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1 FOREWORD

1.1 Introduction

Latin Amerga is endowed with outstanding RenewableeEy ®urces (REShamely wind and solar
energy, but some areas offer also a good potentiahfairo,biomass and geothermal power production.

The current decrease of upfront investment costs in RES power plants make power production from
green resources more and more coatjive with conventional generation from fossil fuels, especially
considering that the ongoing 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 Latmcakm
countries, further enhances the superiority of RES power plants against conventional generation, when
accounting the externality costs associated to the power generation (see costs associated to the various
GHG emissions and particulat&he two dove 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 strictlyredmed to the geographical
availability of the resources (wind, sun, geothermal, biomasses, hydro). Hence, the connection of a large
quantity of RES generation shall be carefully examined in advance to avoid operating conditions calling
for RES generatioturtailment for security reasons (e.g.: overloads due to insufficient power transfer
capability; impossibility to balance the system due to the inflexibility of the conventional generation,
poor voltage profiles, risk of cascading effects following arageiton a grid component / generating

unit, etc.).

The limitation in the development of RES generation, particularlyér@blegeneration such as wind

and PV, can be overcome exploiting thestng interregional or crosborder interconnections,
reinforcing the existing ones and building new crbssder corridors.

As a matter of fact, Latin America is still fragmented in national or regional power pools: SIEPAC
(interconnected pool from Guatemala to Panama), the Andean interconnected system (fromb@olom

to Peru) and the Brazilian system (SIN) interconnected basically with Uruguay and Argentina. Other
countries are still fully isolated, like Guyana, Suriname, French Guyana and Bolivia or very weakly
interconnected, like Chile where just one crdggder line is in operation between SING (Chile) and SADI
(Argentina): the Salt&ndes line with a power transfer capacity of about 200/ 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 (REp generation accounting also for the possible power interchange across
interconnection lines so to cope with conditions of povwgrrplus or shortfall. Considering the wide
geographical extension of Latin America, the analyses shall be applied at a regional level.

! Almost all Latin American countries signed the Paris Agreement and a large majority of them adtifiedythe
Agreement. See the updated status of Paris Agreement ratification and entry into force on:
http://unfccc.int/paris_agreement/items/9444.php



http://unfccc.int/paris_agreement/items/9444.php

Within the context recalled above, this study aims at examining the optimal economic penetration of
VRES$eneration famelywind and solar) in some Latin American (LATAM) countries and regions within
the countries accounting for the possible cross border power exchanges.

The analysis is performed for the target year 2030 and starts from a given set of thermal/hydro
generatbn, defined based on the already existing plants, the ones under construction and the planned
ones which will be built before the target year.

This first reportis focused on Chile and Argentina (Clusterti¢ second ones focused on Argentina,
Braziland Uruguay (Cluster 2nd the third one is focused on Colombia, Peru and Ecuador (Cluster 3).
Finally, there will be a continentaéport featuring the main findings across the three geographical
clusters including all the abowaentioned countries.

Argentina is present ithe first two clusters of countries, connected in the first case only to the Chilean
system, and in the secormhe to Uruguay and Brazil. Whereas the first report is based on data and
projections collected in 2017, the second one is based on mpdated data and projections (collected

in 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, the conventional 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. Faariest the presence of big hydropower plants
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 VRE$®chnologies, which require high flexibility 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, especialljheteeis
enough transmission capacity close 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 surplusemever necessary with respect to the interconnection 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 favourable 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 Qlustad 2 cause obviously a slight variation 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 activities performed and the results of the analysis on the Argentinean and
Chilean systems aimed at assessing the optimal economic penetratiiREfeneration (wind and PV)
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taking into account the operational constraints, aghluating the impact of sucRES$jeneration on

the operational costs and the power flows in the power systems.

The information collected and the Reference Scenario describédknS & L y O S LJii]iwkigh wS LJ2 |
represents in the best way the basic situation expected at the target year in terms of demand, generation

and transmission linesyre the basis for the performed assessments.

Chapter 2o Chapter Spresents theevaluation of the optimaVRE®enetration carried out assuming

that the new PV and wind plants are opdragin the system according the best available technology
G2RFe oFyR FT2NJ 6KA& NBI &2 this Wypothdsidquabtitative &vRluations! ¢ ¢ &
are performed to assess

1 the limit of VRE$eneration penetration within a country due to system operation constraints;
1 the possible benefits which might be generated by additidfRESwhich are the basis for ¢h
definition of the optimal amount and mix of new power plants.

More in detail Chapter 2 illustrates the activities aimed at definamgupper bound limit oVRE $stalled
capacity in the power system under investigation. In particular, the highest anodMREBwind farms,

PV solar) that can operate in the system without jeopardizing the security of the grid is defined. In fact,
the new VRE®lants typically replace production provided by the thermal generating units which are
responsible to ensure, t#inks to their dispatchability, the balance between load and generation in every
moment.

This first analysis takes into account the systiale operating constraints such as the needs for upward
and downwards secondary and tertiary reserves anddthastruné units, hence ensuring among others

a suitable capability for ramp up/ramp down to face the load pattern ands/gr@bility ofwind and PV
Most critical conditions will be analysed with a deterministic approach.

At the end ofthis task an upper bound of the feasible/RESenetration in a whole country or in the
various regions of a country is defined.

Chapter 3 presentadetailedinvestigation performean the power systems based on tBAT scenario
and considering the boundari@esulting from the previous assessment
One year of operation at the target year is simulated with a probabilistic approach based on Monte Carlo
method for increasingevels ofVRE$ compliance with théechnicallimitsdue to operation constraints
of the system foundn Chapter 2
For every simulation, which summarizes the results of thousands of different system configuration
weighted by their likelihood to happen, main outcomes are provided, such as
T solar and wind production and curtailments duedeergeneration and line overloads;
1 overall generation costs for each area;
1 average annual value of Expected Energy Not Supplied (EENS);
1 alist of transmission lines whietould beoverloadedif only the cheapest thermal generation
is used to supply the &m: their limited transmission capacitgpresent a cost for the system
becausét requiresthe usage of more expensive thermal generatoravoid the violation of the
constraint

1 a suummaryof Net Transfer Capacity (NTC)energy exchanges and saturatibours 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 variatio& of



Expected Energy Not Sujgal index). The comparison of these benefits calculated with different amount
of VRE®roduction provides the information necessary to define the optimal configuration.

A similar approach allows to assess also investments in Transmission system, whitiebeffits to the
system which have to be compared with the costs of the improvemétite network.

At the end ofChapter 3the optimal amount oW RE®ower plants iestimated for the Argentinean and
Chilean power system considieg the countriesas i®lated systemsand then consideng them as
interconnected

Evaluations of possible benefits for the systems coming from the improvemethteonetwork are
presented in case there are significant congestions which limiiRESQyeneration and increase the
overall production costs.

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 becadtiwlc
during adverse years.

Chapter 4ntroducetwo Variants, aimed at evaluating the behaviour of the system inabseme major
changes, such adifferent demand and generation fleetn these conditions, new optimal VRES
penetration is estimatedniorder toinvestigatehow theresultsin the BAT scenariare affected bythe
variation ofmainassumptiors.

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

Finally, Chpter 6 describes the analysis of a different scenddid £ £ SR & . Ndwhithisye® dza K £ =
operational constraints are loosened, for instance considering a reduced reserve ne#laurt taking

into account the required inertia. This evaluatisbased on the assumptiahat VRE$ower plantsin

future will beable to actively support theystem operation with servicabat currentlyarenot possible

due to technological limitations oto regulatory restrictions. New features and technological
devdopments, 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.



9{¢ ! ! L[!.[9 ¢O/+wDPHDwW! ¢H%HD

2 ASSESSMENT OFRHE EGINICAL LIMITS ONARIABLERENEWABLE
GENERATION PENETRATION WITHIN A COUNTRY DUE TO SYSTE
OPERATION CONSTRAINTS

2.1 Introduction

The purpose of this task is to assess the upper bound limitREnstalled capacity in Chilean and
Argentinanpower systems in 2030 scenario, focusing on the frequency control requirements (secondary
and tertiary regulations).

The analysis takes into account the characteristics of the existing and future generation fleet together
with the most restrictive load anditions for RES operation, coherently with the data collected in the
Inception Reporfl]. The ability of conventional generation to provide the upward and doanw
reserve needed to face the increasing penetratioVBE®roduction is checked, aritlis estimatedhe
maximumVRE$stallablecapacityensuingthat the reserve requiremeris fulfilled bythe conventional

plants in serviceAccordingto the assumfpions of the BAT scenario, PV and wind power plants do not
support actively the system operation providing regulation capacity, reserve or other ancillary services.
TheVRESaken into account are wind farms and solar PV. There are several combinatimssatied

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 combinatis 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 singlealbusodel is used to model

the whole power system afach nation (Chile and Argentina).

A more detailed model with a single bhar for each system area is then used to provide some further
considerations about how th&/RESgeographical distribution could be limited due to cr@ssa
interconnection limitanternal to each power system.



2.2 Methodology

This section reports details about methodology and analysis process for a preliminary evaluation of the
admissibleVRE$enetration in each country for the 2030 scenario. The analysis has been carried out
firstly assuminghe condition of isolated systemw(thout power exchanges with the neighbouring
countries) and then when the power exchange between Argentina and i€liviteoduced

The first analysis is performed by means of a simplified model where egantr€ is represented as a
single busbar system, where load and generation are connected and must be balanced. In the following
analysis, the countries are divided in two or three areas, modelled addnusystems and connected
through lines which allowhe power 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 import-export through the interconnection lines. Load level andstaaints on generation are defined
accordingto 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 systm to manage both the uncertainty of the load and thariability of RESyeneration

without jeopardizing 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 amounVBEShat 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 YRESjeneration, generally represented by qf¢ak load and peak

solar radiation conditios In particular, in offpeak operating hours, a high value of wind generation
forces the conventional power plants to generaeergyat a very low level. Even in this condition it
should be guaranteed a proper amount of reserve in order to cope with the normal fluctuatiomesdof |
andVRES

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 twoariableenergy sources are taken into account: wind farms and solar PV.
The® sources typically have different hourly patterns of production tadr forecasts araincertain.
The PV solar has a more predictable hourly pattern of productgnce it depends on the solar radiation
¢ and peaksduring the central hours of the dayhe wind farms production in geneiialmore variable
due to the strongly no#linear correlation between the wind intensity and the produced power and to
the usual changeof wind conditions in the areas where the plants &yeated. The uncertaintgf the
wind production forecasts is for this reason typically greater than the uncertafrdglar PV.

Because of the differences in the uncertainty of the productions by PV or wind, different shares of
PV/wind installeccapacitycause different effects on theeserve management of the system. It is then

not possible to calculate the maximum acceptable amount of geRIESbut it is necessary to define

pairs of admissible values: the more PV plants are installed, the less wind farms are suitable to be
instaled and vice versa.
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Due to these reasons, the study has calculated 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 farnand vice versadAn example othe resulting pairs oP\fwind
admissiblecapacityis shown irFigurel.

Wind installed power
(Mw]
1200

1000

800 A

600 - \
Allowable PV - Wind N\
400 - . .
installation power \
200 \

T

PV installed

0 T T T T T T power [Mw]
0 100 200 300 500 700 900 1000

Figurel - Example of the allowable area on the PV/Wind installed power chart

To determine the maximum amount ®MRESvhich can be installed in the system withaffecting its
security, the analysis focuses on the most critical conditions, which are characterized by low load and
high VRESroduction. It is assumed that also in these conditions RES$roduction should not be
curtailed due to reserve constraints

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 hgetectricand thermal plants. These traditional plants operate
therefore near their minimum outpytalthoughthey have to provide the system with all the downward
secondary and tertiary reserve required in order to cope with the uncertainty of load\&ES
production guaranteeinghe stability and security of the whole system.

A further element that must be t@n 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. In other words, theaensnimum 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 downward reserve ortrdgitional plants is then the

factor that limits the amount o¥/RE$stalled.

The calculation is performed in two steps for wind and for PV power plants.
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The maximum wind power production is assessed considering thedi@entile of the load and no PV
production, condition which can happen during the night. The selection of th@é@entile of the load
insteadof the absolute minimum is proposed because the acceptance of a risk margin is a common
practice during theplanning process. With a deterministic approach, like in this task, 10% of probability
of VRESurtailment is considered acceptable.

The calculation is performed evaluating the maximum wind power production admissible in the system
which does not affect th fulfilment of the reserve constraint. Since the reserve requirements depend
also on the amounof wind power production, this maximization is calculated with an iterative method.
The corresponding maximum admissible installation WWRESis then calculatd assuming a
contemporaneity factor which is also commonly adopted as the probability that the wind power plants
run at full power all together is pretty low.

The procedure is depicted in thégure2.

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. L

Calculate the DOWNWARD

reserve with WIND in LOW 4_|

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 Pproduction which does not require any curtailment due to reserve requirements.
Also in this case a low load condition is analysed, selected among the hours in which the PV production
is high. In particular, the 1Opercentile of the loads that occur duag the hours of maximum solar
radiation is considered. The calculation of the 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 depicteBigurel.

The points of the upper bound of the area are calculated assuming an installesifor one technology

(i.e. Wind) and calculating the corresponding maximum amount of admissible installed power for the
other technology (i.e. PV). Four conditions are analysed:

{1 Calculation of maximum PV installable power in presence of the maximumch iwstallable
power defined in the first step

12



9 Calculation of maximum wind installable power in presence of an amount of PV installed power
equal to the target defined at 2025

9 Calculation of maximum PV installable power in presence of an amount of vgitadiéna power
equal to the target defined at 2025

9 Calculation of maximum PV installable power in presence of no wind installed power

To maximize the installed power oMRESource means to find the maximum amount of production
that can assure the preseaof 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 3 o i
Fix the initial maximum value
Fix the traditional unit UPWARD & DOWNWARD )
~ . 5 _| of PVinstalled power and the
dispatching with the p-| reservesrequired (with = ) <
power output (by usingthe
lowest load recorded the assumed WIND )
) contemporaneity factor)
at the same time of the power production)

peak solar radiation.

\ 4

Reduce PV installed
Calculate reserve requirements power

with both PV and WIND

-

PV installed power

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

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

Evaluation of the ) o )
Fix the initial maximum value
Fix the traditional unit UPWARD & DOWNWARD i
_ ) 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
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The results section will report a snapshot of the power system in low load condition considered in the
above describednethodology includingthe main data about type of generation and reserve for each
combination of maximunVRES®alculatedin the form showed ifFigureb.

Total
Zi_ngPMAX_l = XMW Generation
(X MW)
Reserve
Bandwidth Rsec Rter PV (X MW)
Upward Upward
(X MW) Internal
(XMW) Rter
Upward Wind (X MW)
Export
(X MW)
z Pmin—i = XMW D —— Rter
i—Prog r . Downward
Rsec Reer Export
Downward Downward (X MW)
(X MW) Internal Program. (X MW)
(X MW)

Figure5 - Example ofpresentation of theupper bound limit definition forVRE$nstalled capacity

In this graph, the different parts have the following meaning:

1T B 0 : is the minimum amount of generation which must be in service and produce for
operational constraints (voltage control, cogeneration, etc.) or for imposed generation (Run of
River, Biomass, etc.). It is an input for the calculation of maxiviRiB$stalled capacity

M B 0 djs the maximum power that can be generated by the spinning thermal and
hydro generation. The dark grey column is the range of generation that can be covered by the
spinning programmable production unit.

i Total generation is the total amount of generation in the specific load condition under
assessment. For instance, in case of isolated country the total generation is equal to the load to
be covered (10 percentile of load curve). It is an input for the calculation ofkimaum VRES
installation.

1 PV:itisthe energy generated by PV plants considering the maximum installed capacity as a result
of the methodology described above in the present paragraph.

1 Wind: it is the energy generated by PV plants considering the maximstadled capacity as a
result of the methodology described above in the present paragraph.

1 Program.:itis the programmable generation calculated as a result of the methodology described
above in the present paragraph. The value is the sum of the minimemergtion plus the
downwards tertiary reserve, which depends on load &RE$eneration.

1 Rter (upward and downward): tertiary reserve, calculated considering the load andRIES
generation

1 Rsec (upward and downward): secondary reserve, calculated esimgjdhe load.
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For each pair of values calculated for the whole system on the singibasumodel, the presence of
possible constraints due to the intarea limited net transfer capacity is checked. The amount of load
and VRE®&dditional generation défied for the whole system is divided in the different areas assuming

at first a distribution which respect in percentage the distribution assumed foMRE&Sjeneration
present in the Reference Scenario, as defindd]inThis distribution reflects in a good way the allocation

of the newVRE®ower plants in the areas according to their relevant potential.

With this new generation scenario the reserve reqmemnts 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 sum of the actual power flow plus the neededktreser
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 presentddl. ifhe
available hourly profiles (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 houefu(us calculate the
absolute maximum wind installation, regardless the PV) is calculated as'tipeddentile of loads of all
the year.

Low load condition during solar radiation peak

The load used to analyse the most binding condition during the satfiation 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 caoditfor wind and PV exploitation is the 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 productiodRiEpower plants during the absolute
minimum load is very low. The acceptance 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 thé" p@rcentile of load can be used for this
preliminary analysis. In this way tMRESurtailment could occur only when the load will be lower than

the 10th percentile;

In the following table are depicted the load values used for both the countries.
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Tablel - Low load value in most binding conditiofMW]

Chileg
Argentina

Argentina
Interconnecte

d systent

SIC SING Total PAT NEC NWE Total

. . 2,77 21,33
Low load during night Jer#e[el] 6 11,685 677 15683 4,976 6 32,707
Low loadcondition
. . 2,71 22,01
during solar radiation et 4 11,152 699 16179 5,133 1 35,189

peak

2.2.2.2 PV and WIND contemporaneity factor and uncertainty

As a general definition, the contemporaneity factor is the ratio between the maximum actual power
production of agiven set of power plants and the sum of their nominal power. It summarizes the fact
that not all the power plants are producing 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 insthfjewer; or vice versa it can be seen

as the factor to be considered to evaluate which installed power is necessary to obtain a maximum power
production.

The contemporaneity factor is used in this activity in this last way, to estimate the amoltwWafhich

can be installed for the PV or the wind technology which can inject in the system the maximum power
production which does not affect the fulfilment of the reserve requirements. Given a specific power
production, the relevant installed power can bbtained dividing it by the estimated contemporaneity
factor.

The contemporaneity factors used in this study are showrainle2.

Table2 - Contemporaneity factor for solar PV and Wind farnj%o]

Chileg
Argentina

Argentina
Interconnected

system

SIC SING Total PAT NEC NWE Total

Wind farms 70 70 70 80 70 65 73.9 70

Solar PV 70 70 70 70 70 70 70 70

2The 10" percentile of interconnected system is calculatedeoivad trend that sum hour by hour the Argentinian
and Chilean load trends. The time shift due to the different time zones is taken into account.
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The secondary and tertiary reserve requirements with PV and wind farms are calculated in accordance
to the description provided ifil] §2.6.

As described there, one of the main factors for the assessment of upward and downward reserve is the
standard deviation of load andRE$roduction. This standard deviation represents how the actual load
andVRES®roduction are statistically distributed aund the 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. Thisrdiéfere
must be compensated by available dispatchable generation with higher or lower production, to keep the
balance of the whole system.

The standard deviations used in the analydefined based on CESI experierare, shown irrable3.

Table3 - Standard deviation of load, PV and wind productid#]
SIC SING Total PAT NEC NWE Total
Load 292 292 292 292 292 292 292 2.92

Solar PV ke 10 10 10 10 10 10 10

\WikeRES 20 20 20 20 20 20 20 20

2.2.2.3 Net transfer capacity between countries and between areas inside each country
As described ifil], both for Chile and Argentina the interconnection with neighbouring countries have
not been considered. Only the possibility to exchange energy between the two countries is taken into
account after the analysis of the isolated countries is completed.
The net transfer capacity depends on the expected network reinforcements in the 2030 scenario (as
described irf1]):

1 existing line SaltéAndes (operated with limit at 600IW). It connects NWErgentinianarea and

SING Chilean area.

9 future interconnection in the area of Gran Mende3antiago (max 1,00dW). It connects NWE
Argentinianarea and SIC Chilearea.

Moreover, when the countries are analysed divided in different areas, the maximum power exchanges
between them have been taken into account as depictedigure6.
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Figure6 - Net transfer capacity betweemrgentinianand Chilean areas

2224 dadzaG NMHzy¢ YR GNI}YRAGAZ2YIE dzyAla YySSRSR Ay
In the most binding low load scenarios used to determine the maximum amouWR&Snstallable

capacitgz |y AYLERNIIFIYyG KeLRGKS&aAa Aa NBfIFIGSR G2 (GKS ¢
and thermal units that must be kept in service (evewany 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 opeifiagin a secure way.

This set of generators introduces a constraint of minimum power output which must remsémiite,
redudngthe space for otheWRES$eneration.

Chile

¢CKS AYTF2NNIGA2Yy NBII NRnyhan setfdzaditiondNpiahts in 2egdistedarid y R
KIFra 0SSy SEGNI OGSR FTNRBY (KS 5L3{AtSyd RIGIFIolas$
2FFAOALIE 6S0aAidsS Fa a.1aSa RS RIEG2a Sy F2NXIFG2

cortocNDdzA G 24a& LI NX St fI NB2 LI T 2¢

In 2030 scenario it is foreseen a peak load q745MW. The ratio between peak load and minimum

load in 2016 hourly trend is about 429his means that, if this ratio remain the same in 2030, the
expected minimum load iabout 600 MW.

In DIgSilent scenario the load SING is about,880MW, higher than theminimum load to be
considered in the analysis at 2030. The use of a scenario with a load greater than what could be expected
as a minimum in 2030 is a conservati& LJ2 1 KSaAa aAyOS AdG AYLXASa I ¢
needed traditional plants in service.

¢KS avYdzad NHzyé¢ LINRRdzOGAZ2Y GF1S8Sy Ayidz2 | 002dzyid F2N
Table4.

3https://sic.coordinadorelectrico.cl/informeg-documentos/fichas/estudiogle-planificacion/attachment/bdsic
dpd-2016-ett-15-sept/
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Table4 - "Must run" in low load condition (Chile)

I S

Biomass / Procesg:r:y

SUPeRENIEE 1,454 12 1,467
Total 1,896 32 1,928

AscanbeseenintheNE @A 2dza Gl 6t S GKS &Y dzdldcticidHeys or therh®  NHzy
units such as biomass or other thermal plants connected to industrial process.

The minimum set of traditional plants that must be in service as defined in the databagegudoy

G/ 22NRAYIFR2NI 9f SOGNAO2 bl OA2ylLfté SydadlrAata I YAYAY
minimal/maximal output of all the units in service).

The minimum output isparticularlyimportant in the assessment of the maximum amountMRES

allowable plants. The values for each area are showWrabie5b.

Table5 - Minimum and maximum output on traditional plants that must be in service (Chile)

I T T
min max min max min max

el 1,258 2,462 1,110 2,144 2,368 4,606

Hydro 0 5362 O 0 0 5,362

ey 1258 7,824 1,110 2,144 2,368 9,968

Argentina
The minimum set of thermal power plants considered in service in 2025 is defined taking into account

GKS AYTF2NXIFGA2Y Ay Of dzZRSRH /AN & KB aONI Y & RYSS NBS FSANEA
2024.

Thermal programmable generators are assumed imise at least with their technical minimum power

due to stability reasons (e.g. Atucha, Rio Turbio), while run of the river power plants operating at
maximum power due to their limited regulation capacity (conservative assumption. E.g. Yacireta). In the

two analyzed conditions (low load and peak solar radiation), hydro reservoir power plants are assumed

out of service due to their regulation capacity.

In the followingTable6 and Table7 A Y F2NX I GA 2y | 602dzi daYdzad NMzyé 0K?
provided

Table6 - "Must run" in low load condition (Argntina)

Lo liee el e
e v [T —
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Table7 - Minimum and maximum output on traditional plants that must be in service (Argentina)

I S

min  max min max min

ilclgell 145 489 4251 16,839 814 3,370 5,210 20,698

2.3 Results ofperformed analysis

This section describes the results of the assessment of the limitRESIue to system operation
constraints considering a single bBoar modelling of Argentina and Chile, i.e. neglecting the possible
internal network constraints. After the analysis of the whole country power system, also the results
considering the internal mcro-areas are presented in order to evaluate potential limitations due to the
internal crossarea NTC foreseen in the reference scenario.

2.3.1 Argentina

Figure7 shows the maximunvRE$stalled capacity considering different combination of Wind and PV
generation. The blue line represents the values obtained considering Argentina as isolated sgstem (i
dAnalysis considering the Transmission System in the Reference Scéndrio ¢ KS 3INBe& f Ay S
assuming the usage of the two interconnections between Argentina and Chilé@0through the
SaltaAndes and DOOMW through the Gran Mendoz8ariago) for a full export towards Chile (i.e.:
OGAnalysis considering the Transmission System with the possible reinforcements defined in the Inception
Report 0 @ LG LINPOolFofe R2Sa y2i0 NBLNBaSyd | LRaairots
about a maximum valubeyond which a significant part of ne@flREShould be curtailed for operational
constraints In the figure the actua/RESnstalled capacity is also indicated as well as the installed
capacity target set for 2025.
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Figure7 - VRESnstalled capacity limits due to system operation constraints in Argentma030

As described in paragraph2.1, the boundary lines are obtained by the interpolation of the following
PVtwind combination:
1 maximum wind installed capacity in low load scenario (point 1 in the previous picture)
1 maximum PV installed capacity corresponding to the maximum installed windajeme
calculated during solar radiation peak (point 2)
T maximum wind installed capacity meeting PV target at 2025 in low load an&/Rig$cenario

(point 3)

1 maximum PV installed capacity meeting wind target at 2025 in low load and&/RigScenario
(point 4)

1 maximum PV installed capacity in low load and M&EScenario with no wind installed power
(point 5)

Points 1, 2 and 5 do not represent situationshich are likely to happenbecause the planned
development ofVRE$enerationin Argentinaforesees a growth of both PV and wind povirestalled
plants, soat 2030 it is expected thahere will be a balanced mix &V and windnstalled capacityand

not the predominanceof only one technology, as indicated tyese points. Eveniifis not pobable that

the systemwill operatein these conditions, they have been anyway evaluated in order to provide a
general overview of the boundaries due to the system constraints.

The most interesting results are related to the maximum penetration of wintRW in Argentina when
the other two technologiesre set to the value considered in 2025 target (point 3 and point 4):
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1 when the PV target is, 816 MW, the analysis shows a potential wind installed capacity limit of
9,800MW in case of isolated system (lelypoint 3 inFigure7) and 11900MW if 1,600 MW
interconnection with Chiles fully available for export (grey point 3 iRigure 7). Further
installation of wind over these limits should determine an unacceptable curtailmevVR&h
low load conditions.

1 when the wind target is BOOMW, the analysis shows a potentiY installed capacity limit of
10,200MW in case of isolated system (blue point 4Figure7) and 12300MW if 1,600 MW
interconnection with Chiles fully availabé for export (grey point 4 irFigure 7). Further
installation of PV over these limits should determine an unacceptable curtailm&fRBS low
load conditions.

All the acceptable limits of PWind are defined by interpolating the points obtained applying the
methodology shown ifrigure2, Figure3 and Figure4 and described in paragragh?2.

The following paragraphs show in detail the resdtsach PWvind combination corresponding to
point 2, point 3, point4 and point5 in terms of generation and reserve in Argentina and power and
reserve exchanges between tid@gentinianareas. The results are reported both considering Argentina
as isolated system and considering the possibility to exp6AAMW toward Chile.
In particular it can be seen that in extreme binding operating conditions, in presence of maximum
installation of only one technology (i.e. wind generation in the range @QBVIW mainly located in
PAT and NEC, PV with more thar008 MW concentrated ifNWH, the transmission grid gets saturated,
thus causing the need of one of the following solutions:

1 Curtailment of mstalledVRES

9 Different distribution among areas of théRE$stalled capacity

1 Further transmission system reinforcenisrcompared to the development plan.
The first solution can be implemented during the operation of the power system while the last two
alternatives are related to the planning phase and they have to be properly evaluated in advance.
Anyhow, this risk ofhaving the interconnection fromPAT saturated bywind production or the
interconnection fromNWEsaturated byPV appeaonly ifthere is a strong predominance of ordpe
VRES$enerationtechnology in the overall system concentrated in these areas
Thissugyests a balanced development of wind and PV power plants.

2.3.1.1 Max. PV windnstallablecapacity in presence of max. installed wind power (point 2)

Figure 8 shows that with the maximum wind generation of ,@00MW (which corresponds to
13,600MW of installed capacity because of the considered contemporaneity factorAtgentinian
system can a@pt additional 630MW of PV production fulfilling the conventional generation reserve
requirements.

Figure9 highlights that the high amount of wind capacity definedking at the whole system would
cause the NTC limit between PAT and NEC to be exceeded (considering the distribution of the new
installed wind power equal to the distribution of wind power plants in the Reference Scenario). The
situation is even more egient in case of full export toward Chile, because the possibility to export power
towards a neighbour Country determines a higher allowable wind generation and installed capacity
(respectively up to 1150MW and 15600MW), with a consequent increase of pentransfer from PAT

to NECFKigurell).
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Power and reserve exchanges among Altgentinianareas, represented iRigure9, highlight that the

high amount of wind capacity defined looking at the whole system would cause the NTC limit between
PAT and NEC to be exceeded (considering the distribution of the neltleédswind power equal to the
distribution of wind power plants in the Reference Scenario). The situation is even more evident in case
of full export toward Chile, because the possibility to export power towards a neighbour Country
determines a higher allwable wind generation and installed capacity (respectively up t6Q0MW

and 15600MW), with a consequent increase of power transfer from PAT to RigGrél1).
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Figure8 - Generation and reserve in Argentindow load and high/yREScenario, maximum wind installed capacity, no

crossborder exchanges
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Figure9 - Power and reserve exchanges betwedngentinianareas- Low load and highYyREScenario, maximum wind
installed capacity, no crosborder exchanges
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FigurelO- Generation and reserve in ArgentinaLow load and high/yREScenario, maximum wind installed capacity,
maximum export
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Figurell- Power and reserve exchanges betwedéngentinianareas- Low load and highYyREScenario, maximum wind
installed capacity, maximum export

2.3.1.2 Maximum windinstallablecapacity meeting PV target (point 3)

The maximum acceptable wind installed capacity in Alngentiniansystem considering,600 MW of
installed PV power plants, which corresponds to the 2025 PV target9@® W, with an actual
maximum generation of ,d00MW. The programmable generation c@novide the needed reserves
(4,500MW upwards, 21L00MW downwards) as can be seenhkigurel?2.

Analyzinghe flows between areas, it can be noted that &€& not exceeded (Figurel3).
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Figurel2- Generation and reserve in ArgentinaLow load and high/REScenario, maximum wind installed capacity
meeting PV target, no crossorder exchanges
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Figurel3- Power and reserve exchanges betwed@ngentinianareas- Low load and high/yREScenario, maximum wind
installed capacity meetind®V target, no crosdorder exchanges

In case the additional, @00 MW of possible power export are considered, the maximum wind installed
capacity in presence of the PV target amount increases up @00MW, with an actual maximum
generation of 800MW. Also in this case the N3 &e not exceead.
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Figurel5- Power and reserve exchanges betwedngentinianareas- Low load and highyREScenario, maximum wind
installed capacity meeting PV target, maximum export
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2.3.1.3 Maximum P\installablecapacity meeting wind target (point 4)

When the target amount of windnstalled power is considered ,(0MW), the calculation of the
maximum installable PV power indicates that theentiniansystem may accept 1070 MW.

The power flows between the areas resulting when HRE®lants are assigned to the different areas
shows that the NTC betwedWEand NEC is slightly exceeded, by less tharM0 corresponding to

a 9% overload. In order to avoid this limitation, the PV plants might be installed partially in the NEC area,
for instance close to the main load center,tbe NTC on the section might be improved. These options
will be evaluated during théallowingactivities, where the optimal economic generation mix is defined,

in case the result will suggest an optimal operating condition which activates the same ouresticha
solution must be investigated.

It is worth underlining that the real expected power flow is lower than the NTC, but the need of more
downward reserve in the NWE area needs the possibility to evacuate more power in case for instance of
overproducton by PV or lower load than forecasted, thus requiring that a share of the transfer capacity
is left available.

