribution transformer level, the
nuances between distributors are more
pronounced, both in technological and op-
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erational terms. Companies such as EPM,
Electro Dunas and DELSUR have opted for
the traditional approach consisting of the
installation of fixed totalizing meters with
telemetry to build systematic balances and
feed prioritization and intelligence schemes
in fraud; others have developed specific
uses of data. EPEC, on the other hand, uses
telemetering in transformer substations
mainly as technical and evidentiary support
to demonstrate the existence of real losses
and enable the collection of unbilled ener-
gy. While this level of metering delivers sig-
nificaNTLs y higher resolution and allows
for more precise targeting of operational
resources, it also involves intensive deploy-
ment of devices distributed in the field, which
not only leads to higher investment and op-
erating costs, but also increased exposure
to vandalism, including theft of equipment,
conductors, and intentional damage to de-
vices installed on public roads. Faced with



these limitations, some distributors have
explored intermediate schemes, such as
CENS, which uses portable metering equip-
ment installed temporarily to build balances
by sector and then rotate the metering to
other points in the network, reducing perma-
nent investment and exposure to vandalism.
In this same context, UTE has developed vir-
tual microbalances based on electrical mod-
els, voltage profiles and impedances, which
allow estimating losses and guiding inspec-
tions without requiring the massive installa-
tion of equipment on the street.

An emerging challenge beginning to affect
the reliability of transformer-level balances
is the expansion of small-scale self-gener-
ation and other forms of distributed gener-
ation. When a customer injects energy into
the grid, conventional macro meters — de-
signed to record unidirectional flow — distort
the transformer’s balance, generating false
or late signals about non-technical losses
and making it difficult to correctly prioritize
interventions. This phenomenon imposes
unforeseen costs on distributors: the early
replacement of equipment that has not yet
reached its useful life and additional inspec-
tion visits that are not recognized or remu-
nerated by the regulator.
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Colombia clearly illustrates this tension.
Since the enabling of small-scale self-gener-
ation through Resolution CREG 030 of 2018,
the sustained growth of these schemes has
begun to erode the quality of energy balanc-
es in those transformers where the existing
macro-metering is not bidirectional or hour-
ly. The distributor EDEQ has identified this
problem as a source of operational and in-
formation inefficiencies, pointing out the
need for the regulatory framework to explic-
itly recognize the costs associated with the
adaptation of metering infrastructure in the
face of the growing penetration of distribut-
ed generation.

6.1.3. Monitoring and sensor deployment
of the low-voltage network

Monitoring with low-voltage sensors is the
last level of network observation before mov-
ing on to individualized customer analysis.
This measure consists of the incorporation
of metering or sensor monitoring devices in-
stalled downstream of the distribution trans-
former, with the aim of observing the elec-
trical behaviour of the low-voltage circuits
and re-limiting non-technical losses in an
even smaller area. Through this instrumen-




tation, it is possible to identify overloads,
phase imbalances, anomalous currents or
events associated with physical interven-
tions in specific sectors of the low-voltage
network, enabling an even more precise tar-
geting of subsequent actions compared to
the measures applied upstream. The infor-
mation generated makes it possible to prior-
itize branches for inspection, activate early
warnings of manipulations in the network
and reduce the universe of customers to be
analyzed through more advanced analytical
tools.

The interviews show that monitoring with
low-voltage sensors responds to the same
need to progressively limit the problem,
although through different mechanisms.
Some distributors use sensor monitoring to
spatially delimit the network, physically sub-
dividing the area supplied by a transformer.
ESSA installs measuring devices in low-volt-
age branches to observe currents and loads
by section, allowing to identify in which arms
of the circuit imbalances or losses are con-
centrated and reduce the universe of cus-
tomers to be inspected. Other distributors
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use sensor monitoring as an operational lim-
itation tool, aimed at identifying anomalous
events or behaviors that justify an interven-
tion. In this regard, Enel Colombia incorpo-
rates sensors and telemetry equipment with
current and voltage signal analysis to detect
alterations associated with illegal bridges
or bypasses, while SECHEEP, EDP and Enel
Brasil prioritize more continuous monitoring
schemes, capturing information with hourly
resolution or through alarms on electrical
flows and operational events. In all cases,
low-voltage sensor monitoring seeks to nar-
row the scope of analysis before descend-
ing to the level of the individual customer.

Monitoring with
low-voltage sensors
constitutes the final
level of network
observation



While the measures analysed in the previous
section seek to progressively limit the scope
of analysis at the network level, the tools
presented below are aimed at identifying
the specific origin of non-technical losses at
the level of the individual customer. At this
stage, the focus shifts from the observation
of assets and circuits to the reduction of un-
certainty about specific supplies, relying on
a diverse repertoire of measures that use
different types of information and degrees
of intervention. These tools do not consti-
tute a single or exclusive sequence, but are
combined by distributors according to their
operational, technological and regulatory
context, with the aim of prioritizing, verifying
and confirming individual cases of non-tech-
nical losses.

6.2.1. Aggregation and analysis of
consumption profiles

The aggregation and analysis of low-voltage
consumption profiles is an analytical mea-
sure aimed at identifying non-technical loss-
es by comparing a customer’s consumption
behavior with reference patterns construct-
ed from similar groups. The underlying log-
ic is that customers with comparable char-
acteristics, such as location, type of tariff,
socioeconomic stratum or line of activity,
should exhibit consumption curves that are
consistent with each other. Based on more
granular historical billing or metering infor-
mation when available, utilities construct
typical consumption profiles and detect sig-
nificant deviations, such as steep drops, per-
sisteNTLs y low consumption, flat profiles,
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or behaviors inconsistent with the reference
group. This measure does not confirm the
existence of fraud on its own, but it makes
it possible to identify supplies with a higher
probability of non-technical losses and prior-
itize them for subsequent analysis, reducing
the universe of customers to be reviewed
and improving the efficiency of control ac-
tions.

As they are analytical tools based on the
use of consumption data, the aggregation
and analysis of low-voltage profiles admit
different degrees of depth depending on the
strategic priorities and available resourc-
es of each distributor, which are mainly ex-
pressed in the level of analytical sophistica-
tion applied, the granularity of the available
information and the set of variables used to
build the reference profiles. Some compa-
nies structure this analysis based on histor-
ical comparisons and segmentations based
on the observed behavior of the customer
or on groups limited as a reference; this ap-
proach includes experiences such as those
of EDEA and Electro Dunas, which prioritize
the identification of relevant consumption
breaks or significant percentage variations
with respect to the historical one, as well
as cases such as EEQ, which organizes pro-
files based on socioeconomic stratification
and the analysis of aggregate consumption
by stratum using billing histories of the last
twelve months. Other distributors are mov-
ing towards statistical grouping schemes,
where reference profiles are built by identify-
ing groups of customers with similar behav-
iors; Centrosur and EPEC, for example, use
clustering techniques and statistical metrics
to define typical consumption curves and
detect deviations outside expected ranges,
facilitating their direct incorporation into
operational prioritization processes. Finally,
some companies integrate the analysis of
consumption profiles within broader data
analysis platforms, incorporating addition-
al variables such as inspection history, re-
currence, payment behavior or commercial
events, along with data mining tools to refine
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the identification of atypical consumptions;
in this group are experiences such as those
of Enel Brasil, SAESA and EEGSA.

6.2.2 Advanced analytics for the
identification and prioritization of non-
technical losses

Advanced analytics comprises a set of tools
and approaches aimed at supporting opera-
tional decision-making in non-technical loss
management, by systematically estimating
the risk associated with each individual sup-
ply. Its central objective is to maximize the
effectiveness of field inspections, optimizing
the allocation of control and inspection re-
sources based on the prioritization of those
cases where the probability and potential
impact of a non-technical loss are greater.
To this end, these systems integrate multiple
sources of information and translate them
into risk indicators or relative scores, which
allow us to progressively abandon random
or sweep inspection schemes and focus on
interventions where there is a greater proba-
bility of finding and recovering energy.

Unlike aggregation and analysis of con-
sumption profiles, which is mainly based
on contrasting a customer’'s behavior with
reference patterns to identify relevant devia-
tions, advanced analytics combines signals
of various nature, historical, technical, com-
mercial and operational, to build a more inte-
grated assessment of risk at the individual
level. While the profiles allow the detection
of atypical consumption within a compara-
ble group, advanced analytics seeks to pri-
oritize the cases by simultaneously consid-
ering the probability of occurrence of the
loss, its expected magnitude, and the poten-
tial effectiveness of the intervention. In this
process, consumption profiles can be one
of the inputs of the analysis, although ad-
vanced analytics can operate both by relying
on them and by integrating other sources of
information independeNTLsy.



In practice, advanced analytics is not a one-
off measure or a specific technology, but a
decision architecture that can take a wide
variety of configurations. These differences
are manifested in the level of analytical so-
phistication applied, the temporal granulari-
ty of the available data, the type and humber
of variables incorporated and the degree of

integration of the models with the operation-
al processes of inspection and control. More
than a single solution, advanced analytics
brings together a set of analytical approach-
es and designs that can be analyzed along
different dimensions, which are presented
below.

6.2.2.1. Operating logic

Advanced analytics in non-technical loss
management is based on assigning each
individual supply a risk estimate, usually ex-
pressed in the form of a score, which reflects
both the probability of non-technical losses
andtheir expected magnitude. Thisapproach
allows operational recovery decisions to be
directed towards those cases that combine
a higher probability of fraud with a greater
volume of potentially recoverable energy.
This score is built from the joint processing
of multiple signals associated with individu-
al consumption, which can include historical
consumption information, technical events,
commercial history and results of previous
inspections. In general terms, the experienc-
es reported by the distributors show that the
implementation of advanced analytics mea-
sures is structured as a cycle composed of
four stages: the ingestion and consolida-
tion of relevant information, the analytical
processing of this data, the assignment of
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a risk indicator that allows prioritizing sup-
plies, and the feedback of the system based
on the results obtained in the field.

In the first stage, advanced analytics is sup-
ported by the collection and integration of
information necessary to build an informa-
tive profile of the individual supply, which
constitutes the foundation on which the sub-
sequent stages of the model are developed.
In this phase, distributors seek to consoli-
date data that was historically distributed in
different systems, combining consumption
information, technical events from meters
or telemetry systems, commercial and cus-
tomer behavior background and, in some
cases, unstructured information generated
in the field, such as reader observations or
visual records. The interviews show that,
rather than moving indefinitely towards the
incorporation of a greater number of vari-
ables, the most effective efforts are focused
on improving the quality, consistency and
correct classification of the available infor-



mation. In this regard, the digitalization of
business and technical processes appears
as a key enabler, as large volumes of incom-
plete, misclassified, or inconsistent data not
only degrade model performance, but can
also limit the use of more complex analytical
approaches.

On this basis, the processing stage takes
the information consolidated in the previ-
ous phase and transforms it into analytical
signals that allow estimating the risk asso-
ciated with each supply. In this instance, the
data cease to be descriptive and begin to be
interpreted through different analytical ap-
proaches, whose degree of complexity var-
ies according to organizational maturity, the
quality of the information available and the
operational objectives pursued. At the initial
levels, processing is supported by heuristic
rules or descriptive logics, where certain
combinations of variables trigger predefined
alerts, such as abrupt drops in consumption
or atypical behaviors with respect to the his-
torical one. As analytical capacity increas-
es, these fixed rules give way to statistical
schemes that group comparable supplies
and detect significant deviations from stan-
dard curves or reference groups. In the most
advanced approaches, processing is based
on predictive models trained on inspection
histories, which learn patterns associated
with confirmed cases of non-technical loss-
es and estimate probabilities of occurrence
from multiple combined signals. Beyond
the specific technique used, the experienc-
es collected show that the central purpose
of this stage is to convert complex and het-
erogeneous information into a synthetic and
comparable signal between supplies, capa-
ble of feeding the operational prioritization
mechanisms. Likewise, the interviews high-
light that the adoption of more sophisticat-
ed approaches is not an initial requirement,
and that many organizations start with sim-
ple models, progressively evolving as they
strengthen data quality, consolidate reliable
historical bases, and develop internal capa-
bilities to interpret and use the results of an-
alytical processing.
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The production of scoring constitutes the
main result of analytical processing in the
management of non-technical losses and is
materialized in the assignment of a score or
relative probability to each individual supply.
This output does not express a binary cer-
tainty of fraud, but a probabilistic estimate
that allows cases to be classified and or-
dered according to differentrisk criteria. Inits
most basic formulation, the score expresses
the probability that a supply will present a
non-technical loss; while in other schemes
the score also incorporates an estimate of
the potential impact in terms of recoverable
energy, integrating technical and economic
considerations into a single metric to guide
the prioritization of interventions. In this
way, analytics is not limited to pointing out
anomalous behaviors, but transforms the
processed information into an explicit crite-
rion for operational decision-making, which
serves as the basis for selecting, ordering,
and focusing control actions in the field.

Finally, the process is completed through
feedback mechanisms, in which the results
of on-site inspections are reincorporated
into the system as validated information,
allowing the predictions of the model to be
contrasted with the operational reality. This
feedback enables the progressive adjust-
ment of rules, weights, or analytical models,
either by correcting false positives, refining
the score assigned to certain profiles, or
recalibrating algorithms with new labeled
data. Reported experiences show that this
learning can operate at different levels,
from simple adjustments to avoid unneces-
sary re-inspections to continuous retraining
schemes based on large volumes of histor-
ical inspections. Without this cycle, models
tend to quickly become obsolete in the face
of changes in consumption patterns and
fraud patterns.

6.2.2.2. Data and variables used
Advanced analytics for the detection of

non-technical losses is based on the con-
struction of multidimensional models that



transcend the exclusive analysis of ener-
gy consumption and combine variables of
different nature. The experiences collected
show that distributors integrate, in differ-
ent combinations, historical consumption
information, metering technical data and
operation of the network, commercial and
customer behavior background, as well as
external variables and unstructured data.

At the base of these models are the con-
sumption pattern variables, aimed at identi-
fying anomalies with respect to the history
of the supply itself or of comparable groups.
Among the most used are indicators derived
from the consumption curve, such as abrupt
falls or relevant breakdowns, persisteNTLs
y flat consumption, zero consumption read-
ings in active supplies and significant devi-
ations from the average of customers with
similar characteristics, defined by location,
tariff or socioeconomic status. These vari-
ables are not the result of the analysis, but
analytical inputs that feed the risk models,
and represent the starting point of most ad-
vanced analytics schemes, even in contexts
with low technological availability.

For distributors that have smart metering
or telemetry systems, technical and event
variables become relevant, which allow the
incorporation of physical signals of the sup-
ply status. These include meter alarms as-
sociated with openings, cuts, or tampering,
sequences of electrical events, and param-
eters such as voltage and current measured
at high frequency. The use of this type of
information enables earlier and more accu-
rate detection of physical interventions, and
in some cases allows the analysis not only
of isolated events, but also temporal or se-
quential patterns associated with specific
types of fraud.

Another key set corresponds to commercial
and behavioral variables, which seek to cap-
ture the relationship between the propensity
forirregularities and the customer’s adminis-
trative conduct. These include the history of
debt and arrears, repeated inspections with
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findings, frequent changes in ownership of
the supply and the classification of the cus-
tomer according to their use or economic
activity. The interviews underscore that in-
consistencies in this information, such as
commercial supplies recorded as residen-
tial, ill-defined business types, or incomplete
administrative histories, can significaNTLs
y degrade the performance of the models,
by introducing noise and biases that make
it difficult to correctly interpret consumption
patterns.

In more advanced schemes, distributors
also incorporate exogenous variables and
unstructured data, expanding the scope of
the analysis. This includes climate and sea-
sonal information, geospatial data linked
to the supply environment, textual observa-
tions recorded by field personnel, and even
automated image processing of meters or
facilities. These sources allow you to enrich
the context of the analysis and capture sig-
nals that are not directly reflected in the con-
sumption records.

6.2.2.3. Levels of analytical sophistication
and modeling approaches

The experience in analytical processing in
the detection of non-technical losses shows
a range of approaches ranging from simple
rules to advanced machine learning models,
and the choice of which depends largely on
the quality of the available data, the internal
capabilities of the organization and the ob-
jectives of each distributor.

At a first level, processing is supported
by business rules and heuristic approach-
es, where case detection is based on pre-
defined triggers derived from operational
experience. In these schemes, the analysis
consists of applying simple thresholds on
consumption variables, such as abrupt
drops, zero consumption, or unusual varia-
tions with respect to recent history. This type
of approach has been used by distributors
such as EDEA, EDESA or Electro Dunas, and
allows inspections to be ordered without re-



quiring complex models or large volumes of
data, being frequent as a starting point in an-
alytics adoption processes.

A second level corresponds to statistical and
clustering approaches, where processing is
no longer based on fixed rules and begins to
compare the behavior of each supply with
that of reference groups defined by criteria
such as location, stratum or type of custom-
er. Through techniques such as clustering or
deviation analysis, supplies that deviate sig-
nificaNTLs y from the expected behavior of
their peers are identified. Experiences such
as those of Centrosur and EPEC show that
this approach can be especially useful when
data quality does not allow more advanced
predictive models to be trained, offering an
operationally robust solution to detect rele-
vant anomalies.

At a more advanced level, the processing
incorporates predictive models based on
machine learning, which use inspection
histories with known results to estimate
the probability of non-technical loss at the
individual level. This includes evolutionary
algorithms, hybrid models, and data mining
techniques that allow the identification of
more complex patterns that are not evident
through descriptive analysis. Cases such as
those of Grupo EPM, EEGSA or Enel Colom-
bia illustrate how these models can improve
the effectiveness of inspections, although
they also require greater internal capabilities
for their design, operation and continuous
adjustment.

Finally, some distributors have moved to-
wards deep analytics schemes, incorporat-
ing neural networks and the processing of
more complex data, such as sequences of
events, text or images. Experiences such
as those of UTE, Enel Brasil or SAESA show
that these approaches make it possible to
address more sophisticated fraud modal-
ities, but also that improving performance
does not always involve larger or more com-
plex models. In several cases, the lessons
learned have led to simplifying architec-
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tures, reducing variables and concentrating
on those signals that provide greater opera-
tional value.

6.2.2.4. Operational Integration and Field
Performance

The effectiveness of advanced analytics
does not depend only on the quality of the
models or the variables used, but also on
their proper integration with the operational
processes of inspection and control. Inter-
views agree that without a seamless con-
nection between analytical analysis and field
execution, even the best scoring schemes
lose value and tend to degrade into marginal
results.

A critical first element is the end-to-end dig-
italization of the process. Several distribu-
tors report that the elimination of manual
supports and the complete traceability of
inspection orders are necessary conditions
for analytics to generate sustained impact.
The work order must be derived directly
from the scoring, arrive at the field techni-
cian’'s device with relevant contextual infor-
mation, and return to the central system with
the result of the inspection in a structured
and timely manner. This traceability not only
improves operational efficiency, but enables
feedback on the model and validation of its
performance.

