o
f.
) (@)
o IS
ot S
L
S S
(v} o
I © 5
c O 9
g s -
= n =
O c S
o = =
o o
EZS R
S
- X5 o
@S
[ @ o nug_n
) ) oREM m.
o o o b ®
® ® [ ] (] ® ®
® O ® 6 0 © o [ ]
o0 © 0 © ® 0 o
® 6 00 00 0 © ® o ® o ®
® 6 0 O ® © 0 00 © ® o o
o0 o000 00 ©o ® ® 0
® o0 ® ® © 0 00 © ® o ®
o0 000 © o0 O o 0 ® O
® ® 000 0 © o ® 00 o o
o o o0 © 00 © 0 © o0 O
000 00 © 00 © 00 © o 00 ® ® ©0
® 000 o000 © @ ® 00 © ® 00 o
® ®© 0 000 ® 000 © ® 00 00 ®
o0 o000 © 00 00 o oo ® 06 O
00000 ® 00 00 00 0 6 0 60 0 & 0 ©
o0 00 ® © 000 © 0 © ® ® O
000 00000 ® 6 6 6 0 0 O o0 0 ©
0000 000000 00 o000 o0 © 00 0 ©°o
® ® 00001000 00 O OO ® O 000 0 ©
[ ] o0 T ) [ ) o0 00 o ® o

COORDINADOR
ELECTRICO NACIONAL



*f. COORDINADOR
ee ELECTRICO NACIONAL



Welcome



Introduction

he Independent Coordinator of the National Power

Gridin Chile (Coordinatar), asa technical, independent

and autonomous entity in charge of the secure and
economic operation of the National Power Grid (NPG), has
defined as a corparate vision, ta be an institution recognized
for its technical excellence, service and contribution to a
sustainable power grid, whichimplies being facilitators of the
transitiontoa 100% renewable energy matrix. In this context,
the presentdocument makes the Coordinator's vision available
to the industry, along with a proposed roadmap, for a secure,
efficientand consumer-focused energy transition.

Asubstantial change in the way the electricity grid is planned
and operated, as well as in the way the Chilean electricity
marketis developed, is required in arder to ensure an efficient,
secure and reliable energy transition. The Coordinator has a
fundamentalrole in contributing and promoting animportant
part of these changes, mainly ariented to preparing the electric
grid to operateinascenario based 100% on renewable energies.

The penetration of Variable Renewable Energy (VRE) isincreasing
rapidly, having reached in 2021 levels of approximately 22%
share in terms of energy and 62% in instantaneous power
share at the hour of maximum variable renewable energy
penetration. This trend, with high levels of VRE insertion, is
expected to continue and deepen in the caming years.

The studies and analyses carried out by the Coordinator, as well
as the rapid evolution of new technologies, allow concluding
that the decommission of fossil-fuel-based power plants is
a challenging but possible scenario in arder to reach a 100%
share of renewable energies as of 2030. In order to make this
accelerated energy transition scenario viable, itis necessary
to meet the enabling conditions to prepare the electric grid
to integrate new technologies, to execute the necessary
investments in renewable generation to ensure the supply
of demand 24 hours a day, the 365 days of the year, and to
implement the necessary regulatory changes to achieve said
objective.

Achieving the structural changes required in this transition
will require the collaboration, effort and commitment of the
entire industry, acting with a sense of urgency and seeking a
broad consensus to design a system that allows this vision to
be fulfilled in a timely and orderly manner, and with positive
results forall electric energy users, who must be at the center
of all decision-making.

This roadmap, which we propose to the market agents
(Coordinators) and stakeholders, summarizes the Coordinator's
vision for an accelerated energy transition, along with the
minimum initiatives, proposals, and decisions necessary to
prepare the power gridand enable a 100% renewable generation
scenario, atany time of day, as of the year 2030.
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Objective

The purpose of this Roadmap is to:

» (antribute to the energy transition in our role as
independent and autonomous operator of the
national power grid.

Promote an open and transparent discussion and
collaboration with the industry and stakeholders on
theactions required to plan, develop and operate a
power gridand energy market undera 100% renewable
generation scenario.

Disseminate the conclusions, results, ideas and priorities

identified by the Coordinatorin the studies carried out
todate ondecarbonization and security of supply.

= Define the key strategic decisions required in the
short and medium term to make a system 100%
renewable, secure andreliable viable by the year 2030.

