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Historically, planning and investment in the electricity sector have focused on generation
and transmission, with distribution networks considered the last link in the electricity supply
chain. However, the energy transition is reversing this dynamic. The growing penetration
of distributed generation, the demand for electrification in sectors such as transport and
heating, and the need for greater resilience against extreme weather events have placed
electricity distribution at the center of the stage. The transition to a cleaner and more effi-
cient energy system cannot be achieved without significant investment in power distribution
infrastructure.

This study’s main objective is to offer a detailed view of the investment needs in the power
distribution segment of seven key countries in the region: Argentina, Brazil, Chile, Colombia,
Ecuador, Guatemala, and Peru. This analysis focuses on the implementation of eleven key
vectors associated with the energy transition, which include everything from electrification
of new uses to the universalization of electricity service:

Energy Transition Investment Vectors

Connection to

Digitalization and
Automation

1 Electrification of New 2

T Electromobility 3

Distributed Generation

* Expansion of the grid and
transformation capacity
associated with new demands
from electric vehicles (EV)
(cars, motorcycles, buses,
trucks).

* Expansion of the grid and
transformation capacity
associated with new residential,
industrial, and commercial
demands.

= Implementation of systems:
ADMS, advanced GIS, asset
management, sensors,
switches, etc.

* Grid adaptation associated with
the connection of Distributed
Generation.

AMI Infrastructure Service Quality Resilience Grid Upgrade

I
I
I

* Investments related to the
renewal of assets that have
exceeded or are close to

= Installation of Smart Meters.
* Implementation of
communication systems and

* Grid expansion and adaptation
to meet service quality
indicators (shortening of

investments.
* Technology matrnix, considering
protected networks,

MDM. medium voltage feeders). i N el exceeding their useful life.
=5 sl
] Battery Storage 10 Loss Normalization 11 Universal Access X BAU Investments

* Investments in battery storage
systems to optimize operation
(associated with DG
penetration).

» Implementation of special
networks (shielded networks,
elevated low voltage networks,
etc.).

* Implementation of proximity
management tools.

= Expansion of the gnd and
transformation capacity to
connect new users.

* Installation of stand-alone
systems in cases where grid
extension is not possible.

* Grid expansion and
transformation capacity
associated with trend growth in
demand (independent of the
Energy Transition).

Investments are
distributed with a
special focus on
those that have the
greatest impact on
modernization.
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METHODOLOGY

The estimation of investment needs in the power distribution segment was carried out
through a model that contemplates two theoretical energy transition scenarios for the year
2040. These scenarios were fed with data provided by distribution companies associated to
ADELAT, a detailed characterization of the current situation in each country, and energy de-
mand projections incorporating macroeconomic, demographic, and technological variables.

Technical parameters were established for each of the identified energy transition vectors,
including, among others, the requirements for the expansion of new lines and transforma-
tion capacity to support increased demand and the integration of distributed generation.
The investment needs in technology for grid digitization, including ADMS systems, sensors,
and remote control devices, were also considered, along with the costs associated with in-
stalling charging stations and implementing smart meters and data management systems.
Unit costs of the assets needed to implement the investments were estimated based on
market prices and historical data. Costs per kilometer of grid, per megawatt of transforma-
tion capacity, and per unit of D&A and AMI equipment were among those considered.

Investment Model Structure

Country Characterization

Energy Investment Modeling Estimated

Transition
Vectors

Drivers

Demand

Parameters

Prices

Investments by
Vector

BAU Scenario + 11

TE vectors:

1. Mew Uses

2.  Electromobility

3. Connection to
DG

4. Digitalization

and

Automation

AMI

Service Quality

Resilience

Grid Upgrade

Batteries

Loss

Mormalization

1. Universal
Access

Swm N M

What variables

drive investments

in the distribution

sector?

=Demand

*Power

=Customers

= Distributed
Generation (DG)

What is the
baseline situation?
=Infrastructure
=Quality

»Losses

= ACCess

Scenario

How will the driver
variables evolve?

What other drivers
may emerge in the
future?

Definition of ET
Hypotheses:
=New Uses
=Electromaobility
*DG and Batteries
=Smart Metering
=Quality and
Resilience
Improvement

What types and
quantities of
assets will be
required in the
future?
=New lines
-Capacity
increases in
transformation
=Digitalization and
Automation
equipment
=Charging
infrastructure
=Smart metering
infrastructure

What is the unit

investment cost

for each of these

assets?