Second, advanced analytics changes the
way inspections are prioritized and orga-
nized. Instead of sweeping or random selec-
tion schemes, utilities use scoring to build
prioritized target lists and, in many cas-
es, group them geographically to optimize
routes and travel times. This integration with
logistics tools allows for increased crew pro-
ductivity, reduced downtime and maximizing
the number of cases reviewed per day, while
keeping the focus on those supplies with the
highest expected recovery value.

Likewise, the interviews highlight the value
of analytics as an operational pre-diagno-
sis tool. In the most integrated schemes,



the analytical information not only indicates
which supply to inspect, but also provides
guidance on what type of irregularity is most
likely to be found, allowing the crew to pre-
pare for the intervention and reduce uncer-
tainty in the field. This approach increases
the success rate, shortens inspection times
and strengthens the technical and evidentia-
ry soundness of the findings.

6.2.2.5. Limits, challenges and learnings
from advanced analytics

The interviews conducted allow us to extract
a consistent set of learnings about the use
of advanced analytics in the management
of non-technical losses, a tool that is rapid-
ly expanding among distributors, but whose
effectiveness depends strongly on how it
is implemented. Beyond the technological
differences between companies, cross-cut-
ting lessons emerge related to data quality,
the level of complexity of the models, their
integration with the field operation and the
strategic decisions around the development
and maintenance of these capabilities. Tak-
en together, these learnings show that ad-
vanced analytics is a progressive process
that requires organizational, technical, and
operational adjustments.

One of the most repeated warnings by dis-
tributors is the critical importance of data
quality as an enabling condition for ad-
vanced analytics. The interviews indicate
that the availability of complete, consistent
and correctly documented histories of con-
sumption, inspections and supply character-
istics is decisive to obtain useful results. In
several cases, initial attempts to implement
analytical tools did not achieve the expect-
ed performance precisely because of de-
ficiencies in the database, such as incom-
plete records, misclassifications, or lack of
traceability of field results. In this context,
experiences agree that greater algorithmic
sophistication is not able to compensate
for deficient data, and that the effective de-
ployment of advanced analytics requires, as
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a preliminary step, a systematization and
strengthening of the processes of capture,
validation and management of information.

A second relevant lesson shared by distrib-
utors is that increasing the complexity of
the model or the number of variables con-
sidered does not guarantee better results.
On the contrary, several experiences report a
process of progressive simplification, aimed
at identifying and retaining only those vari-
ables that provide real predictive power. This
debugging of excessively complex models
has made it possible to reduce noise, im-
prove the stability of the results and facilitate
their operational interpretation. In this same
sense, the selection and delimitation of vari-
ables not only responds to technical detec-
tion criteria, but also to an explicit economic
logic: the most effective models allow esti-
mating the expected value of the interven-
tion and prioritizing those cases where the
potential recovery of energy justifies the op-
erational effort. This can mean a reduction
in the total number of detections, accompa-
nied by an increase in the energy recovered
per inspection, which improves the overall
cost effectiveness of loss control.

A third key learning relates to the effec-
tive integration of advanced analytics with
field operation. Interviews show that even
well-calibrated models quickly lose effec-
tiveness if they are not fully integrated with
the inspection and control processes that
allow field results to be captured, system-
atized and reincorporated for continuous
retraining and adjustment of the models.
This operational feedback is essential to re-
calibrate risk scores, reduce the incidence
of false positives, and avoid redundant in-
spections. In this context, end-to-end digita-
lization, from the generation of the analysis
to the structured recording of the result of
the on-site inspection, appears as a critical
condition to close the analytical cycle, both
to ensure the traceability and quality of the
information collected and to guarantee its
timely availability for the analytical models.



As a fourth lesson derived from the compar-
ative analysis, it is concluded that, although
the advanced metering infrastructure (AMI)
significaNTLs y enhances the detection of
irregularities through the analysis of quar-
ter-hourly load curves and manipulation
alarms in real time, it is not a strict enabling
condition to initiate the use of advanced an-
alytics. The evidence collected shows that
it is possible to deploy effective predictive
and deterministic models using exclusively
monthly or bimonthly billing data, based on
the analysis of historical deviations in con-
sumption, abrupt slopes in demand and their
cross-referencing with commercial variables
such as delinquency, changes of ownership
or inspection history, provided that there is
consistency, traceability and systematic
feedback of the information. In this frame-
work, the AMI should be understood as an
accelerator and sophisticator of analysis,
which enables additional layers of detection
and validation, but not as a barrier to entry,
which is especially relevant for distributors
that do not yet have massive deployments
of smart metering and that can initiate ad-
vanced analytics processes incrementally
by leveraging their traditional metering sys-
tems.
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Finally, the experiences gathered show dif-
ferent approaches to the development of
analytical capacities. Some utilities have
opted for external solutions or commercial
platforms, valuing their rapid implementa-
tion, immediate access to mature tools, and
reduced initial development efforts. Howev-
er, this approach often implies a lower level
of transparency about the inner workings of
the models, as well as limitations in adjust-
ing the analytical logic to local specificities
and the evolution of fraud patterns. Other
companies have privileged the internal de-
velopment of their analytical capabilities,
with the aim of retaining knowledge, under-
standing the models in depth and continu-
ously adapting them to their operational re-
ality. This path offers greater flexibility and
control, but requires sustained investment in
specialized human resources, technical ca-
pabilities, and knowledge management. In
practice, hybrid schemes that combine ex-
ternal solutions with in-house developments
are also observed. Beyond the strategy cho-
sen, the interviews agree that advanced an-
alytics is not an immediate or standardized
solution, but an incremental process that re-
quires sustained investment in data, people
and processes to generate lasting results.



6.2.3. Smart Metering and Telemetry
6.2.3.1. Benefits of Smart Metering

Advanced metering infrastructure (AMI) has
established itself as a central pillar of the en-
ergy transition and the electricity distribution
modernization (ADELAT, 2026), to the extent
that its deployment enables an integrated
digitalization of the distributor’s operation.
For the distribution company, AMI allows
automating and optimizing commercial and
technical processes, reducing dependence
on field work, reducing operating costs as-
sociated with reading, inspections and com-
mercial maneuvers, improving the accuracy
and timeliness of billing, and strengthening
the technical control of the network through
greater visibility of consumption behavior
and electrical variables. For the end cus-
tomer, smart metering translates into great-
er transparency about their consumption,
reduction of complaints associated with
reading errors, potential access to new tar-
iff schemes and payment methods, and the
progressive enabling of functionalities asso-
ciated with the energy transition, such as the
integration of distributed generation, elec-
tromobility and future demand management
and flexibility programs.

Within this broad set of benefits, several
smart meter functionalities have been spe-
cifically used as tools for non-technical loss
management. In the first place, and probably
the most widespread and traditional applica-
tion, are the functionalities associated with
telemetering and energy recording, which al-
low increasing the frequency of reading, hav-
ing load curves and demand records, and ob-
serving with greater granularity the behavior
of each customer’'s consumption, facilitat-
ing the early identification of deviations from
historical or expected patterns. an aspect
that is addressed in this section with a focus
on consumer microanalysis. Second, smart
meters incorporate tampering detection ca-
pabilities, by recording anomalous events
such as cap openings, voltage losses, phase
reversals or supply disturbances, which are a
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key input for fraud control and are discussed
in greater detail in Section 7.2.1. Third, the
remote cut-off and reconnection capability
enables coercive and deterrent mechanisms
against repeated non-compliance, reduc-
ing action times and operating costs, func-
tionality that is discussed in greater depth
in Section 7.3.1. Finally, the resilience and
preservation of data through mass memory
allows energy and event information to be
stored during interruptions, communication
failures or deliberate outages, ensuring the
traceability of consumption even in contexts
of intentional manipulation.

6.2.3.2. Barriers, costs and deployment
strategies

Although the functionalities enabled by AMI
offer relevant benefits for the operation of
distributors, their deployment in Latin Amer-
ica has been conditioned by a persistent set
of economic and regulatory barriers (ADE-
LAT, 2026). On the one hand, the unit cost
of AMI systems is substantially higher than
that of conventional meters, not only be-
cause of the hardware, but also because of
the need to incorporate communications,
data management platforms, software Ii-
censes and cybersecurity capabilities. On
the other hand, these costs are not always
explicitly recognized by current regulatory
frameworks, which in many countries contin-
ue to be designed under a logic of traditional
physical assets and present difficulties in in-
corporating investments of a digital nature.

In this context, and with the aim of reducing
non-technical losses, distribution compa-
nies have opted for pragmatic implementa-
tion strategies that seek to maximize the op-
erational impact at the lowest possible cost.
A recurrent practice has been to reduce the
functional scope of installed systems, priv-
ileging basic telemetry schemes over com-
plete AMI architectures. Thus, instead of
deploying meters with all the capabilities
associated with the second generation of
AMI, many companies prioritize minimum
functionalities aimed at remote reading,



consumption monitoring and the construc-
tion of energy balances, postponing more
complex attributes that increase costs and
require greater regulatory definitions.

In addition to the functional reduction of in-
stalled systems, distributors have chosen
to limit and prioritize deployment areas, fol-
lowing selective coverage strategies aimed
at maximizing the cost-benefit ratio of the
technological investment. The most mature
and widespread strategy in the region has
been the prioritization of the large custom-
er and industrial segment, given that a small
number of users concentrate a significant
proportion of the energy billed. In EPESF,
for example, just over 3,300 large demands
(from multiple activities) represent 49.9%
of the total energy billed, compared to more
than 1.3 million residential customers; while
in DELSUR around 5,000 users account for
more than 50% of billing. In this context,
multiple distributors report schemes of total
or close to 100% telemetering coverage in
large users, using different prioritization cri-
teria, such as contracted demand thresholds
or installed power. ENSA, for example, con-
centrates telemetering on customers with
demands greater than 100 kW, while CENS
applies this approach from consumption
greater than 50 kW.

Although the universe of customers is limit-
ed, industrial fraud is usually more sophisti-
cated and less visible than residential fraud,
which has led to the use of specific analysis
techniques, such as the systematic compar-
ison of quarter-hour load profiles, phasor
coherence analysis and electrical signals
to detect synchronism losses or internal
interventions. and the installation of mir-
ror meters or dedicated macro-measures.
An example of the latter strategy is ESSA's
Padlock Plan, which consists of installing an
independent telemetry metering upstream
of the industrial customer and continuously
contrasting it with the commercial meter reg-
ister, allowing the immediate identification
of deviations attributable to manipulation
or unauthorized derivations. Likewise, the
accumulated experience has made it pos-
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sible to identify industry sectors particularly
prone to energy theft, including plastic re-
cycling plants, refrigeration and ice produc-
tion industries associated with the tourism
sector, and certain mining or agro-industrial
activities, reinforcing the logic of focused
and highly instrumented deployments in this
segment.

A second deployment strategy widely re-
ported by distributors consists of prioritizing
residential areas of high social complexity,
characterized by high levels of theft, infor-
mality and operational restrictions for field
work. In these contexts, crew access is of-
ten limited, intermittent, or outright unfeasi-
ble, making telemetry an essential tool for
monitoring consumption, detecting devi-
ations, and reducing reliance on on-site in-
spections. Under this logic, remote metering
is not implemented as an isolated solution,
but as part of an integrated approach that is
later complemented with physical hardening
measures and, in some cases, with prepaid
schemes.

From the perspective of the remote read-
ing and metering architecture, two recurring
configurations are observed. The first corre-
sponds to centralized metering systems, in
which the meters are concentrated in collec-
tive boards or cabinets, generally located on
poles or near transformers, allowing remote
reading and reducing the direct exposure of
the equipment to manipulation by users. The
second configuration is the two-body meter-
ing, where the metering unit is installed out
of reach of the customer, typically on the
pole or in a protected cabinet, while only a
display or information repeater is available
in the house. This alternative is mainly used
in regulatory frameworks that enable the pre-
paid modality, since this modality requires
the individualization of the metering point
and limits the viability of fully concentrated
schemes. The physical hardening measures
associated with these configurations are
addressed in Section 7.2.2, while the imple-
mentation of prepayment as regularization
and control tools is discussed in greater de-
tail in Section 8.2.2.



6.2.3.3. Lessons, Specific Cases, and Limits

The experience accumulated by distributors
in the region shows that smart metering and
telemetry are not isolated or automatic solu-
tions for the reduction of non-technical loss-
es, but tools whose impact depends strongly
on how they are integrated into a broader op-
erational strategy. In this sense, the lessons
learned focus on the indirect effects gener-
ated by its deployment and on the need to
sustain active management of the territory.
The most recurrent learnings are grouped
into three dimensions: the strategic prioriti-
zation of deployment, the displacement of
fraud within the network, and the role of mar-
ket culture in the sustainability of results.

Given that massively deploying AMIs
throughout the customer fleet is now highly
expensive in most Latin American contexts,
many distributors have opted for a gradual
entry strategy, starting with ensuring control
of large industrial and commercial custom-
ers. This approach responds to a logic of
economic efficiency, since a small number
of users concentrates a significant propor-
tion of the distributed energy and total billing,
so its monitoring through telemetry or smart
metering allows to reduce relevant risks with
limited investments. The prioritization of
this segment thus emerges as a robust and
replicable starting point, which allows ear-
ly benefits to be captured, commercial and
technical control to be strengthened, and ca-
pacities to be built before moving towards
more massive segments.

A natural next step has been the progressive
extension of smart metering into the resi-
dential and commercial segment, particular-
ly in areas with higher levels of non-technical
losses. The experience accumulated by the
distributors reveals a particularly relevant
learning regarding the impact of the AMI on
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the fraud modality. In many cases, the great-
er complexity associated with the direct ma-
nipulation of the meter does not eliminate
theft, but transforms its manifestation within
the network. As it is difficult to intervene on
the metering equipment, irregular practices
tend to move to other points of the system,
appearing upstream in connections, branch-
es or even in sections of the distribution net-
work. This phenomenon highlights that the
AMI cannot be understood as an isolated
solution, but must be deployed in coordi-
nation with strategies for the physical pro-
tection of the infrastructure, such as pre-as-
sembled networks, lifting of conductors and
safeguarding of critical points, measures
that are developed in greater detail in Sec-
tion 2.1.

Another relevant lesson associated with the
deployment of AMI and its impact on fraud
behavior, reported by various distributors, is
related to the interaction between telemetry
and on-site inspection. A number of compa-
nies have observed that when the increase in
telemetering is accompanied by a significant
reduction in operational presence and regu-
lar inspections, non-technical losses tend to
reappear. In these contexts, automation can
be interpreted by users as less effective sur-
veillance, weakening the initial deterrent ef-
fects of the technology. This experience has
reinforced the notion that the control of theft
requires maintaining a certain enforcement,
understood as the combination of techno-
logical monitoring and visible presence of
the company in the territory. ConsequeNTLs
y, telemetry and AMI should be conceived as
tools that complement, but do not replace,
territorial management, face-to-face inspec-
tion and sustained presence in critical areas,
which continue to play a key role in the con-
tainment of non-technical losses, consistent
with the community work and social engage-
ment strategies developed in Section 7.4.



6.2.4. Image-based tools and remote observation

The use of image-based tools has been
gaining ground as a complement to tradi-
tional non-technical loss detection methods,
providing an additional layer of visual infor-
mation to support the identification, valida-
tion and prioritization of interventions in the
field. These technologies cover a wide spec-
trum of applications, ranging from more
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general and remote approaches, with a low-
er level of intrusion on the customer, to pro-
gressively more focused and direct tools on
specific assets and facilities. The following
subsections present these solutions grad-
ually, starting with those of broader scope
and non-face-to-face, and moving towards
more specific and intensive uses.



6.2.4.1. Satellite imagery for identification of
unregistered connections

The use of satellite images is a comple-
mentary and minimally invasive tool for the
identification of unregistered consumption,
understood as irregular or undeclared con-
nections that do not appear in the distribu-
tor's commercial bases. Its most widespread
application is based on the use of daytime
satellite images through the analysis and
superimposition of geospatial information,
contrasting the reality observed in the im-
ages with the georeferenced cadastre of
customers, networks and supply points con-
tained in the commercial and technical sys-
tems, which requires prior basic territorial in-
formation of the network and the customer
park. Enel Brasil has developed schemes to
overlay its network and customer informa-
tion on open satellite platforms, which al-
lows them to identify existing buildings that
do not have an associated supply point and
guide inspections in areas with high levels
of theft, especially where physical monitor-
ing is complex. Similarly, SAESA uses the
systematic cross-referencing between its
network and customer registries and satel-
lite information to isolate buildings without
commercial links, which become priority
targets for inspection, an approach that has
been particularly useful for detecting wide-
spread fraud in rural areas and supporting
diagnoses before the regulatory authority.
Along the same lines, Equatorial uses satel-
lite images to analyze the expansion of infor-
mal areas and map areas that have electric-
ity supply without a contractual relationship
with the distributor, using this information as
an input for operational planning and the tar-
geting of control actions.

More specifically, the use of night-time sat-
ellite images has also been reported, main-
ly aimed at auditing public lighting. In these
cases, the light intensity observed in a giv-
en area is compared with the consumption
billed or declared by the municipalities,
which makes it possible to detect luminaires
that are not registered or direct connections
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that are not registered. In addition, satellite
images have shown usefulness in niche ap-
plications, such as the inspection of distrib-
uted generation to identify undeclared facil-
ities or unreported capacity expansions, as
well as in the monitoring of intensive rural
consumption, for example, in agribusiness-
es, silos or productive facilities that are dif-
ficult to access, where face-to-face inspec-
tions are costly or complex.

Overall, the main advantage of the use of
satellite imagery lies in its ability to identi-
fy unrecorded consumption and reduce the
need for physical exposure of personnel in
large, dangerous or hard-to-reach areas.
However, this technology has relevant lim-
itations. Daytime images available for free
often have temporary lags that make it dif-
ficult to detect recent fraud, while nighttime
images with adequate resolution involve
high costs, limiting their continued or mass
use. In this context, the experience of distrib-
utors suggests that the greatest value of this
tool is found in focused applications, period-
ic campaigns and as a complementary input
within an integrated strategy for detecting
non-technical losses, rather than as a per-
manent real-time monitoring solution.

6.2.4.2. Field images and photographs

The use of field images and photographs
is the most widespread and traditional ap-
plication of visual tools in the management
of non-technical losses, mainly relying on
records captured by crews, readers or op-
erators in the field using mobile phones or
cameras. In its most common uses, photog-
raphy fulfills functions of reading validation,
visual identification of illegal derivations or
connections, and evidentiary support for
administrative and judicial actions, consoli-
dating itself as a basic operational input in
fraud control processes.

In its most traditional form, photography is
used as a reading validation mechanism,
allowing corroboration that the manually
entered data effectively corresponds to the



physical record of the meter. This practice
contributes to reducing operational errors,
fictitious readings or inconsistencies as-
sociated with metering failures and busi-
ness processes, which constitute a relevant
source of non-technical losses of a non-vol-
untary nature. Some distributors have for-
malized this approach by incorporating the
mandatory nature of photography as part of
the reading process, so that the system ver-
ifles the consistency between the reported
value and the captured image.

