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The report was prepared under the overall guidance of Marcelino Madrigal (Energy Division
Chief). The task team leader is Jose Luis Irigoyen. The main authors of the report are Oli-
verio Alvarez, Noé Augusto Afonso, Alberto Gonzalez-Salas, and Estefania Hernandez from
Deloitte. Task team members include Michelle Hallack, Juan Carlos Cardenas, Eric Daza
and Yuri Daltro. The team thanks Lenin Balza and Gabriela Montes from the Inter-American
Development Bank and Luis Jesus Sanchez de Tembleque from the Ibero-American Asso-
ciation of Energy Reqgulatory Entities for their comments and review. The team gratefully
acknowledges financial support from the technical cooperations “Observatory of Energy
Regulation in Latin America and the Caribbean”(RG-T3315) and “Accelerate digitalization in
the energy sector”(RG- T3820").






Executive Summary
Objective
Introduction
Some reasons warranting SM development regulatory mechanisms in LAC
The need to develop Smart Metering in LAC. Current degree of deployment
Some needs in LAC requiring an adequate response
Current degree of SM deployment in LAC
Optimal process to create a regulatory framework to encourage smart meteringin LAC
Cost-Benefit Analysis driving the definition of the SM regulatory framework

Prepare a National Strategy that promotes the definition of a specific SM
requlatory framework

Structure regulatory mechanisms that encourage the deployment of SMin LAC
Main areas identified for regulation to guarantee successful SM deployment
Experiences and lessons learned
Latin America and the Caribbean
Other regions
Recommendations to establish a smart metering regulatory framework
1. Inconnection with a Cost-Benefit Analysis (CBA)
2. Inrelationto national smart metering strategies
3. Regulatory mechanisms to encourage SM
4

Recommendations on regulatory innovation mechanisms

13

15

16
20
24
25
26
33
34

39
43
47
58
60
61
69
70
73
78
83



Bibliography and reference regulations 88

Argentina 89
Bahamas 90
Barbados 90
Belize 91
Bolivia 91
Brazil 91
Chile 92
Colombia 94
CostaRica 95
Ecuador 96
El Salvador 97
Guatemala 97
Guyana 98
Haiti 98
Honduras 99
Jamaica 99
Mexico 100
Nicaragua 100
Panama 101
Paraguay 102
Peru 103
Dominican Republic 103
Suriname 105
Trinidad and Tobago 105
Uruguay 105
Venezuela 106

Other bibliography and reference regulation 106



Graphic 1: Percentage of generated energy lost through transmission
and distribution of electricity

Graph 2: Degree of penetration of smart metering across regions

Graph 3: Degree of SM deployment in LAC and Europe

Graph 4: Number of smart meters installed in homes in LAC and Europe
Graph b: Costs considered in the CBA carried out by European countries

Graph 6: Technical functionalities considered by the countries of the European Union

20
26
28
29
63
65



Table 1: Analysis on the performance of CBA in LAC countries for SM deployment
Table 2: LAC countries with a defined National Strategy highlighting smart metering
Table 3: Requlatory approach to encourage SM deployment by LAC country

Table 4: LAC countries that have defined minimum SM technical functionalities
Table 5: Main technical functionalities defined in national requlatory frameworks
Table 6: Ownership of smart meters in LAC countries

Table 7: Financing mechanisms defined in each LAC country

Table 8: Meter ownership of the and financing mechanisms in LAC countries

Table 9: Results of the latest CBA in EU countries

Table 10: Reqgulatory principles to understand the process of elaboration
of the requlatory methodology

36

41
45
48
50
52
55
56
62

86



[llustration 1: Main reasons to adopt SM

lllustration 2: Design of the optimal process to achieve the deployment
of smart metering in a country

[llustration 3: Analysis of the degree of SM deployment in LAC
lllustration 4: Main stages of a Cost-Benefit Analysis

[llustration b: Costs considered in the CBA carried out by LAC countries
[llustration 6: Benefits considered in CBAs in LAC countries

[llustration 7: LAC countries with a certain degree of SM deployment in and national
strategies’ objectives

lllustration 8: Technical functionalities considered by LAC countries
[llustration 9: Degree of SM deployment in European countries
lllustration 10: Relevant aspects to consider for a CBA (non-exhaustive)

[llustration 11: Some fundamental aspects in the design of a national smart metering
strategy (non-exhaustive)

lllustration 12: Main elements of a remuneration scheme for SM (non-exhaustive)
lllustration 13: Main SM responsibilities to regulate

[llustration 14: Main aspects to requlate regarding data access and management
[llustration 15: Main emerging services created by SM

[llustration 16: Steps to build a requlatory model

19

22
31
35
37
38

42
49
66
71

77
79
79
81
82
84



Advanced Metering Infrastructure

Capital Expenditure

Cost-Benefit Analysis

Comision Nacional de Energia de Chile
Commission de Régulation de 'Energie, France
Distribution System Operator

Electric Vehicle

Latin America and the Caribbean
Metering, Monitoring and Control Systems
Smart Metering

Office of Gas & Electricity Markets, UK
Operating Expediture

Public Utility Commission of Texas
Transmission System Operator

Terawatts hour

Units

United States of America

United States Dollar

Wide Area Network



The objective of this report is to identify the current state of the deployment of smart
metering (SM) in the Latin America and the Caribbean (LAC) region, and to make certain
recommendations to regional energy regulators to encourage deploying SM in a manner
consistent with the specific needs of individual countries and international trends, espe-
cially in terms of digitization and decarbonization.

Adopting SM is fundamental in the journey towards the necessary digitization of electrical
networks in a new, more decentralized, and decarbonized energy paradigm, which allows
immediate, accessible, reliable, and harmonized data to be available for decision-making of
main energy agents.

The way the bodies charged with this deployment address SMis especially critical to guar-
antee its success, not only in terms of deployment, but also in terms of the results obtained
and the final transformation of the electricity sector.

This document identifies some key issues, listed below, that should typically be considered
in the SM decision-making process, especially in its initial deployment, so the process may
be undertaken with greater guarantees and permitting to optimize resource allocation.



Identifying the needs to be addressed through SM to design a process that allows the
provision of an adequate response.

Performing a cost-benefit analysis of economic feasibility, which considers the entire
SM technological ecosystem.

Defining a national strategy which sets objectives and prioritizes key actions for the process.

Designing a robust regulatory environment encouraging the deployment and quar-
anteeing the materialization of the expected benefits around SM, in an appropriate
control environment.

Among other things, SM improves economic efficiencies for the electrical system, optimiz-
es its safety and security, improves supply quality and continuity, creates new markets and
business models, further empowering the electricity consumer, makes a real contribution
to reducing the economy’s carbon footprint and contributes to decarbonization.

In this way, SM could effectively contribute to the remediation of certain deficiencies in
energy systems in some LAC countries and could contribute to the decarbonization objec-
tives established by many of the region’s nations. However, the deployment of SM in many
LAC countries is still incipient or non-existent compared with other regions around the
world (approximately 3.5% in LAC, compared to 30% in the European Union and Australia
and over 50% in the US (2020 data).

As shown in the document, some LAC countries have started deploying SM. However, the
process has been both disordered and inconsistent with best international practices, re-
sulting in inefficiencies and a slow deployment with undesired results.

LAC reqgulators face a complex challenge, since inadequate reqgulation can send incor-
rect signals to the agents involved and give rise to undesirable results and higher costs
for the electricity system. Many of the experiences underway may allow us to identify the
best requlatory practices, as well as to identify regulatory design errors to be avoided.
This report is intended as a guide for requlators and government institutions presently
developing such regulations.
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The general objective of this report is to identify the current state of the deployment of
smart metering (SM) in the Latin American and Caribbean (LAC) region to make certain
recommendations for LAC energy requlators and encourage their deployment in a manner
which matches each country’s specific needs. Consequently, the report identifies some
of the best relevant regulatory practices, as well as lessons learned that requlators in LAC
countries could use.

This report draws on the latest publicly available information on SM of the 26 IDB borrowing
member countries in the LAC region.






Fast technology development, sliding digitalization costs and greater societal connectivity
are leading to profound transformations throughout the world, including the electricity in-
dustry and the agents that shape it.

Expected benefits for electrical systems from adopting new technologies, which allow their
greater digitization and connectivity, are very relevant. The potential benefits range from
increased energy efficiency, lower costs associated with new investments in networks,
optimization of grid operation and maintenance, reduction of electricity losses, improved
quality of service and creation of innovative business models, around new ecosystems such
as self-consumption, electric mobility, storage or demand management, among others, in
addition to contributing significantly to the decarbonization of electricity systems, and em-
powering consumers to enable their more active involvement in the electricity system.

For this new energy model, electricity generation, transmission and distribution systems
must incorporate communication mechanisms and information exchanges (through dig-
itization, decentralization and, where possible, process automation) among all electricity
market agents and among the components of the electricity value chain. In brief, the tran-
sition from the traditional electrical system to the new smart grids will allow, in addition
to a more efficient generation, transmission and distribution of electricity, to offer new
and innovative products and services to the different users of the electrical networks.
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Given this need, it is especially relevant to establish policies and regulations that encourage
investment in technologies that allow bringing in new agents and emerging relationships in
energy consumption, considering each country’s context and particular needs, a scenario
that poses major challenges to regulators and government agencies.

The costs associated with the digitization of electrical networks may be small in isolation,
but nationwide electrical networks are very extensive. Therefore, digitization must be an-
alyzed as a whole and considering various technologies to collect, treat and its effectively
use relevant data for a connected electrical system. Digitization usually results in tangible
benefits for the electrical system and society.

But this requires a cross-sectional analysis, not only of the technologies to be implement-
ed, but also of the expected use cases that allow obtaining benefits to mitigate the costs
associated with technological deployment. This means we must assess a technology whose
main objective is data collection and therefore does not create a direct benefit, needs to
evaluate its deployment together with other equivalent developments in aspects related to
the treatment, connectivity, or use of such data.

Smart metering (SM) is currently considered by many countries as a fundamental tool on
the journey to digitization of electricity networks, including the adoption of new business
models in the electricity sector, consumer empowerment and improved relations between
industry agents.

SM enables a more connected, modern, and efficient energy system to support the tech-
nologies, services and innovation of the future. From a technical point of view, consider-
ation should be given to electrical system innovations that allow two-way communication
between users and service providers, turning end users into active customers who manage
their energy consumption, allowing them to optimize their energy costs, as well as playing
an important role in meeting national environmental objectives, among other benefits.

Derived from the above, SM can play an important role in digitizing the traditional grid and
facilitating regional or state objectives aimed at expanding, decarbonizing and decentralizing
the power grid. However, SM requires regulators and government agencies to create a
requlatory framework to foster investment in advanced metering infrastructure and allowing
industry players to take advantage of its many expected benefits.

Given the importance of encouraging SM in the electricity sector, many countries have de-
veloped or are designing strategies to develop electricity networks amenable to SM. Howev-
er, their reasons to introduce SM vary across countries.



Some of the main reasons identified worldwide to adopt SM follow:

Source: Prepared by the authors
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as-
sociated with operation and maintenance, meter readings and
system losses, and planning future investments in networks.

with greater
control over interruptions and supply cuts, derived from the
exploitation of historical and real-time data on the state of the
electrical network.

rapid response
on electrical losses (technical and non-technical), cuts, etc.

with a
greater degree of competition in retail markets and the integra-
tion of new agents

with the possibility of
developing demand response mechanisms, new flexibility ser-
vices and the concept of “prosumer”

by optimizing consumption, reducing elec-
trical losses, and enabling the development of new electrical
consumption-production models (self-consumption, electric
vehicle, loT, etc.), as well as the massive integration of renew-
ables, and other implications derived from improvements in the
planning and operation of electrical networks.



In some LAC countries, adopting SM could provide an effective solution to correct certain
deficiencies of their electrical systems, which typically translate into energy losses and
supply failures. Comparing percent annual losses derived from the transmission and distri-
bution of electricity between different regions shows the unfavorable situation of many LAC
countries, pointing to the need to take measures to encourage the modernization of their
electric systems.

Source: IEA Statistics 2019
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As shown in the above graphic, electricity losses pose a challenge in many LAC countries
and are one of the main indicators of inefficiencies of their electrical systems. In 2019, for
example, electrical losses in LAC, in relative terms, reached approximately 15% of the total
energy generated, almost triple the rate in the U.S.A. and twice that of other regions such
as Europe or Asia and Pacific.