= Network price
per KM
(according to
resilience
strategy)

= CCTT price per
MVA

* D&A equipment
price

» Charging station
price

= Meter and AMI
systems price

What is the total
investment cost
for expansion
required by 2040
(BAU scenario)?

What is the total
investment cost
for the Energy
Transition in each
identified vector?
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The model considers a baseline scenario of trend growth in DSO (Business As Usual or BAU)
investments, which serves as a reference to compare the impact of investments in the ener-
gy transition scenarios. It estimates the evolution of electricity consumption until 2040 us-
ing an econometric projection approach. The projection is disaggregated by sectors, consid-
ering investments under two main categories: Mandatory Investments, necessary to meet
demand growth and network expansion, and Discretionary Investments, planned and made
based on internal company criteria.

Two scenarios were designed to capture the different paths countries could follow on their
way to a more modern, efficient, and resilient electricity distribution network: Effective Tran-
sition, in which the seven countries achieve electrification levels similar to those proposed
by the “Connecting the Dots” study for the European Union in 2030, and Partial Transition,
where the network modernization advances more gradually, with slower adoption of ad-
vanced technologies and a focus on maintaining basic network operability. Below is a sum-
mary of the assumptions considered for each of the evaluated energy transition scenarios.

Effective and Partial Energy Transition Scenarios

Vector

Effective ET Scenario

Partial ET Scenario

Residential: Electrification of LPG and biomass. Industnal:

ﬁmﬁﬁm“m of Partial electrification (coal, biomass, gas, diesel, and fuel oil). Iggrllt:gslectnﬁcatlon scenario (50% of the Effective ET
Commercial & Public Sector: 100% electrified
Electromobility Penetration of 20% of vehicle fleet Penetration of 10% of vehicle fleet

\IConnection to DG

Distributed generation equivalent to 20% of total energy
consumption

Distributed generation equivalent to 10% of total energy
iconsumption

Digitalization and
IAutomation

Fully digital and automated distribution. Implementation of
IADMS, GIS, advanced systems, demand-side management,
sensors, etc.

50% digitalization and automation. Implementation of SCADA
and basic systems (GIS, etc.)

IAMI

Full deployment of smart meters

Partial deployment of smart meters

IService Quality

Based on the characteristics of each country’'s grid. Decrease
in frequency and duration of interruptions by -10%. Specific
quality indicators like SAIDIfSAIFI (TTIK/FEC)

Based on the characteristics of each country's grid. Decrease
by -5% in SAIDI/SAIFI (TTIK/FEC) indicators

Resilience

|Active resilience regulation (90% Underground)

lActive resilience regulation (10% Underground)

Battery Storage

Deployment of BESS as a backup for DG and storage at the
systemn threshold

Mo deployment of BESS

Normalized Losses

Normalization of 100% of irregular customers

INormalization of 100% of irregular customers

Residential: Electrification of LPG and biomass. Industrial:

:leechl'ljﬁcallun of Partial electrification (coal, biomass, gas, diesel, and fuel oil). leltec_l ?Iectrlﬁcatlon scenario (50% of the Effective ET
ew Uises Commercial & Public Sector: 100% electrified scenario
Universal A |Access to 100% guaranteed, with no space for stand-alone  |Access to 100% guaranteed, with no space for stand-alone

solutions

solutions

The estimated investment amount for each scenario corresponds to those that would be
made exclusively by DSOs, excluding other investments that may be developed by different
actors, such as those related to distributed generation connection assets or electric vehicle
charging infrastructure. Furthermore, the resulting investments are not considered to be
restricted by the regulatory, financial, or operational contexts of each country. These are
necessary investments regardless of current barriers, which underscores the importance of
a policy and regulatory framework that facilitates their implementation.
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INVESTMENT MODEL RESULTS

EFFECTIVE TRANSITION
SCENARIO

For the seven countries considered, the
model estimates a total of USD 431 billion
in accumulated investments needed by
2040 by power distribution system opera-
tors (DSOs), excluding those in distributed
generation connection assets (GD), which
would be made by other agents. This value
is 201% higher than the investments that
would be made in the BAU growth scenario
(USD 143 billion).