Emphasize the needtowork collaboratively and openly
toidentifyandimplement necessary changes, reduce
gaps andremove nan-economic barriers to achieve
afairenergy transition.

Figure N°1

Participation of annual and maximum instantaneous VRE globally
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Context

Accelerated Energy Transition

The NPG is undergoing a profound transformation, at an
unprecedented scale and pace, and challenging operational
conditions, that have not been experienced in the pastin our
country orin other power grids of comparable scale globally,
are expectedin the short term.

As areference, Figure N°1 shows the share of VRE in the
energy matrixin countries with high levels of instantaneous
VREinsertion. Inthe case of Chile, the annual variable renewable
energy sharereached 22%in 2021, mainly solar PVand wind,
and the maximum instantaneous variable renewable energy
shareinthe sameyearreached 62%. It isimportant to note that
theindicated instantaneous values correspond to global values
atsystem level, but these could reach 100% in some areas of
the country, exceeding the levelsidentified as secure from the
paintof view of system stability (link ESIG, NERC). Figure N° 2,

onthe otherhand, shows a projection tothe year 2030 of the
shareinannual generation of the different renewable sources
foran accelerated energy transition scenario. Ithighlights the
fact that the maximuminstantaneous share would be reached
before the year 2030 for this scenario.

Figure No. 2

Projected Annual and Maximum Instantaneous VRE Share - Scenario 100%
Renewable Energy by 2030

Renewable Energy Projection
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Designing the Power Grid of the Future

The transition to the operational conditions that would arise
in the coming years will necessarily require that the design
of the power grid considers a substantial leap in its level of
security, strength and flexibility. This roadmap formulates the
scale of transformation required and the horizon to achieve
this objective.

Theelectric grid of the future willhave to cope with increasingly
complex dynamics in the transition from conventional
synchronous resources to Inverter-based Resources (IBR),
balancing increasing and uncertain volumes of VRE. It should
also allow an increasingly decentralized operation, given by
the growing integration of energy from Distributed Energy
Resources (DER). Inaddition, this transformationis accompanied
by a process of electrification of consumptionin the industry,
transportation and other end uses, which willimply doubling
the demand for electric power by 2050. {link).

= Weak grid features

= GETS & FACTS

= Control interaction
mitigations

= Grid friendly features.
* High ride-through.

Stable

Power System Stability

Good use of
available (std) GFL

Unstable

Best commercially available GFL

Figure N° 3 shows the paradigm shiftand technological evolution
required to meet the challenges, from the point of view of
pawer system stability, introduced by a highinstantaneous VRE
participation in weak systems (link ESIG) with low participation
of synchronous generation, asis the case of the NPG.

the path to the electric power system of the future, with 100%
participation of renewable energies, must be carefully designed
toensureasecureandeconomical operationatall times during
the transition, but with the expected end goal in mind.

Figure N°3
Technology transition required for a 100% VRE system
Ref. source ESIG, 2022
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Asshownin Figure N°4, the current power grid was notdesigned
forthe disruptive transition that we are currently facingand that » The accelerated pace of the changes underway and
will be intensifiedin the coming years. While some traditional the risk that a disorderly, restricted and inefficient
inherited approaches could be maintainedin the short term, transition would pose for consumers.

the inherent structural limitations should not limit the pace
of the transition.

» Thehighrisks for the operation of the systemifaction

Itis essential that the design of the power grid of the future, isnottakenintime, due to the lack of adequate tools

which shallhave aradical change inits capacities and resources, tosecurely, reliably and cost-effectively manage the

be initiated as soon as possible, mainly due to: new aperational conditions that will arise in the electric
power system.

The magnitude of the challenge and scape of the
work to be done in order to materialize the required
changes and the need to coordinate actions in different

Figure N°4
Increase in capacities required under new operational conditions

Ref. AEMO, 2021

areas, including, among others: planning, regulation,
investment, engineering developmentand operation.
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To visualize the order of magnitude of the challenge, from
the point of view of the investments required, to make an
accelerated energy transition viable, Figure N°5 shows the
capacity installed by renewable sources required fora 100%
renewable scenario by 2030.