As has happened in other regions, the modernization of power grids and their digitization
can contribute to reducing this level of losses. Measurement and control technologies,
such as smart meters or decentralized computer systems, allow accelerating the digitiza-
tion of the electricity sector, contributing to reduced losses through the adoption of systems
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to allow real-time measurement of users’ electricity consumption and detect inefficiencies
and losses in specific points of the electrical network in advance. Introducing consumption
data analysis systems allows, on the one hand, to identify the critical areas of the network
where there are electrical losses, and, on the other, to propose strategies to optimize net-
work configurations to optimize grid use and cut losses by accessing useful information on
the pointsin the network showing deficiencies.

An additional reason to deploy SM in many LAC countries is to pave the way to develop de-
mand-driven business schemes and models. Demand response combines new technologies
with consumer commitment to become actively involved in the electricity system. However,
historically, consumers (especially small consumers) have been considered as price takers
or price acceptors, especially in the short term, so to date the penetration of demand-driven
business schemes and models has been very limited'.

It is worthwhile noting that demand response programs depend on the digitization of each
country’s electrical system. Deploying SM makes it possible to encourage behavior changes
among both consumers and other players in the electricity sector.

Notwithstanding the foregoing, deployment of SM requires taking a broader vision of ex-
isting and future use cases, which must be considered in the design of the deployment.
This demands identifying relevant specific smart meters data collection requirements,
and information processing, determining the responsibilities of the agents involved in
SM, determining the technical functionalities of the meters themselves, and defining the
financing model that will be established to cover the costs associated with deploying
SM. This requires promoting a regulatory framework that considers all these elements
to foster the adequate deployment of SM that address current and future needs of each
country’s electrical system.

The way SM deployment is approached by energy regulators is key to guaranteeing the
successful transformation of the electricity sector. In the following illustration, five main
stages have been identified that countries typically go through in deploying SM, same that
will determine the final definition of a regulatory environment to foster the successful
deployment of smart metering in each country and guarantee its success.

Some LAC region countries have already begun transforming their electrical systems
through various regulatory schemes to encourage and accelerate a successful transforma-
tion. However, other countries in the region have followed different strategies with varying
degrees of success or have not yet actively addressed such a transformation.

! "Empoderando a los consumidores de electricidad por medio de la respuesta a la demanda” (Empowering electricity consumers through demand-driven
response). Working document; Inter-American Development Bank (March 2022)
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The following illustration shows the main stages toward deploying SM in different countries
globally. This staggered approach has enabled numerous countries to obtain measurable
results and broad levels of SM deployment. Such a staggered design to deploy SM may pro-
vide a guaranteed process and optimize resource allocation:

Source: Prepared by the authors

1] Identification of the fundamental role that the SM
can play to encourage the deployment of smart
grids and electrification and thereby promote the
decarbonization of the countries’ economies and/
or the fulfillment of national energy objectives.

2| Perform a CBA at the national level to measure
the profitability deploying SM. This analysis
must contain prospective aspects given that the
digitization of networks enables new business
models in an evolved electrical system.

3 Define a national strategy for Smart Grids (or SM,
as the case may be) that includes an action plan
and objectives to deploy smart meters, so that
the incorporation of technological innovation
is prioritized, and operational efficiency is
guaranteed. Such strategy must consider the
country’s socioeconomic environment and place
consumers at the heart of the electrical system.

4| Define appropriate requlatory mechanisms to
encourage the deployment of SM, including
aspects such as remuneration mechanisms,
SM functionalities and the definition of the
responsibilities of agents and end users as
regards SM.

51 Define a mechanism to oversee and monitor the
deployment carried out in the country, as well as the
regulatory environment established around SM.
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Structuring an adequate regulatory environment is particularly relevant and critical to
encourage SM deployment that provides the expected benefits. Poor design can result in
sunk costs for the electrical system and failure to provide benefits for consumers. There-
fore, it is advisable that when developing requlation, regulators rely on measurable data and
robust information. A CBA and defining a national smart grid strategy are tools that allow
regulators to face these challenges with greater chances of success.

Electricity sector regulators face a complex challenge, since inadequate requlation can
send incorrect signals to the agents involved, giving rise to undesirable results and higher
costs for the electricity system. Currently, many experiences underway allow us to identify
the best requlatory practices, as well as regulatory design errors to be avoided. This re-
port is intended to serve as a guide for regulators and government organizations involved
in regulatory development. For this reason, it will focus especially on the first four stages,
which are key to starting the deployment of national SM systems.

It is true that the technologies associated with SM are very dynamic, so the greatest chal-
lenge for the regulator is to maximize the benefits derived from the deployment of SM. For
this, it is essential that the requlation process is constantly modernized and adapted to
technological evolution, considering each country’s peculiarities.
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The need to develop Smart
Metering in LAC.
Current degree of deployment.



Adopting SMin electricity distribution networks in LAC can contribute, as shown in lllustra-
tion 1 above, to harvest certain benefits both for the electricity system itself and for soci-
ety, as for example, improving economic efficiencies for the electrical system by reducing
the technical and economic impact caused by high energy losses across grids, a challenge
faced by many LAC region countries.

SM could allow benefits to materialize for many of the agents in the value chain of the elec-
tricity system, including the consumers themselves, as well as for society since its imple-
mentation typically has a favorable impact on decarbonization and reduction of the carbon
footprint. The definition of national objectives to reduce emissions? would increase the
need in the country to have an efficient electrical system and, therefore, would encourage
the development of smart electrical networks in the LAC electrical systems and therefore
SM.

Some LAC countries have already identified the need to modernize their electricity distri-
bution networks, as well as to gradually adopt SM and various other measures to manage
the demand for electricity, and thereby contribute to reducing losses in electrical networks.

? The 26 LAC countries covered in this report have signed and ratified the Paris Agreement, and submitted the Nationally Determined Contributions (NDC)
documents outlining each country's efforts to reduce national emissions and adapt to the effects. of climate change.
Source: Nationally Determined Contributions Registry | UNFCCC.
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The degree of development of SMin LAC is still relatively low compared to other regions of
the world, such as the US, Europe or Australia. However, some of the main agents respon-
sible for the deploying of SMin LAC have already started to put into practice successful SM
experiences across the region. In fact, some countries have set concrete objectives for the
large-scale deployment of SM and to install house smart meters.

The following graph shows the degree of penetration of SM in different regions and its dis-
tance from the LAC region.

Source: GPR Economia (2020) for US, the European Union and Australia. Prepared by the authors for LAC
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The different degree of SM penetration in the LAC region compared to the US, Europe or
Australia is very relevant. In the US, the European Union and Australia, the deployment of
SM in homes has already exceeded 30%. However, in the LAC region, where deployment is
very low, close to 3.5%, according to the public information obtained for this study. In some
countries, the transition to SMis negligible or has not begun, to adopt new electronic meter-
ing technologies that permit hourly billing.

An important factor that contributes to delaying this deployment of SM in LAC countries
is the insufficient investment in infrastructure in the electricity sector, as evidenced by
the significant levels of electricity losses in the distribution network in certain countries,
whether for technical or non-technical reasons, which ultimately translate into higher elec-
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tricity costs and therefore more expensive electricity rates for consumers, as well as a
higher degree of greenhouse gas emissions linked to the production of energy that is not
ultimately consumed. One of the benefits associated with SM is precisely its contribution
to reducing both technical and non-technical losses, in turn contributing to the transition
towards a much more efficient electrical system.

In turn, SM promotes incorporating renewable energies in electrical systems, by facilitat-
ing the distribution of new generation across networks and allowing adopting demand man-
agement mechanisms, among other benefits. Many LAC countries have a high renewable
potential or already have a highly renewable electricity generation matrix that must be
further strengthened in view of a greater electrification of the economy as a first stage
towards decarbonization.

Many LAC countries have already committed to SM through their various national strat-
egies to build smart grids and/or SM. This, together with the advances in the matter ob-
served in some LAC countries leads us to think in the near future further progress towards
SM will take place in the LAC region, permitting greater control and management of elec-
trical networks, both at generation and consumption points, which in turn allows a greater
contribution to the decarbonization of the electrical systems of these countries.

This conclusion derives from the fact that SM and its associated infrastructure, in addition
to allowing hourly rates, adjusting prices to the balance between supply and demand, also
allows, through an adequate design, to make readings more reliable, improve fraud detec-
tionand reduce other administrative losses. Moreover, it helps to identify network hot spots
and prevent technical losses and power outages, improves power grid monitoring, contrib-
utes to consumers’ load curve analysis, allows two-way readings of energy-generating con-
sumers input into the electrical system, enables interoperability with other devices or other
agentsin the electrical sector, among many other possibilities.

SM deployment started years ago in several countries, where successful practices and les-
sons learned have been observed. This report identifies these practices to quide countries
that have not started SM deployment or are still in a very early phase.

The application of the successful practices identified in other regions with greater progress in
the matter, considering the local needs of each country, allows for greater guarantees of success
in the process of implementing SM in those countries of the region of LAC that decide to undertake
it and the structuring of an adequate regulatory environment.

Inthis sense, to establish arequlatory environment that allows encouraging a successful deployment

of SM, it will be essential to previously carry out a robust CBA that contemplates all the agents
and factors involved.
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A CBA will allow regulators and government bodies to assess the technical capacity of their
electrical systems, and the expected costs and benefits for users and society of deploying
SM. It will be a key tool to measure the feasibility of SMin each country and, where appropri-
ate, to develop a reqgulatory environment to foster deployment, contain costs and capture
the benefits expected from its deployment.

The degree of success in deploying SM across the 26 nations reviewed to prepare this
report varies, with some countries showing extensive development while others show
very limited or no deployment. To carry out a comparative analysis, Europe has been cho-
sen as the reference region due to the variable degree of progress of SM in that conti-
nent’s countries.

As can be seen in graphs 3 and 4 below, SM deployment in Europe is much higher than in
the LAC region, despite, both regions showing very heterogeneous individual country
deployments. Countries belonging to the European Union pursue common objectives re-
garding SM. CBAs for individual countries point to varying strategies and regulatory de-
signs and outcomes.

Source: Prepared by the authors
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If we measure the degree of SM deployment by the number of household smart meters in-
stalled among the total number of homes in each country, Trinidad and Tobago (94%) and
Barbados (94%) show the largest implementation of this type of metering as a result of a
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specific investment strategy carried out by the sole power distribution utilities in these
two countries aimed at improving the supply and quality of the electrical service.

In turn, Jamaica (39%), Costa Rica (33%) and Uruguay (30%) show deployment degrees
close to the average observed in the region. These countries have set national strategies
and objectives to get SMinstalled in all residential homes within certain time frames.

Other countries with a much more limited degree of penetration are mostly countries that
have already started a process to establish a regulatory framework that introduces incen-
tives for SM, either by carrying out a CBA to measure the feasibility of deploying SM and its
associated infrastructure, as well as establishing a national strategy to build smart grids or
setting specific objectives for full residential implementation.

No publicly available and accessible information on the deployment of SM has been found for
the other LAC countries comprised in this report.

If the deployment of SMis gauged by the total number of residential smart meters installed,
as can be seen in graph 4, the result varies considerably in terms of the gap compared to
Europe, and in the deployment observed in each LAC country.

Source: Prepared by the authors®
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¥ Data shown using a partially logarithmic scale.
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Mexico, despite very limited penetration, ranks first in the region by number of smart meters
installed (1,984,186 units), a significant figure meters when compared to the total installed
devices in the LAC region (6,195,159 units). Costa Rica (598,188 units), Colombia (538,000
units), Honduras and Chile (500,000 units), Uruguay (418,000 units), Trinidad and Tobago
(400,000 units), Jamaica (380,000 units) and Brazil (375,000 units) follow as per units of
smart meters deployed.

In these countries, the Government has generally promoted the deployment of SM by de-
fining responsibilities, technical functionalities and a remuneration model on SM that
creates security and assures profitability to sector utilities charged with installing and
operating meters.

Honduras and Trinidad and Tobago have encouraged deployment by the sole distributor
charged with installing SM devices. In Colombia, deployment is supported by private in-
vestments from numerous power distribution utilities.

However, many LAC region countries have deployed few or no devices and are far from a
massive deployment of SMin their territories.

