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1 FOREWORD

1.1 Introduction

Latin America is endowed witbutstanding Renewable Energgusces (RES), namely wind and solar
energy, but some areas offer also a good potential for hydro, bioarasgeothermal power production.

The current decrease of upfront investment costs in RES power plants make power production from
green resources more and more competitive with conventional generation from fossil fuels, especially
considering that the ongng trend in investment cost reduction is expected to continue in the coming
years. In addition, the achievement of the COP21 targets, widely shared by the Latin American
countries, further enhances the superiority of RES power plants against convengienatation, when
accounting the externality costs associated to the power generation (see costs associated to the various
GHG emissions and particulate).

The two above driving factors (lower investment costs and progressive decarbonisation of the power
sector) are prompting an accelerated deployment of RES power plants in Latin America.

Unfortunately, the location of new power plants exploiting RES is strictly constrained to the geographical
availability of the resources (wind, sun, geothermal, biomadselo). Hence, the connection of a large
qguantity of RES generation shall be carefully examined in advance to avoid operating conditions calling
for RES generation curtailment for security reasons (e.g.: overloads due to insufficient power transfer
capabiity; impossibility to balance the system due to the inflexibility of the conventional generation,
poor voltage profiles, risk of cascading effects following an outage on a grid component / generating
unit, etc.).

The limitation in the development of RE&neration, particularly the variable generation such as wind
and PV, can be overcome exploiting the existing interregional or -barsker interconnections,
reinforcing the existing ones and building new crbesder corridors.

As a matter of fact, Latidimerica is still fragmented in national or regional power pools: SIEPAC
(interconnected pool from Guatemala to Panama), the Andean interconnected system (from Colombia
to Peru) and the Brazilian system (SIN) interconnected basically with Uruguay andinerg&ther
countries are still fully isolated, like Guyana, Suriname, French Guyana and Bolivia or very weakly
interconnected, like Chile where just one crdmsrder line is in operation between SING (Chile) and SADI
(Argentina): the Salt&ndes line witha power transfer capacity of about 200W owing to network
constraints, despite this line is designed for a capacity of aboutB0

Thus, dedicated studies shall be carried out specifically to identify the feasible penetration limits of
Variable RES(VRES) generation accounting also for the possible power interchange across
interconnection lines so to cope with conditions of power surplus or shortfall. Considering the wide
geographical extension of Latin America, the analyses shall be applied abrzaidgvel.

! Almost all Latin American countries signed the Paris Agreement and a large majority of them already ratified the
Agreement. See the updated status of Paris Agreement ratification and entry into forte
http://unfccc.int/paris_agreement/items/9444.php
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Within the context recalled above, this studimsat examining the optimal economic penetration of
VRES generationgmelywind and solar) in some Latin American (LATAM) countries and regions within
the countries accounting for the possildeoss border power exchanges.

The analysis is performed for the target year 2030 and starts from a given set of thermal/hydro
generation that includes the already existing plants, the ones under construction and the planned ones
which will be built beforeghe target year.

The first report of this study was completed in January 2018 and was focused on Chile and Argentina
(Cluster 1). This second report is focused on Argentina, Brazil and Uruguay (Cluster 2) and will be
followed by a third one focused on [Bmbia, Peru and Ecuador (Cluster 3). Finally, there will be a
continental report featuring the main findings across the three geographical clusters including all the
abovementioned countries.

Argentina is present ithe first two clusters of countriessonnected in the first case only to the Chilean
system, and in the secormhe to Uruguay and Brazil. Whereas the first report was based on data and
projections collected in 2017, this second report is based on more updated data and projections
(collected n 2018).

Furthermore, it should be highlighted that the results of the optimisations carried out during the
activities are affected by the characteristics of the interconnected system under examination, notably
the load patterns of each country, theonventional generation fleet and the potential of VRES
generation deployment in the various regions. These factors have a direct impact on the benefits arising
from new VRES plants and the limitations they face. For instance, the presence of big hydnolpotse

with reduced storage capacity (and for this reason not able to reduce significantly their production
without wasting free energy) might represent an operational constraint preventing a higher penetration
of VRES technologies, which require higkibility in the system.

In interconnected systems, the complementarity between the resources and between their availability
in different countries is a key driver towards the development of VRES plants, especially when there is
enough transmission capagiclose to the areas characterised by the higher potential of renewable
energy sources. In this context, the interconnection between Chile and Argentina allows a more effective
exchange of renewable production surplus whenever necessary with respea totdrconnection on

the Eastern border towards Uruguay and Brazil. This is due to the fact that interconnections between
Argentina and Chile are located closer to the Argentinean regions with best wind regimes (southern
Argentinean region) and also favalnie PV regimes (northern Chilean and Argentinean regions).

Therefore, the differences in data used as basis for the optimization (2017 vs 2018) and the overall
characteristics of the analysed power systems in the Cluster 1 and 2 cause obviouslywastigbh of

the optimal amount of wind and PV installable in Argentina: however, as it will be shown, the results
remain quite aligned, being the gap between the two final values lower than 10%



1.2 Contents of the report

This report describes the activideperformed and the results of the analysis on the Argentinean,
Brazilian and Uruguayan systems aimed at assessing the optimal economic penetration of VRES
generation (wind and PV) taking into account the operational constraints, and evaluating the whpact
such VRES generation on the operational costs and the power flows in the power systems.

The information collected and the Reference Scenario describedeirinception Repor{1], which
represents in the best way the basic situation expected at the target year in terms of demand, generation
and transmission lines, are the basis for the performed assessments.

The evaluation of the optimal penetration of VRES gainen is carried out assessing and comparing the
economic benefits which might result for the system from the investment in new technologies
(traditional dispatchable or PV and wind) when existing or planned generation fleet is not adequate to
cover the pwer peak and load demand.

Chapter 2 illustrates the activities aimed at defining an upper bound limit of VRES installed capacity in
the power system under investigation, considering system operational constraints and assuming that
the new PV and wind phas are operagd in the system according to today criteria. In particular, the
highest amount of VRES (wind farms, PV solar) that can operate in the system without jeopardizing the
security of the grid considering the system reserve needs and avoidingliéges of VRES production
curtailments is defined. In fact, the new VRES plants typically replace production provided by the thermal
generating units which, according the most common current practice, are responsible to ensure, thanks
to their dispatchality, the balance between load and generation in every moment.

This first analysis takes into account the system wide operating constraints such as the needs for upward
YR R2¢éy o6l NRa ASO2YyRIFENE YR GSNIUALFNE amdhg@W®Sa |y
a suitable capability for ramp up/ramp down to face the load pattern and the variability of wind and PV.

Most critical conditions will be analysed with a deterministic approach.

At the end of this task, an upper bound of the feasible VREStfion in a whole country or in the

various regions of a country is defined, assuming that the VRES power plants do not support the
operation of the system for instance providing downward reserve and that the VRES production
curtailments must be limited

Chapter 3 presents a detailed investigation performed on the power systems taking into account, on one
hand, the additional constraints which might be introduced by the limits of the transmission network
capacity, and, on the other hand, a greater figlity in the operation of the VRES power plants, which

in a future perspective will be able to actively support the system operation with services that currently
are not possible due to technological limitations or to regulatory restrictions. New featames
technological developments, including a wider diffusion of energy storage systems, will allow the PV and
wind plants to increase their penetration without jeopardizing the security of supply. In this view, system
operational constraints are loosenedpnsidering a reduced reserve need and without taking into
account restrictions concerning the inertia in the system, which will be overcome by the presence of
advanced VRES technologies and flexible storage systems.



One year of operation at the targgear is simulated with a probabilistic approach based on Monte Carlo
method for increasing levels of VRES until maximum economic convenience is reached with adequate
generation fleet.
For every simulation, which summarizes the results of thousands ofrattfesystem configuration
weighted by their likelihood to happen, main outcomes are provided, such as:

1 solar and wind production and curtailments due to overgeneration and line overloads;

1 overall generation costs for each area;

1 average annual value of Eegied Energy Not Supplied (EENS);

1 asummary of NTC, energy exchanges and saturation hours for each interconnection.

Benefits for the system are evaluated in terms of generation costs, considering where necessary also
investment costs, and adequacy of the generation (measured through the possible variatioe of
Expected Energy Not Supplied index). The comparison ¢ thenefits calculated with different amount

of VRES production provides the information necessary to define the optimal configuration.

A similar approach allows to assess also investments in Transmission system, which bring benefits to the
system which hve to be compared with the costs of the improvement of the network.

At the end of Chapter 3, the optimal amount of VRES power plants is estimated for the Argentinean,
Brazilian and Uruguayan power system considering the countries as isolated systembieand t
considering them as interconnected.

Evaluations of possible benefits for the systems coming from the improvement of the network are
presented in case there are significant congestions which limit the VRES generation and increase the
overall productiorcosts.

Moreover, the expected operation of the systems with the resulting generation fleet is also evaluated
for different hydrological conditions, in order to verify that security of supply does not become critical
during adverse years.

Chapter 4 introdaes two Variants, aimed at evaluating the behaviour of the system in case of some
major changes, such as different demand and generation fleet. In these conditions, new optimal VRES
penetration is estimated, in order to investigate how the results arecééig by the variation of main
assumptions.

Chapter 5 reports the outcomes of some Load Flow calculations performed on deterministic snapshots
representative of particular situations, such has high or low load and different levels of renewable
generation PV, wind and hydro). This allows to highlight how the power flows between the areas
selecting some specific cases among the thousands analysed with the probabilistic approach.



2 ASSESSMENT OF THEHMHCAL LIMITS OF RIABLE RENEWABLE BENTION
PENETRATIONITHIN A COUNTRY DUB SYSTEM OPERAT@DNSTRAINTS

2.1 Introduction

The purpose of this task is to assess a preliminary limit of VRES installed capacity in isolated Argentinean,
Brazilian and Uruguayan power systems in 2030 scenario, focusing on the ftggqeentrol
requirements (secondary and tertiary regulations), under the assumption that i) VRES plants do not
support the system operation with proper functionalities (such as frequency regulation, inertia or at least
reduction of system unbalances) andaiimited risk of production curtailment is accepted.

The analysis takes into account the characteristics of the existing and future generation fleet together
with the most restrictive load conditions for RES operation, coherently with the data calléctide
Inception Reporf1]. The ability of conventional generation to provide the upward and downward
reserve needed to face the increasing penetration of \fiR&@uction is checked, and it is estimated the
maximum VRES installable capacity ensuring that the reserve requirement is fulfilled by the conventional
plants in service (in Brazil it is assumed that reserve is also provided by hydropower plants, diie to th
high presence in the system). According to the said assumptions, PV and wind power plants do not
support actively the system operation providing regulation capacity, reserve or other ancillary services.
The VRES taken into account are wind farms atat /. There are several combinations of installed
power of these sources that can be integrated in the power system still ensuring that the conventional
power plants are able to provide the needed reserve. One of the main outcomes of the analysis is then
a description of the allowable combinations of wind and PV installed power.

At this stage, network constraints are not considered, but a system wide analysis is carried out
considering the demand and generation mix. This means that a singleabusodelis used to model

the whole power system of each nation (Argentina, Brazil and Uruguay).

A more detailed model with a single bhar for each system area is then used to provide some further
considerations about how the VRES geographical distribution doaldimited due to crossrea
interconnection limits internal to each power system.

2.2 Methodology

This chapter reports details about methodology and analysis process for a preliminary evaluation of the
admissible VRES penetration in each country for thé@2@@nario. The analysis is carried out assuming
the condition of isolated system, i.e. without power exchanges with the neighboring countries.

Theanalysis is performed for every Country by means of a simplified model where they are represented
as a sint busbar system, where load and generation are connected and must be balanced. For
Argentina, a second step is carried out considering the division in smaller areas. These areas are
modelled as budar systems and connected through lines which allowpgbeer to flow from one area

to another up to defined limits, calculated as net transfer capacities. In this case, the balance in every
area must take into account also the net value of impaxport through the interconnection line$his

second step hasat been performed for Brazil becauseven when the areas are represented by
equivalent budbars the system remains a meshed network if the complexity of the transmission



network is properly consider. In this case the estimation of the limits loseslits bacause the power
exchanges between areas cannot be determined in a realistic way betwedrabgisysteraconnected

by fictitious links. The correct power flows can be calculated only using the detailed network model
which is considered in the simuiahs performed during the following Task, and this allows the
assessment of the realistic limits of VRES patien in the different areas.

Load level and constraints on generation are defined according to the assumptions described in the
following paragraphs. The balance in each area must be ensured considering also the secondary and
tertiary reserves requirements which are necessary to allow the electric system to manage both the
uncertainty of the load and the variability of RES generation, witheepardizing the security of the
system.

The limited net transfer capacity between the different areas inside each country has been investigated
in order to evaluate how it can influence the maximum amount of VRES that can be installed in each
area.

This procedure is based on a deterministic approach taking into account the critical operating conditions
for the power system in presence of VRES generation, generally representedpaabfbad and peak
solar radiation conditions. In particular, in qféak operating hours, a high value of wind generation
forces the conventional power plants to generate energy at a very low level. Even in this condition it
should be guaranteed a proper amount of reserve in order to cope with the normal fluctuations of load
and VRES.

The same problem could occur during the hours with high level of solar radiation and low load.

2.2.1 Description of the computational approach

In this activity only two variable energy sources are taken into account: wind farms and solar PV.
Thesesources typically have different hourly patterns of production and their forecasts are uncertain.
The PV solar has a more predictable hourly pattern of productgince it depends on the solar radiation

¢ and peaks during the central hours of the daye Wind farms production in general is more variable
due to the strongly notlinear correlation between the wind intensity and the produced power and to
the usual changes of wind conditions in the areas where the plants are located. The uncertainty of the
wind production forecasts is for this reason typically greater than the uncertainty of solar PV.

Because of the differences in the uncertainty of the productions by PV or wind, different shares of
PV/wind installed capacity cause different effects on teserve management of the system. It is then

not possible to calculate the maximum acceptable amount of generic VRES, but it is necessary to define
pairs of admissible values: the more PV plants are installed, the less wind farms are suitable to be
installed and vice versa.

Due to these reasons, the study calculates some admissible pairs of values which belong to the border
of the allowable area on the Wind / PV plane. At each amount of installed PV corresponds a maximum
amount of installed wind fans and ice versa. Aheoreticalexample of the resulting pairs of R¥ind
admissible capacity rovidedin Figurel, to show how the results will be presented in the fellog
chapters

10
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Figurel ¢ Theoretical «ample of the allowable area on the PV/Wind installed power chart

To determine the maximum amount of VRES which can be installed in the system without affecting its
security, the analysifcuses on the most critical conditions, which are characterized by low load and
high VRES production. It is assumed that also in these conditions the VRES do not support the system
with provision of ancillary services for reserve, and their productiomshoot be curtailed.

In this low load condition the sum of PV and wind production covers a large amount of the load. The
residual load is supplied by traditional hydroelectric and thermal plants. These traditional plants operate
therefore near their minhum output, although they have to provide the system with all the downward
secondary and tertiary reserve required in order to cope with the uncertainty of load and VRES
production, guaranteeing the stability and security of the whole system.

A further elament that must be taken into account is that the unit commitment of the traditional power
plants in the low load condition is not completely free. In fact it must be suitable to provide services to
the system such as voltage regulation, inertia, etc. Imneotwords, there is a minimum number of
traditional power generation that must be in service.

Also the production of plants such as run of the river and biomass cannot be neglected even in low load
condition.

The need to guarantee a suitable amount of devend reserve on the traditional plants is then the
factor that limits the amount of VRES installed.

The calculation is performed in two steps for wind and for PV power plants.

The maximum wind power production is assessed considering thed@entileof the load and no PV
production, condition which can happen during the night. The selection of th@é@entile of the load
instead of the absolute minimum is proposed because the acceptance of a risk margin is a common
practice during the planning peess.

11



The calculation is performed evaluating the maximum wind power production admissible in the system
which does not affect the fulfilment of the reserve constraint. Since the reserve requirements depend
also on the amount of wind power production, tlsximization is calculated with an iterative method.

The corresponding maximum admissible installation of VRES is then calculated assuming a
contemporaneity factor which is also commonly adopted as the probability that the wind power plants
run at fullpower all together is pretty low.

The procedure is depicted in thdgure2.

Fix the dispatching of

the minimum set of N Evaluation of the _| calculate the maximum power output of
programmable units "| DOWNWARD reserve “|  WIND PPs needed to balance the load
needed in LOW LOAD without RES PPs

condition. ‘

Calculate the DOWNWARD
reserve with WIND in LOW -
LOAD condition

Reduce WIND PPs
power output

Is the DOWNWARD reserve
compatible with the limits of

the units in service?

WIND PPs installed Apply the contemporaneity factor of WIND

capacity compatible generation fleet to calculate the installed

with programmable capacity of WIND farms in LOW LOAD
generation fleet condition

Figure2 - iterative calculation of max installation of wind power plants

Once the maximum installed wind power is defined, a similar approach is followed to evaluate the
maximum allowable PV production which does not require any curtailment due to reserveameumis.

Also in this case a low load condition is analysed, selected among the hours in which the PV production
is high. In particular, the Opercentile of the loads that occur during the hours of maximum solar
radiation is considered. The calculatioitlee maximum PV production is performed for different levels

of wind production, from the maximum value calculated in the previous stegM&\Q in order to define

the allowable PV/Wind installed power area as depicteHigurel.

The points of the upper bound of the area are calculated assuming an installed value for one technology
(i.e. Wind) and calculating the corresponding maximum amount of admissible instaleet for the

other technology (i.e. PV). Four conditions are analysed:

9 Calculation of maximum PV installable power in presence of the maximum wind installable
power defined in the first step

9 Calculation of maximum wind installable power in presence airaount of PV installed power
equal to the target defined for each Country at 2030 or at the closest year before 2030 for which
this target is available; if not possible, the today situation is taken as reference

9 Calculation of maximum PV installable povrepresence of an amount of wind installed power
equal to the target defined for each Country at 2030 or at the closest year before 2030 for which
this target is available; if not possible, the today situation is taken as reference

12



9 Calculation of maximum\Pinstallable power in presence of no wind installed power

To maximize the installed power of a VRES source means to find the maximum amount of production
that can assure the presence of the reserve requirements on the traditional unit. Since the reserve
requirements depend also on the amount of solar PV and wind farms, this maximization is calculated
with an iterative methodRFigure3 and Figure4)

Evaluation of the

Fix the traditional unit UPWARD & DOWNWARD
dispatching with the reserves required (with
lowest load recorded the assumed WIND

at the same time of the power production)

peak solar radiation.

Fix the initial maximum value
of PV installed power and the

L 4

power output (by usingthe <
contemporaneity factor)

\ 4

Reduce PV installed
Calculate reserve requirements power

with both PV and WIND

-

PV installed power

ibl The traditional units
_ compatible {hydro&thermal) can fulfill
with programmable the reserve requirements?
generation fleet

Figure3 - iterative calculation of max installation of PV once assumed a fixed value of Wind

Evaluation of the . N .
Fix the initial maximum value
Fix the traditional unit UPWARD & DOWNWARD .
_ ) of WIND installed power and
dispatching with the > reserves required > . &
) the power output (by using the
lowest load recorded (with the assumed PV i
) contemporaneity factor)
at the same time of the production)

peak solar radiation.

A\ 4

Reduce WIND
Calculate reserve requirements installed power

with both PV and WIND

-~

WIND installed power The traditional units

: compatible {hydro&thermal) can fulfill
with programmable the reserve requirements?
generation fleet

Figure4 - iterative calculation of max installation of WIND once assumed a fixed value of PV

The results section will report a snapshot of the power system in low load condition considered in the
above described methodology,

When considering different areas aase of Argentina, for each pair of values calculated for the whole
system on the single btisar model, the presence of possible constraints due to the iaten limited

13



net transfer capacity is checked. The amount of load and VRES additional gendeditiea for the

whole system is divided in the different areas assuming at first a distribution which respect in percentage
the distribution assumed for the VRES generation present in the planned values closest to 2030 available,
as reported in the Incepn Repor{1]. This distribution reflects in a good way the allocation of the new
VRES power plants in the areas according to their relevant potential.

With thisnew generation scenario the reserve requirements for each area and the power flows between
them are calculated. Each area must fulfil its reserve requirements using its own generation or using the
interconnection with other areas. In this case, the surthefactual power flow plus the needed reserve
should not exceed the net transfer capacity of the section.

2.2.2 Assumptions
2.2.2.1 Load

The low load conditions are calculated using for both the countries the data presented in the Inception
Report. The available hourprofiles (referred to 2016) have been rescaled in order to have the 2030
foreseen peak value and annual energy demand.

Low load during night

The load used to analyse the most binding condition during the night hours (useful to calculate the
absolute maimum wind installation, regardless the PV) is calculated as thi@éfentile of loads of all

the year.

Low load condition during solar radiation peak

The load used to analyse the most binding condition during the solar radiation peak hours (useful to
calculate the maximum combined installable power of PV and wind) is calculated as'tpert@ntile

of loads that occurs during these hours in the rescaled trends.

For both the analysed situations the most binding condition for wind and PV exploitstioa absolute
minimum load, nevertheless, the absolute minimum load is a too strict condition since it occurs only
once a year and the probability of having very high production of VRES power plants during the absolute
minimum load is very low. The accapte of a risk margin is a common practice during the planning
process; in fact, with a deterministic approach, 10% of probability of RES curtailment is acceptable.
Therefore in both the analysed extreme scenario thd" p@rcentile of load can be used fdhis
preliminary analysis. In this way the VRES curtailment could occur only when the load will be lower than
the 10th percentile.

In the Tablel are depicted the load values used for the countries.

14



Tablel - Low load value in most binding condition [MW]

-

NEC NWE Total NE SE/CO S Total Total

Low load during
675 15,700 4,975 21,350 8,500 15,400 50,250 14,350 88,500 1,230

night

Low load condition
during solar 700 16,175 5,125 22,000 8,450 15,550 55,100 15,000 94,100 1,450
radiation peak

2.2.2.2 PV and WIND contemporaneity factord uncertainty

As a general definition, the contemporaneity factor is the ratio between the maximum actual power
production of a given set of power plants and the sum of their nominal power. It summarizes the fact
that not all the power plants are produd at full power at the same time, so the sum of the maximum
actual production of the plants is lower than the sum of the installed power; or vice versa it can be seen
as the factor to be considered to evaluate which installed power is necessary to alot@rimum power
production.
The contemporaneity factor is used in this activity in this last way, to estimate the amount of MW which
can be installed for the PV or the wind technology which can inject in the system the maximum power
production which does ot affect the fulfilment of the reserve requirements. Given a specific power
production, the relevant installed power can be obtained dividing it by the estimated contemporaneity
factor.
The contemporaneity factors used in this study are showrainle2.

Table2 - Contemporaneity factor for solar PV and Wind farms [%]

NEC NWE Total NE SE/CO S Total Total
Wind farms 80 70 65 73.9 85 65 - 70 66.2 70
Solar PV 70 70 70 70 70 70 70 - 70 70

The secondary and tertiary reserve requirements with PV and wind farms are calculated in accordance
to the description provided in the Inception Report.

Asdescribed there, one of the main factors for the assessment of upward and downward reserve is the
standard deviation of load and VRES production. This standard deviation represents how the actual load
and VRES production are statistically distributed acbtlre foreseen values. In other words, it provides

an indication about the possible discrepancy between the forecasted values of load or generation (which
determine how the operation of the power system is planned), and their actual values. This difference
must be compensated by available dispatchable generation with higher or lower production, to keep the
balance of the whole system.
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The standard deviations used in the analysis relatedaol land PV and wind producti@me shown in
Table3.