Results of the Effective Transition Scenario
(7 Countries Total)

BAU

» BAU = 143 Bill. USD
= ET DSOs = 289 Bill. USD
= BAU + ET DSO = 431 Bill. USD

Electrification of New Uses
Electromobility

Cannection to DG
Digitalization and Automation

AN Infrastructure

Service Quality
Grid Upgrade
Battery Storage
Loss Normalization

Universal Access
0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0
Billenes de USD

Investments are distributed among differ-
ent vectors of the energy transition, with a
particular focus on those with the greatest
impact on grid modernization and efficiency.
The most significant vectors in this scenar-
io are BAU Growth, representing 33% of the
total investment. Regarding the energy tran-
sition, the most significant vectors are Grid
Update (17%), AMI Infrastructure (12%), and
Electrification of New Uses (10%).
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Distribution of Investment Vectors in the Effective Transition Scenario (7 Countries Total)

Total 7 Paises - Investimentos TE Exclusivo DSOs

Normalizacdao Universalizacdo;
(Perdas); 2% 3%
Armazenamento . — — —
em Baterias; 4%

Atualizacao da _
Rede; 17%

Crescimento
_Tendencial BAU;
33%

. Eletrificacdo de

Novos Usos; 10%

Qualidade de
Servigo; 6%

Infraestrutura _
AMI; 12%

Digitalizacdo e _

Automatizacdao; Conexao a GD;

_ Elet bilidade;
1% 6% etromobilidade;

4%

The annualized investments would represent between 0.19% and 0.50% of the GDP of the
evaluated countries and between USD 75.4 and USD 97.4 per customer (based on the total
number of connected customers). Finally, the projected investments per distributed energy
are between USD 6.0 and USD 16.1 per MWh. Below is a summary of the estimated average
annual investments for each country in the Effective Transition scenario.

Average Annual Investments in the Effective Transition Scenario

Effective ET Investments by 2040: 11 Vectors + BAU (USD Billions/Year)

Item Argentina| Brazil Chile Colombia | Ecuador |Guatemala, Peru

BAU 0.8 5.6 0.2 0.9 0.4 0.2 0.3

11 ET Vectors 1.6 10.7 0.7 2.1 0.7 0.5 0.8
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PARTIAL TRANSITION SCENARIO

In the Partial Transition scenario, the re- “
quired investments are lower than in the Ef-

fective Transition scenario, reflecting a slow-

er adoption of advanced technologies and O sucesso
less integration of renewable energies and .~
electrification of new uses. The model esti- da tranSIan

mates a total of USD 307 billion in accumu- energética na

lated investments needed by 2040 for the “ . _
seven countries considered, corresponding Ameérica Latina nao
to DSOs and excluding those in distributed

generation connection assets made by oth- depende dpenas da
er agents. This value is 131% higher than - e =

the investments that would be made in the Identlﬂcagao das
trend growth scenario (USD 143 billion). necessidades de
Partial Transition Scenario Results investimento.

(7 Countries Total)

BAL

Electrification of New Uses - BAU = 133 Bill. USD
Electromability : : -
« BAU + ET DSO = 307 8ill. USD
Connection to DG T T T
Digitalizatiun and Automation
AM| Infrastructure
Service Quality

Grid Upgrade

Battery Storage

Loss Normalization
Universal Access

0.0 500 1000 1500 200.0 250.0 300.0 350.0 4000 450.0 500.0
Billones de USD

The investments in the Partial ET scenario
are distributed differently compared to the
Effective ET scenario, with a greater con-
centration on network expansion under the
trend growth (BAU) scenario, which rep-
resents 43% of the investments. The other
investment vectors with the highest percent-
age share in this scenario are: Grid Update
(23%), AMI Infrastructure (9%), and Electrifi-
cation of New Uses (7%).
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Distribution of Investment Vectors in the Partial Transition Scenario (7 Countries Total)

Total 7 Paises - Investimentos TE Exclusivo DSOs

Normalizaggo Universalizagdo; 4%

(Perdas); 3%
Armazenamento em__—

Baterias; 0%
. Crescimento
“~__ Tendencial BAU:
43%
Qualidade de___..
Servigo; 4%

Infraestrutura AMI;
Q%

Digitalizagdo e
Automatizacdo; 3% _

Conexdo a GD; 3% 2% 7%

Below is a summary of the estimated average annual investments for each country in the

Partial Transition scenario.

Average Annual Investments in the Partial Transition Scenario

Partial ET Investments by 2040: 11 Vectors + BAU (USD Billions/Year)

T _Eletnficagdo de
_ Eletromobilidade; MNovos Usos;

11 ET Vectors 0.8 6.6 0.4

Item Argentina| Brazil Chile Colombia | Ecuador |Guatemala| Peru
BAU 0.6 5.5 0.2 0.8 0.3 0.1 0.3
1.2 0.4 0.3 0.5
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ENABLING CONDITIONS FOR INVESTMENTS

The success of the energy transition in Latin America will depend not only on identifying
investment needs but also on creating a favorable environment to attract and sustain those
investments. In this regard, remuneration schemes play a crucial role. In a price cap regula-
tion scheme, regulators set a maximum limit on the tariffs that DSOs can charge, incentiv-
izing companies to improve efficiency to increase their profits. This model can encourage
cost containment, but if price caps are set too low, it can disincentivize the necessary in-
vestments.