A review of LAC countries that have most advanced in deploying SM and European countries
has identified some of the main reasons driving greater deployment of SM: (i) definition
of national objectives to deploy SM; (ii) mandatory CBA, in Europe; (iii) defined required
functionalities of smart meters, as well as the technical reqgulations, and (iv) defined
regulatory policy recommendations for viable SM deployment from the economic and social
point of view, among others.

It is worthwhile underscoring that in Europe some specific objectives for SM were defined,
and for this reason, the obligation to previously carry out a CBA was established to measure
the feasibility of deploying MI. In case of obtaining a positive result from this analysis, the
countries should launch the deployment of the SM and the associated infrastructure, in-
cluding smart meters. Otherwise, the countries must repeat the CBA exercise every four
years to reassess whether favorable conditions already exist for deployment and ensure
economic viability.

In this sense, to promote deployment of SM in LAC countries, regulators and government
agents of each country could create an adequate regulatory SM framework. To this end, a
CBA to assess the viability of a potential deployment of the SM and sets forth specific na-
tional objectives that encourage the agents involved in the measurement sector to develop
SM projects and the design of an adequate regulatory environment are key.

The following illustration shows how various LAC countries have already begun the process
of defining a requlatory framework for SM. However, each country has started from differ-
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ent initial conditions (due to their political, economic or social situation), so there has not
been a single strategy to design an SM requlatory framework. As a result, the degree of SM
deployment varies, and no single and successful methodology can be delimited to achieve
SM objectivesin the LAC region.

lllustration 3: Analysis of the degree of SM deployment in LAC
Source: Prepared by the authors®
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In particular, 16 of the 26 countries observed (approximately 62%) have started the process
to establish a regulatory environment, by carrying out a CBA and/or by defining a national
strategy with specific objectives, or by implementing both mechanisms.

Additionally, it is relevant to mention the case of Panama, a country that has set forth a
national strategy and defined the specific objective of reaching 100% of SM deployment
by 2024. Nonetheless, it has not been possible to determine based on official or public
sources the degree of deployment as of the date of writing this report. This could be main-
ly because the respon sibility for deploying SM in Panama falls on the electrical distribu-
tion utilities which hinders public access to updated data, eventually sending poor signals
as to progress in the matter®.

“ Wherever the percent of deployment has not been defined, the reason may be it was not possible to identify public and accessible information on SM deployment.
5 There could be electricity distributors that have begun to deploy SM but have not made public their degree of progress.



In this sense, public access to and availability of data on the degree of deployment of SM
is one of the limiting factors that can influence the global image of the region and of each
country regarding the degree of development in SM.

Throughout this report, based on publicly available information, the main determining
causes that have encouraged the deployment of SM in certain countries of the LAC region
will be studied, as well as the main challenges that have been faced by the electricity sec-
tor and that have been a barrier to the deployment of the SM.
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The current evolution of SMin LAC is characterized in general terms by a lack of harmoni-
zation between the regulations developed and the technical characterization of the solu-
tions implemented across countries, with lack of specific regulations in some countries.
This leads to a very disparate set of national solutions in the region. The different rhythmin
deploying SM in the countries of the LAC region and the lack of homogeneity in the strate-
gies developed in the countries that are making progress in this deployment in turn create
additional costs that may be incurred in other regions with better aligned strategies, lim-
iting the possible economies of scale that could benefit all stakeholders and generating
new obstacles for a possible integration of different existing electricity markets in LAC.

It is essential to understand that harmonization does not mean, however, that a single solu-
tion must be imposed to establish aregulatory framework for SM or to define which SM tech-
nologies will be considered. Given the existing differences in current circumstances and
needs of countries’ different electrical systems, their political and economic environment,
available SM technologies and the context of each country and its society in general resultin
different objectives and needs of requlators, electricity network operators, electricity con-
sumers and other interested players. Harmonization should be considered as a recommen-
dation, taking into account the specific circumstances of each country, but which allows, in
general terms, to carry out balanced strategies between interested countries.

The main objective of this section is to analyze in greater depth the situation of SMin LAC
and the strategies implemented in each country to carry out its implementation, if applica-
ble. To this end, to prepare this report, available public information was reviewed for each
of the 26 countries. In particular, an attempt has been made to identify those aspects con-
sidered fundamental for SM deployment: preparing a CBA, definition of a national strategy
and some specific objectives on the deployment of SM, and the existence of a relevant reg-
ulatory framework.
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Cost-Benefit Analysis driving the definition of the SM regulatory framework

In the last decade, the debate on the deployment of SM as a fundamental unit to build smart
grids has focused mainly on the identification of use cases derived from the development
of this technology, as well as how to quantify the benefits derived from such uses. Advanced
SM technologies require significant capital investments to replace or improve existing
equipment and associated electrical infrastructure. Such investments can contribute to
optimizing energy consumption, the costs associated with the electrical system, the reduc-
tion of CO2 emissions and to creating new jobs, among other benefits. Therefore, an eco-
nomic analysis is required to determine if a project of such magnitude whose objective is
the deployment of SM at the national or regional level, provides enough benefits to justify
the costs to be incurred.

Many countries and regions worldwide, prior to the deployment of smart metering, have carried
out a CBA, understanding it as a step prior to the definition of the relevant regulatory
framework, with the aim of measuring the socioeconomic and environmental impact of
introducing smart meters and, consequently, the promotion of smart electricity grids.

In general terms, the methodology applied to carry out a CBA is very consistent and homo-
geneous at an international level. In this report, some specific mentions are made of the
methodology developed by the European Commission in the field of SM. This methodology,
widely applied globally, provides a clear guide for the analysis of the costs and benefits of a
national SM project.

The followingillustration details the main stages that are generally structured around a CBA
to deploy SM.



Source: Prepared by the authors®
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Although CBAs are a widespread international best practice tool to analyze the suitabil-
ity of an SM deployment (and advanced metering infrastructure’), such practice in the
LAC region has not been as widespread, as shown in the following table, where only in 6
countries of the total studied in the LAC region (approximately 23%) were singled out as
having carried our such CBA. As for the rest of the countries, the analysis may not have
been carried out, or its results have not been made public.

The following table shows, for the LAC countries under review where the CBA has been
performed, and specifically, where a CBA has been made public, the year of their publi-
cation, outcomes and the degree of deployment of available SM.

5 Own elaboration based on the European methodology published in 2012 for carrying out a CBA for the deployment of smart metering. Source: European
Commission 2012: Guidelines for cost benefit analysis of smart metering deployment - Publications Office of the EU (europa.eu)
7 AMIfor its acronym in English.
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Table 1: Analysis on the performance of CBA in LAC countries for SM deployment

(Organized by Deployment %)
Source: Prepared by the authors

Country CBA® CBA result Deployment %
Trinidad and Tobago Not available 94%
Not available
Barbados Not available 94%
Jamaica 2019 Positive 39%
CostaRica Not available 33%
Uruguay Not available Not available 30%
Honduras Not available 23%
Chile 2013 Inconclusive 9%
Guatemala Not available Not available 8%
Mexico 2014 Positive 6%
Colombia 2020 Positive 4%
Ecuador Not available Not available 3%
Peru 2019 Inconclusive 1%
Paraguay Not available Not available <1%
Brazil 2010 Positive <1%
El Salvador <1%
Argentina <1%
Dominican Republic
Panama
Belize
Nicaragua
Not available Not available
Venezuela
Not available
Bolivia
Bahamas
Guyana
Haiti
Suriname

¢ For countries in which a CBA for SM has been identified, the latest analysis carried out and publicly available for the country is considered and the date on which

the document was published is specified.




Some countries, and specifically Mexico, Chile and Brazil, moved first in identifying the
need to deploy SM and carried out their CBAs in 2014, 2013 and 2010, respectively. However,
during those years, SM was not as relevant as at present and in these countries, the analysis
carried out did not have a great impact as evidenced by low current degree of SM deploy-
ment in these countries.

Given the rapid technological evolution, it is recommended that regulators and government
agents plan reqular CBA updates so analyses will reflect effective recent developments in
the electricity market and SM.

Itisimportant to highlight that the result of the CBA depends directly on the costs and ben-
efits that are considered during the analysis.

Next, the CBA carried out for SM is examined in more detail and, more specifically, the cost
items considered by the 6 LAC countries having performed a CBA.

Source: Prepared by the authors
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CPEXassociatedwith Al v VvV
OPEX associated withMI /" \/ V4
OPEX associated with Ml \/  \/ V4

The initial investments to deploy SM, particularly the smart meters and the associated ad-
vanced metering infrastructure, were considered by 100% of the countries for which a CBA
has been identified. However, other cost items typically considered in a CBA are the opera-
tion and maintenance costs related to both SMand its infrastructure; however, only 3 of the
6 countries, and specifically, Chile, Brazil and Peru, have considered them when carrying
out their CBAs.
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In a CBA, the costs associated with the operation and maintenance of smart meters sup-
poses an increase in the total costs associated with SM deployment and, therefore, there
is a direct impact on the final CBA. Chile and Peru’s CBAs were inconclusive. Therefore, the
prior identification and definition of the costs associated with SM is highly relevant to the
result of the analysis, as well as the decisions and developments that may arise as a conse-
quence of such CBA. However, not considering certain costs in the CBA study can lead to
unplanned costs emerging during the deployment and hamper SM deployment.

Additionally, the identification and evaluation of the possible benefits derived from SM is

also of considerable relevance. The following illustration provides an overview of the range
of potential benefits considered by LAC countries when performing a CBA on SM:

Source: Prepared by the authors
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The most common benefits that LAC countries have considered in carrying out their CBA to
deploy SMinclude (i) improved management of electricity service interruptions and power
outages, (ii) reduced technical losses, (iii) lower cost to operate and maintain smart meters,
and (iv) lower cost of meter reading. Additionally, 5 out of 6 countries (approximately 83%)
that have carried out a CBA on SM have considered as a possible benefit the reduction of
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non-technicallosses, related to fraud and informal mechanisms. Thisisavery relevant fac-
tor for some LAC countries, since the implementation of SM could allow to adopt schemes
for their rapid detection and consequently their reduction. Likewise, another benefit con-
sidered by 5 out of these 6 countries has been the possibility of adopting hourly electricity
rates that allow sending adequate market signals to consumers about peak usage periods,
thus encouraging more efficient energy consumption management by end consumers, and
therefore generating savings both in costs for the electricity system itself and for end con-
sumers in their electricity bill.

However, the benefits associated with the development of numerous services that could be
offered to consumers, derived from the development of SM, and that would allow the pro-
liferation of flexibility services and more competitive markets, with the integration of new
energy agents or the development of new ecosystems, such as self-consumption, have only
been considered by a few LAC countries.

Including in this analysis the benefits associated with new trends in the electricity sector
that are already apparent in many countries, is essential in any CBA that examines the in-
dustry’s existing environment.

Enabling the development of a more competitive retail market that involves new players
providing energy services, as well as demand driven response mechanisms are benefits de-
rived from the deployment of SM that if not taken into account when carrying out a CBA,
can lead to an inconclusive or negative result and send an inadequate signal to the market
about the impact of deploying SM on the country’s electricity grid.

The outcomes of different CBAs carried out in LAC countries show that omitting certain
costs and benefits can have a relevant impact on the result of the analysis and with it, the
final decision to foster SM.

Preparing a national strategy is a habitual practice to lay down the foundations of schemes
to address SM needs and to design the intended regulatory framework. This approach com-
plements and leverages the results of the CBA.

Due to the direct relationship between SM, smart electrical grids and the digitization of

networks, it is usual to develop a strategy that integrates the three variables and contem-
plates the specific definition of objectives to achieve massive SM deployment.
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The overall objective of a strategy, whether national or regional, is to systematically align
activities and capabilities to achieve clearly defined objectives, in this case, fostering SM
deployment. The strategies are, therefore, useful tools developed by countries to create a
mechanism that brings together all relevant players who can thus contribute to achieving
shared goals and objectives.

Developing a national strategy in LAC countries that encourages SM sends, among other things,
a strong policy signal, both nationally and internationally, warranting the mobilization of
efforts and resources, and enhancing security for companies playing in the field of SM,
especially regarding the investments in this technology.

Bringing SM to different sectors, even entire countries, through the definition of national
and regional strategies to implement SM, can effectively contribute to creating synergies
between public and private entities and organizations, to try to address the national and
regional challenges involved in deploying SM.