Generation Expansion Plan
Scenario 100% Renewable by 2030
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Figure N°5
Projected Installed Capacity — Scenario 100% Renewable Energy by 2030






Studies and Analyses Developed

The Coordinator has conductedaseries of technical and economic
studiesinrecentyears, with the support of international experts,
inorder toidentify the effects of the decarbonization process
on the power grid and to identify the operational challenges, as
wellas the gaps that need to be addressed foran accelerated
decarbonization.

Thefirst study, conducted in 2019 (link), allowed determining
the impact on system aperation and marginal energy costs
overalong-termhorizon, as wellas quantifying the necessary
investments to be executed to enable a decarbonization
process by 2040. The second study, carried outin 2021 (link),
allowedidentifying the operational conditions of the system
and the necessary mitigation measures in scenarios with high
levels of variable renewable energy for the year 2022 and the
period 2025-2030. Additionally, during the bidding process
for the HYDC Kimal - Lo Aguirre project, long-term planning
studies and technical operational studies were conducted for
scenarios with high insertion of renewable energy projected
to the years 2030 and 2035, which allowed identifying the
enabling conditions and the HVDC project specifications for
asecureand reliable system operation.

The Coordinator's planning and praspective areas have the
function of permanently monitoring the new technologies
available in the market in their different stages of maturity.
Thus,in 2019 (link) a prospective study was conducted jointly
with GIZtoassess the feasibility of converting fassil fuel-based
thermal power plants to renewable power plants based on
the Carnot battery or thermal battery technology.

The Coordinator's teamshave collaboratedininitiatives promoted
by the Ministry of Energy in conjunction with GIZ, including
a study carried out in 2021 (link), which analyzes different
technological alternatives based on power electronics that
provide security grid services, such as syntheticinertia, to the
NPG, among which is the grid-forming technology.

Annually, since 2017, the Coordinator publishes a planning study
that provides support for the Annual Propasal for Transmission
Expansion (link,) which contains the vision for the development
of generationand electricity demand growth scenarios far the
next 20 years and allows promating the necessary transmission
works to be started in the following year. In 2021 and 2022,
the demand projection for electromobility and the entry of
distributed energy resources (DER)in the distribution systems
have beenincorporated in this study.




Innovation and collaboration

Aspartof the Coordinator's role of promoting innovation, research
and development in the power grid, during the years 2021
and 2022 collabaration agreements were signed with leading
international companies thatare expertsin the development
of disruptive technologies, advanced software, and state-
of-the-art real-time simulation equipment, including the
U.S. company Google X, The Moonshot Factory (link press
release)and the Canadian companies EMTP® and OPAL-RT
(link press release). These strategic alliances will allow the
development of advanced tools to support the planning and
operation processes developed by the Coardinator to face
the challenges that will be imposed by the power grid of the
future with 100% renewable generation.




Diagnostic

As a result of the analyses carried out by the Coordinator, the following gaps
and decisions required to achieve a power grid with 100% renewable generation

participation by 2030 were identified.

Fundamental Decisions

Urgent decisions need to be made regarding the future
developmentof the NES, which was originally conceived and
designed based on the use of large conventional synchronous
generating machines that provide grid services and system
strength. Within the framework of the energy transition, aradical
change is taking place in the way we produce and consume
electricity and in the type of technologies that will prevail in
the NES. This will give rise to highly complex and unknown
operational scenarias.

Profound regulatory reforms are required in the design and
operationof the electricity market, inthe way the grid is developed
andplanned, andinthe specifications and technical requirements
of the new technologies that will enable the energy transition.
Itis also necessary to review the short, medium and long-
termincentives to attractinvestments and encourage physical
modifications of existing facilities, in order to allow a secure,
reliable and cost-effective integration of renewable energies.

Itis also necessary to make decisions on the architecture,
flexibility, robustness and resilience that the power system
willrequire to guarantee a secure, efficientand cast-effective
energy transition, under a risk approach and focused on end
users. Risks include the slow implementation of regulatory
reforms, investment signals and decisions, project delays, and
the effects of climate change, such as extreme droughts and
intense natural disasters, among others.




Call to Action

The NESis changing faster than ever, complexity, uncertainty
andvariability are constantly increasing, while technology and
new innovative business models are outpacing system planning
and regulatory reforms.

Decision makers mustact withasense of urgency in defining
priarities, timing and approaches to align additional efforts that
are key to the transition. Approaches ta design, investment
and construction decisions or asset retrofitting will need to be
adapted promptly to keep up with the pace and speed of the
energy transition. Parallel paths should be soughtin order to
maximize options and flexibility, while we navigate scenarios
of high uncertainty during the transition.