In case the export towards Chile is considered, the amount of maximum installable PV power plants
increases up to 1200MW, because the addiiinal production can flow to thaeighbourcountry. The
requirement of downward reserve in NWE increases due to the higher amowiRESand for this
reason the section towards NEC shows a higher overload, even if the real expected power flow is lower.
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Figurel6 - Generation and reserve in ArgentinaLow load and highyREScenario, maximum PV installed capacity meeting
wind target, no crossborder exchanges
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Figurel7 - Power and reserve exchanges taeen Argentinianareas- Low load and high/yREScenario, maximum PV
installed capacity meeting wind target, no cro¢®rder exchanges
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Figurel8- Generation and reserve in ArgentinadLow load and highYyREScenario, maximum ¥ installed capacity meeting
wind target, maximum export
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Figure19- Power and reserve exchanges betweéngentinianareas- Low load and high/yREScenario, maximum PV
installed capacity meeting wind target, maximum export

2.3.1.4 Maximum P\nstallablecapacity (point 5)

As last step, the maximum installable PV power without considering any production by wind power
plants is calculated, even if this is not an operational condition likely to happen, as the planned wind
generation at P25 is not null.

In this very extreme condition, more than ,600MW of production, corresponding to more than
15,000MW of installed PV power, can be managed by the whatgentiniansystem fulfilling the reserve
requirements. But due to the strong concentration of the PV resource only in NWE area, this high amount
of installed power would cause significant overloads on the NNEE section.

This particular condition, which increaséegtrisk of curtailments ofRE$roduction due to reserve and
transmission constraints in the system and in the area, can happen only if the PV technology is
developed. A balanced generation mix which differentiates YRRESower plants with different
technologies and in different areas strongly reduces the occurrence of such extremely binding
conditions.

Similarly to whatwasfound in other cases, the possibility to expor6@0MW to Chile increases the
amount of possible PV installed power, but alsaéases the problems of the evacuation of the power
from NWE to the rest of the system, considering also the increase of the reserve requirements.
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Figure20 - Generation and reserve in ArgentinaLow load and high/REScenariomaximum PV installed capacity, no
crossborder exchanges
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Figure21 - Power and reserve exchanges betwedngentinianareas- Low load and high/REScenario, maximum PV
installed capacity, no crosborder exchanges
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Figure22 - Generation and reserve in ArgentinaLow load and highYyREScenario, maximum PV installed capacity,

maximum export
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Figure23 - Power and reserve exchanges betwedngentinianareas- Low load and igh VREScenario, maximum PV

installed capacity, maximum export
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2.3.1.5 Conclusions for the analysis on #higentiniansystem

A quick explanation of the main outcomes of the analysis performed oArthentiniansystem has been
provided in the previous paragrhp. The limits of some combinations of PV and wind power production
have been calculated in order to define the area which represents the admissible amount of installable
PV and wind power ensuring the fulfillment of the reserve requirements. The catmddiave been
performed for the isolated case and considering the possibility to expe@0MW towards ChileFigure

24 summarizes the results.

The most extreme conditions of the identified area, which correspond to the parts highlighted in grey in
Figure24 where one technology is developed much more thae tiher, might cause the net transfer
capacity between areas to be exceeded, requiring some possible reductidREfihstalled power (or

a different distribution among the areas) or the improvement of the transfer capacity with network
reinforcements.
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Figure24 - resulting area of admissible PV /wind installed power fulfilling the system reserve requirements

The quantitative assessment of expected yearly wind and PV curtailmpresentedin the following
Chapter On thebasis of these latter results one can decide whether hatiera network reinforcements

are economically justified of the risk of curtailed wind energsan be consideredcceptable.

The evaluation of the optimal technical and economic deployment of vaimd PV accounting for
possible interarea network reinforcements will be performed starting from the Reference Scenario
which includes the PV and wind installations according the 2025 targets. It means that the area explored
for identifying the optimal saliton is the dotted one shown iRigure24.
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2.3.2 Chile

Figure25shows the maximm VRE$stalled capacity in Chile considering different combination of Wind

and PV generation. The blue line represents the values obtained considering Chile as isolated system

0 A ®Ahdiygis abnsidering the Transmission System in the Reference @céndri ¢ KS 3INB & |
calculated assuming the usage of the two interconnections between Chile and Argentinki\(600

through the SaltaAndes and 100MW through the Gran Mendoz&antiago) for a full export towards

I NB Sy i AAhblysi® conbiSeting tHransmission System with the possible reinforcements defined

in the Inception Repditv @ LG LINRPOFo6fé& R2S& y20 NBLINBaSyid | LI
a clear indication about a maximum value which cannot be exceeded. In thelfigjorethe actualVRES

installed capacity is also indicated as well as the installed capacity target set for 2030.
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Figure25 - VRESnstalled capacity limits due to system operation constraints in Chi030

Theboundary lines are obtained by the interpolation of the sameww combination described in
paragraph2.3.1

It can be noted a very good correspondence betwedss target values set by Chilean Authorities and

the maximum amount oMRESnstalled power calculated considering the system constraints. With
respect to the targets, additional 200W can be accepted by the Chilean system withiha need of
curtailmentsdue to reserve requirements in case of low load conditions.

The following paragraphs show the results related to the most interesting points of the defined area
(points 2, 3, 4 and 5), providing also details related to generation and reserve in Chiletaicedgstem

power and reserve exchanges between the SIC and SING areas. The results are reported both considering
Chile as isolated system and considering the possibility to exg@@0MW toward Argentina.
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2.3.2.1 Max. PMnstallablecapacity in presence ofar. wind installed capacity (point 2)

Figure26 shows that with the maximum wind generation @860 MW (which corresponds to,300 MW

of installed capacitglue tothe givencontemporaneity factor) the Chilean system can accept additional
440MW of PV production fulfilling the reserve requirements.

Power and reserve exchanges between SIC and SING are represdfigadéd7. In this condition, the
distribution of the new installed RES power (equal to the distribution of RES power plants in the
Reference Scenario) does not imply the NTC limit between Chilean areas to be r&dutedeans that,
under this condition, the reserve requirements can be overall fulfilled by using the transfer capacity
between SIC and SING below its limit.

In Figure28 andFigure29 are shown the results taking into account the possibility of full export toward
Argentina. The possibility to export power towards a neighbour @gutetermines a higher allowable
wind generation and installed capacity (respectively up,#886MW and 9600 MW); the additional PV
production that the system can accept is the same as in the isolated situatioMWA40

Also in this case the NTC betwe€hilean areas limit is not reached, although the exchange is greater
thanin the previous case.
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' | OTH (462 MW)
_ Rter
Prin—i = 3835MW —— Downward
i—Prog
Rsec DO\E;E:A:ard Dxport
O MW
Downward Internal ( ! Program. (4984 MW)
(216 MW)
(1149 MW)

Figure26 - Generation and reserve in Chiléow load and highYyREScenario, maximum wind installed capacity, no cress
border exchanges
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Figure27 - Power and reserve exchanges between Chilean arelasw load and higi/REScenario, maximum wind
installed capacity, no crosborder exchanges
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Figure28 - Generation and reserve in Childow load and high/REScenario, maximum wind installed capacity, maximum
export
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Figure29 - Power and reserve exchanges between Chilean arelasw load ad highVREScenario, maximum wind
installed capacity, maximum export

2.3.2.2 Maximum windinstallablecapacity meeting PV targépoint 3)

Figure30 and Figure31 show the maximum wind installed capacity that the Chilean system can accept
in presenceof 4,160MW of PV capacity, which represents the 2030 PV target. Considering Chile as an
isolated system, up to,400 MW of wind capacity (corresponding tg@®0MW of production) can be
installed fulfilling all the reserve requirements.

Considering the @ssibility of a full export toward Argentina, the amount of acceptable wind capacity
increases to 00MW (corresponding to #00MW of production during the low load condition).

In both the conditions the NTC between SIC and SING is not ex¢cestkdransmission capacity is
enough to ensure a secure power exchange and suitable margin dedicated to reserve for mutual support
between the areas
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Figure30- Generation and reserve in Child_ow load and highi/REScenario, maximum wind installed capacity meeting
PV target, no crosvorder exchanges
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Figure31- Power and reserve exchanges between Chilean arelasw load and highYyREScenario, maximum wind
installed capacity meeting Ptarget, no crossborder exchanges
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Figure32 - Generation and reserve in Chileow load and highVyREScenario, maximum wind installed capacitpeeting PV
target, maximum export
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Figure33 - Power and reserve exchanges between Chilean arelasw load and highYyREScenario, maximum wind

installed capacity meeting PV target, maximum export
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2.3.2.3 Maximum P\installablecapacity meeting wind targepoint 4)

Considering Chile as an isolated systeimemthe target amount of wind installed power is considered
(3,950MW), the calculation of the maximum installable PV power indicates that the Chilean system may
accept up to 800MW (which corresponds to a production of0®0MW).

Taking into account thill export toward Argentina, the maximum installable PV increaseS@06/W
(corresponding to 00 MW).

Also in these cases the NTC between SIC and SING is not exeeebiEensmission capacity is enough

for a securgpowerexchange with a suitable margin fiserve.
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Figure34 - Generation and reserve in Child.ow load and higiyREScenario, maximum PV installed capacity meeting
wind target, no crossborder exchanges
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Figure35- Power and reserve exchanges between Chilean arelasw load and high/yREScenario, maximum PV installed
capacity meeting wind target, no crodsorder exchanges
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Figure36- Generation and reserve in ChildLow load and highvREScenario, maximum PV installed capacity meeting wind
target, maximum export
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Figure37 - Power and reserve exchanges between Chilean arelasw load and higi/REScenario, maximum PV installed
capacity meeting wind target, maximum export
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2.3.2.4 Maximum P\installablecapacity(point 5)

As a last, theoretical condition, the maximum installable&yacitywithout considering any production

by wind power plants is caliated.

In this very extreme condition, up tqIB0MW (5,700 MW of production) of PV plants can be installed

in Chilean system, fulfilling the reserve requirements. If the full export is considered, the PV installable
capacity reaches almost BDOMW (7,200 MW of production).

Due to the fact that PV is installed in both SING and northern SIC regions, the NTC between the areas is
not reached.
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Figure38- Generation and reserve in Child.ow load and highyREScenario, maximum PV installed capacity, no cross

border exchanges
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Figure39 - Power and reserve exchanges between Chilean arelasw load and highyREScenario, maximum PV installed
capacity, no crosdorder exchanges
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Figure 40 - Generation and reserve in Child.ow load and higiyREScenario, maximum PV installed capacity, maximum
export
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Figure41- Power and reserve exchanges between Chilean arelasw load and hig VREScenario, maximum PV installed
capacity, maximum export

2.3.2.5 Conclusions for the analysis on the Chilean system

In conclusion, the 2030 target established by the Chilean authorities looks coherent with the technical
limits of the expected power systerihe further amount of installable power is about 2@0V.

The NTC between Chile and Argentina is not a limiting factor in the maximum admissible amount of RES
that can be installed in Chile.

Furthermore, interconnecting Chile with Argentina through two c#ossder lines would allow
increasing thevariableRES generation up tqga®0MW.

However this RES installation increase shall be coordinated with Argentina. It has been considered that
the cross border exchange capacity can be used in full export during the Chilean low load and high solar
irradiation condition. These hours are typically also associated witAtgentinianlow load / high solar
irradiation ¢ In this condition Argentindikely could not importthis amount ofpower.

Thus, we have jointly examindide two countriesasa single electrical system verifying if the increase in
the installable capacitthanksto the interconnection as calculated separately for Argentina and Chile is

trustworthy.

2.3.3 Interconnected countries

The analysis on Argentina and Chile considered as an interconnected system has been carried out
considering the system as a single #nas. It means that the NTC between the countries is neglected.
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The Argentina; Chile system is considered as an isolated system: it is not possible any export towards

other countries.

Figure42 shows the maximunvRE$hstallablecapacity considering the different combination of Wind
and PV generation as describedi.1
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Figure42 - VRESnstalled capacity limits due to system operation constraints in Chilean @mdentinianinterconnected

system- 2030

The blue line represents the values obtained considering both the countries as isolated system and

summing the respective maximum Kialues in each combination of Wind and PV generation. Each blue

dot is indeed the sum of the respective value§igure7 and Figure25.
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countries and the sum of 2025 target for Argentina and 2030 target for Chile.

The grey line is calculated applying the single bus bar methodology describ@® ito the

interconnectedArgentinianChilean system.

In the previous analysis oboth Argentina and Chile, the RES acceptable increase related to the
interconnection (grey line) is due to the fact that the whole NTC between countries is used in export.

NI

This is the same as an increase in the load and brings to the possibility toarlataér amount of RES

in the system.

In this analysis the increasd RES associated with the interconnection of the systems is not related to
the possibility to export further generation. It is instead mainly due to the greater system minimum load
related to the fact that the Argentina and Chile have asynchronous minimum load conditions.

The 1" percentile of the interconnected system is calculated on a load trend that is the sum hour by

hour of the load trends of the two countries. The"@ercentileof the interconnected system is greater
than the sum of the 10 percentiles calculated on thargentinianand Chilean load trends separately.
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This phenomena isertainlyrelated to the different shape of the load trends in the two countries, related
to different socio economic behaviors and to the different time zones.

A greater value of low load condition creates the possibility of a larger amount of acceptable RES
installation (with the fulfillment of the reserve requirements).

The numeric values ohe PVWVind combination depicted ifrigure42 are presented in the following
table.

Table8 - VRESnstalled capacity limits due to system operation constraints in Chilean &mdentinianinterconnected
system- 2030

Sum of isolated systen| Interconnected syste

Paint Wind Wind Wind

1 21105 0 22,708 0 1,603 0
21,105 1,525 22,708 3304 1,603 1,779
3 14018 9,173 17,122 9,173 3,104 0
8,961 14510 8,961 17327 0 2817

0 23270 0 25,766 0 2,496

'H. _

The most interesting points are 3 and;4hey are obtained by increasing the installed power of one
technology on the basisf the target ofthe other one. The area between these points is the most likely

to be achieved.

It is important to point out that the increase of the acceptable installed power due to the interconnection
in these points is respectivelyl®0MW and 2800 MW.

These values are remarkably lower than the sum of the increases due to the interconnection described
in 2.3.1and2.3.2(which are £00MW in the point 3 and 800MW in the point 4).

The increase in the maximum RES insthtlapacitydue to the interconnection between Argentina and
Chile illustrated in this chapterigore precise thain the previous analysis in which the interconnection
is used in full export, without any regard to actual possibility fortaighbourcountry to import a larger
amount of power during low load conditisn

The actual NTC between thedveountries limits the possible distribution of the incremental RES power
due to the interconnection.

If the NTGwvere infinite, it could be theoretically possible to install this incremeMBRE$ower plants

even in just oe country (Argentina or Chile)n reality the NTC imited and this represents an
important constraint forthe possible distribution.

Even considering the interconnection as available for full export (as described in the previous chapters),
the maximum increase 0fRESIue to the interconnection is limited to about@@OMW in both the
countries (in points 3 and 4).
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In conclusion, it can be said that the distribution of the calculated incredséRESower due to
interconnections (about BOOMW for the whole system) is limited by the actual NTi@reasinghe
NTCwould meanto let this distribution to be less constrainesd allow more flexibility in the decision

where to install the additional plants
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3 ECONOMIC AND TECHNICAL ANALYSES TO B ARIJAVAL ECONOMIC
AMOUNT OF ADDITIONXRES

3.1 Introduction

The objective otheseanalyseds to assess the impact of the expected renewable generation on the
operation of the power system taking into account a detailed model of the transmission netveovir P
flows internally to the country and between the countries under examination are evaluated,
investigatingalso theexisting constraints.

A detailedgeneration and transmission model is set up and simulations of one year of operation with a
probabilistic approach based on Monte Carlethodare performed increasing the amount ®MRE&nd
calculating the maitechnical andeconomic figures to allow thevaluation of the optimal solutian

The computational tool used for the simulation is GRARE (Grid Reliability and Adequacy Risk Evaluator)
developed by CESI on behalf of Tefthee Italian Transmission System Operatamy widely used for
reliability analges in presence of substantial penetration of RES generdtiorore detailed description

of GRARE can be found in Apperidix

The probabilistic simulation of one operational year considers thousands of different system
configurations (different load, avability of generation fleet and transmission network&RE$ower
LINPRAzOGA2Yy X0ZX ¢SAIKGSR oWith thiK Sprdath LinPresultd depick the (0 2
expected operation of the whole system, obtained analysing many real operational stats, an
evaluatingdetailed informationof eachsystemcomponent.

The most interesting results are tlexpected benefits for the system in terms of lower generation costs,
taking into account thevariation of theExpected Energy Not Supplied (EEN&t also the expected
production of the VRESplants, considering possible curtailments due to system or transmission
constraints. These curtailments, which might become necessaisoliee overloads that cannot be
resolved by a different dispatching ofehtraditional generation or taneet very low load conditions
when the thermal generation is already at the minimum production, reduce the production of the new
VRE®lants, reducing their profitability.

Thanks to the comparison of the main results obtalirmey the simulations of scenarios with different
amount ofVRESIt is possible to define the optimal amountadditionalVRE®ower plants andd split

the different technologies or areatooking at the configurations which provide the highest benéfits

the system, taking into account also the relevant costs

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

4“EENS represents the Load thahnot be supplied during 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 (wihés necessary to cut some load to resolve line
overloads that cannot be resolved only with a different dispatching of generators)
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3.2 Methodology

In this paragraph, the methodology applied to assess the optimal economic RES penetratiariagcou
for possible network reinforcements is presented.

It is based on the calculation of the benefits to the system generated by the investment of the same
amount of money in different technologies, and proposing higher share of the needed investments
supporting the one which provides higher benefits. The procedure adopted is illustrakggure43 and

is made by different steps and iterations that will be described in the next paragraphs.

STEP 1
If necessary, addition of dispatchable generation in order to cover power peak and
demand increase foreseen in 2030 and calculation of the related CAPEX
v
STEP 2
GRARE simulation of the Reference Scenario for calculation of dispatchable generation
OPEX
STEP 3a STEP 3b
GRARE simulation considering an GRARE simulation considering an Next iteration considering
investment in new PV installed investment in new WIND installed ﬁrrtherdispatchab!e
) - . - generation replacement
capacity as a replacement of capacity as a replacement of e e e
dispatchable generation dispatchable generation generation OPEX calculated
CAPEX+OPEX (CAPEX is considered CAPEX+OPEX (CAPEX is considered inSTEP 4

only if the construction of new only if the construction of new A

dispatchable generation is avoided) dispatchable generationis avoided)
STEP 4
GRARE simulation considering an investment in new PV and WIND installed capacity
as a replacement of dispatchable generation. The share of the two technologies is
weighted considering the benefits calculated in STEP 3a and STEP 3b NO

The overall cost of NP RES .
(CAPEX+OPEX) is greater than LC ':'e“.‘ NPRES installed
the overall cost of capacity is greater then the

Ao e TR maximum calculated in Task 3?

Exit the procedure for optimal b
economic NP RES penetratioyf

Figure43 - Procedure for the calculation of the optimal economitRE$enetration

3.2.1 STEP 1Generation capacity to ensure system adeagry

The reference scenario described[i] could determine an inadequate installed generation for peak
demand supply and this creatan unrealistic situation with an excess of energy not supplied.
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In fact,during the operation of the systeme available generation can be significantly lower than the
installednet generation capacity.
The main causes of the reduction of generation capacity during the system operation are the following:

1 System service reservéhe amount of reserve provided by dispatchable units reduces the
available capacity for load supply. The value of system service reserve changes hour by hour
depending on the load, wind and PV generation. The system service reserve is also affected by
its calculation methodologi/Variations of this methodology made possible by new technologies
able to reduce the forecast errors or increase the dispatchability of plants (for instance with
storage systems) might reduce the system reserve need.

9 Line overlod: In case of congestions, generation capacity could be unavailable because of its
impact on line overloads. The impact is considered internally by GRARE simulations taking into
account the grid in the optimization process.

9 Outages: They are consideredigans of fault probabilities as an input of GRARE simulations.

If the Montecarlo draws determine the outage of one or more generation units, the total
available capacity decreases.

1 Overhauls: Maintenance of each power plant is scheduled during the ye@RARE starting
from the yearly maintenance duration time provided as an input. Although GRARE aims to
schedule the maintenance during low residual load periods, the unpredictable generation can
determine a coincidence of maintenance and residual load peaks

1 Non usable capacity: Much of the toiaktallednet generation capacity is given by units which
are dependent from the availability of their primary sources, overall water, wind saal
radiation When the primary source is not available also the$elr G A2y OF LI OA (@
exploited.

Figure44 depicts the factors listed above which have an influencehenremaining available capacity.

It is mportant to highlight that all the components &igure44 are calculatecdn anhourly basisn the

GRARE simulations. Starting from GRARE outputs, the new dispatchable capacity has been progressively
added where needed until the EENS requirement lien fulfilled.An EENS limit df0® p.u. of total

yearly energy demands been adopteth the calculatioras a referencéimit for energy not supplied for

lack of available generation in the system. The EENS limit*op.10 of total yearly energy deamd
considered in the study is a reference value adopted as a best practice by ENTSQs. A higher
tolerable EENS can determine a lower need of further dispatchable capacity but the system adequacy
will inevitably be lower.

>Reserve is modelled for each hour to cover 99% of imbalance as a consequence of load, wind and solar day ahead
forecast erors. Reservavill then become highein case of high load, wind and PV at the same time.
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Unavailable Capacity

Net Generating Capacity

Non usable capacity

\ 4

Figure44 - Overview of different causes of generation capacity reduction during operation

Furthermore, it is important to highlight thalhe generation in Argentina is compliant with 2025 demand
target so the demand increase from 2025 to 2030 need to be compemdatefurther installed
generation.

For this reason the first step aims to adjust the installishatchablegeneration obtaininga more
reliable reference scenario. The nalispatchablegeneration added to cover peak load condition are
combined cyclegias turbines (CC@Twith 800USD/KW of capital expenditur@able9). The CCGT
generation has been adopted as a referefimenew dispatchable technology

For generation adequacy purpose any equivalent dispatchable genefationBiomass, Concentrated
Solar PowerStoraggof the same capital cost could be selected provided that the new installed capacity
is sufficient to contaithe EEN®ithin the maximum acceptable valu€he choice shoulinallybe made

by optimizing parameters such as flexibility, efficiency, carboisgions and costs.

Table9 - Cost of newdispatchablegeneration needed for generation adequacy
New CCGTTarget year 2036 Costs in USD/KW

_ Argentina and Chile
CAPEX 800

The CCGT power plants are added in different areas of the countries, until problems of Lack of Power
are solved to an acceptable level. As better explained in the next steps, the benefits of théRtESy
power plants will be evaluated considering that istraents indispatchablepower plants are anyway
needed to fulfil generation adequacy and the investmenVRE&llows to avoid capital expenditure in

new dispatchablegeneration.In other words, the economic evaluations performed in this activity
considerthat part (or even all) the peak power and load increase foreseen at 2030 can be covered by PV
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and wind plants, which can substitute, at least partially, the dispatchable generadignied to ensure
system adequacy. The assessment alillaysbe based ortomparison of costs and benefits, keeping a
focus on the EENS which must remain in acceptable ranges.

3.2.2 STEP 2Construction of power system model wesponding toReference Scenario

The second step consists in the construction of the model to be analysed.

The power systems of the countries are initially set up as isolated systems, and then they will be
considerednterconnectedn order to evaluatehe effect of the international power exchange.

The construction of the Reference Scenaribased orthe information described il]. In addition to

that, the scenario is further adjusted to obtain a reliable starting point for the evaluation of the benefits
coming fromanadditionalVRE$stalled capacity

Local congestons on transmission linesdue to concentrated load increase, are identified and
eliminated, including local network reinforcements which are required to supply the load. Such
reinforcements are not the object of the present study, which is focused onirtigovement of
transmission system to ensure the optimal exploitatioWV&ES

The whole transmission network is modelled to ensure a correct calculation of the power flows on the
lines, but only the constraints on 58¥ and 22KV lines are considered. heans that overloads are
evaluated only on these voltage levels which are responsible of the power flows over long distances and
between different areas, since the lines with lower voltage havinited capacity and more local

effect.

Once the Referere 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 cost

Operational costs of the new added CCGTs

Erergy production of the plannedRE®lants

Energy exchanges among areas

Expected Energy Not Supplied (EENS)

Line overloads

Costs and/RESurtailments related to dispatching caused by transmission line overloads

= =4 -4 -4 —a —a -2

This operational condition represents the benchmark for the evaluation of the benefits provid¢R B$
power plants and the outcomes of the simulation will be reported in the results section. The impact of
new installedvRE®dentified at the end of the pragss can be evaluated comparing the results of STEP
2 with the results obtained in the simulation with the optimal econoMRE$enetration.

3.2.3 STEP 3Simulation of the power system considering investmentimd and PV technology
separately

The main parameters considered to calculate the amount of W& $apacity to be considered in the

third step are the annual OPEX and CAPEX of the new needed CCGT power plants, assumigg that th

money might be invested in PV and wind technologies. lerdfind the best mix oVRE3wo different

simulatiorswill be performed considerinigy one casea full investment in PV generation aimdthe other

a full investment inwind generation. The economic benefits for the systerare assessed in both

conditions andin a subsequent steghe results of the two simulatiamare used to define the best
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combination of the technologies, weighting the investments in PV or wind byetgectivebenefits
provided to the systemThanks to this approach, tlresultingoptimal mixconsides an investment in

both PV andvind, and not only in the most effective generatitechnology to diversify the resources,
reducing uncertainty and risks, but keeping an economic merit order.

The evaluation of the amourdf MW to be installed in the simulations of the third step for tRES

plants will be defined based on the overall cost (CAPEX+OPEX) of the conventional generation to be
replaced. As can be seerfigure43the Step 3 is part of an iterative process which considers progressive
replacement of conventional generation until it is economically viable.

The amount of replaced conventional generation to be assessed in eadipitestrictly depends on the
characteristics of the power system and has been defined considering mainly:

1 The amount of new conventional generation added in the Step 1. E.g. in Argentina in each
iteration the replacement of DOOMW of new CCGT has beemsadered because of the high
amount of new conventional generation, which is poterfiavoided CAPEX foiRES

1 The amount of expected new install#@RESwvhich can be estimated lookingthe upper bound
limit defined in previous analysiBor instancea limited space for further installation ¥RE$
Chile has been highlightedtcompared to the 2030 target. In this case a limited amount of
conventional generation replacement has been considered already in the first iteration.

Once the amount of conveitnal generation to be replacei defined the correspondent overall
annuity cost can be calculated as the sum of:

1 the annuity of the CAPEX, calculated with the formula

(Discount Rate) = (CAPEX;)

1
(1 + Discount Rate)”

EAC;, =

1

Wherenis the economic life of the new CCGT (20 years).

1 the average of the OPEX of all the new CCGT power plants calculated in the Step 2 (for the first
iteration) or in the Step 4 (for the next iteration).

The investment in new CCGT is replaced by PV (simulation 3a) or wind plants (simulation 3b), for a
quantity which requires the same investment, or equivalent yearly annuity.

The costs of the investments WRESechnologies are considered as defined[1), par. 2.4 ad are
reported inTablel0.

Tablel0- CAPEX and OPEX\GRES)eneration

Solar P\t Target year 2030 Costs in USD/kW

Chile Argentina
CAPEX 670 860
O&M (per year) 11.5 115

Onshore Wind Target year 2030 Costs in USD/kW

Chile Argentina
CAPEX 1145 1180
O&M (per year) 52 48
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The calculation of the annuity is made using the same formula adopted for the conventional generation
but considering the following economic life of the ass¢t$, (par. 2.5.3):

Tablel1- Economic life of different generation technologies

Technology

PV (Utility scale) Wind Gas Combined
Crystalline or TF Cycle

Life of the facility[yeard 30 20 20

Discount rates are considered equal to 10% for Argentina and 7.5% for Chile.
Two new GRARE simulations (Step 3a and 3b) are performmdeanto understand which the most
profitable technologyswith the following differences compared to the reference case:

1 replacanent of conventional generatiorwith an equivalent investment ifurther PV power
plantslocated in the most convenient powsystem nodes

1 replacement ofconventional generatiorwith an equivalentinvestment inwind generation
located in the most convenient power system nodes

The results of the two simulations must be compared. In both cases the avoided cost of energy for the
whole system with respect to the base case must be calculated in the following way:

SySTAda I p htxp B8RKBAELI GOKAYI O2aiav
As the comparison is performed assuming same investment cost for both PV and wind, the technology
with highest operational besfits is more profitable.
Finally, in order to consider also the EENS in the economical evaluations, a vaR@o§iidWh has
been considered.

3.2.4 STEP 4Simulation of the power system considering an effective combined investment in
WIND and PV technology

The benefits for a total investment in each of the two technologiegaratelycan be measured as a
reduction of system operational costs (Benefjsnd Benefitsing) and it can be calculated by comparing

the results of the reference case with thesults of the two simulatiosiof Step 3.

The final simulation of each iteration is performed in the Step 4 starting from the base case, without the
replaced conventional generation and considering the combined investment in PV and wind calculated
in a poportional way with respect to the benefits caused to the system, i. e. if wind has twice benefits
than PV, the investment iWVRESn the Step 4 scenario will be 2/3 in wind generation 1/3 in PV
generation. In this way it is kept the same investments thatild be required also to install and operate

the new replaced CCGT and there is a diversification ofRteSechnologies keeping an economic merit
order between them.

The new PV and Wind plants are installed in the area with highest potential. For lexanpgentina,

PV is distributed on the main nodes of NWE area, while the wind is distributed on the nodes along the
coasts, starting from south.

In Chile the situation is a bit more complex, and if the curves for the same technology in different areas
are not so different, it is possible to divide the new plants in the areas.
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3.2.5 lterations

The steps 3a, 3b and 4 are repeated until one of the following conditions is reached:

9 Further addition of VRESNn not viable, thus the total cost of new installed winddaPV
technologies (CAPEX+OPEX) is greater than the avoided CAPEX in conventional generation (if
present) plus system operation cost reduction.

1 The newVRESnstalled capacity calculated after the Step 4 reachesupper boundlimit
calculated inChapter2.

As mentioned the amount of conventional generation to be replaced in each iteration as well as the new
VRE%0 be considered is calibrated considering the specharacteristicof the power system allowing

to obtain the optimal solution imbout 2-3 iterations.

When the process ends the following information about the optimal econMRIE $enetration can be
obtained and compared with the outcomes of the referenase

1 System operational cost

Operational costs of the new added CCGTs

Energy production of the plannedRE®lants

Energy exchanges among areas

Expected Energy Not Supplied (EENS)

Line overloads

Costs and/RESurtailments related to dispatching causedtgnsmission line overloads
LCOE of Renewable resources

=A =4 -4 -8 —a —a -2

3.2.6 LCOE of Renewable resources

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 lifietime 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

In this studythe LCOE is calculated using the cost per year of @naird operating an asset over its
entire lifespan (CAPEX annuity + OPEX) tistngssumed discount ratgd0% for Argntina, 7.5% for
Chilg, whichessentially reflect consideration of the opportunity cost of capifakse equivalent annual
costs are tha dividedby the expected yearly production of the plants, resulting from the simulations.
More in detail the formula that describes the LCOE is given here below:

56060 600 @B & 6 QAdWOD
DOV O —— o s ot
OQMINE @iIiOE Qi QOMAQQA 6 0 WO QE ¢

CAPEX and OPEX used in the LCOE calculation are the ones already pre$abtetidn
Once the LCOEabtainedfor the PV and windechnologies in the two countries, some sensitivities are

performed to assess the impact that variations of CAPEX or interest rate can have on the LCOE, keeping
the expected annual generation constant.
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3.2.7 Role of Transmission

Starting from the results of prious activities (optimum PV and Wind installation 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 thealmation of the benefit in terms of system ca@ts NB RdzO G A 2
determined by the network reinforcements.

3.2.7.1 Inter-Area transmission lines in isolated country

The first step consists in considering the ir&eea reinforcement, still with isolated countries.