To this end, it is desirable that the strategies’ clear rationale should start by listing the gen-
eral goals and conclude by defining specific objectives for the deployment of SM, clarify-
ing the necessary transition towards a smart electricity grid through objectives and support
measures, activities, capabilities, and tactics. It is important to highlight that even though
the general objective of the SM strategies is to encourage deployment, the way in which the
challenge is addressed in each country or region and, therefore, the measures and tactics
needed will vary depending on the specific context of each country or region.

Additionally, the international experiences derived from the development of strategies in
relation to SM, electrical networks and their digitization have highlighted the need to peri-
odically reassess the strategies once defined. Smart grid technologies evolve much fast-
er than traditional service assets developed in the industry so far. So, a best practice for
smart grid deployment is the continuous evaluation of these enabling technologies. That is
why those countries that define a SM strategy typically consider it as aliving document that
is constantly updated to reflect the changes and learnings that take place over time, just as
it could occur with certain elements of the eventual SM regulatory framework.

The following table shows the list of LAC countries that have defined national SM strategies,

either specifically or included in a broader strategy for electricity grids or their digitization,
as well as their year of publication and degree of deployment in each country.
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Table 2: LAC countries with a defined National Strategy highlighting SM
(Organized by Deployment %)
Source: Prepared by the authors

Country Deployment Strategy name Year of publication
Barbados 94% National Energy Policy 2019-2030 2019
Jamaica 39% JPSCo 5 Year Business Plan (2019-2024) 2019
CostaRica 33% National Smart Power Grid Strategy 2021
Uruguay 30% UTE Strategic Plan 2020-2021 2020

Smart Grids: Development
Chile 9% opportunities and 2013
implementation strategy
Mexico 6% Smart Grid Program 2017
Colombia 4% Smart Grids: Colombia Vision 2030 2016
Ecuador 3% Na“O’;?;Eg%;%‘_’fofggie”cy 2016
Peru 1% Draft Smart Grid Requlations 2018
Brazil <1% National Energy Plan - PNE2050 2020
El Salvador <1% Energy Policy 2020-2050 2020
Panama Not available National Distributed Generation Plan 2021
Bahamas Not available The Bahama(szg?;gr[%lﬁnemy Policy 2013

A total 13 of the LAC countries reviewed (50% of the total countries studied) have defined
strategies and specific objectives to encourage SM. Most of these strategies were prepared
starting in 2018 and they have not been updated. In particular, Chile, with a degree of deploy-
ment of 9%, and the Bahamas, with a degree of deployment not officially or publicly available,
developed their respective strategies in 2013, when they already considered the relevance of
SM with a view to a future electricity sector where smart electricity grids play a fundamental
role. In this sense, updating these strategies would be advisable to thus consider progress in

digital technologies and their multiple applications in electricity networks and meters.




Likewise, only some of the countries that have defined a national strategy have carried out
a CBA for SM deployment. Table 1 shows positive results in Jamaica, Mexico, Colombia and
Brazil while results were inconclusive in Chile and Peru.

Additionally, the following illustration presents for each LAC country the degree of SM de-
ployment compared to national strategy stated objectives if actually defined their respec-
tive strateqgy.

lllustration 7: LAC countries with a certain degree of SM deployment in and national strategies’ objectives
Source: Prepared by the authors
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The data on deployment degree is not publicly available and accessible.

In general, the defined strategies aim at 100% deployment between the years 2024 and
2030. Colombia has defined a deployment objective of 75% for 2030. Bearing in mind that,
in 2021, its degree of deployment was 4%, it will be necessary to adopt additional measures,
both requlatory and technical, to foster SM implementations.



Honduras(23%), Guatemala(8%), Paraguay (<1%) and Argentina(<1%) have begun deploying
SM but have not defined specific national objectives or a strategy to encourage implemen-
tation. Trinidad and Tobago, with a project defined by its electricity company in 2007, had
reached 94% penetration as of 2011. It should be noted that the functionalities that were
defined in 2007 to consider meters as intelligent only required remote reading capabilities,
without considering all the functionalities that are currently required to achieve SM status.
The project was prepared at a time prior to the emergence of present SM technologies.
Therefore, Trinidad and Tobago could update its definition of SM and adapt it to new digital
electrical grid requirements.

Another characteristic worth considering is whether the national strategy to foster SM is
included in a strategy for smart electricity grids, for grid digitization, or for the transition of
the energy sector towards a decarbonized and renewables model. The definition of a global
strategy for the energy sector could contemplate a greater number of relevant ecosystems
for the future, such as renewable generation, decarbonization of the transport sector or
SM, and others. However, there is a risk that a global strategy does not sufficiently detail
the specific needs of each ecosystem and, specifically, SM, not defining clear objectives to
deploy SM. This fact could explain that countries like Mexico (with a SM degree of deploy-
ment of approximately 6%), Ecuador (approximately 3%), Brazil (below 1%) or EI Salvador
(less than 1%), that have defined a global strategy for the energy sector have not however
achieved large scale residential SM implementation.

Range of regulatory approaches to foster SM deployment

The choice of legislative and regulatory tools to promote SM depends not only on the (na-
tional) legal framework and the phase of market liberalization, but also on the motivation of
end consumers to adopt residential SM. This last fact will depend directly on the possible
benefits and economic costs derived from the implementation of SM finally transferred to
the final consumer.

The type of metering regime applied(requlated or liberalized) can influence the real benefits
obtained from SM and its profitability as an investment for the agents involved in the sector.
In this sense, many of the countries that have begun deploying SM, regulate it. Only some
companies are authorized to carry it out and their remuneration is subject to requlation.
In countries with a regulated metering market, the allowed revenues, system costs and the
corresponding metering rates are defined both for the agent that bears the costs and for the
users who use SM. Examples of such countries include Colombia, Peru, Chile, Brazil, Mexico,
among others.
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However, in some countries, measurement is a competitive, free market activity. In these
cases, any agent can offer the metering service and there would be no regulated meter-
ing rates or a regulatory mechanism for the recovery of the costs associated with SM. In
many existing market models, an unregulated free market would not make it possible to
guarantee the recovery of the investments made and obtaining profitable returns in all
situations, hampering deployment, with a high risk for the agents who want to participate
in this process.

Regardless of the metering regime adopted, whether regulated or free market, government
entities or reqgulators (in the regulated metering regime) can encourage or urge electricity
companies toimplement SMin their electricity networks by creating an adequate regulatory
framework that establishes, among other initiatives, a deadline for the replacement of all
existing electromechanical meters by smart meters.

Government bodies and regulatory authorities may take different approaches for SM de-
ployment. Below appear some alternatives, with different degrees of requirements:

Remove legal or regulatory obstacles to SM, allowing its deployment but without coerc-
ing sector players.

Set forth specific service criteria, for example, monthly electricity billing is based on
measured hourly data, without making any particular reference to SM functionalities,
but encouraging its deployment. This makes it possible to reinforce the need for SM to
provide detailed invoicing without determining which technologies can meet the defined
specific criteria.

Force the deployment of SM by defining the minimum functionalities to be met by resi-
dential meters. Also, some incentives or financial compensation can be established to
guarantee the profitability of implementing utilities.

Mandate the deployment of SM without establishing incentives or financial compensation.
Establishing the mandatory deployment without establishing incentives or financial
compensation is not a desirable instrument due to the possibility of fostering wide-
spread social discontent.

A combination of some of the four options defined above to achieve the deployment of

SMis also a valid option that could encourage the process considering specific country
circumstances.
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The following table lists the reqgulatory approaches adopted by the LAC countries under re-
view, ranked by degree of SM deployment:

Table 3: Regulatory approach to encourage SM deployment by LAC country

(Organized by Deployment %)
Source: Prepared by the authors

Country Deployment Who is in charge Deployment (%)
Trinidad and Tobago DSO 94%
Barbados Not available Not available 94%
Jamaica 39%
CostaRica Mandatory 33%
Uruguay Voluntary 30%
Honduras Not available 23%
Chile 9%

DSO Voluntary
Guatemala 8%
Mexico Not available 6%
Colombia Voluntary 4%
Ecuador Not available 3%
Peru Mandatory 1%
Paraguay Not available Not available <1%
Brazil DSO Mandatory <1%
El Salvador Not available Voluntary <1%
Argentina Mandatory <1%
DSO
Panama Not available Not available




Country Deployment Who is in charge Deployment (%)

Dominican Republic DSO

Suriname

Venezuela

Bahamas

Belize Not available Not available
Not available

Not available

Bolivia

Guyana

Haiti

Nicaragua

Approximately 19% of the LAC countries studied (Uruguay, Chile, Guatemala, Colombia and
El Salvador) expressly require voluntary residential SM. In El Salvador, however, electrici-
ty distributors are made responsible for SM deployment. Additionally, approximately 15%
of the LAC countries studied have defined the obligation to implement smart meters in all
homes, with the country’s electricity distributors also being responsible for the deployment.

One of the advantages of establishing the voluntary nature of the installation of smart me-
tersinhomesisto give greater control and decision-making power to users, thus reducing the
likelihood of social rejection to meter installation. The voluntary deployment of the meters is
usually implemented when there is not clear knowledge of the potential economic and techni-
cal benefits of installing residential SM, both for users and for the country’s power grid.

Nonetheless, voluntary deployment may hamper the achievement of specific objectives as
lack of robust incentives may make players to move slowly, and eventually increase costs
for both marketing and installation, by preventing to reach economies of scale if only a small
number of smart meters is installed.



Additionally, as can be seen from the table above, those countries that have started
deployment have defined, among others, the type of deployment and the agent responsible
for implementation. Consequently, regulating the smart metering environment gives
greater security to the agents involved, encourages economic investments, and thus
make it possible to launch deployment.

With respect to the LAC countries studied for this report, only one country (Barbados) has
been identified that, having defined a deployment objective for SM? has not established a
deployment approach (mandatory or voluntary) nor identified the responsible player. How-
ever, Barbados has a single power distribution utility fully charged with running the coun-
try’s electrical distribution system, and thus charged with meter installation.

A) Technical functionalities

As far as technical issues are concerned, the most common approach is to define standards
or minimum requirements regarding the design of smart meters, such as what variables
should be measured, what information should be displayed locally, etc., as well as, regarding
the operation of the meter itself, such how data can be transmitted, communication proto-
cols, frequency of meter readings, etc.

Defining minimum meter functionalities is a critical first step in developing the regulatory
environment for SM. On the one hand, the number and type of functionalities determine its
potential benefits and, on the other, influences the cost of the SM system. That is why, in coun-
tries with regulated electricity markets, where the regulator defines the costs associated with
the installation and operation and maintenance of the SM, the defined financing mechanism
should adequately contemplate the total cost of the same to ensure cost recovery.

Even in competitive SM markets, setting minimum functional requirements or technical
standards will facilitate interoperability, allowing end-users to switch providers without
facing potential technical barriers. When the metering market is open to competition, the
suppliers and the customers decide on the type of meter. Therefore, it will be necessary to
define certain levels of standardization and interoperability between devices and systems.

¢ See Table 15 for SM deployment strategies included in Annex IIl.
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Countries that have defined certain minimum functionalities in the SM environment are
listed below:

Table &4: LAC countries that have defined minimum SM technical functionalities
(Organized by Deployment %)
Source: Prepared by the authors

Country Year Deployment

Trinidad and Tobago 94%
Not available
Barbados 94%
Jamaica 2021 39%
CostaRica 2022 33%
Uruguay 2021 30%
Honduras Not available 23%
Chile 2019 9%
Guatemala Not available 8%
Mexico 2015 6%
Colombia 2018 4%
Ecuador 3%
Peru 2017
Paraguay 2020
Brazil Not available
El Salvador <1%
Argentina <1%
Panama 2017
Dominican Republic
Not available

Bahamas
Belize
Bolivia
Guyana Not available
Haiti
Nicaragua
Surinam
Venezuela




The above table shows only 10 of the LAC countries (approximately 38%) had defined the
minimum functionalities required for smart meters between 2015 and 2022 when thisreport
was prepared. Given ongoing updating and improvement of the technologies involved in de-
veloping SM, we recommend Mexico, Panama and Peru that defined these functionalities in
20715 and 2017, reassess them to take into consideration presently available technologies.
Brazil has defined the functionalities of smart meters as recently as 2022, but the docu-
mentation was not available publicly at the time of the preparation of this report.

The following illustration identifies the main functionalities defined by those countries, with
information in the public domain, that have defined the minimum SM requirements.