Table3 - Standard deviation of load, PV and wind production [%6]

T

Load 2.92

Solar PV 10

Wind farms 20

2.2.2.3 Net transfer capacity between countries dmetween areas inside each country

For all the analysed countries, the interconnection with neighbouring power systems have not been
considered. Only for Argentina, a division in some areas is considered and the possibility to exchange
energy between thenis taken into account, after the analysis of the isolated country as a whole is

completed.
The transfer capacity between the areas depends on the expected network reinforcements in the 2030
scenario (as described in the Inception Report).

When Argentinds analysed divided in different areas, the maximum power exchanges between them
have been taken into account as depictedrigure5.

M ax NTE eeeerneeaWges
5,450 MW

Max NTC
5,200 MW

Figure5 - Transfer capacity between Argentinian areas

As explained above, this simplified approach per areas is not applied to Brazil because due to the
complexity of the network even the bdmar model results in a meshed system. The detailed assessment
of the optimal VRES installable power in each area will be then performed during the following task,
where the transmission network is considered.
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In the most binding low load scenarios used &tetmine the maximum amount of VRES installable
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and thermal units that must be kept in service (even in very low load conditions) in the system. These
power plants are usually required in order to provide services such as voltage regulation or rotating
inertia as well as a proper margin of primary reserve and cannot be shut down even when the load is

low to ensure the system is operating in a secure way.

This set of generators introduces a constraint of minimum power output which must remain in service,
reducing the space for other VRES generation.

2.3 Results of performed analysis

This section describes the results of the assessment of the limit of HRE® system operation
constraints considering a single Boar modelling of the countries, i.e. neglecting the possible internal
network constraints. After the analysis of the whole country power system, also the results considering
the internal macreareas are presented for Argentina in order to evaluate potential limitations due to
the internal crossarea NTC foreseen in the reference scenario.

2.3.1 Argentina

Figure6 shows the maximum VRES installed capacity considering different combination of Wind and PV
generation. The blue line represents the values obtained considering Argentina as isolated system (i.e.:
GAnalysis considering the Transmission System in the ReéeBrenaribv @ ¢ KS 3INBe& f Ay S
assuming the usage of the interconnections between Argentina and Brazil and Uruguay for a total
amount of 3,000MW? 6 A ®An@iysis considering the Transmission System with the possible
reinforcements defined ithe Inception Repoit0 @ LG LINRP Ol o6f & R2Sa y20 NBLN
condition, but provides a clear indication about a maximum value beyond which a significant part of new
VRES should be curtailed for operational constraints. In the figureditala/RES installed capacity is

also indicated as well as the installed capacity target set for 2025.

2 As described ifil], with Brazil there ishe backto-back solution in Garabi plus the additional interconnection at
the Foz de Iguacu and towards Uruguay two EQQinesare considered
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Figure6 - VRES installed capacity limits due to system operation constraints in Argergi2@30

As described in paragragh2.1, the boundary lines are obtained by the interpolation of the following
P\fwind combination according the methodology showrFigure2, Figure3 and Figure4:
T maximum wind instald capacity in low load scenario (point 1 in the previous picture)
1 maximum PV installed capacity corresponding to the maximum installed wind generation
calculated during solar radiation peak (point 2)
1 maximum wind installed capacity meeting PV target &21ih low load and high VRES scenario

(point 3)

1 maximum PV installed capacity meeting wind target at 2025 in low load and high VRES scenario
(point 4)

1 maximum PV installed capacity in low load and high VRES scenario with no wind installed power
(point 5)

Points 1, 2 and 5 do not represent situations which are likely to happen, because the planned
development of VRES generation in Argentina foresees a growth of both PV and wind power installed
plants, so at 2030 it is expected that there will be a balarmoédof PV and wind installed capacity and

not the predominance of only one technology, as indicated by these points. Even if it is not probable that
the system will operate in these conditions, they have been anyway evaluated in order to provide a
generaloverview of the boundaries due to the system constraints.

The most interesting results are related to the maximum penetration of wind and PV in Argentina when
the other two technologies are set to the value considered in 2025 target (point 3 and point 4):
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1 when the PV target is 5,018W, the analysis shows a potential wind installed capacity limit of
9,800MW in case of isolated system (blue point 3-igure6) andadditional 4,000MW in case
the interconnection withBrazil and Uruguay afelly available foup to 3,000MW export (grey
point 3 in Figure 6). Further installationof wind over these limits should determine an
unacceptable curtailment of VRES in low load conditions.
1 when the wind target is 5,000IW, the analysis shows a potential PV installed capacity limit of
10,200MW in case of isolated system (blue point 4igure6) andabout additional 4,0001W
in case thenterconnection withBrazil and Uruguay afally available foup to 3,000MW export
(grey point 4 inFigure6). Further installation of PV over these limits should determine an
unacceptable curtailment of VRES in low load conditions.
The area highlighted with the blue represemheunt of PV and wind installed power most likely to
happen, as aligned with the 2025 targets and with a balanced development which does not harm the
system.
In fact, if a technology is developed much more than the other (grey areas in the graph) corextintrat
the limited portion of the transmission system where there is the best natural resource, local problems
might appear due to the constraints in the evacuation capacity and technical minimum.

Finally, it is important to underline how the values preddconsidering the export capacity towards
neighboring countries are indicative, as it is not sure that the other systems are able to absorb the
exported energy which would be in excess in Argentina.

In Chapter 3 detailed calculations will be performedrider to quantify the real risk of VRES curtailment
considering simulating the expected operation of the systems with a detailed model of generation and
transmission network.

2.3.2 Brazil

The assessment of the maximum installable PV and wind power in theid@ragistem as a whole
provides the results shown Irigure?. As described in previous Chapters, it represents the relationship
between PV and wind installed powethich allows to keep the risk of possible VRES curtailments low,
considering the reserve requirements and the minimum amount of generation which cannot be shut
down.
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Figure7 - VRES installed capacity limits due to system operation constraints in B¢&20B0

For the Brazilian case it is necessary to underline how the minimum amount of generation not by VRES
is subject to high possible variation, depending on the assumptibosit the hydropower production

which represents a very big portion of the overall production in the system (currently, about 2/3 of the
electricity in Brazil is generated by hydropower plants). In fact, modulation capacity of big hydropower
plants has @ig impact on the risk of VRES production curtailment, because if the hydro generation can
be reduced temporary for a short period, curtailments can be avoided. But if this condition happens too
often or for too long time, it might result in the need of stang water (especially for RoR hydropower

L I yGavs FyR Ay GKAA OFaS xw9{ LINRPRdAzOUOAZ2Y g2dzZ RY
Most of the hydropower plants, and especially the big ones, have basins ensuring a significant
modulation capacity. Even Ranes can modulate for a limited time before wasting water.

In order to estimate the real minimum amount of hydropower production that should not be reduced,
reference was made to historical data, looking at values in the lowest range recorded during real
operation and rescaling them with respect to the expected installed power. The resulting value
considered as minimum production by the hydroelectric plants is then aroureg7

Figure7 shows that there is a huge potential for the installation of additional VRES plants in the Brazilian
system before reaching critical conditions with respect to the system operational constraints. It is worth
underlining that most of tls room for additional installations is due to the increase of the load which
can be covered by VRES plants without affecting the operation of the system and the minimum power
and reserve demand. From the picture it is possible to estimate that more tA&@WV2 of VRES plants
(shared between PV or wind technologies) can be added to the values assumed as 2030 targets, which
correspond to the values defined by EPE for 2026 in the PDE2J026

This amount reduces to aboutGW when considering the equivalent low load condition foreseen at
2026, which is around 18W lower than the 2030 case.
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As explained in the previous paragraphs, due to the complexity of the netwatkhennecessity to
consider a meshed grid even when the areas are modelled abdrsssystems, the calculation of the
maximum installable power is not performed at regional level. Hatexa interconnections in the meshed
network will be considered in datil in the analysis performed in Chapt&rwhere detailed models of
transmission system and the generation fleet are considered. The results on the optimal pienebfa

PV and wind power plants in the different areas will be then available at the end of the relevant analysis
which will investigate the best mix of technologies to be installed and the location in the power system,
evaluating the most promising arefw their installation.

2.3.3 Uruguay

The Uruguayan power system is very small compared to the Argentinean and Brazilian ones, and it is
characterized by an already high penetration of wind power plants and a very strong interconnection
capacity with the neighouring countries compared to the internal peak load demand. Moreover, more
than half of the demand is supplied by hydropower plants (considering also the production by Salto
Grande dam). For these reasons, the Uruguayan system has an extremely higlityflesilch makes it

able to support considerable variations of VRES production without facing critical problems. Thermal
production is available to support in case of low VRES production and to provide regulation capacity
together with the hydropower plats, but also does not constitute a strong constraint with its minimum
production, as it can be in critical cases completely shut down. Only the new CCGT plant under
construction in Punta del Tigre might introduce some limitation in this context, which vevean be
managed with a proper advance production planning.

When defining the maximum installable VREs power in Uruguay, amount which is mainly limited by the
inflexibility constraint of the system, a first evaluation has been done assuming the casnisglated

with no minimum technical limit of thermal and hydro generation, due to the specific power system
conditions described above. In this context, the resulting values (blue lir@ime8) show a limited

space for additional VRES installations with respect to the installed power at, 28f6re reaching
critical situations in which risk of VRES curtailments becomes not itémglig

3 This gap has been already covered by installations in 2017
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Figure8 - VRES installed capacity limits due to system operation constraintdrimguay¢ 2030

However, the situation is not critical thanks to the presence of the strong interconnection capacity,
which ensures that thdrequency control is properly maintained in the system and that reserve is
available to face possible quick variations of VRES production.

For example, assuming an interconnection capacity equal to NdWOtowards the neighbouring
countries, the maximumnstallable VREpower increases considerably, leaving space for additional
power plants. In periods with high VRES production due in particular to strong wind, the Uruguayan
system will have enough renewable power to cover its load and export towardstliee countries,
keeping a low risk of production curtailments and without affecting security of supply.
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3 ECONOMIC AND TECHAICANALYSES TO EVALIE OPTIMAL AMOUNTFO
ADDITIONAL VRES

3.1 Introduction

The objective of these analyses is to assess the impatieoéxpected renewable generation on the
operation of the power system taking into account a detailed model of the transmission network. Power
flows internally to the country and between the countries under examination are evaluated,
investigating also thexisting constraints.

A detailedgeneration and transmission model is set up and simulations of one year of operation with a
probabilistic approach based on Monte Carlo method are performed increasing the amount of VRES and
calculating the main technicahd economic figures to allow the evaluation of the optimal solution.

The computational tool used for the simulation is GRARE (Grid Reliability and Adequacy Risk Evaluator)
developed by CESI on behalf of Terna (the Italian Transmission System Operatoijeindised for
reliability analyses in presence of substantial penetration of RES generation.

The probabilistic simulation of one operational year considers thousands of different system
configurations (different load, availability of generation fleedanansmission networks, VRES power
LINEP RAZOGA2Y X0 6SAIKGSR o0& GKSANI LINRPoloAfAGe G2
expected operation of the whole system, obtained analysing many real operational states, and
evaluating detailed informatin of each system component.

The most interesting results are the expected benefits for the system in terms of lower generation costs,
taking into account the variation of the Expected Energy Not Supplied {EBMSalso the expected
production of the VES plants, considering possible curtailments due to system or transmission
constraints. These curtailments, which might become necessary to solve overloads that cannot be
resolved by a different dispatching of the traditional generation or to meet veryléad conditions

when the thermal generation is already at the minimum production, reduce the production of the new
VRES plants, reducing their profitability.

Thanks to the comparison of the main results obtained by the simulations of scenarios witkrdiffe
amount of VRES, it is possible to define the optimal amount of additional VRES power plants and to split
the different technologies or areas, looking at the configurations which provide the highest benefits to
the system, taking into account also thelevant costs.

The detailed methodology applied in the study is presented in the following paragraph.

3.2 Methodology

In this paragraph, the methodology applied to assess the optimal economic RES penetration accounting
for possible network reinforcements gesented.

It is based on the calculation of the benefits generated for the system by the investment of the same
amount of money in different technologies, and proposing investments in VRES supporting the one

4EENS represents the Load that cannot be sugliging the year due to system constraints such as Lack of Power
(not enough available generation in the system), Lack of Interconnection (when a higher interconnection with other
areas might provide the missing power), Line Overload (when it is necessant some load to resolve line
overloads that cannot be resolved only with a different dispatching of generators)
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which provides higher benefits. The procedadopted is illustrated ifrigure9 and is made by different

steps and iterations that will be described in the next paragraphs.

STEP 1

GRARE simulation of the Reference Scenario for calculation of system OPEX and EENS

—— T

STEP 2a
GRARE simulation considering an
investment in new
dispatchable capacity.
Assessment of relevant
CAPEX+OPEX and

STEP 2b
GRARE simulation considering an
investmentinnew PV installed
capacity equal to the CAPEX+OPEX
costs resulting from STEP 2a.
Assessment of benefits with respect

STEP 2c
GRARE simulation considering an
investment in new WIND installed
capacity equal to the CAPEX+OPEX
costsresulting from STEP 2a.
Assessment of benefits with respect

benefits for the system to STEP 2a to STEP 2a

Are benefits (incl.
New Iteration CAPEX+OPEX) due to PV or Next iteration
starting from last wind greater than the overall starting form last
STEP2a benefits from dispatchable STEP 3
generation?

b b b

STEP 3
EENS threshold GRARE simulation considering the investment in new PV and WIND

reachedin STEP2a

or

Total benefit <0?

installed capacity. The share of the two technologies is weighted
considering the benefits calculated in STEP 2b and STEP 2c

EENS threshold

Final solutionis | Finalsolutionis reached in STEP3
last STEP2a last STEP3 o

otal benefit <02

Exit the procedure for

optimal economic VRES
penetration

Figure9 - Procedure for the calculation of the optimal economic VRS etration

3.2.1 STEP 1GRARE simulation of the Reference Scenario for calculation of system OPEX and
EENS

The first step of the analysis consists in the construction of the model to be analysed and the assessment
of the corresponding operational conditions.

The power systems of the countries are initially set up as isolated systems, and after optimal
development of VRES are defined for each country they will be interconnected in order to evaluate the
effect of the international power exchange on the operatiof the systems.

The construction of the Reference Scenario is based on the information described the Inception Report.
For some Countries, it might turns out that there is an inadequate installed generation for peak demand
supply due to the misalignmeittetween the year considered for the development of the generation
and the one considered for the load. For instance, the generation in Argentina is compliant with 2025
demand target and in Brazil it corresponds to the planning done by EPE at 2026,heHiad in the
analysed scenario refers to 2030. In this case the demand increase from the year relevant for the
generation to 2030 needs to be compensated by further installed generation.

Local congestions on transmission lines, due to concentrated Ipeckase, are identified and
eliminated, including local network reinforcements which are required to supply the load. Such
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reinforcements are not the object of the present study, which is focused on the improvement of
transmission system to ensure the aptl exploitation of VRES.

The whole transmission network is modelled to ensure a correct calculation of the power flows on the
lines, but only constraint on Extreme HV lines (B0Gnd above) are considered. It means that overloads
are evaluated only orhese voltage levels which are responsible of the power flows over long distances
and between different areas, since the lines with lower voltage have a limited capacity and a more local
effect. Constraints on 220V and 150kV are taken into account whereaeed appropriate.

Once the Reference Scenario to be simulated is defined, a run is carried out to evaluate the operation of
the system in this starting condition.

The main information taken from the results are related to:

System operational costs

Energyproduction of the planned VRES plants

Energy exchanges among areas

Expected Energy Not Supplied (EENS)

Line overloads

Amount of VRES curtailments due to overgeneration or needed redispatching because of
transmission line overloads

=A =4 -4 —a —a -

This preliminary simulain with GRARE might show very high values of EENS due to a general lack of
installed power, and high operational costs due to the utilization also of expensive generation when
available to cover the load and the high cost of EENS.

3.2.2 STEP 2Simulation of hie power system considering investment in new dispatchable, wind
and PV generation separately

In the second step, simulations are carried out to determine the best economic generation mix which

ensures the minimization of the system operational costsngkito account also the cost of EENS and

aiming at an adequate level of generation adequacy.

The main parameters considered to calculate the amount of new generation capacity to be added in the

systems are the annual costs of the system, including OPERAREX of the new power plants and the

EENS. In order to find the best mix of new generation, three different simulations will be performed to

compare different technologies, assuming that an equal amount of money is invested in dispatchable or

PV or windplants.

As shown irFigure9, the first simulation of the second step (Step 2a) will consider the introduction of

an amount of new dispatchable generators, defimade by case for each country depending on the lack

of power and energy resulting from Step 1. The outcome of this first run will be the evaluation of the

benefit for the system and the costs (CAP&XI OPEX) of the new added plants. This cost will mntak

> The economic evaluations are performed comparing annual values. For this reason CAPEX is considered in its
annuity (amount of money equébr every year of the lifetime which corresponds to the investment done at the
first year, taking into account interest rate), calculated with the formula

(Discount Rate) * (CAPEX;)

1
(1 + Discount Rate)™

EAC;, =

1

Where n is the economic life of the plant.
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as reference for the amount of money which is possible to invest in PV and wind technologies in the
following steps.

When introducing new dispatchable generation, the main reference will be combined cycles gas turbines
(CCGTs) with an assumed instadiatcost equal to 800WSD/kW

For generation adequacy purpose any equivalent dispatchable generation (e.g. Biomass or Concentrated
Solar Power) of the same capital cost could be selected provided that the new installed capacity is
sufficient to contain th&eENS within the maximum acceptable value. Also different technologies such as
open cycle gas turbine (OCGT) might be considered when EENS is only concentrated in few hours where
higher availbility of generation would be needed. The choice should finalijdme by optimizing
parameters such as flexibility, efficiency, carbon emissions and costs.

The dispatchable power plants are added in different areas of the countries, looking at the problems of
lack of power highlighted in Stelp

Once the amount of maoegy which can be invested in new generation is available, calculated as
CAPEX+OPEX of the dispatchable generation analysed @aStemulations in Stepb and Stec are
carried out, assuming respectively that an equivalent investment is done in PWisbteghnologies. In

both cases, part of the investment will be assigned to the introduction of storage devices which allows
the VRES technologies to provide active support to the operation of the systems, on one hand reducing
the reserve need to cope wittheir variations, and on the other increasing the dispatchability of their
production, with positive benefit on the exploitation of the renewable source and on the system
adequacy. The PV and wind plants are supposed to be installed in the differemtgégia way which
reflects the distribution foreseen in the available generation expansion plans: this allows to take into
account the preference for areas with higher availability of resource and with an easier feasibility of the
plants also in terms ofgrmissions or accessibility. This approach is maintained until critical network
problems appear, which require to increase the installations in areas with lower producibility but less
constraints.

The economic benefits for the system are assessed botieatind of Stef2b and Stef2c, and compared

with the one obtained with the dispatchable generation (S2e).

When the benefitéresulting from the introduction of VRES are higher than the ones due to dispatchable
generation, the results of the of St&band Ste@c simulations are used to define the best combination

of the technologies, weighting the investments in PV or wind by the respective benefits provided to the
system with respect to Step. Thanks to this approach, the resulting optimal mix casidan
investment in both PV and wind, and not only in the most effective generation technology, to diversify
the resources, reducing uncertainty and risks, but keeping an economic merit order.

As can be seen Irigure9, the Stef is part of an iterative process which considers progressive increase
of generation until it is economically viable or a proper adequacy level is reached.

As far as OPEX are concerned for dispatchable geoerdtie sum of the fuel costs of all the new added power
plants is considered.

6 As the simulations carried out in Step 2a, Step 2b and &tepe performed assuming an equal investment in the
different technologies, the comparison of the benefits cardbae considering only the following formula: Benefits
' n ht9- 6RAGNLINIGDK AUSE/MERNENG & O
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3.2.3 STEP 3Simulation of the powersystem considering an effective combined investment in
WIND and PV technology

The benefits for a total investment in each of the two technologies separately can be measured as a
reduction of system operational costs (Benefitand Benefitging) and it iscalculated based on the
results of the simulations carried out in St2p

The final simulation of each iteration is performed in the Step 3 considering the combined investment in
PV and wind calculated in a proportional way with respect to the bengfitaght to the system, i.e. if

wind has twice benefits than PV, the investment in VRES in the Step 3 scenario will be 2/3 in wind
generation 1/3 in PV generation. In this way it is kept the same investments that would be required also
to install and operag¢ the new dispatchable generators and there is a diversification of the VRES
technologies keeping an economic merit order between them.

As explained above, the new PV and Wind plants are installed in the area with highest potential.

3.2.4 lterations

The steps &, 2b, 2c and 3 are repeated until one of the following conditions is reached:
1 A proper generation adequacy is reached, able to keep the EENS at the valtepad. 1df the
load, assumed as standard threshold for proper system planning
9 The introductionof new generation does not provide positive benefits to the system, i.e. the
cost of the new plants is not compensated by reduction of EENS or fuel costs
As mentioned, the amount of generation introduced in the systems in each iteration as well as the new
VRES to be considered is calibrated considering the speltdfiacteristicof the power system allowing
to obtain the optimal solution in a limited number of iterati®n
When the process ends the following information about the optimal economic VRES penetration can be
obtained and compared with the outcomes of the reference case:

1 System operational cost

Operational costs of the new added CCGTs

Energy production of thelanned VRES plants

Energy exchanges among areas

Expected Energy Not Supplied (EENS)

Line overloads

Costs and VRES curtailments related to dispatching caused by transmission line overloads
LCOE of Renewable resources

= =4 -4 -4 —a —a -2

3.2.5 LCOE of Renewabknergy 8urces

The levelised cost of electricity (LCOE) is a parameter adopted for the comparison of different generation
technologies and their economic viability. The LCOE is the price at which electricity must be generated
from a specific source to break even over the lifet of the project. It is an economic assessment of the
cost of a renewable plant including all the costs over its lifetime, namely:

9 Capital costs
1 Operations and Maintenance cost
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In this study, the LCOE is calculated using the cost per year of ownirgparating an asset over its

entire lifespan (CAPEX annuity + OPEX) using the assumed discount rates. These equivalent annual costs
are then divided by the expected yearly production of the plants, resulting from the simulations.

More in detail the formulahat describes the LCOE is given here below:
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3.2.6 Role of Transmission

Starting from the results of previous activities (optimum PV anddVifistallation in isolated countries,

with defined NTC between areas), the possible impact of investments on transmission lines, both
inter-area and intercountries will be evaluated.

The analysis is done based on the evaluation of the benefit in terms &R G SY O02aiaQ NEX
determined by the network reinforcements.

3.2.6.1 Inter-Area transmission lines in isolated country

The first step consists in considering the irdeea reinforcement, still with isolated countries.

This has to be performed only in cagéical congestions happen on intarea sections or close to them,

which cause high redispatching costs or RES curtailments. In case there are no congestions and in case
the country limit for VRES installation has been reached, no new line is needed.

To perform this analysis, the most loaded lines in the optimal scenario are identified for each section,
and network reinforcements are defined in order to enhance the transmission capacity and reduce
congestions. The type of network reinforcement and therease of the transfer capacity have to be
determined case by case depending on the type of the network element which causes the congestion.
Starting from the optimal scenario a further GRARE simulation is performed as sensitivity in order to
assess thémpact of the new grid reinforcements evaluating energy not supplied, generation costs and
VRES curtailment. The results section will show a monetization of the benefits for each reinforcement,
in particular the value of the maximum limit for the investmtién the reinforcement in order to have a
benefit for the system can be used as a parameter for investment decisions. If the cost of the project is
known, the planned reinforcement is viable if the cost is lower than the maximum limit for the
investment @ver this limit the benefits will not pay back the investment).