On this basis, other companies have moved
towards more demanding imaging proto-
cols, expanding the focus from the meter
to the immediate surroundings of the fa-
cility and transforming photography into a
tool for visual identification of illegal taps
or connections. In these cases, broader
images are used that include the house,
the meter and the elements of the connec-
tion, which allows for the visual detection
of bridges, branches or direct connections
upstream of the metering equipment. As
this volume of visual information grows and
becomes recurrent, some distributors have
begun to exploit these images systemati-
cally through advanced analytics and arti-
ficial intelligence, using field photographs
not only as operational support, but as an
automated input for the detection of anom-
alies. In these approaches, computer vision
algorithms process large volumes of imag-
es to identify visual patterns associated with
physical intervention of the meter, such as
open caps, damaged seals, alterations in the
connection or anomalous configurations of
the equipment. EDP, for example, process-
es around 1.7 million photographs of me-
ters using artificial intelligence models that
generate a fraud probability score based on
the visual state of the equipment. Enel Bra-
sil incorporates the automatic evaluation of
photographs into its data mining models, al-
lowing the detection of signs of physical ma-
nipulation reported by the readers. Similarly,
SAESA has begun to exploit images as un-
structured data through vision and language
models, with the aim of identifying recurring
patterns of intervention, such as uncapped
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or altered meters, strengthening the target-
ing of technical inspections.

In addition, field images have been consol-
idated as a critical input to support admin-
istrative and judicial actions associated
with electricity fraud. EPESF reports that the
technical reports drawn up in the face of the
detection of irregularities must be accom-
panied by georeferenced photographs that
document the state of the meter. The digita-
lization of these minutes and photographic
evidence seeks to strengthen the traceabil-
ity of the procedure and ensure its admin-
istrative and legal support, constituting the
evidentiary basis for energy recovery pro-
cesses and criminal complaints. In the same
vein, EDESUR has completely digitized this
flow, integrating the capture of images from
mobile devices directly with the commercial
system, where they are stored in central re-
positories, guaranteeing their integrity, trace-
ability and validity as evidence in the event
of complaints from customers or regulatory
bodies.

6.2.4.3. Drones for aerial inspection of
networks and connections

The use of drones in non-technical loss man-
agement is at a heterogeneous adoption
stage, varying between experimental pilots
and very specific niche applications. While
some distributors have actively incorporated
this technology to support the detection of
irregularities or validate assets in the field,
others have chosen to rule out its massive
use due to reputational, privacy and social
acceptance considerations. In this sense,
the drone is not presented as a transversal
tool, but as a punctual complement within
broader loss control and operational effi-
ciency strategies.

In their most basic application, drones are
used as a tactical support tool for crews in
the field, integrating into the suite of instru-
ments available for visual inspections in
hard-to-reach locations, complex facades,
or areas with security restrictions. Its use



allows the observation of elevated connec-
tions, branches, roofs or network elements
that are not easily visible from ground lev-
el, reducing inspection times and avoiding
direct exposure of personnel. Some compa-
nies have also evaluated their potential to
identify visible indicators not consistent with
billed consumption, such as heated swim-
ming pools or high-consumption equipment.
However, several distributors have desisted
from this type of application in residential
environments, considering that the use of
the drone for fraud detection purposes could
be perceived as invasive, generating social
rejection and reputational risks associated
with customer privacy.

A more direct application to combat
non-technical losses is the use of drones
equipped with thermal cameras for the de-
tection of technical anomalies. This ap-
proach is based on the fact that illegal or
faulty connections often have higher levels
of electrical resistance, which translates
into temperature increases detectable by
thermography. ESSA, for example, has used
drones on pilots focused on informal settle-
ments to identify high-temperature points in
the network, associated with precarious or
overloaded connections that are not always
obvious to the naked eye. Similarly, EPM re-
ports the use of thermographic inspection
with drones for the detection of technical
irregularities and potential fraud, allowing
complex areas to be intervened without ini-
tially exposing crews and improving the di-
rection of actions in the field.
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Finally, beyond the direct management of
non-technical losses, drones have shown
utility in niche applications linked to asset
validation and operational efficiency. A rele-
vant caseistheinspection of distributed gen-
eration, where EEGSA uses drones to verify
photovoltaic installations, count panels and
inverters and contrast the actual installed
capacity with that declared by the custom-
er, detecting unreported expansions or rele-
vant deviations. At the corporate level, some
companies have also begun to use drones
for the survey of information from aerial net-
works and the construction of three-dimen-
sional models of the infrastructure, enabling
virtual inspections, predictive maintenance
and the creation of digital twins, with indi-
rect benefits on operation and loss control.

Overall, the experience gathered suggests
that the drone adds value mainly when it
is used to expand the observation capacity
with respect to traditional methods, allowing
the identification of signals not obvious to
the naked eye, such as the heat associated
with illegal connections or the condition of
assets located in areas of difficult access,
and when its deployment remains clearly
limited and justified. However, their exten-
sive use as a surveillance tool in residential
environments continues to be limited by so-
cial and reputational considerations, which
reinforces the idea that drones should be
understood as a complementary and selec-
tive instrument, integrated within a broader
strategy of non-technical loss control and
territorial management.



6.3.1. Prioritization Strategies and
Inspection Logistics

Targeted inspections represent the final op-
erational stage of the non-technical loss de-
tection strategy, in which information from
the tools presented in the previous sections,
such as energy balances, data analytics, im-
ages and operational signals, is translated
into concrete actions in the field. By relying
on previous selection criteria, this approach
increases the probability of detection and
significaNTLs y reduces the cost per case
inspected. This represents a substantial
advance with respect to traditional mass
inspection or sweeping schemes, character-
ized by a low success rate and an intensive
use of operational resources. In practice,
distributors combine different methodolo-
gies to define who to inspect, ranging from
technical-geographical approaches based
on energy balances to scoring models and
operational signals, also presenting relevant
differences in the way these inspections are
executed and managed in the field.

A key aspect of focused inspections is re-
lated to the methodologies used to decide
who to inspect, which take up and articulate
tools already analyzed in previous sections.
On the one hand, many distributors use ener-
gy balances in feeders and transformers as
an initial criterion for territorial targeting, as
explained in Section 6.1, limiting the search
to areas or assets with anomalous levels
of losses before descending to the specif-
ic inspection of customers. On the other
hand, these approaches are complemented
by scoring and advanced analytics models
presented in Section 6.2.2, which allow indi-
vidual users to be prioritized based on con-
sumption patterns, operational events, and
business histories. In practice, both meth-
ods are usually combined and reinforced
with the operational knowledge of the read-
ers and crews, who provide qualitative sig-
nals through the report of visual anomalies
or atypical behaviors in the field, thus inte-
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grating analytical criteria and operational ex-
perience in the final selection of the cases to
be inspected.

In addition to the methodology for select-
ing candidates for inspection, distributors
have been introducing relevant changes in
the way the inspection is carried out in the
field. A first relevant aspect is that, once the
objectives to be inspected have been de-
fined, companies have incorporated route
optimization tools to organize the routes of
the crews. EPM uses mobility applications
to organize optimal routes for its readers,
while DELSUR groups inspections into geo-
graphical clusters and integrates practical
considerations associated with the working
day, such as the location of lunch areas, into
the design of the routes, aligning logistics
planning with the real needs of the teams in
the field and avoiding recurrent deviations
from the planned routes. A second aspect is
observed at the very moment of carrying out
the inspection, where there is a progressive
transition towards the integral digitalization
of the process, so that work orders, field
findings and associated documentation are
recorded directly on mobile devices and inte-
grated in near real time with commercial and
technical systems. reducing transcription er-
rors, improving traceability and speeding up
subsequent management. This digitaliza-
tion, in turn, enables feedback mechanisms,
since the information reported by readers
and inspectors allows for the recalibration
of prioritization models and adjustment
of selection criteria. Finally, in contexts of
greater social complexity or operational risk,
some distributors have complemented tar-
geting with specific strategies for support
and security in the field. As an exceptional
measure, EPESF resorts to “cut and hold”
operations, in which the crew remains in the
vicinity after the procedure to verify illegal
reconnections in flagrante delicto. Requiring
coordination with security forces and a high
deployment of resources, this tactic is not
a common practice, but is reserved for very
specific interventions aimed at loss control.
For its part, Enel Brasil is executing the “Le-



gal Energy” program, combining focused
inspections with a reinforced institutional
presence and on-site commercial regular-
ization actions.

Beyond the nuances in the selection method-
ologies and operational execution schemes,
the evidence reported by the distributors is
consistent in pointing out that the focused
inspection far exceeds traditional random
sweep schemes, both in effectiveness and
in use of resources. Enel Chile indicates that
sweep inspections, understood as the sys-
tematic review of all the joints in a sector,
have success rates of less than 1 percent,
which makes them operationally inefficient.
Electro Dunas, similarly, pointed out that in-
spection without prioritization criteria gen-
erated few findings. In contrast, companies
that have incorporated analytical models to
select inspection objectives report substan-
tial improvements in performance. EPM and
ESSA report that the fraud detection rate
went from ranges of 2 to 3 percent to values
in the order of 15 to 16 percent, even reach-
ing levels close to 40 percent when consid-
ering technical anomalies. Enel Brasil, for its
part, points out that the use of data mining
made it possible to double the effective-
ness of inspections, from around 20 to 40
percent, also reducing operating expenses
by concentrating efforts on cases of great-
er probability, consolidating targeting as a
structural change in the way of approaching
the control of non-technical losses in the re-
gion.

6.3.2. Human factor management and
quality assurance in the field

The effectiveness of inspections depends
not only on the accuracy of the selection al-
gorithms, but also on the integrity and perfor-
mance of the teams in charge of executing
the inspection in the field. The interviews re-
veal that the risk of “collusion” or operation-
al corruption—where in-house technicians or
contractors fail to report irregularities in ex-
change for informal incentives—is a critical
challenge. To mitigate this, distributors have
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deployed strategies on three levels: crew
management, technology supervision, and
incentive alignment.

With regard to the management of work
teams, companies have focused on strate-
gic configuration to avoid the generation of
undue trust links with customers or the con-
solidation of operational vices. In this sense,
staff turnover emerges as a fundamental
practice; Electro Dunas, for example, high-
lights that the constant rotation of areas and
the specialization of the crews — dedicated
exclusively to fraud and not to general com-
mercial operations — are key to maintaining
the focus of the inspection. There is also an
active debate regarding the ideal contracting
model: while EPM operates with outsourced
personnel managed by strict effectiveness
goals, Enel Brasil has found that, specifically
for loss inspection, the use of its own crews
significaNTLs y increases technical quality
and reduces claims, reserving outsourcing
for less complex tasks.

In terms of technological supervision, the
use of digital tools has been consolidated
as a mechanism to audit performance in the
field and reduce the discretion of the inspec-
tor. Distributors such as SAESA and EDP
have implemented image registration and
analysis systems; Although its central pur-
pose is usually the validation of the correct
execution of the task, the existence of this
visual support also acts as a control barri-
er, allowing the detection of omissions or
inconsistencies that could escape tradition-
al supervision. In this line, SECHEEP uses
these documentary records to carry out sub-
sequent audits and contrast the veracity of
the field report against the physical reality.
Likewise, these tools allow the process to be
shielded from involuntary errors, as report-
ed by EEQ, where the digitalization of data
capture using tablets eliminated typing and
transcription errors that previously generat-
ed administrative losses.

Finally, in relation to the alignment of incen-
tives, some companies address the risk of



operational corruption from the organiza-
tional culture. A prominent case is that of
UTE, which implemented a policy of partic-
ipation in the results, distributing a fraction
of the recovered income among the officials
involved in the loss plan. This strategy seeks
to align the objectives of the workforce with
the effective recovery of energy, generat-
ing a sense of belonging and discouraging
tolerance to fraud within the organization,
by turning the reduction of losses into an
achievement shared by the team.

A fundamental lesson derived from the anal-
ysis of non-technical loss detection and
identification strategies is the paradigm
shift from extensive search to progressive
uncertainty stratification. Comparative ex-
perience shows that operational profitabil-
ity is not achieved by inspecting more, but
by limiting the search space in a gradual,
logical and economically efficient way. By
prioritizing the analysis from macro scales,
such as feeder and substation balances, to
micro levels, such as transformer balances
and low-voltage sensor monitoring, distribu-
tors are able to discard large healthy areas
of the grid with relatively low investments.
This approach makes it possible to abandon
ineffective random sweeps and concentrate
technical resources on those nodes where
the probability of recovery justifies interven-
tion.
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In parallel, the integration of advanced ana-
lytics and digitalization is consolidated as a
central enabler of more efficient, less inva-
sive and socially sustainable management.
The ability to anticipate irregular behav-
ior by analyzing consumption profiles and
cross-referencing historical data makes it
possible to identify risk situations before di-
rect interaction with the customer. This not
only increases the effectiveness of crews
in the field, but also reduces friction with
regular users. The hope for utilities is that a
fully deployed smart metering infrastructure
is not essential to start this journey. Intelli-
gence applied to existing data, combined
with the integrated digitalization of field pro-
cesses, constitutes an immediate and ac-
cessible lever to improve energy recovery.

However, technological precision and accu-
rate diagnosis find clear limits in the com-
plex physical and social reality of the terri-
tory. Even with accurate fraud identification
and advanced telemetering tools, there are
contexts where crew accessibility is re-
stricted, staff safety is compromised, or the
payment culture is profoundly impaired. In
these scenarios, knowing exactly where the
loss occurs does not guarantee its recovery.
Detection technology thus faces barriers
that require a different approach, no longer
focused only on observation and diagnosis,
but on physical containment and behavior
management mechanisms. It is at this point
that it becomes necessary to move from di-
agnostic intelligence to strategies aimed at
discouraging and controlling fraud, giving
way to Pillar 2 of measures.
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PILLAR 2: DISINCENTIVE AND FRAUD CONTROL

The diagnostic accuracy pursued in Pillar 1
faces an unavoidable operational limit: the
identification of fraud does not guarantee,
by itself, the recovery of energy, especially
in contexts where physical accessibility is
restricted or the payment culture is severely
deteriorated. Accurate knowledge about the
location of the loss loses practical value if
the company lacks effective tools to inter-
vene, correct and, fundamentally, prevent
recurrence. ConsequeNTLs y, the manage-
ment of NTLS s requires going beyond the
observation stage to deploy a parallel and
complementary effort focused on the effec-
tive containment of the crime.

This second pillar of intervention focuses on
modifying the incentive structure of the ir-
regular user. Its fundamental premise is that
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fraud is a rational economic and behavior-
al decision, which occurs when the benefit
of stealing energy outweighs its perceived
costs and risks. To reverse this equation,
distributors deploy a “disincentive logic” that
seeks to raise the barriers to entry to fraud
and increase the expected cost of commit-
ting it. This strategy is simultaneously artic-
ulated on three dimensions or edges of ac-
tion:

+  Technical Dimension (Infrastructure):
It is aimed at “hardening” the network
through physical investments — such as
network hardening, anti-theft cables and
inaccessible metering — that aim to re-
duce the material possibility of manipu-
lating the supply, increasing the technical
difficulty and the effort necessary to car-
ry out the fraud.




Regulatory Dimension (Penalty): It seeks
to increase the financial and legal cost
of irregularity through an institutional
framework that ensures the effective ap-
plication of sanctions, the collection of
unregistered energy and, in serious cas-
es, criminal prosecution. Its purpose is
to strengthen the coercive power of the
company and send a clear signal of en-
forcement.

Social Dimension (Culture): Aims to de-
crease the cultural acceptability of fraud
through community and educational
strategies that delegitimize energy theft.
This aspect works on public perception,
seeking to ensure that irregularity is no
longer seen as a “skill” or an acquired
right and becomes socially reprobated.

Next, the specific tools that make up each of
these dimensions and how they interact to
form a robust control system are analyzed.

7.2.1. Digital monitoring and automated
alerts at the metering point

Digital monitoring and the alert systems as-
sociated with the metering point constitute
one of the first layers of network hardening.
Unlike traditional physical hardening mea-
sures, aimed at preventing access or struc-
turally reinforcing the infrastructure, this
approach does not seek to directly prevent
manipulation, but rather to detect interven-
tions, inconsistencies or anomalous behav-
iors early, reducing the time window of fraud,
increasing the risk perceived by the user and
enabling faster and more focused respons-
es. The interviews show that this evolution,
in which purely physical protections are
complemented by logical and remote de-
tection mechanisms, is mainly expressed in
two monitoring levels: on the one hand, the
surveillance of the physical integrity of the
metering point and, on the other, the verifica-
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tion of the operational coherence between
the state of supply and its effective behavior.

The foreground corresponds to the intrusion
or tamper sensors integrated into the meter
or its enclosure. These functionalities gener-
ate automatic alerts in the event of unautho-
rized opening of the meter cover or box, as
well as in the event of equipment removal.
Distributors such as UTE and ESSA use this
type of signal to trigger automatic inspec-
tions or react within very short periods of
time to possible interventions. Enel Brasil,
for its part, processes more than two mil-
lion alarms from its smart meter fleet and
uses the alerts to open the box as an input
for its advanced analytics models as a crite-
rion to decide whether to send inspections
in the field. Although experience shows that
this type of alert can shift fraud modalities
to other points in the network, its value lies
in its deterrent effect and in the early gener-
ation of objective evidence on physical inter-
ventions at the metering point.

The second plane corresponds to logical or
behavioral alerts generated when the sys-
tem identifies inconsistencies between the
commercial status of the supply, the events
recorded by the meter and the effective flow
of energy. This approach is based on the
verification of operational coherence, rath-
er than on the direct detection of a physical
intervention. Enel Brasil and Enel Chile use
alerts associated with the presence of car-
go after a formal disconnection to identify
unauthorized reconnections. Likewise, au-
tomated alerts are used to detect supply or
voltage absences that are not explained by
network events, allowing to discriminate be-
tween legitimate technical failures and ma-
nipulations of the equipment or connection;
in this framework, Enel Chile has meters
with watchdog functions that quickly noti-
fy the loss of voltage to the central system,
while CVC Energia uses alerts of absence of
voltage as an input to verify in the field if the
condition responds to an operational inter-
ruption or a fraudulent intervention, depend-
ing on the configuration of the supply.



Finally, the interviews underscore that the
operational value of monitoring and alerting
depends critically on its subsequent man-
agement. The massive generation of events
can lead to saturation, false positives or loss
of traceability if there are no filtering, prior-
itization and effective integration mecha-
nisms with inspection processes. In this
context, while some companies warn that
poorly contextualized alarms can increase
operating costs, those that have managed
to automate and prioritize signals report
substantial improvements in targeting and
response times. Therefore, monitoring is not
an autonomous solution, but a tool whose
real impact depends on its coordination with
operational management and with other
physical and analytical hardening measures.