In a revenue cap regulation scheme, DSOs are guaranteed a predefined level of income, so if
demand decreases, tariffs can be adjusted. This mitigates demand risk, but companies may
have less incentive to invest in efficiency-enhancing technologies, such as those associated
with the energy transition, as their income is guaranteed.

In a cost-plus regulation scheme, DSOs are compensated for their operational costs plus a
guaranteed rate of return. This scheme also provides limited incentives for investments in
more efficient technologies, as DSOs have no motivation to reduce their costs.

On the contrary, an incentive-based regulation scheme offers additional incentives for
DSOs to improve service quality, operational efficiency, and technological innovation. Incen-
tive-based remuneration schemes can include specific mechanisms to promote investment
in digitalization, resilience, and loss reduction.

In the context of the energy transition, some countries have begun developing specific reg-
ulatory schemes that offer additional incentives for investments in key areas such as the
electrification of new uses, electric mobility, digitization, and grid resilience. These schemes
may include bonuses for achieving decarbonization targets, connecting distributed genera-
tion, or improving energy efficiency.

Similarly, benchmarking remuneration mechanisms that set remuneration ex-ante based on
the costs of an ideal company promote cost savings but also limit incentives to invest in
infrastructure modernization. The state-of-the-art and modern regulations show that a good
remuneration scheme considers both the recognition of actual costs and efficiency incen-
tive schemes.

To enable investments in the energy transition, remuneration schemes must adapt to the
transition objectives by incorporating clear incentives for DSOs to invest in priority areas
such as grid resilience, distributed generation integration, and electrification of new uses.
Additionally, return rates must reflect the inherent risks of investments and be attractive
enough to draw capital, especially in countries with high-risk levels. Finally, regulatory frame-
works must be stable and predictable, allowing DSOs and investors to plan with greater
certainty, reduce financing costs, and incorporate schemes that reward the adoption of new
technologies and innovative practices that improve operational efficiency and service qual-

ity.
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BENEFITS OF ENERGY TRANSITION

INVESTMENTS

Investments in the energy transition in Latin
America are not only necessary to meet de-
carbonization and modernization goals for
the electricity sector but also generate a se-
ries of operational, economic, social, and en-
vironmental benefits. ADELAT will develop a
second phase of the study that will include a
quantitative approximation of the impact of
these benefits.

On the operational level, investments in the
energy transition improve infrastructure effi-
ciency, enhancing the financial sustainability
of DSOs. These benefits include lower costs
for inspection tasks, less need for interven-
tions due to interruptions, optimization and
flexibility of operations, reduction of labor
risks, reduced need for commercial manage-
ment tasks, and increased digital engage-
ment.

Energy transition investments also gener-
ate significant economic benefits for DSOs,
consumers, and the industry in general.

These benefits include the development of
new businesses, improved industrial com-
petitiveness, reductions in consumer bills,
reduced need for contingency investments,
and reduced energy imports.

Socially, the benefits are evident in various
aspects, from improving living conditions,
promoting regional and circular economies,
reducing gender gaps, and fostering produc-
tive activities, to generating skilled employ-
ment, improving public safety, and better
identification and targeting of vulnerable us-
ers.

Finally, the energy transition generates sig-
nificant environmental benefits through re-
duced energy consumption and greenhouse
gas emissions (GHG), either through the
substitution of conventional sources by in-
corporating distributed renewable resourc-
es, optimizing grid operations, and reducing
energy losses.
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CONCLUSIONS AND RECOMMENDATIONS

The results of the investment model show that the magnitude of the investments needed
for an effective energy transition is significant, and the Latin American countries will need to
mobilize considerable resources to modernize their electrical infrastructures. This requires
overcoming challenges derived from financial limitations, regulatory uncertainty, resistance
to change from some actors, and the need to develop technical and operational capacities
in DSOs. Overcoming these challenges will require a coordinated and strategic approach, as
well as continuous support from public policies favorable to the transition. The following are
recommendations for addressing these challenges.