3.2.6.2 International Interconnection lines

After internal reinforcements have been identified, the focus is moved on international interconnection
lines.

A GRARE simulation will be run on thierconnected countries considering the planned international
interconnection lines.

The main outcomes of the analysis of the crbesder transmission lines are the following:

1 Reduction of costs for the whole system (costs increase in exportingdeei@ase in importing
area)
1 Power flows and possible congestion rent on the international interconnection lines
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3.3 Resultsof Base Cas&cenario

This Gapter illustrates the results of theesssessment of the optimal amount of PV and Wind power plants
for the isolated systems and for the interconnected case.

The Reference Scenario for each isolated country is represented by the condition defii¢dTine
optimal amount of additional VRES plants is calculated for each country, and this amount is also
considered during the assessment of the interconnected system.

All the results are obtained by simulations performed with Monte Cawdthodandare summarized in

one resuting operational yearwhich can be deemed as the expected operation of the system, taking
into account uncertainties in the availability of the system components and variability of load and
variablegeneration

The evaluation of the results is based niion the comparison of the following key information:

1 average annual value of Expected Energy Not Supplied (EENS), assigned to the relevant cause
(lack of power, lack of interconnection, lines and transformers overload) and for each area. It is
reported becausethe introduction of VRER a system suffering high EEM#&ht reduce tlis
risk,with relatedbenefits(different generation technologies have different impact on the EENS
depending on their dispatchability and on the production pattern, and siranatwith GRARE
provide exact assessment of this aspgect)

1 solar and wind power plants production and curtagints due b overgeneration and overloads;

1 generation costs for each area;

1 asynthesis of energy exchanges and saturation hours for each interconnection.

The evaluation of the benefits introduced by some variation in the generation fleet or in the neisvork
performed comparing the operational costs (which are mainly the thermal generation costs and the
penalization related to the EENS) with the investment costs required by the introduced change (for
instance, cost of the investment needed for the instédlatand operation of the new VRES power plants,

or avoided costs for the not needed thermal power plants replaced by VRES ones).

The evaluation is carried out on an annual basis, calculating the annuity of the investments as defined in
3.2.1(footnote 5). This method allows the comparison of the benefits obtained from miffescenario

and the selection of the most convenient one.

The key information described above are reported in many tables. The following glossary explains the
meaning of some words and enables a correct interpretation of the values included in the.tabl

General information:

- Before redispatchingit means that the result refers to the system operation obtained after a
first optimized dispatching which considers the limits of power exchanges between areas but
does not consider the detailed transmissinetwork model within the areas. It corresponds to
the supply of the load in every area with the hydro, VRES and imposed generation plus the
cheapest thermal power plants, fulfilling power exchange constraints between areas.

- After redispatchingit means hat the result refers to the system operation obtained after the
changes in the power generation dispatching with respect to the first optimized one (the one
GoST2NBE NBRAALI GOKAYI£ 03X NBIdANBR (2 az2ft oS
presentwhen the detailed transmission network is considered. In general, it corresponds to a
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more expensive operation because cheap generation selected in the first optimized dispatching
must be replaced by more expensive ome,casenetwork congestionsare pregnt. During
redispatching, thermal generation can be increased or decreased within its technical limits, while
imposed and VRES generation can only be reduced and replaced by more expensive thermal
one.

Tables with information relevant to the Expected EjeNot Supplied

Lack of Powerthis value provides the information about the amount of load which cannot be
supplied due to lack of generation available in that moment in the whole system. This can be
causedor instanceby unavailability of plants becag®f maintenance or faults.

Line Overload this value expresses the amount of load which must be curtailed to solve
overloads which cannot be resolved with the redispatching of the generators. Load is curtailed
in the nodes which have highest impact on thewver flow through the overloaded line.

Lack of interconnectiarthis value shows the amount of load which must be curtailed in an area
due to not enough interconnection capacity with other areas. It differs from the lack of power
because some power woultk available in the system in other areas, but cannot be transferred
to the area with missing generation due to interconnection limits.

Tables with information relevant to generation production and costs:

Reduction Min. Tec. Gerthe results reported uder this label show the variation of the hydro,

imposed and VRES generation which is necessary in conditions of low load and overgeneration.
When all the required thermal power plants are already operating at the minimum power, but

the production, includig imposed, hydro and VRES one, remains higher than the load, it is
necessary that these latter generation are also reduced, to meet the load level.

DP it indicates the Delta Production which a generator is required to apply during the
redispatching N2 OS&da® a5t hné YSlIya GKFEG GKS 3ISYSNI G
G2 GKS FANRG 2LIWNAYAT SR RAALI GOKAY3 60t AR 2y
generator reduces its production.
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3.3.1 Argentina

In this Chapter the main resultegard the Argentisan power system are presented. First of all the
results of Reference scenario are illustrated; then scenario with optimal economic amount of additional
VRES is analyzed and compared with the reference one. Some further cases aimaldiaingvthe
possible benefits gained removing some network constraints are then presented and discussed.

3.3.1.1 Reference scenario

The simulation of th&keference scenarishows:

- Aninadequacyof the analyzed system, with EENS equal to around 13xflthe total load.

- Overallgeneration costsare about9,800M$, which include the costs due to redispatching
solve curtailments equal to W$. This corresponds to an average cost of generation equ
about 42.25/MWh’.

- Expectedgeneration by P\power plants around 12,30GWh (2,450 EOH) without generatit
curtailment.

- Expectedgeneration by windpower plants close to 20,00 BWh (about 4,03&0OH) without|
generation curtailment.

- Nearly no cases where the power flows through slkeetionsbetween areas ar at the NTC IimitI

The operation of the Argentinian system in the Reference scenario, isolated from the neighboring
countries, has been simulateBue to the fact that the study includes also Uruguay and will analyze also
the operation of theénterconnected systems, the Salto Grande hydroelectric power plant which is shared
between Uruguay and Argentina and inject power in both systems is represented as a standalone area
and will appear in the tables and figures with its production.

The main reults are presented in this paragraph.

FromTable4, which shows the EENS expressed as MWh/year and split by area and reason, it can be seen
that the Argentinian powesystem presents an inadequacy of the installed generation, indeed the
greatest part of EENS is due to the lack of power. Line overloads that are not solved with a redispatching
of the generation produce 58Wh/year of EENS, mainly concentrated in NE&. are

Table4 - Expected Energy Not Supplied\rgentinian Reference scenario

153,329 5,364 158,702
137,830 459 33 138,322
4 9 0 13
291,163 5,832 42 297,037

" This value does not represent the average price at which the energy is sold, which is higher, as determined in
every condition by the cost of the unit which is marginal. It indicates the average costs of the energy production.
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Table5 shows the total energy produced in each area and the related costs, which are only due to
thermal power plants. In this reference scenario total costs are around 3/&dgear, of which only a
very small part due to redispatching costd$/year).

Table5 - Total production and fuel costsArgentinian Reference scenario

ALL PRODUCTIONS & FUEL COSTS BEFOR
GENERATORS REDISPATCHING VARIATION AFTER REDISPATC
Reduction GWhlyear [ GWhl/year
AREA CTAMTEET || MR |y ey GenGWh/year DP < 0 DP > 0 MSlyear

165,920 7,583

_ 46,730 2,037 0 -160 64 5
BBATIY 10,510 180 0 8 1 0
| TOTAL | 232160 9,800 0 228 229 1

As regard PV generatiomdble 6), total production is around 12,30BWh/year and it is mainly
concentrated in NWE. Considering that the total installed capacity@sVsthe equivalent operating
hours (EOH) are approximage2,450 h/year. No PV energy curtailment is present in this scenario.

Table6 - Total production of PV plantsArgentinian Reference scenario
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWh/year | GWhlyear

2,458
2,456

12,274
0

o o
o o
o o

12,318

o
o
o

2,456

As regard wind generatioff &ble7), total production is around 19,90BWh/year and it is almost equally
divided between NEC and PAT; only a small part of the production (less than 4%) is in NWE. Considering
that the total installed capacity is 6W, the equivalent operating hours are a bit higher than 4,000
h/year. The wind energy curtailed is null.

Table7 - Total production of Wind plants Argentinian Reference scenario

WIND PRMUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWh/year | GWh/year

9,092 3,699
773
10,042

o
o
o

2,560
4,604

o
o
o

19,907

o
o
o

4,029
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Table8 summarizes energy exchanges through the defined areas. Power flow is mainly from PAT to NEC
and from NEC to NWE. The interconnections are not saturated during the year. The loading of
interconnections, evaluated as energy/limit is the following:

- from PAT to NEC: 28%; from NEC to PAT: 0%

- from NEC to NWE: 30%; from NWE to NEC: 6%.

Table8 - Interconnections- Argentinian Reference scenario

ENERGEXCHANGES [GWh/year] SECTION LIMI
NTC [MW] BEFORE RE AFTER RE REACHED
AREA Al AREA B
DISPATCHING DISPATCHING [h/year]

4,250 4,250 10,373 10,361 14

-- 4300 4,300 11,408 2,424 11,404 2,324 0 0

The followingFigure10 provides a visual summary of the operation of the Argentinian system in the
reference scenario, highlighting the generation mix per areas, the energy exchanges between areas, the
curtailed VRES production and the amount of thermal energy to be redismhtithgolve network
congestions.

ARG - NWE TOTAL SYSTEM (ARG+SGDE)

o

236,433
GWh

SALTO GRANDE
HYDRO POWER PLANT
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Curtailed Energy [GWh]

uline
overload
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| Surplus
| W ,

166,018 NWE NEC PAT SGD

GWh
10,361 ) ) )
0 67.6% Redispatching for line overload [GWh]
200
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-100 ‘
-200
NWE NEC PAT SGD

LEGEND:
COUNTRY - AREA

% ENERGY ENERGY
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!R HOURS HOURS
NATUI IM.
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Figurel0- Total production and energy exchangesArgentinian Reference scenario
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3.3.1.2 Scenario with optimal economic amount of additional VRES and additional CCGT

At the end of the computational process depictedrigure9, the optimal amount of additional

VRESwith respect to the installed power already considd in the Reference scenario is abc

5,000MW of PVand 9,000MW of wind power plants, with a total of installegtorage of about

2,000 MW

Additional 3,000 MW of new CCGJower plants has been considered in order to reachoad

adequacyof the power gstem with a value of EENS around 0.9%a0the total demand.

The investment in such technologies provides benefits for the system higher thanM$3y€ar

(thanks to savings in the generation costs and in EENS higher than investment costs).

In thisscenario an increased transmission capacity for some selected lines has been con:

These reinforcements are deemed to be possible with low investments costs because the col

is actually due to low rating of equipment such as measurement tramsfis, series capacitors (

breaking equipment while the conductors are already able to transport the increased f

considered as new limit.

Theexpected LCOfer PV is 45.4/MWh, and for wind 43.B/MWh.

The amount of additional power turns out to belite balanced between the VRES technolog

because in general wind power plants have a lower LCOE and higher production but PV is

in terms of annuity per installeMW, so more power plants can be installed with a lower amour
money.

In this newscenario:

- TheEENSIue to lack of power or line overload reaches G&/h, equal to around 0.6x2mf
the total load.

- Overallgeneration costglecrease to 6,73M$ thanks to the VRES production which replaj
thermal generation. The part of costs due teetpresence of network congestions increase:
35M$ (+34M$ with respect to the Reference scenario), due to higher expected overloads
overall costs correspond to an average production cost equal to&ZB1@vh.

- Expectedgeneration by PVplants higherthan 23,000GWh, but the EOH decreases bel
2,400h due to curtailments which increase up to 8@&h (about 1.6% of total PV productiol

- Expectedyeneration by windpower plants higher than 58,00 BWh (more tha@140EOH) anc
a curtailment of about 1,00GWh (2.7% of the total wind generation).

- TheNTC limits of the section PATNEC and NWE NECare reached in some cases, summ|
up to about 725 hours for PAYEC section and about 230 hours for NWEC section.

The analysis performed following the pedure described ifrigure9 provides an optimal amount of
additional VRES installations in Argentina equal to about 3y080in PV and 9,0081W in wind power
plants. Table9 provides the detail of the added PV and wind installed power in each area with respect
to the Reference scenario and the final resulting ealu
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Table9 - Additional and total VRES installed power in the Scenario with optimal economic amount [MW]

PV installed power Wind installed power
AREA

1,082 1,100 5,950 8,400
4,000 9,000 0 300
0 0 3,000 5,200

Added to reference Added to reference
. Total . Total
scenario scenario

The results of the simulation of one year of operation of the system with this new amount of VRES
installed power are shown in detail below.

The Argentinian power system with the increased VRES production and the additional new CCGTs
reaches a good adequachablel0shows the EENS, expredsas MWh/year, split by area and cause. As

for the reference scenario, the greatest part of EENS is due to lack of power.

Table10- Expected Energy Not Supplied\rgentinian optimal scenario

EENS . . .
[MWh/Year] Lack of Powe Lack of interconnection | TOTAL
- TOTAL NEC 5 606

0
TOTALNWE 676 7 0 683
0 3 0 3
1,247 45 0 1,292

Tablell sums up the total annual production and the thermal costs. With respect to the costs of the
Reference scenario reported frable5, the total thermal costs decrease considerabl$,065M$/year
with respect to the Reference scenario, equal to a reduction of more than 30%) which is the result of a
lower initial costs before redispatching3,100M$/year because part of the load is supplied by the new
VRES plants and not by thermal plants, with considerable savings on the fuel costs) and a greater cost of
the redispatching needed because of some network constraints and line overload$/$/year).

Tablel1 - Total production and fuel costsArgentinian optimal scenario

ALL PRODUCTIONS & FUEL COSTS BEFOR
GENERATORY REDISPATCHING VARIATION AFTER REDISPATC
Reduction GWhlyear | GWhl/year
AREA ETMTEELT | | ka7 Min.Tec. GenGWh/year DP <0 DP >0 MRS

153,197 5,091 -611 1,280

50,981 1,518 358 -337 123 -7
31,559 92 628 -458 3 -5
235,737 6,701 986 -1,406 1,406 85

In Tablel2the results in term of PV generation for the optimal amount of additional RES are presented,;
Tablel3 shows the difference of total PV production respect to Reference scenario.

There is an increase of almost 11,9@Wh/year in the annual production, so nearly twice the Reference
scenario. Since the 4,000W of additional PV plants are degled in NWE area, the increase is totally

in this area.

The results show a solar production curtailment equal to 380 GWh (1.6% of the produced energy).
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The greatest part of PV production curtailment, equal to @8h, is present in conditions where the

load is low and the thermal generation is operating at the minimum production and no additional power
can be evacuated towards NEC area. This part due to an overgeneration is present only in NWE area. A
very small part of curtailment is present after redisg@ng and it is equal to 26Wh/year (equivalent

to 0.1% of the produced energy).

The increase of the curtailments has the effect to reduce in the equivalent operating hours with respect
to the Reference scenario (almost 133 hours).

Table12 - Total production of PV plants Argentinian optimal scenario

PHOTOVOLTAIG PRODUCTIONS & FUEL COSTS BEF(Q VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING

AREA

Reduction GWhlyear [ GWhlyear

2,001 0 1,899
21,769 353 -24 0 2,375
0 0 0 0 -

Table13- Difference of total production of PV plants between Argentinian optimal scenario and the Reference one
DIFFERENCE RESPECT TO THE REFERENCE SCENARIO

PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
REDISPATCHING REDISPATCHING

PHOTOVOLTAI(

GENERATORS
- Reduction Min.Tec.Gen nbD2 Kkg nD2 Kk &
2 -
2,047 0 0 -559
9,495 353 -24 0 -81
0 0 0 -
11,542 353 -27 0 -133

In Tablel4wind production results of the optimal scenario are presenieablel5shows the difference

of total wind production respect to Reference scenario.

The annual wind production reaches almost 58,%@h, also in this case nearly twice the Reference
scenario. Theesults show a wind production curtailment equal to 1,031 GWh (1.8% of the produced
energy). More than 60% of the curtailments is due to minimum production constraint (and concentrated
in PAT area) while the rest is due to line overloads, and is morebdigtt also in NEC area.

It is interesting to point out that the equivalent operating hours globally increase if compared to the
Reference scenario because the additional wind power plants are installed in areas with higher potential.
The EOH reach almostl40 h/year with an increase of about 113 hours.
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Tablel14- Total production of Wind plants Argentinian optimal scenario

WIND PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING

AREA

Reduction GWh/year | GWh/year

34,572 -112 4,099
769 5 -1 0 2,526
23,143 628 -285 0 4,306

Table15- Difference of total production of Wind plants between Argentinian optimal scenario and the Reference one
DIFFERENCE RESPECTHEREFERENCE SCENARIO

PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
\ REDISPATCHING REDISPATCHING

- Reduction Min.Tec.Gen. |n D2 Kk g pD2 Kk &
2 ~
nD* Kxé nDZKKéSI-N”KKe

25,480 0 -112

-4 5 -1 0 -34
13,101 628 -285 0 -298
38,577 633 -398 0 113

Tablel6 gathers information on the interconnections in the optimal scenario. Looking at the variations
with respect to the Reference scenario, it can be highlighted that there is an increase of 29% in the
energy exchange from PAT to NEC area: this growth isodihe tadditional wind farm production in PAT
which is exported to the North. As regard interconnection NBEGVE, energy exchanges increase in
both directions: from NWE to NEC the growth is significant, and it is related to the higher PV production
in NWEarea, while the increase from NEC to NWE is due to the absence of additional dispatchable plants
in NWE, which then needs to import more energy when PV production is absent. Even if it happens a
limited time in the year, it is worth highlighting that theower exchanges across the RNEC and
NEWNEC section reach the limit defined with the NTC.

The average loading of interconnections is the following:

- from PAT to NEC: 57%; from NEC to PAT: 0%

- from NEC to NWE: 41%; from NWE to NEC: 17%.

Table16 - Interconnections- Argentinian optimal scenario

ENERGY EXCHANGES [GWhlyear] SECTION LIMI
NTC [MW] BEFORE RE AFTER RE REACHED
AREA Al AREA B
DISPATCHING DISPATCHING [h/year]

4250 4250 21,545 21,085
- 4,300 4,300 12,079 6,942 12,080 6,730 9 224

Figurellshows thegeneration mix per areas, the energy exchanges between areas, the curtailed VRES
production and thermal redispatching needed to solve network congestions in the scenario with the
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optimal amount of VRES installationhe comparison withFigure 10, which provides the same
information for the Reference scenario, highlights the increase of the B\Mvard production in the
system and the relevant reduction of thermal generation, and an increase of the operations required to
solve network constraints.
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Figurell- Total production and energy exchangesArgentinian scenariavith optimal VRES amount

The analysis of the results obtained by the simulation of the operation of the system with the additional
14,000MW of VRES power plants and additional 3,000 MW of thermal power plants is completed with
a table that summarizes thietal benefitevaluated with respect to the Reference scenario, so expressed
as a difference between optimal scenario and the reference one.

TheTablel7 reports the main differences in terms of:

1 total thermal generation variation, already considering the needed redispatching;
1 RES curtailment variation;
1 EENS variation.

These values are expressed in GWh/year.

For each of the previous information, econonbienefits are presented. All the savings (or costs) are
evaluated calculating the relevant annuity, in order to allow a direct comparison, and include:

i the investment for the additional VRES;
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1 the investment for the storage;

1 the investment for the additionadlispatchable generation needed to reach the power system
adequacy;

9 total thermal generation costs variation;

9 the variation of the cost of EENS.

Please note that the cost associated to VRES production curtailment is already included in total thermal
generdion costs variation, because during the redispatching more thermal generation is needed and
paid if VRES generation is reduced. All the costs and savings are expressed in M$/year. Benefit has been
evaluated for eaciMW of additional VRES too.

Tablel7 - Total benefit¢ Argentinian optimal scenario with respect to Reference scenario

ELECTRICAL SYS| ECONOMIC BENEFI

ADDITIONANVRES 14,025 -1,868
STORAGE 2,093 -197
ADDITIONAL DISPATCHABLE 3,000 -282
T Gwyer | wusoyer
TOTAL THERMAL GENERATIC -45,853 3,065
RES CURTAILMENT 1,411 -
TOTAL EENS -296 591

| BENEFTMWRES [WsDies] 53

Finally, based on the results presented above, it is possible to calculate the expected L&@PYor
and wind power plants added to the Argentinian power system.
Considering the assumed CAPEX and OPEX, the resulting values are:

1 LCOE for PV power plants: 45/MWh
1 LCOE for wind power plants: 43&/MWh

The following table shows the transmissicapacity of the lines which were increased during the
analysis. As explained above, they are existing lines with a transmission capacity actually limited not by
the conductor capacity but by other equipment constraints, such as limited rating of the Curren
Transformer or the Series Capacitors for long lines. For this reason, it has been decided to consider in
the simulations the real thermal limit assuming that the cost for the removal of the constraint is limited.
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Table18 - Network reinforcements

Reference Scenario
BUS 1 BUS 2 Scenario whit RES
Imax [A] Imax [A]

MALVINAS RECREO 1251 1762
RECREO LAVALLE 1000 1562
ROMANG S. TOME 1251 1931
ROMANG RESISTENCIA 1400 1929
SANTA CRUZ NORTE COMODORO 1000 1840
SANTA CRUZ NORTE RIO SANTA CRU 1000 2800
CERRITO DE LA COST P. BANDERITA 1500 2000

3.3.1.3 Optimal scenario without the new additional CCGT power plants

The scenario with the optimal amount of additional VRES has been investigated also without considering
the installationof the new additional 3,00MMW of CCGT power plants, in order to evaluate which is the
impact on the adequacy of the system and on the total benefit.

The simulation of this scenario shows:

- Anincreased inadequacygf the system, with EENfigher than1x10* of the total load.

- Thetotal generation costdncrease by 14¥1$ due to the absence of the new cheaper plant
- TotalPV productiorand theWind productionremain aligned with the optimal scenario.

The scenario without the new additional CCGT poplants presents an EENS around@A/h/year,
therefore respect to the previous one there is a strong increase by nearly 20 times. EENS is equal to
10“ p.u with respect to the load, underlining the lower adequacy. The greatest part of EENS is due to the
ladk of power in the NWE and NEC areas. The EENS due to line overload increased f@woy@ar

of the previous case to 1GWh/year.Table19 shows the EENS, expredsas MWh/year, split by area

and cause.

Table19- Expected Energy Not Supplied\rgentinian scenario without new additional CCGTs

8,685 886 1 9,572
13,866 450 37 14,353
0 7 0 7
22,551 1,343 38 23,932

The total thermal costs increases of 1M%/year with respect to the scenario with new additional
CCGTs, mainly due to the increase of fuel cost before redispat@héngment of 2%).
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Table20- Total production and fuel costsArgentinian scenario without new additional CCGTs

ALL PRODUCTIONS & FUEL COSTS BEFOR
GENERATORS REDISPATCHING VARIATION AFTER REDISPATC
Reduction GWhlyear [ GWhl/year
CTAMTEET || MR |y ey GenGWh/year DP<0 | Dp>o | M3/vear

AREA

| TOTAL | 235791 6,844 1,009 1,395 1,396 39

PV and wind production remain alignedttte optimal scenario with the CCGT plants considered, with
only a negligible reduction due to some unresolved overloads.