Source: Prepared by the authors
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The previous illustration shows how 8 of the 9 countries for which public information was
available require reactive energy readings. The main objective of incorporating this func-
tionality is to support a definition of rates that include charges (or penalties) for reactive
energy to reflect the impact on the network of a deficient power factor and/or promote its
correction. The functionalities that have been defined by 7 of the countries studied include:
(i) defined frequency of SM readings to incorporate hourly rates and encourage demand re-
sponse; (ii) reading logs to prepare customer load curves and design electricity rates ad-
justed to consumer profiles; (iii) remote reading to encourage costs reductions associated
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with reading and foster digitization of power billing systems and, (iv) remote on/off supply
control to permit balancing power supply and demand, to guarantee stable system voltage
within the permitted ranges and/or maximize load (and load loss) factors and thereby mini-
mize losses and optimize network utilization.

In addition to the technical functionalities considered in the previous illustration, a common
international regulatory practice is to define minimum meter characteristics, stability of
supply and operation, and other commercial aspects required by the operating distributor
and end clients.

The following table shows the main technical functionalities that have been identified during
the study of the regulatory frameworks defined in other countries worldwide:

Table 5: Main technical functionalities defined in national requlatory frameworks
Source: Prepared by the authors

Functionalities

Internal data storage

Ability to integrate measurements from different services

Meter time synchronization

Meter features

Remote meter setup

Adjustment of parameters such as reading intervals, rates

and duration of periods, etc.

Remote meter update (Software, firmware, etc.)

Prevent and detect fraud in the supply and manipulation of equipment
Safety

Support secure data communications




Functionalities

Allow remote meter reading

Measurement

Two-way communication between the meter and other elements
operator

Provide power quality measurements

Accept advanced charging systems

Commercial power

supply considerations Provision of the service through prepaid systems

Remote connection/disconnection of supply and/or flow or power re-

strictions
ity Two-way energy measurement (energy import/export)
generation y 9y gyimp P
User access to meter information
Clients

Integrate solutions to enable demand driven response

Given the technical and economic peculiarities of the LAC countries reviewed here, the defi-
nition or updating of the requlatory framework that sets forth minimum SM functionalities
must consider the general needs and benefits that are sought to be achieved through SM,
the flow of data and the parties involved, as well as the potential impact of implementing
these functionalities.

B) Ownership of smart meters

In most countries, metersinstalled to perform consumption readings belong to the electric-
ity distributor. However, other options are possible depending on the country. For example,
the meter can be owned by the electricity distributor, the retailer, the measuring company or
the final consumer. Determining the owner of the meter is a decision that can significantly
influence the investment in SM and thereby the degree of deployment that can be achieved
in the country. For example, when the meter belongs to the final consumer, the consumer
may be unwilling to change their meter or take responsibility for the cost associated with
its implementation and operation. Consequently, when defining the ownership regulatory
framework, it will be key to consider the opinion of the agents involved in the SM sector,
as well as defining their financing mechanism. The following table shows the ownership of
smart metersin the LAC countries reviewed here:



Table 6: Ownership of smart meters in LAC countries
(Organized by Deployment %)

Source: Prepared by the authors

Country Ownership Deployment (%)
Trinidad and Tobago Electricity distributor 94,12
Barbados Not available 94
Jamaica 39,3
CostaRica 33,23
Uruguay 30,08
Honduras 23,23
Chile 8,85
Electricity distributor
Guatemala 8,42
Mexico 5,63
Colombia 3,92
Ecuador 3,12
Peru 1,31
Paraguay Not available 0,53
Brazil Electricity distributor 0,52
El Salvador Not available 0,45
Argentina 0,16
Panama Electricity distributor
Dominican Republic
Bahamas
Belize
Bolivia
Not available
Guyana
Not available
Haiti
Nicaragua
Surinam
Venezuela




In general, as shown in table, 15 of all LAC countries reviewed here (approximately 58%) have
defined ownership of smart meters. The responsibility, in these cases, has been assigned
to the electricity distributor, in a manner consistent with the successful requlatory frame-
works developed in other international experiences, where the electricity distributor is gen-
erally defined as both the owner and the agent responsible for the deployment of SM. Estab-
lishing criteria that provide homogeneous responsibilities facilitates decision-making
and, therefore, SM deployment in the countries’ electricity grid.

C) Financing mechanism for smart meters and associated SM infrastructure.

Defining SMfinancing requlationsis one of the most important elements for a successful SM
deployment. Therefore, requlatory design and definition of the structure that supports the
economic costs of SM, whether through fees, government subsidies and/or well-designed
incentives, will be crucial to guarantee large-scale deployment in the countries and the re-
sulting transition to smart grids.

Below are some of the main basic principles for the SM financing schemes and their requ-
latory structure adopted in numerous countries:

Encourage the best possible use of economic resources, at the
lowest cost. A CBA must reflect the costs incurred associated with the meters them-
selves, their operation and maintenance costs, as well as the costs the SM entails for the
electrical system, among others.

No discrimination in the allocation of costs for users who use the electrical sys-
tem in a similar way. The financing mechanism will be adjusted to the costs and benefits
pertaining to each user.

the financial mechanism must assure all costs are covered to avoid
sunk costs for the electrical system and that players in SM deployment shall profit from
their investments.

Design a simple regulatory mechanism, so that it can be
understood by end users. Social acceptance of SMis a key element to ensure its deploy-
ment, so the way in which smart meters and the advanced metering infrastructure asso-
ciated with them are financed must be communicated to users in an easy to understand
and straightforward manner to get their acceptance.

Preserve the financing structure of SM deployment for a reasonable time,
avoiding short-term changes, so the agents involved in the deployment of SM will per-
ceive legal certainty and so plan the investments necessary to implement SMin the elec-
trical system in the medium and long term.
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It is important to highlight, and as will also be seen among LAC countries, that the choice
and implementation of the SM financing mechanism in each country is peculiar and charac-
teristic to each, so that there is no single solution that fits all countries. However, it has been
identified that most of the countries do design financial mechanisms so that the general
benefits of SM such as improved quality and reliability of supply, lower operating costs, and
the environmental benefits of energy efficiency, among others, are perceived by all users
who will benefit directly or indirectly, so the cost of deploying SM must be borne to a certain
extent by all consumers.

Generally, the most widely used financial mechanisms to support SM costs include (i) ful-
ly or partially financing or subsidies from government or other public administrations; (ii)
economic and fiscal incentives, i.e. taxes or fiscal exemptions, (iii) compensation through
electricity tariffs or specific rates/tariffs for users, or (iv) directly by final consumers.

The following table shows the financial mechanism identified and defined in each country

for SM deployment, as well as the option between mandatory and voluntary deployment and
finally, the degree of SM implementation in each LAC country:
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Table 7: Financing mechanisms defined in each LAC country

(Organized by Deployment %)
Source: Prepared by the authors

Country Type Mechanism™ Deployment (%)
Trinidad and Tobago Remuneration - VAD 94,12
Barbados Not available Not available 94,00
Jamaica Client 39,30
CostaRica Mandatory 33,23

Remuneration - VAD
Uruguay Voluntary 30,08
Honduras Not available Client 23,23
Chile 8,85

Voluntary Remuneration - VAD
Guatemala 8,42
Mexico Not available Not available 5,63
Colombia Voluntary 3,92
Ecuador Not available Remuneration - VAD 3,12
Peru Mandatory 1,31
Paraguay Not available <1%
Brazil Mandatory <1%
Not available

El Salvador Voluntary <1%
Argentina Mandatory <1%
Panama

Remuneration - VAD
Dominican Republic

Not available Not available
Bahamas
Not available

Belize

"0 Client: borne the cost directly by the final consumers; Remuneration - VAD: Considered in the base of requlated assets of the distribution company or the added

value of distribution




Country Mechanism™ Deployment (%)

Bolivia

Guyana

Haiti

Not available Not available Not available
Nicaragua

Surinam

Venezuela

As can be drawn from the table above, of the 12 countries defining a specific financing
mechanism and based on public information, only 2 (Honduras and Jamaica) have estab-
lished that the cost must be borne directly by the end customer. The remaining 10 coun-
tries (approximately 83% of the 12 countries with an identified financing mechanism) have
defined that SM costs will be recovered through the remuneration earned by distributors.
The deployment of SMis voluntary in 4 of the countries and mandatory in 2. No mandatory
scheme for deployment has been found in 4 of them.

The following table shows the relationship between the definition of meter ownership and
the financial mechanism defined to pay for the deployment of MI:

Table 8: Meter ownership and financing mechanisms in LAC countries
Source: Prepared by the authors

Country Meter ownership Financial mechanism

Argentina Electricity distributor

Bahamas

Barbados

Not available Not available
Belize

Bolivia

Brazil

Chile

Colombia Electricity distributor

Remuneration - VAD
CostaRica

Ecuador




Country Meter ownership Financial mechanism

El Salvador Not available Not available
Guatemala Electricity distributor Remuneration - VAD
Guyana
Not available Not available
Haiti
Honduras
Client
Jamaica Electricity distributor
Mexico
Not available
Nicaragua Not available
Panama Electricity distributor Remuneration - VAD
Paraguay Not available Not available
Peru
Electricity distributor Remuneration - VAD
Dominican Republic
Surinam Not available Not available
Trinidad and Tobago
Electricity distributor Remuneration - VAD
Uruguay
Venezuela Not available Not available

As can be seen in the table above, the 10 countries that have established that the costs of
SM shall be recovered through the remuneration received by electricity distributors, have
generally defined that ownership of the smart meter would fall o the electricity distributor.
Additionally, the 2 countries that have determined that the costs shall be borne by the end
customer directly, Honduras and Jamaica, they have also established that ownership would
fall on the electricity distributor. The trend in LAC countries is to allocate ownership to the
electricity distributor regardless of the financial mechanism in place.

This differentiation in financing schemes can also be observed globally, although in many
cases regulated mechanisms are adopted to pay for installation. The success of the scheme
applied in each country will depend, among other aspects, on the extent these schemes
meet the specific needs of each country, the benefits expected to be perceived by users
and their perception of deployment.

To this end, a CBA for the deployment of SM in the country, as well as designing a national
strategy that sets specific deployment objectives, will be key tools to determine which
financing mechanism best suits each country’s conditions.



Experiences and
lessons learned



How SM deployment is encouraged and who is responsible for its implementation are key
considerations for decision makers in government and will make success or fail the national
deployment of SM. Senior government officials can decide the degree of obligation to install
smart meters, that is, if all end customers must install smart meters or if end customers can
decide toaccept orrefuse installation. A mandatory deployment typically has the advantage
of achieving high installation cost efficiencies and will make add to the efficiency and bet-
ter sizing of the associated communications infrastructure. Voluntary deployment involves
addressing both technical and economic challenges, but provides an approach where the
consumer has freedom of choice and, therefore, will not create potential barriers to social
acceptance towards SM.

Regarding the responsibility for installing SM, three widespread options have typically been
tried, namely electricity distributors as smart meter providers (Texas), the appearance of
new requlated agents specializing in SM (France), or the retailer or electrical trader as a
competitive service requirement (UK).

Another relevant aspect that should be considered in SM deployment is financing and who
will ultimately pay the new cost. The most widespread financing schemes for SM environ-
ment technologies are financing or subsidizing by government (France), payment by elec-
tricity resellers, which has meant an increase in the final rates applied to customers (UK) or
payment by the end user at a specified fee (Texas).
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Latin America and the Caribbean

The region, as has been seen, has adopted SM at various degrees. Some countries have pre-
pared or are preparing CBAs, strategic plans, and pilot projects though they may not have
deployed SM massively throughout their territory. An example is Brazil where deployment
is still very low. Despite this, more than half of the countries reviewed here have already
started the journey to deploy SM, have prepared a CBA, have published a strategic plan con-
sidering specific SM objectives or have developed the regulatory framework to foster SM. It
is also important to assess the necessary capacity to implement SM. Caribbean countries
such as Trinidad and Tobago, with a small population and a medium-high level of income
per capita, compared to other regional countries, have reached 94% SM penetration. The
economic capacity of these countries could explain the high degree of penetration as in
Trinidad and Tobago.

Nations also differ in regards of regulations. While some have followed the example of de-
veloped countries and have implemented new regulations to adapt to the challenges, others
have adapted certain requlations that leave certain relevant aspects still undefined, such
as responsibilities regarding data protection. In this sense, many LAC countries still must
develop regulations that adapt to the changes that the market demands regarding SM.