This has to be performed only in case critical congestions happen ordregarsectionsr close to them

which cause high redispatching costs or RES curtailments. In case there are no congestions and in case
the country limit forVRE$hstallation has bee 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 pe of network reinforcement and the increase 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 performadrssitivity in order to
assess the impact of the new grid reinforcements evaluating energy not supplied, generation costs and
VRESurtailment. The results section will show a monetization of the benefits for each reinforcement,
in particular the value othe maximum limit for the investment in the reinforcement in order to have a
benefit for the system can be used as a parameter for investment decisions. Once the cost of the project
is known the planned reinforcement is viable if the cost is lower tliaRe maximum limit for the
investment (over this limit the benefits will not pay back the investment).

3.2.7.2 International Interconnection lines

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

A GRARE simulation will be run on the interconnected countries considering the planned international
interconnection lines: SalkAndes up to full power and the 500kV line from the area of Santiago to the
area of Gran Mendoza.

The main outcomeof the analyss of the crossorder transmission lines are the following:

1 Reduction of costs for the whole system (costs increase in exporting area, decrease in importing
area)
1 Power flows and possible congestion rent on the international interconnection lines
9 Estimatal Levelised Cost of Transmission (LCOT) of the lines.
LCOT of the line (CAPEX annuity + OPEX) is a parameter used to evaluate the minimum value of the
energy exchanged that allows the transmission infrastructure project to be viable and it is calculated
with the following formula:

N ey 600 @xd & 0O QbW
WQHI0E @1 "ME U T Qe Q
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If the price differential between the interconnected countries is greater than the LCOT, it is convenient
to build new inerconnection lines. A new simulation must be performed considering:

1 A new interconnection line and an increased NTC
T New installedVRES
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3.3 Main information about scenario

Some modifications of the reference scenario definedlihhave been deemed necessary f
Argentinian and Chilean systems in order to obtasmigable system adequacyhe applied change
are aimed at ensuring that the assessment of VRES optiematiation, that is the focus of thq
overall study, is not affected by constraints that are not related to the VRES installed capé
2030 for instance due to overall lack of generation or due to local network congestions.

Argentina
The startingooint for the definition of the Argentinian generation and transmission systems is

planning done by CAMMESA at 2025. With respect to it, the following interventions have

performed:

- generation adequacy7,500 MW dispatchable generation hawen inroduced in the systerr
to cope with the power peak and the demand increase foreseen from 2025 to Z6&@.have
been modelled with 15 CCGTs 3@W each, which are then partially replaced WREplants
up to the optimal economic amount

- local network impovements few transformer stations have been reinforced to avq
overloads caused by localized increase of load

Chile

The definition of the reference scenario is based on the already available plan of the Chilean

up to 2030. Some adjustments haleeen deemed necessary to ensure a good reliability of

system and the focus

- Generation adequacy2,800MW dispatchable generation @CGT,850MW each) have been
introduced to keep a good reliability of the system. They are necessary because the p
generation increase, strongly focused on PV andlwlants (6GW out of planned 6.&W are
VRE®ower plants) is not enough to cover the power peak dachand increase

- A big part of the existingil power plantshave been modified reducing the costs, simulatin
switch to gas or the replacement with other more economic genergtiants

- Someimprovements of the 220kV linekave been considered in the @® where a strong
growth of the load causes network congestions, which are not doégRE$ower plants. Few
other reinforcements have been introduced to allow some already plarfiREPower plants
to evacuate the generated power.

3.3.1 Argentinian generatio fleet

At the end of 2016, as already said in the inception refigstthe total installed capacity of Argentinian
generation fleet is equal to 33,9MW. Only 1% ofhe total capacity is available from RES power plants
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(about 200MW); 66% is from thermal and nuclear power plants while the 33% from hydro power plants.
Tablel2 shows the installed capacity in 2016 and the capacity faftoreach technology.

Tablel2- Generation installed capacity at the end of year 2016

Installed Capacity
Capacity Factor

[MW] [%]
Thermal 20,763 50%
CCG 9,227 67%

Nuclear 1,755 50%
Hydro 11,240 39%
RES

Source/

Technology

212 45%
187 33%
8 20%
Biogas 17 100%
TOTAL 33,970

As well explained in the inception rep¢tf], the additional capacity expected by CAMMESA for the year
2025 is about 2GW

1 10GWof wind and PV power plants.GWof wind farms mainly located in the Atlantic coast
(Patagonia, Comahue and Buenos Aires) aBi\®f PV power plants located in the north west
areas of the Country (Noroeste and Cuyo);

1 Additional 2.5GW of hydro power plants, developing largeale hydrokectric projects in
Patagonia, Comahue and Cuyo;

1 Third nuclear power plant in Atucha;

1 Addition of about 7GWof thermal capacity in the short and medium term, completing combined
cycles and other current projects.

In this way the total capacity installéa Argentina within 2025 is 58W.

6 The capacity factor of a power plant, or group of power plants, is the ratio between the actual output over a
period of time (typically one year) and the potent@ltput if the operation at full nameplate capacity could be
possible continuously over the same period of time
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Table13- Additional capacity to reach CAMMESA targets 2025 (CESI elaboration)

Additional capacity 2012025[GW]
25

Thermal
Nuclear

PV
Biogas/Biomass

TOTAL 20

0.8

5.0

The list of the main hydro, thermal and nuclear power plants is show&dhitel4. Most of new thermal
installed capacity is located in the electrical regions of Litoral (42%), Gran Buenos Aires (17%) and Buenos
Aires (10% of conventional installed capacity + VW8 nuclea power plant Atucha Ill). Patagonia will

K2dzaS GKS GKANR 06A33S480 KeRNR O2YLX SE 2F (G-KS O2c
/ sYR2NJ / tAFTFE¢ LINRB2SOG oAttt AyOfdzZRS bSad2NI YAND
1,310MW).

Accading with wind and solar radiation potentials, wind farms already forecasted by CAMMESA are
located inthe Suth East regions while PV power plantstire North West regions.

Power Station Name

Tablel4- Main hydro and thermal projects in thgeriod 20172025

Type/

Technology

Province

NESTOR KIRCHNER Hydro Santa Cruz Patagonia 950
CHIHUIDOS | Hydro Neuquén Comahue 640
JORGE CEPERNIC Hydro Santa Cruz Patagonia 360
LOS BLANCOS | Hydro Mendoza Cuyo 440
GUILLERMO BROWN CCGT Buenos Aires Buenos Aires 900
BELGRANO Il CCGT Buenos Aires Buenos Aires 840
ATUCHA 1lI Nuclear Buenos Aires Buenos Aires 745
BRIGADIER LOPEZ CCGT Santa Fe Litoral 420
VUELTA DE OBLIGADO CCGT Santa Fe Litoral 280
EL BRACHO OCGT Tucuman Noroeste 270
MATHEU ARAUCARIA ENERGY OCGT Buenos Aires Gran Buenos Aires 260
RIO TURBIO ST Santa Cruz Patagonia 240
MATHEU APR ENERGY S.R.L. OCGT Buenos Aires Gran Buenos Aires 215
ZARATE ARAUCARIA ENERGY OCGT Buenos Aires Buenos Aires 210
A.G. RENOVA TIMBUES CCGT Santa Fe Litoral 205
LOMA CAMPANA-2 OCGT Neuquén Comahue 205
GRAL ROJO RiO ENERGY OCGT Buenos Aires Buenos Aires 150
EZEIZA ALBANESI OCGT Buenos Aires Gran Buenos Aires 150
LUJAN ARAUCARIA ENERGY OCGT Buenos Aires BuenosAires 130
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3.3.1.1 CESI assumptison generation

As described in paragra@h?2.], the first step of the methodology aims introduce new dipatchable
gererationin order to fulfil the adequacy requirementEhe main causes of the reduction of generation
capacity during the system operation aeported inFigure45 along with a qualitative indication of the

range in which they are included during the simulated year. The values repoffeglired5 refer to the

system as described by MINEM in 2025 forecast, then before the addition of further dispatchable units
in step 1 of the methodologyt is important to highlight thaFigure45 reports qualitative ranges for

each cause while the exact value is calculated hour by hour in the GRARE simulations. Starting from
GRARE outputs, the new disphablecapacity has been progressively added where needed until the
EENS requirement has been fulfilled.

Unavailable Capacity

2030reference scenario

Net Generating Capacity:
54.0 GW Non usable capacity

(0-24 GW depending on

hourly sources availability
of intermittent generation) v

\ 4

Figure45 - Generation capacity reduction during operation in Argentina

A first run of GRARE was carried out without the power plants added by CESI in order to investigate
potential problems on the network: this simulation highlighted a not negligible value of Expected Energy
Not Supplied (32&Whc about the 0.14% of the totaenergy demand) because thfe lack of power in

the system: in other words the GRARE simulation shows that in some hours during the year the available
power is not sufficient to cover the load demand and therefore the system has to cut the load to satisfy
the power balance.

After iterative simulations of Argentinian power systeihhas beencalculatedthe further need of
7,500MW dispatchable capacity in order to comply with the requirement of an EENS lower th@nl0

of total energy demand.
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Accordingto the methodology described in paragraph2.1 the following CCGTs with 50@W of
installed capacityvere used as a reference amlaced by CESI: in particular these power plants were
directly connected to the 50KV network and located near the buses with high levels of load. Obviously
the major part of the new CCGTs was installed in the Buenos Aires area,TabltéEs shows.

Tablel5- CCGTs added by CESI

N° BUS VOLTAGE [kV] MARKET AREA
1 GRAN MENDOZA 500 NWE
2 HENDERSON1 500 NEC
3 HENDERSON2 500 NEC
4 HENDERSON2 500 NEC
5 CASLINGASTA 500 NWE
6 ABASTO 500 NEC
7 EZEIZA 500 NEC
8 EZEIZA2 500 NEC
9 RODRIGUEZ2 500 NEC
10 RODRIGUEZ2 500 NEC
11 CAMPANA 500 NEC
12 CAMPANA 500 NEC
13 BELGRANO 500 NEC
14 RECREO 500 NWE
15 ABASTO 500 NEC

Regarding the renewable generation, the following tables show for PV and wind power plants the
connection points to the 50RV network: in this case the installed capacity is not defined a priori as
explained in the methodology chapter and it depends om @GRARE simulations.

As the tables highlight, in order to maximise the energy production, the renewable power plants are
located on the basis of the geographic characteristics of Argentina: just for this reason, all PV power
plants are installed in the Nth of Argentina where the solar radiation is more intense, while the wind
power plants are located in the South and along the Atlantic coast that are the most windy zones of
Argentina.
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Tablel16- PV power plants added by CESI

: BUS ~ VOLTAGE [KV]  MARKET AREA |
1 ARROYO CABRAL 500 NWE
2 EMBALSE 500 NWE
3 LAVALLE 500 NWE
4 SAN FRANCISCO 500 NWE
5 LUJAN 500 NWE
6 CATAMARCA 500 NWE
7 ALMAFUERTE 500 NWE
8 MONTE QUEMADO 500 NWE
9  MALVINAS ARGENTINA! 500 NWE
10  SANTIAGO DEL ESTER 500 NWE
11 EL BRACHO 500 NWE

Tablel17 - Wind power plants added by CESI

N° BUS VOLTAGE[KV]  MARKET AREA |
1 NPMADRYN 500 ' PAT

2 COMODORO 500 PAT

3 RSCRUZ 500 PAT

4 ESPERANZA 500 PAT

5  CHOLO CHOEL 500 NEC

6 B.BLANCA 500 NEC

7 GUIBROWN 500 NEC

8 VIVORATA 500 NEC

3.3.2 Argentinian load attarget year

In 2016 the energy demand in Argentina was equal to 132W; only +0.6% compared witk015

demand. The most recent information published by the Ministerio de Energia y Mineria (MINEM) of

| NBESYGAYyS wSLJztAO Fo2dzi GKS SySNHE& RSYlFYR F2NJ
OYSNHSGAO2a HnHupé LIE.INA GfiKi8 datahas beerSpitfistien $atdn Wemmnt
expected ir2030.

As exphinedin the inception reporfl], in order toestimatethe energy demand in 2030, CESI compared
MINEM forecast with a demand forecast carried out with a-tlmvn model based on GDP and
population. With this approach the engy demand expected in 2030 is 23%Wh. The comparison
between the MINEM curve and the CESI curve allowmezstimateof 4.2% growth ratdased on MINEM
forecast for the period 201:2025and an estimate of 3.7% growth rate for a the final cupased on
CESI forecast for the 202830 period. The final curve will be adopted as reference to assess the
demand to be used for the analyses: 229Wh in 2030.

” Demand of MEM agent@istributors and big users)ncluding the distribution losses anekcluding export,
consumption of pumping power plangdtransmissiometwork losses.
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The total consumption covered by generation power plants includes the demand of customers and also
the network lossesfor the 2030 scenario, it is reasonalite assume that investments in the electric
system will contribute to reduedistribution losses down to 7% tife generation output. Assuming 3%

of transmission losses, the overall T&D network loseash 10% of generation outpurt 2030.

3.3.2.1 Peak power demand

Another important parameter for the demand forecast of a Country is the maximum power demand
expected in one hour over a period of one year, i.e. the peak power demand (MW). In 2016 the peak
power demand registered in Argentina was 25,38W, with a growth rate 6% of peak power demand

with respect t02015.

aLb9a RARYQG LINRPGARS (GKS TFT2NBOI aid 3 ndvddtheless LI2 6 SN
CAMMESA provided the peak power demand expected in 2025 (381857 1n the period 2012025,

the average annual growth rate needed to reach the peak power demand indicated by CAMMESA
(35,537MW) is 3.8%; applying this value also in the period 20280 we assessed a peak power demand

in 2030that isequal to 42,845W.

3.3.3 Argentinian transmission network

The model network used for the analyses was developed on the basis of CAMMESA network database
(PSS/E format) of the Argentine electric power system for peak load scenario 2025, includingvi,000

of RES power plants. This network model includes the strengthening lines needed for the secure
management of the system at 2025 with high RES penetrabim network developments are already
planned from 2025 to 2030.

Lastly, to increase the transfer capacity between Patagonia and Gran Buenos Aires, four alternative
network reinforcements were proposed by CAMMESA: CESI selected the5@&M3V HVDC betwen

Puerto Madryn e Plomer since, taking into account the high RES penetration, with this reinforcement
the transfer capacity between Patagonia and Gran Buenos Aires is the highest pos3iildig/).

Table18 shows the lines that form the sections with the summer and winter limits in normal (N) and
contingency (NL) conditions, these last were rounded downlNontingency condition considers the
worst outage of one line and the power limit calculated in tosdition represent the maximum NTCs

of the sectiondd ¢ g2 LIRfSa | NBE SELISOGSR FT2q0fRKS NESSH (I K+SENE
the worst N1 condition in NE®AT section is the loss of one pole (1,K80).

8The NTC value can be further reduced by operational constraimts as an uneven loading of thees belonging
to the section.
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Table18- Sectim limits in normal and contingency conditions

Summer  Winter

Line Name Reg.FromReg.To  Vn Length  Limit Limit
[kV] [km] [MW] [MW]

SECTION NWHREC

Monte Quemadog Chaco NOANEA 500 AC 263 1,732 1,970

San Franciscq Santo Tomé CENLIT 500 AC 120 1,732 2,158

Arroyo Cabrak Rosario Oeste CEMNLIT 500 AC 250 866 1,732

Rio Diamanteg Los Blancog Gran

CUYCUY 500 AC 103 1,732 1,750
Mendoza

Limit in normal condition (N) 6,050 7,600
Limit in contingency condition (NL) 4,300 5,450

SECTION NEPAT

Puerto Madryncg Choele Choel ¢) PATCOM 500 AC 354 1,263 1,732
Puerto Madryng Choele Choel (9) PATCOM 500 AC 354 1,263 1,732
Puerto Madryng Plomer (HVDC) PATGBA 600 DC 1,800 3,500 3,500

Limit in normal condition (N) 6,000 6,950
Limit in contingency condition (NL) 4,250 5,200
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Figure46 - Macro areas of Argentine electric system 2030
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3.3.3.1 CESI assumptison transmission network reinforcement

In addition to the network reinforcements foreseen by CAMMESA, some odlirdiorcements were

added by CESI in order to solve the most important overloads highlighted by the first run of GRARE
simulation: in particular after updating the loasome transformers were overloaded during the year

and therefore four new transformensere added to the network.

TheTablel9 summarizethe network reinforcements added by CESI:

Table19- Transformers added by CESI
N° SUBSTATION VOLTAGE [kV] POWER [MVA] MARKET AREA

1 GRAN MENDOZA 500/220 300 NWE
2 ABASTO 500/220 800 NEC
3 RIO DIAMANTE 500/220 600 NEC
4 PUERTO MADRYI 500/330 450 PAT

Regarding new lines, no new lines were added by CESI.

3.3.4 Chilean generation fleet

At end of December 2016 the installed capacity in SING and SIC amourg®@@OMW. Coalfired

plants accounted for 22% of total installed capacity and gas for 22%ie@ibeneration represents the

14% of the total installed capacity, but the energy generated by this technology has dropped in the
recent years; as can be seieriTable20the capacity factor in 2016 was 7% corresponding toriAh of

the total energy produced.

Table20- Generation installeccapacity at the end of the year 2016

Source/ Installed Capacity | CapacityFactor
Technology [%0]

Coal 4,782 7%
Natural Gas 4,907 28%
Qil 3,039 7%
Hydro 6,602 34%
Wind 1,030 25%
Solar 1,050 28%
Biomass 66%

459

As well explaineth the inception repor{1], the reference for the generation expansion plan of Chile is
the development plan published by the Coordinador Eléctrico Nati@hahccording tathis document
about 7GWof new capacity are expected in service in the period 22030 reaching 2&Wof installed
capacity. New entrants are foreseen for the following technologies:

1 Solar generation: 3.6Wof additional capacity, mainly located in the northern part of the SIC
(Atacama Region);

1 Wind generation: 2.Wof additional capacity, mainly load in the southern part of the SIC
and in the second and third regions;
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9 Hydroelectric generation: additional 0@W, of which 200MW with installed capacity lower
than 20MW (small hydro). All the projects are located in the southern part of the SICI(VII,V
IX, XIV regions);

1 Thermal generation: one 38@W combined cycle is expected to start operations in the
Valparaiso region. 40W of geothermal capacity will be added in VIl region;

1 Biomass generation: only three projects are considered viable forahaatount of 7AMW.

Table21 - Additional capacity 20172030

Additional capacity

Sl 2017-2030[GW]
Hydro

Wind

Biomass

TOTAL 6.9

The list of the main thermal, wind and solar projects to be considered in the Reference Scenario 2030 is
shown inTable22.

Table22 - Main projects in the period 20172030

: Type/ :
Project Name ‘ Region
Technology [MW]
AURORA WIND X 130
SARCO WIND 1] 168
CICLO_COMB_VR_1 THERMAL \Y, 360
SOLAR_CARDONES 2 SOLAR 1 200
SOLAR_CARDONES 4 SOLAR 1 200
SOLAR_CPINTO_2 SOLAR 1 200
SOLAR_CARDONES 5 SOLAR 1 200
SOLAR_CARDONES 6 SOLAR 1] 200
SOLAR_CPINTO_3 SOLAR 1] 200
SOLAR_DALMAGRO_2 SOLAR 1] 200
SOLAR_CPINTO_4 SOLAR 1] 200
SOLAR_CPINTO_5 SOLAR 1 200
SOLAR_CRUCERO_2 SOLAR Il 120
MALLECO WIND IX 270
CABO_LEONES_lI WIND 1 204
EOL_PUELCHE_SUR WIND X 132
CERRO_TIGRE WIND Il 142.2
SOL_DE_VALLENAR SOLAR 1] 250
EOL_LOS _GUINDOS WIND VIl 376
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Type/ Pinst.

Project Name ‘ Region
Technology [MW]
TCHAMMA WIND I 195
MALGARIDA_I SOLAR 1 168
CABO_LEONES I WIND 1] 124
INCA_DE_VARAS SOLAR 1 120
CAMAN WIND XV 150
EOL_ESPERANZA WIND X 202
EOL_COIHUE WIND Vil 216
EOL_SANTA FE WIND VIl 204

3.3.4.1 CESI assumptison generation

Some changes have been deemed necessary with respect to the Reference Scenario dfiflned in

The first important CESI assumption interests the existing oil generation: currently this type of
generation has a really small capacity factor (7% in 2016): in other words this type odtimés the

last called in the unit commitment and it is used only to cover the peaks of the load.

Although these power plantare not so used, they have a really very high cost that affect the average
value of the energy cost in Chile and in particuti#s certainly higher tham Argentina.

Since these power plants could be reasonably decommissioned within 2030 (small capacitihigletor,
maintenance costs, high carbon dioxide emission and other pollutaihtsqs been decidetb switch

the fuel fram oil to gaswith this decisionthe cost of each power plaritas beerreduced to the range

60¢ 120 USD/MWh, maintaining the same merit order the generators had with the gjlifeiethe most
expensive one in the original configuration with oil fustain the most expensive one also when costs
are reduced

After that, according to the methodology reported in paragra&pB.1, generation has beeassessed in
order to fulfil the adequacy requirements

The main causes of the reduction of generation capacity during the system operatidesmgbed in
paragraph3.2.1and Figure47 reports a qualitative indication of the range in which they are included
during the sinulated yearin Chile The values reported iRigure47 refer to the system as describéal

the development plan published by the Coordinador Eléctrico Natior2080 forecast(Base scenarip)
then before the addition of further dispatchable units in step 1 of the methodology. It is important to
highlight thatFigure47 reports qualitative ranges for each cause while the exact value is calculated hour
by hour in the GRARE simulations. Starting from GRARE outputs, the nawtdibfmcapacity has been
progressively added where needed until the EENS requirement has been fulfilled.
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Figure47 - Generation capacity reduction during operation in Chile

A first run of GRARE was carried out without the power plants added by CESI in order to investigate
potential problems on the network: this simulation highlighé value of Expected Energy Not Supplied
(340GWhc about the 0.3% of the total energy demand) because of lack of power in the system: in other
words the GRARE simulation shows that in some hours during the year the available power is not
sufficient to coer the load demand and therefore the system has to cut the load to satisfy the power
balance.

Figure48 shows in which hours of thday the energy not supplied foatk of power is concentrated.

Lack of power is concentrated in the first half of the year when the availability of hydro is low (the wet
season is concentrated in the second half of the year).

It is interesting to note that almost alf the EENS is concerated during the eveningnight time since

the load is enough high, hydro generation is low (as said above, EENS is concentrated in dry season) and
the photovoltaic generation isot present.

In the first hours of day, EENS is really low mainly becdweséoad is low, while during the daytime
hours, EENS is low because the growth of the load is compensated by the growth of the photovoltaic.
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Figure48 - Expected energy not supplied in Chile (no power plants added by CESI in service)

After iterative simulations o€hilearpower system it has been calculated the further nee@,800 MW
dispatchable capacity in order to comply with the requirement oE&NS lower than £(.u. of total
energy demand.

According to the methodology described in paragrépB.], eight CCGTs with 330W of installed
capacity vere used as a reference armlaced by CESh particular these power plants were placed in
buses very meshed and near to buses with high levels of load.

Table23- CCGTs added by CESI

N° BUS MOLEIAE IS MARKET AREA
[kv]
[ 1 KIMAL ' 220 ' SING
2 KIMAL 220 SING
3 POLPAICO 500 sic
4 POLPAICO 500 sic
5 MAITENCILLO 220 sIC
6 CHARRUA 500 SIC
7 CHARRUA 500 sic
8 CARDONES 220 sic

Regarding the renewable generation, the following tables show for PV and wind power plants the
connection points to the 50RV network: in this case the installed capacity is not defined a priori as
explained in the methodology chapter and it depends oa @RARE simulations.
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As the tables highlight, in order to maximise the energy production, the renewable power plants are
located on the basis of the geographic characteristics of Chile: just for this reason, all PV power plants
are installed in the Nortihegion where the solar radiation is more intense, while the wind power plants
are located in the South and along the Pacific coast that are the most windy zones of Chile.

Table24- PV power plants added by CESI
VOLTAGE

N° BUS T MARKET AREA
1 LOS CHANGOS 500 ' SING

2 CUMBRE 500 SIC

3 NUEVA CARDONE! 500 sIC

4 PAN DE AZUCAR 500 SIC

5 POLPAICO 500 SIC

Table25 - Wind power plants added by CESI
VOLTAGE

N° BUS MARKET AREA
1 PANDE AZUCAR 500 ' SING
2 CHARRUA 500 e
3 CIREULOS 220 e
4 CUMBRE 500 e

3.3.5 Chilean load atarget year
The continental electric power system of Chile is composed by four main electric systems:

SING: Sistema Interconectado del Norte Grande
SIC: Sistema Interconectado Central

SEA: Sistema Eléctrico de Aysén

1 SEM: Sistema Eléctrico de Magallanes

= =4 =4

SING and SIC systems are the most relevant because they include about 99.4% of the national energy
demand. The interconnection of these systems is ongoing and will be completed incthedsealf of

2017 forming a single interconnected system named SEN (Sistema Eléctrico Nacional) while SEA and SEM
systems will remain isolated. Due to their very low demand, 0.2% and 0.4% of national demand
respectively in the following SEA and SEdvk neglected and any reference to the Chilean demand is
referred only to the SEN system.

In 2016 the energy demand in Chile (SING+SIC) was equal t6V8E;7only 0.5% compared with

demand 2015. The most recent information published by the Comision Nadeaiergia (CNE) about

0§KS SySNH& RSYIYR F2NBOlIald I NB AyOfdzRSR Ay GKS R
20162036 SI{ L b D¢ LJdzo f A & K S R]. ONE pravided dze Nenand forecast up to 2036
including details about regulated customers and free customers. The energy demand expected in 2030,

9 Net consumptiongexcluding export, consumption of pumping power plants @&Dnetwork losses.
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which was assumed for the Reference Scenario in the current project, is TVHH27.5TWh are
expeced in SING system and 8T Wh in SIC systej8].

For 2030 scenario, T&D network losses were assumed equal to 7% of generation output in the target
year 2030: 4% duto distribution network and 3% for the transmission network

3.3.5.1 Peak power demand

In 2016 the peak power demand in SIC and SING was ®IMAO(xcluding T&D losses), with a growth

rate of 3.2%with respect tothe 2015demand5.

/' b9 RARY QU LINRPOGARS GKS F2NBOI aid 2[M®]. ThiSrmodt retédtsg SNI R
forecast of peak power demand is published by the Coordinadatritio Nacional5]: 15,745MW are

expected in 2030 with an energy demand equal to T®¢h, this last is in accordance with CNE demand
forecast.

3.3.6 Chileantransmission network

LY WFydzr NBE HamMTYX /9b LlzofAaKSR Iy dzZZJRFGSR OSNHA:
58 9ELI yaAsy 55 ¢NIyaYAaArs y[2P. Bhs planiaversshé pericd 2@ i N& O
2036 and it represents the most recent plan, which was provided to the CNE for a public consultation
from all stakeholders and the next final approval.

Together with the main document, CNE prodddso thenetwork database (DigSilent format) of Chilean

electric power system used for the analyses included in the transmission developmetft flais

network model includes the strengthening needed in the loegn for the secure management of the

sydem with a big amount ofRESThe database was used as reference model for the network analyses
object of this projectReferring to the limited sections, CESI proposed the interconnectioBINIE as

the main limited section inside SEN system.

Table26 - Section limits in normal and contingency conditions

Summer Winter

Line Name Vn Length  Limit Limit
kvl [km]  [MW] MW] |
|
Encuentroc Cardones (;’L) SINGSIC 500 AC 1,500 1,500
Encuentrog Cardones (%) SINGSIC 500 AC 600 1,500 1,500

Limit in normal condition (N) 3,000 3,000
Limit in contingency condition (M) 1,500 1,500

3.3.6.1 CESI assumptison transmission network reinforcement

In addition to the network reinforcements foreseen by C&Me other reinforcements were added by
CESI in order to solve the most important overloads highlighted by the first run of GRARE simulation: in
particular, after the updating of the load, some reinforcements are necessary because the existent lines
R 2 yh&vé an adequate capacity to supply the updated load and therefore they have to be reinforced to
avoid important or prolonged overloads on the network elements.

©.r&as RS 5124 5AI{AtSYyl HEMBIYMOLERES® 5AI{ At Syl FAf

74



Hereinafter a list of reinforcements is presented: in particular it is referred to the lirassdinectly

ddzLLJ & | ft2FR FYR GUKSNBT2NB GKS 2@0SNI2FR 2y (GKS

but only by load curtailment. In order to avoid this, a reinforcement in necessary.

1

Polpaicog Tap El Manzg Tap Chicurea Saltg the corricbr 220kV between Polpaico and El
Salto was reinforced because on the KMOnetwork under the 228V bus of El Salto there is an
important load (Santiago city). The length of this corridor is abolb0

Cauin ¢ Temuco,the link between Cain and Temus was reinforced because of the load
growth on the 11V network under the 22RV bus of Temuco and Temuco aux. The length of
this line is Z&m.

Kimalc Maria Elenac Laguna& G KS OIF LJ OAGeée 2F GKS ftAySa o6Sic¢

to cover the updted load in the 22&V of Lagunas, therefore a reinforcement is necessary. The
length of the reinforcement line is 1&n.

Kimal¢ Chuquicamata (G KS OF LJ OAGe 2F GKS ftAySa o0Sie6SSy

cover the updated load in the 220/ of Chuquicamata, therefore the link between these two
buses have to be reinforced. The length of the reinforcement line g5
Collahuasic_Encuentrg also in this case the capacity of the line between Collahuasi and
Encuentro is not adequate to supply ethupdated load in Collahuasi and therefore a
reinforcement is necessary. The length of the reinforcement line ik&00

Encuentro¢ El Tesorog Esperanzathe capacity of the line among Encuentro, El Tesoro and
Esperanza is not able to cover the load pthin El Tesoro and in Esperanza. For this reason a
reinforcement line is necessary and its length is R@0

Quillota ¢ Olmu ¢ Polpaicq Quillota is a station in which arrives all power generated by the
power plants placed along the coast, while Polpd@c station with dighload (city of Santiago)
and in which a connection with the 56% networkis present

Therefore really high power flows are direct from Quillota to Polpaico and a reinforcement line
is necessary in order to avoid an important lcadtailment.

® Salamanca

it m . / Los Piuquenes LOS V|IOS
Nogales
(Casas
e Blanco
Ventanas m \ b4 , Juncal
Quintero £ | g Juncalito
) ] Hornitos
Quillota
. Polpaico
ol , Los Maitenes LO AQUirre
; Cerro Navia
Chena

Florida , Ily lll
El Rincon

San Sebastian
San Antonin -

The length of the reinforced line is about .

Lastly, in the following, a list of the reinforcements necessary to solve constraints due to renewable
power plantsalready included in the reference scenasi@ presented:
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1 Carrera Pinta; San Andrég Cardones; Maitencillo, the 220kV corridor between Carrera Pinto
and Maitencillo has to be reinforced because of important power injection of PV power plants
in the buses of this corridor. The length of the reinforcement is aboutk2®0

I Teminal 2 ¢ Duguecoc Tap El Rosa Charrdg the 220kV corridor between Terminal 2 and
Charrtahas to be reinforced because of power injection of renewable power plants (one wind
farm with maximum power of 27MW and PV power plant with 9IW of maximum pwer).

In Charrta a connection with the 5@¥ networkis present The length of the reinforcements is
90 km.

1 El Pelicana El Romeroin this case the reinforcement line between El Pelicano and El Romero
is necessary in order to avoid energy renewabldaibment. The length of the reinforced line is
2 km.
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3.4 Resultsof Referencescenario

This chapter illustrates the results thie BATscenario $tarting from the Referencecenariodescribed
in paragraptB.3andreaching the configuratiowith optimal economic amount of additionsRE}for
each country considered as isolate@Argentina and Chileand for the case with thetwo systems
interconneded.
All the results are obtainetly simulations performedvith a sanple of 10,400 tests(equivalent to a
simulation of 200 Monte Carlo years which are then summarized in one resulting operationatoyear
assure the convergence of the analysis.
Theevaluaion of the results is based mainly on the comparison of the following key information

1 average annual value @&xpected Energy Not Suppli@EENS)assigned tdhe relevant cause
(lack of power, lack of interconnection, lines and transformers overload)¥ar each arealt is
reported because the introduction 8fRESeplacing thermal power plants might reduce the
adequacy of the generation fleet, increasing the EENS which must be given a penalization
solar and wingower plantsproduction and curtailments due to overgeneration and overloads;
thermalgeneration costs for each area;

9 list of network constraints which increase the cost of generation because impede the full
exploitation of the cheapest plants
1 asynthesis oénergy exchanges andaturationhours for each interconnection

= =

The evaluation of the benefits introduced by some variation in the generation fleet or in the network is
performed comparing the operational costs (which are mainly the thermal generation costshend t
penalization related to the EENS) with the investment costs required by the introduced change (for
instance, cost of the investment needed for the installation and operation of theuRREHower plants,

or avoided costs for the not needed thermal povpdants replaced by RE®nes).