T

Table21 reports the main differences in terms of:

157,353 5,386 -721 1,110
46,756 1,354 376 -207 282 11
31,682 104 633 -467 4 e5

1 the investment for the additional dispatchable generation needed to reach the power system
adequacy;

9 total thermal generation variation, already considering the needed redispatching;

RES curtailment variation;

1 EEN variation.

=

Table21 - Total benefit- Argentinian optimal scenario and without new additional CCGTs

0 0

ADDITIONANRES

STORAGE COST 0 0
ADDITIONAL DISPATCHABLE -3000 282
TOTAL THERMAL GENERATIC 27 -147

RES CURTAILMENT 30 =
TOTAL EENS 23 -45

The results reported in th&able21 highlight that the analyzed case presents a total benefit equal to

90 M$/year higher than the previous one, due to the savings on the investment in new BQ0CCGT
power plants, which are igher than the fuel cost increase and the cost related to the adequacy
deterioration. However, it is important to underline that an EENS equal fof.the total loadmight be

not acceptable in a long term system planniagd that resources to face adge events such as loss of
generators or strong unbalances due to wrong VRES production forecasts must be available.
Interconnections to other power systems able to provide the required power when needed might also
improve the adequacy. This will be an&gzn chapte3.3.4
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3.3.1.4 Optimal scenario without the storage

A simulation has been carried out on the optimal configuration describ8Bii.2without considering

the storage related to the additional VRES pldatassess which is the economic impact of the technical
assumption that VRES plants are able to support the systghout requiring additional reserve to the
thermal generationin fact, & explained in the description of the methodology, the storage is assumed
as mandatory in the optimal solution because it allows the new VRES power plants to be able to support
the system with additional services and iting the reserve requirements.

The key results arising from tilseenario without storageare:

- System Reliability the EENS without storage installed in the Argentinian power sys
increases by &Wh/year (+600%}eaching 3.5x10.

- Generation coststhe generation costs increase by about M\%$/year.

- PV generatiorandWind generation without storage the PV and wind production are reduc
(by 300GWh/year and 25@GWh/year respectively), mainly due to increasedmber of
overproduction conditions which cannot be solved without the storage.

The detailed results are reported below. The results are compared with the scenario with optimal
amount of VRES.

The scenario without the storage presents an EENS aré@wh/year. The increment of the EENS is
mainly due to the lack of power in the NWE and NEC areas. The results are reportet@iabld2.

Table22 - Expected Energy Not Supplied\rgentinian scenario withoustorage

0

2,921 44 2,965

4,369 11 8 4,388
0 4 0 4
7,290 59 8 7,357

The difference of total PV and wind production between the two cases is reported ifathle23 and
Table24.

Table23- Difference of total production of PV plants between Argentinian optimal scenario and without storage
DIFFERENCE RESPECT TOHHEAL SCENARIO

PHOTOVOLTAI PRODUCTIONS & FUEL COSTS BEFOH VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
- Reduction Min.Tec.Gen. |n D2 Kk g pn D2 Kk € o
2 : = 4
0 0 -1 0 -1

-286 286 -25 0 -66
0 0 0 0 -
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Table24 - Difference of total production of Wind plants between Argentinian optimal scenario and without storage
DIFFERENCE RESPECTHEGDPTIMAL SCENARIO

WIND PRODUCTIONSRJEL COSTS BEFORE VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReducuoanTecGen nbD2 Kkg nb2 Kk &
2

1

4 4 -2 0 -33
-221 221 13 0 -84
-225 226 15 0 -32

TheTable25 reports the main differences in terms of:

1 the investment for the additional dispatchable generation needed to reach the power system
adequacy;

i total thermal generation variation, already considering the needed redispatching;

1 RES curtailment variation;

9 EENS variation.

Table25- Total benefit- Argentinian optimal scenario and without storage

0 0

ADDITIONAVRES
STORAGE COST -2093 197
ADDITIONAL DISPATCHABLE 0 0
~ GWhyear  MUSDyear
TOTAL THERMAL GENERATIC 268 -123
RES CURTAILMENT 523 -
TOTAL EENS 6 12

As expected, the storage constitute an economic cost for the system, but is nedessasyre that the

new VRES plants can support the system, not requiring high reserve rtaatigermal generation, this
reaching the high penetration considered. In faitte case withouit presents respect to theptimal
scenarioa total benefit equal to 62$/year, thanks to the saving of the investmemut the EENS is
higher than the target threshold. Investments in some other technological solution would be needed t
keep the same adequacy and allow a correct comparison.

Theincrease oWRES curtailmerfinorethan 500GWh/year higher than in the previous caseadof the
thermal generation cos(about 125M$/year more than before) together with the EENS increase
demonstrate that the operation of the system with the high amount of VRES plant but without proper
mitigation of their variability is subject to technical limitations and not optimized
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3.3.1.5 Optimal scenariovithout the reinforcements of the transmission lines

Finally, the scenario with the optimal amount of additional VRES and storage has been investigated also
without considering the reinforcements of transmission lines liste@lablel8, which were considered
in the final scenario.

The simulations of this scenario shows:

- System Reliabilitythe EENS when the reinforcements of transmission lines are not consi
remans aligned with the optimal case (around G8Vh/year), with only a slight increase
EENS due to line overload.

- Generation coststhe generation cost increase by BBb/year due to additional redispatching

- PV and wind generation without network reinforcement, the VRES production must
curtailed for more than IT'Wh, distributed in similar proportion between PV in NEW and w
in PAT.

Table26 shows the EESIwhen the reinforcement of the Santa Cruz Nd&C@mmodorePuerto Madryn
line is not considered. The EENS is a bit abov&sIAB/year, aligned with the optimal scenario.

Table26 - Expected Energy Not Supplied\rgentinian scenan without network reinforcements
EENS : . .
NTOTAUNEC 571 7 0 648
(TOTALNWE 676 8 0 684
0 4 0 4
1,247 89 0 1,336

The difference of total PV and wind production between the two cases is reported ifathle27 and
Table28.

Table27 - Difference of total production of PV plants between Argentinian optimal scenario aednariowithout network

reinforcements
DIFFERENCE RESPECT TORHMAL SCENARIO

PHOTOVOLTAI

PRODUCTIONS & FUEL COSTS BEFO —
REDISPATCHING REDISPATCHING
. 4 Reduction Min.Tec.Gen. [p D2 Kk
nbD2 KkeSIk N DP <0 DP >0
2

0 0 2 0

e 8 -500 0 -58
0 0 0 0 =
e 8 -498 0 -51
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Table28 - Difference of total production of Wind plants between Argentinian optimal scenario aswbnariowithout

network reinforcements

DIFFERENCE RESPECTHEGDPTIMAL SCENARIO

GENERATORS

PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. [n D2 Kk g pnD2 Kk & .
2 ~ q
3

0 0 22 0

0 0 -32 0 -105
-6 6 -594 0 -118
-6 6 -604 0 -45

The Table29 reports the summary of the main figures which allow to evaluate the possible benefits
deriving from the network reinforcements. Due to the fact that there are no changes in the investment
cods for generation and storage and in the EENS, the whole amount of the additional generation costs
caused by required redispatching (equal toNd®/year) can be considered as the amount of money
which is possible to save thank to the improvement of thesraission capacity.

Table29- Total benefit- Argentinian optimal scenario and withoutetwork reinforcements

0 0

ADDITIONALRES
STORAGE COST 0 0
ADDITIONAL DISPATCHABLE 0 0
~ GWhyear  MuUSDlyear
TOTAL THERMAL GENERATIC 1021 63
RES CURTAILMENT 1116 )
TOTAL EENS 0 0

Table30 shows the expected overloads for the most critical lines in case the reinforcements are not
considered. It is possible to see that there are two lines belonging to the backbone which cdPA&cts
and NEC (and their overload causes the reduction of the wind production) and two lines close to the
section between NEW and NEC (which are responsible for the reduction of the PV plants).
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Table30 - Network reinforcements

Expected
BUSL BUS 2 Overload
[h/year]

SANTA CRUZ NOF  COMODORO 3750
SANTA CRUZ NOF RIO SANTA CRL 3500
MALVINAS RECREO 1800
RECREO LAVALLE 540

BRASIL

N
&
~
€
=
[ ] NWE area
[ I NEC area

[ ] PAT area

— Existindine 500kV
— Expectedine 500kV/
=== New HVDCre

S
I msmm

3.3.1.6 Final considerations on Argentinian isolated system

The optimal solution for additional VRES installations define8.311.3 able to ensure a proper
adequacy of theArgentiniansystem, includes 5,000 MW of PV Q@) MW of wind power plants and
storage of abouR,000 MW, plus additional dispatahle power plants which are necessary to keep the
EENS below the £(.u. threshold. Without the additional CCGTs in fact the EENS would increase
considerably, and with mor extend this happens also in case the storage systems are not considered.
Dispatchability of the energy sources is essential to reach an elevate level of system adequacy, and can
be obtained and improved thanks to the integration of different technolsegiad the usage of storage
systems. Investment in storage systems might be not economically profitable if they are considered as
standalone systems, but it is necessary to ensure proper conditions for a considerable growth of the
VRES penetration.

Concering the transmission system, the new lines currently planned and assumed in the analyzed
scenario allow a good development of VRES plants in the areas with higher potential. Some upgrades of
capabilities of existing lines are proposed, where the conducieesns to be already able to transport
higher amount of power but the capacity is limited by some other equipment. These improvements
should require a relatively low investment, allowing a better exploitation of PV resource in NEW and
wind one in PAT.
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Thepresence of storage systems and the improvement of some transmission capacity introduce a high
level of flexibility for the system which is then able to accept higher amount of VRES plants also
concentrated in limited areas where the best resources arsgme

As installation of storage systems and investments in transmission lines provide similar berleét o
system, and in some way compete one against the other, during the detailed planning of the system
(network and generation) it is necessary to exé actual opportunities and constraints for each project

in order to select the best solution for every different case.
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3.3.2 Brazil

Expected operation of Brazilian system has been simulated without considering interconnections to the
neighboring countries. As described[1], it is characterize by a very huge extension and it is divided

in four main areas: Norte (N), Nordeste (NE), Sudeste/Centro (SE/CO) and Sul (S). Each area is again
divided in different States.

The simulations have been carried out considering the detailed model of the ajemefleet and the
transmission network, looking for possible overloads on the EHV lines (equal or abdvé)3@#ween

different states and between the areas.

3.3.2.1 Reference Scenario

The simulation of th&eference scenarifor Brazil shows:

- Aninadequacyf the analyzed system, with EENS equal to ar@xid* of the total load.

- Overallgeneration costsare about13,000M$, which include the costs due to redispatching|
solve curtailments equal tolAVi$.

- Expectedyeneration by P\power plants around 18Wh @bout 1,850 EOH) without generatiol
curtailment.

- Expectedgeneration by windpower plants close to 11PWh (nearly 3,90&0H) with the
presence of some overproduction conditions.

- Nearly no cases where the power flows through slkeetionsbetween areasre at the NTC Iimill

In the Reference scenario, the Brazilian system steogeneration inadequacy due to the fact that the
generation fleetin this scenarias the one foreseen by EPE at 2026 while the load has been increased up
to the value expectedt®2030. The total EENS is nearly #8&h, which is abouBx10%p.u. of the load.

The main reason for EENS is lack oflalvks power, and in minor partlack of interconnectionbetween

areas This suggests that the lack of power is distributed in all the amedshat the interconnections

are well sized

Table31 - Expected Energy Not SupplieBrazilian Reference scenario

9

N 143718 5 3,690 18127
RENETE 47,088 7,131 3,636 57,855
| SEICO | 169104 0 1,418 170522
| EENSTOTA 230570 7,190 8,744 246,504

In this context, the generation costs are high@ut13,000M$/year) due to the usage of also expensive
plants which are often required to cover the peak demand. On the other hand, it is possible to observe
that there are conditions with overgeneration, due to the presence of a big amount of hydropower
plants, thepresence of an already considerable amount of VRES plants and the need to keep in service
many thermal plants needed for the high demand hourslowever, these conditions cause some
curtailments of the hydro and VRES generation, which in the real operatitihe systemmight be
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reducedwith a more optimized short term planningf the power plants It is anyway important to
highlight that the curtailments due to overproduction might become the limiting factor for the
installation of big amount of VRES plants

Table32- Total production and fuel costsBrazilian optimal scenario

ALL PRODUCTIONS & FUEL COSTS BEFOR
GENERATORS e VARIATION AFTER REDISPATC

AREA

Reduction GWhlyear [ GWhl/year
GWhlyear | M$/year Min. Tec.GenGWhiyear M$/year

136,645 1,116 1,344
203918 2,297 1,315 -285 48 -18
468,021 6,740 0 -26 142 23

218042 2,745 0 -5 103 26
1,026,626 12,898 2,659 -317 318 41
Concerning VRES productidmble33 and Table34 show the main figures related to PV and wind plants

respectively. Also for #m curtailments due to overgeneration conditions are already present, especially
for wind which is present also during low load periods in the night.

Table33- Total production of PV plantsBrazilian Reference scenario
PHOTOVOIAIC PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWh/year GWh/year

0 0 1,899

3,673 49 0 0 2,070

14,124 0 0 0 1,812
0 0 0 0 =

17,989 60 0 0 1,859

Table34 - Total production of Wind plants Brazilian Reference scenario
WIND PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWhl/year | GWhl/year

0 0 3,500

94,797 1,266 0 0 3,934
102 0 0 0 3,636
16,062 0 0 0 3,626
111,845 1,309 0 0 3,882

Table35 summarizes the energy exchanges between the areas. There is a clear energy flow from the
Norte, Nordeste and Sul areas to the central ¢equal to nearly 103Wh) where most of the load is
concentrated. But thanks to the high NTC values, the limits are almost never reached.
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Table35 - Interconnections- Brazilian Reference scenario

ENERGY EXCHANGES [GWh/year] SECTION LIMI

DISPATCHING DISPATCHING [hiyear]
8246 8246 6774 13022 7,373 13,300
- 7900 6,000 30,216 1248 30297 1,246 0 0
. N |[[SE/CO 17510 11900 44,041 609 43777 643 0 0
| NNE | ISEI€O] 20850 19,800 72,984 1138 72776 1145 42 0
| SEICO s ] 12300 9800 751 31,745 750 31,842 0 29

Figure 12below provides a visual summary of the operation of fBeaziliansystem in the reference
scenario, highlighting the generation mix per areas,a@hergy exchanges between are#ise curtailed
VRES production and the amount of thermal energy to be redispatched to solve network congestions.
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NE N SECO 8

LEGEND:

COUNTRY - AREA

ENERGY EMERGY

Llown Hﬂ [Gwh]
conceznow

Figurel2- Total production and energy exchange®razilianReference scenario
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3.3.2.2 Scenario with optimal economic amount of additional VRES

At the end of the computational process depictedFigure9, the optimal amount of additional

VRESwith respect to the installed power already considered in the Reference scenario is

11,000MW of PVand 10,000MW of wind power plants, with a total of instld storage of about

3,400 MW The total amount reaches nearly &W, divided 35% PV and 65% wihleexpected

LCOHor PV is 4.7 $/MWh, and for wind 9.6 $/MWh.

There isno need for new thermal generationand the load increase from 2026 to 2030 can|

covered with VRES plants only.

With these additional VRES power plants the system reacgesdadequacywith a value of EEN|

around0.7x10° of the total demand.

The investment in PV, wind and relevant storage provides benefits for the syateond

3,200 M$/year (thanks to savings in the generation costs egdliction of EENS).

The amount of additional power turns out to be quite balanced between the VRES techn¢

because in general wind power plants have higher production but PV is cheaper irofeanmauity

per installedMW, so more power plants can be installed with a lower amount of money.

In this new scenario:

- Thetotal EEN3eachess.6 GWh, equal to aroun@.7x10° of the total load.

- Overallgeneration costdlecrease to B70 M$ thanks to theVRES production which replac
thermal expensive generation. The part of costs due to the presence of network conge
remains arouncs0 M$.

- Expectedyeneration by P\plants is almost 40Wh, with curtailments increasing up to I'8Vh
(about 3.8% of tal PV production).

- Expectedyeneration by windpower plants higher than 145Wh (more than 36080H) and :
curtailment of about5,900 GWh (abouB3.9% of the total wind generation).

- Theenergy exchanges between areawcrease, with the SE/CO area receivéibgut 130TWh
from the neighboring ones. The sections reach the NTC limits less than 200 hours.

At the end of the calculation of the optimal economic amount of additional VRES plants with respect to
the Reference scenario, the resulting values are the ones list€dlile36.

Table36 - Additional and total VRES installed power in the Scenario with optimal economic amount [MW]

PV installed power Wind installed power
AREA Added to reference Added to reference
Total . Total
scenario scenario
430 670

1,360 1,460
6,720 8,470 5,220 28,990

0 4,480 8,910
2,790 10,590 0 30
10,870 20,520 10,130 38,600

There is no need to introduce additional thermal generation to ensure the system adequacy which can
be obtained thanks to the new energy produced by the VRES plants and a different utilization of the
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hydro resource, which can be more concentrated in theiqoks when VRES plants show a lower
production.

PV installed power becomes more than double the one in the Reference scenario, reaching more than
20GW, mainly concentrated in NE (where the best resource is available) and in SE/CO, where already in
the Reérence scenario about GW are present.

Wind installed power increased by more than@W, mostly distributed in the NE and S.

NE is theareawith highestincrease of installed power, because the best available resource, even if the
curtailments due to theincreasing overproduction conditions @@me significant and represent a
limiting factorfor further growth

The total amount of PV and wind installation reaches nearl@®0With this amount of additional VRES
power the EENS reduces considerably dowaliout 6.6 GWh, corresponding t6.7x 10° p.u. of the

load.

Table37 - Expected Energy Not Supplied®razilianoptimal scenario

119 5 578 702

655 488 890 2,033
2,716 0 1,146 3,862
0 44 0 44

| EENSTOTA 3,490 537 2,614 6,641

The generation costs are strongly reduced by the presence of new VRES plants. As usual in power systems
with increasing penetration of VRES, the need for redispatching increases bratahantcosts remain

a small part of the totalThe amount of curtaéld production due to minimum production constraint
increases up to nearly I0Wh, about 1% of the total production. This amount might be reduced in the

real operation of the system thanks to a more detailed short term planning of the thermal fleet and a
coordination in the operation of the VRES and the hydroelegpiaats.

Table38- Total production and fuel costsBrazilian optimal scenario

ALL PRODUCTIONS & FUEL COSTS BEFOR
GENERATORS Y VARIATION AFTER REDISPATE

134,643 904 3,332 -74 34 1
223,206 1,498 6,557 -312 111 1
441,755 3,791 1 -28 575 35

s 226218 1,129 13 -376 71 12
| TOTAL | 1025822 7,322 9,903 -790 791 49

Table39 shows the new production of the PV power plants, with the total amount that becomes more
than double than the Reference scenario, u@bmost 40TWh. The curtailmentdue to overproduction
conditions account for 1.3Wh that means about 7% of the new plant§able 40 highlights the
differences with repect to the Reference scenario, where it is possiblesée the impact of the
curtailments due to overgeneration on the additional production.
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Table39- Total production of PV plantsBrazilian optimal scenario

PHOTOVOLTAIQ PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING

Reduction GWhl/year | GWhlyear
444 0 0

2,655 1,519

16,975 1,029 -71 0 1,874
19,851 1 0 0 1,875
0 0 0 0 =

Table40 - Difference of total production of PV plants between Brazilian optimal scenario and the Reference one
DIFFERENCE RESPECT TO THE REFERENCE SCENARIO

PHOTOVOLTAI( PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
- Reduction Min.Tec.Gen. [ n D2 Kk § n D2 Kk & .
2 = 4
0

2,463 433 0 -380
13,302 980 -71 0 -196
5,727 1 0 0 63
0 0 0 0 -
= °

21,492 1,414 71

As far as wind power plants are concern&dble41 and Table42 report the main figures.

They produce more than 14BNh, with an increase of 34T8Vh with respect to the Reference scenario.
The curtailments also reach&TWh, four times the amount estiated in the Reference scenario,
corresponding to a bit more than 10% of themplants.

Table41- Total production of Wind plants Brazilian optimal scenario

WIND PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWh/year | GWhl/year
264 0 0

2,323 3,069
111,610 5,528 -76 0 3,657
102 0 0 0 3,636
32,290 13 0 0 3,623
146,325 5,805 -76 0 3,638
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Table42 - Difference of total production of Wind plants betweeBrazilianoptimal scenario and the Reference one

DIFFERENCE RESPECHEREFERENCE SCENARIO

WIND PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. |n D2 Kk g§ pn D2 Kk & -
2 ~
1,439 221 0 0 -431
16,813 4,262 -76 0 =277
0 0 0 0 0
16,228 13 0 0 -3
34,480 4,496 -76 0 -244

Finally,Table43 reports the energy exchanges between the areas. The import of the SE/CO area is equal
to more than 130r'Wh as most of the VRES plants are installed in NE and Sul areas and the load is
concentrated in the SE/CO. However, notwithstanding the high amount of energy exchanged between
the areas, the sections are not saturated, and reach their limit less than 200 hours in a year.

Table43- Interconnections- Brazilian ogimal scenario

ENERGY EXCHANGES [GWh/year] | SECTION LIMI
DISPATCHING DISPATCHING [hiyear]
INE 8246 8246 4,902 18205 5111 19,016 O 164
| NE |[JSEIE® 7,000 6,000 42,044 572 41,225 556 164 0
[ SE/CO 17,510 11,900 49,025 249 49,601 263 0 0
ISEICE 20,850 19,800 90,216 516 89,976 518 126 0
S 11300 9800 @ 311 39,766 311 39461 0 100

Table44 shows the main figures in terms of costs and benefits for the system which summarize the
difference between the Reference scenario and the one with the optimal amount of VRES. It is possible
to see that the advantages for the system are significant, mainly thanks to the replacement of expensive
thermal generation.

Table44 - Total benefit¢ Brazilianoptimal scenario with respect to Reference scenario

ELECTRICAL SYW8 ECONOMIC BENEFI

ADDITIONALRES 21,000 -2,660
NEW STORAGE 3,400 -190
S Gunyesr | wusoyer |
TOTAL THERMAL GENERATIC -54,707 5,567
RES CURTAILMENT 6,123 -
TOTAL EENS -240 480
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The followingFigurel3provides a visual summary of the operation of Br@aziliarsystem in theoptimal
scenario, highlighting the generation mix per areas,a@hergy exchanges between aredise curtailed

VRES pduction and the amount of thermal energy to be redispatched to solve network congestions.
With respect to the Reference scenarieigurel?2) the wind production inarases from 11% to 15%
mainly replacing energy generated by Natural Gas plants, which decrease from 14% to 10%. PV, due to
lower installed power and lower equivalent hours, has a more marginal part in the energy mix of the
country. Energy exchanges betwettie areas increase, and this cause also an increase of the network
losses, so part of the benefit due to the new VRES generation (more fhfmpis lost.
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Figurel3- Total production and energy exchange®razilianoptimal senario

3.3.2.3 Optimal scenario without the storage

Due to the special configuration of the Brazilian system with a massive presence of hydropower plants
often with considerable modulation and reserve capacity, a simulation has been carried out without
considemg the investment in storage systems along with the new VRES power plants.