Participation and Decentralization

Itis expected that the participation of consumersand DERin
aconstantly evolving power grid will play arelevantrole in the
transition, for which we must be prepared. To this end, we must
seek the commitment of the entire industry and society in the
energy transition, afundamental elementinthe development of
decentralized markets, the developmentof new infrastructure
projects and the necessary regulatory reforms.

Preparation

Thereisanurgentneedfor trained and prepared professionals
to carry out the energy transition and be able to face the
challenges and complexities of the power grid of the future.
ltis necessary todevelopamysticismandanew culture forthe
transitionin theindustry, where new capabilities and concepts
areintegrated to broaden the vision towards solutions based
ondigitalization and new disruptive technologies, providing a
differentview and more innovative solutions.

Risk Management Approach

Risk management approaches usedin system planning and
operation pracesses mustbe flexible, dynamic and reflect the
pace of changes we face.

A holistic and integral view of the processes and systems
that support the operation of the electric grid is needed, as
wellasamore accurate modeling of the same, incorporating
methodolagies that allow testing the new technologies and
operational conditions of the systeminacontrolled environment.
Theabove, inorder to mitigate risks during the implementation
and operation phases of these new technologies.




Vision of the Coordinator

The Coordinator’s vision for the accelerated energy transition scenario includes proposals
for regulatory reforms, decisions and actions considered necessary to enable the transition
to a 100% renewable generation scenario by the year 2030. The objective is to facilitate an
orderly transition to a future renewable system, but at the same time, secure and efficient,

with positive and cost-effective results for the consumer, who shall be at the core of all
decision-making.




Regulatory Reforms

Wholesale Market Pricing

Marginal pricing based on declared costs shall evolve to a
wholesale generation market scheme based on binding offers
of energy, capacity and complementary services. The current
wholesale marginal-pricing scheme will pase deficiencies and
complexities in the new configuration the electric grid and
the generation market are acquiring, with a high insertion of
renewable energies, storage and distributed resources. This
makes it necessary to adopt market schemes widely used at
internationallevelbased on energy offers with binding dispatch
and payment for sufficiency capacity.

Transmission and Location Signals

Urgent actions are required to implement new efficient and
secure transmission projects, which will allow us to move
towards a modern and resilient power grid that supports an
accelerated energy transition. Thisis particularly relevant, since
the construction deadlines for renewable generation plants
necessarily depend on the completion of these transmission
projects.

Currently, the regulation does not provide medium and long-
term location signals to future generating plants, therefore
they are ofteninstalledinareas with congested transmission
capacity, limiting their contributionand forcing grid expansions.
An efficient allocation of transmission costs among the playersin
theelectricity marketis essential, so that the cost of transmission
development does not fall solely on consumers.

Amodification of the current transmission paymentallocation
schemeis required, with the abjective of delivering locational
signals to new generation according to expected system usage,
minimizing the risk of congestionand inefficient grid development.



Reliability and Flexibility

Energy transition must be efficientand guarantee the reliability
and security of supply ta end consumers. In this sense, it is
necessary to provide the right incentives to have carbon-
free electricity 24/7, 365 days a year, as well as having the
necessary attributes to ensure the quality of service. The grid of
the future willbe increasingly complex to plan and aperate, as
conventional synchronous generation technologies are replaced
by new renewable technologies based on power electronics.
Theincorporation of storage systems and other grid-forming
technologies will provide the security and flexibility attributes
thatthe system needs, which alsa requires areview of current
regulations to promote their incorporation into the power grid,
as wellas to define the minimum rules and requirements that
the technical standards for these new technologies shall contain.

Tenders for Upgrade Works

The current scheme for the development of transmissian
upgrade works, based on EPC (engineering, procurement
and construction) contracts, has been inefficient, resulting
in higher costs of the warks, generating serious breaches
by the contractor companies due to abandonment of the
warks. On the other hand, significant delays have been
observed in the execution of transmission system upgrade
works due to non-compliance by EPC contract suppliers.
In this sense, given the importance of the transmission
systems and the opportunity of their development for

an accelerated transition, it is necessary to modify the

scheme of waorks for the upgrades of the transmission
systems, so they are executed on time and at lower costs,
with adequate supervision and monitoring mechanisms for
the bidding process of the EPC contracts.