The evaluation is carried out on an annual basis, calculating the annuity of the investments as defined in
3.2.3 This method allowshe comparison of the benefits obtained from different scenario and the
selection of the most convenient one.

Thekey information described aboware reported in many tables. The followintpgsaryexplains the
meaning of some wordand enables a correct interpretation of the values included in the tables.

General information:

- Before redispatchingit meansthat the resultrefersto the system operatiombtained after a
first optimized dispatching which considers the limits of powrchanges between areas but
does not consider the detailed transmission network moalithin the areas It corresponds to
the supply ofthe load in every area with the hydr&/RES&nd imposed generation plus the
cheapest thermal power plants, fulfillingpger exchange constraints between areas.

- After redispatchingit means that the result refexto the system operation obtained after the
changes in the power generation dispatching with respect to the first optimizedtbeeone
G0 ST2NB NI Reyuirédital leAoyeldads on transmission lingsich might be
present when the detailed transmission network is considetedgeneral, it corresponds to a
more expensive operation because cheap generation selected in the first optimized dispatching
must be replaced by more expensive one, because ofgtesence of network congestions
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During redispatching, thermal generation can be increased or decreased within its technical
limits, while imposed and¥RE§eneration can only be reduced and replaced byemexpensive
thermal one

Tables with information relevant to thexpected Energy Not 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 inwhwle system. This can be
caused by unavailability of plants because of maintenance or faults.

- Line Overloadthis value expesses the amount of load which must be curtailed to solve
overloads which cannot be resolved with the redispatching of the genesdioad is curtailed
in the nodes which have highest impact on the power 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 othareas It differs from the lack of power
because some power would be available in the system in other areas, but cannot be transferred
to the area with missing generation due to interconnection limits.

Tables withriformationrelevant to generation proaiction and costs

- Reduction Min. Tec. Gerihe results reported under this label show the variation of the hydro,
imposed andvRES$eneration which is necessary in conditions of low load and overgeneration.
When all the required thermal power plants arkemdy operating at the minimum powelbut
the production including imposed, hydro andRESne, remainshigher than the loadit is
necessary that these latter generation are also reduced, to meet the load level.

- DP it indicates the Delta Production witi a generator is required to apply during the
NBERAALI G§OKAY3 LINRPOSaad as5thné YSkHya GKIFG GKS
G2 GKS FANRG 2LIWNAYAT SR RAALI GOKAY3 60t AR 2y
generator reduces & production
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3.4.1 Argentina

In this paragraph the main results as regard Argentina are presented. First of all the reRdtsreihce
scenario are illustrated; then scenario with optimal economic amount of additR&% analysed and
compared with the reference on&ome further cases aimed at evaluating the possible benefits gained
removing some network constraints attgen presented and discussed

3.4.1.1 Reference scenario

The simulation of th&keference scenarishows
- Gaod adequacyof the analysed system, with EENS due to lack of power or line overloac
above 0.5GWh, equal to around 2x¥®f the total load
- Overallgeneration costglose to9000M$, which include the costs due to redispatching to sc
curtailmentsequal to 13M$. This corresponds to an average cost of generation equal to ¢
38$/MWh!
- Expectedyeneration by P\power plants around 1L300GWh (2440 EOH) and a curtailment
44 GWh in the NWE area, corresponding to less than 0.4% of the overaligiar
- Expectedgeneration by windpower plants close to 2000GWh (about H30EOH) and ¢
negligible curtailment of &Wh, equal to 1.5x1of the overall wind production
- Mainlines expected to be congestete
0 Recreog Malvinas, expected to be at itenit for about 1,500h
0 Rio Diamante Charloneg Junin, expected to be at its limit for about 500h
These lines are close to the section NWEC
- Nearly no cases where the power flows through sieetionsbetween areas are at the NTC lin

The operation dthe Argentinian system in the Referenseenariq isolated from the neighbouring
countries, has been simulated. The main results are presented in this paragraph.

FromTable27, which shows the EENS, expresasiWh/year, split by area and reason, it can be seen
that he systemhasa generally good generation adequa@ye greatest part of EENS is concentrated in
NWE and it is due to lack of powegrobably due tahe high penetration of PV production which is not
as reliable as thermal one and in case of unexpected low production can cause a lack oflpogver
overloads that are not solvedith a redispatching offte generationproduce ® MWh/year of EENS,
mainly concentrated in NEC.

Table27 - ExpectedEnergy Not Supplied Argentinean Referencescenario

[MV\I/ErI1E/$§ar] Lack of Powe Lack of interconnection | TOTAL
2 45 47

0
472 5 2 479
0 0 0 0
474 50 2 526

11 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 marginaindicates the average costs of the energy production
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Table28 showsthe total energyproducedin each area and the related costghich are only due to
thermal power plants. In this reference scenario totatost are around9000M$/year, of which only a
verysmall part due to redispatching costs (U$/year).

Table28- Total production and fuel costsArgentinianReferencescenario

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

17,1675 7,081

46610 1761 0 516 305 0
18741 142 0 14 0 1
| TOTAL | 237026 8984 0 559 559 13

As regard P\generation (Table 29), total production is around 1,200GWh/year and it is mainly
concentrated in NWE. Considering that the total installed capac®y@sV, the equvalent operating

hours (EOH)are approximately2,450. The energy curtailed after redispatching phaseeipial to

44 GWh/year, that is less tha®.4% of total production.The curtailments are needed in case the
redispatching of only thermal generators is not enough to solve network congestions. This might happen
when all the thermal generation in one area is already operating at the minimum value, but still there
are constaints on the lines which evacuate the power from that area.

Table29- Total production of PV plants ArgentinianReferencescenario
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWh/year | GWhlyear

AREA

2,443

12,253 0 -44 0 2,443
0 0 0 0 -

12,296 0 -44 0 2,443

As regard wind generatio(Table 30), total production is around 1940 GWh/year and it isalmost

equallydivided between NEC and PAT; only a small part of the produdées than %) is in NWE.
Considering that the total installed capacitpi&W, the equivalent operating hours agebit higher than
4,000. The energy curtailed after redispatching phase is negligible.
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Table30- Total production of Wind plats - ArgentinianReferencescenario
WIND PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWhlyear | GWh/year

AREA

Table31 summarizes energy exchanges through the defined af@aser flow is mainly from PAT to
NEC and from NEC to NWHhe interconnectionsre not saturated during the year. Theading of
interconnections, evaluated as energy/limit is the following:

- from PAT to NE@6%:from NEC to PAT: 0%

- from NEC tdNWE:30% from NWE to NEC: 5%.

9,108 3,700
773 0 £8 0 2,551
10,057 0 0 0 4,604

o

=3

o

4,029

Table31- Interconnectiors - ArgentinianRReferencescenario
ENERGEXCHANGES [GWh/year] SECTION LIMI

DISPATCHING DISPATCHING [h/year]
I NEC'| 4250 4250 9,682 9,643
[UNEC PNWEN 4300 4300 11313 1,922 11,375 1,773 0 0

The following table shows the main linekich are expected toperate at their maximum transmission
capacity ordered from the greatest to the smalleskxpected duration in hours per yedfor each line
the overload duration (h/year) is reported.

It is warth noting that these lineare close to the sections betwe®WEandNEC

Table32 - Main expectedoverloaded lines; ArgentinianReferencescenario

TOTAL
BUS 1
[h/Year]

RECREO REC.MALV 1,432
MALVINAS.RE REC.MALV 811
RIOJASUR RECREO.LA 510
CHN.RDI RDA.CHN 461

The followingFigure49 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 and
the curtailed VRESroduction andamount of thermal energy to be redispatchetb solve network
congestions.
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Figure49 - Total production and energy exchangesArgentinianReferencescenario
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3.4.1.2 Scenario with optimal economic amount of additioW&ES

At the end of the computational process depictedrigure43, the optimal amount of additional
VRESwith respect to the installed power already considered in Referencescenario is aboul|
3,000MW of PVand2,000MW of wind power plants. The investment in such technologies prov
benefits for the system higher than 180$/year (thanks to savings in the generation costs i
avoided investments in,Q00MW of new CCGT, higher than investment costs and increased E
Theexpected LCOfer PV is 44.3/MWh, and for wind 41.B/MWh.
The amount of additional power turns out to be quite balanced because in general wind |
plants have a lower LCOE and higher production but PV is cheaper in terms of annt
installedMW, so more power plants can be installed with a lower amount of money.
By the target year 2030 the installation,8000MW PV and nearly,d00 MW wind, for a totaMWRES
installed power of 1®00MW, turns out to be technical and economic fedsibThe amount o
installed power considered divided by area is reported in the following Table.

Table33 Total VRESnstalled power in thescenariowith optimal economic amoun{MW]

AREA PV installed power Wind installed power

It is worth underlining that the above limits can be attained without any substantial modificati
the EHV transmission grid already planned until 2025. Some overloads that may occur dul
target year can besolved by generation redispatching and in some case through limited
shedding actions. Anyhow, this latter action ensures the compliance with the system adequa
In this new scenario:

- TheEENSIue to lack of power or line overload increases to nedryGWh, equal to around
1.7x10 of the total load

- Overallgeneration costglecrease to 831M$ thanks to theVRE®roduction which replace:
thermal generation. The part of costs due to the presence of network congestions incree
74M$ (+61M$ with respect to theReferencescenario), due to higher expected overloads.
overall costs correspond to an average guotion cost equal to 3%/MWh

- Expectedgeneration by PVplants higher than 18300GWh, but the EOH decreases bel
2,400h due to curtailments which increase up to 43%/h (about 2% of total PV production)

- Expectedgeneration by windpower plants close t29,000GWh (more than 41580H) and
curtailment of 42GWh (0.1% of the total wind generation)

- Some very limited/RESurtailmentsdue to overgeneration in low load conditions appear,
predictable since the total RE&mount is equal to thepper boundimit defined inChapter2,
which was focused on the maximum allowable generation in low load conditions

- The number of lines expected to become bottlenecks increases and the main ones belor
or close to the sections between areas are

0 Rio Diamante Charlone¢ Junin, expected to be at its limit for more thaf8Q0h
0 Recreog Malvinas, expected to be at its limit for abous00h

- TheNTC limit of the section NWENECis reached in some cases, summing up to about

hours from NWE to NEC, while the irdennection PAT NEC is not saturated during the yee
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The analysis performed following the procedure describeBligure43 provides an optimal amount of
additionalVRE $hstallations in Argentina equal to abou0®0MW in PV and PO0MW in wind power
plants.These new plants replace 4 CCGTs among the ones &nldeder the peak demand and load
increase in thdReferencescenario(see3.3.1.]), for a total of 2000 MW.

Table34 provides the detail of the added PV and wind installed power in each area with respect to the
Referencescenario and thdinal resulting values.

Table34 - Additional and total VREShstalled power in the Scenario with optimal economic amouMW]

PV installed power Wind installed power
AREA Added to reference Added to reference
Total Total
scenario scenario

1,006 3,467
3,036 8,034 0 302
0 1,007 3,191

The results of the simulation of one year of operation of the system with this new amoWiRBS
installed powerare shown in detaibelow.

The system with the increas&RE®roduction and the removal of 4 CCGTs maintains a good adequacy,
even if higher values of EENS are obtained with respect to the Refeseanario Table35 shows the
EENS, expressed ¥Vh/year, split by area andause

Asfor the referencescenario, the greatest part of EENS is concentrated in NWE and it is due to lack of
power. Theabsenceof 2,000MW of CCGT replaced BV andvind power plantsisthe mainreason of

the increase of EENS due to Lack of Power (fro&iViWh to 3,342 MWh).

The new scenario shows also an increase of EENS due to line overload5(fidiv/year to

376 MW/year), because the lower number of available CCGTs and the higher generatio’VR&S
reduce the flexibility of the system so solve network congestions.

Table35- ExpectedEnergy Not Supplied Argentinian gtimal scenario

[MV\I/ErI1E/$§ar] Lack of Powe Lack of interconnection | TOTAL
26

3,262 34 17 3,313
0 16 0 16

| TOTAL | 3342 376 17 3,735

Table36 sums up the total annual production and the thermal costs.

With respect to the costs of theeferencescenario reported iffable28, thetotal thermal costglecrease
considerably- 667 M$/year with respect to théreferencescenarig equal to a reduction of nearly 7.5%
which is the result of a lower initial costs befartispatching- 727 M$/year because part of the load
is supplied by the neWRE$lants and not by thermal plants, wittonsiderablesavings on the fuel costs)
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and a greater cost of the redispatching needed because of some network constraints and line overloads
(+60M$%/year).

Table36 - Total production and fuel costsArgentinian gtimal scenario

ALL PRODUCTIONS & FUEL COSTS BEFOR
GENERATORA B VARIATION AFTER REDISPATC

Reduction GWhl/year | GWhlyear
AREA GWhlyear | M$/year Min.Tec. GenGV\h/year M$/year

165,028 6,542 -416 2,145

50,253 1,581 8 -1,752 128 -42
23,188 134 2 -127 22 -3
238469 8,257 10 -2,295 2,295 74

In Table37the results in term of PV generation for the optimal amount of additionald&R&Sresented
Table38 shows the difference of totdPVproduction respect tReferencescenario.

There is an increase of almas040 MWh/year in the annual productiolm so57%more than the annual
production of eference scenarid&Since the3,000 MW of additional PV plants are deployed in Edrea,
the increase is totallin this area.

The energy curtailed after redispatching phasgreases t@approximately 44@GWh/year (equivalent to
a bit more than2%of the producedenergy).A small amount of curtailments BWh) is also present in
conditions where the load is low and the thermal generation is operating at the minimum production.
This is due to the fact that the amount of additiondRESnstalled is equal tahe limit found during
analysis performeéh Chapter2, which indicates a risk of curtailment in overgeneration conditions.
The increase of the curtailments has the effect to reduncthe equivalent operatingdurswith respect
to the Referencescenario(almost 50 hours

Table37 - Total production of PV plants Argentinian optimal €enario
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWhlyear | GWhl/year
43 -8 0

0 1,989

19,690 8 -435 0 2,396
0 0 0 0 -

19,733 8 -443 0 2,395
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Table38 - Difference of total production of PV plantsetween Argentinian optimal scenario and thReferenceone
DIFFERENCE RESPECTHRREFERENCE SCENARIO

PHOTOVOLTAI( PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. |n D2 Kk § n D2 Kk & -
2 = d
-8 0

0 0 0 0 -
7,437 8 -399 0 -48

In Table39wind production results of the optimal scenario are presenfeable40shows the difference

of total wind production respect tReferencescenario

The annualvind production reaches almos9D00MWh, with an increase of 45%ith respect to the
referencescenaio. There is a relative increase in the curtailed energy #fteredispatcling phase, but

the curtailed energy is still negligibléith respect to the total generationt is interesting to point out

that the equivalentoperatinghours globally increasécomparedo the Referencescenariobecause the
additional wind power plants are installed in areas with higher potential, equally deployed in Patagonia

and in NEC areas,(DOMW of additional capacity in each one€)he EOH reach almostL80, with an
increa® ofabout130 hours.

Table39- Total production of Wind plants Argentinian optimal enario

WIND PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction GWhl/year | GWhl/year
0 -7

13525 0 3,898

773 0 -32 0 2,455
14,687 2 -3 0 4,601
28,985 2 -42 0 4,158

Table40 - Difference of btal production of Windplants between Argentinian optimal scenario and thReferenceone
DIFFERENCE RESPEIREFERENCE SCENARIO

PRODUCTIONS & FUEL COSTS BEFO VARIATION AFTER EOH
REDISPATCHING REDISPATCHING

GENERATORS

. Reduction Min.Tec.Gen. |n D2 Kk g pn D2 Kk & “
2 ~
4,417 0 -7 0 198
0 0 -29 0 -96
4,630 2 -3 0 -3
9,047 2 -39 0 129
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Table41 gathers information on the interconnections in the optimal scenario. Looking at the vagation
with respect to theReferencescenario, it can be highlighted that there is an increase of 42% in the power
flow from PATto NEC area: this growth due tothe additionalwind farm production irPatagoniavhich

is exported to the NorthAs regardinterconnection NEG NWE,energy exchages increase in both
directions: from NWE to NEC the growth is significant, and it is related to the higher PV production in
NWE areawhile the increase from NEC to NWE is due to the absence of a CCGT in NWE, which then
needs to import more energy when/Mroduction is absent. Even if it happens a limited time in the year,

it is worth highlighting that the power exchange across the NVEE section reaches the limit defined
with the NTC.

Theaveragdoading of interconnections is the following:

- from PAT td\EC: 37%; from NEC to PAT: 0%

- from NEC to NWE: 33%; from NWE to NEC: 13%.

Table41 - Interconnectiors - Argentinian optimal enario

ENERGY EXCHANGES [GWh/year] SECTION LIMI
NTC [M REACHED
AREA A AREA B [MW] BEFORRE AFTER RE -
DISPATCHING DISPATCHING [h/year]

4,250 4,250 13,846 13,726
4,300 4,300 12,488 6,637 12,540 5,065 2 117

Scenario with optimal economic amount of additioMREShows the followingnain lines which are
expected tooperate at their technical limjtordered from the greatest to the smallest expected duration
For each line the overload duration (h/year) is reported.

With respect to theoverloads found in th&Refeencescenarioan increase of the expected constraints
can be observed, iparticularfor the line Rio Diamante Charloneg Junin.

Table42 - Main expectedoverloaded lines Argentinian optimal scenario

BUS 1
[h/Year]

CHN.RDI RDA.CHN 1,808
RECREO REC.MALV 1,592
MALVINAS.RE REC.MALV 1,334
SCN_500 COMODORO 757
CHN.JUN JUNIN 747

Figure50 shows thegeneration mix per areas, the energy exchanges between areas and the curtailed
VRE®roduction and thermal redispatching needed to solve network congestions in the scenario with
the optimal amount ofVRESnstallations.The comparison witlFigure49, which provides the same
information for the Referencescenario, highlights the increase of the PV and wind production in the
system and the relevant reduction of thermal generation, andnhcrease othe operations required to
solve networkconstraints.
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Figure50 - Total production andenergy exchanges Argentinianscenariowith optimal VRE&mount

The analysis of the results obtained by the simulation of the operation of the sysiténthe additional
5000MW of VRESower plantsis completed with a table that summarizes the total benefialuated

with respectto the Referencescenario, so expressed as a difference between optimal scenario and the
reference one.

Table43 showsthe difference, in MW, of the installedRE%nd the CCGTs that can be avoided because
replaced bywRESThen,the table reports the main differences in terms of:

1 total thermal generation variatioralready considering the needed redispatching
1 RES curtailment variation;
9 EENS variation.

These values are expresseddMh/year.

For each of the previous information, economic benefits are preserididhe savings(or cost9 are
evaluated calculating theelevant annuity, in order to allow a direct comparis@amd include:

1 theinvestment and operating costeededfor the additionalVRES

1 the avoided cost®f the investment inCCGpower plants which cabe replaced by thaeew
additionalVRES

1 total thermal generation costs variation;

1 the variation of thecost ofEENS.
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Please note that theostassociated to/RE®roductioncurtailment is already included in total thermal
generation costs variatigrbecause during the redispatching more thermal generation is needed and
paid ifVRE$eneration is reducedill the costs andavngs are expressed iM$/year. Benefithas been
evaluated for eaciMW of additionalVRE$oo.

Table43- Total benefit- Argentinian optimal scenariavith respect toReferencescenario

ELECTRICAL SYS| ECONOMIC BENEFI

ADDITIONANRES 5,050 -688
NEW CCGT AVOIDED 2,000 +188
| Gwwyewr | wusoew
TOTAL THERMAL GENERATIC -14,421 +666
RES CURTAILMENT 448 -
TOTAL EENS 3 -6

It is worth underlining that in the analysed case, the cost of the investment iniRE®ower plants is
comparable to (but a bit higher than) the savings in the thermal generation costs. The benefits for the
system comes mainly from the fact that the installation\lRE$lants allows not to invest in other
technologies, such as CCGT, whvcluld be anyway needed to supply the load.

In other words,VRESechnologiesshow their mostimportant impact onbenefits notbecausethey
replace themal plants already existing, but because they avoid the costs for the construction and
operation of new oes to meet load increase over the years.

Finally, based on the results presented above, it is possible to calculate the expected LCOE for the PV
and wind power plantadded to the 2025 targetis Argentina.
Considering the CAPEX and OPEX reg@antTablel10, the resulting values are

1 LCOE for PV power plardigt.3$/MWh
1 LCOE for wind power plan#1.7$/MWh

Some sensitivities calculations have been also perfortoessesshe variation of the LCOE depending
on CAPEX and interest rafEhey are carried out keeping the same production each technology
resulting in the optimized scenario apdesented above and changing CAPEX and interest wdtieh
cause variatins in the annuity of the investment and consequently different LCOE.

Figure51 clearly showthe dependency of LCOE from CAPEX and interest rate.
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In the final scenariawith the optimal amount oVRE&dditional installationsthe expected overloads on
some lines close to intedrea sections have increased, causing costeded to solve network
congestions considerably higher than the onethimreference scenario (+8@$). For this reasosome
further simulations have been carried out to evaluate the impact of some possilittnaeimed at
solving this problemThe analysis has been focused on the overloads related to the power flows between
NWE and NEC, as they cause the curtailment of aboutGA® of PV production, which cannot be
injected in the system.
As listed in théTable42, the most congested lines in this scenario are:
a. Recreo¢ Malvinas (RECRECREC.MALV and MALVINAS:REEC.MALYV) ), expected to be
overloaded about 500 hours
b. Rio Diamante; Charlone¢ Junin (CHN.RDIRDA.CHN and CHN.JGJNUNIN), expected to be
overloaded more than,800 hours

Figure52 shows the position of these lines the Argentinian system.

Recreo-Malvinas: 1600 h ?

BRASIL

[ NWE area
D NEC area
D PAT area
— Existing line 500kV
—— Expected line 500kV
=== New HVDC line

Rio Diamante - Charlone - Junin: 1800 h

Figure52 - Main congested lines in Argentinian system with optimal amount of n&RE$ower plants

Three main approaches have been identifiededuce congestions

1 network improvement, simulatethcreasing the transmission capacity of the overloaded lines
1 lower PV installation in the critical areas, replaced by an equivalent investment in wind power

plants
1 different distribution of PV power plants in the areas, considering that producibility @an
lower in other locations

The following paragraphs provide a comparison of the benefits for the system in the different cases.

91



3.4.1.3 Assessment of possibletwork reinforcements

In order to evaluate the benefits for the system in case the bottlenecks driecesl, simulations with an
increased transmission capacity for these lines have been carried out.

For the definition of the possible reinforcement, the following information has been considered:

1 Recreog Malvinas:it is an existing line with a transmissioapacity actually limited to,088 A.
Based on the information available [@], the real capacity of the conductor is, 250A butthe
current is kept to lower vaks due to other constraints, such as a limitation of the Current
TransformerFor this reasorthe hypothesis for the line strengthening is to use the real capacity
of the conductor, assuming that possible local restrictions are removed (e.g.: replacement of
CT).

1 Rio Diamante; Charloneg Junin: these lines are going to be built in the next yesosthe
hypothesis is t@wonsider arincreasel capacitybased on standard values for other similar lines

The following table shows thieansmissioncapacity ofthe linesassumedn optimal scenario and the
ones established in order to perform the sensttes described in this paragraph.

Table44 - Network reinforcement

Original Reinforced
BUS 1 BUS 2 Scenario Scenario
Imax [A] Imax [A]

CHN.RDI RDA.CHN 1,000 2,000
RECREO REC.MALV 1,088 1,750
MALVINAS.RE REC.MALV 1,251 1,750
CHN.JUN JUNIN 1,000 2,000

Threedifferent calculationdiave been runo identify the benefits of each single intervention and of the
two together.

1. Increase of capacity of Recredlalvinas lines;

2. Increase of capacity of Rio Diamanqt€harloneg Juninlines;

3. Increase of capacity of both Recretalvinas and Rio DiamanteCharloneg Junin lines.

The following table summarizes the three cases:

Table45- Line limits [A] considered in the sensitivity calculations

CHN.RD{ CHN.JUN RECREO | MALVINAS.RE
SENSITIVITH RDA.CHN JUNIN REC.MAL REC.MALV

SENSITIVITY 1 1,000 1,000 1,750 1,750
SENSITIVITY z 2,000 2,000 1,088 1,251
SENSITIVITY & 2,000 2,000 1,750 1,750

In allthe sensitivitieghe VRE $stalled capacityas notchanged since the maximum technical limit was
already attained.
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The key results arising from tlwterventions on the congested linewe:

- System Reliabilitythe EENS is not significanthflienced by the removal of the bottleneck
Only the Ridiamanteg Junin line has a small effect on the EENS, reducing it by 2%.

- Generation coststhere are significant savings in costs needed to solve network conge!
when applying all interventions, equal to about $ 70 million per year. The interventiomigr
one line generates lower savings, equal ®2hmillion for the RecreqMalvinas and $5 million
for the Rio Diamante Charloneg Junin. These results also show that the two congestions
quite independent, as the sum of the single benefitsristy similar to the benefits obtaine:
with both interventions.

- PV generation Strong positive impact on avoided PV curtailment is shown. With
interventions, the curtailments are nearly reduced from 4400 GWh. In case of sing
interventions, the mprovement of the line RecrepMalvinas allows to avoid nearly 3&/Nh
of PV generation curtailment, while the other reduces the curtailments byG28.

- Wind generation also wind production curtailments are reduced, but the absolute values
smaller han PV because of the lower curtailments in the scenario without interventions o|
lines.

- Interarea energy exchangesthe bottlenecks had no impact on PANEC section, so the
removal does not modify the energy exchanges between these two regiondieélcontrary,
the energy exchanges on NERRVE cutset increases by more thaBA0GWh from NWE to NE
in particular thanks to the improvement of the Rio Diaman@harloneg Junin line.

The detailed results of the sensitivities which consider improved transmission capacity for the lines are
reported below. The results are compared with the scenario with optimal amoudR&Sindicated as
optimal scenario, to evaluate overall benefi@nly the information after redispatching are shown, as

the first optimal dispatching does not change with the modification of the transmission capacity of the
lines.

Concerning the EENS, only the improvement of the Rio Diama&tarloneg Junin line allas a slight
reduction of the load curtailments required to solve the overloads when the generation redispatching is
not sufficient { 45 MWh, corresponding to about 1.586the total EENS). The removal of the constraint
on the Recrea; Malvinas line doesdve no effect on the EENS, because the overloads were always
resolved with the redispatching activity.

Table46 sunms up the results in terms of total production and thermal generation costs in the three
different casescompared to the optimal scenario describedid.1.2

The need of redispatching is reduced considerably both in terms of energy to be redispatched and in
terms of related costs. The improvement of the transmission capacity of the line Redvietvinas

allows a cost saving equal to RB/year, while the intervention othe Rio Diamante Charloneg Junin

line reduces the redispatching costs4yM$/year. If the two improvements are applied together, the
redispatched energy and the costs becomgsléhan one twentietlof the original values.
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Table46 - Total production and fuel costsassessment of possible network development

. GENERATOR VARIATION AFTER REDISPATC
Scenario

M$/year

NEC -416 2,145 119
0) Optimal NWE -1,752 128 -42
scenario PAT 127 22 3
TOTAL -2,295 2,295 74
NEC -659 2,125 104
1) 1750 Aon NWE 1,372 7 49
Recreo-
VEIRES PAT -122 22 3
TOTAL -2,153 2,154 52
_ NEC -68 213 11
2) 2000 ALON RIQEENENVS 786 712 19
Diamante-
Charlone- Junin PAT -95 24 -1
TOTAL -949 949 29
3) 1750 A on NEC -12 79 4
REcreo NWE 16 17 1
\WEWINRES
2090 A on Rio PAT 95 o7 4
Diamante-
Charlone- Junin TOTAL 123 123 4

In Table47the results related to the PV productioage presente¢gTable48 shows the diférenceswith
respect to optimal scenarid strongeffect on the PV production curtailments can be observed for the
Recreo¢ Malvinas line, which allosva higher PV production ybnearly 366GWh, but also the
improvement of the Rio DiamanteCharloneg Junin line reduce the PV curtailments by Z20h.

The two interventions together brings the risk of PV curtailments to negligible values.

Table47 - Total production of PV plantsassessment of possible network development
PHOTOVOLTAI VARIATION AFTER
GENERATORS REDISPATCHING

Scenario
AREA
NEC -8 0 1,989
. , NWE -435 0 2,396
0) Optimal scenario
PAT 0 0 -
TOTAL -443 0 2,395
NEC -11 0 1,818
1) 1,750 A on Recree NWE -74 0 2,440
Malvinas PAT 0 0 =
TOTAL -85 0 2,439
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PHOTOVOLTAI  VARIATION AFTER

. GENERATOR{ REDISPATCHING
Scenario

2) 2000 A on Rio
Diamante- Charlone-

Junin

3) 1,750 A on Recree
Malvinas 2000 A on
Rio Diamante-
Charlone- Junin

Table48- Difference of total production of PV plants respect to optimal scenario

DIFFERENCE RESPECT OPBIVNARIO
PHOTOVOLTAI VARIATION AFTER EOH
GENERATORS REDISPATCHING

nND2 KKkdnD2 KK & !

1) 1750 A on NWE

Recreo- Malvinas ____

TOTAL 358

Scenario

2) 2000 A on Rio
Diamante-
Charlone- Junin

____
NWE 220 0 27
____

TOTAL

3) 1750 A on
Recreo- Malvinas

2000 A on Rio
Diamante- _---

Charlone- Junin TOTAL

The combined reinforcements on bofecrea; Malvinas and Rio Diamart€harlone; Junin practically
cancel the P\¢urtailment andallows the euivalentoperatinghours to reaches almost its theoretical
value @,450).

In Table49the resultsrelated towind productionsare presentedTable50shows the diférences respect
to optimal scenario
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Table49- Total production of Wind plants assessment of possible network development
VARIATION AFTER
REDISPATCHING
GWhlyear | GWhlyear
DP <0 DP >0

Scenario

NEC -7 0 3,898
. . NWE -32 0 2,455
0) Optimal scenario
PAT -3 0 4,601
TOTAL -42 0 4,158
NEC -10 0 3,898
1) 1,750 A on Recree NWE 0 0 2,561
Malvinas PAT -3 0 4,601
TOTAL -13 0 4,162
' NEC 0 0 3,900
2) 2,000 A on Rio NWE -6 0 2,541
Diamante- Charlone-
Tl PAT -3 0 4,601
TOTAL -9 0 4,163
3) 1,750 A on Recree NEC 0 0 3,900
Malvinas 2000 A on Rio NWE 0 0 2,561
Diamante- Charlone- PAT -3 0 4,601
Junin TOTAL -3 0 4,164

Table50 - Difference of total production of Wind plants respect to optimal scenario
DIFFERENCE RESPECT OPTIMAL SCENARIO

WIND VARIATION AFTER [ _
GENERATOR  REDISPATCHING
ND2 KkdnD? Kk & X
AREA DP <0 pp>g |NKKe
NEC 0

Scenario

-3 0
1) 1,750 A on NWE 32 0 106
Recreo- Malvinas PAT 0 0 0
TOTAL 29 0 4
. NEC 7 0 2
2) é?sr?] aAn o Rl NWE 26 0 86
Charlone- Junin 2 o o &
TOTAL 33 0 5
3) 1,750 A on NEC 7 0 2
Recreo- Malvinas NWE 32 0 106
2,000 A on Rio PAT 0 0 0
Diamante-
TOTAL 39 0 6

Charlone- Junin

The curtailments on d productionare limited respect to the ones related to PV since the impact of
the overloads interesting the lines under analysis is mainly osite¥/.