The main results are reported Trable45: in absence of additional storage plants, EENBgmmeration

costs increase only slightly because a different utilization of the hydro resource can avoid lack of power
without requiring very expensive thermal generation. This means that the storage resources already
present in the system in the hydrop@wplants can be useful for the development of the VRES in the
system.

In fact electric storage was inserted in the systerfatlitate the dispatchability of the new VRES power
plants, avoiding that high reserve needs should be compensated by other technologies. However, in
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systems where reserve is significantly provided also by hydropower plants with a limited cost, the
storage associated to the VRES plants might be partially reduced relying on storage and modulation
resources already existing in the system. In this case, the hydropower plants must be operated in a more
flexible way and welharmonized with VRES plants, in arde cope with wide variations of VRES
generation and avoid degradation of the system adequacy. A deeper coordination of the system resource
and agreements between different power plants owners must be also required to keep high
performances of the wholeystem. This coordinated operation of different technologies should be
managed by system operator who is in charge to ensure the reliable dispatching of the resources coping
with possible load and generation variations. It might have impact on commercegragnts, in case
system needs require modification of powgroductioncontracted by generation plantsand must be

also addresseth a proper regulatory frameworklear rules, rights and duties the different involved

parties have to be definedaking into account costs and advantageswhich they incur in case an
improved coordination and different reserve mamagent are required as services for the system

The investment in localized storage systems placed close to the VRES power plants isuaajulay
facilitate the insertion of new plants also in remote locations of the power system, because the operation
can be optimized locally.

Table45- Total benefit¢ Impact of Storage in the Braziliaoptimal scenario

ELECTRAC SYSTE|l ECONOMIC BENEFI
0 0

ADDITIONALRES
NEWSTORAGEVOIDED 3,400 190
T Gwhyewr | wusoyew
TOTAL THERMAL GENERATIC 406 -46
RES CURTAILMENT 338 -
TOTAL EENS 1 -2

3.3.2.4 Sensitivity with increased installed powerselected hydropower plants

A sensitivity casef the optimal scenaritnas been performedonsidering an increase of thestalled
powerin some selected hydropower plants, as indicated inSR&/ANEEL Technical Note No. 026/2011
This note provides aanalysigo estimate the amount of energy and peak generation possibéelected
power plantsprovided that water is availableTable 46 reports the hydroelectric power with the
expansion capacitgxpressed in MW.
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Table46 - Hydroelectric power plants with expansion capacity

Hydropower plants Expan[s'\|/|ov\rr/:]apa0|ty

Sao Siméo 1075
Trés Marias 123
Jaguara 213
Porto Primavera 440
Luiz Gonzaga 1000
Gov. Bento Munhoz 838
Taquarugu 105
Rosana 89
Curuag Uma 10
Cachoeira Dourada 105
Salto Santiago 710

In the simulation carried out with GRARE tool, the amount of water available during the year in these
hydropower plants has been kept equal to the previous cases (i.e. the maximum amount of energy which
can be produced remains the same), but thanks todlferent installed power, the production can be
concentrated more in periods wheigher generationis needed and wasted water (if any) can be
reduced. In other words, the increase of the installed power allows a more flexible operation of the
plants, am higher focus on peak demand periods.

The main results of this simulation are summarizedTable47: as expected, with the considered
increased hydroelectric capagithere is reduction of the thermal generation costs and a slightly
reduction of the EENS. In this case the overall system present a total economic benefit equal to
15M$lyear.

Table47 - Total benefitg Sensitivity scenario withncreased installed power in selected hydropower plants

ELECTRICAL SYS| ECONOMIC BENEFI
0 0

ADDITIONALRES
NEWSTORAGE 0 0
T Gwhyewr | wusoyerr |
TOTAL THERMAL GENERATIC -123 14
RES CURTAILMENT 22 -
TOTAL EENS -0.5 1

TheBrazilian system obtains a benefit from the presence of higher installed power in some hydroelectric
plants in terms of reduced thermal costs thanks to the possibility to shave peaks/addhe usage of
expensive generationn the real time operation, benefits might become even higher thanks to the
contribution that additional installed hydroelectric power can give to frequency regulation, reserve
provision and other ancillary services that otherwise should be bought from othergiems and might
require additional expenses to keep dispatchable generation available.
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No significant variation in the curtaientof VRES and hydropower generation is observed, meaning that
no impact on the optimal amount of VREBwer plants can be exgted, as the main economics
(generation costs, EENS, production curtailments) remain very similar.

3.3.2.5 Final considerations dBrazilianisolated system

The optimal solution for additional VRES installations define8.32.2 able to ensure a proper
adequacy of the Brazilian power system, includes 20,520 MW of PV, 38,600 MW of wind power plants
and storage of about 3,400 MW. With these additionaE¥Rbower plants the system reachegomd
adequacywith a value of EENS around 0.7 b the total demand.

LiQa ¢2NIK KAIKEAIKIAYT GGKIFIG y2 ySSR FT2N ySg (K.
increase from 2026 to 2030, and that the generation planned by EPE at 2026 plus the additional wind
and PV plants individuated in this study is enoughnsuge a good adequacy of the system. Also the
transmission system defined in the PDE2[Z&hows adequate exchange capacities between the areas
and the states. Laal network reinforcements might be needed to connect the huge amount of new
plants resulting from the performed analysis, and the definition of the specific projects must be
evaluated with detailed studies focused on the real requests for connectionstjfidag for each case

the best solution.

Thesimulations showed an already hitgvel of flexibility for the systerthanks to the massive presence

of hydroelectric power plants with regulation capacity. This characteristic allows a high penetration of
the VRES plants (wind and PV reach in the optimal scenario 25% of the installed capacity and supply
more than 20% of the loadYhe high share of hydroelectric generation is on the other hand also the
limiting factor for further VRES penetration, as the infotion of additional generation would cause an
increase in the risk of curtailments due to the overproduction situations, making the construction of new
plants not convenient from the economic point of view.

In presence of high VRES penetration, the opienaof the system might require an increase of the
coordination between dispatchable hydroelectric power plant and the variable ones in the short term
planning and in the real time operation, in order to ensure that proper reserve is available in tamsyst

to face possible variation in the production which become significant in absolute values. This improved
coordination, needed as a new system service to be provided by generation plants, must be clearly
identified and addressed through a proper regulgtdramework, which shouldake into account
technical constraints and alsadvantages and disadvantagesich the system and the generation
companies might incur when required to be operated in a different manner.
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3.3.3 Uruguay

In this Chapter the main resultslated to the isolated Uruguayan power system are presented. First of
all the results of Reference scenario are illustrated. Then a simulation with increased amount of PV
production is reported, concluding that when considered isolated, the Uruguayaensysith the
generation fleet planned at 2028alreadyadequate and it is not convenient to install additional plants.

3.3.3.1 Reference scenario

The simulation of th&eference scenariof the Uruguayan system shows:

- Good adequacywith EENS due to lack pbwer or line overload around 0@Wh, equal tc
around 2.7x16 of the total load.

- Expectedgeneration by PVpower plants around 34&Wh (1,500 EOH) with a negligill
curtailment.

- Expectedyeneration by windpower plants close to 4,306Wh (about 2,77&0OH and a limited
curtailment of 25GWh, due to overgeneration conditions.

The operation of the Uruguayan system in the Reference scenario, isolated from the neighboring
countries, has been simulated. The energy production by Salto Giayteelectric plat has been
included in the system for an amount slightly lower than half of the expected energy produced, according
historical values, in order to take into account the expeate@drgy balancén the real interconnected
system.

The main results are presed in this paragraph.

FromTable48, it can be seen that the Uruguayan power system has a good generation adequacy even
when considered isolated. This is due to tansiderable presence of hydropower plants, the strong
penetration of the wind and the operath of the new CCGT in Punta degre, currently under
construction. EENS is mainly due to line overload and lack of power, both generating about
0.2 GWhl/year ofEENS.

Table48- Expected Energy Not SuppliedJruguayan Reference scenario

[MV\I/ErI1E/$§ar] Lack of Powe Lack of interconnection | TOTAL
[ TOTALUTE 15 204 1 41

99 8

Costs for generation are evaluated abd40M$/year.

The following tables show the results of the Reference scenario for the Wind and PV production.
As regard PV generatiofdble49), the total productioris around 34@GWh/year, no significant need of
PV production curtailments is required. The equivalent operating hour is h/year.

Table49- Total production of PV plantg Uruguayan Reference scenario

PHOTOVOLTAIQ PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING

Reduction GWhlyear | GWhlyear
[OUTOTALUTEN| 344 05 0

-0.03 1497
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As regard wind generatiofméble50), the total production is a bit higher than 4,3@Wh/year with an
equivalent operating hour approximately of 2,770 h/ye@omewind energy curtailmers due to
overgeneratiorare already present in this condition, even if in a limited amouamigl estimated around
25GWhl/year. This value can be reduced during operation with a more flexible management of
hydropower plants and in the real conditions also thanks to the strong int@ection capacity with
other countries.

Table50- Total production of Wind plantg; Uruguayan Reference scenario

WIND PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWhl/year | GWh/year
~ TOTALUTE | 25 0

4,336 -0.4 2771
In Uruguaythere aresites with wind resource availabilityhich can reach capacity factors up to 40%
and higher, buduring the operationin the last years they had to be curtailed due to overgeneration
conditions. The introduction of the Punta del Tigre CCGTuctrer stressthis critical conditions athis
new power plantintroduces in the system additional minimum power generation comstsaandwill
compete against other generation facilities.
LCOE of PV and wind plants is expected to be about¥88/h and 60.33/MWh respectivelyjn case
curtailments similar tahe ones happened in the past have to be maintained also in the fuburease
EOH for wind generation can increase up to 3bq@orresponding to a 40%apacity factoy thanks to
reduction of curtailments, the corresponding LCOE would decrease to valuesl@®#miwh.

3.3.3.2 Scenario with optimal economic amount of additional SRE

The results of computational process depictedrigure9 shows that the optimal amount of VRI
installations is already reached in the reference scenario, where the installed capacity is
230MW of PV and 155MW for wind.

To show the nogconwenience to install additional VRES plants, in this paragraph the re
obtained considering an additional 100 MW of wind power plant are reported.

- TheEENSemains equal to the previous case.

- Expectedgeneration by Pfemains the same, whilgenerationby wind increases due to thq
additional plants. Curtailments also increase due to a bigger number of overgene
conditions.

- Thegeneration costslecrease by 1M$ thanks to the VRES production which replaces thel
generation but the investment needet install 2100MW new wind power plus the relate
storage system is nearly the double, so it means that there is no advantage for such inste

The followingFigure14 provides a visual summary of the operation of the Uruguayan system in the
identified scenariphighlighting the generation mix, the curtailed production and the amount of thermal
energy to beredispatched to solve network congestions.
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It is possible to see that a part of the energy coming from the Salto Grande hydroelectric plant is curtailed
due to overproduction (in periods with low load or also high wind and PV production). In the real
operation of the Uruguayan system, this energy can be saved with a more detailed production planning
also based on short term forecasts, but above all thanks to the interconnections with neighboring
countries, not considered in this isolated analysis, whiétbwathe export of the energy surplus. In
particular, the Salto Grande production can be better modulated with proper agreements with
Argentina, exploiting the interconnection capacity made available by twdk®0hes. This case will be
better analyzed irChapter3.3.4 focused on the operation of the interconnected systems.

However, when the interconnection capacity with neigbouring countries in not exploitedignéicant

way, the Uruguayan system shows an already sufficient generation fleet with economic resources such
as hydro and VRES, which makes no profitable the introduction of additional VRES plants.
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Figurel4- Total production and energy exchangesUruguayanscenario

3.3.3.3 Final considerations on Uruguayan isolated system

Uruguayan generation fleet has been improviagthe last years with the introduction of a considerable
amount of wind power and the construction of the new@&ICplant in Punta del Tigre. Also some
important improvements of the Uruguayan transmission system are foreseen in the next years and
simulations show that the risk of lack of power and overloads is mitigated.

Simulations show that the current amount ofndi power plants is already the optimal economic one
when considering the system as isolated, so with high risk of production curtailment in case of
overproduction (as already happened in significant way in the past yedus) to impossibility to
evacuate he power in excess towards neighboring countries.
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Due to the high interconnection capacity compared to the dimension of the Uruguayan power system,
different conclusions might appear when the system is considered connected to others, as the VRES
production might be exploited with lower curtailments.
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3.3.4 Interconnected countries

Following the analysis of the ArgentinjaBrazilian and Uruguayaystems considered as isolated, in
which the optimal economic amount of VRES power plants that each country indiyidaa accept
without jeopardizing the security of the power system has been evaluated, in this paragraph the results
of the analysis of the interconnected systems are presented.

The evaluation of the operation of the systems together and the assessnighe denefits that an
additional amount of VRES plants can bring to the whole system is carried out starting from the
configurations obtained at the end of the analysis of the isolated systems, i.e. including the VRES plants
resulting at the end of the gwious optimizations.

When two systems are interconnected, a new simulation is required imposing an energy exchange equal
to zero (i.e. simulating again the systems as they were isolated): this new simulation becomes the
reference against which all the foling ones will be comparett.is necessary because of the simulation
method, which, based on Montecarlo approach, analyses thousands of different configuration of the
system extracted randomly according their likelihood to happen. When the configui@ititve system
changes (from two single countries to one single scenario), new sets of system configurations are
extracted, and small differences can appear with respect to the ones utilized during the analysis of the
isolated cases. For this reason, a nmeference scenario is necessary, which contains both the systems
and that can become the starting point for the comparison when the interconnections are introduced,
ensuring that the results obtained for the scenarios with the interconnections are basedyeon the

same sets of configurations used as reference. Because of the change of the system conditions
considered during the probabilistic analysis, this new simulation can show some minor variations with
respect to the results presented for the siagsolated countries.

When this new reference scenario with thid@rconnected countries is available, further simulations can

be carried out considering the possibility to exchange energy between the different systems. The
simulations identify theexpected behavior of the interconnected system minimizing the production
costs, i. e. sharing the generation when convenient. From the comparison between this scenario and the
sum of the isolated cases, it is possible to assess the maximum advantageshehidiole system can
experence from the interconnections.

In the real operation, the energy exchanges between the countries are subject to bilateral agreements
between the governments and require also proper regulatory framework. The mofiexible
coordination of thewhole system is allowed exploiting the interconnection to the maximum level, the
closer the benefits will be to the ideal case.

Due to the complexity of the system which includes portion of the network with different frequency
(Argentha and Uruguay are operated at bi2, while Brazil is at 68z, so in real operation they are
coupled through ACAC converters which introduce different control parameters which influence the
power flows on the network), the interconnection of the cotes has been carried out in two steps,
starting from the 5(Hz countries and adding Brazil afterwards.
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3.3.4.1 Reference scenarfor Argentina andJruguayinterconnected systems (%@ countries)

A new Reference scenario has been analyzed including both tlentirian and the Uruguaya
systems, without considering any interconnection between the courttriés regard PV and win
installed power, the values established in the previous simulations, corresponding to the o]
amount of VRES installations, haaen considered. The installed capacity in the different are:
reported in the following table.

Table51- Total VRES installed capacity in Reference scenario for ARG and UY interconnected [MW]

AREA PV installed power Wind instdled power

1,100 8,400
9,000 300

0 5,200

230 1,550

The simulation of this scenario, which becomes the reference for the evaluation of the be

introduced by the interconnection, shows results in line with the sum of the resblizined for

the two isolated countries independently:

- EENSsaround 1.3GWh; it is about @x10° of the total load.

- Overall generation costare close to 6,97M$; of which 60M$ due to presence of networl
congestions.

- Expectedgeneration by P\power phants around 23,50GWh (2,20 EOH) with a curtailmen|
of 559GWh, corresponding to 2.3% of the total PV production

- Expectedgeneration by windpower plants close to 61,30BWh (about 3,99 EOH) with a|
curtailment ofnearly1,300GWh, corresponding to 2% thfe total wind production

These values become the reference for the quantitative evaluation of the benefits generated
interconnection between the countries.

The detailed results of the simulations of Argentinian and Uruguayan systems todathanot
interconnected are reported below. The system configuration and the generation fleet are the ones
resulting from the evaluation of the optimal amount of additional VRES carried out on the isolated
countries 8.3.1.2and3.3.3.9.

Results are aligned with the ones obtained with the simulations raflsicountries, but some small
differences can appear due to different probabilistic simulations applied to both countries togatter

due to the fact that the hydroelectric power plants of Salto Grande is now connected to both countries
simultaneously The new Reference scenario for the evaluation of the benefits resulting from the
interconnection is then briefly presented.

8 Even if no interconnectisare considered between Argentina and Uruguay, the countries are not completely
independent as the Salto Grande hydroelectric power plant is shared between them. This fact introduces some
differences with respect tthe isolated cases because the optintiaa of the production is performed taking into
account the demand in both countries and not only in one of them.
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The following tate shows the EENS, expresset&gh/year, split by area and reason. The greatest part
of EENS is concentrated ing&ntina, in NWE area, and it is mainly due to lack of interconnection. This
lack of interconnection mostly correspond to the lack of power found in the simulations of the single
country, which are now counted as interconnection problems because some poowgd be available

in the other country if there were an interconnection available. Line overloads not solved after
redispatchimg cause 170AWh/year of EENS

Table52 - Expected Energy Not Suppli€dARG and UY interconnected Redaice scenario (NTC=0)

e =

84 22 139

. NWE 78 8 854 940
- UuTE 0 128 87 215
~ ToTAL 162 170 963 1,295

Table53 shows the total energy produced in each area and the related costs. These costs are only due
to thermal power plants. In reference scenario overall generation costs including redispatching ar
around 6,828 M$/year in the entire system (Argentina and Uruguay).

Table53- Total production and fuel costsARG and UY interconnected Reference scenario (NTC=0)

| PRODUCTIONS & FUEL COSTS BEFQ
ALL GENERATO REDISPATCHING VARATION AFTER REDISPATCHI
Reduction
AREA GWhlyear | M$/year Min.Tec.Gen. S| el M$/year
DP <0 DP >0
GWh/year
0 67

152,807 5,102 -1,173 2,048
51,457 1,583 500 -552 208 -10

31,369 91 772 -484 27 -5
10,351 132 56 -593 870 8
254,396 6,908 1,470 -3,151 3,153 60

The following table shows PV generation before redispatching and PV curtailments after redispatching
for each area of the system. Total production is around 23®@h/year. Thenergy curtailed after the
redispatching phase is negligible, only ®Wh/year that is less than 0.3% of total production,
concentrated in NWE as expected.
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Table54 - Total production of PV plantsARG and UY interconnected Reference scenario (NTC=0)
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

2,089 0 1,895

493 -57 0 2,337
0 0 0 =
ooowuE o o 230 1475
495 -64 0 2,271

As regard wind generation, total production is around 61,8Wh/year, as illustrated imable55. The
production is mainly concentrated in Argentina. The energy curtailed after redispatching phase is
461 GWhlyear that is less than 0.8% total production.

Table55- Total production of Wind plants ARG and UY interconnected reference scenario (NTC=0)
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER

WIND GENERATO REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

34,567 -115 4,097
767 7 =8 0 2,523
22,997 -268 4,237

_ 62,638 833 -461 0 3,971

As shown inrable56, there are no exchanges between Argentina and Uruguay as expdictesh be
observed a stronger reduction of the Salto Grande production towards Uruguayesjibct to the value
obtained in the isolated case (the final energy exchange is 3388 against 4,016Wh), because of a
different production profile resulting when considering the whole system.

Table56 - Interconnections- ARGand UY interconnected reference scenario (NTC=0)

ENERGY EXCHANGES [GWh/year]
SECTION LIMIT

AREA Al AREA B NTC [MW] BEFORE RE AFTER RE REACHED [hyear
DISPATCHING DISPATCHING

- 4250 4250 21,387 20,926 14

PNWEY 4300 4300 11,669 7,029 11765 6780 5 243
- 1,000 10 4,206 0 4,206 0 1321 2257
- 1,000 10 4,206 0 3,857 0 755 312
T T
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Once the new reference scenario with thgo isolated countries is ready, a simulation to assess the
effects of the interconnection and the possibility to exchange energy between the countries is run: the
operation of the two systems together, with exactly the same generation fleet, is evaltatpeantify

the amount of energy flowing through the interconnections and the possible fuel costs savings.

Finally, the simulation with the additional VRES power plants, which becomes acceptable by the systems
thanks to the interconnection, is performedn@ the benefits provided by the new plants are also
assessed.

3.3.4.2 Argentina and Uruguay interconnected

Simulations with different values of NTC between Argentina and Uruguay have been carried out to define
the impact of this constraint on the optimaktonomic operation of the interconnected system. Due to

the fact that the interconnection is composed mainly by two &Ed0lines, the maximum value applied

to the section is 200MW. The cases with 100@W and 500MW NTCs are also analyzed and briefly
presnted.

NTC = 200MW

This scenario represents thargentinian and Uruguayan power systems interconnectétth the

possibility toexchange up to 2,0000W, limit which corresponds nearly to the sum of the capabilities of

the lines belonging to the cutset.

The presence of the interconnection provides the following main variations with respect to the

Reference scenario:

- A completereduction of the EENffom more than 1.35Wh to 0.085Wh (94%). The final EENS
corresponds to about 2.8x¥f the total load.

- Ovwrall generation costare reduced by 17®1$. Salto Grande also needs a lower curtailment
because the produced energy can be exchanged between the countries.

- Expectedgeneration by Pihcreases respect to the Reference scenario; PV curtailment o6823
with a reduction of 23@Wh (42%) with respect to the Reference scenario.

- Expectedgeneration by windncreases respect to the Reference scenario; Wind curtailment of
968 GWh with a reduction of 316Wh (24%) with respect to the Reference scenario.

- Energyexchanges between the countriegiual to 2.32TWh from Argatina to Uruguay and
2.26TWh fom Uruguay to Argentina, therefore the section between Argentina and Uruguay is
balanced (the loading of this interconnection is 13% in both directions).

The presene of the interconnection providdsenefits for the whole systesvaluated equal to 178$.

NTC =1000MW

The Argentina and Uruguay interconnected scen&idg been studiededucing the NTC limit to

1000MW.

The main results of this scenario withspect to the reference scenario are:

- Areduction of the EENBmM more than 1.35Wh to 0.365Wh (72%). The final EENS corresponds
to about 3.2x16 of the total load.

- Overall generation costre reduced by 1681%.
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- Expectedyeneration by Pihcreases rgpect to the Reference scenario; PV curtailment of GR4h
with a reduction of 23%5Wh with respect to the Reference scenario.

- Expectedgeneration by windncreases respect to the Reference scenario; Wind curtailment of
988 GWh with a reduction of 306Wh with respect to the Reference scenario.

- Energy exchanges between the countrezgual to 2.26TWh from Argatina to Uruguay and
2.16 TWh fom Uruguay to Agentina, therefore the section between Argentina and Uruguay is
balanced (the loading of this interconnection is 26% in both directions).

The presence of the interconnection providesnefits for the whole systeevaluated equal to 17M$.

NTC 500 MW

The last scenariagonsidersghe Argentina and Uruguay power systems interconneetiékd a NTC limit

equal to 50aMW.

The following main variations with respect to the reference scenario are present:

- Areduction of the EENBmM more than 1.35Wh to 0.49GWh (-62%). The final EENS corresponds
to about 4.5x16 of the total load.

- Overall generation costre reduced by 1581$.

- Expectedyeneration by PVhcreases respect to the Reference scenario; PV curtailment oG8i6
with a reduction of 213&%Wh ¢38%) with respect to the Reference scenario.