FE g

Energy Tenders for Regulated Consumers

Theenergy supply tenders for distribution companies require
anew design, aligned with the objectives of decarbonization
and energy transition towards a 100% renewable matrix. Until
now, tenders have been awarded based on the criteriaof energy
supply at thelowest price. The decarbonization process requires
that the new renewable generation to be incorporated not
only replace the sources of energy generation that are being
withdrawn, but also includes the attributes that the latter
contribute to the system security and quality of service.

Itis necessary to review the current energy bidding process
and evaluate the incorparation of modifications to ensure the
provision of all or part of these attributes. The proposalis to
establish that the supply solutions awarded in the bids shall
comply with the objective of providing carbon-free energy 24/7.
Likewise, itshould be evaluated whether the new technologies
proposed in the bids should incorporate the attributes, or have
the capabilities, to provide the necessary services to ensure
the security and quality of service that the system requires
or, at least, not deteriorate the currentlevels.

Togetherwith the abave, the particularities and restrictions that
occurboth globally and zonally should be identified, according
tothe location of renewable energies and the decommission
of fossil fuel-based generation, evaluating the convenience
or need to establish distinctions according to the reality of
eachzone of the NPG, unique in the world with a topology and
extension only comparable to the Australian grid.



Distribution Segment and DER

It is necessary to modernize the current regulations for
distribution systems in arder to increase competition in the
regulated segments above current levels, allowing the entry
of new players, DER and new grid services.

The modernization of the regulations shallbe accompanied by a
substantial technological change thatincorporates intelligence
in the distribution networks and smart metering systems,
increasing their digitalization and visibility and the access to
information of the final consumers by the new actors. This,
in turn, willallow for better coordination and managementin
the operation of the system as wellas in the functioning of the
energy, capacity and andillary services markets, considering DER.
The separation of the operation and maintenance of the
networks from the coordination of the systems and DER
should be evaluated, through the creation of anindependent
distribution system operator, which would guarantee a secure
and low-cost operation of the networks and DER, integrated
in turn with the generation and transmission system.

Technical Norms and Standards

Itis essential to update the current grid code that establishes
standardsand technical requirements forrenewable generation
technologies, that are mainly based on power electronics.
The vast majority of variable renewable projects installed in
the system and those under construction use IBR, based on
conventional inverter technology, known as grid-following,
which have limitations to provide grid services typically
delivered by conventional synchronous generation, that will
be decommissioned over time.

[tisnecessary todefineandincorporate new concepts to evaluate
the robustness of the grid, to develop minimum standards
andrequirements for the renewable sources of the future, as
wellas to update the existing anes to modern standards, sa
that they incorporate requirements for grid-forming type of
technology, which, itis expected, would allow providing the
attributes delivered by synchranous generation.

Itis necessary to make regulations more flexible in aspects
related to network operationand services, in order to optimize
theallocation of resourcesinatimely and more efficient manner.

Grid Modeling and Management

The grid of the future will contain alarge amount of equipment
based on power electronics, be itrenewable generation, FACTS
devices, HVDCsystems, BESS ar athers, which makes itnecessary
to integrate more advanced and accurate simulation tools,
and tohave, in turn, more detailed models that can runin both
off-line time-domain and real-time simulation environments.

Measures shall be taken to incorparate these tools, develop
technical capabilities, and elaborate procedures that will

allow for more detailed and accurate modeling by equipment
manufacturers and owners of the power grid facilities.

Inaddition, cost-effective solutions shall be identified and studied
toallow optimizing the use of the existing transmission assets,
withoutjeapardizing the security and integrity of the system
and the supply to end-consumers. These solutions shall be
designed and tested in advanced simulation environments,
takinginto account the highest standards according toapplicable
international codes.
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Decisions and Actions

System Performance Attributes

The existence and maintenance of technical requirements and
attributesin terms of flexibility and security shall be ensured for
anevalving power grid with changingand uncertain operational
conditions. These requirements shall consider:

= Security of supply at all times

» Frequency management and control

= Ability to operate in islands

» Post-fault black-start recovery

» Adequate coordination of protections

= Power system resilience

Enabling technologies for the energy transition shallnot anly
be able to operate securely and reliably in a more complex
and uncertain environment where power electronics will be
daminant, butalso provide the attributes to allow maintaining the
capabilities that the grid of the future requires. These attributes
shallbe defined collaboratively with the entire industry, including
equipment manufacturers, in order to specify and test the
control and protection architecture of these technologies
as well as the effectiveness of the services that the system
will require and that they will provide, in advanced simulation
environments.