The Chilean case

A particular case among LAC countries is that of Chile, which stands out for two reasons.
On the one hand, it is the country with the greatest preparation for a massive deployment
of smart metering: it has a CBA, has established a strategy and has carried out extensive
regulatory developments on the matter, including technical regulations that define all the
parameters that a smart meter must meet. On the other, the massive deployment of the
entire infrastructure has not yet beqgun, beyond pilot projects by some distributors such as
Enel, which had installed 250,000 meters in Santiago de Chile as of 2019.

It is possible that one of the reasons why this deployment has not yet started on a massive
scale is the judicial process to which Law No. 21,076 of February 2019 is subject, which
“modifies the General Law of Electric Services toimpose on the energy distribution company
the obligation to pay for the removal and replacement of the junction and meter in case
the facilities are rendered useless due to force majeure” as well as other resolutions of the
CNE. The law incorporates a new 139 bis article that establishes that the connection and

" Trinidad and Tobago, with a project defined by its electric company in 2007 has reached 94% penetration as of 2011 However, meters were required only to
allow remote readings, disregarding all the functionalities that are currently required from smart meters.



the meter are elements of the distribution network and, therefore, are the property and
fall under the responsibility of the concessionaire of the public distribution service or of
whoever provides the distribution service.

However, due to the foregoing, and according to the electrical requlatory design of Chile, the
remuneration of electrical installations carried out by electrical distribution companies -
including those related to SMMC smart metering systems - are transferred to the electrical
tariffs of consumers. This created great social discontent, which meant the paralysis of
the deployment of smart meters, thus delaying the fulfillment of the national objective that
the Government had established.

Nonetheless, voluntary installation of the new meters was decided while the country’s
objectives were updated. Deployment is expected to be completed by the end of 2025, with
30 % implementation in 2023 and 60% in 2024, to reach over 6 million units installed by
the end of 2025.

Other regions
A) Europe

In 2009, the European Union set a goal of reaching 80% of consumers with smart meters
by 2020. In its “Clean Energy Measures Package” certain measures were regularized,
such as the characteristics that smart meters should feature or how to deal with the
protection of data.

As a step prior to the deployment of SM and the structuring of a requlatory framework that
would define it in each country, the member countries were asked to carry out a CBA to
determine the feasibility of the project. However, even though the methodology to develop
the CBAs was well established, no detailed CAPEX and OPEX were specified, which should
be considered for the study. In this sense, not all countries considered the same CAPEX and
OPEX, giving rise to disparities in CBA results.

The following table shows the result of CBAs and their date of completion in each country:



Table 9: Results of the latest CBA in EU countries
Source: European Commission (data updated to 2019) and own elaboration

Malta Not available Not available

Country Result Date
Austria Negative 2010
Belgium* Inconclusive 2017
Bulgaria Negative 2013
Croatia 2017
Cyprus 2014
Czech Republic* 2016
Denmark Not available
Estonia 201
Finland 2008
France* 2013
Germany” 2013
Greece 2012
Hungary’ 2018
Ireland* 2017
Italy* 2014
Latvia* 2017
Lithuania* 2018
Luxembourg* 2016

Netherlands 2010
Poland* 2014
Portugal* 2015
Romania 2012
Slovak Republic* 2013
Slovenia 2014
Spain Not available
Sweden 2015

*These countries carried out more than one CBA analysis. The result and year of the latest
available are shown

" According to the source of the data, Hungary performed its first CBA in 2013. The result was inconclusive. Later in 2018, it again carried out a CBA including the
costs and benefits, but the result is unknown.



The table above shows CBAs are not publicly known for only two countries. However, Spain,
one of these, had already begun the deployment in 2008, a year before the EU decreed its
implementation. That is why no exhaustive CBA is available for that country. In addition, 17
of the 27 countries may have obtained a positive result. One of the reasons why Europe has
a high degree of deployment (as mentioned earlier in this report)is the fact that many of its
countries revised their initial CBAs, following the recommendation by the European Com-
mission to review the result of CBAs every 4 years, or more frequently, in response to sig-
nificant changes in the analyses assumptions and technological and market developments.
More specifically, 13 of the 27 countries would have updated their CBA.

The following graph shows the typology of costs and how many countries included them in
their SM CBAS.

Source: Prepared by the authors based on “Benchmarking smart metering deployment in the EU-28 (2019)"

Investments in IM

CAPEX - IT Investments

OPEX -Network and front-end management
OPEX - IT Maintenance

OPEX - Call center and customer service

OPEX - Telecommunications

OPEX - Unplanned renovation and smart meter failures
OPEX - Meter Reading

CAPEX - Investments in telecommunications
CAPEX - Sunk costs of conventional meters
OPEX - Management change

OPEX - Profit Reduction

OPEX - Customer loyalty programs

CAPEX - Investments in devices within the home

Others

1% According to the source of the data, the costs considered in the CBA carried out for the following countries are not known: Slovenia, Finland and Denmark.
Likewise, there is no CBA for Spain and Malta. In the case of Hungary, the result of the analysis is not known, but the costs and benefits in the 2018 CBA are.
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Without considering the CAPEX associated with “Others”, which typically includes very spe-
cific characteristics for each country, the CAPEX category related to “Investments in devi-
ces within the home”, considered by 9 countries, has been the CAPEX category least consi-
dered by the countries that have performed a CBA (approximately 41% of the EU countries
considered in this analysis). On the other hand, the costs associated with “Investments in
SM" and with “Investments in IT” have been considered by all the countries for which infor-
mation is available. It should be noted that, of the 15 detailed categories, 9 have been con-
sidered by more than 18 countries, which denotes a great homogeneity throughout the EU
and a very exhaustive analysis by member countries, yielding in most cases positive results
leading to a wide deployment if we compare them with LAC countries.

Likewise, in 2012, the European Commission prepared a document recommending 10 mini-
mum functionalities that countries could consider when implementing Ml systems™. These
identified minimum functionalities are listed below:

i)  Providereadings directly to the customer and to any third party designated by the con-
sumer.

ii)  Update the readings mentioned in point (i) frequently enough to allow the information
to be used for energy saving purposes.

iii)  Allow remote reading of meters by the operator.

iv) Provide two-way communication between the SM system and external networks for
maintenance and control of the metering system.

v)  Allow readings to be taken frequently enough for the information to be used for net-
work planning.

vi) Offer an advanced rate system.

vii) Allow remote on/off control of the supply and/or flow, or power restrictions.
viii) Provide secure data communications.

ix) Preventand detect fraud.

x)  Provide import/export and reactive measurement.

The following graph shows the number of countries, out of the 27, have adopted these 10
recommendations. Notwithstanding the foregoing, not all the countries that have defined
these functionalities have carried out a CBA, as is the case of Spain and Malta. Or on the
contrary, not all the countries that have carried out a CBA took these SM functionalities into
consideration, asis the case of Bulgaria, Cyprus, Denmark, Hungary and the Czech Republic.

“ Source: 2012/148/UE: Commission Recommendation of March 9, 2012, on the preparations for the deployment of smart meter systems.
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Source: Prepared by the authors based on “Benchmarking smart metering deployment in the EU-28"(2019)®

vili

vi

vii

Widespread adoption of homogeneous functionalities can be observed in EU countries, and
approximately 16 countries have adopted all the recommended functionalities. The func-
tionality considered by more countries is “iv) Provide two-way communication between the
SM system and external networks for the maintenance and control of the metering system.”
Functionalities ix), iii), x) and viii) have been considered by 20 countries.

In addition, it should be noted that Europe has carried out quite exhaustive monitoring of
the degree of deployment. In this sense, in 2019%, late deployers were Greece, Romania and
Hungary. At the other end, the countries that had advanced the most were Italy and Spain
with more than 90% deployment and Sweden with 100% deployment. It should be noted
that, in 2019, the European Commission, to review the objective of reaching 80% consumers
with smart meters by 2020, approved a new package of measures to foster SM deployment
in countries that have not yet achieved their goals.

To illustrate the effort made in the EU territory in terms of SM, the degree of SM deployment
presented by EU countries in 2018 is shown below, as well as those countries that had al-
ready prepared a CBA and/or a strategic plan.

" According to the source of the data, the functionalities of the meters considered in the CBA carried out for the following countries are not known Bulgaria,
Cyprus, Denmark, Hungary and the Czech Republic.
6 Benchmarking smart metering deployment in the EU-28 (2019).
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lllustration 9: Degree of SM deployment in European countries
Source: Prepared by the authors based on Benchmarking smart metering deployment in the EU-28 (2019)"

I \Vith CBA and strategic plan
=50 Countries without CBA but with a strategic plan
Countries with CBA but no strategic plan

o NonEU
% SM deployment degree.*

o
1%
’ Romania

4,8%

Croatia
2.3%

*Data to 2018

Malta
97.3% -

The European case highlights that, although most countries have adopted strategic plans
and carried out a CBA, some countries have encountered difficulties for implementation,
with not so positive results, as is the case of France whose case we detail below.

C)France

The French model is very similar to the Texas model for SM implementation. In 2010, the
French government published a decree® to encourage the deployment of smart meters and
assigned responsibility for their installation to a single company™(Enedis), created by EDF?°,
which developed and executed a program from 2015 to 2021 to achieve to modernize the
electricity distribution network by replacing traditional meters by smart ones in France?..

" According to the source of the data, those countries for which the degree of SM deployment is unknown have been marked ™.

8 Decree no. 2010-1022 of August 31, 2010 on metering devices in public electricity networks in accordance with IV of article 4 of law no. 2000-108 of February
10, 2000 on modernization and development of public electricity service.

* Enedis, was previausly called ERDF (French Electricity Distribution Grid).

» Electricité de France.

2 Smarter Together - Report on deployment of Linky smart power meters in the area - D3.4.2 - Version 2.0 - 07/01/2019



The cost of the program and with it, the installation of the smart meters, was the responsi-
bility of Enedis, financed both by EDF and European public funds??.

At the same time, in a deliberation in December 2020, the CRE? approved anincrease in the
rates to be applied by Enedis, which would mean an increase in the annual electricity bill of
consumers. This fact was perceived by consumers as a cost associated with the installation
of smart meters.

During the program period, consumers had to permit the replacement of the meters in their
homes, but there was no obligation to replace them, which meant a slowdown in meter re-
placement compared to initial goals.

In 2021, the objective of 100% replacement of meters was not reached?®, which is why the
CRE in February 2022 published a new incentive regulation framework good through 2024%,
by which it is approved that those consumers who refuse installing a smart meter on their
property after January 2023 will pay a higher rate including a service charge for manual me-
terreading. This measure aimed at achieving full deployment of smart meters in households
in France despite social opposition.

B) Texas - United States

The reqgulatory change that led to the deployment of smart meters in Texas occurred in
2005, authorizing both the Transmision System Operator (TSO) and the Distribution System
Operator (DSQO) to own and operate all infrastructure associated with SM. It is important to
note that competitive retail providers (marketers) were initially given this role, but the de-
ployment of smart meters did not reach the expected massive level, so it was decided to
redefine the responsibilities for the adoption of smart meters.

Regarding the financing system to support the costs of deploying smart meters, the Texas
Public Service Commission?® authorized TSOs and DSOs to include an additional cost to end
customers in the monthly electricity bills. To encourage this change, the Texas Public Ser-
vice Commission did not implement the mandatory installation of smart meters in homes,
but it did increase the costs in the electric bill for those users who decided not to install a
smart meter. These measures resulted in massive deployment of smart meters in Texas.

2 Smarter Together - Report on deployment of Linky smart power meters in the area - D3.4.2 - Version 2.0 - 07/01/2019

% CRE: Commission de Réqulation de IEnergie

2 Source: CRE https://www.cre.fr/Actualites/la-cre-definit-le-nouveau-cadre-de-requlation-du-projet-linky

% DELIBERATION N°2022-64: Deliberation of the Energy Regulation Commission of February 24, 2022 on the draft decision on the incentive requlatory framework
for the Enedis smart meter system in the BT voltage range < 38 kVA (Linky ) for the period 2022-2024 and amendment decision No. 2021-13 providing for the
tariff for the use of public electricity distribution networks (TURPE 6 MV-BT)

% PUCT: Public Utility Commission of Texas
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C) United Kingdom

The UK requlatory model differs considerably from the Texas model and with it, the degree
of SM deployment achieved. The United Kingdom was a member of the EU until January
2020 and therefore also committed, like the rest of the EU countries, to reach an 80% de-
ployment of SM by 2020.