In the three analysed cases, the need of a lowemtispatchingand PV production curtailmenas
describedabove brings to a greater power flow from NWE to NEC compared to the optoeaasgo. In
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particular, case 3hows that the power flow befa redispatching and after redispatching is almost the
same.
Gonsideing that the NTC among the areas remaire tkame respect optimal scenario, the loading of
interconnections is the following:
f Casel
- from PAT to NEC: 37%; from NEC to PAT: 0%
- from NEC to N\W: 33%; from NWE to NEC: 14%.
1 Case?2
- from PAT to NEC: 37%; from NEC to PAT: 0%
- from NEC to NWE23%6; from NWE to NEC: 17%.
f Case3
- from PAT to NEC: 37%; from NEC to PAT: 0%
- from NEC to NWE23%0; from NWE to NEC: 18%.
These results confirms the increase of power flow from NWE to NEC especially if compared with optimal
scenario where the loading of the interconnection from NWE to NEC is 13%.

Table51 - Interconnections- assessment of possible network development
FINAL ENERGY EXCHAN({ SECTION LIMIT REAC

Scenario | AREA Al AREA B [GWhlyear] [h/year]

0) Optimal 13,726 7 0 0

scenario
12,540 5,065 2 117
Recreo-

2) 2000 A on
PAT N =@
- Charlone- NEE NWE
Junin 12,484 6,567 2 118

- ..
RESEE PAT [ NEC 13,801 6 0 0
Malvinas
2,000 A on Rig
Diamante-
Charlone- NEC NWE 12,484 6,642 2 118
Junin

Figure53 provides the main results of the sensitivity in which both lines are improlied comparison

with Figure50, which is relevant to scenario with optimdRE&mount, highlights the increase of the

PV production in NWE, the reduction of needed redispatching and curtailments, and the new energy
exchanges between areas.
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Figure53 - Total production and energy exchangesArgentinian scenario with optimaVRE&mount and improvement of

transmission capacity on RecrepMalvinas and Rio DiamanteCharloneg Junin lines

Table52 summarizes the beneffor each sensitivity illustrated in this paragrapthich is mainly due to
the savings in redispatchinghe costs of the line improvements are not considered here.

Table52 - Total benefitwith respectto optimal scenario- assessment of possible network development
. ELECTRICAL SYSTECONOMIC BENEF
Scenario
GWhlyear MUSD/year
TOTAL THERMAL GENERAT -310
. RES CURTAILMENT -387 -
1) 1750 A on RecreoMalvinas
TOTAL EENS 0 0
TOTAL THERMAL GENERAT -401 +45

2) 2000 A on Rio Diamante RES CURTAILMENT -261 -
Charlone- Junin TOTAL EENS 0 0

TOTAL THERMAL GENERAT -625 +70

3) 1750 A on RecreoMalvinas RES CURTAILMENT 480 )
2000 A on Rio Diamante
TOTAL EENS 0 0

Charlone- Junin
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The savings related to the reinforcements are analysed in order to calculate the investment that can
bringadvantagego the whole system.

Taking into account a discount rate of 7.7% and a lifetime of the reinforcement project of 4(3jears
the annuity ofaninvestment can be obtained multiplyinge investment by0.0812. An investment in

the network development could be considered advantageous fr@rsystem point of view if the
annualized cost of the investment is lower than the annual saving due to the investment itself.

1. The first case allows a saving2@f M$/year,andthe annualized cost of the investment must be
indeed lesser in order to make it cesffective for the system.
An investment lower than 22 M$ / 0.0812 = 268 M$ meet this requirement since its annualized
cost, taking into account a 7.7% interest rate, is lesser than the expected annual saving.

2. The second casallows a saving af5 M$/year. This investment is cesffective provided that
it costsless than 45 M$/ 0.0812 = 559 M$.

3. The third case allows anvestment of 70 M$/yearThe combined investment is indeed cost
effective provided that it costless than 70 M$/ 0.0812 = 867 M$.

Depending on the required effort needed to improve the transmission capacity of the lines, the
investments might be profitale or not.

The costs of these interventions are ratbliclyavailable, and should be calculated based on specific
data. It is anyway possible to estimate different casesl calculaterelative annuities tobe compared

with the benefits. Based on the infmation available ir{6], the transmission capacity of the Recreo
Malvinas line is limited by some equipment in the substations (for instance the Current Transformers)
while the line conductor would balreadyable to transmit higher power. The cost for the improvement

of its transmission capacity is probably very limiteshd can be assumed lower than 3and the
corresponding annuitis lower than 50k$. As a consequence, the investment is strongly recommended,

in order to exploit at the best the full capacity of the contdus, and the benefits for the systems would

be close toall the ones presented above

More difficult is the estimation of the costs for the improvement of the transmission capacity of the Rio
Diamantec Charlonec Junin line, which is going to be builttimee next years. In this casas a rough
estimation, it is possible to consider that the increase of the dimension of the conductor causes an
increase of the line costsequal to 15 k { Y YR 3IA GBSy { KK, thedntestinent Sy 3 G
costsbecomes more than $10million. The corresponding annuityabout$ 10 million/year, still lower

than the generated benefits, meaning that it is advantageous to proceed with this upgrade. It is worth
underlining that these are estimations which can vaspsiderably depending on the actual status of
the project, the foreseen solutions and many other factors. It is anyway clear that the performed analysis
provided solid criteria for the evaluation of investments in network upgrades.

It is worth underlininghat the improvement of the transmission capacity of the lines hasmpact on

the total amount of installable/RES$ower plants, as this limit is set by system constraints such as
reserve constraints, which are not modified by the upgrade of the trassion network.
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3.4.1.4 Replacement of some new PV power plants with wind power plants

A scenario in which part of the additiorsahount of PV installed powein NWE (about 83MW) is
replaced by arequivalent investment in wind generatiorinstalled in PAT is simulated. Tl
rationale for the definition of this scenario is the tentative to limit overloads on the lines wi
different distribution of the additionaV/RE$lants.

Thanks to the reduction of PV plants in NWE, the overloads @mR#trea; Malvinas line can be
reduced, while the movement of generation has no significant impact on the Diam&ftarlone
¢ Junin.

OveralEENS$educes by 10% to 3@Wh, and is more distributed in the areas as some curtailmi
for line overloads apgar also in NEC.

Thetotal generation costgeduce by 22M$, obtained thanks to a significant reduction of the co
related to network congestions.

Total PV productioris lower in absolute value (IZ/D0GWh instead 019,300GWh in the optimal)
scenario) put the EOH are higher thanks to the lower curtailments.
Wind generation increases because of the higher installed power in the areas with hig
potential.
As predictableenergy exchangebetween areas increase from PAT to NEC (€28M), while are
reduced from NWE to NEC. In particular, the difference of net balance on theNNBZESectiowith
respect tothe optimal scenario is nearly.400 GWh (higher flow towards NWE), while the amot
of hours during which the relevant NTC is reached drops down f2(ours to nearly O.
It can be noted that the benefits for the system are similar to the ones calculated in the para)
3.4.1.3 considering an intervention only on the Rearddalvinas line.

On the basis of theesultswhich defined theoptimal economic amount of addition®RE$paragraph
3.4.1.9, this further scenario has be@malysedn order to evaluate th@ossiblebenefitsderivingfrom
the installationof a different mix olhew VRE$®ower plants aimed at reducing the congestions on the
transmission network which caused the curtailment of some PV production in N8gEminghat the
total investment in new VRE®wer plants must rmain equal to the one obtained in the previous
assessmen830MW of new PV plants installed in NWE area, which contributed to the congestions, are
replaced with a bit more than 43@W of new wind power plants installed in PAT and RECparticular,
the PVplantsinjecting powerin Lavalle, Catamarca and Santiagales in NWE (which are among the
ones with highest impact on the power flow through the Rearédalvinas linejare not considered and
the new wind installed power is equally distributed on tpesdicted wind power plants already
considered in the scenario widm optimal economic amount of addition®IRES

The following table shows the EENS, express&d\Wh/year, split by area and reasoiven if EENS due
to Line Overloadslightly increaseswith respect to the optimal scenariol'@ble 35), its total value
decreaseslue to asignificantreduction ofEENSdue to Lack of Powein NWE(-15%) This is related to
the reduction of the amount ofariable energgeneration in this a¥a, whichon one handeduces the

12Given the same total investment, the amount of MW installed per technology is different because of the different
installation and operational costs.
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possible variations of the production due to the unpredictatitenges and on the other requires that
more thermal generation remains available, which was shut down in previous simulations. These two
effects together incrases the capacity of the dispatchable generation to supply the load, avoiding EENS.

Table53- Expected Energy Not Suppliedeplacement of some new PV with new wind

ToALnec 7 as6 0 a3

2,801 45 21 2,867
0 22 0 22
2,878 433 21 3,332

The following table reports the total annual production and the thermal costs.

Respect to scenario with optimal economic amount of additia&fRESenergymoved in redispatching
phaseis reduced fron,295GWh/year to 1775 GWh/year, andthe total thermalgenerationcostsby
28 M&

Table54 - Total production and fuel costsreplacement of some new PV with new wind

ALL PRODUCTIONS & FUEL COSTS BEFOR
GENERATORS REDISPATCHING VARIATION AFTER REDISPATC
Reduction GWhl/year | GWhlyear
AREA GWhlyear | M$/year Min.Tec.Gen GWn fyear DP <0 DP >0 M$/year

166,031 6,535 -438 1,726
48,329 1,584 3 -1,149 12 -40
24,253 135 2 -188 37 -3

ol

LOMOTAL.| @613 6254

In the following table results in term of PV generation are preseniféten Table 56 shows the
differenceswith respect to optimal scenaricAs expected PV production is reduced due to the
replacement ofabout 830MW of new PV with 4581W of new wind power plants. The energy curtailed
to solve network congestions approximately 6@Wh/year insteadof 440 GWh/year of the scenario
with optimal economic amount of addition®RES

Equivalent operating hours increadsy almost 47 hours due tdéhe reduced curtailment duringhe
redispatching phaséhis means thain this scenario the PV power plants are better exploited.

-1,775 1,775 49

Table55- Total production of PV plantsreplacement of some new PV with new wind

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

ReductionMin.Tec.Gen. | GWh/year | GWh/year
1,932
17,664 3 -53 0 2,443
0 0 0 0 -
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Table56 - Difference of total production of PV plants respect to reference scenario

DIFFERENCE RESREREITMALSCENARIO

PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. |n D2 Kk gd n D2 Kk &
2 -

0 0 0
-2,026 -5 382 0 47
0 0 0 0 =
0 47

In the following table wingbroduction results are presente@henTable58 shows the differencewith
respect tothe optimal scenarioAs expectedwind production increases dum the additional wind
power plants. The variation in redispatchinghegligible Equivalent operating hours slightly increases
due tothe higher amount of PV plants in areas with highest potential

Table57 - Total production ofWind plants- replacement of some new PV with new wind

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

ReductionMin.Tec.Gen. | GWh/year | GWhl/year

14,526 0 3,929

773 0 0 0 2,561
15,737 2 -5 0 4,601
31,036 2 -13 0 4,183

Table58 - Difference of total production of Wind plants respect to reference scenario
DIFFERENCE RESPEIOPTIMALSCENARIO

WIND PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min. Tec Gen nbD2 Kkg nbD2 Kk e
2

1,001 0 0

0 0 32 0 106
1,050 0 -2 0 0
2,051 0 29 0 25

The following table shows energy exchanged among the areas and the saturation of interconnections.
Respect to optimal scenario, power flow from PAT to NEC increases and power flow from NWE and NEC
decreases (due to the differefdcation of RES generation) The loading of interconnections is:

- from PAT to NEC: 39%; from NEC to PAT: 0%

- from NEC to NWE: 34%; from NWE to NEC: 11%.
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Table59 - Interconnection- replacement of some new PV with new wind

ENERGY EXCHANGES [GWh/year]

NTC [MW] SECTION LIMIT

Area A ARER BEFORE RE AFTER RE REACHED [hlyear]
DISPATCHING DISPATCHING

4,250 4,250 14,823 6 14,660 6

-- 4300 4300 12856 5,123 12934 4,065 2 5

In this scenario, the main lines which are expected to be constrained are listedhlie60, ordered from

the greatest to the smallesixpected duration of the overload

With respect to the scenario with optimal economic amount of additioiESt is worth to underline
that, thanks to the differenfpositionof the VRE$eneration,overloads are reducesignificantly on the
RecreeMalvinas line, while only slightly on the Rio Diamanteharlonec Junin oneOn the contrary,
some line which belongs to the corridor bringing grever from PAT to NEC reaches its limits (line Santa
Cruz Nortec Comodoro, close to the PANEC section). This overload is not critical because it can be

easily resolved during the redispatching of thermal generation, reducing production in PAT and
increasing it in NEC, with a very low cost.

Table60- Main overloaded lines replacement of some new PV with new wind

TOTAL
BUS 1 BUS 2

[h/Year]
CHN.RDI RDA.CHN 1,649
SCN_500 COMODORO 1,098
CHN.JUN JUNIN 525
RECREO REC.MALV 423

Figure54 provides the visual summary of the production and the energy exchanges in the different areas
of the Argentinian system. With respect to the optimal scenario, the different generation mix shifted

towards the wind production and a more even distributiontbé lower VRESurtailments can be
observed.
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Figureb4 - Total production and energy exchangesArgentinian scenario withreplacement of some PV power plants in
NWE with equivalent investment in wind power plants in other areas

Finally, he following table summarizes the total benefit evaluated respect to the optimal sceMNwio.
information are provided about the costs for the plants because the substitution of PV power plants with
wind power plants has been defined assumihg same annuity of the investmentjthout difference

in the calculation of the benefits.

Table61- Total benefit (respect optimal scenarie)replacement of some new PV with new wind

ELECTRICAL SYS| ECONOMIC BENEFI
GWhlyear MUSD/year
+28

TOTAL THERMAL GENERATIC -236
RES CURTAILMENT -415 -
TOTAL EENS 0 +1

It can be observed that this scenario can bring additional benefits to the system thanks to the reduction

of the redispatching costs.

It means that with respect to the optimal scenario defined in paragraphl.2 a reduction of the
network congestions with a slightly differentixof PV and Wind plants, might improve a bit more the
overall benefits for the system without additional costs.
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3.4.1.5 Relocation okomenew P\power plantsfrom NWE to NEC

The decision tanove some of the new PV plantsom NWE to NEC in order to reduce overloads

the lines belonging to the NWIREC section brings the following results:

- EENSloes not change significantly

- Total generation costseduce by 1M$, resulting from a higher cost to cover the energy 1
produced by PV due to lower solar irradiation in the new area and a big saving of costs n
to solve network congestions.

- Notwithstanding the fact that the solar irradiation is lower for the relocated PV plants,
overall PV generations reduced only by 6&Wh, because the curtailments are also reduc
considerably. The net production after redispatching is a bit higher than 1G208.

- Wind powerproduction also remains constant.

- Expected overloadare reduced for the RecrepMalvings line, while the DiamanteCharlone
¢ Junin one remains in a similar condition. This is due to the selection of the location |
removed and inserted PV plants but also to a lower sensitivity of the nodes.

- Energy exchangefor PAT to NEC keep constanthile from NWE to NEC reduce, with a t|
difference of net balance respect to optimal scenario is nearly T3\,

Starting from the result®f the scenario with the optimal economic amount of additioN&RESthis
further scenario has beesmalysedn order to evaluate the benefits related to a relocation of tefined

RES power plantghich have the highest impact on the network constraints

In particular, thePVplantsinjecting powerin Lavalle, Catamarca and Santiagodes belonging tNWE

area among the ones with highest impact on the power flow through the Regidalvinas line)are
moved to Chaco, Resistencia and Grand Formusdeé belonging ttNECared). The total installed PV
power transferred from NWE to NEC is about 8B%. Duringthis analysis, the possible difference in
the production has been considered, reducing the expected production profile to consider a lower
available irradiation in the new nodes.

Theimpact on EENS of this relocation is negligible agdtsed EEN$emains almost the samewith an
expectedreduction ofnearly1%

The following table reports the total annual production and the thermal costs.

Respect tescenariowith optimal economic amount of addition®IREShe cost of the initial dispatching
is higher becausesome thermal generatiomust replaceghe missing?V production in tts scenario due
to the lower irradiation of the new locations. On the contraayJower amount ofenergy must be
redispatchedreducingfrom 2295GWh/year to 183 GWh/year. Considering these opposite effects, the
overall savings in fuel costs for the thermal production can be estimated in around 10 M$/year.
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Table62 - Total production and fuel costsrelocation some new PV power plants from NWE toGIE

_ PRODUCTIONS & FUEL COSTS BEF(
ALL GENERATOR REDISPATCHING VARIATION AFTER REDISPATCHI

Reduction
AREA GWhlyear | M$/year Min.Tec.Gen. GWhiyear |- GWhiyear M$/year
DP <0 DP >0
GWhlyear

166,818 6,552 0 472 1,747
48,363 1,587 -1,194 14 -41

4
© PAT | 23197 134 2 117 22 2
| TOTAL | 238378 8273 6 1,783 1,783 47

In the following table results in term of PV generation are preseritezh Table64 shows the differences
respect to optimal scenari@s expected PV production is reduced in NWE and increases rei&Se
of the relocation ofabout 830MW of new PV from NWE to NEC. Thermgy curtailed after redispatching
phasereduces toapproximately 7GGWh/year from the 440GWh/year that has been found in scenario
with optimal economic amount of addition®IRES

It isworth highlighing that there is a reduction in thequivalentoperatinghours even if the curtailed
energy is reduced: the explanation is that the producibility in NEC is lower than the one in NWE.

The reduction of the PV production because of the lower irradiation in the new nodes in absolute terms
is not much highethan the reduction of the curtailed energy, so in some way the effect of this relocation

does not change significantly thetal energy produced by PV power plants.

Table63- Total production of PV plantsrelocation some new PYower plants from NWE to NEC

PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWh/year | GWhlyear

1,613 1,896
17,662 4 -62 0 2,442
0 0 0 0 =
19,275 4 -71 0 2,384

Table64 - Difference of total production of PV plants respect to reference scenario
DIFFERENCE RESPETIPTIMALSCENARIO

PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF VARIATION AFTER
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min. Tec Gen. |nD2? Kke nhD? Kk &

1,570 0
-2,028 -4 373 0 46
0 0 0 0 =
-458 -4 372 0 -11
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Wind productionis not affected significantly in this scenario, and it can be considerbdtloe same as
in the optimal one

Table65 shows energy exchanged among the areas and the saturation of interconnections.
Respect to scenario with optimal economic amount of additiMRE Spower flow from NWE and NEC
decreases (dud¢o the different location of RES generatioie loading of interconnections is the
following:

- from PAT to NEC: 37%; from NEC to PAT: 0%

- from NEC to NWE: 34%; from NWE to NEC: 10%.

It is also possible to note that in this new configuration the power flaar®ss the section NWMREC
does not reach the NTC limit.

Table65 - Interconnection- relocation some new PV power plants from NWE to NEC

ENERGY EXCHANGES [GWhlyear]
NTC [MW] BEFORRE AFTER RE SR TON HVIT
o REACHED [h/yea
AREA A AREAE DISPATCHING DISPATCHING [y

4250 4250 13855 13,747
- 4300 4300 12712 5,020 12,798 3,926 2 3

This scenario shows th@ain overloads reported in th@able66, ordered from the greatest to the
smallest.With respect tothe optimal scenario, the overload on the line Recidalvinas is strongly
reduced while the others do not change significantly.

Table66 - Main overloaded lines relocation some new PV power plants from NWE to NEC

TOTAL
BUS 1
[h/Year]

CHN.RDI RDA.CHN 1,666
SCN_500 COMODORO 759
RECREO REC.MALV 697
CHN.JUN JUNIN 5563
MALVINAS.RE REC.MALV 184
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Figure55 - Total production and energy exchangesArgentinian scenario with relocation of

some PV power plants from NWE to NEC

As already done for the previous sensitivitiesalale that summarizes the main benefits (respect to the
optimal scenario) is shown.

Table67 - Total benefit (respecto the optimal scenario) relocation some new PV power plants from NWE to NEC

ELECTRICAL SYS] ECONOMIC BENESI
GWhlyear MUSD/year
5 +11

TOTAL THERMAL GENERATIC -2
RES CURTAILMENT -406 -
TOTAL EENS 0 0

The information about the investments are not included as only a relocation of the same amount of PV
plants has beegonsidered
Benefits mainly come from the reduction of costs related to redispatching activities to solve overloads.
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3.4.1.6 Final considerations on Argentinian isolated system

Following the optimal solution for addition¥RE $1stallations defined i8.4.1.2 different analysis have
beenperformedon the Argentinian systetio assess possible solutiookthe network congestionslose

to the NWENEC section. They can be considesmsdhe research of a further optimal solutianound

the one defined in paragraph4.1.2 which determined the best mix ¥RE$ower plants to be inalled

in the system. The presence of some overloads causes some additional costs for the redispatching, and
solutions which might avoid or reduce thezanbecome preferable.

The highest savings can be obtained removing the constraints thanks to improvements of the
transmission capacity of theritical lines, but these actions required investments and costs which might

be considerable and must be taken into account in the evaluation of the overall benefits for the system
Lower savings can be obtained with a sligbtfferent mix of PV and wind power plants or with different
location of the plantswhich can reduce the total thermal generation codise advantage in this case

Ad GKS FI OG0 GKIFIG GKSaSTNRESIAR yIay I i/K SoSechnderohik R SN R
a net benefit for the system.

These solutions must benalyzedand comparediuring the detailed planning of the system (network

and generatioly which must consider actual opportunities and constraints in termspraiject
development.

Real @velopment of projects, especially when a huge quartdityew installationss expected, has in

fact some specific requirements, such as availability of terrains with good primary energy resource,
permissionsand thepossibility to get connection to theextrical network These issues make the actual
LINE2SOG RS@GSt2LIVSyld Y2NB RSGFIAESR FyR aft20F AT SH
current study. From this circumstance, some new opportunities or constraints might appear, and the
detailedsystem planning must take them in to account to find the best particular solutions.
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3.4.2 Chile

In this paragraph the main results as regard CRiferencescenarioand scenario with optimal
economic amount of additionAIRE®@re presented

3.4.2.1 Referencecenario

The simulation of th&keference scenarishows

- Good adequacwyf the analysed system, with EENS due to lack of power or line overload a
0.5GWh, equal to around 4x*®f the total load

- Overall generation costare a bit higher than 350M$, with very limited costs related tc
redispatching to solve network congestions. The average cost of generation /2683

- Expectedyeneration by P\power plants around 1,d70GWh (equivalent to about,280 EOH)
and nearly no curtailments

- Expectedgeneration by wind power plants close to 950GWh (equivalent to abou
2,450EOH) and nearly no curtailments

- Only few cases show the need to reduce YHREProduction due to overgeneration in low loa
cases

- No lines are significantly expected to be ovaded before redispatching

- The NTC of section between SIC and SING is reached for abdutr@i@bSING to SIC and or
11 hours from SIC to SING

The detailed results obtained simulating the operation of the Chilean system iReferencescenario
are presented.

The followingtable shows the ENS divided for area and reasofhe system has a good generation
adequacyEENS igquallydistributed amongdSIC and SING (taking into account the different IdagNS

in SING is mainfueto line overloadwhile the main reasorof EENS in SI& lack of power.

Table68 - ExpectedEnergy Not SuppliedChileanReferencescenario

183 94 94 371

10 112 0 122
193 206 94 493

InTable69the total energy produced in each area and the related castshown The cost is associated

only with the thermal productionThe cost of all thermal generator3sl56 M$. A very limited need of
redispatching tosolve overloads can be observed because no lines are significantly expected to be
overloaded. Only few ones have an expectation to be overloaddw@6s per year or less.

13 This value does not represent the average price at which the energy isSealdilso footnoté! at pg.79.
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Table69 - Total praduction and fuel costs ChileanReferencescenario

| PRODUCTIONS & FUEL COSTS BEF(
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATCHI
Reduction
AREA GWhlyear | M$/year Min.Tec.Gen. GWhlyear | - GWh/year M$/year
DP <0 DP >0
GWhlyear
-10 14 1

83,908 1,783 0

33,829 1,373 0 -6 1

0
. TOTAL | 117737 3156 0 -16 15 1

The followingtablesshow the results of thdReferencescenario for the Wind and PV productioRV
installedpowerplants (4220 MW) produce 170MWh of energy; mainlyproduced in SIC area. Wind
farms (3990MW) produce 9747 MWh, also in this case mainlgenerated in SIC aredt can be
underlined that for both PV andind the equivalentoperatinghours are approximately,200/2,500.

No significantneed ofVRE®roduction curtailments isequired

Table70- Total production of PV plants ChileanReferencescenario

PHOTOVOLTAIq PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhl/year | GWhl/year

9,305 2,460
1,165 0 0 0 2,642

10,470 0 0 0 2,479

Table71 - Total production of Wind plants ChileanReferencescenario
WIND PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWh/year | GWhlyear

8,317 2,407
1,430 0 0 0 2,673
9,747 0 0 0 2,443

Table72 sums up the information about the interconnection between SIC and SING.
The energy that annually flows fro8INGo SIds5,180GWh, corresponding to #adingfactor of 39%.
Theloadingfactor northward is only 5%.

Table72- Interconnections ChileanReferencescenario

| ENERGY EXCHANGES [GWhlyear]
T SECTION LIMIT
AREAA| AREAB BEFORE RE AFTER RE REACHED [hiyear]
DISPATCHING | DISPATCHING

1500 1,500 5,180 5,176
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Figureb6 provides a visual summary of the generation mix and the energy exchanges irdlseofthe
Chilean system.

CHILETOTAL

CHILESING
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Figure56 - Total production and energy exchangesChilean Referencescenario
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3.4.2.2 Scenario with optimal economic amount of additioW&ES

At the end of the computational process depictedHigure43, the optimal amount ofadditional
VRESwith respect to the installed power already considered in the reference scenarios is |
170MW of PV and 3MW of wind power plants.

Theexpected LCBfor PV is 27.3/MWh, while for wind 68.4/MWh. The gap is mainly due to th
difference in installation and operational costs: the annuity of the investment in PV plants is
than half of the relevant one for wind plants.

For this reason the amoumtf additionalVRES$s highly shifted towards PV plants.

By the target year 2030 the installation g#@0MW PV and about,800 MW wind, for a totaWRES
installed powerequal t08,400MW, turns out to be technical and economic feasible. The amc
of installed power considered divided by area is reported in the following table.

Table73- Total VRES$nstalled power in the Scenario with optimal economic amouMW]

AREA PV installed power Wind installed power

It is worth underlining that these values are close to the ones oRé&kerencescenario because 8

the end of theChapter2 it was found out that it is possible to install only 208V additionalVRES

due to system constraints under the BAT saém assumptionsAs the transmission network an

the rest of the generation fleet is the same considered in Referencescenario, similar result;

have to be expected. They are listed below:

- TheEENSIue to lack of power or line overload remains around G\&h

- Overall generation costglecrease to A32M$ because part of the thermal generation
replaced by the newRESlants. No significant variation of the costs related to netw:
congestions. Thaverage cost of generation is 2&MWh4

- Expectedyeneration by P\power plants increases up to BR0GWh, the EOH remains480h
and nearly no curtailments

- Expectedgeneration by wind power plants close to ,820GWh (equivalent to abou
2,450EOH) nedy no curtailments

- VRESurtailmentsdue to overgeneration do not change with respect to Referencescenario

- There is a slight increase of tbaergy exchangefom SIC to SING

The analysis performed following the procedure describeigure43 provides an optimal amount of
additionalVRE$hstallations in Chile equal to about 1KV in PV and 38AW in wind power plants.

The numbers are limited due to the system constratcugsidered during the calculation of the upper

bond limit forVRE$stalled powel(see par2.3.2. this amount is not high enough to replace some of

the new CCGTs needed to meet peak and load increase. During the evaluation of the benefits this issue
should be anyway kept in mind.

14 This value does not represent the average price at which the energy isSseldilso footnoté! at pg.79.
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Table34 provides the detail of the added PV and wind installed power in each area with respect to the
Referencescenario and the final resulting values.

Table74- Additional and total VREShstalled power in the Scenario with optimal economic amouiMW]

PV installed power Wind installed power
AREA Added to reference Added to reference
Total . Total
scenario scenario
441 0 535

3,782 31 3,455

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

In general it can be stated thalié installation of additional 16MIW of PV and 384W of wind power
plants with respect to theReferencescenario does not modify theperation of the system and the
power flows significantly

The addition of the newWRE®ower plants makes available some new power which can contribute to
the reduction of the EENS due to lack of power, especially in the SIC system. In fact, the results of the
simulations show a slight decrease of this value (arot2@MWh/year, 10%) \h respect to the
Referencescenario

In the following table the total energy produced in each area and the related emstshown As
expected there is a reduction in the thermal production costs thanks to the additional renewable
productionwhich replaceghe energy produced by thermal power planfEhe totalsavingis about 25

M$, which is anyway lower that 1% of the total costs

A very slight increase of the redispatched energy can be observed, caused by the presence of higher
amount of VRES

Table75- Total production and fuel costsChilean optimal scenario

. PRODUCTIONS & FUEL COSTS BEFC
ALL GENERATOR REDISPATCHING VARIATION AFTER REDISPATCHI
Reduction
AREA GWhlyear | M$lyear Min.Tec.Gen. S O M$/year
DP< 0 DP >0
GWh/year
0 -12 17

83,997 1,766
33,748 1,365 0 -6 1

L TOTAL | 117745 3131 0 -18 18 1

The following tableshow the results in term of PV andimd produced energwnd the differences
respect to optimal scenario result®Vproduction increase by 420GWh/year that corresponds t@a
growth of about 4%The small additionalvind installation brings to 7GWh/year more than the
Referencescenario (a growth less than 19o curtailments are expected to solve the limited network
congestions.

o
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Table76- Total production of PV plants Chilean optimal scenario
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhl/year | GWhl/year

Table77 - Difference of total production of PV plantsetween Chilean optimal scenario and tHeeferenceone
DIFFERENCE RESPECT REFERENCE SCENARIO

GENERATORS REDISPATCHING REDISPATCHING
% o 0o 0o 0
89 0 0 0 0
= T T N e
Table78- Total production of Wind plants Chilean optimal scenario

8,390 2,407

9,820 0 2,442

Table79- Difference of total production of Wind plant®etween Chilean optimal scenario and tHeeferenceone
DIFFERENCE RESPEIREFERENCE SCENARIO

i PRODUCTIONS & FUEL COSTS BEF( VARIATION AFTER
WIND GENERATO REDISPATCHING REDISPATCHING
. Reduction Min.Tec.Gen. [ nD2 Kk & n D2 KKk & .
2 & = d

0 0 0 0 0
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Table80 sums up the information regarding the SISING interconnectiomifferences with respect to
Referencescenarioare negligible

Table80- Interconnectiors - Chileanoptimal scenario

ENERGY EXCHANGES [GWhlyear]
NTC [MW] SECTION LIMIT
T e BEFORE RE AFTER RE REACHED [hiyear
DISPATCHING DISPATCHING
Csic 2 13

1,500 1,500 5,131 647 5,127 648

Also for this scenario, a visual summary of the generation mix and the energy exchanges in the areas of
the Chilean system is provide#&igure57). As explained, nsignificant changes with respect to the
Referencescenario can be observed.
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Figure57 - Total production and energy exchangesChileanscenario with optimal amount of additiona/RES
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The analysis of the results obtained by #imulation of the operation of the system with the additional
200MW of VRE®ower plants is completed with a table that summarizes the total bersef#iuated
respect toReferencescenario, so expressed as a difference between optimal scenario andi¢henee
one.

As for the Argentinian case, the table shows the difference of the instdiREfpower and the variation
of CCGT power (equal taMDV in this case). Moreovethe table reports the main differences in terms
of:

9 total thermal generation vari#on, already considering the needed redispatching
1 RES curtailment variation;
i EENS variation.

These values are expressed3kh/year.
For each of the previous information, economic benefits are presented.
Benefit has been evaluated for ealbtW of additionalVRE$00.