The needfor the aforementioned attributes shall beidentifiedin
advance by the Coordinator, based an the permanent monitoring
of operational conditions, and may be integrated through the
provision of ancillary services, whether new or existing, the
planning process far transmissian systems, or regulatory
requirements, as appropriate.

Security of Supply

Itis necessary to accelerate the process of integrating new
enabling technologies for the decarbonization that provide the
attributes described in the previous point. Notwithstanding
the above, and depending on the pace of suchintegration, it
isnecessary to precisely define therole that natural gas will play
inthis process, as a transition fuel in the shortand medium term,
givenitlow carbonfoatprint. Power supply reliability is particularly
relevantin scenarios of low hydro contribution or other critical
supply conditions, such as low inertia or grid strength levels
when thermal generationis needed.

Likewise, regulatory signals are required to encourage the
transformation of the hydroelectric park, currently designed
forthe provision of energy and power, into an enabler for the
integration of variable renewable energies. Incentivizing its
use for the provision of greater flexibility and operation aimed
at the provision of ancillary services and the attributes that
the netwaork of the future will require (reduction of technical
minimums, operation as synchranous condensers, increased
load-taking speed, etc.).

System Operation

The Coordinator shall perform detailed analyses of the system
more frequently and with greater granularity, for which will
require operational tools and new practices to support an
increasingly complex operation of the power grid. The new
tools and capabilities to be incorporated shallallow analyzing
multiple scenarios and contingencies in short periods of time,
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with greater spatial and temporal granularity, managing and
monitoring alarge amount of dataand informationinreal time,
under high uncertainty in the availability of energy resources.
It will be necessary to have new cutting-edge technologies
and advanced artificial intelligence tools, machine learning and
Big Data, making use, among athers, of Cloud technology to
support, accelerate and improve decision-making processes.

Asecure and efficient integration of new DER technalogies,
such as photovaltaic panels, batteries, and electric vehicles,
among others, shallbe encouraged, particularly with regard to
location signals, and monitoring and control systems, which
should coexist harmoniously with existing conventional
technologies, taking into account the fossil fuel phase-out
process, the current or future market model, and the proposed
long-term objectives.

It Is necessary to establish mechanisms and integrate
technologies that allow the Coordinator to have a better visibility
and understanding of the network, accurately identifying
the entry of new distributed projects, their performance and
behaviar in real time, in order to guarantee the secure and
reliable operation of the pawer system.

A key challenge of this integration is specifically related to
the coardination of the operation of the transmission system
with DER in the distribution systems, so as to ensure that
they operate in a coordinated manner, supporting system
security through grid services. To optimize these capabilities,
the apprapriate incentives shallbe generated, and the technical
specifications shall be defined to allow the participation of
DER and otherinformation and communication technologies
inherenttoasmartgrid.



Transmission Planning

Transmission expansion planningis key to enabling the energy
transition. Given the long developmenttimes of new transmission
projects, itis necessary to have the best available information,
and technicaltools and capabilities to develop cost-effective
expansion proposals. Furthermare, such toolsand methodologies
shallallow foracontinuous review of expansion plans, in arder
to adapt and make the entry of new projects more flexible
according ta the requirements and capabilities of the future grid.

The Coordinator shallreview, adaptand, if necessary, improve
its planning methadology and tools according to the new reality
with a grid with a predominance of technologies based on
power electronics. It shall also review the models, tools and
approaches for an integrated planning of transmission and
distribution systems, considering DER and a high electrification
of consumption.

Regional Interconnections

The advantages of building regionalinterconnections have been
demonstratedinternationally, notonly toincrease competition
in electricity markets, butalso for security reasons. Particularly
in the case of Chile, integration with our neighboring countries
wouldallow us notonly ta export part of the renewable potential
thataboundsin our country, butalso ta supply eventual deficits
in the system during extreme conditions or periods of drought.
Likewise, having synchronous interconnections at different
points of the power grid would strengthen the system by
providing inertia attributes and short-circuit levels, allowing
agreaterinsertion of VRE.
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Research and Development

The energy transition requires solving a series of challenges
along the entire value chain of the power sector, whichinvolves
significant effarts inresearch and development. This involves
addressing aspects of design, tools and methodologies, as well
as the developmentof new enabling technologies. Overcoming
these challengesis urgentand of vitalimportance to accelerate
the transition and shall necessarily involve all industry players,
including the academia, coordinated companies, equipment
manufacturers, the regulator and the Coordinator.