In 2012, the Department for Energy and Climate Change of the United Kingdom?” published
its SM reqgulation, which put the responsibility for implementation, as well as the associated
cost, on energy retail agents (traders), without any economic incentives that would reduce
their economic burden. This is why the United Kingdom did not reach the deployment target
initially set for 2020 and delayed that target until 2024.

The Office of Gas and Electricity Markets of the United Kingdom?® fined retailers that
failed to meet deployment objectives. In addition, a measure that was carried out to pro-
mote the deployment of residential smart meters was to reduce electricity rates for those
users who decided to install SM. However, this measure did not reach the expected result
because the associated cost for installing meters was transferred to the end user by the
marketing companies.

7 DECC: Department of Energy & Climate Change
% OFGEM: The Office of Gas and Electricity Markets
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When talking about smart grids, it is common to relate them to SM and specifically to smart
meters. Installing this type of meter is essential to build a smart grid in its initial stages,
making it strategically possible to typically have accessible, reliable, and harmonized data
throughout the value chain of each country’s electrical system.

SMis a key strategic element to build decarbonized, digitized and electrified economies,
thanks to its multiple benefits. SM facilitates realizing construction efficiencies and the
operation and maintenance of electrical networks, increasing efficiencies in energy con-
sumption, greater competitiveness in the energy sector facilitating the development of
new energy services and, of course, empowering final consumers, by providing consum-
ers with access to their electricity data and allowing their more active participationin the
electricity market.

Likewise, it is important to note that smart meters themselves are one of the main com-
ponents of a broader set of solutions for SM, in which their functions are integrated, and
which need to be accompanied by advanced metering infrastructures (AMI) and other en-
ergy management and information systems. Defining SM design, implementation and re-
sponsibilities are key to attaining the benefits of SM and, consequently, the digitization of
electricity networks. That is why national regulators play a fundamental role in the design
of aregulatory framework that effectively encourages deployment and realizing quanti-
fiable benefits for the electricity system, stakeholders and society at large. To this end, the
involvement and collaboration of all public and private agents will be key to guaranteeing the
success of SM deployment.
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To encourage deployment of smart metering and taking into account the study of the
experiences of LAC countries in deploying SM, examining other international experiences
and the recommendations of the requlatory authorities of the countries that have started
deployment, is advisable before starting the deployment on a massive scale, to carry out
a CBA that studies economic feasibility, considering the entire technological ecosystem
of SM, to define a national strategy that sets specific deployment objectives, as well as
structuring a robust regulatory environment that encourages investment and provides
security to the agents in the electricity sector.

A series of recommendations for energy regulators in LAC are detailed below, in relation to
those aspects that are critical in a massive SM deployment process, which could encour-
age and maximize the success of this process:

1. In connection with a Cost-Benefit Analysis (CBA)

Most LAC countries have not yet started a massive SM deployment, as shown in the review
of SMin LAC. To launch this process, these countries could commit to perform a CBA that
examines the technical and economic feasibility of deploying SMin each country and eval-
uate whether or not its deployment is appropriate. By way of complement, in those cases
where the result of the CBA is negative or inconclusive, it would be recommended to carry
out a periodic reassessment, suggesting periods of 4 years or less when there are relevant
changes in the initial conditions considered in the CBA carried out previously, to encourage
SMin the future, but as long as there is a positive techno-economic viability of the SM de-
ployment, which provides security to the agents involved.

The methodology for a CBA is essential to obtain robust and reliable results to prepare such
a relevant decision. The CBAs already carried out by LAC countries have enforced very dif-
ferent methodologies and, on occasions, methodologies that may not fully capture the eco-
nomic, technological and social reality of each country.

Given the importance of performinga CBA and, consequently, itsresult in the decision-mak-
ing of requlators and government agents on the deployment of SM, it is recommended to
adopt a robust methodology that incorporates the best practices, facilitating in turn, the
incorporation of common aspects in countries of the same region to permit their standard-
ization. The following illustration details some of the main aspects to consider in the design
of arobust SM CBA.



Source: Prepared by the authors

« Smart meter functionalities,
Delimit the market - Smart metering responsibilities,
« Players bearing the costs and benefits,
« Technical aspects needed for smart metering,
« Others.

model intended

Main costs and benefits to consider in the Cost-Benefit Analysis (CBA)

Costs >

CAPEX associated with the necessary software and hardware,
CAPEX and sunk costs of conventional meters,

OPEX assaciated with the necessary software and hardware
OPEX associated with conventional meters,

OPEX new services,

Others.

During
the CBA

Consumers,

Power distributors,

Power retailers,

Power system management,
Other power grid players,
Society

Others.

Benefits >

Possible results of a Cost-Benefit Analysis (CBA)

Positive

After the CBA Negative

Periodic reassessment

Inconclusive

NSNS

In this sense, the CBA must be carried out considering the entire value chain, considering
from electrical distributors to other agents involved such as electricity retailers, other elec-
tricity utilities, electricity generators, electricity consumers, etc.

Delimiting the SM market model provides focus to this process, to guarantee that all the
expected costs and benefits are being adequately considered in the model. At this stage the
technical solutionto be adopted must be clearly defined, considering, among other aspects,
the type of data that isintended to be obtained and the functionalities that are intended to
be incorporated into the SM system, as well as identifying the responsibilities for the dif-
ferent process players, data security, etc. This will allow a more precise identification and
quantification of the costs and benefits related to this process. In this way, a deployment
with a greater granularity of the accessible data and a greater degree of functionalities can
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enable greater benefits, although this deployment will be more expensive. The definition of
different deployment scenarios can also allow the identification of an ideal deployment
model that will be more suitable to each country. In the same sense, the consideration of
costs and benefits for a longer period will allow the obtaining of a more robust result.

Some of the main costs and benefits that are typically considered in an analysis of this type
are identified below, considering the best international practices in the matter.

are: (i) CAPEX associated with smart meters, theirinstal-

lation, communications, the necessary advanced metering infrastructure and IT systems; (ii)
OPEX associated with the operation, maintenance and replacement of the necessary equip-
ment for SM, and (iii) Costs associated with the installation and operation of the infrastruc-
tures for communication between electricity sector players and the infrastructures neces-
sary to manage SM data.

(if)

(iii)

(iv)

are:

the economic savings for the electricity distributor, since SM allows them to have
more information on demand from power distribution, facilitating measures that
optimize the operation and maintenance costs of electrical networks, as well as
those associated with new investments;

the energy savings and, therefore, economic savings, for the final consumer, who
will have access to their historical energy consumption and even in real time, the
possibility of defining hourly rates, adoption of demand management or reduced
consumption mechanisms at times of greater grid congestion, for example;

the location of technical and non-technical losses through SM, which will entail both
energy and economic savings for the grid and therefore for consumers;

social benefits due to asmaller carbon footprint and contribution to the energy tran-
sition, derived from the optimization of final consumption and reduction of electri-
cal losses, as well as the contribution to the development of new renewable gen-
eration from the introduction of mechanisms that encourage self-consumption/
self-generation or energy communities;

the benefits for the most vulnerable consumers derived from the fight against ener-

gy poverty, by enabling access to information that may allow the identification and
implementation of measures to fight energy poverty;
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(vi) other benefits related to the development of a more competitive electricity market,
with a higher quality of service for the consumer and more competitive pricing, as
well as,

(vii) an empowered energy consumer who can actively participate in the grid, leaving
behind their traditional passive role.

A CBA that considers the technical-economic feasibility of deploying smart metering
is essential to define the basis for a viable regulatory framework on SM, while
addressing the particularities of each country. As a priority, the analysis shall con-
sider all the possible costs and benefits derived from deploying SM, considering the
functionalities and solutions that will be offered and each country’s local context.

Undoubtedly, the definition of a national strategy is a key element in a transition of this type.
The definition and identification of specific objectives, support measures, activities, ca-
pacities and tactics to achieve the massive deployment of SM within the framework of a
national strategy provides clarity and greater security in a process that implies that certain
agents assume risks and invest.

Defining a national strategy justifies the mobilization of efforts and resources, providing
security and structuring support measures, encouraging investment in this technology by
the agents involved in the SM field.

A country’s deployment of SM not only implies the introduction of a new technology in the
context of the electrical system with numerous technological, social and economic chal-
lenges to be addressed, but also a great opportunity to materialize certain benefits for the
electrical system itself, its consumers and society at large, which must be considered in the
design of a robust deployment strategy.

An SM strategy must consider aspects typically contemplated in technological deploy-
ment strategies in the electricity system, such as the design of the business model, the
lines of action to be executed, the opportunities and expected benefits or the mecha-
nisms for financing, among others, although it is recommended that this strategy specif-
ically address some aspects that have typically been barriers to the introduction of SMin
some countries, such as:
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Design of a strategy agreed upon with the main agents.

The strategy must draw lines of action to create an appropriate regulatory framework,
the technologies to be adopted, the responsibilities of the different agents, the ap-
pearance of new agents, their governance, etc. The general consensus with all the
agents will be essential to reach an optimal model for the country and responding to
the needs of the different agents.

To this end, it is recommended that the person(s) charged with defining the national
strategy hold dissemination and socialization sessions involving the main stakeholders,
in order to define arobust and shared strategy, to define the main areas of action of each
agent and to consider possible projects these agents may promote, as well as other sug-
gestions or recommendations identified along the way.

Building consensus among and garnering support of all stakeholders, including
end consumers, is a fundamental aspect to guarantee the success of the national
SM strategy.

The main agents interested in a deployment of this type and the areas of action where
they are traditionally operating are identified below, considering the best existing inter-
national practices.

1. The national government sets the objectives and defines the roles and responsibil-
ities for the national deployment of SM. In addition, once deployment has started, it
monitors and oversees the accomplishment of the established objectives, as well as
the reaction of the users involved in deployment. Monitoring and control will ensure
that SM objectives are achieved, both in the short and long term. Additionally, the
government also warns regulators of the need to establish rules and regulations that
guarantee the protection of consumers and, once established, carry out adisclosure
process to give greater support to the deployment of SM before final consumers.

2. The requlatory body is responsible for guaranteeing consumers protection and en-
suring that energy providers meet electricity quality and continuity standards for
electricity supply, in addition to introducing new regulations to facilitate deployment
and capture the expected benefits (for example, new rates resulting from more fre-
quent consumption data). Additionally, it also typically supports the dissemination
function to electricity distributors and to retailers, energy managers and consumers
to encourage SM deployment.

3. Electrical distributors and retailers are typically responsible for installing smart me-
ters For this reason, they must meet the rules and requlations set forth by the reg-
ulator regarding the accuracy of the data collected, access to data or data security,
among other aspects.

T4



4. Communications and data management companies provide the communications
infrastructure that manages SM data with the ultimate goal of guaranteeing electric-
ity sector agents adequate immediate, accessible, accurate and granular data.

5. Other electricity service companies may join the value chain to provide energy
services based on the new information available as a result of SM implementation,
thus helping to create a more competitive market. To do this, they must have ac-
cess to information, while safequarding the confidentiality of consumers and data.
Typically, this information can be public information or private information provid-
ed by end consumers.

6. Electricity consumers will fully or partially pay the cost of deployment, so they must
be guaranteed a series of functionalities and rights so that they can obtain sufficient
benefits to generate a positive return on investments, which in addition shall give
them security.

» Place the consumer center stage

The adoption of a model of this type typically has a very high initial cost for the electrical
system, which will end up being borne by consumers. That is why the benefits must be
tangible for them, allowing them to defray the costs in the future and receive a higher
quality electrical service, but at the same time allowing their empowerment with active
participation in the electrical sector, which will result in a more sustainable electrical
system and a lower electricity bill.

- Promote confidence in aspects related to security, confidentiality and data protection
in order to provide security regarding the processes of capturing, communicating and
using consumer data.

Schemes where the ownership of the data belongs to the final consumer, must include spe-
cific confidentiality and security regulations and protocols to guarantee end users the ade-
quate protection of their personal information, and thus bolster consumer confidence.

« Avoid consumers perception of a higher electricity bill.

It is recommended to give visibility to the remuneration mechanism that is defined to
finance the deployment of SM and how these costs will be recovered, as well as the
development of a requlatory framework that guarantees implementation, the rights of
consumers and the realization of the expected benefits.