Table81 - Total benefit (respecto reference scenario) Chilean optimal scenario

ELECTRICAL SYS| ECONOMIC BENEFI
200 -17

ADDITIONAVRES
NEW CCGT AVOIDED 0 0
| ownyew | wusbyea |
TOTAL THERMAL GENERATION -485 +25
RES CURTAILMENT 0 -
TOTAL EENS 0 0

| eenermmwRESGSObew]

The benefits are mainly related to the reduction of the thermal costs, which is higher, in absolute value,
than the annuity of the costs of the additiondRE®lants.

Finally, based on the results presented above, it is possible to calculasxpleeted LCOE for the PV
and wind power plants in Chile.
Considering the CAPEX and OPEX repamtTablel0, the resulting values are

1 LCOE for PV power plants: 28/MWh
1 LCOE for wind power plants8.8 $/MWh

In this case, contrary to what happened the Argentinian case, there is a big difference between the
LCOE of the two technologies. The reasons are mainly two:

1 LCOE for PV plants is very low due to the loagsumption on CAPEX and to the availability of
the highest solar irradiation

117



1 LCOE for wind is higher because of the lower availability of wind resource in Chile compared to
the conditions available in Patagonia and on the costh®fcentralregion in Argentinaln the
regions considered in the study, Chile is characterized by the presence of some specific locations

with high potential, but an average producibility not as high as the one available in Argentina,
causing the increase of the ggfic cost per produced MWh

Figure58 show the results of the sensitivities performed to assess the variation of the LCOE depending
on CAPEX and interest ratecan be seen that PV remains in any case more competitive than wind.

Expected LCOE for PV plants in CHI depending on CAPEX Expected LCOE for Wind plants in CHI depending on CAPEX

Expected LCOE [$/MWh]
g B 8
Expected LCOE [$/MWh]

2% 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24%

2% 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24%
Interest rate

Interest rate

——500 k$/MW  ——600 kS/MW 700 k$/MW  ——B0O k$/MW  ——900 k$/MW ——BOOK$/MW  ——1000 k$/MW 1200k$/MW  ——1400k$/MW  —— 1600 k$/MW

Figure58 - Expected LCOE variatioirs Chiledepending on CAPEX and interest rate
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3.4.2.3 Final considerations on Chilean isolated system

Some important imppvements of the Chilean generation fleet and transmission system foreseen at
2030 have been deemed necessary to carry out the required analysis, in order to nhigesk of Lack

of Power andhe overloads in the system which are not caused by theoohiction of the additional
VRE®ower plantsthat are the focus of this study.

Once theReferencescenario has been adjusted to allow the execution of the calculations focusing on
the impact of the penetration of additional PV and wind plants, the analysis performed on the Chilean
isolated system showed that it is able to absorb the additional optemabunt of VRE$®ower plants
defined in3.4.2.2

No main variations can be noted in the system operation when the optimal amount ofRES
generation is introduced

Thanks to very low CAPEX and high producibility, PV plants can provide high benefits to the system.
However, it is important to underline that when real projects are developed and executed, some specific
opportunities and constraints may arise, whicmcaodify the assumptions on the needed investments.

In particular, the difficulty to get connections to the transmission network might increase the cost of the
projects.
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3.4.3 Interconnected countries

Following the analysis of the Argentinian and Chileanesystonsidered as isolated, in which the
optimal economic amount of/RESower plants that each country individually can accept without
jeopardizing the security of the power systdras been evaluatedn this paragraph the results of the
analysis of the two systems interconnectaa presented.

The evaluation of the operation of the two systems together and the assessment of the benefits that an
additional amount of VRESplants can bring to thevhole system is carried out starting from the
configurations obtained at the end of the analysis of the isolated systems, i.e. includivgRE®lants
resulting at the end of the previous optimizations.

At first, anew simulation of the two systems not intenmected is carried out, to become the reference
for the assessmenpresented in this paragraphThis newrun, which replicates the two conditions
evaluated in paragraph3.4.1.2and 3.4.2.2in one single casds necessary because of thignulation
method, which based on Montecarlo approachnalyseghousands of different @nfiguraion of the
system extractedandomlyaccording their likelihood to happekVhen the configuration of the system
changes (from two single countries to one single scenario), new sets of system configurations are
extracted,and small differences caappear with respect to the ones utilized during the analysis of the
isolated cased-or this reasona newreference scenarigs necessaryyhich containsboth the systems
and that can become thstarting pointfor the comparison when the interconnectiorsse irtroduced
ensuring that the results obtained for the scenarios with the interconnections are based exactly on the
same sets of configurations used as referenBecause of the change of the system conditions
considered during the probabilistic analysthis new simulaton can showsome minor variationsvith
respect to the results presented for the single isolated countti#syever, a very good alignment can
be seenbetween the results presented at the end of the analysis of the isolated countriethammnes
presented in this first simulation of theountries togetherand thisconfirmsthat the analysis presented

in advance had reached a good level of convergence

Once the newreferencescenario with the two isolated countries is ready, a simutatio assess the
effects of the interconnection and the possibility to exchange enbagween the countriess run: the
operation of the two systems together, wittkactlythe same generation fleet, is evaluated to quantify
the amount of energy flowg through the interconnections and the possible fuel costs savings.
Finally, the simulation witthe additionalVRE®ower plants, which becomes acceptable by the systems
thanks to the interconnection, is performed, and the benefits provided by the new plaetalso
assessed.

120



3.4.3.1 Reference scenario (Argentina and Claf@gether without interconnection

A new Referencescenario has been analysed including both the Argentinian and the Ch
systems, without considering any interconnection between the countries. As regard PV an(
installed power, the values established in the previous simulations, corresponding twpthmal
amount of VRE$stallations, have been considered. The instatlegacityin the different areas is
reported in the following table.

Table82 - Total VRE $nstalled capacityin Referencescenariofor the two countries tagether[MW]

AREA PV installed power Wind installed power
18

3,467
8,034 302
0 3,191
3,917 3,486
475 535

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

introduced by theinterconnection, shows results in line with the sum of the results obtainec

the two isolated countries independently:

- EENSs around 4.1GWh: it is about 1.2x10of the total load

- Overall generation costsre close to 1450M$; of which 70M$ due topresence of network
congestions. The average cost of generation is SVWh

- Expectedgeneration by PVpower plants around30,200GWh (2426 EOH)onsideringa
curtailment of 426GWh, corresponding to less than 1.5% of the total PV production

- Expectedgenreration by wind power plants close to 3800GWh (about H29EOH) and ¢
curtailment of 51GWh, corresponding to 0.1% of the total PV production

- The NTC of section between SING and SIC is reached for abdutr@@SING to SIC and or
11 hours from SI® SING. The interconnection PANEC is saturated for about 60 h in tl
direction from PAT to NEC while the saturation hours from NWE to NEC are around 120|

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

The detailed results of the simulationsf Argentinian and Chilean systems together but not
interconnectedare reported below.The system configuration and the generation fleet are the ones
resulting from theevaluation of the optimal amount of addition®RESarried out on the isolated
countries (par3.4.1.2and3.4.2.2.

Results are aligned with the ones obtained with the simulations of single coynbuésome small
differences can appear due to different probabilistic simulations applied to both countries togétieer.
new Referencescenariofor the evaluation of the benefits resulting from the interconnectisrthen
briefly presented
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The followirg table shows the EENS, expresselli@#h/year, split by area and reason. The greatest part

of EENS is concentrated in Argentina, in NWE area, and it is mainly due to lack of interconmbigion.
lack of interconnection mostly correspond to the lack of poviound in the simulations of the single
country, which are now counted as interconnection problems because some power would be available
in the other cauntry if there were an interconnection availableine overloads that are not solved after
redispatching produces 54MWh/year of EENS, mainly concentrated in NEC (Argentina).

Table83- Expected Energy Not Suppliednterconnected countrieReferencescenario (NTC=0)

9 342 2 353

135 44 3,164 3,343
0 0 0 0
4 102 256 362
0 57 10 67
148 545 3,432 4,125

Table84 shows the total energy produced in each area and the related coistse costs are only due
to thermal power plants. In reference scenawwerall generation costs including redispatchieg
around11,450M$/year in the entire system (Argentina and Chile).

Table84 - Total production and fuel costsinterconnected countriedReferencescenario (NTC=0)

i PRODUCTIONS & FUEL COSTS BEFQ
ALL GENERATO REDISPATCHING VARIA'ION AFTER REDISPATCHI

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

165023 6,538 0 -293 1,961

50,258 1,580 7 -1,686 132 -41
23,197 134 2 -134 21 -3
84,025 1,768 0 -18 26 1
33,721 1,364 0 -10 2 0
356,224 11,384 9 -2,141 2,142 70

The following table shows PV generation before redispatching and PV curtailments after redispatching
for each area of the system. Total production is aro@¥R200GWh/year; 65% of theproduction is
concentrated in Argentina while the remaining part is produced in Chile. Considering that the total
installed capacity is 8Win Argentina (mainly in NWE) and 4.4 in Chile (mainly in SIC), the equivalent
operating hourssimilar in the twocountries The energy curtailed aftehe redispatching phase is

426 GWh/year that is less than 1.5% of total productj@oncentrated in NWE as expected.
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Table85- Total production of PV plantsinterconnected countriefRReferene scenario (NTC=0)
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhl/year | GWh/year

2,045

19,692 7 -418 0 2,398
0 0 0 0 =
9,639 0 -1 0 2,461
1,253 0 0 0 2,640
30,627 7 -426 0 2,426

As regard wind generation, total production is around88® GWh/year, as illustrated imable86. The
production is mainly concentrated in Argentina (75%) where it is almost equally divided between NEC
and PAT. The energy curtailed after redispatching phase is negligible (@B\Bylear that is less than

0.5% of total production).

Table86 - Total production of Wind plants Interconnected countries reference scenario (NTC=0)
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER

LUINIRASIEN SN REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhl/year | GWh/year

13526 3,899

773 0 -35 0 2,445
14,685 2 -10 0 4,599
8,389 0 0 0 2,407
1,430 0 0 0 2,673
38,803 2 -51 0 3,529

As shown inTable87, there are no exchanges between Argentina and ChileNBIE, SINBIWE) as
expected Referencescenario has been modelled without any interconnection between these
countries). In Argentina peer flow is mainly from PAT to NEC and from NEC to NWE. The saturation of
the interconnections is negligible (61 hours/year from PAT to NEC and 122 hours/year from NWE to
NEC). The loading of interconnections, evaluated as energy/limit is the following:

- from PAT to NEC: 40%; from NEC to PAT: 0%

- from NEC to NWE: 33%; from NWE to NEC: 14%.

As regard Chile, main power flow is from SING to SIC: the annual energy that flows from SING to SIC is
5,180MWh, corresponding to a loading factor of 39%. The loadingfaatrthward is only 5%.
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Table87 - Interconnections- Interconnected countries reference scenario (NTC=0)
SECTION LIMIT

ENERGY EXCHANGES [GWh/year]
NTC [MW] BEFORE RE AFTERE
B REACHED [h/year
AREA Al AREA DISPATCHING DISPATCHING [y

1,500 1,500 5111

654 5,104 655

- 4250 4250 14,860 7 14,945 6 61 0
4300 4300 12514 6664 12559 5156 1 122

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

The following figure provides a visual summary of the operation of the ArgentaimidiChilearsystens
in the Referencescenario, highlighting the generation mix per areas, the energy exchanges between

areas and the curtailedVRESproduction and thermal redispatching needed to solve network
congestions.
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3.4.3.2 Scenario with thénterconnection (NTC:200MW)

This scenario represents tlergentinian and Chilean systems interconnecteith the possibility
to exchange up to ROOMW through the sections SKINWE and SINGNWE together.
As regard PV and wind installed powersiegual to reference scenario.

The presence of the interconnection provides the following main variations with respect ti
reference scenario:
- Areduction of the EENf8rm more than 4GWh to 1.25Wh ¢70%). The final EENS correspolf
to about 3.5x16 of the total load
- Overall generation costare reduced by more than 38$ (-0.3%)
- Expectedyeneration by P\in line with theReferencescenario; PV curtailment of 88Wh with
a reduction of nearly 35GWh (80%) with respect to thReferencescenario
- Expectedyeneration by winddoes not change respect ®eferencescenario; wind curtailment
remains negligible
- Energy exchanges between the countriegiual to 3.6TWh from Chile to Argentina an
2.6 TWh form Argentina to Chile.
As regard the two sectiorimetween Argentina and Chile, the section-8IMVE is quite balance
while power flow on the other section is mainly from SING to NWE. These are the satu
hours during the year:
o From SIC to NWE; 041 h; from NWE to SIC: 978 h.
0 From SING to NWE;2B2 h from NWE to SING: 165 h.
The sections in Argentina e Chile are less saturated resp&#ferencescenario.

The presence of the interconnection providesnefits for the whole systenevaluated equal to
43M8$, divided in a quite balanced way between twuntries.

In this paragraph, the results of the simulations carried out on the Argentinian and Chilean
interconnected systems are presented. The comparison with the outcomes reported in paragraph
3.4.3.1 which describe the key information of the operation of the two systems considered isolated,
allows the evaluation of the impact that the possibility to exchange energy between the two countries
has on the wholesystem and the relevant possible benefits.

When the two systems are interconnected, it is necessary to define the maximum power that can be
exchanged between them. Based on the information includgdi]ira first simulation with a Net Transfer
Capacity (NTC) equal tg6D0OMW has been carried oatnd it turns out that with this limit, that is equal

to the sum of the maximum capacity of the two lines connecting the countias because of the fact

that the distribution of thereal power flowdetermined by the transmission systdmnot even betwen

the two lines,for many hourghe Gran Mendozg Polpaico line between NWE and SIC is overloaded,
requiring a reduction of the exchange.

A lower NTC limit has been then defined, to reduce to less than 10% of the time the situations in which
the balanceof the two systems must be adjusted to avoid overloads on the interconnection.
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The new NTC value considered in the simulations is tHGOMW.

The following tableshows theresults of the simulations performed on the two interconnected systems
with the defined NTC.

A positive impact can be noted concerniBBNSthat is reported irirable88.

Thanks to the interconnection and to the possibility to exchange energy between the countries, the EENS
due to lack of power/lack of interconnection reduces nearly by 85% (reachiniy®) compared to

the Referencescenario.

On the contrary, EENfie to ine overloads that are not solved aftdrermal generatiorredispatching

has a slight increase (+10%) to about 80&h/year, mainly concentrated in NEC (Argentina).

Table88 - Expected Energy Not SuppliedScenario with tte interconnection (NTC=200)

140 106 431 677
0 3 0 3
7 99 3 109
0 58 0 58
167 595 434 1,196

Table89 shows the total energy produced in each area and the related costs.

Total costsslightlyreduce because the interconnection makes cheagemeration available from one
country to the other andricreases the flexibility of the system to solve network congestiis worth
noting that the overall amount of produced energy increases with respect tdRééfferencescenario
(+255GWh, correspoding to a bit less than 0.1% of the overall demand) because power flows along
greater distances also from one country to the other, and this causes higher system losses.

Table89- Total production and fuel costsScenario with the interconnection (NTC=5200)

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

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

163331 6,427 0 -195 1,492

50,006 1,557 1 -774 559 6
23,202 134 1 -107 20 =l
85,196 1,825 0 -934 233 -15
34,744 1,412 0 -338 45 -10
356479 11,355 2 -2,348 2,349 62

In Table90the results related to PV generation are present&dble91 shows the difference of total PV
production respect toReferencescenario. Since the total PV installeapacityremains the same, PV
production does not changsignificantly However, PV ctailments are stronglyreduced, since the
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1,200MW interconnection between Chile and Argentina allows to export the energywhaturtailed

for overgeneration or overloads NWE~henArgentina was isolated his allows to save about 3@Nh

of PV prodution, which is more than 1% of the overall PV productibime equivalent operating hours

are 2455 hlyear, so there is an increase in the EOH respect reference scenario (almost 30 hours) due to
the reduced curtailment.

Table90- Total production of PV plants Scenario with the interconnection (NTC;2D0)
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhl/year | GWh/year

0 2,443

19,698 1 -87 0 2,441
0 0 0 0 -

9,639 0 -1 0 2,461

1,253 0 0 0 2,640

30,633 1 -88 0 2,455

Table91 - Difference of total production of PV plants between scenario with the interconnection and Referenceone
DIFFERENCE RESPEIREFERENCE (NTC=0) SCENARIO

PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ  VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
= Reduction Min.Tec.Gen. |[p D2 Kk §n D2 Kk
2 ~
. nec 7

Kk e 9
398

0 0 0

6 -6 331 0 43
0 0 0 0 -
0 0 0 0 0
0 0 0 0 0
6 -6 338 0 29

In Table 92 wind production results are presented;able 93 shows the difference of total wind
produdion with respect tothe Referencescenario.

The annual wind production does not change since the total wind installed power remains the same.
Qurtailed energyis lower than in the reference scenari@maining negligiblewith respect to the total
generation.
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Table92 - Total production of Wind plants Scenario with the interconnection (NTC;2D0)
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER

UINIBASISN ST REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhl/year | GWh/year

13526 0 3,901
773 0 =15 0 2,512
14,687 1 -10 0 4,600
8,389 0 0 0 2,407
1,430 0 0 0 2,673
38,805 1 -25 0 3,531

Table93- Difference of total production of Wind plants between scenario with the interconnection and tReferenceone
DIFFERENCE RESPEIREFERENCE (NTC=0) SCENARIO

, PRODUCTIONS & FUEL COSTS BEF(Q VARIATION AFTER
WIND GENERATO REDISPATCHING REDISPATCHING
Reduction Min. Tec Gen nbD2 Kkdqn D2 Kk
2 q

0 0

0 0 20 0 67
2 -1 0 0 1
0 0 0 0 0
0 0 0 0 0
2 -1 26 0 2

Table41 gathers information on thenergy exchanges across the sections between countries and areas
in the interconnected scenario.

The energyexchange between Argentina and Chitdlowed by the irgrconnection, is significantn

total, more than 6.2T'Wh flow between the countries in the two directions. This is mainly related to the
usage of the available cheap thermal generation from one country to the other depending on the
situations.Looking athe final energy exchangem the two sections between the countries, tflew

on the SIGNWE is quite balanced while the excharggween SING and NW& mainly fromChileto
Argentina

The loading of these interconnections is the following:

from SIC ttNWE: 31%; from NWE to SIC: 29%

from SING to NWE: 46%; from NWE to SING: 11%

Looking at the internal areas and the energy exchanges between thérgentina theenergy exchange

on the section PANEC increases in the direction from PAT to,N#éf@eon the other cutsef there is a
reduction of the export from NEC to NWE even if main power flow remains from NEC to NWE. The
loading ofthese internalinterconnections is the following:

from PAT to NEC: 41%; from NEC to PAT: 0%

from NEC to NWE: 28%; from NYSENEC: 14%
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As regard Chile, the exchanges from SING to SIC are reduced even if main power flow remains in the
same direction (from SING to SIC); the loading factor in this direction is reduced from 39% to 34% while

the loading factor northward is only 3%.

Table94 - Interconnections- Scenario with the interconnection (NTC;2D0)

ENERGY EXCHANGES [GWh/year]
NTC [MW] BEFORE RE AFTER RE SRS HON HAMIT
B REACHED [h/year
AREA Al AREA DISPATCHING DISPATCHING [y

1500 1500 4681 357 4515 330

- 4250 4250 14991 7 15,247 6 62 0
4300 4300 10619 6414 10637 5222 34 92
900 900 3042 2055 2,448 2301 1041 978
NWE" 300 300 1337 286 1,197 300 1292 165

Figure60 provides a visual summary of the operation of tha interconnected systems

From the comparison with thReferencescenario Figure59), it can be noted that théact that the two
systems are interconnected causes sod@vnward redispatchingo move from Argentina © Chile
because the power flown the congested linesan be reducedlsoby decreasing the export from Chile.

CHILETOTAL TOTAL SYSTEM (CHI+ARG)

*1 1 8,944‘ 1,197 326\/;1}]:’
GWh 1,292 .
Sl % 24%
300
165
2,44¢
1,041
2,301
978

Curtailed Energy [GWh]

= Line
overload

= Power
Surplus

CHILE ARG

Redispatching for line overload [GWh]

= Upward
- = Downward

CHILE

LEGEND:
COUNTRY - AREA

. % ENERGY ENERGY
GENERATION [Gwh] ﬂﬂ [GWh]

GWh CONGESTION CONGESTION
HOURS HOURS

OTHER
RES
NATURAL
GAS

Figure60 - Total production and energy exchangesnterconnected scenario
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Table 95 illustrates the summary of the benefits introduced for the whole systems by the
interconnection, not considering the cost of the new line. The savings are equaM® 48d the main
advantage is due to the lower generation costs, and a small part is related to the strong reduction of the
EENS.

Table95 - Total benefit (respecto reference scenario) Scenario with the interconnection (NTC=1200)

ELECTRICAYSTEM] ECONOMIC BENEFI
GWh/year MUSD/year
+37

TOTAL THERMAL GENERATIO| -227
RES CURTAILMENT -364 =
TOTAL EENS -3 +6

The reduction of the EENS is mostly concentrated in Argentina, so it is possible to say that the relevant
benefit should be allocated mainly to this country.

Concerning the generation costs, in Chile they increase with respect to the reference s¢enaNts,

equal to 2.5% of the overall costgjue to the fact that the net balance between import and export
results in more than TWh exported to Argentina, whiadorresponds to a higher generation in Chile

For the same reason, in Argentina the generation costs re¢d®M$, equal to 1.5% ofhe overall
costs)due to the net import of energy.

Despite the uneven variation of the generation costs, which is principally due to the net energy exchange
between the countries, the overall benefits are quite similar and positive for the two systemin fact

worth underliningthat the good balance of the energy exchanges across the interconne¢E@BWh

from Chile to Argentina and 2BNh from Argentina to Chile) indicates that both the countries have
several conditions in which import energyin the other one and many in whighey export energy.

When a coumnty imports energy, the energy price is lower than the one that would be present with no
interconnedion, and tis constitutes a benefit for the consumers, which have cheaper energy agailabl
This benefit for the consumers is present and positive in both the systdmzover, the fact that some
VRE®roduction is not curtailed and can be used in Argentina and Chile thanks to the interconnection,
constitutes an additional source of benefigingenergy available with no cost.

It can be concluded then the interconnection introduces a benefit that can be evaluatedvi$ 4&r

year and that the benefits are positively distributed in both countries. This saving should be compared
to the annuityof the investment needed to build and operate the interconnection to evaluate the
economic convenience.
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3.4.3.3 Scenario with optimal economic amount of additioW&ES

The interconnection of the Argentinian and Chilean systems allowisttoeluction of further VRES
plants. A scenario with additional 300 MW of VRE®er country has been analysed.

850MW of new dispatchable generators have been replaced @@0in Argentina and 35MW
in Chile) by ®00MW VRESdivided in 2L70MW of PV (42% in Argentina ab8% in Chile) anc
about 830MW of wind (73% in Argentina and 27% in Chile).

The final total amount of installed power considered divided by area is reported in the follc
table.

Table96 - Total VRE$nstalled power in interconnected optimal scenaridiW]

AREA PV installed power Wind installed power
. Nec 18 3,767
CONwE 8,936 302

0 3,490
4,932 3,717
729 535

The simulation of the interconnected scenario shows:

- EENSs around 2.Z5Wh that is about 6.5x1%of the total load

- A sensibleeduction of the generation costdown to 11060M$ which include an increase ¢
the redispatching costs by about R05.

- Expectedgeneration by P\Ms 35700GWh (there is an increase of alm&s200GWh/year in
the annual production, +17%), consideringV curtailmentisk equal to273 GWh,increased
with respectto the interconnected scenario butill lower than 1% of the total PV productiol
Due to the higer curtailments, the LCOE of the additioR&®E®lants increases in Argentin
(45.98/MWh vs. 44.35/MWh), while remains constant in Chile around 23/81Wh.

- Expectedyeneration by windis 42000GWh (there is an increase of almos283GWh/year in
the annual production, +8%). Wind curtailments increase but remain negligible. LCOE
added plants remains in line with previous values, and is equal tadMi@\Mvh in Argentina and
68.3$/MWh in Chile

- Concerning thénterconnections between Argentina an@hile power flow is quite similar tc
the one of interconnected scenario: the section-SIMVE is balanced while the exchange on |
other section is mainly from SING to NWE.

Thetotal benefits for the whole systenare evaluated equal to 10d$, thanks tothe reduction of
fuel costs but mostly to the possibility to avoid the construction of two dispatchable generé
This value can be intended also as the possible loss of benefit in case the groviRi fower
plants penetration in the system will née as high as required to reach the optimal amount
installedcapacity

131



A enario with additionahmountVRE®as been analysed starting from interconnectate presented

in paragraplB.4.3.2and introducingvRE$®ower plants which become acceptable for the systems due
to the possibility to export the generated power in case of low load and high generation.

The analysis performeéh Chapter2 defined alimit of 3,000MW of additional plantdor the whole
system when interconnected, with respect to the optimal values found for the two isolated countries
(results have been presented in paragrapB.3. Moreover, in case of a,800MW interconnection,
every country was able to accept up t®0MW of new plants.

Since the NTC has been reduced PODMW to take into account operational lingitions, this limit
should be reduced almost linearly resulting in a new maximum acceptable value per country equal to
1,500MW. This newalueperfectly fits with the limit defined for the whole system, and suggests the
analysis of a scenario based on fhrevious one plus the addition of800MW of VRES®ower plants

per country. In each country, thellocation of these F00MW to PV or wind projects is made on the
basis of the results obtained by the isolated countries. In fact, the convenience of dmtegy or the

other depends on the producibility areh the investmentcost (CAPEX, OPEX and interest rate), which
are all data which are defined per country and per area, and are not subject to variations when the
systems are interconnected.

The introduction of additionalVRESower plants allows the possibility to shut down (or avoid the
construction) of thermal power plants, increasing the benefits for the system. As a final configuration,
850MW of CCGTs have been replaced (BIW in Argentina and 35MW in Chile) with 21781W of PV

(42% in Argentina and 58% in Chile) and aboutN@0ofwind (73% in Argentina and 27% in Chile).

The following table shows the EENS, expressddWh/year, split by area and reasofis expected, the

EENS increasegreater values folack of power and lack ofterconnection are present especially in
NWE areaSomeincrease of EENS due to line overlpédidom 595MW/year to 1146MW/year) is also
present, because the absence of CCGTs reduces the possibility to solve knetwgestions with
redispatching of thermal generation. However, the values remain acceptable and the EENS is about
6.5x10° of the total demand.

Table97 - Expected Energy Not Suppliednterconnected optimal scenario

[MV\I/ErIIE/:\(IeSar] Lack of Power Lack of interconnection| TOTA

815
332 219 648 1,199
0 9 0 9
14 108 5 127
0 55 0 55
400 1,146 659 2,205

Table98 shows the total energy produced in each area and the related costs. The most important result
regards the decrease in total thermal costs: it is equdlt©60M$ (sonearly 360M$ less than the cost

in the interconnected scenarioln this general reduction, it can be seen that the costs due to network
congestions increase from 2% to 91M$.
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Moreover, it can be seen that a slight increase of the curtailments due to the operational constraints of
the generators increases, confirming that with theal amount of VRESs reaching the limit of the
system, which in some load conditions cannot gteaore VRE$roduction.

Table98- Total production and fuel costsinterconnected optimal scenario

| 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
GWhlyear

160,791 6,243 0 -240 2,228

51,916 1,550 8 -1,035 494 0
24,502 130 6 -209 33 -2
86,939 1,765 3 -1,276 323 21
32,758 1,280 0 -384 66 -10
356,906 10,968 17 -3,144 3,144 91

In Table99 the resultsof the PV generation are presentedable100shows the difference of total PV
productionrespect to interconnected scenario.

In the analysed scenarithe 58% of additionaPVplants are deployed in Chile (distributed principally in

SIC; only a small part is located in SING); the residual part, so 42%, is deployed in Argentina (exclusively
in NWE areg)so the main variations can be seen in these areas.

There is an increase of almds200GWh/year in the annual productioft+17.5%) The energy curtailed

to avoid network congestions approximately 27GWh/year femaininglower than 1% of thetotal

energy produced)Thesecurtailmens area higher than in thénterconnected scenariand are located

in NWE areaThe reduction in the equivalent operating hours (11 hours/year) is due to the greater
curtailment needed in order to fulfil all the netwk constraints.

Table99- Total production of PV plantsinterconnected optimal scenario
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF(Q VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhlyear | GWh/year

0 2,330

21,900 8 -269 0 2,420
0 0 0 0 =

12,136 1 -2 0 2,460

1,922 0 0 0 2,638

36,001 9 -273 0 2,444
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Table100- Difference of total production of PV plants between interconnected optimal scenario and scenario with the

interconnection and without the amount of additionaV/RES
DIFFERENCE RESPERNTERCONNECT&EDENARIO

PHOTOVOLTAIC PRODUCTIONS & FUEDSTS BEFORE VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING

. Reduction Min.Tec.Gen. |[p D2 Kk §n D2 Kk
2 ~ a
0

0 0 -113
2,202 7 -182 0 21
0 0 0 0 =
2,497 1 -1 0 -1
669 0 0 0 -2
5,368 8 -185 0 -11

In Table101 wind production results of fis lastoptimal scenaricanalyzedare presented;Table102

shows the diference of total wind production respect to interconnected scenario.

The 73% of additional wind plants are deployed in Argentina (equally distributed in Patagonia and in NEC
areas); the residual part, so 27%, is deployed in Chile (exclusively in SIC area).

The annual wind production reaches almost ,G@DGWh/year, with an increase of about

3,250 GWh/year with respect to the interconnected scenar{®8%) There is a relative increase in the
curtailed energy, buit remainsstill negligiblewith respect to the total generation. The EOH remains
almost the same (855 h/year; the increase is equal to 24 h/year).

Table101- Total production of Wind plants Interconnected optimal scenario
PRODUCTIONS & FUEDSTS BEFORE VARIATION AFTER

LUINRASISN SIS REDISPATCHING REDISPATCHING
ReductionMin.Tec.Gen. GWhl/year | GWh/year

14,840 0 3,939
773 0 -28 0 2,469
16,060 6 -25 0 4,593
8,945 0 0 0 2,407
1,430 0 0 0 2,673
42,048 6 -55 0 3,555
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Table102- Difference of total production of Wind plants between interconnected optimal scenario and scenario with the

interconnection and without the amount of additionaV/RES
DIFFERENCE RESINETHRCONNECTEOENARIO

] PRODUCTIONS & FUEL COSTS BEFJ ~ VARIATION AFTER
WINDGENERATO REDISPATCHING REDISPATCHING

1,314 0 -2 0 38

0 0 -13 0 -43
1,373 5 -15 0 =
556 0 0 0 0
0 0 0 0 0
3,243 5 -30 0 24

Table103gathers information on the interconnections in the optimal scenario.

Looking at the exchanges between Argentina and Ghiee is a reduction of 50GWh in the net export
from Chile to Argntina (which reduces from almost0b0 GWh to 550G5Wh). This is due to the fact that
and equal amount o/ REPower plants has been introduced in the two countries, but the producibility
of the wind plants in Argentina is much higher than PV or wind ile Ghmeans that the added plants
produce more energy in Argentina compared to the ones in Chile, reducing the need of import in
Argentina.

It is also worth underlining thaih Argentinathere is a small increase of the number of hours during
which theenergy flowing to NEC reaches the NTC limit, both from PAT than from NWE.

In Chile there is a reduction of the energy flowing from SING to SIC, due to the higher genendR&Sof
plants in this last area.

Table103- Interconnecions- Interconnected optimal scenario

ENERGY EXCHANGES [GWh/year]
SECTION LIMIT
SEEAE NTC [MW] BEFORE RE AFTER RE
DISPATCHING DISPATCHING

AREA A

1,500 1,500 3,257 667 3,097 640 33 0

4,250 4,250 16,536 6 16,635 5 157 0

4,300 4,300 10,696 8,163 10,698 6,353 40 417
900 900 3,094 2,098 2,383 2,473 1171 998
300 300 1185 364 1040 403 1,027 244

Figure61 provides a visual summary of the operation of the Argentinian system imteeconnected
scenario, highlighting the generation mix per areas, the energy exchanges between areas and the
curtailedVRE®roduction and thermal redispatching needed to solve network congestions.