Themain challengeis nolonger just the cost of the renewable
energies, buthow to integrate this source of electricity production
toreplace fossil fuel-based energy, guaranteeing the security,
reliability and stability of the future power grid. Working together
and in a coardinated manner, it will be possible to identify,
prioritize and address the challenges to be solvedin order to
guarantee the security and reliability of our power grid during
the energy transition.

Aresearch and development roadmap shall be designed for
the energy transition, including technological, methodological
and training aspects, involving manufacturers, academiaand
nationalandinternational research centers, to address issues
related, among others, to the design of advanced inverters,
storage systems, new cantrol and protection systems, tools
and methods to operate and analyze system stability in real
time, digitization of transmission and distribution networks,
development of smart grids, including DER and micro-grids,
as wellas advanced tools for scheduling and planning, etc.

The Coordinator shall continue making progress in signing
new callaboration agreements at national and international
levels, along with strengthening the work with universities
and expanding participation in international organizations
that are addressing the challenges of the energy transition
atglobal scale. The above, in order to exchange experiences,
best practices and train professionals responsible for carrying
outand leading the energy transition process.

HVDC Kimal — Lo Aguirre Project

The HVDCKimal-Lo Aguirre transmission system will be essential
andkey to make the decarbonization of the electricity generation
matrix viable by 2030, as it will allow the transfer of 3,000
MW of renewable energy from the north to the center of the
country. Therefore, itis required that all actors, being private
or gavernmental entities, involved in the development of the
project, from the granting of permits and authorizations for
Its execution, its construction to the commissioning, dosoin
a collaborative and expeditious manner.
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Roadmap

by the Coordinator for the 2022-2030 horizon
containing the decisions and actions required
to achieve the accelerated energy transition scenario.

T he following table describes the roadmap elaborated

Thisroadmap has been prepared with a two-stage approach,
Preparation and Adaptation, highlighting the risk factars that
affectitsimplementation and the timeframe for the transition
toageneration matrix with 100% renewable energy by 2030.
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System Attributes

System Operation

DER Integration

Preparation 2022-2025

Maintain the essential capabilities that the power system requires as synchronous generation is
retired

Risk: Very early retirement of all synchronous generation

Test, enable and

Planning efficient
encourage the

installation / Develop mechanisms to allow : :

reconversion o ) ) ) i installation of
of synchronous for flexibility in the delivery of essential services for the power grid advanced or grid-

condensers forming inverters.

Improve the system’s modeling, simulation, and short-term analysis capabilities

Risk: Lack of tools and detailed models of different technologies

Improve data access Define decision criteria

and governance, and Improve modeling capabilities and resources to avoid congestions and optimal to balance modeling
management of simu- curtailment capability vs. perfor-
mance

lation models

Manage periods with high DER penetration

Risk: Insufficient visibility and predictability for grid planning and operation

Look for incentives

Appl\ﬁnaod[:/i?grciﬁd = Develop, adapt and monitor equipment performance and capability for DER grid services
& contribution



Adaptation 2026-2030

Manage the variability and uncertainty of variable renewable generation

Risk: Insufficient flexibility to balance VRE variability

|rrnn§[:3\§rgeecr;irt?;lo?oir;s:neé Develop infrastructure and data models for moni-  Optimal dispatching with sufficient flexibility and
modelg toring critical variables (climate, etc.). in different time scales

Maintain a secure, operable and resilient power grid

Risk: Complex operational conditions ahead of schedule

Bl e it o Establish plans, operating policies and proces-

situational awareness and Monitoring system to improve grid visibility and 3 A
- Bt P T ses for complex scenarios under new operating
proactive decision making in controllability -
real time

Integration of new technologies
Risk: Reduced security and reliability due to poor management of data,

resources and network constraints

Define roles and responsibili-
ties for security and operation  Build a scalable and secure architecture and infras-  Integrating DER into energy, capacity and anci-

coordination in an integrated tructure for massive data exchange llary service markets
system