7.2.2. Physical hardening of meter access

Physical hardening of meter access is one of
the most traditional measures in non-techni-
cal loss management. Unlike digital alerts,
this type of intervention seeks to make it ma-
terially difficult to manipulate the metering
point, making fraud more expensive and re-
ducing its recurrence through physical barri-
ers that limit direct access to the equipment.
In practice, the interviews show that these
strategies focus mainly on two approaches:
the encapsulation of the meter, by means of
enclosures or reinforced protection devices;
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and the relocation of the metering point at
height, out of the immediate reach of the
user, both aimed at increasing the effort and
risk associated with the fraudulent interven-
tion.

Meter encapsulation consists of the instal-
lation of reinforced enclosures that limit
or prevent direct access to the equipment.
These solutions include high-strength met-
al or plastic boxes, sealed and anchored to
the infrastructure, designed to make it diffi-
cult to unauthorise open, remove the meter
or intervene on its terminals. From an oper-
ational point of view, encapsulation seeks
to increase the effort and time required to
handle the equipment, acting as a deterrent
and reducing the recurrence of opportunis-
tic fraud. However, the interviews show that
its effectiveness strongly depends on the
context of application and the quality of the
design and installation, since poorly adapted
or deteriorated enclosures can be violated
relatively easily. These solutions also intro-
duce significant operational challenges: they
increase the complexity and duration of me-
ter reading, maintenance, and replacement
tasks, require specific tools and protocols
for authorized access, and can create fric-
tion with users and field personnel. In this
sense, meter encapsulation appears to be
an effective measure to raise physical bar-
riers, but whose impact must be evaluated
considering not only its deterrent capacity,
but also the operating costs and additional
demands it imposes on the day-to-day man-
agement of the network.

Relocating the meter out of reach of the user
constitutes a more structural form of phys-
ical hardening of the metering point. This
measure consists of installing the measur-
ing equipment in elevated areas, poles, ex-
terior facades or technical enclosures with
restricted access, while on the customer’s
premises there is only a display device or
consumption repeater without intervention
capacity. In practice, this approach is usually
materialized by concentrating meters in cab-
inets or shielded boxes, located at common



technical points and out of manual reach, so
that the measuring equipment is complete-
ly protected and separated from the user’s
home. This line includes schemes such as
MULCON and BARCAR, developed by EDE-
NOR, which use compact grouped metering
modules installed at height or in “on-the-fly”
boxes, as well as the blocked box systems
implemented by ENSA, where multiple me-
ters are concentrated in cabinets installed
on the pole, from which direct connections
to the homes depart. From these protected
points, conductors are extended to power
individual display devices, decoupling phys-
ical access to the meter from everyday sup-
ply use. The interviews indicate that this ap-
proach is especially effective in contexts of
high recurrence of fraud, since it substantial-
ly modifies the modalities of illegal interven-
tion. However, its implementation implies
higher installation costs, relevant adapta-
tions in the existing infrastructure and an in-
crease in operational complexity for mainte-
nance, replacement and commercial service
tasks. In practice, this type of configuration
is usually articulated with prepaid metering
schemes, developed in section 8.2.2.

7.2.3. Protection of branches and
connections

The interviews agree that, once digital mon-
itoring and meter hardening have been
strengthened, the fraud modalities tend to
move towards the sections that feed the
metering equipment, particularly the con-
nection and the low-voltage branches. In this
context, the protection of these elements be-
comes critical. Hardening strategies at this
level seek to reduce accessibility to the con-
ductor, make it more difficult to make illegal
bypasses, and limit opportunities for direct
connection upstream of the meter.

In practice, many of the measures aimed at
the protection of branches and connections
focus on the design of the conductor and
its physical layout, with the aim of reduc-
ing the opportunities for energy diversion
before the metering point and, at the same
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time, improving the safety conditions of the
system. In this context, several distributors
have progressively replaced bare or conven-
tional cables with concentric, pre-assem-
bled or anti-theft cables, whose construction
configuration makes unauthorized interven-
tions on the network difficult. These designs
incorporate technical provisions, such as
the neutral envelope and additional layers
of insulation, which make any improper ma-
nipulation more evident and allow possible
irregularities to be detected early, reducing
both losses and electrical risks associated
with informal interventions.

These solutions are usually complemented
with criteria for the layout and accessibili-
ty of the connection that privilege external
and visible routes, through facades or oth-
er areas of easy inspection, avoiding hidden
pipes inside the property. In this way, im-
provements in cabling materials are artic-
ulated with network design decisions that
facilitate monitoring, early detection of inter-
ventions and, at the same time, contribute to
reducing electrical risks for both users and
third parties.

In contexts of greater operational complex-
ity or high predisposition to fraud, such as
multi-family buildings, underground net-
works or areas of high vulnerability, distrib-
utors complement conventional solutions
with more structural hardening measures
on branches and connections. In buildings,
a widespread practice is the concentration
of meters and connections in collective
cabinets or technical rooms with restricted
access, which reduces individual manip-
ulation and facilitates centralized control.
In underground networks, where access to
chambers or ducts has historically enabled
illegal diversions, physical fortifications are
resorted to such as reinforced enclosures,
the deliberate reduction of useful space in
chambers, or the use of high-strength slabs
and lids that limit unauthorized access. On
the other hand, in areas of high vulnerabili-
ty, specific network designs are implement-
ed that include dedicated connections from



protected points, cabinets near the trans-
former and simplified routes, with the aim
of eliminating informal connection points on
the pass-through network.

7.2.4. Physical hardening of the
distribution network

Finally, the physical hardening of the distri-
bution network includes interventions car-
ried out directly on the lines, branches and
transformers, with the aim of hindering or
eliminating the possibilities of illegal con-
nection upstream of the metering point.
Unlike actions focused on the meter or the
connection, these solutions involve modifi-
cations to the electrical infrastructure itself
and are usually applied selectively in criti-
cal areas, due to their higher cost, technical
complexity and operational requirements.

One of the most widely used strategies to
reduce direct theft from the network is to
increase the height of low-voltage lines and
modify the positioning schemes, physical-
ly moving the conductors out of the user’s
reach. Several distributors report the instal-
lation of pre-assembled networks at heights
significaNTLs y higher than conventional
ones, reaching between 11 and 13 meters in
areas of high conflict, which makes access
difficult from roofs, terraces or improvised
structures and reduces the possibility of
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making direct connections through hooks
or artisanal derivations. The experiences
collected show, however, that this measure
involves relevant technical challenges, since
the increase in height and the use of certain
fastening configurations can generate high
mechanical stresses and bending moments
on the posts, affecting their stability and
useful life if the anchoring systems are not
properly adjusted. Likewise, its applicability
depends to a large extent on the current reg-
ulatory framework, given that in some coun-
tries the dimensions of the position and the
admissible network configurations are regu-
lated, which limits the margin for innovation.

The change in conductor technology is one
of the most widely used tools for the phys-
ical hardening of the network, as it has a
direct impact on the ease with which illegal
connections can be made. In low voltage,
the replacement of the bare network with
pre-assembled network has become the
most widespread standard: these are insu-
lated conductors twisted together, usually
around a carrier neutral, which makes it dif-
ficult to use hooks or quick taps and forces
any offender to intervene in the insulation,
a slower action, visible and risky. At higher
voltage levels, semi-insulated or compact
networks are used, where the conductors
have protective covers and are arranged in
more closed configurations, preventing di-
rect electrical contact and blocking theft by
throwing cables or hooks. In areas of high re-
currence, some distributors have incorporat-
ed concentric or telescopic cables, in which
the neutral completely surrounds the phase;
in this scheme, any attempt to access caus-
es an immediate short circuit or the tripping
of protections, making illegal intervention
practically unfeasible without generating an
obvious failure. Together, these technolo-
gies raise the technical barrier to fraud and
shift theft from quick and opportunistic in-
terventions to more complex, visible and
costly actions.

The most advanced level of physical hard-
ening of the network is observed in the in-



terventions that act directly on the distribu-
tion transformer and its low-voltage output.
These strategies seek to protect the point
where the secondary network originates,
eliminating or severely restricting any pos-
sibility of unauthorized access to the con-
ductors downstream of the transformer. Ini-
tiatives such as Enel Brasil's BT Zero model
are based on the physical hardening of the
transformer output and the elimination of
exposed low-voltage network sections, so
that energy only circulates through conduc-
tors protected and controlled from their ori-
gin. Similar experiences have been reported
by other distributors in areas of high vulner-
ability, where the transformer becomes a
physically protected node and the second-
ary network is designed to minimize infor-
mal connection points. Although this type of
solution has very robust results in terms of
reducing losses, its application involves sig-
nificant investments and is usually reserved
for areas with extreme levels of theft or high
recurrence.

7.3.1. Disconnection authority

The disconnection authority represents the
most immediate and, at the same time, one
of the most complex and debated tools with-
in the management of non-technical losses
(NTLS s) in Latin America and the Caribbean,
placing itself at the center of a constant ten-
sion between the financial viability of distrib-
utors and the recognition of electricity as an
essential service for a dignified life. This pre-
rogative should not be understood as an ab-
solute discretionary power of the companies,
but as a regulated right that emanates from
the public service contract of an adhesive
nature, designed to protect the integrity of
the infrastructure and ensure the economic
consideration necessary for the sustainabil-
ity of the system. In the regional legal archi-
tecture, there is a fundamental technical and
procedural distinction between suspension,
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which constitutes a temporary or transitory
interruption of the electricity flow without
the removal of the metering equipment, and
the cut-off, which implies the definitive ces-
sation of the service, the termination of the
contract and, frequeNTLs y, the removal of
the connection and the meter. The exercise
of this power seeks to balance operational
efficiency with respect for due process, pri-
or notification and the right to defense, prin-
ciples that have been reinforced by various
constitutional courts and regulatory bodies
to prevent the interruption of service from re-
sulting in a violation of fundamental rights,
especially in subjects of special protection
or critical institutions such as hospitals and
educational centers.

The regulatory implementation of this mea-
sure varies profoundly among countries in
the region, reflecting different regulatory
philosophies regarding company responsi-
bility and compliance. In Chile, the General
Law of Electrical Services establishes that
companies are empowered to suspend the
supply once 45 days have elapsed since the
expiration of the first unpaid bill, with the
unavoidable condition of notifying the user
at least five days in advance. A relevant le-
gal nuance in this market is that the right
of disconnect must be exercised in a timely
manner; If the company does not suspend
the service before the issuance of the next
bill after the expiration of the term, the debts
generated are no longer located in the prop-
erty and become a personal responsibility of
the debtor, thus protecting future owners or
tenants from historical debts of third parties.
In Colombia, regulation is particularly robust
in upholding due process, forcing companies
to investigate what are called “significant de-
viations” in consumption before proceeding
with any charge for recovered energy or sus-
pension. This requirement seeks to ensure
that eventual charges are based on verifi-
able technical background, protecting users
against metering errors, technical failures or
inconsistencies in billing. At the same time,
these investigations allow the identification
of unintentional non-technical losses and



operational problems in metering systems,
contributing to improve the quality of com-
mercial information and service manage-
ment. Likewise, the omission of this prior in-
vestigation, or the failure to comply with the
duty to suspend the supply after three peri-
ods of arrears, can be interpreted as negli-
gence of the company, limiting its ability to
demand the payment of debts accumulated
at the time of reconnection.

On the other hand, Mexico's model under the
Electricity Industry Law allows differentiated
procedures: while for ordinary non-payment,
10 calendar days are granted after the pay-
ment deadline for the suspension; in cases
where the existence of installations that al-
ter the operation of the metering equipment
is proven, the immediate suspension is au-
thorized to stop the economic damage and
mitigate security risks for the network. In Ar-
gentina, the Supply and Connection Regula-
tion (Subannex E) empowers distributors to
suspend service after fifteen days of arrears,
also applying surcharges of 40% on the en-
ergy recovered in proven cases of misappro-
priation. However, testimonies from compa-
nies such as Edesur stress that the cut-off
is used only as a last resort after exhausting
instances of mediation, recognizing the risk
of physical confrontation and violence that
the crews face on the ground.

The operational experiences of the distrib-
utors reveal that the supply cut, although
legal, presents critical limitations in its ef-
fectiveness as an incentive for payment.
From Enel Chile's perspective, this measure
is described as the most unpopular and,
paradoxically, the worst mechanism to get
a delinquent customer to regularize their
situation, since it does not address the root
causes of non-payment and encourages the
cycle of clandestine self-replacement. Users
who are cut off often resort to direct connec-
tions that not only perpetuate non-technical
loss, but exponentially increase the risks of
fires, transformer overloads and electrocu-
tions, affecting the quality of supply to the
entire surrounding community. In addition,

75

frequent outages deteriorate the relation-
ship between the user and the company,
since the consumer loses confidence in the
distributor’s ability to provide a decent ser-
vice, which in low-quality contexts can exac-
erbate the rejection of formality. In contrast,
CRE RL reported that in Bolivia the regula-
tions explicitly prohibit cutting off the supply
in cases of detected theft, forcing the com-
pany to maintain the flow while economic
sanction and energy recovery procedures
are exhausted, allowing the cut only in the
event of ordinary debts or imminent danger.

The technological transformation led by the
Advanced Metering Infrastructure (AMI) is
redefining the paradigm of cutting power,
allowing the transition from an act of man-
ual force to a digital and less invasive man-
agement. Smart meters enable remote shut-
off and reconnection capability, eliminating
the operational costs of moving crews and
reducing the risk of physical aggression to
technical personnel in areas of high conflict.
One of the best practices identified is the mi-
gration towards restricted power or digital
power limiters, such as those implemented
by EPEC in Argentina that, instead of total-
ly interrupting the supply, reduce the home’s
charging capacity (for example, to 20 amps)
to allow basic consumption. This education-
al approach allows the user to maintain the
service while being forced to manage their
demand, avoiding the social damage of the
total blackout and facilitating an assisted
transition to formality.

Finally, the sustainability of the authority to
cut off vulnerable sectors depends on its in-
tegration with social inclusion and regular-
ization measures. The experience of EPM in
Colombia and DELSUR in El Salvador shows
that the cut is not financially viable on a re-
curring basis if a viable alternative is not of-
fered. EPM has made a prominent commit-
ment to prepaid energy, which allows users
to pay only for what they need and avoid the
accumulation of unmanageable debts; DEL-
SUR, on the other hand, has focused its strat-
egy on financing for regularization, making it



easier for users in an irregular condition to
formalize their supply without facing insur-
mountable economic barriers. The use of
prepaid meters in areas of high delinquency
has proven to be a “star measure” to trans-
form the business relationship, granting au-
tonomy to the customer and drastically re-
ducing the need for coercive suspensions.
Thus, although the power of disconnect con-
tinues to be a cornerstone of legal certainty
and enforcement in the region, its modern
success lies in its ability to become a com-
ponent of a comprehensive network integri-
ty management system, where digital tech-
nology and community support ensure that
the recovery of income is not achieved at the
expense of the fracture of the social fabric.

The prosecution of NTLS constitutes the set
of legal processes and actions, both in the
criminal and administrative spheres, aimed
at sanctioning the theft of energy and en-
suring the effective recovery of the income
not received by the distribution companies.
Within the framework of modern network
management, this measure has ceased to
be a reactive response based on manual
physical inspections to become an integrat-
ed model of income defense that incorpo-
rates smart metering (AMI) technologies,
advanced analytics and artificial intelligence
to strengthen the evidentiary capacity be-
fore the courts. Prosecution seeks to trans-
form technical irregularity into a concrete
legal consequence, sending a signal of en-
forcement that discourages recurrence and
protects the integrity of the national critical
infrastructure.

Prosecution operates fundamentally under
two routes: the criminal one, aimed at the
punitive sanction of the crime of energy
theft, and the administrative or contractual
one, focused on the restoration of economic
balance through the retroactive collection of
the energy consumed. One of the main ad-
vantages of an efficient judicial system is
the generation of a real deterrent effect; For
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example, the dissemination of effective sen-
tences in the media contributes to society
perceiving energy theft as theft with tangi-
ble consequences. It also allows business-
es to recover vital cash flows that would
otherwise become direct financial losses
or charges unfairly shifted to users who pay
their bills on time.

However, the implementation of these strat-
egies faces significant structural barriers
in Latin America. Congestion in judicial
systems means that criminal proceedings
are excessively slow; in countries such as
Colombia, a fraud case can take between
seven and eight years before a sentence is
reached, leading to a perception of impunity.
Added to this is the technical training gap for
judges and prosecutors, who often underes-
timate the seriousness of these crimes in
the face of crimes with a greater immediate
social impact. In addition, there is a risk of
social confrontation in areas of high vulnera-
bility, where legal action without the support
of normalization programs can lead to vio-
lence against inspection crews or territorial
blockades.

Interviews and documentary sources al-
low us to identify contrasting models in the
way of approaching the legal prosecution
of fraud. Brazil stands out for its highly in-
tegrated approach with the security forces.
Enel Brasil reports close collaboration with
the police, achieving more than 300 arrests
for energy theft in Sdo Paulo in a single year,
which significaNTLs y reinforces enforce-
ment. This effectiveness is supported by the
existence of police units specialized in dele-
gated services, allowing arrests in flagrante
delicto that are difficult to refute in court.

In Colombia, fraude de fluidos (energy theft)
is a criminal offense, but companies face
extremely lengthy legal proceedings, which
can last between 7 and 8 years. Enel Colom-
bia has hundreds of active processes before
the prosecutor’s office seeking to transmit
discipline, although the results of effective
convictions are limited. For its part, EPM



highlights the importance of expert service
agreements with judicial investigators to
strengthen the body of evidence, although
they regret that judges do not always under-
stand the technical complexity of the elec-
tricity sector.

In Peru, companies such as Electro Dunas
have begun to prosecute cases more ag-
gressively, achieving sentences of up to 3
years in prison. The distributor uses these
sentences in its advertising campaigns to
make the community understand that theft
is a robbery “like any other”. CVC Energia
also highlights that the agreement with the
Peruvian National Police (PNP) has been key
to identifying irregular supplies and generat-
ing a deterrent effect that spreads by “word
of mouth” between neighbors.

The case of ENSA in Panama illustrates the
evidentiary frustration. Despite document-
ing fraud through technical laboratories,
the company reports that it loses 85% of
the cases before the regulator, who usually
agrees with the client because he consid-
ers the evidence provided insufficient. This
shows that, without a normative consensus
on what constitutes “full proof”, administra-
tive prosecution can be sterile.