Form the comparison with the interconnected scenario without the addél VRE®ower plants Figure

60), the increase of the share of PV and wind production can be seen, together with the increase of the
curtailed energy (concentratedhiArgentina) and the amount of GWh to be redispatched to solve
network congestions.
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Figure61- Total production and energy exchangesnterconnected optimal scenario

This paragraph is completed with a table that summarthestotal benefit evaluatedvith respect to
interconnected scenario, expressed as a difference betwethis last optimal scenario and the
interconnectedone presented in3.4.3.2

The main benefit introduced by the additioMdRESs due to total thermal generation costs reduction
(358 M$lyear); the avoided costs due to new CCGTeayeal to74 M$/year. Theadditiond cost due to
EENSnNcreaseis very limited 2 M$/year). Considering that thannuity of the investment fothe
additional VRESs 330M$/year, total cost savirg are around 100M$/year that corresponds to
33k¥(MW+year). This value can be intended also as the possible loss of benefit in case the growth of
VRE®ower plants penetration in the system will not be as high as required to reach the optimal amount
of installedcapacity In other words, the benefit resulting frothe installation of additional 800 MW

PV and wind plants in the system can be seen as an opportunity which is lost in case the plants will not
be installed. It means that in the analysed countries a special focus on the development\(RE®
generationfleet should be put in place to ensure the maximbenefitfor the system.
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Table104- Total benefit (respecinterconnectedscenario)- Interconnected optimal scenario

ELECTRICAL SYSTE ECONOMIC BENEFITS

ADDITIONANRES 3,000 -330
NEW CCGT AVOIDED 850 +74
| owwew | wusoyew |
TOTAL THERMAL GENERATION -7,888 +358
RES CURTAILMENT 215 -
TOTAL EENS 1 -2
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3.5 Sensitivities

Three further simulations have been carried out on the configuration of the Argentinean and Chilean
power systems resulting from the last analysis on the interconnected countries with additi®Rizb
generation.These three sensitivities watd provide information abotthe operation of the system in
conditionsthat are slightly differentfrom the ones analysed in paragrapi. Only one element is
modified in each sensitivityn order to allow a clear understanding of the impact that the variation of
the considered variable can have on the overall system.

The analysis has been focused on three main aspects which affect the generation fleet in the countries.
In the first case, @ossible delay in the development of disphaable generation in Argentirtzas been
assessedn the other two cases, variations of the expected production by hydropower plants has been
evaluated. In fact, the optimal amount of PV and wind power plantsddfinparagraph3.4.3.3 under

the assumption of thaBATscenarig considered average hydrological conditions, but the operation of
the system is strongly affected by high variations of the hydro resource availability, given the high
percentage of electricity produced with hydsiectricpower plants. In particular, dryoaditionscan be
critical becausean jeopardize the security of suppye tothe increasing risk of lack of power in case
other resources are not available to compensate the hydro paeeduction, and because of the lower
amount of redispatchable resowrsneededto fulfil the operational constraints.

Hence, the three sensitivities analysed in the following paragraphs can be summarized as follows

1 Possible delays in the development of dispatchable generation in Argentina, which has been
modelled with a educed installed power of future dispatchable plants

91 Dry year, with a lower generation by hydro power plants

1 Wet year, with a higher generation of hydro power plants

3.5.1 Possible delays in the development of dispatchable generation in Argentina

The analysis presented so far showed that in the next years a massive development of the generation
fleet, concentrated onvRE®lantsandon someother dispatchableones will bepossible andequired
especially in Argentina, to fulfil the expected demamciease in the countries.

To highlight how a possible slower development of the generation fleet in Argentina can impact the
operation of the power system, its costs and the security of supply, a simulation of the expected
operation in absence of,@00MW of dispatchable power plan{gnodelledreducing the power othe
CCGTmcluded in the Reference scenario and still in operation in the final optimal configuyiien

been carried out.

LiQa 62 NIK NB&dispatchayledpovie SpBEC TG $ivais introduced in the Reference
scenarioaimed at ensuring generation adequacy. In particulagentinean system suffered too high

risk of not being able to supply the load, due to the strong peak load and demand increase foreseen from
2025 to 20® which was not associated to a corresponding increase of the generation fleet. For this
reason, it is expected that reducing the instalteapacitywill bring the system back to a situation with
more lack of generation, which can be only partially compéed by an increased import from Chile to
Argentina, and higher EENS

The simulations confirmed whatasexpected. The main results are summarizethe following
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Reduced generation adequacy

Table105 shows the values of EENS in the analyses sensifirityn the comparison witidable97
referred to the optimal solution of the BAT scenario, it is possible to state ithabsence of 200 MW
dispatchable generationthe Argentinean systens subject toa strong reduction ofthe generation
adequacy, as the EENSthis countryincreases nearly ten timesttaining almost 19 GWh (close to
1x10* of the total load). All the main causes (lack of available power in the system, lack of
interconnections between areas, network corahts) increase considerably with respect to the original
case. In Chile also a slight increase of EENS is present, which is caageddnal lack of power in the
overall system due to missing production capacity and by line overloads not resolvabtaewivailable
generation resources.

Table105- EENS, Sensitivity with delays in the development of dispatchable generation in Argentina

[MV\I/EfI15/$eSar] Lack of Power Lack of interconnection| TOTA

5,469 6,714
2,204 2,025 7,586 11,815
0 194 0 194
49 360 36 445
1 62 0 63
3,062 8,110 8,059 19,231

Increase energy export from Chile to Argentina

In this sensitivity the net energy exchange from Chite Argentina increases considerably, reaching
nearly 1.9TWh.Also the overall utilization of the interconnection increases, with the total exchanges in
the two directions attaining 6.8Wh against previous 6.BWh. In conditions when the generation
resaurce is less available, more energy exchanges are required because more often produatien in
country is required to support meeting the demand also in the other.

Table106 contains the detailed information referred to the energy exchanged between areas.

Table106 - Interconnections- Sensitivity with delays in the development of dispatchable generation in Argentina

ENERGY EXCHANGES [GWh/year]

T SECTION LIMIT

AREA A} AREA B BEFORE RE AFTER RE REACHED [h/year
DISPATCHING DISPATCHING

1500 1500 3393 610 3,262
- 4250 4250 16662 5 16,768 4 162 0
4300 4300 10113 8560 10213 6,568 22 508
PNWEY o900 900 4021 1,501 3,128 1,986 1,991 647

| SING [[NWE| 300 300 1279 321 1,107 385 1035 222

Higher fuel costs
The fuel costéreported inTable107) increase by 82 million for the whole system, as more expensive
generation must be used. At country level, in Argentina thessts remain comparable to thBAT
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scenario(Table98) because the usage of more expensive generation is compensated by an overall lower
production, and the load is supplied thanks to a much higher import from Chile. This import increase
causes the overall expense to fulfil the demand in the Argentineanmytstde higher than the one in

the BATscenario. The difference would be even greater if the countries were isolated, because more
expensive generation in Argentina should be used instead of importing energy from Chile.

On the other side, the growth of fuel costs in Chile will be covered by higher earnings obtained by selling
more energy to Argentina. For the Chilean system there is an overall positive benefit because the
producers cambtainhigher revenues which exce#uk higher costs the Chilean consumers have to bear
due to a general energy price increase.

Table107- Total production and fuel costs
Sensitivity with delays in the development of dispatchable generation in Argentina

PRODUCTIONS & FUEL COSTS BEFORI
ALL GENERORS REDISPATCHING VARIATION AFTER REDISPATC
ReductionMin.Tec.Gen.| GWh/year| GWh/year
AREA GWhl/year | M$/year GWh /year DP <0 DP > 0 M$/year

159678 6,222 -166 2,438

51,219 1,543 5 -993 515 1
24,605 138 5 -218 38 -2
88,307 1,844 3 -1,538 256 -33
33,096 1,298 0 -399 66 -11
356,905 11,045 13 -3,314 3,313 96

PV curtailment risk
The risk of PV generation curtailments in NWE area reduce20By, corresponding to SBWh higher
production absorbed by the grid.

This first sensitivity caséocused on possible delays in developing the generation fleet in Argentina
highlights that he security of supply is strongly affected by the quantity of dispatchable generation
available in thecountry. The absence of ROOMW causes a strong increase of the EENS which gets
multiplied nearly by ten, reaching values which should be consideredaumeptable in a long term
planning.

From these results it appears that the implementationdeivelopmentplans concerning the power
system in Argentina is crucial, to ensure that the generation development is well aligned with the growth
of the power pealkand load demand and that the load can be supplied in a reliable and economic way.

3.5.2 Dry conditions

In many South American countries a considerable part of the electricity is generated thanks to
hydropower plants. For this reason, the operation of the eystis strongly affected by different
hydrological conditions.

The analysis presented so far considered a contribution by the hydropower plants which can be assumed
as an average value that can be expected over several years. This approach is congisthuet fact
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that the assessmerdimed atthe definition of an optimal amount 6fRE$®ower plantswhich operate

in the system for 20 yearsr even more. During their lifetime thewill face years with different
hydrological conditionsand the economic evaation must be done on average valudsis anyway
essential to verify that the planned power system does not suffer critical condegmeciallyduring dry

years, and thain this conditiongeneration resources are available to supply the load comgiémsthe

lower energy available from hydetectricplants.

The analysis of the system adequacy during dry years is of particular importance for Chile geeause
variations of the hydro resource have been registered in the past in this country.

Based on available historical data series, the simulation of the system operation in such condition has
been performed assuming that in Chile the energy which can be produced from hydro resource is
reduced by 30% with respect to the Bsdenarig while inArgentina the reduction is assumed equal to
10%.

The main results are summarized below.

Generation adequacy

The lower availability of power and energy from hydropower plants, especially in Chile, causes the EENS
to increase. In the whole system it reach& 7GWh against 2.&Wh in theBAT scenario (65% growth),

but remains stillvithin acceptable ranges. In Chilghere a more severe condition has been considered,

the value becomes nearly threertes than before (attaining 0.6Wh) while in Argentina theariation

is about +50% (reaching 32Nh)

Table108- Expected Energy Not SuppliedDry year sensitivity

[MV\I/ErIIE/:\(IeSar] Lack of Power Lack of interconnection| TOTA

134 1,003 15 1,152

1,049 287 677 2,013
0 9 0 9
112 200 96 408
1 59 9 69
1,296 1,558 797 3,651

Higher production by dispatchable generators

Table109shows the overall production costs. To compensate the lower energy from hydropower plants,
dispatchable thermal generators have to produce IMV8h more than in the BAT scermmaf+5.6%), and

the corresponding cost increas® $ 636 million.
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Table109- Total production and fuel costsDry year sensitivity

| PRODUCTIONS & FUEL COSTS BEFORE
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATC
ReductionMin.Tec.Gen.| GWh/year| GWh/year
AREA GWhlyear | M$/year GWhlyear M$/year

159678 6,222 -166 2,438

51,219 1,543 5 -993 515 1

24,605 138 5 -218 38 -2
88,307 1,844 3 -1,538 256 £S89
33,096 1,298 0 -399 66 -11
356,905 11,045 13 -3,314 3,313 96

Energy exchanges between Chile and Argentina

Given the vaation of the hydro generationthe energy exchanges between the countries are also
affected. As can be derived from the detailed results of the energy exchanged through the
interconnections reported iTablel10, Argentina becomes a net exporter towards Chile for an amount
around 0.7TWh. This fact highlights the important role of the interconnections in terms of mutual
support between the countries, which allows the whole system to withstand @isioal hydrological
conditions with the other available resources.

Table110- Interconnections- Dry year sensitivity

ENERGY EXCHANGES [GWh/year]

SECTION LIMIT

NTC [MW] BEFORE RE AFTER RE REACHED [hlyear
DISPATCHING DISPATCHING

1500 1,500 4,265 348 3910 350 66 0

4,250 4,250 15,760 11 15,946 9 123 0

4,300 4,300 11,891 7,956 11,628 6,775 82 394
900 900 2,174 3,130 1,728 3,100 599 1,766
300 300 1,083 335 987 339 982 137

PV curtailment risk
The risk of PV generation curtailments in NWE area reduces &80 corresponding to a reduction
by -30% of the expected cut energy.

These results show that the amount WRES&nd dispatchable generation identified at the end of the
analysis of the BA3cenario(paragrapt.4.3.3 allows a prope operation of the system also in dry
conditions though with nomegligible additional dispatching costs. In fact inevitably, higher fuel costs
are required in case lower hydro production is available, and a small growth of the EENS is expected, but
thereis no risk of an unacceptable decrease of the system adequacy.
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3.5.3 Wet conditions

The behaviour of the system in a wet year hasrbalso simulated. This condition is expected to be not
critical for the system adequacy, because of the higher availabilignefgy by hydropower plants,
which can be used to supply the load and partially to optimize the power flows in case of transmission
network congestions. Only overgeneration problems might become more critical, but the presence of
some hydropower plants witreservoir allows a different allocation of the additional available energy in
periods with low overgeneration risks, thus minimising the possible disadvantages.

It has been assumed that 10% more energy is available from hydropower plants in both cuntrie

The main results are listed below:

EENS reduction

Thanks to the availability of more energy from the hydro source, the EENS is redué&8&dyeaching
1.5GWh against 2.&8Wh of theBAT scenario. The reduction is distributed quite similarly thakreas,
with the highest effect visible in NWEB%%).

Tablelllshows the values of EENS for each area.

Table111- Expected Energy Not $plied ¢ Wet year sensitivity

28 592 0 620

161 158 443 762
0 6 0 6
6 92 2 100
0 54 0 54
195 902 445 1,542

Fuelsavings
Dispatchable thermal generators have to produce B/h less -8%), which are provided by the

additional production by the hydropower plants. The corresponding cost saving is aB60ndillion.
Tablel12shows the detailed values for each area. The amount of thermal energy to be redispatched to
solve network congestions is aligned to the one resulting for the dry year.
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Table112- Totd production and fuel costs Wet year sensitivity

| PRODUCTIONS & FUEL COSTS BEFORE
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATC
ReductionMin.Tec.Gen.| GWh/year| GWh/year
AREA GWhlyear | M$/year GWh /year DP <0 DP >0 M$/year

160,723 6,046 -246 2,502

51,630 1,502 17 -1,084 433 -3
25,036 126 12 -259 42 -2
87,585 1,676 7 -1,466 313 -29
32,138 1,250 0 -324 90 -7
357,112 10,600 36 -3,379 3,380 99

Energy exchanges between Chile and Argentina
Given the fact that the hydrological conditions are modified in a similar way in both countries, the impact
on the total energy exchanges between the countries is limited. As presenfeablall13, the usage of

the interconnections and the net balance are aligned with the results of the BAT scenario. Argentina
remains a net importer for an amount around '8vh

Table113- Interconnections- Wet year sensitivity

ENERGY EXCHANGES [GWh/year]

SECTION LIMIT

NTC [MW] BEFORE RE AFTER RE REACHED [hlyear
DISPATCHING DISPATCHING

1500 1,500 2,926 836 2,824 781

4,250 4,250 17,240 4 17,299 3 215 0

4,300 4,300 10,850 8,086 10,907 6,103 42 410
900 900 3,234 2,081 2,432 2,480 1,384 995
300 300 1,129 415 983 456 899 322

VRES$urtailment risk

As expected, the higher production availablige to hydropower plants causes a slight increase of the
VRESurtailment risk. In fact, the higher production by rafiriver plants, which cannot be modulated,
increases the overgeneration in the periods whiatre critical also in the BAT scenario, requiring more

reduction ofVRE®lants. However, the increase remains limited to acceptable vait&&Wh possible
cuts of PV production)

Asa general result it can be stated thiata wet year the system caperate with lower fuel costs and
lower EENS. The only slightly negative effect is the increase of overgeneration risk.
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4 VARIANTS

In this chapter the results of the different scenarios, called Variants, as defifigjdaire presented.

They have the aim to evaluate the behaviour of the system in case some major changes take place with
respect to the assumptions at the basis of the Refereseamarioanalysed in the previouShapter3.

By comparing the outcomes of the Variants with those ofdp@mal configurations resulting from the
performed assessmentst is possible to appraise to what extent they fit against possible different
evolutions of thepower systems: the more flexible are the solutions, the better is for the potential
investors.

The main key parameters that are modified with respect to the Refersoerariocare:

9 Electric demand
I Generation evolution
1 Possibility to have electrical staya systems

To clearly identify the relationships between the assumptions adopted in the Variants and the relevant
outcomes a reduced set of changes in the parameters with respect to the Reference Scenario is
introduced in each Variant. In fact, if margrpmeters are modified together, it becomes hard to identify
the main reasons of a change in the system operation. In some cases, changes in the assumptions can
have opposite effects on the results, so there is the risk to miss some important effects opetation
of the system that may be netted by another change in the parameters having an opposite impact.
Thus, basically two key criteria are used to build Variants:

1) selection of a reduced set of key parameters to be modified;

2) definition of clearly dishct scenarios.

Both the variants have been investigated on the system with interconnected countries, as described in
3.4.3 Afirst simulation is carried out tanalyse the operation of the systems with the PV and wind plants
defined at the end of the analysis of the Reference Scenario, and evaluate the impact that the changes
of the key parameters have dhe results This simulation becomes also the Base Casthéo¥ariants,

used for the comparison of the results of further simulations performed to assess the possible benefits
related to the introduction of some specific change (sucthasddition or removabf some generators

or change of some operational parameters).

In this way, even for the Variants it is possible to evaluate the impact that some decisions can have on
the systems and the trends which the operation is subject to in case some investmensrfamened

or not. The comparison of the possible benefits obtained with different actions can indicate which the
best direction to be takeito improve the overall benefitis.
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4.1 First Variant Accelerated decarbonization in a strong economic development

In the first Variant a higher demand scenario has been evaluated. Also an important change in the
generation fleet has been taken into account, since it has been evaluatedsition to acarbonfree
condition of the system

The key parameters that are adified with respect to the Reference Scenario are described in the
following.

Demand
In this Variant strong increase of thédemand is analysed. The main drivers which can contribute to a
demand higher than the one in the Reference Scenario are:

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

The annual energy consumption is 8% higher than the Reference Scenario (in both Argen@Ghéend

The increase of the load is assumed to be mainly due to a stronger economic growth and patrtially to the
impact of the emobility, concentrated in the biggest cities.

The additional demand due teraobility is estimated in 0.75Wh in Argentina (4%f the total increase)

and 0.35TWh in Chile (4% of the total increase). This demand is considered to be concentrated in the
metropolitan areas of Grand Buenos Aires and Santiago, during the night hours (between 11pm and
07am). The rest of the demand iearse (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.

Tablel114- First Variant- Energy Increase
Energy increase due to
Enegy increase due to population and
e-mobility [GWh] economic growth
[GWh]

750 17,630
350 8,585

COUNTRY

Generation

The generation fleet assumed in the fik&ariantis the same athe one considered in the last analysis

of the Reference Scenario, with interconnected systems and maxivMRESnstallation (paragraph

3.4.3.3.

The transition® ¢ | NRabohT NS S¢ 3ISYSNI GA2Y KFa 0SSy aayvydz I GS
coal power plant$ have been consideretb be replacedby equivalentVRES$ower plants orwith

Combined Cycle Natural Gas power plasitéshe same sizén casethe increaseof VRE®Ilantsis not

sufficient to substitute all of them keeping a suitable levayefheration adequacy

Theamount ofcoal plantdo bereplacedis 4,650MW in Chile and 24MW in Argentina.

15 With the exception of the Bocamina coal power plant, due to the fact that it isattithe initial phase of
operation, and in 2030 it will not be close to the end of its lifetime.
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Transmission

In a scenario with higher load, the transmission system is in general more stressed, showing more
bottlenecks and risk of curtailments due to overloads. In this condition, investments in transmission
system are necessary to keep it adequate to the more a®aing operation. In order to focus the
analysis of the cases in Variant 1 on the impact of additiMRIEESlants on the systems, without
obtaining results conditioned by local congestions, some reinforcements of lines have been introduced:

1 The500kVlines RecredMalvinas and Rio DiamantéharloneJunin have been considered with
the improved capacity already analyzedsid.1.3 as their benefits have been already analyzed
for the Reference Scenario

9 The transmission capacity of tB®0KVline Santa Cruz Nort€omodoro in Patagonia has been
considered improvedrdém 1,000A to 1800A, as the limit of J000A is lower than the tnit of
the conductor, probably due to a limitation of current transformers that can be upgraded with
a minor investment

1 The 22V line El TesorBsperanza in SING has been reinforced because caused a local
congestion for many hours during the year. Also this case, the investments for the
improvement of the transmission capacity if required would remain limited due to the short
length of the line

AnalyzedScenarios

At first, a scenario in whiclthe coal plants are switched off and their generation is replaced VRES

has been simulated4,890MW of coal power is replaced with JMOMW of RES (which means a
substitution ratio of approximately 1:3). The additioMRE$s distributed proportionally to the replaced
traditional power: 95% in Chile and 5% in Argentina. In Chile this fuiR&$s equally installed as PV
and Wind.

The results show a dramatic increase in the EENS that reaches a value clos&Wb@ Chile the
EENS corresponds about 0.4% of the annual requested energy). This EENS is due to faskesfand

lack ofinterconnection between Chile and Argentina and it is indeed an indicator of a generation
inadequacy of the Chilean systertne traditional generation fleet is inadequate to cope with the
switching off of the coal plants, even if these plants are replaced WRIES with a total capacity 3 times
bigger.

The Base Case for the Variant 1 is then defined starting frorfirthleconfiguration ankysed in3.4.3.3
considering the load demand increase and the switch of the coal power plants excluded Baoalamina

to Natural GasTheVRE#stalled power iseported inTable96. This scenario becomes the one used as
reference when comparing the results of different ones, and allows the calculation of the benefits to
assess the maximum installable amounM&E$ower plants.

Somedifferent scenarios have been analysed to evakigchnical and economic performances of the
systems in presence of furth®fRE®ower plants. The increase of the load in fact allows the system to
accept additional BOOMW because the limit defined i@hapter2 can be exceeded as the minimum
load is geater. Moreover, in some cases the presence of new pumped storage plants has been
considered, which can increase further the load in the minimzonditions, enabling the system to
accept otheWRESvithout affecting the reserve requirement.
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In particularthe followingvariations of theBase Casef Variant 1 have been defined

1 Scenario/1a,with installation of 1600 MW of pumped storage plants and addition g8@0 MW
of further VRE$2,900 MW added thanks to the load increaseQ@0MW thanks to the pumed
storage plants)

9 Scenario V1b, like the V1a, with the removal of 2 CCGTSs (one per country) to check WR&Ber
might allow a reduction of the investments in other technologies

1 Scenario V1c, in which only90MW of VRESre added to the Base Case ¥ariant 1(made
possible thanks to the load increase) without the new pumped storage plants. Form the
comparison with V1a it is possible to evaluate whether investments in storage plants to support
VRE®enetration can bring positive feedbacks to the syste

In the scenarios wherthe presence of BOOMW of pumpedstorage has been simulated in the system
(V1a and Vib}hree plants have been iroduced The main data of the pumpestorageconsidered in

these conditionsare shown in the followin@able115. In addition, an efficiency (ratio between the
produced energy with respect to the absorbed one) equal to 75% has been simulated.

In order toanalysehe economic viability of the investment in pumpstbrage plants, i.e. whether their
presence contributes to positive benefits for the whole system, it is necessagfitte a CAPEX and a
lifetime. To this aim, an investment cost ofd0k$/MW has beertonsidered with a lifetime of 40 years.
Theactual cost of a pumped storage plant igery dependent on the environmental and topological
conditions, so the evaluation of real possible opportunities should be performed based on more accurate
cost estimatims during feasibility analysis.

Tablel115- First Variant- PumpedStorage main data
Pumping

equivale | Connection node
nt hours

Unit cost | Lifetime
[k$/MW] | [years]

Pmax Pmin

[MW] | [MW]

GranMendoza
1,000 -1,000 8 500KV 2000 10
300 -300 8 Polpaico 500kV '
300 -300 8 Domeyko 220kV
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4.1.1 Base Cas&cenaridor Variant 1

Base Case for Variant i defined starting from the Scenario with optimal economic amoun
additional VRESVith the interconnected countries (paragra@m.3.3.
Thetotal amount of VRESnhstalled power is indeed:

Table116- Total VRESnstalled power in Base Case for Variant 1 ScengiviaV)

AREA PV installed power Wind installed power
- NEec 18 3,767
CNwE 8,936 302

0 3,490
4,932 3,717
729 535

In the Base Case for Varianidhd is increased of 8%aking into accounhigh electric vehicleg
penetration (increased load during the night in Buenos Aires and Santiago metropolitan area
Coal plants(except Bocamina) have beeaplaced with CCGTechnology, increasing the cos
accordingly.

The simulation of this Base Case scenario for Variant 1, which becomes the reference

comparison of results of other simulations, brings to the following results:

- EENSs around 4.9 GWh:; it is about 1.3>26f the total load

- Overall generation costare close to 1285M$; there is an increase of the costs of about 3¢
This increase is due to both increased load (which alone would increase the generatiol|
by 15%) and higher cost of CCGT in respecb& (which causes the additional 20% increas
The average generation costs is then equal to $MMBWVh

- Expectedyeneration by P\power plants is around 3800 GWh (equal to the production in th
Reference Scenario reported in paragradd.3.3 and the curtailments are practically ze
thanks to the higher load.

- Expectedyeneration by windoower plants is close to 420GWh (equal to Reference Scena
in 3.4.3.3 with no curtailments thanks to the higher load

A Base Case scenaffior Variant 1has been analysed starting from tlseenariowith interconnected
countries and optimal economic amount of additioN&RE$paragraph3.4.3.3.

The loaddemandis increasedby 8%; furthermore the load trends are rdified in the metropolitan areas
of Santiago and Gran Buenos Aires in order to take into account high electric vehicles penetnation
is considered to increase the load during the night

All the coal plants are replaced with CCGT plants of the sam@nsih the exception of Bocamirant),
increasing the relevant generation cost
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The following table shows the EENS, expressed as MWh/year, split by area and reason. As,¢pected
higher load implicate an increase in the EENS compared to the scentrithe same generation fleet

and the reference loacbut the system maintains an acceptable level of adequacy.

Compared to the values shownTiable97, it can be noted that EENS due to line overloaded increases
more than for the other reasons, and this is understandable in a system that is generally more
overloaded due to thgrowth of the demand. It is worth recalling here that few network improvements
are considered in this Base Case scenario (as describéd)ino limit the impact of sora local
congestions on the overall operation of the system

EENS due to lack of power or lack of interconnection also increases because with a higher load there are
more conditions in which the generation available in the system or in a specific areasisgfiicient to

cover the power peak.

Tablel117- Base Case for Variant-Expected Energy Not Supplied

[MV\I/EfI15/$eSar] Lack of Power Lack of interconnection| TOTA

27 1,971 12 2,010

531 111 678 1,320
0 312 0 312
67 513 351 931
10 236 51 297

635 3,143 1,092 4,870

Table118shows the total energy produced in each area and the related costs. In reference scenario of
the first variant overall generation costs are arour&285M$/year in the whole system (Argentrand

Chile) with a growth of 35% with respect to tleeenario with standard loadrhisis due to the higher

load (which causes an increase of tieneration cost equal to 15%) and to the replacement of the coal
plants with the CCGTs which are more expanéwhich is responsible of the remaining 20%)

Table118- Base Case for Variant-Trotal production and fuel costs

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

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

179832 7,328 0 -569

55,993 1,825 4 -204 140 4
24,450 135 3 -62 3 -1
92,161 2,395 4 -117 666 39
32,519 1,562 0 -69 68 1
384,955 13,245 11 -1,021 1,022 41

The following table shows PV generation and curtailments for each area of the system. Total production
is around 3800 GWhlyear; 61% of the production is concentrated in Argentina while the remaining
part is produced in Chile. The taited energy, which in the scenario with standard load was about
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280GWh,drops down to negligible values thanksthe consideredimprovement of the transmission
capacity of the critical lineandto the fact that with a higher load more generators aneservice and
also less constrained to the minimunmhan the PV production is highroviding more flexibility to the
overall systemThe equivalent operating hosiare indeed equal to the theoreticablue around 2450
in Argentina and 280 in Chile.

In this condition, he total PV planthave an average LCOE equa#ti® $/MWh in Argentina and to
27.5%/MWh in Chile calculated assuming the investment costs considered in this study

Table119- Base Case for Variant-Irotal production of PV plants
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

0 2,452

21,901 4 -5 0 2,450
0 0 0 0 =

12,125 2 -2 0 2,458

1,921 0 0 0 2,637

35,990 6 -6 0 2,462

In Table86 wind production results of the optimal scenario are presented.

The annual wind production reaches more than0f® GWh/yearandthe amount ofcurtailed energy is
negligible.

The results arsimilarto the oneswith standard load conditionT@ble101) since in both scenarios the
wind plants can almoseach a level clos® their theoretical producibility.

In this condition, the total wind plants have an average LCOE equal t&/A48h in Argentina and to
67.4%/MWh in Chile, calculated assuming the investment costs considered in this study. These value
can be different from the ones analysed so far during the study, as they refer to the whole amount of
wind power plants, and not only the additional ones which are supposed to be in more windy regions.

Table120- Base Case for Viant 1 - Total production of Wind plants
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
SN EEN AR REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

14,857 0 3,939
773 0 0 0 2,562
16,081 3 -17 0 4,597
8,945 1 0 0 2,406
1,430 0 -2 0 2,669
42,086 4 -24 0 3,559

Table87 gathers information about the interconnections.
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The amount of energy exchanged between the two countries through the interconnectlmyiely
increases from 6.3Wh tonearly6.5 TWh andit is interesting to note that the main direction changes,
because in this condition Argentina has a net export offTIA8 towards Chilélhis can be explained by

the fact that generation in Chile has become more expensive due to the change from cG&10 C

As far as the energy exchanges internally to the countries are concerned, the increase of the load causes
more energy to flow to the SIC area (from SING or from Argentina) because of the high demand in the
region, and from NEC to NWE because of tighdr export towards Chile and the increase of the load in

an area which already had problems of lack of powé&e interconnection from NWE to SIC reaches its

limit for a high number of hours during the year3@0h).

Table121- Base Case for Variant-linterconnections

ENERGY EXCHANGES [GWhlyear]

SECTION LIMIT

NTC [MW] BEFORE RE AFTER RE REACHED [hyear
DISPATCHING DISPATCHING

AREA A} AREA B

1,500 1,500 1,811 799 1,734 805
4,250 4,250 15,062 16 15,106 17 92 0
4,300 4,300 13,453 6,533 13,150 6,714 84 123
- 900 900 1,721 3,984 1,652 3,450 681 2,299
300 300 699 780 686 684 488 558

Figure62 provides a visual summary of the operation of the system inthgant 1lreference scenario,
highlighting the generation mix per areas, the energy exchanges between areas,rthlecd0VRES
production and thermal redispatching needed to solve network congestions.

The comparison witkrigure61 highlights thedifferent energymix (coal productiomrops to nearly zero,
replaced by naturagag, the higherexchange from Argentina to Chileand the change of the
redispatched energy (8entina is required to reduce the production becaudke economic export is
limited by the interconnections
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Figure62 - Base Case for Variant-Trotal production and energy exchanges
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4.1.2 ScenarioVla additional VRES pumpedstorage plants

A scenario wittadditional VRE®$lants has been simulated.

2,900MW of PV and wind generators are added because the higher load in Variant 1 creat
conditions to have mor&RESvithout affecting the reserve margin.

Moreover, three pumped storage plantare installed (DOOMW in Argentina and 60RIW in
Chile) to support the balance of the system, and allow the installation of furtG@O2W of VRES
reaching the total of #00MW more than the Base Case of Variant 1. Theydarided between|
the countries proportionally to the load increase and to the power of the installed pumped st
systems, and between the technologies based on the ratios defined in previous analysis.
TheTablel22sums up the/RE$stalledcapacityin this scenario.

Table122- Scenario V1aTotal VRE$hstalled capacity[MW]

AREA PV installedcapacity Wind installedcapacity

18 4,425
10,892 302

0 4,149

6,037 3,968
1,005 535

Same load and generation fleet as the Base Case for Variant 1 (coal replaced with CCGT).

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

- EENSs around 3.2 GWh; it is about 0.9xX16f the total load

- Overall generation costare close to 1580M$; the thermal costs decrease by 708 M$38%)
thanks to the higheWRE$eneration.

- Expectedgeneration by P\power plants is close to 4840GWh: 7800GWh more than the
one in Base Case scenario (+22%). The production curtailments are 400 GWh (less the¢
theoretical production).