- Expectedgeneration by windncreases respect to the Reference scenario; Wind curtailment of
1,036GWh with areduction of 2585Wh (20%) with respect to the Reference scenario.

- Energy exchanges between the countrezgual to 1.59TWh from Argatina to Uruguay and
1.56TWh fom Uruguay to Argentina, therefore the section between Argentina and Uruguay is
balanced(the loading of this interconnection is 36% in both directions).

The presence of the interconnection providasnefits for the whole systeevaluated equal to 15M$.

The followingTable57 compares the main results.

Table57 - Main results for different NTC values between Argentina and Urug{iyV]

Reference NTC NTC NTC

scenario 2,000MW 1,000MW 500MW
EENS [GWNh] 0.36 0.49
Total generation costs

GacKkdSlNB 6,970 6,798 6,802 6,817
PVproduction [GWh] 23,500 23,735 23,735 23,710
Wind production [GWh] 61,300 61,616 61,606 61,560

Exchanges [TWh]

ARG-> U S 2.3 2.3 1.6
ARG < UY = 2.3 2.2 1.6

It is possible to note that the results in case the NTCs is set at RI@00r 1,000MW are very similar.
The reason is that the interconnection capacity is very high compared to the peak load in Uruguay, and
it is not fully used also because hydropoweark, VRES and thermal power plants with their technical
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minimum are already supplying most of the demand. Interconnections are needed only in case of
unbalances due to high variation of VRES plants and errors in the load and production forecasts, and the
required amount is not higher than 1000W. On the contrary, it is possible to see that setting the limit

at 500MW can introduce some constraints which impede the operation of the interconnected systems
at the optimal conditions.

For this reason, the lirhiof 1,000MW has been selected as basis for the following simulations. As
explained, this value does not affect the economics of the system, ensuring that form technical point of
view there are no issues also in case one of the interconnection linesltifect, the 2000MW power

flow can be maintained also with only one line without exceeding its temporary capability.

It is important to underline that the definition of an NTC value does not depend only on technical issues,
but often is more determinedby political or strategic decisions, which must be supported by technical
possibilities but which might differ significantly from the optimal solution.

The resulting conditions and energy exchanges are depictejurel5
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Figurel5- Total production and energy exchangesArgentina and Uruguay interconnected NTC=1,00W/
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3.3.4.3 Additional VRE® Argentinean and Uruguayan interconnected system

In order to verify whether the interconnection of the Argentinian and Uruguayan power sys
allows theintroduction of further VRE®ower plants, two additional cases have been analyz
considering an NTC value equal to 1004/:

1 additional 100 MW oWwind power plant installed in Argentina.

9 additional 200 MW of wind power plant installed in Uruguay.

The results show that the optimal amount of VRES installation is already reached in the is
scenario and that the presence of the interconnectionvisetn Argentina and Uruguay does r|
modify significantly the optimal values found. The investment in new wind power plant is lowe
the benefits generated for the interconnected power system.

The presence of the interconnection lines in fact on one chaeduces the overgeneratio|
conditions, limiting the curtailed energy and thus allowing a higher number of equivalent hot
the new installed plants, fostering the relevant investments. But on the other hand,
interconnection reduces also the cotidns with lack of power, energy not supplied or with t
usage of expensive thermal generation: in this way, the interconnection contributes to flatte
price profiles thanks to the possibility to share economic generation between the countries,ra
this reason the energy produced by VRES plants generates less benefits because replaces
generation. The result of these two opposite effects is that the investment in new plants
profitable.

Table58 and Table59illustrate the benefits introduced for the whole system by thdditional 200MW

wind power plant installed in Argentinand in Uruguay respectively. In both cases it is possible to note
that the cost for the installation of new wind plants and relevant storage is higher than the savings in the
thermal generation costs, meaning that the @stments is not profitable from a system point of view
and there is no advantage in the construction of new plants.

Table58 - Total benefit¢ Additional 100 MW wind power planin Argentinawith respect toNTC=1,008cenario

ELETRICAL SYSTH ECONOMIC BENEFI
100 -19

ADDITIONALRES
STORAGE 12 -1
ADDITIONAL DISPATCHABLE 0 0
T Gvhyer | wusoiyear |
TOTAL THERMAL GENERATIC -272 14
RES CURTAILMENT 126 -
TOTAL EENS 0 0
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Table59 - Total benefit¢ Additional 2100 MW wind power plantn Uruguaywith respect toNTC=1,008cenario

ELECTRICAL SYS] ECONOMIC BENEFI
100 -16

ADDITIONALRES
STORAGE 12 -1
ADDITIONAL DISPATCHABLE 0 0
T Gwhyewr | wusoyer
TOTAL THERMAL GENERATIC -249 12
RES CURTAILMENT 17 -
TOTAL EENS 0 0

Looking at the small negative benefit resulting from the installation of additional plants in the two
countries, it might be that the optimalolution in the interconnected case is an amount of plants lower
than the one defined for the isolated cases.

This condition has not been investigated in detail because in the long term system planning every country
tends to define its own targets for thgeneration expansion and in particular for VRES power plants,
without assuming as main input the future generation expansion of the neighboring countries, especially
when huge investments are foreseen and might be subject to delays. Interconnectionstraffer
possibility to improve reliability of the power system and reduce costs avoiding situation with lack of
power or overgeneration, but it is not convenient to plan a massive energy import from other countries
when the natural resources available on ovenritory are good enough to allow the installation of VRES
plants and obtain cheap energy.

It is then reasonable that each country will try to exploit its own resource as much as possible and
avoiding strong dependency, where possilitem energy providedy other countries.
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3.3.4.4 Rderence scenario for Argentina, Brazil and Urugnégrconnected systems

A new Reference scenario has been analyzed includingipentinian Brazilianand Uruguayan
power systems togethewithout considering any interconnectiohetween the countries As
regard PV and wind installed power, the values established in the previous simule
corresponding to the optimal amount of VRES installations, have been considered. The ir
capacity in the different areas is reportedtive following table.

Table60- Total VRES installed capacity in Reference scenario for, R@and UY interconnected [MW]

PV installed power Wind installed power
COUNTRY AREA
| countey | amea | YR | M
NEC

1,100 8,400
NWE 9,000 300

PAT 0 5,200

 URUGUAY UTE 230 1,550
N 1,460 670

NE 8,470 28990
SE/CO 10,590 30

S 0 8,910

The simulation of this scenario, which becomes the reference for the evaluation of the be
introduced by the interconnection, shows results in line with the sum of the results obtaine
the two isolated countries independently:
- EENSs around 5.55Wh; it is about ®Bx10° of the total load.
- Overall generation costare close to 14,21M$; of which 82M$ due to presence of networl
congestions.
- Expectedyeneration by P\power plants around 63,506Wh 2,000EOH) with a curtailmen|
higher than1,900 GWh, corresponding to 2.9% of the total PV production
- Expectedgeneration by windpower plants close to 209,00BWh (about3,750EOH) with a|
curtailment of nearly ®00GWh, corresponding to 3% of the total wind production

These values become the reégice for the quantitative evaluation of the benefits generated by
interconnection between the countries.

The detailed results of the simulations tife Argentinian Brazilianand Uruguayarpower systems

together but not interconnected are reportdaelow. The system configuration and the generation fleet
are the ones resulting from the evaluation of the optimal amount of additional VRES carried out on the

isolated countries3.3.1.2 3.3.2.2and3.3.3.2.

9 Even if no interconnections are considered, Argentina and Uruguay are not completely independent as the Salto
Grande hydroelectric power pta is shared between them. This fact introduces some differences with respect to
the isolated cases because the optimization of the production is performed taking into account the demand in both

countries and not only in one of them.
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Results are aligned with the ones obtained with the simulations of single countries, but some small
differences can appear due to different probabilistic simulations appligti¢aountries togetherand

due to the fact that the hydroelectric power plants of Salto Grande is now connected to Argentina and
Uruguay simultaneouslyThe new Reference scenario for the evaluation of the benefits resulting from
the interconnection is then briefly psented.

The following take shows the EENS, expressed/iagh/year, split by area and reason. The greatest part

of EENS is concentratedBnazi|] in SE/CQrea, and it is mainly due to lack of interconnection. This lack
of interconnection mostly correspul to the lack of power found in the simulations of the single country,
which are now counted as interconnection problems because some power would be available in the
other country if there were arinterconnection available. Lineverloads that are not sekd after
redispatchimg produce about 30MWh/year of EENS

Table61 - Expected Energy Not SuppliedARG BRAand UY interconnected Reference scenario (NTC=0)

. NWE 0 0 605 605
N 0 4 521 525
. NE 0 155 628 783
~ sEcO 0 5 3,268 3,273
. UutE 0 0 190 190
- TOTAL 0 297 5,213 5,510

Table62 shows the total energy produced in each area and the related costs. These costs are only due
to thermal power plants. IReference scenario overall generation costs including redispatchiag ar
around 14,21M$%$/year in thewhole system (Argentina, Brazil and Uruguay).
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Table62 - Total production and fuel costg ARG, BRA and UY interconnected Reference scenario (NTC=0)

i PRODUCTIONS & FUEL COSTS BEFQ
ALL GENERATO REDSPATCHING VARIATION AFTER REDISPATCH
Reduction
AREA GWhlyear | M$l/year Min.Tec.Gen. S| (Sl M$/year
DP <0 DP >0
GWh/year

50,971 1,521 -248

31,492 -470

DRERT 223107 1486 6,482 -412
__-____

s 226123 1122 372
__-____

The following table shows PV generation before redispatching and PV curtailments after redispatching
for each area of the system. Total production is aro8&H00 GWh/year. The energy curtailed after the
redispatching phase is negligible, 0BB/GWh/yearthat isabout0.1% of total production.

Table63- Tota production of PV plantg ARG, BRA andY interconnected Reference scenario (NTC=0)
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

21,634 351 2,360

17,011 1,039 1,879

63,557 1,841 -8 0 1,998

As regard wind generation, total production is arolib,00 GWh/year, as illustrated ifable64. The
energy curtailed after redispatching phase M @&Wh/yearthat is less than @% of total production.
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Table64 - Total production of Wind plantg; ARG BRAand UY interconnectedreference scenario (NTC=0)
] PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER

UINIBASISN ST REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

6,418 -479 3,744

The followingFigure16 provides a visual summary of the operation of thegentinian, Brazilian and
Uruguayan powesystemtogether without power exchanges g@he simulation has &en carried out
without the possibility for the countries to exchange energlyighlighting the generation mix per
countries theenergy exchangeshe curtailed VRES production and the amount of thermal energy to be
redispatched to solve network congestim
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Figurel6 - Total production and energy exchangesARG, BRA and UReference scenarigNTC=0)

Once the new reference scenario with therée isolated countries is readgimulatiors to assess the
effects of the interconnection and the possibility to exchaegergy between the countries aran. The
first ones are focused on the definition of the best NTC between the countries, the following ones

evaluate the effects that interconngons have on the VRES penetration and on other operational
conditions.
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3.3.4.5 Argentina, Brazil and Uruguay interconnected

Simulations with different values of NTC between the three considered countries have been carried out
to define the impact of this constirat on the optimal economic operation of the interconnected system.
Four different cases have been simulated as reported inTeiae65.
The first caseGase ) corsiders as NTC between two countries the sum of the capabilities of the lines
connecting them, so it corresponds to the theoretical maximum value of power that can be exchange.
The detailed calculations based on the assumptiddjiare reported below:
1 the interconnection etween Argentina andUruguayis composed mainly by two 5V lines,
so the maximum value applied to the section is 2,008,
1 the interconnectim between Argentina and Brazil is composed by two HWidiCrated power
of 2000MW and 1000MW respectivelyso an NTC equtd 3,000MW has been considered;
T the interconnectiorbetweenBraziland Uruguayis composed by two HVDGth rated powerof
500MW and70 MW respectivelyso an NTC equid 570MW has been considered.
In the other casesdase 2Case 3 and Casg, 4he values of NTCs have been reduced in order to study
the interconnected power systems without a fully exploitation of the intercastioms, for example to
ensure that in case one of the line trips during the operation there are no technical issues to the
exporting and importing countries ¢(M criterion). The margin with respect to the maximum theoretical
value can become also a usefasource to face other technical issues such as unbalances due to high
variation of VRES plants or errors in the load and production forecasts, which would be not available or
available to a minor extent in case the interconnections were already loadibeiatmaximum capacity
with energy exchanges resulting only from an economic optimization.
For these reasonshe Case Zonsiders for the interconnection between Argentina and Uruguay the
optimal value of NTC obtained by the previous analysis (paragdcdi.?, for the interconnection
between Uruguay and Brazil considers B and for the interconnection between Argentina and
Brazil considers an NTC equal to B,60N.
In Case 3he NTC between Argentina and Brazil and the NTC between Uruguay and Brazil are reduced
again, and the lastase 4epresents the case with the minimum value of NTCs.
It is important also to underline that the interconnection with Brazd abtained through the usage of
static converters due to the different frequency (B@ in Argentina and Uruguay, B2 in Brazil), and
this introduces the possibility to actively control the power flows more than in an AC interconnection,
better exploitirg the transmission capacity and reacting in case of technical issues.

10 The simulations of the Argentina and Uruguay interconnected scenario (paragreqie. L'origine riferimento

non & stata trovata) show that the results obtained with NTSC equal to 2)a®0 or 1,000MW arevery similar

and the interconnection between the two countries is not fully used therefore the lower value of NTC (1,000 MW)
has been selected. In this new scenario where there is the interconnection with the Brazil the power flows between
countries chang and the interconnections could be more used.
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Table65 - Considered cases for the interconnected scenario [MW]

NTC NTC NTC
CASES ARGUY ARGBRA UY-BRA
570

1 2,000 3,000

2 1,000 2,500 500
3 1,000 2,000 400
4 500 1,000 200

The results of the different cases are briefly reported below.

Case 1
Thiscaserepresents theArgentinian Brazilianand Uruguayan power systems interconneciéth the
possibility toexchangghe maximum power (2000IW between AR®Y,3000MW between ARBRA
and 570MW between UBRA).
The presence of the interconnection provides the following main variations with respect to the
Reference scenario:
- Areduction of the EENSmM more than5.5 GWh to1.3GWh (76%). The final EENS corresgs to
about0.1x10° of the total load.
- Overall generation costre reduced by360M$.
- Expectedgeneration by PVhcreases30GWh withrespect to the Reference scenatioanks to
lower curtailments, which in this case account for Th.
- Expectedgeneation by windincreasesl.8 TWh with respect to the Reference scenaritmtal
curtailmentequal t05.1 TWh.
- Energy exchangesqual ta
A 2TWh from Argentina to Uruguay andsITWh from Uruguay to Argentina. The loading of
interconnections, evaluated anergy/limit, is 2% forARGo UYand 9% folJYto ARG
A 13.5TWh from Argentina tBraziland 6.7 TWh fromBrazilto Argentina. The loading of
interconnections, evaluated as energy/limit5it% forARGo BRAand26% forBRAo ARG
A 1.8TWh from Uruguayto Braziland 1.4TWh from Brazilto Uruguay The loading of
interconnections, evaluated as energy/limit35% forUYto BRAand29% forBRAo UY.
The presence of the interconnection providesnefits for the whole systeevaluated equal t868 M$.

Case 2

In this casethe following main variations with respect to the reference scenario are present:

- Areduction of the EENB®mM more than5.5GWh tol.2 GWh (78%). The final EENS corresponds to
about0.1x10° of the total load.

- Overall generation costare reduced by 77 M$.

- Expectedgeneration by P\increasesby 480GWh withrespect to the Reference scenarimtal
curtailmens are equal tol.4 TWh.

- Expectedgeneration by windncreases respect to the Reference scendéyomore than 1.68°Wh
curtailmert equal t05.2 TWh.

- Energy exchangesqjual ta

A 2.1Twh from Argentina to Uruguay a2 TWh from Uruguay to Argentina. The loading of
interconnections, evaluated as energy/limit24% forARGo UYand14% forUYto ARG
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A 11.7TWh from Argentina t@Braziland 6.1 TWh fromBrazilto Argentina. The loading of
interconnections, evaluated as energy/limit5é% forARGo BRAand28% forBRAo ARG
A 1.8TWh from Uruguayto Braziland 1.2TWh from Brazilto Uruguay The loading of
interconnections, evalated as energy/limit, i40% forUYto BRAand 27% forBRAto UY.
The presence of the interconnection providesnefits for the whole systeavaluated equal td86 M$.

Case 3
In this the value of NTCs betwedmgentinian, Brazilian and Uruguayan power systanes1,000MW
between ARGJY, 2,000MW between ARBRA and 40MW between UYBRA
The following main variations with respect to the reference scenario are present:
- Areduction of the EENB®mM more than5.5 GWh to1.3GWh (76%). The final EENS corresponds to
about0.1x10° of the total load.
- Overall generation costre reduced by 75M$.
- Expectedgeneration by PMncreases430GWh with respect to the Reference scenarand
curtailments are equal tmearly1.5TWh.
- Expectedgeneration by windincreases respect to the Reference scendnipo 1.4TWh wind
curtailmentaccount for nearly 5.3Wh.
- Energy exchangesqual ta
A 2.1TWh from Argentina to Uruguay addr'Wh from Uruguay to Argentina. The loading of
interconnections, evaluated as energy/limit,24% forARGo UYand12% forUYto ARG
A 9.7TWh from Argentina tdBraziland 5.2 TWh fromBrazilto Argentina. The loading of
interconnections, evaluated as emyy/limit, is55% forARGo BRAand30% forBRA0 ARG
A 1.6TWh from Uruguayto Braziland 1 TWh from Brazilto Uruguay The loading of
interconnections, evaluated as energy/limit4i6% forUYto BRAand 28% forBRAto UY.
The presence of the interconnton provideshenefits for the whole systepvaluated equal té&83M$.

Case 4
The last caseepresents theArgentinian Brazilianand Uruguayan power systems interconnectéth
the possibility taeexchangehe minimum power (50MW between AR®Y,1000MW between ARBRA
and 200MW between UNBRA).
The following main variations with respect to the reference scenario are present:
- Areduction of the EENB®mM more than5.5 GWh t02.1 GWh (62%). The final EENS corresponds to
about0.2x10° of the total load.
- Overall generation costwe reduced byi22 M$.
- Expectedgeneration by PMincreases250GWh with respect to the Reference scenario; PV
curtailments are aboutl.7 TWh.
- Expectedgeneration by windncreases respect to the Reference scenéganorethan 800GWh
and relevant curtailments are higher thamé/h.
- Energy exchangesqjual ta
A 1.7Twh from Argentina to Uruguay afd7 TWh from Uruguay to Argentina. The loading of
interconnections, evaluated as energy/limit,38% forARGo UYand16% forUYto ARG
A 5.1TWh from Argentina tdBraziland 2.9TWh fromBrazilto Argentina. The loading of
interconnections, evaluated as energy/limit5&% forARGo BRAand33% forBRAt0 ARG
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A 0.9TWh from Uruguayto Braziland 0.5 TWh from Brazilto Uruguay The loading of
interconnections, evaluated as energy/limit538% forUYto BRAand 30% forBRAto UY.
The presence of the interconnection providesnefits for the whole systeavaluated equal t@él29M$.

In all the cases, it is present also an amoointurtailed energy of hydroelectric power plants caused by
overgeneration conditions, which is considered in the performed analysis. As already explained in other
situations, this amount of energy might be reduced during real operation of the systermavaiétter

short term planning of the resources. To this aim, it is necessary to ensure a good coordination among
all the different energy sources, which might become more complex whit an increased amount of VRES
power plants.

The followingTable66 compares the results.

Table66 - Main results for different NTC values between Argentina, Brazil and Urudiviy]

_
scenario

| EENS[GWh] |

VBl GEMEEIET 625t 14,210 13,350 13,430 13,535 13,788
waeKeSlI N»B

PV production TWh] 63.5 64.0 64.0 63.9 63.7

Wind production [TWh] 208.7 210.5 210.3 210.1 209.5

RES CurtailmentsiVh] 8.9 6.5 6.7 7.0 7.8
¢c2G1Kf o0SYSTA - 868 786 683 429

It is possible to note that the results of the considered cases with different values of NTCs are very similar.
The case with the higher total benefit is the one with the maximum vadtiésl Cs (Cadl. Indeed, this

case presents the lower generation costs and the maximum production of renewable power plants.
However, the operation of the system withe possibility to saturate completely the interconnections

can bring to some criticabaditions for instance in case an interconnection line trips or some generators
are unavailable, because when the interconnections are saturated, there is a reduced flexibility for the
system to face adverse events. This can be observed in the EENSwWithds slightly reduced when a
margin in the interconnections is kept with respect to the maximum capability.

For this reason, the Case 2 has been selected as basis for the following simulations. It is important to
underline that the definition of an NT@lue does not depend only on technical issues, but often is more
determined by political or strategic decisions, which must be supported by technical possibilities but
which might differ significantly from the optimal solution.

The resulting conditionsra energy exchanges corresponding to the Caaee depicted irfFigurel?.
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Figurel? - Total production and energy exchangesArgentina, Brazil and Uruguay interconnected Case 2

3.3.4.6 Finaloptimal configuration Argentina, Brazil, Uruguay interconnected system

The presence of the interconnections between the countries improves the adequacy of the systems,
becausethe generation resourcesan be shared when necessafyrther reducing the EENS and
exploiting the cheap generation in a better way.

The possibility to import energy when needed cancels the need of the additional dispatchable generation
introduced in the Argentinean isolated system to ensure the generation adequacy and keep the EENS
below the 10° threshold. Thanks to the interconnections, the Argentinean system maintains the
adequacy even without considering the 3,0a0V CCGTs proposed in NEC and NWE areas, saving the
related investment costs which were higher than 28%/year and the fuetosts necessary to produce

about 15TWh.

This money can be invested in VRES in the areas which take advantage from the presence of the
interconnections, i.e. NEC in Argentina, Sul in Brazil and Uruguay. In these areas, the main VRES resource
is the wind, & a new optimal scenario has been identified increasing the wind installed power by the
values listed iTable67 looking to the benefits for the system and the teatadiconstraints.
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Table67 - Additional wind installed power in final optimal interconnected scenario

Additional wind
installed power[MW]

DUERS o

Table68reports the final amount of PV and wind installed power in the resulting optimal scenario.

Table68- Total VRES installed capacityfinal optimal scenario for ARGBRAand UY interconnected [MW]

PV installed power | Wind installed power Total VRES
COUNTRY JAVR{=F.N [MW] [MW] [MW]

9,000 9,300
___ . 5200
Total 10,100 14,900 25,000
o uTE 20 209 2280
Total 230 2,050 2,280
___ .20
8,470 28,990 37,460
___ 10620
11910 11,910

- Total 30,850 58,550 89,400

EENS remains very limited, equal to about GWh. Due to the removal of a CCGT in NWE, a slight
increase in this area can be observed, as reportehinlie69.

Table69 - Expected Energy Not Suppliedtime final optimal scenario for ARGBRAand UY interconnected [MW]

633

1,174 1,359
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The total benefit for the system resulting in the optimal scenario with respect tacdse presented in
Chapter3.3.4.5 where the optimal generation fleet calculated for each isolated country was considered,
are reported in theTable70.