In Chile, the cooperatives grouped in FENA-
COPEL face extreme difficulties in proving
unrecorded consumption (CNR), in addition
to rural violence where inspection crews in
some cases are received with firearms, pre-
venting the collection of physical evidence.
In Argentina, distributors such as SECHEEP
point out that energy theft is not criminally
punishable in its current framework, limit-
ing its action to customer management. In
contrast, EDENOR is committed to the total
digitalization of the inspection report with
georeferenced photos to ensure that the ev-
idence cannot be questioned due to lack of
traceability.
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7.3.3. Loss Regulations

The rules and regulation of losses constitute
the legal, technical and administrative scaf-
folding that establishes the fundamental
rules of the game under which electricity dis-
tributors must manage unbilled energy. This
regulatory area deals with the legal capacity
of the company to intervene, the classifica-
tion of infringements and the consumer pro-
tection protocols that govern the contractual
relationship. In Latin America, the robust-
ness of this framework is decisive, as NTLS
s often overwhelm the operational capacity
of companies to enter territories where in-
formality is structural or public security is
compromised.

A comprehensive regulatory framework
must be based on an unequivocal technical
and legal definition of what constitutes a
loss, separating with arithmetical precision
the technical losses — inherent to physical
transport — from the non-technical ones, de-
rived from human behaviour or administra-
tive failures. In this sense, one of the most
recurrent problems in the region is regulato-
ry obsolescence in the face of technological
advances. Testimonies collected in compa-
nies such as Pluz Energia in Peru highlight
that the regulations in force in their market
date back to 2006, a time designed for a
fleet of electromechanical meters, which
leaves enormous legal loopholes in the face
of modern frauds that involve the sophisti-
cated manipulation of electronic cards or
the injection of loads into the network that
the old regulations do not adequately typify.
This lack of updating weakens the legal posi-
tion of companies before the control bodies,
which often rule in favor of the user due to
the impossibility of supporting the evidence
according to protocols that do not reflect the
current digital reality.



In terms of good practices, the multi-sec-
toral approach to address the so-called “risk
areas” stands out. In Brazil, companies such
as Enel Rio and Equatorial operate under
ANEEL regulations that have begun to explic-
itly recognize the existence of areas where
organized crime exercises a parallel power
that prevents technical action. This classifi-
cation allows the distributor to support be-
fore the regulator the physical impossibility
of reducing losses in these territories with-
out an integrated intervention of the State
that includes security and regularization of
the property.

A recurring regulatory conflict point is the
asymmetry of responsibilities between the
distributor and the marketer. In Colombia, it
has been identified as a critical “pain point”
that the burden of combating losses falls al-
most exclusively on the grid operator (RO),
while pure marketers do not bear the costs
of the energy stolen by their customers or
actively participate in the inspection of me-
tering equipment, of which they are often le-
gal owners. This fragmentation of incentives
allows fraud to persist in the weakest links
in the chain, underscoring the need for regu-
lation that aligns the obligations of all mar-
ket agents so that the fight against fraud is
systemic and not an isolated effort of those
who operate the infrastructure.

Regarding consumer protection and debt
recovery, distributors face contrasting reg-
ulatory realities that impact their financial
health. Experience in countries such as Ec-
uador indicates that regulatory frameworks
with a strong focus on user advocacy can
generate significant administrative barriers.
In these contexts, complaint processes in
consumer protection instances impose high
evidentiary standards on companies. This
procedural rigor, focused on customer pro-
tection, often limits the ability of distributors
to materialize retroactive energy charges,
even in the face of scenarios with techni-
cal evidence of manipulation. On the other
hand, in Costa Rica, the ICE operates under
a regulation that requires the recovery of all
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unbilled energy and allows the customer to
be charged the costs of inspection and re-
pair, sending a clear signal of enforcement.
For its part, Chile’'s experience with the im-
plementation of smart meters (AMIs) left a
valuable lesson for the region: any regulato-
ry change that affects asset ownership or
perceived costs must be accompanied by
a robust public communication policy; oth-
erwise, social and political opposition may
slow down vital technological investments.

Finally, regulation should address manage-
ment autonomy, especially in publicly owned
enterprises that are often more exposed to
interference. Modern regulation should en-
sure that investments against NTLS s are
based on data analysis and operational prof-
itability, and not on the political availability of
funds. In this sense, the digitalization of field
processes, from detection by algorithms to
automated invoicing, appears as the defini-
tive regulatory tool to ensure the traceability
and integrity of legal evidence, reducing dis-
cretion and improving the overall effective-
ness of the regulated system.

7.3.4. Regulatory incentives and tariff
recognition

Regulatory incentives and tariff recognition
represent one of the most sophisticated and
critical pillars in the institutional architecture
designed to combat non-technical losses
(NTLS s). These types of measures do not
translate into physical action on the grid,
such as hardening or inspection, but consist
of the design of precise economic signals
by the regulator to align the financial objec-
tives of the distributors with the standards
of operational efficiency. The basis of this
strategy lies in the “regulation by incentives”
scheme, where the regulator establishes a
level of efficient or recognized losses that
the company is allowed to pass on to the
user's final tariff. Under this logic, if the dis-
tributor manages to reduce its real losses
below the imposed target, it can retain the
economic difference as an additional profit,
but if its losses exceed the recognized limit,



the company must absorb the full financial
cost of the unbilled energy, which directly
pressures its profitability.

This approach offers substantial advantag-
es, providing the financial viability needed
to undertake long-term investments in ad-
vanced technologies such as smart meter-
ing infrastructure (AMI), which often have
high upfront costs that could not be recov-
ered without a clear remuneration frame-
work. In addition, the existence of these
incentives fosters what is called an “NTLS
vision” throughout the organization, making
loss reduction not only a task of the com-
mercial area, but a strategic objective that
permeates from network maintenance to
customer service. In the long run, a system
that incentivizes efficiency allows tariffs to
be lower and fairer, preventing users who
pay on time from bearing the costs of sys-
tem inefficiencies or third-party fraud.

However, the effective implementation of
these incentives requires rigorous require-
ments, starting with the need for an extreme-
ly accurate calculation of technical losses.
Because NTLS s are usually calculated on a
residual basis, subtracting technical losses
and billed energy from the total energy in-
jected, any error in the technical modeling of
the grid automatically distorts NTLS signal,
punishing or rewarding the company unfair-
ly. The regulatory framework should also
be of exemplary stability and predictability,
so that companies can take on investment
risks with the certainty that remuneration
rules will not change abruptly over the life of
the assets.

Despite their benefits, there are critical bar-
riers that can neutralize these incentives,
the most notable being political sensitivity
that often interferes in the design of tariffs,
keeping them artificially low or preventing
the recognition of real costs, which breaks
the economic-financial equilibrium of the
concession contract and discourages pri-
vate investment. Some public companies,
such as Argentina’s EPE SF, suggest that the
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management of investments in technology
and inspection crews is often subject to po-
litical cuts or swings, which contrasts with
the greater inertia towards efficiency that
private operators tend to show. In addition,
tariff recognition often ignores unmanage-
able external factors, such as extreme pov-
erty or insecurity in informal settlements.
In Panama, for example, the regulator uses
benchmarking based on U.S. companies op-
erating in radically different socioeconomic
contexts, resulting in unrealistic efficiency
goals. To mitigate this, ENSA achieved the
extraordinary recognition of 60% of the loss-
es in the so-called “red zones”, basing its
request on official public security data that
demonstrate the physical impossibility of
acting in certain territories.

Looking at the regional landscape, there are
stark parallels and differences in how each
country approaches the recognition of loss-
es. Colombia, under Resolution CREG 015 of
2018, has established an innovative model
that allows operators with critical levels of
losses to submit Reduction and Mainte-
nance Plans. An aspect highlighted by EPM
and Enel Colombia is that this framework
not only recognizes the cost of recovered
energy, but also the Administration, Opera-
tion and Maintenance (AOM) expenses spe-
cifically associated with combating NTLS s,
understanding that sustaining low levels of
loss requires a constant operational effort
and not just an initial investment in assets.
Similarly, DELSUR in El Salvador achieved
outstanding results by having 100% of the
technical loss and half of the non-techni-
cal loss recognized, which provided it with
the financial oxygen to reduce its total loss-
es from 10% to 7% in a period of five years
through transparent and efficient customer
management.

In contrast, Peru’s model is based on the “Ef-
ficient Model Company”, where the regulator
sets a strict limit of NTLS , generally 2.56%
at low voltage, based on an optimized theo-
retical network. Companies such as Pluz En-
ergia have stated that this framework, orig-



inally designed in 2006, has lagged behind
the technological evolution of fraud, as men-
tioned in the previous section. The differ-
ence with the models of Colombia or Brazil
is that the Peruvian system exerts constant
pressure towards maximum theoretical effi-
ciency, which has generated controversies
about whether operating costs in hard-to-
reach areas are being fully recognized. A
similar disincentive is observed in Centrosur
(Ecuador), which despite having one of the
best loss rates in the region (around 6%), the
regulator recognizes exactly that value, with-
out rewarding the additional effort to stay
below the national average, which generates
a sense of punishment towards the most ef-
ficient companies.

In Brazil, ANEEL applies a yardstick compe-
tition model that uses socioeconomic vari-
ables to group distributors into clusters of
similar complexity. According to Enel Brasil,
for this model and new technologies such as
prepaid to work, tariff differentiation is es-
sential to encourage users to adopt more ef-
ficient payment and consumption schemes.
In addition, they emphasize the importance
of proactive communication with the cus-
tomer so that the inspection process is not
seen as an arbitrary penalty but as a fair re-
covery of resources. On the other hand, in
Costa Rica, the ICE operates under a sim-
ple metric where the regulator recognizes
a maximum of 8.30% based on the market
average, forcing the country’s seven distrib-
utors to compete to be below that mark to
avoid direct financial losses.

There are cases where the recognition of
losses is transferred to the field of social pol-
icy, as is the case with SECHEEP in Argenti-
na, which, since it does not have a formal
tariff recognition by the regulator for areas
of high vulnerability, depends on provincial
programs where the government directly
finances consumption in slums and settle-
ments measured in substations. This situ-
ation is similar to the discussions in Chile,
where Enel Chile faced strong social oppo-
sition in 2019 to the massification of smart
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meters (MILs), due to the fact that there
was no clear public policy that explained the
benefits of the investment or who should
assume ownership of them, which ended
up slowing down technological deployment
and forcing a revision of the regulations.

Finally, it is important to mention that the
modern regulatory trend is beginning to link
loss reduction with environmental sustain-
ability. Given that NTLS s encourage over-
consumption as there is no real price signal
for those who steal energy, it is estimated
that this phenomenon generates between
5 and 6 million tons of CO2 annually in the
region. The integration of loss reduction tar-
gets into national climate change strategies
could open up new sources of green financ-
ing, allowing investments in grid hardening
and digitalization to be remunerated not only
for their operational efficiency, but also for
their contribution to the decarbonization of
the economy.

7.4.1. Prevention and electrical safety
campaigns

Electrical prevention and safety campaigns
represent a paradigm shift within the man-
agement of NTLS s in Latin America and the
Caribbean, moving from a purely punitive
approach to one based on social market-
ing and integrated risk management. This
approach is based on the premise that the
communication of life risk constitutes a
much more powerful and socially accept-
able deterrent than the threat of legal sanc-
tions or financial fines. The scope of these
initiatives transcends the technical warning
to insert themselves in civic education and
cultural transformation, linking the legal use
of energy with the protection of the physi-
cal integrity of families and the community.
It seeks to break the social justification of
fraud by presenting the manipulation of net-
works as activities that put people’s health



at risk, such as death by electrocution, struc-
tural fires and loss of property, transforming
the theft of an alleged “cunning or social
mischief” into a behavior perceived as risky
and criminal.

These campaigns are deployed under the
concept that the human factor is the most
critical link in the distribution chain. Compa-
nies such as ESSA in Colombia, with its slo-
gan “Connect with safety, disconnect from
danger”, present information aimed at high-
lighting that the economic savings are per-
ceived as insignificant in the face of the risk
of permanent disability or loss of life. In ad-
dition, the user is educated on the protection
of individual property, warning that clandes-
tine connections, lacking protections such
as fuses of correct capacity or grounding
systems, generate voltage fluctuations that
can destroy appliances whose replacement
cost far exceeds the benefit of illegality. In
fact, Pluz Energia in Peru indicates that up
to seven out of ten fires in critical areas have
their origin in irregular electricity consump-
tion, which reinforces the need to use safety
as the main argument to encourage citizen
reporting.

The experiences collected through Latin
American distributors reveal a diversity of
good practices that combine technology,
face-to-face and communicative creativity
adapted to each territory. In Ecuador, the
EEQ has identified that children act as high-
ly effective information multipliers, using
informative sketches and comic content in
schools so that the message of risk esca-
lates to adults, which has resulted in a nota-
ble increase in the channels of citizen com-
plaints by neighbors who feel threatened by
the fraud of others. Along the same lines,
SECHEEP in Argentina and EDP in Brazil fo-
cus their awareness programs on rational
and efficient use from the school stage, inte-
grating agents who visit the field to encour-
age the change of old technologies for LED
lamps, humanizing the commercial relation-
ship. For its part, Enel Brasil has opted for
technological transparency and proactive
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communication, using WhatsApp and You-
Tube to inform customers about inspection
processes, sending clear messages when
an irregularity is detected (Termo de Ocor-
réncia e Inspecdo - TOI) to ensure that the
user understands that it is not an arbitrary
penalty, but of a recovery of energy neces-
sary for tariff justice.

Enel Chile has implemented the Center of
Excellence, a laboratory that represents a
full-scale distribution network, energized
under safe conditions, so that the commu-
nity physically understands the dangers of
illegal manipulation. In contexts of high con-
flict, such as those reported by CVC Energia
in Peru, the simple distribution of informa-
tive flyers and basic training on short cir-
cuits has made it possible to reduce fraud
indicators even in areas where gangs were
previously prevented from accessing by the
aggressiveness of users. This “energy with
purpose” seeks to make the population val-
ue formal supply not only as a service, but
as proof of residence that grants dignity and
access to other social benefits, reducing the
inefficient overconsumption that character-
izes theft and that generates between 5 and
6 million tons of CO2 annually in the region
due to the lack of incentives for savings.

The effectiveness of these campaigns also
depends on their ability to adapt to seasonal
and geographic cycles. Some distributors in-
tensify their alerts during the holiday season,
warning about the risk of fires due to the use
of uncertified Christmas lights and as a con-
stant reminder of the danger of interacting
with the network. However, companies face
critical barriers such as misinformation gen-
erated by organized groups that promote the
“culture of non-payment”, arguing that ener-
gy is a free right, which requires sustained
social support by multidisciplinary teams
that include sociologists and community
managers.

Finally, the regional trend suggests that
prevention campaigns are successful only
when they are integrated with enabling busi-



ness solutions and technological modern-
ization. The experience of EPM in Colombia,
with more than 300,000 customers in pre-
paid energy, and of Enel Colombia, with its
“Safe Energy for All” initiative, demonstrates
that offering a formal, safe and low-cost
connection alternative eradicates the need
to resort to artisanal connections. Network
hardening and the installation of meters at
height must be preceded by dialogue tables
with local leaders to avoid rejection of the
technology. Electrical safety is the most elo-
quent language for protecting life and infra-
structure, demonstrating that a system with
low losses is more resilient and sustainable.

Electrical prevention

and safety campaigns
represent a paradigm shift
within the management
of NTLS s in Latin America
and the Caribbean
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7.4.2. Legality and civic education

Legality and civic education operate on the
cultural and ethical dimension of the user
to transform their relationship with the elec-
tricity service. This category focuses on the
construction of a “culture of legality”, where
the electricity supply is no longer perceived
as an inexhaustible, free resource or a polit-
ical booty, and is recognized as an essential
public service that requires a fair consider-
ation to guarantee its quality, expansion and
safety. In Latin America, this challenge is
particularly complex due to the persistence
of a social norm that often treats electricity
as an absolute right detached from the duty
to pay, which generates “inefficiency traps”
where theft is socially tolerated and, at times,
encouraged. Therefore, the scope of these
measures seeks to break the cycle of infor-
mality through social marketing, transparen-
cy in the communication of the real costs of
fraud and the creation of a sense of belong-
ing and shared responsibility between the
distribution company and the community.

Best practices have migrated towards mod-
els of community management and social
inclusion, recognizing that tougher penalties
alone clash with the reality of energy poverty
and institutional weakness. The IDB stress-
es that tolerance for losses is ineffective in
promoting equity, since the costs of stolen
energy end up being passed on to legal us-
ers or degrade the quality of service for the
most vulnerable, who lack the resources to
protect themselves against voltage instabili-
ty. In this sense, a good practice identified is
the use of exchange theory, where the com-
pany offers security, patrimonial stability and
dignity (such as the invoice as proof of res-
idence to access microcredits) in exchange
for the formalization of the service. On the
contrary, a recurrent bad practice is “punitive
populism” or the politicization of the sector,
where irregularity is allowed as a form of
blind subsidy that weakens the investment
capacity and credibility of institutions.
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The experiences documented by Latin Amer-
ican distributors show different trajectories
to promote formalization and citizen ethics.
In Peru, companies such as Electro Dunas
have opted for a direct and dissuasive dis-
course, launching campaigns that warn that
“whoever steals energy goes to jail”, using
real court sentences of up to three years in
prison to educate about the criminal nature
of theft. In contrast, EPM in Colombia has
developed a model of deep social manage-
ment, where the pillar is not the cutting of
the service, but the support of social manag-
ers who act as bridges with community lead-
ers to introduce prepaid energy. This solu-
tion has made it possible to link more than
300,000 vulnerable customers to the formal
system, allowing them to manage their con-
sumption according to their daily cash flow
and eliminating the need to resort to danger-
ous artisanal connections.

Enel Brasil’s strategy under the “Legal Ener-
gy” program integrates technical oversight
with education, bringing mobile offices to
communities to negotiate debts and carry
out joint inspections with the population. An
interesting parallel can be seen in Argenti-
na, where EPEC and EPESF have developed
specific “electricity inclusion” programs for
popular neighborhoods and slums, closely
articulating with provincial and municipal
governments. This strategy involves carry-
ing out infrastructure works prior to com-
mercial regularization, establishing them
as an indispensable condition to guarantee
electricity security and the sustainability of
formalization. In these contexts, civic educa-
tion includes teaching the responsible use of
energy to neighborhood leaders, achieving a
cultural change that is reflected in a higher
rate of permanence and less recurrence in
fraud.

For its part, DELSUR in El Salvador has iden-
tified that formalization requires direct eco-
nomic incentives, such as the financing of in-
ternal electrical installations, eliminating the
initial technical barrier that prevents low-in-
come families from legalizing. Finally, the re-



gional trend suggests that legality should be
linked to environmental sustainability, com-
municating that loss reduction is not only a
financial objective, but a direct contribution
to the reduction of CO2 emissions and to the
climate resilience of cities.