Recommendations for the Public Sector, DSOs, and Regulatory Agencies

Public Sector DSO
. . R . ™y - . - . g ™)
Unified National Planning (Generation, [ Strategic planning aligned with the ET ] Develop remuneration schemes that allow
Transmission, and Distribution), facilitated - — - recognition of investments associated with
and aligned with ET ) Manage the paradigm shift in all business the ET (incentives via tariffs)
areas L vy
Facilitate DSO access to multilateral = o = Ia
financing and development agencies for Active participation of D50s fo incorporate Pt 6 ern s wlhies] o G
investment in ET e senricpe':assnci;ggd with the ET: electric
o / DG, energy storage, demand response, and . p -
= = : : ~ electrification of new uses vehicle cI]a_rglng, demz_m_d aggregator, etc.
Facilitate coordinated regulation of aspects (authorizing the participation of DSOs)
associated with ET Active participation of DSOs in the - j
development of a comprehensive 3 &
i A g Development of regulations related to data
mfﬂmaﬂﬁglaﬂagﬂgb?mwﬁgg Data, usage and information privacy (authorizing
' rsec the participation of DSOs)
o L \
Involve local communities in formalization and - PR -
5 e e Adjust and simplify procedures for permits
( universalization (training, workshops, etc.) } and authorizing projects associated with ET
\ &,
Design tanff structures that are consistent with ET
investments, allowing optimization of long-term
investments
[ Promote pilot studies (regulatory sandbox) ]
L 1L

Unified National Planning that integrates
generation, transmission, and distribution
policies and strategies, ensuring that all ar-
eas are aligned with energy transition goals.
This approach should promote synergy be-
tween different sectors and be flexible to
adapt to rapid technological innovations and
changes in energy demand.

Access to Financing: It is essential for gov-
ernments to facilitate DSOs’ access to fi-
nancing sources such as multilateral banks
and development agencies, with favorable
financial conditions, including low-interest
rates and extended grace periods. This will
allow DSOs to make the necessary invest-
ments without jeopardizing their financial
stability.

Regional Coordination: This includes har-
monizing regulations and technical stan-
dards, creating integrated regional electricity
markets, and cooperating on infrastructure
projects.

Aligned Strategic Planning: DSOs must con-
tinually develop and update their strategic
plans to align them with the goals of the en-
ergy transition. This involves anticipating fu-
ture investment needs, identifying new mar-
ket opportunities, and adapting to changes
in energy demand.

Change Management: Implement change
management programs that include contin-
uous training of the workforce in new tech-
nologies and processes, adopting a culture
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of innovation and adaptability, and organiza-
tional restructuring when necessary to im-
prove operational efficiency and responsive-
ness to market demands.

Participation in New Markets: DSOs can cap-
ture new markets and services associated
with the energy transition, such as demand
management, electric vehicle charging infra-
structure, and participation in aggregation
and demand response markets. Additionally,
they can explore opportunities in areas such
as cybersecurity and data management.

Remuneration Schemes: Design remuner-
ation schemes that allow DSOs to recover
energy transition investments in advance.
These schemes should be transparent, fair,
and able to adapt to market and technology
changes.

Regulation for New Services: Introduce reg-
ulations that facilitate the provision of new
services associated with the energy transi-
tion, such as vehicle charging and demand
aggregation.

Data Protection: Implement clear regula-
tions on the use of data and privacy protec-
tion to benefit both consumers and the over-
all system while ensuring protection against
the misuse of information.

Simplification of Procedures: Reduce bu-
reaucracy and approval times for projects to
attract investments and accelerate the de-
velopment of necessary infrastructure.

Engagement with Local Communities: De-
velop training programs aimed at commu-
nities to explain the benefits of the energy
transition and how they can participate in
the process. This is especially important in
rural areas where energy access can signifi-
cantly transform living conditions.

Efficient Tariff Structures: Design tariff
structures that not only cover investment
costs but also incentivize consumers to
adopt more efficient energy practices and
actively participate in the energy transition.

Promote Pilot Studies: Support pilot stud-
ies that test and adjust new technologies,
business models, and regulatory strategies.
These can include the implementation of
regulatory sandboxes, which allow safe and
regulated experimentation before large-
scale implementation.

The energy transition in Latin America is an
ambitious challenge, but also a unique op-
portunity to build a more sustainable, equi-
table, and prosperous future. Investments
in modernizing the electrical system are the
cornerstone of this transformation, and their
benefits extend far beyond the energy sec-
tor, positively impacting the economy, soci-
ety, and the environment. The success of the
energy transition in the region will depend
on the countries’ ability to overcome barriers
and fully commit to transforming their elec-
trical systems. The decisions made in the
coming years will be crucial in defining the
path towards a more sustainable, resilient,
and just energy future for all.

Energy transition
scenarios consider
a more ambitious
evolution of the
energy system.
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