System Attributes

System Operation

DER Integration



Preparation 2022-2025

oo
c , . . . . .
= Improve the system’s long-term modeling, simulation and analysis capabilities
c
g Risk: Lack of information, scenarios and modeling capabilities with greater granularity
c
i)
n
i
£
=Bl prove dat
mprove data access - o .
|r_E and scenario manage-  Improving modeling capabilities by adding greater temporal and spatial granularity Df‘iarf(laSIf?J[twucrgtgcroleantac;igi
ment
Proposed changes to current regulations
Risk: Lack of reforms or delays in their enactment and implementation
c
o
S
o
>
ot Improve the grid
= code to update and
& incor, orat[t)e technical Implement procedure for el i LBt ol
- ?Jirements i homglo ationpand VTR Seek incentives for long-term storage systems with signals based on te-
q - 8 attributes of security and flexibility chnical and economic
new technologies of EMT type models Tl
(Grid-forming IBR, or
others)

Development of new capabilities, tools and methodologies

Risk: Slow pace in the development of new tools and methodologies
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Development of Development of new
capabilities and operation and planning tools  Development of new technologies and approaches to improve real-time visibi-
attributes in inverter- and methods to ensure lity and analysis in system operator control rooms
based resources (IBR) security and stability in
to ensure system systems with high IBR
reliability penetration



IDevelop tools to improve
decision making under high
uncertainty scenarios

Risk: Lack of reforms or delays in their enactment and implementation

Modernization of Distribution

Development of new architecture for the grid of the future

Risk: Slow pace of development of new enabling technologies

Develop technologies and
architectures for future
electricity markets and power
grids to operate an integrated
and highly distributed system

Adaptation 2026-2030

Planning a robust and efficient power grid

Risk: Uncertainty of functionality of new technologies

Establish plans and processes to anticipate
complex scenarios given by the effect of
climate change and other extreme events,
considering regional interconnections

Add new applications based on Al/ML and Big Data

Transmission Planning

Structural regulatory reforms

Regulacion

Revise energy tenders incorporating technical Transition to a bidding market for energy,
attributes in 24/7 carbon-free generation capacity and ancillary services

Develop information and communication Investigate the behavior of a grid with high
technologies to overcome the challenges that DER penetration to ensure the security and
limit the creation of a competitive market stability of the system
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Next Steps

The Coordinator willinitiate and reinforce a set of activities
within its areas of respansibility to address the future
challengesin order to achieve a secure and reliable energy
transition by 2030, and thus reacha 100% share of renewable
energy by thatyear. These initiatives include:

. @

p
Cen IR vllrtuallza.tlon PIElf=Es LT S Continue working on the development of a digital
unde R I EL S R B Goog!e A t.he ~~~~~~~ twin of the power grid in off-line and real-time
development of advanced tools for grid planning EMT simulation environments.
and operation.

(G

2 )

Conduct a study in the time domain (EMT
environment) for the years 2025 and 2030 to
model and analyze the feasibility of scenarios with
instantaneous 75% and 100% VRE participation
respectively, incorporating new technologies such
as grid-forming.

Move forward with the development of a pilot
project to model, simulate and test grid-forming
technology in the Coordinator's real-time
simulation lab.

-
Prepare bidding terms for grid inertia and
strength service, based on the studies carried

Move forward with the responsive demand tender | out in 2021. ‘which. concluded. on the need to

process as part of the ancillary services. incorporate synchronous condensers and grid-
forming technology in the short and medium
term.

.




@ )

Implementing the model homologation and
verification procedure, which contemplates the
delivery of detailed EMT type models by the
coordinated companies to be incorporated into the
NPG digital twin currently under development.

Move forward in the development of tools for real-
time monitoring of variables that measure the
robustness and strength of the grid, such as inertia
and short-circuit level (ESCR).

Work on proposals for changes to the grid
code (NTSyCS, for its acronym in Spanish) that
include requirements and specifications for new
technologies based on power electronics, and
updating of some existing requirements.

Complete implementation of intra-day scheduling
and model enhancements for the daily operation
scheduling.

Implement improvements to generation (wind and
solar) and demand forecasting models.

Sign collaboration agreements with international
entities for the exchange of experiences energy
transition processes.

Integrate the necessary resources and train
Coordinator's professionals with the necessary
skills to plan and operate a power grid with 100%
participation of renewable energies.

Work on a proposal for a 12D road map for energy
transition.
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