7.4.3. Community work and coordination

Community work and intersectoral coordina-
tion represent the most advanced and nec-
essary frontier in the management of NTLS
s, operating under the fundamental premise
that energy theft cannot be solved exclusive-
ly through a technical or punitive approach,
since its roots are deeply socioeconomic,
political and environmental. This category
of measures seeks to shift the pillar of the
intervention towards the construction of a
social license to operate, understood as the
support and trust of the communities that
allow the distribution company to execute
its functions in environments of high social
complexity. The scope of these strategies is
holistic, integrating infrastructure modern-
ization with social awareness programs, co-
ordination with authorities, and the creation
of permanent dialogue mechanisms that hu-
manize the relationship between the compa-
ny and the user. In the region, best practices
show that loss reduction is sustainable only
when it is linked to the real improvement of
the quality of life of populations, transform-
ing the electricity supply into an “energy with
purpose” that provides dignity and legal cer-
tainty.

Institutional discoordination is one of the
main traps of inefficiency in the region, since
the absence of solid social policies leads the
State to tolerate energy theft as a form of in-
formal transfer of resources. On the contrary,
successful experiences have been based on
clear institutional support and a multi-sec-
toral approach that involves not only distrib-
utors, but also territorial planning and public
security entities. A recurring good practice
is the use of social marketing, where the
company offers stability and asset protec-
tion in exchange for the legalization of the
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service. In contrast, a common bad practice
has been the implementation of advanced
technologies, such as smart meters, with-
out adequate prior communication, which
in contexts such as Chile generated strong
social and political opposition that slowed
down technological deployment.

The experiences documented by Latin Amer-
ican distributors offer details on how this
community work is grounded in the territory.
Enel Brasil has been a pioneer in the use of
community leaders, with a network of more
than 800 referents who act as mediation
agents to build trust and facilitate the entry
of technical crews to carry out joint inspec-
tions, negotiate debts and promote energy
efficiency projects, such as the replacement
of refrigerators or LED lamps. making the
user feel like a partner in the system and not
a victim of oversight. In Uruguay, the compa-
ny UTE has innovated with its “proximity bri-
gades”, made up of a technician and a com-
mercial agent, who visit homes to advise
and fix internal installations free of charge
as an incentive for formalization, ensuring
that the customer avoids falling into unpay-
able debts.

In Argentina, companies such as EPEC have
inverted the traditional logic, proactively
going towards informal settlements to in-
dividualize each family and accompany the
formalization process through low-voltage
works that precede the inspection, working
hand in hand with municipalities in the dia-
gramming of safe lots. For its part, Edenor
highlights the importance of working with
foundations to train new users in the rational
use of energy, ensuring that their consump-
tion is payable and avoiding the recurrence
of fraud due to unmanageable bills. Howev-
er, the path is not without barriers; in areas of
severe operational restrictions, companies
face opposition from organized groups that
promote a “culture of non-payment,” forcing
distributors to coordinate their shutdown
and regularization operations with the sup-
port of the security forces, as in the cases
reported by Electro Dunas in Peru and SAE-
SAin Chile.



The Dominican Republic offers a distinctive
model through the “Monitoring and Liaison
Committees” (COSE) and the signing of “So-
cial Pacts” between communities and dis-
tributors. In these agreements, the company
undertakes to improve continuity of supply
and repair dangerous networks, while the
community assumes responsibility for not
making illegal connections and reporting
suspicious tampering, creating a system of
co-responsibility that has made it possible
to reduce commercial losses significaNTLs
y. This type of innovation shows that com-
munity work must be flexible and adapted to
the physical reality of each settlement to be
effective.

However, the effectiveness of physical bar-
riers and legal persecution finds an insur-
mountable border in the social reality of the
territories. Operational experience shows
that, in contexts of high vulnerability and
urban exclusion, fraud does not always re-
spond to an opportunistic decision to max-
imize profits, but to a subsistence strategy
in the absence of formal alternatives. In set-
tlements where the state is absent — with-
out property titles, street layouts or public
infrastructure — the irregular connection be-
comes the only way to access an essential
service. In these scenarios, purely coercive
measures, such as repeated shutdowns or
hardening networks, tend to generate an ex-
hausting cycle of immediate reconnections
and social conflicts, without resolving the
root cause of unregistered consumption.
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Faced with this evidence, distributors have
begun to distinguish between malicious ir-
regularity and structural exclusion, recogniz-
ing that there is a relevant segment of users
who, living on the margins of the system,
express willingness to regularize their situa-
tion in order to access a safe and quality ser-
vice. This reading has prompted companies
to complement their loss management with
specialized areas of social management and
inclusion, and to establish alliances with mu-
nicipalities and state agencies. The objec-
tive is no longer only to protect the network
to integrate the user, under the premise that
the sustainable solution does not lie in pre-
venting access, but in building the technical,
economic and legal conditions for payment
to be viable. It is precisely this repertoire of
solutions that Pillar 3 deals with.
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PILLAR 3: REGULARIZATION AND SOCIAL INCLUSION

The evidence collected in interviews shows
that a relevant part of NTLS s in the region
is sustained in structural situations of infor-
mality and exclusion from the service, where
there are users without a contract, without
a meter or with irregular connections in
camps, precarious settlements or peri-urban
areas of high vulnerability, as explained by
UTE, SAESA and CENS. In these contexts,
the control logic based only on detection
and inspection tends to generate transitory
results: a point is intervened, but the irregu-
larity quickly reappears if a viable path to for-
mality is not enabled, according to UTE and
ESSA. In addition, Electro Dunas and ESSA
report operational and security restrictions
that limit the capacity for sustained inspec-
tion in the field, which reinforces the need
for approaches that combine technical-com-
mercial management with social and territo-
rial strategies.

In this framework, regularization is under-
stood as an enabling condition for a sus-
tainable reduction of NTLS s, as it seeks to
convert irregular consumption into formal
supply, with stable metering, billing and
service channels, reducing electrical risks
and improving service continuity. The expe-
rience of ENSA and SAESA suggests that
this process usually requires coordination
with public actors on issues of land legaliza-
tion, supply authorization, and multi-sectoral
approach (for example, illegal settlements
where formalization exceeds the distribu-
tor's capacity for unilateral action). Conse-
queNTLs vy, regularization is not an isolated
measure, but a process that allows custom-
ers with high levels of socioeconomic vul-
nerability to be treated differeNTLs y and to
sustain the reduction of losses beyond the
reactive cut-off cycle (UTE and Enel Brasil).
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In contexts where NTLS s are associated
with exclusion from the service, persistent
informality, and socioeconomic vulnerabili-
ty, the companies interviewed describe “en-
abling” instruments that complement con-
trol and oversight. These instruments seek
to (i) incorporate clients into the formal sys-
tem with social support and territorial adap-
tation; (ii) prevent debt and collection rigid-
ity from driving the relapse into irregularity;
and (iii) reduce economic barriers to access
through social tariffs or subsidies, favoring
the sustainability of the contractual relation-
ship.

8.2.1. Energy inclusion

Energy inclusion is presented as a set of
practices aimed at building user loyalty to
the formal system in vulnerable neighbor-
hoods, reducing electricity risks and creat-
ing conditions for a culture of payment. A re-
curring element is the work of proximity and
the sustained presence in the field, for exam-
ple, EPEC SAU has implemented programs
that combine regularization with training of
neighborhood referents on responsible use
of energy and support in procedures and
management of consultations/payments. In
a similar logic, CENS reports the creation of
teams or lines of social management to link
users in settlements, including the execution
of infrastructure associated with the formal-
ization and mitigation of risks of electrical
origin.

Another good practice mentioned by
SECHEEP and EEQ is the structuring of spe-
cific devices for the territorial approach:
dedicated teams that visit neighborhoods,
collect information and manage regulariza-
tion, or focused projects to reach vulnerable



areas and reduce conflict associated with
historically unmeasured sectors. In Uruguay,
the explicit segmentation of “customers
without inclusion” is described as a group
that requires differentiated treatment, artic-
ulating control strategies with a social inclu-
sion project (UTE). Along the same lines, the
UTE highlights the incorporation of proximity
brigades made up of a technical and a com-
mercial profile, aimed at regularizing and ac-
companying the customer to prevent them
from being “trapped” in an unpayable debt,
reporting an increase in formalized custom-
ers after the intervention.

Finally, several companies (SAESA, ENSA
and Enel Brasil) point out that, in camps
or illegal settlements, energy inclusion de-
pends on external conditions (legality of
the land, state coordination and security),
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so the key instrument is multi-sectoral co-
ordination (municipalities/State and other
services), and even the use of regularization
processes of other services, such as water,
to facilitate electricity regularization. Along
the same lines, EDEQ has facilitated safe
access to the service for 1,900 families in
underserved conditions through joint work
with municipal authorities, managing to re-
duce electricity risks for these customers.
The experience also raises a fundamental
reflection: the losses generated by the lack
of urban control — whose origin is in territo-
rial planning decisions beyond the control
of the network operator — should not be as-
sumed by the market as a whole, but require
regulatory mechanisms that involve the re-
sponsible departmental entities, articulating
technical solutions with broader institutional
responsibilities.



8.2.2. Payment flexibility

Payment flexibility appears as a mechanism
to sustain regularization and avoid relaps-
es into irregular connections due to inabil-
ity to pay or accumulation of debt. Among
the practices reported by CVC Energia are
payment agreements with defined terms
and acceptance by both parties, accompa-
nied by active communication from collec-
tions to anticipate delinquency and maintain
the link with the customer. In cooperatives
such as CRE RL, gradual schemes are men-
tioned where facilities are offered and, only
ultimately, the supply is cut off, which oper-
ates as a progressive process before more
invasive measures. In Chile, the use of pay-
ment facilities and recovery campaigns with
a focus on customers willing to regularize,
leveraged on high levels of collection, is de-
scribed.

A specific instrument pointed out by UTE as
an alternative to the total cut-off is the re-
duction of contracted power for certain seg-
ments linked to social inclusion, so that the
customer maintains a minimum and afford-
able supply while transitioning to formality.
In addition, EDEA warns that, when regular-
izing businesses or supplies with irregular
history, the debt may be associated with pre-
vious occupants, so debt treatment criteria
are required that do not block formalization.

At the same time, prepayment (pay before
consuming) is reported as a tool of flexibility
and control, with different variants: automat-
ic cut-off when the balance is exhausted,
provision of “emergency” energy or recharge
mechanisms and discounts/withholdings
to amortize previous debts (ESSA, ENSA
and EPM). To improve accessibility, EPM
highlights the enabling of multiple recharge
channels (bank, neighborhood business-
es, third parties), recognizing that part of
the population prefers nearby face-to-face
points. SECHEEP and Centrosur also men-
tion limited prepaid pilots and applicability
reviews according to segment.
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8.2.3. Direct financial support

Direct economic support is mainly ex-
pressed through social tariffs, differentiat-
ed tariffs and subsidies, as instruments to
reduce barriers to access and improve the
sustainability of regularization in highly vul-
nerable segments. The need or existence of
differentiated tariffs for vulnerable popula-
tions is reported, emphasizing that the sus-
tainability of the scheme requires provision
for the replacement/maintenance of equip-
ment over time (SECHEEP). In cooperatives,
CRE RL describes a regulated solidarity rate,
applying discounts for low-income users. In
Argentina, EDEA mentions a regulated and
coordinated tariff to accompany formaliza-
tion, although with challenges in its imple-
mentation when the starting point was a
high prevalence of illegal connections. It is
also highlighted that there is a relevant uni-
verse of customers in extreme vulnerability
that requires differentiated treatment within
the regularization strategy (EPEC SAU).

From a management perspective, EEQ points
out that subsidy administration is usually or-
ganized as a specific function (administra-
tive area), with state transfers operating as
monetary control associated with access
to the service. Finally, the use of customer
segmentation is observed to define tariff
schemes or commercial relationship condi-
tions aimed at improving collection and eq-
uity of access in segments with a history of
irregularity or vulnerability (Enel Chile).

The experiences gathered in interviews
agree that the regularization of supplies in
contexts of vulnerability is only effective if
it is accompanied by economic and social
conditions that allow the contractual link
to be sustained over time. In this sense, so-
cial inclusion is not limited to initial access
to the formal service, but is expressed in
mechanisms that ensure continuity of pay-



ment, reduction of recurrence and financial
viability for both the user and the distribution
company.

From this perspective, the good practices
identified focus on three complementary di-
mensions: the strategic use of social tariffs,
the active management of the debt associat-
ed with regularization, and community sup-
port as an enabling factor for the process.

8.3.1. Social tariffs

Social tariffs appear as a structural element
to sustain regularization in highly vulnerable
segments, allowing formal supply to be eco-
nomically accessible and reducing the risk
of a return to irregularity. Unlike its role as an
instrument of access, in this dimension the
interviews highlight its function as a mecha-
nism for stabilizing payment over time.

Companies such as SECHEEPR, CRE RL and
EPEC SAU point out that the existence of so-
cial or solidarity tariffs allows the contractu-
al relationship to be consolidated after reg-
ularization, provided that there is clarity in
the eligibility criteria and financing provision
for the operation and maintenance of the
scheme. In this sense, it is emphasized that
the sustainability of the instrument depends
on its coordination with public policies and
state transfers, avoiding that the burden
falls exclusively on the distributor.

Likewise, EEQ and Enel Chile highlight the
importance of customer segmentation to
assign differentiated tariff conditions, al-
lowing commercial treatment to be adjust-
ed according to levels of vulnerability and
historical behavior, with positive impacts
on collection and permanence in the formal
system

8.3.2. Debt management

Debt management emerges as a critical fac-
tor to prevent regularization from leading to
new cycles of delinquency and disconnec-
tion. The interviews show that, in many cas-
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es, the accumulated debt (real or estimated)
constitutes a more relevant barrier than the
tariff itself to sustain the formal supply.

Distributors such as UTE, CVC Energia and
EDEA report practices aimed at decoupling
the formalization of the immediate payment
of historical debts, through agreements, refi-
nancing or differentiated treatment of debt
associated with previous occupants. This
approach seeks to prioritize future regularity
over the full recovery of the past, reducing
the likelihood of abandonment of the formal
system.

In addition, alternative strategies to the cut-
off are mentioned, such as the reduction of
contracted power in specific cases, which
allow maintaining a minimum and payable
supply while stabilizing the customer’s fi-
nancial situation (UTE). These practices re-
inforce the idea that debt management is
not only a financial mechanism, but a tool
for retention and sustainability of the com-
mercial link.

8.3.3. Community support

Finally, community support is identified as
an enabling factor to sustain the effects of
regularization over time, especially in terri-
tories where informality has been the his-
torical norm. More than a one-off action,
companies describe this support as a sus-
tained post-regularization presence, aimed
at preventing relapses and resolving early
frictions.

Experiences of EPEC SAU, CENS and Centro-
sur highlight the role of territorial teams that
continue to interact with neighborhood lead-
ers after formalization, supporting billing
processes, efficient use of energy and ear-
ly resolution of commercial problems. This
monitoring makes it possible to detect early
signs of delinquency or informal disconnec-
tion and to act before the non-technical loss
is reinstated.



In this sense, community support operates
as a mechanism to close the regularization
process, reinforcing the social acceptance
of formal supply and contributing to the fi-
nancial sustainability of the strategy as a
whole.

The interviews show that, in territories where
informality is structural, the distribution
company assumes a role that exceeds tra-
ditional technical-commercial management,
operating in practice as a front-line actor in
the management of social, territorial and ac-
cess to service conflicts. In these contexts,
NTLS s do not respond only to individual
behaviors, but also to collective dynamics
associated with housing precariousness,
absence of property titles, and weak state
presence, which redefines the company’s
margin of action.

UTE, SAESA and ENSA point out that the dis-
tributor is usually the first, and sometimes
the only institutional actor present in the ter-
ritory, facing demands for access to supply
even when there are no legal or urban plan-
ning conditions. This situation stresses the
regulatory mandate to control losses with
social expectations of service provision,
forcing companies to adopt operational de-
cisions that seek to contain electricity and
social risk, even if they do not always lead to
immediate regularization.

In this context, several companies highlight
the need to explicitly differentiate the treat-
ment of NTLS s in contexts of informality
with respect to other types of losses, avoid-
ing applying standard control schemes that
are ineffective or counterproductive. UTE
and Enel Brasil stress that unilateral action
based on massive cuts or repeated inspec-
tions tends to escalate the conflict and does
not sustainably reduce losses, reinforcing
the importance of a gradual and territorial-
ized intervention.
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From an operational perspective, EPEC SAU
and CENS describe that the role of the com-
pany is reconfigured towards coordination
and mediation functions, coordinating with
municipalities, housing agencies, social ser-
vices and security forces to enable more in-
tegrated interventions. In these cases, the
distributor acts as a technical articulator of
the process, providing information on elec-
trical risks, feasibility of supply and inter-
vention sequences, but recognizing that the
resolution of informality exceeds its direct
competence.

Likewise, Electro Dunas and ESSA report that
security restrictions for personnel in the field
decisively influence the definition of the busi-
ness role, prioritizing strategies that reduce
exposure to conflicts rather than sustained
coercive actions, for example, programmed
interventions, work with community leaders
or joint deployments with local authorities.
This operational adaptation is presented as
a necessary condition to maintain a pres-
ence in critical areas and avoid the total loss
of control over the network.

Finally, several interviews agree that the dis-
tribution company plays a key role in gen-
erating transition conditions between infor-
mality and formality, even when the process
cannot be completed immediately. SAESA,
ENSA and Centrosur highlight the impor-
tance of advancing in intermediate solu-
tions (network management, risk mitigation,
user identification) that allow the system to
be stabilized while external enablers, such
as land regularization or public policy deci-
sions, are resolved.
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MEASURE FACT SHEETS

In order to systematize and clearly commu-
nicate the experiences and tools identified
in the study, a system of standardized fact
sheets was designed that organizes the in-
formation into three complementary levels,
following a logic that advances from a gen-
eral vision to increasing levels of specificity.
This structure seeks to facilitate the under-
standing of the contents, guide the reading
of the document and articulate its different
levels of analysis in an orderly manner.

The first level corresponds to a general file
of the study, which synthesizes the three
pillars of analysis, their respective sub-crite-
ria and the measures associated with each
one, through a differentiated visual coding.
This worksheet serves an introductory and
navigational function, since it allows the
reader to immediately recognize the overall
structure of the study and orient themselves
within its main components. It also incor-
porates hyperlinks that facilitate access to
the corresponding sections, articulating the
reading between the different levels of the
file system.

The second level is made up of the fact
sheets by pillar, whose purpose is to present
in a structured way the scope and areas of
action, and their context of general imple-
mentation; in addition, they allow to offer an
intermediate vision between the general vi-
sion of the study and the specific measures,
facilitating the understanding of the internal
organization of each area.

The third level corresponds to the specific
measures or tools sheets, developed to syn-
thesize the essential information of the mea-
sures identified within the different sub-cri-
teria. These sheets contemplate a common
structure composed of the general definition
of the measure, its benefits, enablers and
implementation challenges. Their orienta-
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tion is mainly analytical and applied, as they
allow the identification of the conditions that
favour their adoption, the main obstacles ob-
served in practice and the advantages they
can generate in operational, commercial or
managerial terms. In addition, they incorpo-
rate references to distribution companies
and Latin American countries in which ex-
periences of implementation of these mea-
sures are recorded.