To avoid this perception by consumers, it is recommended to inform consumers about
the direct and indirect energy and economic benefits, quantifiable or not, identified in
the CBA, which they will be able to enjoy as aresult of the implementation of SM, and that
would allow their empowerment and active participation in the electricity market. To
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guarantee the above, it is recommended to assure non-discriminatory access to these
benefits to all electricity consumers.

Avoid the perception by the population of adverse health consequences derived from
the electrical components of SM.

It is recommended to inform on the existence of existing general electronic technol-
ogies legislation in each country, where SM can be included, as well as the new devel-
opments planned in each country to provide greater security to users in terms of their
health or other aspects.

Agents and, of course, consumers must be aware that the SM technology will abide by
strict safety and quality standards and will be subject to oversight and controls by rele-
vant agencies, to ensure compliance.

Prioritize dissemination through specific communication campaigns, especially
among consumers.

Despite all the efforts for successful SM deployment, social approval must be prioritized
in the journey towards massive SM deployment. Dissemination is required to ensure end
users are informed about the benefits of Ml deployment and the functionalities that its
installation incorporates, both on the grid and for users, and address users’ concerns
around SM. Campaigns (whether public, private or both) that promote SM deployment
may raise consumer awareness and minimize social discontent about the deployment
of advanced measuring systems.

A recommendation is made to examine end consumers’ main concerns peculiar to each

country and that may trigger social discontent toward SM while adopting measures to
fence or respond to them, some of which have been identified above.
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lllustration 11: Some fundamental aspects in the design of a national SM strategy (non-exhaustive)
Source: Prepared by the authors
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The design of a consensus-based national strategy that places the consumer center
stage, with dissemination campaigns to delimit or respond to the uncertainties of
consumers and other relevant agents regarding SM will provide greater guarantees for
the success of SM deployment.



As observed in the analysis of the deployment of SM carried out in LAC countries, the struc-
turing of requlatory schemes has been diverse throughout the region, although it has been
possible to identify a progressive and diverse incorporation into the requlatory frameworks
in several countries, with different orientations in relation to SM, elements such as the as-
signment of functions and responsibilities to the different agents, principles of remuner-
ation of costs incurred and the definition of technical functionalities and non-technical
ones associated with smart meters, among other fundamental elements for the develop-
ment of a robust SM requlatory framework.

Below are certain critical aspects that must be considered in the development of a regula-
tory framework that allows encouraging deployment of SM:

« Inthose models in which it is decided to requlate a remuneration associated for SM,
the following must be defined:

1.

3.

The regulatory mechanism to be established for cost recovery. A specific rate could
typically be established for recovery through the distribution company’s requlated
asset base or distribution value added. Although any option guarantees recovery,
a specific rate adds transparency to the process, as the consumer can more easily
identify the cost that is passed on for this process on their electricity bill. In any case,
it is recommended that the contribution by consumers be made under a scheme of
transparency and non-discrimination.

. The type of costs that are recoverable by the agents and therefore will be borne by

the consumer. Specific components of CAPEX or others associated with OPEX could
be identified. For OPEX, both additional OPEX could be identified to those already in-
curred in the measurement tasks or efficiencies derived from the digitization of the
readings, among others.

The conditions that the distributors or agents in charge of the deployment must
meet to receive the rate or remuneration associated with SM. Sometimes objec-
tives are established to improve the performance of the quality of service.

The following illustration details the main aspects to consider in the remuneration de-
sign for SM.

78



lllustration 12: Main elements of a remuneration scheme for SM (non-exhaustive)
Source: Prepared by the authors
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+ Regulation of responsibilities of the different SM agents.

SM implies assigning responsibilities for emerging functions and activities among the
different agents involved. The main responsibilities that must be regulated can be seen
observed below:

lllustration 13: Main SM responsibilities to requlate
Source: Prepared by the authors
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The responsibility to install and own meters, depending on the model, may fall on the distrib-
utor, the retailer, the consumer or even a third party.

Likewise, the responsibilities in relation to the data (access, reading, storage, treatment
and transmission) usually fall on the distributors or specific designated agents.

The installation and ownership of in-home devices is typically paid by consumers, although
there are countries where other agents carry out such deployment.

Specifications of smart meter functionalities

One of the main issues, beyond the technical functionalities that must be guaranteed
for SM, is the security and privacy of data and its communications. In particular, it is
recommended to adopt a principle of proportionality to guarantee the security of the
adopted SM system and, consequently, an adequate treatment of the data collected.
The costs to assure data security must be proportional across the SM installation,
so that they do not impose an additional financial burden in the face of a massive
nationwide deployment. It is recommended to incorporate the following data func-
tionalities in smart meters:

1.

Smart meters should provide information about consumption to end users, both
historical and real-time, with sufficient granularity of information for the objec-
tives sought (for example, quarter-hour, hourly, daily information), etc.).

Remote measurement systems must be implemented by the agents responsible
for the readings and remote management, in order to maximize the benefits de-
rived from their implementation.

. To guarantee the interoperability of SM and the associated devices, it is not only

recommended to comply with technical measurement capabilities, to provide in-
formation, data, energy supply contracts and price options to the users, but also
on other aspects related to power supply, such as the remote changes on the max-
imum demand admitted or remote on / off supply, or even connecting to any smart
home device. To guarantee interoperability, it is recommended to set forth com-
mon criteria for the type of smart meters to be installed and the communication
protocols for the SM system.

Smart meters should make it possible to send information about the electricity

generated by prosumers, as well as that which is fed into the network, guarantee-
ing bidirectional communications between agents.
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5. The measurement of reactive energy for certain types of customers may be
recommended.

6. Smart meters should comply with the privacy, data protection and security regu-
lations of each country.

7. Fraud detection and prevention protection protocols must be established. Smart
meters are vulnerable and are subject to increasingly sophisticated malpractices,
which is why requlations must include protocols to mitigate these vulnerabilities.

8. The data from smart meters is recommended to be the property of consumers,
and may be transmitted to third parties, both for their management and for their
analysis with the prior consent of the users.

- Data access and management

The following illustration details some of the main aspects to regulate in relation to data
access and management.

Source: Prepared by the authors
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In general terms, it is recommended to guarantee easy access, with sufficiently detailed
information that is useful for decision-making.

A clear regulatory framework is required that protects the privacy of information and
also regulates the conditions of access, both for distribution companies and for other
agents and traders who can offer attractive energy products and services.

« Itisrecommended to establish a regulatory framework that allows the development of
new SM services.

Based on the new data that it makes available to the different agents and new function-
alities introduced in the electrical system, SM lays the foundations to build new ecosys-
tems and business models, which will allow to provide new electricity services to con-
sumers. SM allows new mechanisms for managing active demand, the development of
energy communities, the development of self-consumption, new more efficient rate sys-
tems, more satisfactory commercial service for the consumer, etc., with a new model
where the consumer is empowered and active in decision-making. However, all these
developments must be accompanied by specific enabling regulation.

Below are some of the main services that are typically generated around SM and should
be considered in new regulatory developments to maximize the benefits of this change:

Source: Prepared by the authors
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The regulatory framework on smart metering must define elements intrinsic to SM, such
as its financing scheme, the responsibilities and functionalities associated with SM or the
access and security scheme on the information generated, to other aspects related to
future services that can be established around Ml and that will allow the development of
new business models. The requlation of innovative business models, such as SM, is a great
challenge for requlators that must be adapted to the needs and peculiarities of each country.

4. Recommendations on regulatory innovation mechanisms

Technological advances, such as those related to digitization and, specifically, grid SM,
pose a great challenge to regulators and governments of different countries. In general,
to achieve success in developing innovation, it is necessary to overcome various existing
barriers, technological, social, market barriers, the internal barriers of the organizations
and those of a regulatory nature, as well as knowing the need for regulation around a given
technological introduction.

On most occasions, regulatory developments lag technological innovations, which can lead
toinefficient requlatory frameworks that send inappropriate signals to system players, mak-
ing it necessary to review these frameworks on a recurring basis. This logically generates
inefficiencies and hinders the development of markets. The great challenge is to be able to
define a new, flexible requlatory framework that will encourage new business models and
technologies such as SM, and foster a profitable innovative process, with scalable results
for future developments.

To overcome these constraints and promote grid digitization, it is necessary to review and
introduce changes in the current regulations to provide a sufficient and coherent remu-
neration for the services and functionalities that are requested from a digitized network
and with it, create a regulatory environment for SM acceptable to all players involved, in
addition to considering this digitization process as an attractive investment opportunity.

When it comes to developing a reliable and effective regulatory model for SM, requlators
must respond to various questions:



Source: Prepared by the authors

What should
be done?

What should be done?

When should the )
regulation be Phase 1: Pre-regulation

implemented?

It is necessary to develop a review of the status of the ex-
isting reqgulation. In this analysis, the agents involved and
the areas of convergence with other previous requlations or
other transversal regulations of other sectors must be iden-
tified, carrying out an analysis of the requlatory ecosystem,
with a holistic approach.

How to
requlate?

What has
changed since
the beginning?

A retrospective vision often provides lessons about possible
options for regulation, identification of regulatory gaps and
successful and failed mechanisms.

When should the regulation be implemented?
Phase 2: Regulatory period

Choosing the right time to launch a new reqgulation is essential for proper development. This
moment must be chosen carefully so that it is neither too soon nor too late.

Excessively early reqgulation may be premature in terms of the information available about
the requlated event, without sufficient knowledge gained, while agents may find it difficult
to adapt to the requlatory environment. Late regulation may mean that events that should
have been regulated escape from the reqgulatory sphere (with possible adverse consequenc-
es for competition, safety, quality, etc.).

To this end regulators must be aware of and actively participate in technological innovation
processes, allowing for a more agile and flexible regulatory model.

84



How to regulate?
Phase 3: Regulatory approach

The mainreasons for reqgulating an activity include improving the quality of life, ensuring the
protection of citizens, increasing market competition and reducing externalities.

It is essential to establish the importance of each of these elements to determine the type
of regulatory model to be implemented, especially in the face of such disruptive changes

as the introduction of SM.

Regulatory approaches cover a broad spectrum, depending on the importance of the requ-
lated event, from strong and strict requlation to light regulation or even derequlation.

What has changed since the beginning?

Phase 4: Periodic review

Ongoing technological improvementsin SM, as well as advanced business models make reg-
ulation gradually obsolete. For this reason, a period must be established for partial parame-
ter reviews and for the entire requlatory structure.

Most Common Regulatory Practices

The regulatory principles presented below answer the questions of “when to requlate” and
“how to reqgulate”. In addition, the different principles establish the foundations for various

points of view when it comes to understanding the process of developing the regulatory
methodology. The most common practices are shown below®.

% Source: The future of regulation. Deloitte
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Source: Prepared by the authors
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It allows the participation of a greater
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regulation.

Sandboxes as regulatory innovation mechanisms

Since innovators typically lack opportunities and mechanisms to develop and reproduce
new solutions in real contexts, an experimental space is needed to test new goods, ser-
vices and business models in a real environment without enforcing some of the usual rules
and regulations. Sandboxes create safe spaces for stakeholders to test their energy solu-
tions in a controlled environment, without the usual regulatory conditions. Certain secu-
rity measures are established to minimize the risk to final consumers and the grid, by lim-
iting the test period and number of consumers, as applicable. Finally, sandboxes seek to
understand if the regulation should change permanently, since the exemptions that can
be granted within the sandbox will in most cases be related to the innovative project and
limited in the time.

Regulatory sandboxes require the coordination and combination of multiple complemen-
tary policy actions. In particular, the incorporation of research and innovation instruments
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(for example, public financing of projects), with legislative measures (for example, experi-
mental clauses), together with innovation-oriented regulatory bodies and bodies involved in
energy policy (government and other entities).

In this way, regulatory innovation mechanisms such as regulatory sandboxes highlight the
importance of the following considerations: i) regulatory innovation is essential to match
the benefits of new technological advances with the requirements of the market and so-
ciety, and ii) innovative processes must be executed harmoniously in the regulatory, tech-
nological and business spheres.

Consequently, energy and innovation policies, such as SM, must go hand in hand with com-
plementary actions that serve as a multi-sector link and allow the transfer of knowledge
between stakeholders.

Regulatory sandboxes could play a potentially relevant role in SM, as tools to facilitate
innovation by allowing companies to test new ideas in controlled and safe environments,
minimizing risks, a very interesting way to develop new innovative SM-related services
currently not possible in the existing regulatory framework.
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