Table70- Total benefitof the final optimal scenario for ARGBRAand UY interconnected

_ ELECTRICAL SYS| ECONOMIC BENEFI

ADDITIONALRES 4,500 -775
STORAGE 540 -35
ADDITIONAL DISPATCHABLE -3,000 282
T Gwyer | wusoer
TOTAL THERMAL GENERATIC -14,464 745
RES CURTAILMENT 1,481 -
TOTAL EENS 1 0

The main advantage is the avoided investment in new CCGTs. Moreover, the energy produced by the
additional wind plants corresponds to an amount of energy similar to the one which was produced by
the dispatchable generators removed in Argentina and whiclildvdhave been produced by more
expensive plants if the additional wind plants had not been considered. In conclusion, the optimal
scenario providesdenefits for the whole systenevaluated equal t®16 M$, respect to the case
explained in Chapte3.3.4.5

The followingFigure18 provides a visual summary of the operation of thggentinian, Brazilian and
Uruguayan powesystemin the final optimal scenario. With the new added wind plants, Uruguay
exports part of theproduced energy mainly towards Argentina, for an amount equal to about\Wb.
Argentina is quite balanced, and most of the energy imported from Uruguay is then exported towards
Brazil.

In the whole system, wind energy covers almost 20% and PV 5% otaheroduction.

The introduction of a considerable amount of additional PV and wind plants increases the situations with
overgeneration, and the need for curtailments. This amount is significant in Brazil, where there is the
risk to curtail more than §Wh, and in Argentina, where the risk is relevant for aboufVth.
Transmission network does not introduce strong limitations but requires some curtailments which must
be compensated with dispatchable generation.
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3.3.4.7 Final considerations ofirgentina, Brazil and Uruguay interconnectggtem

The operation of the interconnected system brings significant advantages in teradeqgtiacy and
generation costs with respect to the results obtained considering the three power systems isolated. All
the cheap energy sources, even the not dispatchable ones, are better exploited reducing their
curtailments, and the demand is also bettepplied thanks to the availability of a wider generation fleet
which can be used even if located in other countries.

The advantages which can be obtained strongly depend on the constraints which are assumed for the
energy exchanges between the countridse hgher the power which can be transferred through the
interconnections, the higher the economic benefit, but when this value gets too close to the maximum
capability of the interconnections there is the risk that the operation of the system becoomssrained

and some flexibility to face adverse eveigdost.

A set of NTCs between the countries has been defined to ensure a good balance between the economic
advantages and the technical adequacy. The selected values are:

1 1,000MW between ARGNdUY

1 2,500MW between AR@ndBRA

1 500 MW between UNandBRA

The NTCs towards Brazil are close to the sum of the capabilities of the interconnection links thanks to
the presence of static converters (necessary to allow the connection Bz%hd 6(Hz systemsyhich

ensure the possibility of an active control of the power flows and thanks to the dimension of the systems
(ARG and UY on one side and BRA on the other) which are able to face power variations in case one of
the interconnections would trip. The NTCtbé interconnections between Argentina and Uruguay is
selected from the result of the simulations reported in the paragr@4.2 which show thathe

optimal value of NTC from a technical and operational point of view is MOU0

Thesimulations performed considering the whole interconnected system show that the possibility for
the Argentina to import energy when needed from the other countrieskes the additional
dispatchable generation plants not needed anymore to ensure a good adequacy and keep the EENS
below the 1@ threshold. Therefore the Argentinean system maintains the adequacy even without
considering the 3,00MMW CCGTs proposed in N&@ NWE areas, saving the related investment costs
which were higher than 28BI$/year and the fuel costs necessary to produce about\Mh. This money

can be invested in VRES in the areas which take advantage from the presence of the interconnections,
i.e. NEC in Argentina, Sul in Brazil and Uruguay. In these areas, the main VRES resource is the wind, so a
new optimal scenario has been identified increasing the wind installed power.

The operation of the interconnected system is simulated allowing energjyagxjes between countries

every time there is an economic advantage, i.e. every time in a country is available generation cheaper
than in anotherand the interconnections between them are not congestidthis way, tle cheapest
generation is dispatched ithhe whole system through the interconnections, and the simulations show
the maximum benefit which can be obtained with the exploitation of the interconnections. It is worth
recalling here that in the real operation, the energy exchanges between the ¢esirgre subject to
bilateral agreements between the governments and require also proper regulatory framewarnider

to exploit best the possible advantages due to the interconnestianstrong and flexible cooperation

and coordination between the couneés is required. If this is not possibleadlowedto a limited extent,

for instancebecausedhe definition of energy exchange progratmstween countriesan be defined and

fixed onlymany days in advanceith reducedflexibility during real time operation, the advantages
which can bechievedwill also be limited.
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In conclusion,te optimalconfigurationfor additional VRES installations definedhia paragrapt8.3.4.6
includesa total of 30850MW of PV power plants and a total of 58(b»W of wind power plantsas
reported in theTable68. With these additional VRES plants and the related storage systems, the system
is able to cover the load increase from 2026 to 2030 only with cafle®ngeneration, maintaining a
good adequacy and providing eamic benefit to the countries.fe increasef installed power is then
limited mainly by the risk of curtailments due to overgeneration conditions, which represent the most
significant constraint in the areas with highest wind and PV potential.

3.4 Sensitivity analygsof optimal configuration- interconnected systers

Some sensitivity analyses have been carried out on the interconnected system resulting from the

evaluation performed in chaptéd.3.4 Theinvestigation, aimed at checking how the power systems with

the amount of VRES plants defined in an average scenario operate also in different conditions, has been

focused mainly on:

9 variations of the transmission system, especially possible late develupofiémportant corridors
between countries (such as the third interconnection between Argentina and Brazil assumed) or
between areas of the same country (in particular, the H@P&ta Aranhg Silvaniaconnecting the
Norte region to the area of Brasilia Brazil), which seems to have an important role in the
development of the VRES plants;

1 variation of hydrological conditions.

3.4.1 Construction delay of the HVYDC Graca Aram@ilvania

A sensitivity simulation has been performed considering a delay on th&roation of the HVDC Graca
Aranhac Silvania, which connect an important 5K@ node in Maranhao (close to the esgt between

N and NE) to the center of the Brazil (as illustrate#igurel9). This HVDC is proposed by EPE in the
PDE20262] to increase security of supply, fostering the expansion of VRES plants in N areh&l&nar
optimizing the usage of hydro and thermal generation. The aim of this simulation is to verify the impact
of the significant future transmission system development on the results obtained in the previous
simulation. This HVDC is able in fact to sfan 4,000MW from N to SE/CO, improving considerably the
evacuation capacity of the N and NE areas, thus reducing the overproduction problems. Without this
HVDC, the NTC between N and SECO is reduced byMM0@0and higher curtailments in low load/high
VRES conditions and higher production costs are expected with respect to the final case considered in
chapter3.3.4.5
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The results of the simulation show an increasing of WRES curtailments in the N and NE areas and
confirm the capacity of the HVDC Graca Aragh@ilvania to reduce the overproduction problems,
evacuating the generationdm N to SE/CO. The production costs are higher with respect to the final
case considered i8.3.4.5
Themain results of this sensitivity are:
- EENS$emains aligned with the optimal case, it is about 1.1%a@0the total load.
- Overall generation costwe close to 12,74R1$; therefore the generation costs increase of\d$.
- Expectedyeneration by PV and wirgbwer plants decrease in N and NE Biaziareas. This is due
to a problem of overgeneration caused by the limited evacuation capacity. With respect to the
optimal scenario, the PV curtailment increases by about@@h and the wind curtailment by about
1 TWh.

Table71 summarizes the costs and benefits of this scenario, highlighting an overall cost for the whole
power system of 5M$ due to the need to replace the curtailed energy by VRES plants with thermal
ones.

Table71- Total benefitof the sensitivity case construction delay of the HVDC Graca AranBévania

ELECTRICAL SYS| ECONOMIC BENEFI
GWhlyear MUSD/year
-54

TOTAL THERMAL GENERATIC 1128
RES CURTAILMENT 1203 =
TOTAL EENS 0 0
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This HVDC is proposed BPE in the PDE2026 to increase flexibility of the transmission system in order
to create the conditions for a stronger development of the PV and wind installations in the N and NE
areas. Moreover it allows the network operator to optimize the reserve mamamnt in the real time
operation, thanks to the ability to quickly modify or even invert the power flow in case of need, ensuring
that generation available in-NE areas can support SE/CO in case of need or vice versa. It also increases
the security of theransmission system and the possibility to withstand Mr even N2 conditions of

the AC lines or also the possible delay of the construction of othek808C lines in the same direction.
These benefits must also be taken into account when evaluatiagativantages which can arise from

the development of this HVDC limeaddition to the 54MUSD/year calculated in the analysed sensitivity
case.

3.4.2 Absence of San Isidrd=0z de Iguacu 50KV line between Argentina and Brazil

The operation of the system thiout the third interconnection between Argentina and Brazil has been
evaluated, keeping in service only the already existing 2MM0 interconnection in Garabi, not
considering the new San Isided-0z de Iguacu 500V line.

The absence of the interconnmn requires modifying the NTC between the countries, so two
simulations considering 2,000W and 1,50MW limit have been carried out.

When theNT s equal to2,000MW the main results are the following

- EENS slightly increases up to G\Wh.

- Overallgeneration costs increase by BI$.

- Slight reduction of the expected generation by PV and wind power plants (respectively about
68 GWh/year and26@Wh/year).

In the same way, wheNTCGs equal to1,500MW the results are the following

- Slightincrease of EENS up t&ZLWh.

- Overallgeneration costincreasedy 118M$.

- Slightly reduction of the expected generation by &wl wind power plants {espectively about
150GWh/yearand 550GWh/year).

The followingTable72 provides a direct comparison of the results also with respect to the optimal
scenario.

Table72- Main results for the two NTC values considered in the sensitiziise
Optimal de Iguacu 50&V line
2000 MW 1500 MW

EENS [GWh] 1.4 17 25
Total generation costs

backdSHNB 12,688 12,738 12,805
PV production TWh] 63.7 63.7 63.6
Wind production [TWh] 22.7 22.6 22.6

Total benefit [MUSDyear] - -51 -120
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The reduction of the exchange capacity between Argentina and Brazil has a strong impact on the overall
system costs, due to the necessity to reduce the production by RES and to use more expensive thermal
generation.The lower NTC has also an impact on the EENS in the system, due to the reduced possibility
for mutual support between the systems when the transmission capacity is more constrained.

The technical possibility to exchange more energy between the courdriksn beneficial for the whole
system. On the other hand it is necessary that there are proper agreements to properly exploit this
advantage and allow the different power systems to support and get supported when necessary.
2,000MW NTC between Argentirend Brazil reflects the existing situation and allows a better security

of supply with limited EENS value (GWh/year).Total production and energy exchangufsthis case

are highlighted in the following figure.

BRA-TOTAL

TOTAL SYSTEM (BRA+ARG+UTE+SGD;

| 1283,327

% GWh

ARG-TOTAL

*a

14%

Curtailed Energy [GWh]

12,000

10,000
8,000
6,000 = Power
4,000 Surplus
2,000

® Line overload

Redispatching for line overload [GWh]

2,000

526 1,500
2,143 1,000
500

UTE-TOTAL 0

-500

= Upward

= Downward

-1,000
-1,500

saLTarANDE Y 11,954 Vg%,

8,527 GWh /11% TEGEND:
GWh COUNTRY - AREA

15%

ENERGY EMERGY
GENERATION 16Wh] [6Wh]
Gwh CONGESTION CONGESTIGN
HOURS HOURS

o
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San IsidrdARG); Foz de Iguac@BRA)S00 kV line
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3.4.3 Dry hydrological conditions

The scenario with dry hydrological condition presents the following main results:

- The EENBicreases considerably up to 3&Wh, equal to nearly 3x¥f the total load. The
EENS mainly increases in the Brazilian areas N, NE and SE/CO.

- Overall generation costs increases up to more tharbd®M$, more than45% higher with
respect to the optimalscenario, due to the need to use expensive thermal generatiol
compensate the lower energy production by hydro.

- Both for PV and wind there are lower curtailments (there are less conditions
overproduction), and their generation increases respecyivs 1.1TWh and 3 TWh.

The Brazilian systems would require additional generation to ensure a better adequacy. The
solution would consist in the installation of some economic dispatchable plants (such as O(
cover the hours with high demandhen the hydro resource and the VRES would be not |
enough. Other possible solutions which might improve the performance of the power systern
identified by EPE in PDE202%, are the introduction of further reversible plants, the increase
installed power in selected hydropower plants, storage systems, demand response mechani

The optimal amount of VRES calculated in the previous Chapters has bieeddeonsidering an
average production of the hydroelectric power plants, which is the correct approach when the
profitability of the VRES plants is considered along their lifetime, equal to at least 20 years.

On the other hand, it is necessary to enstirat in different hydrological conditions, such as dry periods,

the system has enough generation available to supply the load, avoiding a dramatic deterioration of the
adequacy, which would cause a high EENS value. In these conditions, there must lgendration
resources, even expensive ones, to be used to cover the demand. In case the simulation shows critical
results, some countermeasures, based on thermal generation or other technologies, should be
considered in the power system planning.

Inorderg RSTAYS || GRNE KE@RNRBf23IAOFE O2yRAGAZ2YES |y
historical data which covers more than 80 years of hydro resource in Brazil. The typical dry year has been
defined looking at the average conditions of years whigsent an availability of the hydro resource
around about the 1% percentile of the series. The different behavior which takes place in the areas has
been taken into account in the creation of the scenario: the N and NE area show a different reduction of
the hydro resource availability with respect to the S and SE/CO area.

Based on the available data, the dry year has been modelled with a reduction of about 15% of the energy
available from hydropower plants. N and NE area in particular have a strongeticedwith respect to

SE/CO and S.

Uruguayan and Argentinean plants (including Salto Grande) have been assigned a reduction aligned to
the values obtained for S and SE/CO area.

As expected, the simulation of the scenario with lower availability of hyesource shows a strong
increase of the EENS, up to 35%/h, equal to about 2.9x¥®f the total load. As reported imable73,

the EENS increase is recorded in Brazil especially in the SE/CO, NE and N areas, strongly dependent on
hydro. Therefore in dry hydrological conditions the Brazilian power system presents a dramatic
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deterioration of the adequacy since in the simulatedys¢éeNRA 2 A G0 R2Say Qi KI @S Sy 2«
the reduction of hydropower production. This fact suggests that the generation fleet resulting in the
optimal scenario, with characterized by the high increase of VRES plants, is not enough to ensure the
load coverage when there is a significant reduction of the availability of the hydro resource. To ensure a
better adequacy, additional generation or ways to better exploit the existing one should be considered.
Solutions already considered by EPE in PDEA)26 meet peak demand and which might be useful

also in this context are thermal power plants (in particular OCGT, whose installation is cheaper and which
can be he optimal solution in case the power is required only for short periods and maybe with fast
variations to compensate changes in the VRES production), reversible plants, additional installed power
in selected hydropower plants (as examine@®i.2.4, introduction of additional storage plants or of a
demandresponse mechanism.

Table73- Expected Energy Not Supplied in the dry scenario f&G@ BRA and UY interconnected

[MV\I/ErI1E/$eSar] Lack of Power Lack of interconnection| TOTAL

~ NEC 0 101 0 101

N 5 39 40,198 40,242
NET 1174 1,909 80,020 83,103
| SECO | 4683 0 223,831 228,514
DTOTARNY 5887 2,095 344,287 352,269

The produced energy by PV and Wind power plants increases due to a reduction of curtailments for
overgeneration. As reported in the following tables the PV gains about G¥80 while the wind
improves by morghan 3,900GWh with respect to the final optimal scenario.
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Table74 - Difference of total production of PV plants between optimal scenario and dry conditions

DIFFERENCE RESPECT TO THE OPTIMAL SCENARIO
PHOTOVOLTAI PRODUCTIONS & FUEL COSTS BEFOH VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. [n D2 Kk § pn D2 Kk &
2 N ~
175 3

K e
40

o NwE 175 0
LNEC | o 0 1 0 1
0 0 0 0 -
291 291 0 0 399
688 688 3 0 162
0 0 1 0 0
s o 0 0 0 :
LwE ] o 0 0 0 0
- 1,154 -1,154 0 0 74

Table75 - Difference of total production of wind plants between optimal scenario and dry conditions
DIFFERENCE RESPECT TOHHEAL SCENARIO

GENERATORS REDISPATCHING REDISPATCHING
3 -2 0 0 16
0 -1 32 0 3
221 -221 1 0 86
162 -162 0 0 483
3,472 -3,473 5 0 240
0 0 0 0 0
19 -19 0 0 3
1 -2 6 0 4
3,878 -3,880 44 0 134

In order to supply the load compensating the lower energy by hydroelectric power plants, also the
thermal generation increases its production and the relevant costs reacbO88/$, more than45%
higher with respect to the optimal scenario.

Table76 summarkes the main economic figures describing the operation of the system in this dry year
scenario with respect to the optimal one with average hydrological conditions: there is a significant
increase of the costs 0M$) due to the higher thermal generatioobtained also with expensive
plants, and the cost associated to EENS.
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Table76 - Total benefit of the sensitivity case dry hydrological conditions

ELECTRICAL SYS| ECONOMIC BENEFI
GWhlyear MUSD/year

TOTAL THERMAIENERATION 68,852 -5,818
RES CURTAILMENT -5,160 =
TOTAL EENS 351 -702

In Figure21 it is possible to note that in the considered dry conditions, there is a massive import of
energy in Brazil, and the sections towards Argentina and Uruguay reach their limit for more than
5,000 h/year.
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Figure21- Total production and energy exchangesARG, BRA and UY interconnected with dry hydrological conditions
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3.4.4 Wet hydrological conditions

The operation of the power systems with wet hydrological conditipresents the following mair

results:

- TheEEN®early disappears, becoming lower than GWh (about 1x100f the total load).

- Overallgeneration costslecrease to less than&)0M$, -23% respect to the optimal scenar
because of the higher availabil®yFT a« FNBESé 3ISYSNI GA2Y o6& K¢

- Expectedgeneration by PVand wind decreases due to more frequent and signific
overgeneration conditions. PV must be curtailed nearly byTWh more than in the amount il
average hydrological conditions, whilend risks to be cut by nearly 7T&Vh more.

The operation of the system in case of wet hydrological conditions is also to be analyzed, because it can
lead to greater curtailments of VRES and hydropower production due to more frequent and significant
overproduction conditions due to the additional availability of hydro resource. This should not affect the
adequacy of the system in terms of EENS, but a huge VRES curtailment might mean that the installed
VRES generation is too high and that some plantstbig not exploited at their full potential along the
lifetime because during the wet year have to be curtailed in a significant way. This fact might have an
impact on the economic viability of the projects, constituting a possible risk for the investrmrihis

reason it is important to verify also that during wet years the production of VRES is not critically affected.
a8 R2yS F2NJ 6GKS RSFAYAGA2Y 2F (GKS (GeLAOLt RNE @&
@SIFNE KI & 0SSyh hi@Bidakdats Reried bf @i refource in Brazil, looking at the
conditions registered during years which had a production around tfgp88centile of the series. Also

in this case attention has been paid to possible different behavior in the areas.

Uruguayan and Argentinean plants (including Salto Grande) have been asaignectease of the
available energwligned to the values obtained for S and SE/CO areas.

The simulation of the scenario with wet hydrological conditions shows that the EEN&geasry
negligible values in the system (0.G2Vh, equal to about 1x10of the total load). No problems are
present in areas with high penetration of hydro resource. Thble77 shows the EENS, expressed as
MWh/year, split by area and cause.

Table77 - Expected Energy Not Supplied in the wet scenario for ARG, BRA and UY interconnected

. TOTAL 0 95 23 118



Thanks to the additional availability of hydro resource, there is an incremdmytdsbpower production
that causes a reduction of the thermal generation with the relevant costs. This benefit is estimated in
9,807M$, -23% respect to the optimal scenario with average hydrological conditions.

On the other hand, the higher production hydropower plants makes more frequent the conditions in
which the overgeneration constraint in the system is reached, requiring some curtailment of the new
power plants. For this reason, PV and wind power plants decrease their production respectivedylypy ne
1,700GWh and by 7,60@Wh respect to the final optimal scenario with average hydrological conditions.

Table78- Difference of total production of PV plants between optimal scenario and wet conditions

DIFFERENCE RESPECT E@PHIMAL SCENARIO
PHOTOVOLTAI PRODUCTIONS & FUEL COSTS BEFOH VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. |n D2 Kk § n D2 Kk & .
2 g = d
-11 0 -74

CONWE | 330 330

LNEC | o 0 1 0 1
0 0 0 0 -

-386 386 0 0 531

963 963 42 0 273
5 5 1 0 -1
s o 0 0 0 -
-1 1 0 0 8

-1,685 1,685 31 0 -109

Table79- Difference of total production of wind plants between optimal scenario and wet conditions
DIFFERENCE RESPECT TO THE OPTIMAL SCENARIO

PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
GENERATORSY REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. [pn D2 Kk d pnD2 Kk & -
2 = d

-4 5 0 0 -30
-2 1 21 0 -3
-396 396 5 0 -153
-298 297 0 0 -887
-5,957 5,957 39 0 -409
0 0 0 0 0
-950 950 0 0 -160
29 9 -9 0 -14
-7,616 7,615 14 0 -260
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Table80 summarizes the main figures relevant to the operation of the power system during wet years
with respect to tle scenario with average hydrological condition. The availability of more hydro resource
in wet conditions provides a benefit for the whole power system equal to 2880

Table80- Total benefit of the sensitivity case wet hydrogical conditions

_ ELECTRICAL SYS] ECONOMIC BENEFI

GWhlyear MUSD/year

TOTAL THERMAL GENERATIC -47,864 2,881
RES CURTAILMENT 9,546 =
TOTAL EENS -1.2 2

Figure22 shows that in the wet conditions, Brazil increase the energy exported towards the neighboring
countries, and the interconnection limits are reached for nearly 3/596ar.
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4  VARIANTS

4.1 First Variant.accelerated decarbonizatioand strong economic development

In the first Variant a higher demamggowth together withan important change in the generation fleet
due toa transition to a carbotfree condition, hasbeenexamined. The main aspects that characterize
this scenario with respect to the final optimal configuration described in paragddp#.6are described

in the following.

Electric @mand
In this Variant a strong increase of the demand is analyzed. The main drivers which can contribute to a
demand higher than the one in tHmal optimal configuratiorare:

9 Stronger economic growth of the countries
91 Increase of population
1 Higher electricity pnetration, with particular reference to transport sector and residential use

The annual energy consumptiondeemed to becom@&% higher than théinal optimal scenario in each
considered countnfArgentina Braziland Uruguay. The increase of the loaid assumed to be mainly
due to a stronger economic growth and partially to the impact of thmability, concentrated in the
biggest cities.

According to the values defined|[it], the additional demand due to-mobility is estinated in 0.75TWh

in Argentina (0.3% of the totaload and about 4% of the total incregsabout0.35 TWh inBrazil(0.04%
of the totalload and 0.5% of thancrease)and nearly 0.ZWh inUruguay (1.35% of the total load and
15% of the increaseY his demand due to-mobility is considered tbe concentrated in the urban areas
of Grand Buenos AireSao Paulo, Rio de Janeiro and Montevidleming the night hours (betweer2pm
and 07am). Té rest of the demand increase (the part caused by a general higher economic growth of
the countries) is applied in a flat way in all the regions.

The energy increase is sum up in the following table.