Overall, the card system is designed to guide
the reading of the study in a progressive and
articulated way. The general file is the entry
point; the intermediate level presents the in-
ternal structure of each pillar; and the specif-
ic level concentrates the particular informa-
tion of each measure. In this way, the system
allows us to move from a global vision of
the study to the detail of the tools identified,
articulating their different levels of analysis
in a clear sequence. With this, it facilitates
a progressive understanding of the content
and makes it a useful resource for consulta-
tion, comparison and practical appropriation
by the different actors in the sector.

In the annexes section you can find part of
the fact sheets developed in this study. You
can also find the complete set of fact sheets
in the Collaborative Repository of the study,
where the experience gathered around the
implementation of management measures
and practices for the reduction of non-tech-
nical losses is consolidated. This platform
considers periodic updates aimed at main-
taining the validity of the information pub-
lished, especially with regard to applicable
regulations and technical standards. In addi-
tion, it has a section for the collection of sug-
gestions and comments from users, in order
to identify potential errors and progressive-
ly strengthen the quality of the information
available.
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LESSONS AND SUCCESS FACTORS

The review of the lines of intervention shows
that the distribution companies have a ro-
bust technical and commercial portfolio to
address irregularity. However, the evidence
gathered through the interviews suggests
that the availability of inspection technolo-
gy or resources is a necessary, but not suf-
ficient, condition for the effective control of
non-technical losses.

The comparative analysis allows us to iden-
tify that the performance of these measures
depends, to a large extent, on organizational
and strategic variables that cross the differ-
ent areas of the company. Beyond the spec-
ificity of each tool, common management
patterns are observed in those experiences
that have managed to sustain their indica-
tors over time. Below, four critical factors
are systematized that, according to the op-
erational experience of the actors consulted,
act as enabling conditions for the viability of
the recovery strategy.

Institutional continuity. The first determin-
ing factor lies in the transition from a proj-
ect logic to a continuous process one. Evi-
dence indicates that non-technical losses
behave as an elastic variable: they reduce
under pressure, but rebound immediately
when management relaxes. Therefore, it is
necessary to internalize energy control as a
permanent function of the operation, analo-
gous to the maintenance of the network and
not as a transitory initiative.

Data hygiene. The prioritization of informa-
tion quality is established as a prerequisite
of analytical intelligence. Although there is a
trend towards the incorporation of predictive
models, the effectiveness of these tools is
limited if they are built on precarious data-
bases. Operational experience suggests that
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the cleaning up of basic information is the
enabling condition of any modern strategy,
as algorithmic sophistication fails to com-
pensate for deficiencies in data governance.

Operational discipline. Successful manage-
ment requires rigorous control of the human
factor, as metering technology maintains
a degree of vulnerability to physical inter-
action. The risk of collusion or operational
corruption forces the implementation of
practices such as the systematic rotation of
personnel and the specialization of crews
dedicated exclusively to loss control, nec-
essary mechanisms to avoid the generation
of vices in the relationship between techni-
cians and customers. Likewise, this control
must consider the security restrictions of
the environment, migrating towards techno-
logical hardening and telemetry strategies
in areas where the integrity of personnel is
compromised.

Contextual realism. Finally, the viability of
the strategy depends on the recognition of
the limits of utility-led action in the face of ur-
ban informality. There is consensus that the
distributor cannot make up for the absence
of territorial planning; When irregularity oc-
curs in unrecognized settlements, technical
solutions are unsustainable without prior
legal authorization. In these scenarios, the
main barrier is usually administrative, as reg-
ulations often prevent formal electrification
without validation from the local authority.
ConsequeNTLs vy, regularization necessari-
ly requires the action of the municipality to
prepare the area for urban planning, an es-
sential condition for the company to be able
to deploy its customer management within a
framework of legality.
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A review of non-technical loss management
strategies in Latin America allows us to con-
clude that this phenomenon is not a simple
operational externality to be corrected, but
a symptom of the complex relationship be-
tween the electricity service and the social
structure of the region. The persistence of
significant levels of losses, even in contexts
of sustained investment, suggests that the
traditional approach - focused exclusively
on pursuit and hardening — although neces-
sary, is insufficient on its own to address the
root of the problem, requiring to be comple-
mented with more integrated management
dimensions.

The first reflection that this study yields is
the need to overcome the user’s binary vi-
sion. The rigid classification between “regu-
lar customer” and “fraudster” is insufficient
to address the vast gray area of irregularity,
where criminal opportunism coexists with
structural exclusion. The distributors that
lead energy recovery are those that have de-
veloped the sensitivity to distinguish these
nuances and apply the appropriate reme-
dy: criminal rigor for massive industrial and
commercial fraud, but bridges of inclusion
and flexibility for residential vulnerability.

Second, it is found that technology is an en-
abler, not a solution. Digitalization, smart me-
tering, and data analytics have transformed
visibility into the problem, enabling the shift
from blind sweeps to surgical interventions.
However, technology does not replace terri-
torial management or political will. A smart
meter in a neighborhood where the police
don't enter or where there is no culture of
payment is an asset at risk, not a solution.
The modernisation of the network must in-
variably be accompanied by modernisation
in the social and community management
of the company.
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Finally, the challenge of non-technical losses
invites us to rethink the role of the distributor
in the 21st century. In a scenario of energy
transition, where the grid must be flexible,
digital and participatory, the burden of finan-
cial and operational inefficiency caused by
losses is unsustainable. Solving this chal-
lenge implies that the distributor ceases to
see itself only as an operator of cables and
transformers, but rather as an active agent
in the economic formalization and social
integration of the territories it serves. Loss
recovery, ultimately, isn't just a profitability
metric; It is the process of building a full en-
ergy citizenship, where access to a quality
service and fair payment for it are two sides
of the same coin.

Despite the advances described through-
out the study, the consolidation of effective
management models for the reduction of
non-technical losses continues to face rele-
vantgapsthattranscendthe strictly technical
dimension. In many cases, these challenges
are located at the intersection between regu-
lation, institutional governance, ethics of in-
formation use and socio-economic realities
of the territories where distribution networks
operate. In this sense, the approach to NTLS
S requires recognizing that their solution
does not depend only on technological tools
or operational improvements, but also on
the capacity of regulatory and institutional
frameworks to adapt to new conditions and
emerging tensions.

One of the most obvious challenges arises
from the growing use of digital technologies
for the early detection of irregularities. The
expansion of smart grids, advanced meter-
ing systems (AMIs), and data analytics tools



makes it possible to identify anomalous
consumption patterns with unprecedent-
ed accuracy. However, this transformation
also raises questions about the governance
of the data generated by these infrastruc-
tures. The availability of detailed informa-
tion on energy consumption patterns can
reveal sensitive aspects of users’ daily lives,
posing challenges in terms of privacy, data
protection and proportional use of informa-
tion. In this context, it is necessary to move
towards regulatory frameworks that more
clearly define the limits and responsibilities
associated with the processing of this data,
promoting principles of “privacy by design”
and ensuring that irregularity detection tools
are used in a proportional, transparent and
limited manner to the strictly operational
purposes of the electricity system.

A second challenge relates to the social
dimension of non-technical losses and to
the limitations of approaches focused ex-
clusively on control. In many contexts in
the region, a significant part of the irregular
connections are linked to situations of ur-
ban informality, housing precariousness or
the historical absence of basic infrastruc-
ture. In these cases, interventions based
solely on physical barriers or sanctions tend
to produce transient effects, as they do not
address the structural causes that give rise
to irregularity. The evidence collected sug-
gests that sustainable reduction of losses
requires articulating control strategies with
broader policies of regularization, inclusion,
and territorial planning. In other words, the
management of NTLS also poses an energy
justice challenge: to ensure that the formal-
ization of the service is technically and eco-
nomically viable for vulnerable households,
preventing control measures from deepen-
ing dynamics of exclusion.
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Finally, a gap persists between the speed of
technological innovation and the adaptabil-
ity of regulatory frameworks. Many of the
emerging solutions for loss management,
including advanced metering systems, pre-
dictive analytics, energy inclusion programs
or preventive customer management mech-
anisms, do not always find clear recognition
within current tariff or incentive schemes. In
some cases, this may limit the adoption of
more preventive and integrated approaches,
favoring traditional control strategies that
are less efficient in the long term. In this
sense, one of the most relevant regulato-
ry challenges is to design frameworks that
adequately recognize investments aimed at
structural loss reduction and that encourage
the creation of social and systemic value as
part of distribution service management.

Taken together, these challenges suggest
that the sustainable reduction of non-tech-
nical losses requires moving towards more
integrated approaches, where technological
innovation, regulatory adaptation, and so-
cial inclusion strategies are articulated in a
coherent manner. Only through this conver-
gence will it be possible to transform loss
management from a reactive logic of control
to a more preventive, efficient and socially
sustainable model for the region’s electricity
systems.



www.adelat.com www.iadb.org www.olade.org www.uchile.cl www.centroseda.cl

adelat.\—.:\:\'



APPENDIX A

Regulatory context
related to NTLs



Total annual energy [GWh]

Argentina Bolivia Brazil Chile Colombia Costa Rica Ecuador
79,530.4 (38.35% regulated
142.789 11.966,27 725.100 customers and 61.65% free | 82.084,9 12.790,6 28.935

customers)

Types of customers

Free customers over 300
kW of installed power, rest
of the consumers are reg-
ulated.

Non-regulated consumer
from 1000 kW, rest regulat-
ed consumer

Free consumer from 1.5
MW, special consumer
between 500 kW and 1.5
MW only with renewable
sources, rest regulated
customers.

Free customers from 300
kW, the rest regulated
customers.

Unregulated user with an
average monthly demand
greater than 0.1 MW, or an
average energy of 55 MWh-
month. Under these values
they are regulated users.

Only regulated customers
with differentiated tariff
segments.

Consumers not regulated
with a maximum monthly
power demand = 1,000 kW
and minimum annual en-
ergy consumption = 7,000
MWh, under these regulat-
ed customer values.

Defining Losses

Non-technical losses
understood as energy
delivered and not billed/not
collected (theft, metering
fraud, clandestine con-
nections, metering/billing
errors).

The revised regulatory
framework does not pro-
vide a formal definition of
"non-technical losses"; In
sectoral documents they
are associated with un-
billed energy due to illegal
connections, fraud and
metering/billing errors.

Definition as theft (clan-
destine connection, diver-
sion), fraud (adulteration
of the meter), and also
metering and billing errors.
They are calculated as
total losses minus techni-
cal losses.

Under the name of "Unreg-
istered Consumption”.

Non-technical are distin-
guished, by energy theft or
lack of metering.

Defined as energy con-
sumed and not billed for
illegal connections, fraud,
and metering and billing
errors/inefficiencies.

The regulation distinguish-
es between technical and
non-technical losses.

Level of total losses

Losses in distribution
historically in the range of
15-18% at the aggregate
level, with a strong weight
of NTLS s in vulnerable
urban areas.

No recent official data on
total losses.

14.0% of the energy inject-
ed in 2024, with 7.4% (44.6
TWh) of technical losses
and 6.6% (40.2 TWh) of
non-technical losses.

No recent official data on
total losses.

CREG diagnostics show
operators with IPT (Total
Loss Index) from efficient
levels close to 8—10% to
values above 20% in some
low-voltage systems; the
national average is around
intermediate ranges

The Costa Rican electricity
institute describes internal
reduction goals but does
not publish a recent con-
solidated percentage;

6.3% technical and 9.3%
non-technical

% of losses recognized in
the rate

The regulator sets recog-
nized loss levels (technical
and non-technical) con-
sistent with an efficient
company; Losses above

Between 6.01% and
22.06% recognized by each
distributor in the Tariff

In the Periodic Tariff Re-
view (RTP), regulatory % is
defined by distributors of
technical and non-techni-

The VAD recognizes the
cost of the technical
losses calculated for the
efficient model company
and an econometrically
estimated level of theft;

The tariff remunerates
efficient rates of losses per
voltage level calculated
from load flows and techni-

The available information
does not identify an explic-
it standard of losses

The regulation sets a
maximum level of losses
recognized via voltage
level factors; Losses above
that standard are not

that standard are not trans- Study every 4 years. fﬂ!g?sf:tt:::aizifmcorpo— Only this standard level is | cal studies. ;aulstfsgzﬂ;gr?: dtabr|ifh2nd
ferable to tariffs. remunerated, not the total distributor y
actual losses
Regulatory Entity ENRE AETN ANEEL CNE CREG ARESEP ARCERNNR




Regulatory Objective

Remunerate necessary
and efficient operation,
protect the user with fair
and reasonable tariffs and
encourage the reduction of
losses, especially non-tech-
nical ones.

Energy balance transpar-
ency and cost discipline;
reduce losses through
management and inspec-
tion.

Incentivize efficiency and
fraud reduction, protecting
the consumer from trans-
ferring inefficient levels.

Encourage efficiency (re-
duce losses) by avoiding
passing on inefficiencies to
the user.

Reduce losses (especially
non-technical) with incen-
tives and co-responsibility,
without overloading the
user due to inefficiency.

Transparency of costs and
efficiency of the service,
with a focus on reducing
losses.

Hedging costs with effi-
ciency and incentives to
reduce losses (especially
non-technical) where they
occur.

Impact on tariffs

The recognized loss level
is integrated into the VAD/
CPD and defined regulatory
revenues. The additional
NTLS s reduce the distrib-
utor's results without being
reflected in higher tariffs.

No explicit mechanism
of NTLS pass-through is
identified; The regulatory
approach is seen more
as measuring/recording
losses and monitoring
performance.

NTLS s are recognized in
tariff only up to the regula-
tory value (incentives: if the
company is inefficient, the
transfer to the consumer's
account is limited).

Recognition up to an effi-
cient level; The distributor
assumes the difference
between actual and recog-
nized physical losses.

Tariff remunerates efficient
indices; It can recognize
additional losses/invest-
ments under conditions,
with a decreasing path to
efficient losses.

Losses affect service
costs; no public evidence
of explicit pass-through of
NTLS s (rather a signal of
efficiency and control).

Losses are determined and
valued for consideration in
regulated costs/revenues
of the service (tariffs)
through the different ac-
tivities; NTLS restricted to
distribution.

Type of tariff recognition

Not explicit

Not explicit

Incentive/Penalty

Efficient cap

Not explicit

Not explicit

Not explicit

Loss calculation method-
ology

RTI studies and energy
balances (purchased vs.
invoiced energy), technical
and economic audits, and
network modeling to sep-
arate technical losses and
estimate the contribution
of non-technical losses.

Energy balances that
consider purchases, own
energy, sale and losses;
no separate explicit rec-
ognition of NTLS s was
identified

Regulatory percentages of
technical and non-techni-
cal losses in the Periodic
Tariff Review; NTLS limits
are calculated by method-
ology (PRORET).

VAD Technical Bases
define the calculation of
the CPEyP (Cost of annual
energy and power losses
of the distribution system),
determining technical
losses with power flow
models and estimating
theft through econometric
models based on historical
theft and GDP.

Efficient loss rates by
voltage level; incentive
scheme: conditional and
limited recognition of addi-
tional losses, and plans to
reduce NTLS s.

A distinction is made
between technical and
non-technical losses for
management; there was no
specific tariff mechanism
that recognizes NTLS as a
separate item.

NTLS s are calculated

as total losses minus
technical losses and are
considered only in primary
feeders and secondary
networks

Additional incentive/pen-
alty schemes

Investment and opera-
tional improvement plans
required by ENRE, possible
penalties for non-com-
pliance with service obli-
gations and supply stan-
dardization programmes
in neighbourhoods/slums
with public support

Penalties for infractions
and irregular consumption
through fines calculated

as kWh x average rate, in
addition to criminal sanc-
tions, supply cut-off due to
late payment and executive
action for debts; The fines
are intended for rural elec-
trification.

criminal and administra-
tive penalties for irregular
consumption (theft/fraud),
including the crime of
"stealing" energy (CP art.
155 §3) and inspection/
collection procedures for
irregularities under REN
ANEEL 1.000/2021

In the event of theft/

fraud, the distributor can
reliquidate and charge for
unregistered consumption,
for an estimated period
and seek compensation for
damages or losses through
the courts, and may also
suspend the supply ac-
cording to the regulations.

Irregular consumption due
to fraud or theft is punish-
able with a prison sentence
of 16 to 72 months and a
fine of 1.33 to 150 legal
minimum monthly wages,
and enables the company
to suspend or cut off the
service.

Irregular consumption
faces administrative
complaints and criminal
sanctions for "illicit use”,
which can imply impris-
onment for anyone who
illegitimately seizes energy
or manipulates metering
equipment and networks.

There are official targets
for reducing distribution
losses, non-compliance
with which implies not
reaching the required effi-
ciency levels and exposes
distributors to economic
and administrative sanc-
tions and loss of access
to certain tariff and energy
efficiency incentives.

Social energy policy

Targeted Energy Subsi-
dies (SEF), focusing on
covering 50% of the cost
of basic consumption for
middle- and low-income
households.

Dignity tariff, a 25% dis-
count on the amount billed
to consumers classified

in the household category
with consumption up to 70
kWh/month.

The Social Electricity En-
ergy Tariff (TSEE), reduces
electricity consumption
rates by up to 65% for
low-income families, and
up to 100% for indigenous
communities.

Electricity subsidy for
vulnerable residential cus-
tomers.

electricity subsidies by
stratification of the popu-
lation.

The Solidarity Electricity
Tariff benefits families in
poverty and extreme pov-
erty with reductions in the
cost of electricity. This aid
applies to the first 100 kWh
of monthly consumption.

Dignity Tariff, subsidy
for vulnerable residential
households




El Salvador Guatemala Mexico Panama Peru Dominican Republic Uruguay
Total annual energy [GWh] | 7,145.2 GWh 13,496.3 GWh 304,011 GWh 9,604.68 GWh 60,029 GWh 22,672 GWh 13,040 GWh
Large (free) users over Free customer with con- On 300 kW you can opt for Free user over 2500 kW of Non-regulated user over Regulated customer under

Types of customers

Only regulated customers
with differentiated tariff
segments

100 kW of installed power,
under this scheme are
regulated customers.

nected loads greater than
or equal to 1 MW, under
this regime they are regu-
lated customers

a free customer regime, un-
der this value corresponds
to regulated customers.

contracted power, under
200 kW they are regulated
users, and the regime can
be chosen from the values.

1.4 MW or more, under that
value corresponds to regu-
lated users.

500 kW, on that power you
can freely choose the elec-
tricity supplier.

Defining Losses

No direct normative defini-
tion was found; It is usually
used as consumed and
unbilled energy (fraud/
theft/errors).

The EVAD methodology
contemplates technical
and non-technical losses
(especially in LV) on the
balance sheet, but with-
out a textual definition of
NTLS.

The Metering Manual
(DOF) treats "Non-Tech-
nical Losses" as losses
associated with theft/irreg-
ular connections and/or
metering failures/errors.

The tariff regulation de-
velops the cost of losses
based on technical losses
(PET%, PPT%, PFT); al-
though without an explicit
definition of NTLS .

They are treated as "busi-
ness losses" (unregistered/
unbilled energy) within
standard losses.

They are defined as un-
billed energy.

They are defined as un-
metered/unbilled energy
for irregular connections,
fraud, or metering/billing
errors.

Level of total losses

The tariff study determines
percentages of technical
and non-technical losses
per company.

The recognized level is set
in the VAD study as part of
the design of the efficient
model company; Losses
above the standard must
be absorbed by the dis-
tributor.

2025 reported a level of
distribution losses of
10.51%, with an approxi-
mate breakdown of 5.31%
technical and 5.20%
non-technical

Efficient loss percentages
are set per company/repre-
sentative area (PD%)

Standard levels are set per
company based on mar-
ket studies and historical
levels.

Distribution losses of
around 30% of the average
purchased energy, accord-
ing to distributor

National statistics report
total electricity losses of
around 15% of available
energy

% of losses recognized in
the rate

100% of technical losses
and up to 50% of justified
non-technical losses are

recognized, with the dis-

tributor having to absorb
the rest.

There is no explicit national
percentage; only the total
losses integrated in the ef-
ficient balance sheet of the
model company are recog-
nized, without additional
recognition by NTLS

A maximum of 5% of
non-technical losses is set
for the calculation of distri-
bution charges.

Efficient PD% is recognized
per distributor plus an addi-
tional percentage specific
per NTLS in zones.

Recognized business loss-
es cannot exceed 50% of
physical losses

Determined by the SIE in
each quadrennial review
under the Technical Tariff.

No explicit percentage of
NTLS s recognized

Regulatory Entity

SIGET

CNEE

CRE

ASEP

OSINERGMIN

SIE

Ursea




Regulatory Objective

Cost recovery with signals
to reduce losses and im-
prove service efficiency.

Design an efficient VAD
and avoid passing on "ex-
tra" non-technical losses
to the user; Encourage
control.

Reduce NTLS s with effi-
ciency signals and limit the
transfer of non-efficient
levels to tariffs.

Cost coverage with stan-
dard parameters and effi-
ciency signals.

Incentivize efficiency and
reduce business losses
without transferring exces-
sive levels to tariffs.

Reduce unbilled energy
and improve service
sustainability; protect the
regulated user from ineffi-
ciencies.

Reduce non-technical
losses to improve efficien-
cy and equity (so that they
do not pay "righteous for
sinners").

Impact on Tariffs

Recognition of technical
and non-technical losses
in tariffs in public analysis;
The specific regulatory
detail was not located in
open sources consulted.

Press releases indicate
that there is no additional
recognition for non-tech-
nical losses/theft; Losses
are recognized within the
standard of the tariff study.

The recognized losses
(technical and NTLS within
the cap) are incorporated
into the Regulated Trans-
mission and Distribution
Tariffs approved by the
CRE and in the final tariffs
of the basic supply.

The cost of losses is
included in the toll/distri-
bution charges according
to standard technical coef-
ficients.

Recognition in fees: the
commercial losses to be
recognized cannot exceed
50% of the physical losses;
OSINERGMIN uses current
standard levels (e.g., 2.56%
in VAD according to techni-
cal reports).

Technical fee includes
technical losses; NTLS
does not appear as auto-
matic recognition in that
legal article (it is managed
as a distribution/marketing
problem).

No specific public regu-
latory cap/incentive was
identified; Control and
reduction are considered
as operational/customer
management.

Type of tariff recognition

Ex ante recognition in tariff

Efficient cap

Ex ante recognition in tariff

Not explicit

Cap/Regulatory Cap

Ex ante recognition of an
efficient level of losses in
the calculation of the tech-
nical fee.

Cap/Regulatory Cap

Loss calculation method-
ology

Balance of purchas-
es-sales(total losses), con-
solidation and modeling of
commercial and network
information, power flows to
separate technical losses,
and application of caps for
recognized NTLS s.

EVAD methodology based
on competition simula-
tion, design of an optimal
company and annual and
peak balance sheets where
losses in MV and LV are
modeled by means of
expansion factors; these
factors incorporate both
technical and non-techni-
cal losses in BT.

Tariff methodologies and
Metering Manuals of the
CRE distinguish between
technical and non-techni-
cal losses and define their
allocation in settlements
and charges; standard
parameters and limits are
used for NTLS s

Efficiency equations es-
timated by regression or
other methods on energy
input, peak demand, num-
ber of customers, etc.,
which define PD% per
company/area; Allowable
loss income (IPPD) is cal-
culated according to RDC
formulas.

Optimization of the compa-
ny's efficient model facil-
ities under quality stan-
dards for technical losses;
commercial losses set

per company based on its
own and historical studies,
within the 50% ceiling.

It is calculated as the
difference between genera-
tion (terminals) minus own
consumption, billing from
distributors, non-regulated
users and technical losses
(according to CNE/SIEN
statistical methodology).

Energy balance of the
system and UTE reports;
technical losses are es-
timated in network and
remuneration studies,
while NTLS s are identified
from metering, invoicing
and inspections

Additional incentive/pen-
alty schemes

Procedure for irregular
conditions for detection
and recovery of unregis-
tered energy, inspections,
suspension/disconnection,
requirement of guarantees
and verification of calcula-
tions by SIGET.

Economic incentive
through non-recognition of
losses above the standard;
powers to inspect facilities,
suspend supply and charge
for unregistered energy, in
addition to the possibility
of criminal complaint for
energy theft.

Regulatory limit of recog-
nized NTLS s, emphasis
on network modernization
and metering, and criminal
prosecution of illicit use of
energy equated to theft

Implicit targets via loss
parameters, requirement of
investment and reduction
plans, non-recognition of
excessive losses, formal
procedures for fraud cases
and the possibility of sanc-
tions and fines.

Economic incentive for
reducing losses below
the standard, recognition
of innovation/efficiency
projects to reduce losses,
criminal sanction for ener-
gy theft.

Performance goals, regu-
latory monitoring, admin-
istrative sanctions and
criminal prosecution of
electricity fraud.

Administrative penalties
for non-compliance with
metering and billing
standards, regulatory
suspension/reconnection,
voluntary regularization
programs, and payment
facilities for inclusion and
fraud reduction

Social energy policy

Residential Consumption
Subsidy, aimed at families
with average consumption

Social Tariff subsidizes
low-income households
with electricity consump-
tion of 1 to 100 kWh/
month.

Tariff Subsidies, Energy
Justice Programs through
the Federal Electricity Com-
mission.

Targeted subsidies, applied
to residential customers
with low consumption and
vulnerable sectors.

Electricity Social Com-
pensation Fund (FOSE), a
cross-subsidy mechanism.
Energy Social Inclusion
Fund and Residential Elec-
tricity Rate Compensation
Mechanism.

Electricity tariff subsidies
"Bono Luz" for vulnerable
households

Social Bonus with dis-
counts for vulnerable
households and inclusion
programs to regularize
supply, complemented by
energy efficiency measures
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AXIS 1: DETECTION AND LOCALIZATION AXIS 2: FRAUD DETERRENCE AND CONTROL

~ Grid-Level Less fnelyalaahsl Sagrneiiation Technical and Infrastructure Measures
1. Feeder-level energy balance analysis 1 Diaital . d Ktical ol
2. Distribution transformer-level energy balance analysis i |g;:;a m_onlt-?rlng BEIC dA1/HEE aleiis
3. Low-voltage network monitoring and sensor At & = PRI B At D ;
deployment 2. Physical meter access protection
3. Service-drop and branch protection
4. Physical hardening of the distribution
E—— _— network .
=i ‘Targeted Inspections Regulatory and Legal Measures  «
1. Inspection prioritization and logistics 1. Authority to disconnect supply
2. Field workforce management and quality 2 Legal proceedings
ST, INNOVATION AND 3. Loss regulation and standards
4. Regulatory incentives and tariff
STRATEGIES FOR NON- s
recognition
__ TECHNICAL LOSS _
) Customer-Level Identification and MANAGEMENT IN LATIN Community Engagement and Awareness <
Analysis AMERICA

1. Electrical safety prevention campaigns
2. Legal compliance and civic education
3. Community outreach and coordination

1. Customer load profiling

2. Advanced analytics for NTLs
identification and prioritization

3. Smart metering and telemetry

4. Image-based and remote
observation tools

AXIS 3: REGULARIZATION \3BID
AND SOCIAL INCLUSION r—
1. SochTarlffs —

2. Debt Management
3. Community Support

1. Energy Inclusion
2. Payment Flexibility
3. Direct Financial Support



AXIS 1: DETECTION AND LOCALIZATION

Description

Loss detection and localization form the basis of non-technical loss
management, given their spatial heterogeneity and temporal
variability. The objective is to reduce uncertainty about their
origin, magnitude, and location, so inspections, investments,
and corrective actions can be targeted where the potential impact
is greatest.

These measures are usually deployed first in urban or peri-urban
networks with high customer density and higher loss levels,
although they are also relevant for long rural feeders and hard-to-
inspect areas.

They operate through a progressive narrowing process, starting
with energy balance analysis at substations, feeders, and
transformers, and then moving toward territorial segmentation and
critical-circuit prioritization. This is complemented by consumption
analysis, deviations, and load profiles, supported by telemetry, AMI,
and data analytics, until customers, service drops, or connections
with a high probability of irregularity are identified.

SEARCH RADIUS
REDUCTION

END TO END
DIGITALIZATION

Level 1

Telemetry systems are installed |

at medium-voltage feeder
outputs to quantify the total
energy entering each circuit.

Level 2
i - Energy supplied by the
i } !:E transformer is compared
[ L - with the total registered
- 1M
consumption of all
associated custormers.

Level 3

Sensors are installed downstreamn
of the transformer to observe low-
voltage electrical behavior.

2
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AXIS 1 - SUBCATEGORY: GRID-LEVEL LOSS ANALYSIS AND SEGMENTATION

MEASURE 1.2: DISTRIBUTION TRANSFORMER-LEVEL ENERGY BALANCE ANALYSIS

IMPLEMENTATION E)

-

3
w DELSUR g i
This measure compares the energy supplied by a transformer with the billed energy of its - =M ‘ . E‘.f.f,l;‘“ T
connected customers. It narrows loss analysis to specific areas without identifying the individual P

irregularity.

«/ BENEFITS

I « Higher spatial resolution to identify critical areas. |

© Better crew targeting and technical action planning.

l « Flexible deployment according to metering infrastructure. |

& ENABLERS

I ¢ Reliable metering devices at distribution transformers. |

¢ Quality and consistency of billed commercial data.

| ¢ Analytical capacity to detect and prioritize relevant imbalances. ,

A CHALLENGES

ENERGY
SUPPLIED

BILLED
ENERGY

@ Requires investment in installation, operation, and maintenance of metering devices.

@ Self-generation may distort balances if metering is not bidirectional.

.\:I.\
== o
% Metering devices are exposed to theft, vandalism, or intentional damage. adelat i: @_SEda e &




AX|5 1 - SUBCATEGORY: GRID-LEVEL LOSS ANALYSIS AND SEGMENTATION

A set of visual technologies—satellite imagery, field photography, and drones with thermal
cameras—that complement traditional detection by identifying unregistered consumption,
validating readings, and prioritizing inspections while reducing field staff exposure.

v/ BENEFITS
l » Reduces physical exposure of staff in dangerous, extensive, or hard-to-access I
areas.
» Expands observation capacity through satellite imagery, thermography, and
computer vision.
¢ Generates georeferenced evidence that strengthens administrative and legal
l traceability.
€ ENABLERS

I o Updated georeferenced registries of networks, customers, and supply points

b

@ Al and computer vision models trained to detect meter and service-drop anomalies.

© Mobile devices with capture integrated into commercial systems and central
| evidence repositories.

L

A CHALLENGES

©  High costs of high-resolution satellite imagery limit continuous use.
% Privacy and social acceptance concerns restrict drone use in residential settings.

¢ Time lag in free satellite imagery limits detection of recent fraud.

MEASURE 1.7: IMAGE-BASED AND REMOTE OBSERVATION TOOLS
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IMPLEMENTATION EXAMPLES
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AXIS 2: FRAUD DETERRENCE AND CONTROL

Description

Fraud deterrence and control constitute the second axis of non-
technical loss management, once areas, customers, or connections
with higher irregularity risk have been identified. The objective is to
change the incentive structure that makes fraud viable by
increasing its cost, difficulty, and probability of detection, thereby
reducing recurrence and containing losses over time.

These measures are usually deployed first in urban or peri-urban
contexts with high fraud concentration, recurrence, or
weakened payment culture, although they are also relevant in
areas with access restrictions, crew safety risks, or weak
control capacity. Their implementation combines three
complementary dimensions: technical measures and grid-protection
infrastructure, regulatory and sanctioning mechanisms, and
community strategies aimed at reducing the social acceptability of
irregularity.

TAMPER
MONITORING

Digital sensors that
alert unauthorized

openings or
manipulation.

LINE ELEVATION

Low-voltage pole lines
installed at exceptional
heights (1713 m) to move
the network out of reach.

ANTI-THEFT CONDUCTORS
Use of concentric cables,
where the neutral surrounds
the phase and puncturing
causes an immediate short
circuit.

AERIAL BUNDLED
AND INSULATED CONDUCTORS
Use of bundled and insulated
conductors that hinder informal
tapping.




AXIS 2 - SUBCATEGORY: TECHNICAL AND INFRASTRUCTURE MEASURES

MEASURE 2.1: DIGITAL MONITORING AND LOGICAL METER-POINT
ALERTS

IMPLEMENTATION EXAMPLES

A control measure using remote monitoring and automatic meter-point alerts to detect
tampering, operational inconsistencies, or anomalous behavior. It complements physical
protection and enables faster, targeted responses.

+/ BENEFITS

e Reduces the time between irregular intervention and operational response.
® |ncreases perceived fraud risk through continuous monitoring and traceability.

® Improves targeting of field crews and inspection resources.

£ ENABLERS

s Meters or enclosures with tamper sensors and event-recording capability.

s Telemetry and communications systems capable of timely alert transmission.

® Filtering and pricritization mechanisms to manage large alert volumes.

A CHALLENGES

® Requires contextualizing alerts to reduce operational false positives.
e Effectiveness depends on robust operational and technological integration.

e May displace fraud toward other points of the network.




AXIS 2 - SUBCATEGORY: TECHNICAL AND INFRASTRUCTURE MEASURES
IMPLEMENTATION EXAMPLES

MEASURE 2.4: PHYSICAL HARDENING OF THE DISTRIBUTION
NETWORK

{5 erec 1 CEE J @ oo (@ e

Interventions on lines, branches, and transformers—pole-line elevation, aerial bundled
conductors, concentric cables, and transformer hardening—designed to hinder or eliminate
illegal connections upstream of the meter.

+ BENEFITS

¢ Raisesthe technical barrier to fraud through insulated conductors and transformer
hardening.

® Reduces recurrence in areas with high conflict and urban vulnerability.

e Some models (BT Zero) protect infrastructure from the source, eliminating exposed
network sections.

£ ENABLERS __ o

e Availability of technologies such as aerial bundled conductors, concentric cables, and = - ‘
compact semi-insulated networks.

Regulatory framework allowing pole lines at exceptional heights.

Capacity to adjust anchors and manage additional mechanical loads on poles.

A CHALLENGES |
# Requires significant investment and is usually reserved for areas with extreme theft levels. }
s Technical complexity due to mechanical loads and bending moments affecting pole-line H‘i
service life. 0
s Standards on permissible configurations limit room for innovation. adem—::b J@‘I eda 9 BID




AXIS 3: REGULARIZATION AND SOCIAL INCLUSION

PAYMENT FLEXIBILITY

Mechanisms that adapt
payment conditions to
users' economic capacity.

Description

Regularization and social inclusion constitute the third axis of non-
technical loss management and address cases where irregularity is
not solely a fraud decision, but also reflects economic, urban, or
institutional barriers to formal service access. The objective is to
turn irregular users into formal and sustainable customers
through mechanisms that align payment obligations with real
conditions of vulnerability and exclusion.

These measures are usually implemented in informal settlements,
highly vulnerable areas, zones with limited infrastructure
coverage, or territories where fraud enforcement is insufficient
or unviable. Their implementation combines technical and
commercial regularization, payment facilities, tariff adjustment,
infrastructure upgrades, and community work to build a sustainable
relationship between the utility and users and reduce losses

DIRECT FINANCIAL SUPPORT
permanently.

Financial support mechanisms
that reduce supply costs for
vulnerable users.
ENERGY INCLUSION
Mechanisms that ;
incorporate users into the 1| °
formal electricity system.
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AXIS 3 - SUBCATEGORY: ENABLING INSTRUMENTS

IMPLEMENTATION EXAMPLES

MEASURE 3.1: ENERGY INCLUSION

- ; - : . . - ey Y “% EPEC EDE ENEL
A set of practices aimed at incorporating primarily vulnerable users into the formal electricity ‘ SAESA | | |\ SAU — Q @
system, reducing electrical risks, strengthening territorial engagement, and creating

sustainable conditions for a payment culture.

+/ BENEFITS

® Reduces electrical risks from precarious connections in vulnerable neighborhoods.

® Reduces conflict in historically unmetered areas.

® Strengthens payment culture through sustained territorial support.

£ ENABLERS

#® Specialized teams for territorial surveys, regularization, and social management.
® Support for procedures, inquiries, payments, and formal commercial cnboarding.

® Active coordination with municipalities, government agencies, and other local basic
services.

A CHALLENGES

e Lack of land tenure legality may prevent formal inclusion processes.
® Security issues limit sustained interventions in complex informal settlements.

® Requires regulatory frameworks that allocate responsibilities among relevant institutional
actors.




AXIS 3 - SUBCATEGORY: ENABLING INSTRUMENTS

IMPLEMENTATION EXAMPLES

MEASURE 3.2: PAYMENT FLEXIBILITY

F %
Commercial mechanisms—prepayment, micro-payments, and adaptable installments—that [‘;, CRE
align billing obligations with informal income flows of wulnerable users to facilitate
regularization.

EREEICEICER

+/ BENEFITS

® Reduces arrears by adapting to payment capacity and irregular income cycles.
# Reduces incentives for fraud or illegal reconnections after disconnection for non-payment.

@ Promotes a progressive payment culture and empowers users over their consumption.

£ ENABLERS

® Billing platforms capable of processing micro-payments and non-traditional billing cycles.
® Technology deployment, including prepaid meters and accessible top-up channels.

® Regulatory frameworks allowing alternative payment schemes and prepaid electricity
sales.

A cHALLENGES

e High upfront investment to upgrade commercial software and replace meters.
® Regulatory restrictions or bans on prepaid basic services in some countries.

“oe o
e Requires intensive user support and financial education for adoption. 2oee Y
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