Table81 - First Variant- Enegy Increase
Energy increase due to
Energy increase due to population and
e-mobility [GWh] economic growth
[GWh]

COUNTRY

750 17,625
336 76,646
198 937

Generation

The generation fleet assumed inisffirst Variant idasicallythe same as the one considered in tfireal

optimal interconnected scenarigparagraph3.3.4.9, with the it NI yaA G A 2y { 2FoNBNRA
generationin Argentina, Brazil and Uruguay, considetedninimize GHG emission. The coal power
plants have beeremoved and tentativelyeplacal by equivalent VRES power plants or with Natural Gas
power plants in case the increase of VRES plants is not sufficient to substitute all of them keeping a
suitable level of generation adequacy.
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The amount of coal plants to be replace@#) MW in Argenina and about 3,468W in Brazil.

Electric storage systems

Also the need of storage systerhasbeen evaluated,to increasethe flexibility of the overall system,
reducing the constraints on the minimum production and increasing also the ability towitipehe
peak load. With reference to the hydro power pig, the higher flexibility halseen obtained considering
an increased installed power in some specific plastsndicated in th&&RG/ANEEL Technical Note No.
026/2011 (Table46 of paragraph3.3.2.4 and considering that also ruof-river plants can use their
storage capacity, if any, to contribute to production modulatidMoreover, as done in the previous
analysis, additional batteriesre introduced related to the installation of new VRES power plants.
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4.1.1 Referencescenario for Variant 1

The Referencescenariofor Variant 1is defined starting from the cenario withthe optimal
economic amount of additional VRES with the interconnectaehtries (paragrap3.3.4.9.
Thetotal amount of VRE$stalled power is indeed:

Table82 - Total VRES installed power the reference scenario for Variant 1 [MW]

PV installed power | Wind installed power
COUNTRY AREA
| commy e LT

1,100 9,400

NWE 9,000 300
PAT 0 5,200
Total 10,100 14,900

UTE 230 2,080
- Total 230 2,050

1,460 670
8,470 28,990

SE/CO 10,590 30

0 11910
Total 20,520 41,600

Thedemandis increased of 8%aking into accountlso thehigh electric vehicles penetratior
(increased load uring the night in Buenos Aires, Sao PaRlio, de Janeiro and Montevideoeas).
Coal plantgresent in the Argentinian and Brazilian power systéage beerswitched off,in order
toKI @S HNEGZlI facadSyo

The simulation of this scenariwhich becomes the reference for the comparison of ressaf other

simulations, brings to the following results:

- EENSs around2.3 TWhi,it is about 17x10° of the total load In the considered conditionthe
powersystentR2 Say Qi KI @S Iy OOSLIilFotS tS@St
absence of more than 3,500W coal plants.

- Overall generation costare close t®22,370M$; there is an increase of the costs of abd@%
respect to the final optimal scenariThis increase is due to both increased load and higher
of generation usedespect tothe coal

- Expectedyeneration by P\power plants ixlose to 65TWh (higher than the PV productioin
the final optimal scenarip The reduction of PV curtailmentrespect to the final optimal
scenario is about 1,200 GWhanks to the higher load.

- Expectedgeneration by wind power plants is close t@30TWh. The reduction of wing
curtailments respect to the final optimal scenario is about 3,900 GMénks to thehigher
load.

These results suggest that in this scenario there is space for additional VRES installations.
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The followingTable83 shows the EENS, expressed as MWh/year, split by area and reason. As expected,
the higher loadand the lower availability of generation cawsdramaticincreaseof the EENS compared

to the final optimal scenaricandthe systemR 2 S & y Q (iacdeptadl& leviel ¥f adequacy.

EENS due to lack of power or lack of interconnection increases because with a higrerdagithout

the coal power plantshere are more conditions in which the generatiavailable in the system or in a
specific area is not sufficient to cover the power peBke EENS due to line overloaded increasiese

the system is generally more overloaded due to the growth of the demand.

This scenario cannot be deemed a descriptiba real behavior of a power system, but is to be taken as
reference for the assessment of the benefits deriving by the introduction of additional VRES.

Table83- Expected Energy Not SuppliedReferencescenariofor Variant 1

[MWEE/NYiar] Lack of Power Lack of interconnection| TOTAL

2,865 3,633

PNER 31019 24,868 434,728 490,615

DSEEONN  mes w4 1awmen 1492w
DowEes e a8 0w
oA

158,688 28,488 2,068,858 2,256,034

2,292

Table84 shows the total energy produced in each area and the related codfsisireference scenario
of the first variat overall generation costs aground22,371M$/year in the whole system (Aegtina,
Brazil and Urugugywith a growth o#43% with respect to thdinal optimal scenarioThis is due to the
higher load and to the replacement of the coal plants with the more expens

Table84 - Total production and fuel costg Referencescenariofor Variant 1

i PRODUCTIONS & FUEL COSTS BEFQ
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATCH

Reduction
AREA GWhlyear | M$/year Min.Tec.Gen. S| el M$/year
DP <0 DP >0
GWh/year

54,156 1,884 -475
187,805 6,993 0 -1,883 1,346 9
30,925 116 -380

233,195 2,131 1,769 -566

ST 234901 2448 974
8,547
1,385,926 22,042 2,354 4,414 4,414 329
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The following table shows PV generation and curtailments for each area of the system. Total production
is nearly 65000GWh/year. The curtailed energy, which in the scenario with standard load was about
1,750GWh,drops down tad500GWh This is du¢o the fact that with a higher load more generators are

in service and also less constrained to the minimum when the PV piodust high, providing more
flexibility to the overall system.

Table85- Tota production of PV plantg, Referencescenariofor Variant 1
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

21,946 2,431

17,758 2,051

64,998 399 -104 0 2,091

The wind production is reported iffable 86. The annual wind production reachesearly
230,000GWh/year andstill there are conditions with risk of curtailments up to about 2,&%h/year
(almost one third with respect to the optimatonomic scenario)

Table86 - Total production of Wind plantg; Referencescenariofor Variant 1
] PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER
LUINRASISN SIS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWh/year GWh/year

2,563
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The followingFigure 26 provides a visual summary of the operation of tAegentinian, Brazil and
Uruguayin the reference scenaritor Variant 1 highlighting the generation mix per areas, teergy
exchanges between areathe curtailed VRES production and the amount of thermal energy to be
redispatched to solve network congestions.

Brazil import a great amount of energy from the other countries, as it has a strong lack of power.
Internationd exchanges are saturated for nearly 6,00(éar.
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Figure23- Total production and energy exchange®Reference scenario for Variant 1
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4.1.2 Scenario Vl1a: additional VRES

A new optimal configuration witadditional VRE®ower plants has been evaluated:7,500 MW

of PVpower plantsand 22,000MW of wind power plantsare added because the higher load
Variant 1requires more generation and makes profitable the introduction of these new V
Moreover6,140 MW of storage system hasdn considered.

The amount of additional VRES has been calculatediadied between the countrieand areas
considering the load increase, the lack of generation due to the switichf the coal plants anc
system constraints highlighted in previous assais.

TheTable87 sums up theadditional VRES installed thisscenario.The highest share of new plan
is in Brazil, which suffers the highest EENS.

Table87 - Additional VRES instéed power inVariant 1a [MW]

- - Additional PV power|  Additional wind
COUNTRY AREA plant power plant
[MW] [MW]
300

1,200
NWE 1,200 0
PAT 0 300
Total 1,500 1,500
UTE 0 500
3,000 1,000
5,000 9,000
SE/CO 8,000 0
0 10,000
Total 16,000 20,000

The simulation of this scenario, leads to the following results:

- EENSs around247.8GWh; it is aboul.9x10* of the total load.

- Overall generation costare close to 3,703M$; the thermal costs decrease [8/668 M$
thanks to the higher VRES generation.

- Expectedyeneration by P\power plants islose to98 TWh, about 33TWh more than the one
in the reference scenaridl'he production curtailments are about 5,4GAVh.

- Expectedyeneration by windpower plants is close t800 TWh, nearly70 TWh more than the
one inthe reference scenariol' he production curtailments aabout 18,000GWh.

Almost all the load increase can be supplied by the additional VRES introducésgypare not

able to ensure a good adequacy to the system. Above the considered amount of new plan

risk of curtailments becomes too high and the VRES not profitable anymore.

Table88shows the EENS, expressed as My#hf, split by area and reason. The results shows that with
respect to the reference scenario the considered additional VRES generation reduces the VBENS of
in all three considered countries, in particular in the Argentinian and Uruguayan power systems.
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adequacy.

Table88- ExpectedEnergy Not Suppliedscenario V1a

. NE 2,791 57,311 60,611

3,306 2,974 241,481 247,761

Table89 shows the total energy produced in each area and the related cBstspect to the reference
scenario there is a reduction 8f668 M$ thanks to the higher VRES generatibith replaces expensive
thermal generation

Table89- Total production and fuel costg scenario V1a

i PRODUCTIONS & FUEL COSTS BEFQ
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATCH
Reduction
AREA GWhlyear | M$/year Min.Tec.Gen. S| el M$/year
DP <0 DP >0
GWh/year

50,777 1,491 -266

IPATIE 51320 442
__-____
PNETE 251,923 1,207 17,501 747

261,541 1,096 -961

8,488

In the Table90 and Table91 the PV and wind production are reported. Compared to the reference
scenario for this Vaant, there is a significant increase, about +50% and +30% respectively. Also the
curtailments increase considerably, up to about three times, but still the VRES remain profitable because
they replace more expensive generation with respect to the previass.c
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Table90- Totd production of PV plantg scenario V1a
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWhl/year

24,377 2,332

. PAT
______
PRERE 25306 3,369 233 1,611
______

97,934 5,111 -286 0 1,914

Table91 - Total production of Wind plants, scenario V1a
] PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER
WIND GENERATO REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year
2,513
DRERTY 139,333 14,132 -287 3,288

s 78356 1,096 3,526
______

300,169 16,487 -1,474 0 3,540

Considering the costs and benefits, this scenario present an overall benefit for the whole power system
equal to 9.733V$, of which a big part is due to the reduction of the EENS, which was too high in the
starting condition.
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Table92 - Total benefit of thescenario V1a respect to the reference scenario

ADDITIONALRES 39,500 -5,290
STORAGE 6,140 -348
ADDITIONAL DISPATCHABLE = =

TOTAITHERMAL GENERATIONM -98,124 11,355
RES CURTAILMENT 20,429 =
TOTAL EENS -2,008 4,017

Thefollowing Figure24 provides a visual summary of the operation of thggentinian, Brazilian and
Uruguayan powesystemin the scenario V1a. Compared to the reference scenario of this Variant 1, it is
possible 6 note how Brazil now exports abouff2Vh towards Argentina, covering its demand need. But
even in this condition, as explained above, Brazil suffers high EENS which cannot be solved only with

VRES.
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Figure24 - Total production and energy exchangescenario Vl1a
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4.1.3 Scenario V1b: V1a with additional 2,700 MW of OCGT

Starting from the scenario V1the possibility to install additional VRES in order to cover the |
in the Brazil power system to reduce the \alof EENS has been checked.
The results show an increasing of the VRES curtailments without a substantial reduction of I}
Therefore, in order to reach a configuration with proper security of supply where the |
remained high in scenario V1a, in the scenario V1b the installation of flexible thermal genera
the Brazilian power system has been studied: 2,¥iW of OCGTaqwer plant has been considere(
as reported in
Table93.

Table93- Additional OCGT power plant considered ihe scenario V1b [MW]

Additional OCGT
COUNTRY AREA power plant
MW]

N 600
NE 900
SE/CO 1,200
S 0

Total 2,700

The simulation of this scenario leads to the following results:

- EENSs around60.5GWh(it is about4.7x10° of the total load, -187 GWh with respect to the
scenario Vl1a

- Overall generation costare close to 1500M$.

- Expectedgeneration by P\and wind power plantsis the same one of the scenario V2dso
the RES curtailments remains equal to the one of the previous case.

Table94 shows the EENS, expressed as Myghf, split by area and reason. The results shows that the
installation of the 2,700MW of OCGT reduces the EENS in the Brazilian power system. The main
reduction is highlighted in SE/CO area where 1,80 of new OCGT have been installed. With the
installation of flexible thermal generation the total EENS in Brazil is reduced fr2r12* (V1a
scenario) to %10° of the load.
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Table94 - Expected Energy Not Suppliedcenario V1b

2,053 13,993 16,117

2,228 57,797 60,529

Comparing this scenario with the reference scenafiable95), there is a total benefit for the whole
power system higher than 10,508% thanks to the reduction of thermal generation costs and of EENS
cost.

Table95 - Total benefit of the scenario V1b respect to the reference scenario

ADDITIONALRES 39,500 -5,290
STORAGE 6,140 -348
ADDITIONAL DISPATCHABLE 2,700 -138
.~ cWhyear  MUSDhear
TOTAL THERMAL GENERATIC -97,848 11,901
RES CURTAILMENT 20,472 -
TOTAL EENS -2,195 4,391

Figure25provides a visual summary of the operation of #gentinian, Brazilian and Uruguayan power
systemin the scenario V1b. Exchanges do not differ significantly from the ones resulting ine¢aase

the added OCGTs have an important impact on the limitation of EENS, but not on the energy balances
of the countries.
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Figure25 - Total production and energy exchangescenario V1b

4.2 Second Variant: enhanced energy efncy

In the secondvariant a lower demand scenario has been considef@dte rationale behind a lower

demand scenario is related, on the one hand, to the possibility that the economic growth in the countries
will not be in line with the forecasts, and t¢ime other hand to the increase of the energy efficiency with
respect to what already accounted for in the Reference Scenario, which can reduce the amount of

St SOGNROIEt SySNBHe@

A A~ A 9~

of A 3K

Thekey parameters that are modified with respect to the Reference Scenario are described below.

Demand

In this Variant 2 a scenario with lower demand is analyzed. The main drivers which can contribute to a
demand lower than the oneonsidered in the previousnalysess a possible lower economic growth of

the country and improvement of energy efficiency. According to what definglithe load is reduced

15% in Argnting 10% inBrazil and 8% in Uruguayhe demand reduction, caused by a general impact
of energy efficiency is distributed proportionally in all the regions.

The changes of the demand considered in this Variant 2 are summarized in the following table.
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Table96 - SecondVvariant- Energyreduction

COUNTRY | Energy reduction [GWh

-34,454

_ 96,228
- Uruguay 1,135

It is worth noting that the reduction of the demand in Brazil is equal to abouffA8, whichrepresents

a very big amount of energy, equivalent to thi@eoretical generation of about 1GW for all the
8760hours in a year. Even if very big in absolute value, this reduction it is possible thanks to investments
in energy efficiency (EREEoposes moe than 4% electricity savings in 2026 which camkeapolated

to more than 5% at 2030) and a lower economic growth (a reduction of 5% load from today to 2030
correspond to a reduction of thef the growth byabout0.4% yeafto-year).

Generation
The generation fleet assumedtime Variant 2 is the same as the ooensideredn the reference scenario

of the each single country (respectivelgscribed irchapters3.3.1.1, 3.3.2.1and 3.3.3.1). In particular,
the amount of VRE$hstalled poweiincluded in the starting conditions is listedTiable97.

Table97 - SecondVariant- Installed PV and Wind power in thetartlng condition [MW]

5,000 5,000
9,650 28,500
230 1,550
14,880 35,050
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4.2.1 Referencescenario for Variant2

Referencescenariofor Variant 2 is defined by the interconnectedsnariowith lower demand and
with a generation fleet equal to the one consider@uthe reference scenario of the each sing
country.

Thedemandis reduceddy 15% in Argentind,0% inBrazil and 8% in Uruguasimulating a possibls
lower economic growtlandthe impact of energyefficiency on the power system.

The simulation of this scenariwhich becomes the reference for the comparison of results of of}
simulations, brings to the following results:

Optimal adequacyof the whole power systemwith value of EENS null in all the conside!
countries. This is due to the fact that the considered generation fleet, sized on the highel
is adequate to cover the lower load demand.

Overall generation costare close tdl1,160M$, which includethe costsdueto redispatching
to solveoverloadsequal to3 M$.

Expectedgeneration by PVpower plants is30.4 TWh. The PV curtailments are equal

215GWhlyear

Expectedgeneration by windpower plants is132.5TWh. The wind curtailments are equal
4,850GWhyear.

An already significant curtailment of hydroelectric product{amore than 5TWh)is present in
Brazil, due to the high amount of hydro installed power and huge availability of hydro resc

In Reference scenario for Variant 2, EENS is null in every areas of the considered network, due to the
lower value of load demandith respect to the considered generation fleet. In this scenario, there is

always generation available to cover the load amdolve transmission congestions.

Table98 shows the total energy produced in each area and the related c@sseration costs are

around 11,168M$/year in the whole system (Argentin&razil and Uruguay). Some overgeneration
conditions are already present in N and NE areas, due to the strong presence of hydropower and VRES

plantsandthe low demand.
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Table98- Total production and fuel costg Referencescenariofor Variant2

i PRODUCTIONS & FUEDSTS BEFORE
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATCH
Reduction
AREA GWhlyear | M$l/year Min.Tec.Gen. S| (Sl M$/year
DP <0 DP >0
GWh/year

37,977 1,362

18,688

———————

206,858

8,549

The following table shows PV generation and curtailments for each area of the system. Total production
isgreater than 30TWh/year. The curtailedreergy is equal t@15GWHhyear, concentrated in N and NE
area as described above

Table99- Tota production of PV plantg Referencescenariofor Variant2
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

12,197 2,439

3,563 1,936

30,433 206 0 2,030

The wind production is reported inTable 100. The annual wind production reaches more than
130 TWhl/year and the amount of curtailed energyaisout 4,840 GWh/year.
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Table100- Total production of Wind plants; Referencescenariofor Variant2
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER

UINIBASISN ST REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

2,570
9,099 0 0 0 3,702
10,034 1 0 4,600

o

1
A
o

91,356 4,686 3,645

ol
o
o

16,060 3,624

KN
D
o

132572 4,833 3,652

The followingFigure26 provides a visual summary of the operation of thggentinian, Brazilian and
Uruguayan powesystemin the reference scenario for Variant 2. Brazil has abundance of generation,
due to hydro esource(hydropower plants produce more htan 608Vh)and already included VRES, so
there a significant export towards the other countriasd risk of generation curtailments higher than
10 TWh to avoid overproduction situations
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Figure26 - Total production and energy exchangedReference scenario for Variant 2
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4.2.2 Scenario Ya: additional VRES

The optimal amount o&dditional VRE®ower plants has been calculated: onlyQD0O MW of PV
power plantsand 3,500 MW ofwind power plantsare addedtogether with 620MW of storage
system in Argentina and Uruguay. Due to the high hydro resoavedabilityand low demand,
there is no convenience to instélirther VRES in Brazih addition to the 3&W already present
TheTablel01sums up theadditional VRES installeid thisscenario.

Table101- Additional VRES installed power Mariant 2a [MW]

Additional PV power Additional wind
AREA plant power plant
[MW] (MW]

COUNTRY
NEC 0 1,500
NWE 1,000 0
PAT 0 1,500
Total 1,000 3,000
UTE 0 500
Total 0 500
N 0 0
NE 0 0
SE/CO 0 0
S 0 0
Total 0 0

The simulation of thiscenario, leads to the following results:

- Optimal adequacyof the whole power systemthe EENS remains null as in the referel
scenario.

- Overall generation costsre close to 0,350M$; the thermal costs decrease B2 M$ with
respect to the referencecenariothanks to theaddedVRES generation.

- Expectedgeneration by P\power plants islose t032,800 GWh.The production curtailments
are about263GWh (48 GWh respect to the reference case).

- Expectedgeneration by wind power plants is close tdl46,9® GWh The production
curtailments are aboub,108 GWh (268 GWh respect to the reference case).

At the end of the optimization process aimed at defining the amount of VRES which is convenient to add

in the system in the reduced load Variant, it turns out that this quantity is limited to IVDOOPV and
3,500MW wind distributed in Argentina and in n@r part in UruguayT he introduction othis additional

VRES generation does not affect the security of supply in the system, and EENS remain null everywhere.
Tablel02shows the total energy produced in each area and the related dastpect to the reference

scenario there is a reduction of 8M$ thanks to theadditional VRES generation.
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Table102- Total production and fuel costg scenario V2a

i PRODUCTIONS & FUEL COSTS BEFQ
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATCH
Reduction
AREA GWhlyear | M$l/year Min.Tec.Gen. S| (Sl M$/year
DP <0 DP >0
GWh/year

38,218 1,226

25,359

PNET 181,645 5,031
__-____

206,711

8543

In the Table103and Table104the PV and wind productiarare reported, which incrase in the areas
where additional plants have been introducetlso the curtailments due to overgeneration conditions

increase slightly.

Table103- Tota production of PV plantg scenario V2a
PHOTOVOLTAIC PRODUCTIONSRUJEL COSTS BEFORH VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

14,605 2,427

3,556 1,928

32,833 246 -1 0 2,050
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Table104- Total production of Wind plants; scenario V2a
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER

WIND GENERATO REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

2,563
15,362 0 0 0 3,881
16,873 4,566

(o2}
w
1
w
o

1
w
o

91,188 4,853 3,631

16,060

ol
o
o

3,624

A
(V)
o

146,904 5,066 3,686

Considering the costs and benefits, this scenario presantoveralladvantagefor the whole power
system equal t@9 M$.

Table105- Total benefit of thescenario V2a respect to the reference scenario

ADDITIONALRES 4,500 -740

STORAGE 620 -40

TOTAL THERMAL GENERATIC -15,399 819
RES CURTAILMENT 313 -
TOTAL EENS 0 0

The amount of additional VRES plants in this Variant 2 is limited with respect to the optimal quantity
resulting in the Base Case because the demand has been lowered in the whole system Ibyamore
130 TWhwhile the generation fleet has been kejtet same with the same hydro resourc&hisresults

in a higher availabilitpf generation, and in particular cheap one by hydroelectric power plants, which
reduces the need of further plants afichitsthe convenience to have more VRE

However it is important to highlight that in theptimal configurationof Variant2, almost 55GW of PV

and wind plants are present in the system, which represent a value much higher than today situation
Moreover,it is possible thaéspecially in Bragbmenon-VREPowerplantsd § KSNX | f T K& RNZR I
considered in the generation fleébreseen at 203@vill not be developedbecause not profitablén a
scenario of lower demand growtfas they would be ograted a lower number of hourspr because
might incur difficulties during authorization proceds this case, VRES plants can become again a
preferable solution to replace traditional generation, or to reduce environmental issues which for
instance might affecbig hydroelectric power plants. Flexibility and modularity of the VRES plants also
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constitute positive characteristics in this context because allow the development and construction of
generation facilities of different sizes which can better fit the reeefldifferent areas. And finally, it is
worth mentioning that also the shorter time required for the realizationV&E®lants with respect to
other technologiesnight become an advantager PV and wind because it allows to define more
flexible generaibn development plans which can be adjusted depending on the demand growth in the
areas and the development of the transmission gfidoreover, it is worth mentioning that the
development of the generation fleet, even in a scenario with lower increaseeobad, should remain
balanced with a mix of technologies and sources that will allow the operational conditions to meet the
energy load, modulation for intermittence and peak of demand.

In a context with high uncertainties relevant to the evolution oé themand in the next yearshe
flexibility and the shorter installation timef VRES plant, together with competitive LCOE, can be key
factors which might foster the VRES penetration even in low demand growth scenario.

Figure27 provides a visual summary of the operation of thgentinian, Brazilian and Uruguayan power
systemin the scenario V2a. Argentina and Uruguay increase their internal productiompasdquently
there is a lower energy flow from Brazil to the other countries.

Figure27 - Total production and energy exchangesScenario V2a
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