- Expectedyeneration by windpower plants is close to 4870 GWh: 6200GWh more than the
one in Base Case scenarid%%). The production curtailments are 300 GWh (less than 1
theoretical production).

- Thehigh cost of investment in pumpedtorageimplies that this scenario is not economical
viable if compared to Base Case for Varignwtien only the benefits deriving from tlemergy
shift are consideredlf other benefits more related to the realtime operation of the syste
such as the contribution to fast frequency control, are taken in to account, the conclu)
might become diffeent, in particular in case some project specific conditions req
investments lower than the considered ones.

The increase of the loadith respect to theReference Scenario allows the systems to accept additional
VRE®roduction without affecting theeserve requirementdn fact, itimplicates a less limiting low load
condition: the 1@ minimum load during the hours with high solar irradiation,B0® MW (+6.6%) higher
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compared to the reference load scenario. It allows to in2@DOMW additionalVRESn the system
(divided between the countries proportionally to the load increase,8%% in Argentina and 31% in
Chile).

In this scenario V1a three pumped storage plants are install@dQMW in Argentina and 60MW in
Chile) to supprt the system to supply higher peak load and to reduce the variations between minimum
and maximum load the thermal generation has to deal withe presence 0f,600MW of pumped
storage installed powerwhich can further increase the minimum loaallows to install additional
2,000MW of VRE$ the system (with the same distribution of the pumpsibrage plants: 250 MW

in Argentina and 750 MW in Chile).

Load andhe rest ofgeneration fleet are the same as tBase Case for Variant 1

The hydro pumpedtorage plants exploitation is shown Trable123. Since the pumping/production
cycle is a nofideal process (it has an efficiency of 75%), in the purgtethge theenergy used for
pumping is more than the production. The plants are used for a limited &imed at increasing the
flatness of the residual load which must be supplied by thermal generation.

Table123- Scenario V1a Pumpedstorage plants productions

[GWh] Argentinean plant| Chilean pIant Chilean plant n °2
Produced Energ 339 117

Pumped Energ -452 -113 -156 -721
Total -113 -29 -39 -181

In the following table the detailed resultoncerning EEN&e presentedThe presence of additional
generation (4900MW of PV and wind plants) and of pumped storage plants improves the adequacy of
the whole system, strongly reducing the lack of power and lack of interconnection. EENS due to line
overloads remairalmost the same in the two countries, as the generation which can be dispatched to
solve network congestions does not change.

Table124- Scenario Vl1a Expected Energy Not Supplied

1,143 1,150

19 903 67 989

0 162 0 162

495 135 633

1 235 28 264
24 2,938 237 3,199

Tablel125reports the overall generation costslose t012,580M$. There is aignificantreduction by

more than 5% with respect to the Base Case for Variant 1, due to the replacement of thermaitigener
with PV and windThe66%costreductionis in Argentina (465 M$) arttle 34% in Chile (241 M$), in line
with the location of the new plantdvioreover, also the pumped storage plants contribute to a better
exploitation of the rest of the generatioeet. As already seen in other cases, the introduction of big
quantity of VRE®lants increases the amount of energy which must be redispatched to solve network
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congestions, increasing the relevant part of the generation cédtally, some curtailmentsue to the
minimum production constraint of thermal generator appears, indicating that the defined amount of
VRES$eached the operational limit due to the reserve and the low load conditions.

Table125- Scenario V1aTotal producion and fuel costs

| 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

176,355 6,971 -682

58,644 1,718 173 -678 378 3
27,251 123 44 -462 4 -5
91,834 2,197 70 -152 1,274 71
31,980 1,493 1 -252 113 -6
386,064 12,502 288 -2,226 2,226 76

Thefollowing Tablel26 and Table127 showthe production of PV and wind power plants respectively.
Thanks to the additionahstalledcapacity compared to the Base Case for Variant 1 a strong increase of
the amount of energy injected in the grid can be noted (+22% for PV and +15% for wind), but it is
important to highlight also theincrease in the energy curtailmentsoth due to overgeneration
0awSRdzO0 A 2 y amdAoy detwSriOcbmy&stiohsd PV is curtailed about @Wh, while wind

about 300GWh which in both cases correspond neaity5% of the additional production for each
technology. These curtailments have an impac the expected LCOE of these new plants, especially in
Argentina where most of the curtailments are located.

The additional PV plants in Argentina have an expected LCOE equal $MW®/fh, while in Chile it is
equal to 27.74/MWh. Concerning wind plants, the added ones in Argentina have an expected LCOE
equal to 43.9/MWh, andin Chileequal to69.5$/MWh.

Table126- Scenario V1aTotal production of PV plants
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

0 2,452

26,531 171 -174 0 2,420
0 0 0 0

14,804 39 -8 0 2,451

2,649 1 0 0 2,636

44,027 211 -182 0 2,442
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Table127- Scenario V1aTotal production of Windplants
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
SN EER HReE REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year
~ NEC 13

17,729 0 0 4,003
771 2 0 0 2,556
19,051 44 -239 0 4,535
9,540 11 -1 0 2,404
1,429 0 -1 0 2,669
48,521 57 -254 0 3,608

The followingTable128 showsthe results of the intefarea interconnections.

In Argentina, more new installed power is introduced (both in terms of hydro pumped storage and VRES),
and the added VRES power have ghbr capacity factor thanks to the excellent wind resourc®AT

and NEC. This means that more cheap energy becomes available in Argentina with respectwatiChile,
the effect to further boost the energy exchange from East to W&hke overall energy exchanged
through the line remains stable, around @¥Vh, but Argentinaeaches a net export of 2.AVh towards

Chile.

Table128- Scenario V1aInterconnections

ENERGY EXCHAN@GE®h/year] SECTION LIMIT

P L BEFORE RE AFTER RE REACHED [hlyear
DISPATCHING DISPATCHING

AREA A

1,500 1,500 1,649 985 1,442 1,067 4 1

4,250 4,250 18,461 15 17,699 16 532 0

4,300 4,300 14,103 8,723 13,639 8,941 138 866
900 900 1,384 4497 1,358 3,637 498 2,748
300 300 628 886 627 736 498 645

The followingFigure63 provides a visual summary of timeain information related to theperation of
the system in the/1lascenario.

The growth of curtailed energy, both for overgeneration and for line overload,be seen, together
with the increase of the energy flow from Argentina to Chile.
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Figure63 - Scenario V1aTotal production and energy exchanges

Finally, the analysis of thezonomic viability othis scenariois performed, evaluating costs and savings
with respect to the Base Case for Variant 1. The main dabe taken into accounare;

1 The investment cost of pumpestorage plantsconsiderindl,600 MW with an investment cost
of 2000k$/MW and a lifetime ofl0 yearsleads to an annualised cost 30M$

1 Theinvestment in the addition®RE®lants which taking into account the different technology
and interest rates in Argentina and Chéems up taan annualised cost &81M$

1 The slight reduction in tnEENScorresponding t@ saving of about 3 M$

9 The reduction of total thermal cost of the system thanks to the replacement of traditional
generation withVRESequal to708 M$

The previous data lead to a total cost thallig0 M$/year higher than the higload Base Casscenario.

This means that the scenaremalysed in this paragrapis not economically viable. Looking at the
following table it can be notiak that the main reason is the high cost of the investment in
pumpedstorage plants which is notcompensate adequately.lt is worth underlining here that the
benefits that a pumpegtorage system introduces in an electrical system can be wider than the ones
considered in the present analysis, mainly focused on minimization of energy cib& liong term
scenario. In fact, this type of power plants are often utilized for fast frequency control, thanks to their
ability to quickly modify high amount of powefhe benefits deriving from this service cannot be
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evaluated in long term planning phase, butgmi be considerable and support the decision to build
similar projects in the system.

Moreover, tte considerationsibout the nonviability strongly depend on the cost of the hydro pumped
storage plant considered in this evaluation. In case project spedifiditions can reduce the needed
investment for the construction of a plant of the technology, it is possibteachdifferent conclusions.

In summary, the introduction of hydro pumpestorage system only to fost&fRE$enetration in the
electrical syeems seems not feasible, and should be evaluated in a more detailed manner, based on
project specific information andn anassessient ofthe benefits that such plants can introduce in the
real time operation, thanks to the possibility to have a fast colndif significant amount of power.

Table129- Scenario Vl1a Total Benefit

ADDITIONANVRES 4,900 -581
NEW CCGT AVOIDED 0 0
ADDITIONAL PUMPED STORAGE 1,600 -300
T e | wusoyerr |
TOTAL THERMAL GENERATION -12,648 +708
RES CURTAILMENT 663 -
TOTAL EENS -2 +3

Two further scenarios are analysed in the next paragraphs to evaluate, on one hand, whether the
additional VRE®lants can avoid investments in other technologies (such as CCGTs) to cover the load,
and, on the other, which would be the benefit for the system in case additidRiSare installed
without the pumped storage plants.
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4.1.3 ScenarioV1lb pumpedstorage plants- additional VRES Reduced CCGT

Starting from the scenario V1a, which includes pumped storage and additi@@MW of VRES
plants, theremoval of two CCGTamong the ones introduced in the Reference Scenario to ct
the load incease is simulated, to assess the possibility to avoid investment costs in diff]
technologies thankgo the additional VRESgenerators. One 50MW CCGT is shut down
Argentina and a 350 MW one in Chile.

The simulation of this scenario, brings to fleiowing results:

The scenarids not economically viablecompared to the Base Case for Variant 1 due to the |}
investment cost required for pumpestorage plants. On the other hand, it is confirmed that so
investments in other power plants can be avoided, bringing a positive hewigf respect to the
Scenario Vla.

EENS$s around 3.65Wh (about 1x18of the total load), lower than the values obtained in Be
Case for Variant 1 and slightly higher than Scenario Vl1a. The system maintains |
generation adequacy also withotwo CCGTs

Overall generation costsare close to 1510M$; the thermal costs decreasey 675M$
compared to Base Case for Variant 1, but incrégs28 M$ (+0.3%) compared to Scenario V.
Expectedyeneration by P\power plants remains equal to the one in Scenario V1a (more
43,860 GWh with curtailments of 40GWh).

Expectedyeneration by windpower plants remains equal to the one in Scenario V1a (clos
48,270GWh with curtailments for 30GWh).

In this scenario the possibility to reduce the CCGT fleet has been investigated in order to understand if
the additionalVRES could replace traditional generation with a further benefits for the system.
The scenarids based on the system configuration analysethenScenarid/1a which includes:

1 3 pumped storage are installed,(DOMW in Argentina and 60MW in Chile);
1 There is additional 800MW of VRE $stalled power.

850MW of CCGT installed powigrshut down with respect to the fleet considered in the Base Case for
Variant 1 and Scenario V{00MW in Argentina an@50MW in Chile). The rest of the generation fleet
is the samei.e.the coal plants are replaced by CCGT.

The hydro pumpedtorage plants exploitation is shownTiable130. There is a slight reductior3%o) of
their total exploitation compared to the Scenario V1a in Wiaitiee 850MW CCGT are still in service.

Table130- Scenario V1b Pumpedstorage plants productions

[GWh] Argentinean plant| Chilean plant n°1} Chilean plant n°2

Produced Energ 326 75 121 522
Pumped Energy -436 -100 -161 -697

110 25 40 A7

160



Table131shows that the reduction in CCGT capacity leads to a slight increase in EENSjumainls
lack of power or interconnection. However this increase is not significant and the systems still has a good
generation adequacy being the EENS about 2xt@he overall load.

Table131- Scenario V1b Expected Energy Not Supet

~ TOTALNEC 3 962 25 990

71 874 179 1,124
0 214 0 214
11 507 346 864
4 236 205 445
89 2,793 755 3,637

In the following tabldt can be seen the small increase of thermal generation coitsrespect to the
Scenario V1&+33M$, less than 0.2% of the overall costsjth positive or negative variations in the
different areas. The amount of curtailed energlightly reduces becase the removal of two CCGTs
reduces the minimum power constraint, limiting the situations with overgeneration.

Table132- Scenario V1b Total production and fuel costs

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

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

175678 6,956 -556

59,250 1,763 166 -680 349 0

27,335 129 43 -469 5 -5
93,208 2,279 62 -157 1,148 64
30417 1,412 1 =195 135 -2
385888 12,539 272 -2,057 2,057 72

The reduction of CCGT installed power has a minimal effect on the overall PV and wind prodithtion
respect to Scenario V1&urtailments are reduced in a negligible manbecause of the limitation of
the overgeneration and reduction of network congestions.

For the same reason, there is no significant change in the expected LCOE for the two technologies.

Table 133 reports the main information about the energy exchanges through the interconnections
between areas and between countries. The exchanges vary because of the different generation fleet
availabé in the system. The main changes on the international exchanges are focused on the
interconnection between NWE and SIC, where Argentina export€&¥@0 more than in the Scenario
Vlaeven if a bigger plant is removéem there. Other variations are preséwithin the countries, but

not really significant as dependant on the location of the CCGTs.
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Table133- Scenario V1b Interconnections

ENERGY EXCHANGES [GWh/year]

areag NTC MW BEFORRE AFTER RE REACHED [hlyear
DISPATCHING DISPATCHING
1

1,500 1,500 906 1,596 783 1,692 1

SECTION LIMIT
AREA A

4,250 4,250 18,501 15 17,725 15 539 0

4,300 4,300 13,787 8,896 13372 9,081 118 903
900 900 1,412 4433 1,386 3,634 566 2,595
300 300 504 995 504 837 312 854

Figure64 provides a visual summary of the operation of the systerS8danario V1jandthere areno
big differences with respect to Scenario VEgure63).
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Figure64 - Scenario V1b Total production and energy exchanges

Tablel34provides the results of the assessment of the benefits for the system in Scenario V1b compared
to Base Case for Variant The difference between these values and the ones reportetainle 129

allows also the evaluation of the benefits obtained in V1b with respect to V1a scenario.

Also in this case, the high investment costs required by the pumped stqagts bring to an overall
negative benefit, i.e. th@on-viability of the scenario. Considerations done for Y&ébncerning the fact
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that the costs highly depend on project specific conditions and may vary considerably and that a big part
of the advantges for the electrical systemtroduced by pumped storage plants is related to more
operational issues, not considered in this analysis, remain still valid.

It is worth noting that the removal of CCGTs brings a positive benefit M$4@ith respect tothe
Scenario V1a thanks to the high amount of avoided investment costs in CCGTs, only partially reduced by
the increase of the generation costs.

Table134- Scenario V1b Total Benefit

| | ELECTRICALSYSTEN ECONOMIC BENEFITY

ADDITIONANRES 4,898 -581
NEW CCGT AVOIDED 850 +74
ADDITIONAL PUMPED STORAGE 1,600 -300
T e | wusoear
TOTAL THERMAL GENERATION -12,856 +675
RES CURTAILMENT 640 -
TOTAL EENS -1 +2
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4.1.4 Scenario V12,900MW Additional VRES Reduced CCGNo pumped storage plants

In thisScenario V1cthe pumped storage plants have been removadth respect to the Scenari(l
V1b, as they are the most expensive cost in the benefit analysis. Due to absence of pumped
sydem, 2,900MW VREShave been introducedvith respect to the Base Case for Variant 1 (
3,000MW less have been considered with respect to Scenario V1b).

850MW of CCGTs are switched off (3@@V in Argentina and 35MW in Chile).

The simulation of thiscenario, brings to the following results:

- EENSncreases to around 6.5 GWh (about 1.7Xb®the total load), higher than Base Case

- Overallgeneration costsre close to 1200M$; the thermal costs increase of 287 M$ (+2.3
compared to the Scenario V1because of the loweWRESnstalled capacity The increase
should be compared to the saving related to not investing,60AMW of pumpedstorage
plants.

- Expected generation by PVpower plants is more than 480GWh: The productior
curtailments ared00 GWh (less than 1% of theoretical production).

- Expected generation by wind power plants is close to 4870GWh. The productior
curtailments are 30@Wh (less than 1% of theoretical production).

This scenario imore costeffective than the scenarios withhe pumpedstorage plants. It is als

more economical than the Base Case for Variant 1. This leads to confirm that the pstopege

plants are not convenient due to their high investment costs, even if they allow a gréRIEE

penetration. Evaluation ofuch kind of plants should be done considering other advantages

can bring to the system in the short term and real time operation,eamplefast frequency

regulation.

In this scenario the effects of thesence or absence pimpedstorage plats have been investigated.
Starting fromScenario V1bthe pumpedstorage plants has been switched off in order to understand
the actual effect thathey have on theoperation and the benefits of theverall system.
Since the pumpedtorage are not presenthe limit of the maximum amount o¥RESs lower than in
previous Scenario V1a and V1b, as themniy the increased loadnd not the pumping power which
creates the conditions for addition®RE®lants
For this reason, with respect to the Base Clasé/ariant 1 m this scenario there are:

9 additional 2900 MW ofVRE$hstalled power ;

1 850 MW of CCGT switched off ;
The rest of the generation fleet is the same as Base Case for Variant(the coal plants are replaced
by CCGT).

The simulationprovided the results presented in the following tables.

Table135shows thevalues ofEENSvhich in this Scenario V1c is equal to 6¥/h, corresponding to
1.7x1® of the overall supplied loaddompared to the Scenario V1b, in which both pumgstdrage
plants and additional POOMW of VRESvere present EENS for lack of power or lack of interconnection
show the highest growtlas predictable, due to lower installed cagity.
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Table135- Scenario V1e Expected Energy Not Supplied

71 1,662 25 1,758

1,314 119 721 2,154
0 524 0 524

137 554 720 1,411
64 236 301 601

1,585 3,095 1,768 6,448

The fdlowing table shows that the increasd thermal cost is located mainly in NEC and SIC afdws.
overall generation costs arZ90M$ higher than Scenario V1b due adower VRE®roduction which
must be compensated ke thermal one (the saving of nearly B05 in costs due to network constraints
is already considered). The reduction of generation due to situation of power suspeduced to less
than half the previas value.

Compared to the Base Case for Variant 1, the introductionafMW of VRE®lants brings a saving
of nearly 390M$, but in the initial case there was nearly no curtailed energy due to overggoe.

Tablel136- Scenario V1e Total production and fuel costs

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

176873 7,093 -537

58,484 1,814 73 -492 235 -2
26,268 134 20 -261 5 -4
93,238 2,364 31 -126 888 52
30,571 1,439 1 -75 98 2

385434 12,844 125 -1,491 1,492 54

Tablel37and Tablel138sum up the results of the expected PV and wind produatibith is lower than

in the previous Scenario because thfe lesser installectapacity It is interesting to note thatlso
curtailments are reduced, being 18V\h against previous 4@Wh for PV and about 168Wh against
previous 306GWh for wind plantsThe reduction of the curtailnmés even if pumped storage plants are
not active underlines that the amount of oversIRE$h the system has a greater influence on the energy
which cannot be injected in the grid than the presence of big storage plants.
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Table137- Scenario V1e Total production of PV plants
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year
DNECTT 4 0 0

2,452

24,798 73 -37 0 2,441
0 0 0 0

13586 16 -2 0 2,455

2,316 0 0 0 2,637

40,743 89 -40 0 2,456

Table138- Scenario V1eTotal production of Wind plants

PRODUCTIONSRJEL COSTS BEFORE VARIATION AFTER EOH
REDISPATCHING REDISPATCHING

WIND GENERATO

16,622 0 -8 0 3,981
772 1 0 0 2,559
17,914 20 -130 0 4,564
9,269 5 0 0 2,405
1,430 0 -1 0 2,670
46,007 26 -140 0 3,595

Looking at the energy exchanges reportediable139, it can be noted that negligible variations are
present concerning the interconnections between the two countries, while some slight difference
happens in the intearea exchanges within @untry, depending on the position of the power plants.
The changes are however not significant.

Table139- Scenario V1eInterconnections

ENERGY EXCHANGES [GWh/year]
SECTION LIMIT

AREA A

>
)
m
>
oy

NTC [MW] BEFORE RE AFTER RE REACHED [hiyear
DISPATCHING DISPATCHING

0

sic| 1500 1500 933 1,505 856 1,546 1

INECY 4250 4250 17,194 15 16,829 15 341 0

NWE | 4300 4300 13653 8304 13278 8457 109 606
PRWEY o900 900 1506 4292 1,465 3,607 630 2449
" NWE 300 300 504 961 503 818 260 816

Figure65 provides a visual summary of the operation of the system inSbenario V1c: comparing it
with Figureb4relevant to Scenario V1 can be noted in particulahe decrease of the curtailed energy.
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Figure65 - Scenario V1eTotal production and energy exchanges

Fromaneconomical point of view, thiScenario V1c cdre compared to the previouScenario V1bkince
the only difference between them is the presence of the pumptatage plants (and the part of the
additionalVRE$elated to the presence of these plant$he data that must be taken into account in the
comparison between Scenario V1c and ¥id sum up in the followingable140:

Table140- Scenario V1c- Total benefit compared to scenario with pumpestorage

_ ELECTRICAL SYS|ECONOMIC BENEF,

ADDITIONANRES -2,000 +233
NEW CCGT AVOIDED 0 0
ADDITIONAL PUMPED STOR. -1,600 +300
T e | wusdhear |
TOTAL THERMAENERATIO! 4,862 -287
RES CURTAILMENT -388 -
TOTAL EENS 3 -6
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A big amount oivoided costgan be related tahe absence opumpedstorage plants andnotherpart

to the additionalVRESThe system has an overall higher therm@dtand higher EENS, but the sum of
these twodrawbacks i¢esser than the avoided cost.danbe then said that this scenario is more cest
effective than the scenario with the pumpedorage plantsAs already underlined in the previous
analysis, the mia reason for this result is the high cost of the pumped storage system, which are not
paid back by the only benefit introduced in terms of dispatch of renewable energy. The advantages for
the electrical system introduced by this type of plants should fedysed also taking into account their
short term and real time performances, which provides a great contribution to the frequency regulation
which isnot considered in the present long term planning analysis.

It is possible to comparthe results ofthis Scenario V1c alswith the Base Case for Variant The
difference between the two scenarios are th®@0 MW of additionaVRE&nd850MW of CCGT lesser.
Themaineconomic data usefdbr the comparisorare listed in the followingablel41

Tablel141- Scenario V1e Total benefit compared to reference scenario

_ ELECTRICAL SYS]ECONOMIC BENEF]

ADDITIONAVRES 2,900 -348
NEW CCGT AVOIDED 850 +74
ADDITIONAL PUMPED STOR. 0 0
T e | wusohear |
TOTAL THERMAL GENERAT -7,994 +388
RES CURTAILMENT 252 -
TOTAL EENS 2 -3

This Scenario V1c is indeed more convenient than the Base Case for Yatimnsavings in the total
thermal coss and the avoided investment costs in CCGT exceed the investment cosMREfe
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4.2 Second Variantenhanced energy efficiency

In the second variant a lower demand scenario has been considered. Accordingléadheduction

also the generation fleet has been modified compared to the Reference Scenario, in particular no new
conventional generation has been added because the generation considered in the targets of each
country was enough to guarantee the systedequacy. Furthermore, @00 MW of pumped storage has

been included in the Variant 2 in order to reduce the risk of energy curtailments which becomes more
challenging in this low load scenario.

The key parameters that are modified with respect to the Refee Scenario are described below.

Demand

In this Variant 2 a scenario with lower demand is analysed. The main drivers which can contribute to a
demand lower than the one in the Reference Scenario is a possible lower economic growth of the country
and imgovement of energy efficiency. According to what definedlih the load is reduced 15% in
Argentina and 10% in Chile, as for this country energy efficiencydessdiready partially considered in

the definition of the load applied in Reference Scenario. The demand reduction, caused by a general
impact of energy efficiency is distributed proportionally in all the regions.

The changes of the demand considered iis Mariant 2 are summarized in the following table.

Table142- Second Variant Energy reduction

COUNTRY [ Energy reduction [GWh

-34,454

- Chie 16753

Generation

The generation fleet assumed in Variant 2 is the same as the one descriimdgnapt3.4.3.3 i.e. with
the optimal amount oVRE®lants defined for the interconnected system in the Refereswenario The
new conventional power plant€CCGT<added by CESI in the Referersmenarioare not considered
anymore becauseo neededanymoreasthe lack of power is limited also without them thanks to the
reduction of the energy demand and power demand peak.

As for the Variant 1, three pumped storage has bedro@tucedin the system with dotal installed
capacityequal to 1600MW. The main data of the pumpestorage are shown in the following table.

Table143- Second Variant PumpedStorage main data

. Pumping . . e
Pmin . Connection Unit cost Lifetime
AREA UL [MW] eqﬁ:)vsarlsent node [k$/MW] [years]

Gran Mendoza

1,000 -1,000 500KV
Polpaico
300 -300 8 500KV 2,000 40

Domeyko
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In order to understand the economic viabilityinffestment,for these plantdgt has been considered an
investment cost of D0O0k$/MW anda lifetime equal to40 years.

The VRESnstalled capacityis reported inTable96. A reduction ofVRESnstalled powerhas been
assessed in this second variant in order to estimate the impadhe energy curtailment and system
costs variation.

Transmission
Variant 1 considers the same transmission system as in the RefeBa@®rio, because the lower
overall demand should in general reduce the power flow on the lines, not requiring any reinforcement.

Analyzed Scenarios

The Base Case for Variant 2 is defined starting from the final configuration analysed with Argentina and
(hile interconnected garagraph3.4.3.3. Due to lower load, high curtailments are expected, even if
pumpedstorage plants are introduced.

Then,some furtherscenario are simulated defined as follow:

9 Scenario V2a: the amount ¥RESstalled power in the system is reduced h9@ MW with
respect to the Base Cade reduce highVRE®&nergy curtailments

1 ScenarioV2hb in the last scenario, the reduction of thminimum power constraints of the
thermal dispatchable generators is simulated. In a low load Variant, a greater flexibility of the
generators towards low power can provide positive benefits
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4.2.1 Base Cas&cenaridor Variant 2

ABase Case for Varianttias been defined and analysed starting from the Reference Scenaric
optimal economic amount of addition®RESvith the interconnected countries3(4.3.3. The total
amount of VRE$stalled power is recalled in the following table.

Table144- Base Case for Variant-ZI'otal VRE$nstalled capacityin High Load Reference ScenafidW]

AREA PV installed power Wind installed power
18

| AREA

e a7
. NWE 8,936 302
e : 240
- sc 4,932 3,717
. SNG 729 535

Theload is reducedy 15% in Argentina and 10% in Chile, simulating the impact of energy effic
on the power system.

Thegeneration fleet is the sameonsidered in the targets published by Argentinian and Chil
authorities. Three new pumpestorage plants are added in the system, one in Argentina witbal
MW installed capacity and two 30@W ones in Chile.

The simulation of this scenario, which dmenes the reference for further tests, brings to tl}

following results:

- EENSs around 0.35Wh; it is about 0.9x10of the total load

- Overall generation costare close to 8100M$, corresponding to an average generation ci
equal to 27.8/MWh; thereis a reduction of the costs of about 25% compared to the Refer¢
Scenario due to both decreased load and the presence of storage technologies which s
an effective operation of the generation fleet.

- Expectedgeneration by PVpower plants is around 8200GWh; curtailments reach thi
considerable amount of 80GWh (2.3% of the production), more than 589Vh higher than
the value obtained in the Reference Scenario (parag@pis.3.

- Expectedgeneration by windpower plants is close to 4400 GWh; curtailments are highe
than 250GWh, 200GWh more than in the Reference Scenario (paragfaglts.3.

The followingTable145 shows the EENS, expressed as MWh/year, split by area and reason. As can be

seen the lower demand implicatea decrease in the EENS compared to Reference Scenario
although inthis Second/ariantthe new CC&ladded by CESI in teference Scenarare not present.

Most of EENS is due to line overloa@d3MWh), a very low value compared to the total demand

(0.9x10°), mainly becausao lack of power is present and the transmission i general not loaded,
andthe demand curtailment happen just in very rare operational conditions.
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Table145- Base Case for Variant-Expected Energy Not Supplied

[MV\I/EFI1£/$(;Sar] Lack of Power Lack ofinterconnection | TOTA

0 143 0 143

0 74 4 78
0 12 0 12
0 3 19 22
0 11 2 13
0 243 25 268

Tablel46shows the total energy produced in each area and the related cOgesall generation costs

are close to 800M$/year in the whole systemvhich meansa reduction of the costs of about 25%
compared toReferencescenarioin which the load was higher. Thewer load and the presence of
storage technologies which support an effective operation of the generationdlemts to minimize the
usage of expensaplants and also increases the conditions in which only very cheap generation is used.
Network constraints are responsible for about &, which is15% less thathe value obtained in the
Referencescenario

Table146- Base Casfor Variant 2- Total production and fuel costs

PRODUCTIONS & FUEL COSTS BEFQ

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

134,630 4,935 0 -289 1,408

44,612 1,207 362 -829 467 11
23,987 111 163 -199 42 0
72,194 1,023 143 -863 223 -14
27,592 1,035 1 -141 182 2
303015 8,311 669 -2,321 2,322 79

The following table shows PV generation and curtailments for each area of the system. The final
production is aroun®5,200GWh/year; 60% of the production is concentrated in Argentina while the
remaining part is produced in Chile. The energy curtailsgyigficant (nore than800 GWh nearly 2.5%

of the overall PV generatigrand in similar partjs due to both power surplus and line overload, mainly
as a consequence of the demand reductidhe high value of curtailments due to overgeneration, which

is the highest presented so far, indicates that too often there are conditions in which the system is
operating with all the dispatchable generators at the minimum power, and the overall production
includingthe nondipatchable plants is still higher than thead. Such conditions are critical for the
system because there is very low flexibility being all the plants at the minjranchin addition cheap
energy is wastedrhis is the situation which should be avoided or at least minurdedining the limits

of maximum installablé&/RE$®apacitycalculated in Chapte2. In this Base Case for Variant 2 we are in
fact considering thevRE$ower instaled in presence of the higher load analysed in the Reference
scenarig which becomes too much leading to masergeneration conditions when the load is lower.
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The average LCOE for the PV plants considered in this Base Case for VariantiINBMR i Argentina
and 27.75/MWh in Chile.

Table147-Base Case for Variant-Zl'otal production of PV plants
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF(Q VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. GWh/year GWh/year
INECTE 43

0 2,278

21,549 357 -357 0 2,332
0 0 0 0 =

12,041 85 -3 0 2,424

1,920 1 0 0 2,632

35,553 443 -362 0 2,378

In Tablel48wind production results of thBase Case for Variang®e presented.

The final annual wind production reaches more than800GWh/year,while the curtailed energy is
higher than 25@GWh manly for power surplusAlso in this casehis value is the highest obtained so
far, highlighting the critical operating condition faced by the system with Wigk3nstalled capacity
and low load. However, it can be noted that wind production is less affdayeclirtailmentsthan PV
because the areas where wind plants are installed ar®desgestioned.

Table148- Base Case for Variant-ZI'otal production d Wind plants
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
SN EEN AR REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

14,857 0 3,943
768 5 -33 0 2,417
15,920 163 =33 0 4,505
8,919 27 0 0 2,392
1,429 0 0 0 2,671
41,893 195 -68 0 3,525

Tablel49gathers information on the interconnections.

The amount of energy exchanged through the lines remains similarT@/B). Theloading of the
international interconnections is the following:

- from SIC to NWE: 26%; from NWE to SIC: 36%

from SING to NWE: 25%; from NWE to SIN@& 26

A general increase of the energy flow from Argentina to Chile can be observed, as the net energy
exchange is about 0-BWh from East to Westvhile in the Referencgcerario Chile exported more than
0.5TWh.
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Concerning the connections between areas within the countries, there is more energy exchanged
between SING and SIC and between NEC and NWE.

Table149- Base Case for Variant-2nterconnections

ENERGY EXCHANGES [GWh/year] SECTION LIMIT
NTC [MW]

AREA Al AREA B BEFORE RE AFTER RE REACHED [h/year
DISPATCHING DISPATCHING

61 1

1500 1,500 3,793 1,051 3,766 938

4,250 4,250 17,453 2 17,592 1 205 0

4,300 4,300 11,216 7,942 11,189 6,953 19 333
900 900 2,500 2,754 2,037 2,846 1,165 1171
300 300 743 723 664 689 454 710

Figure66 provides a visual summary of the operation of the system inBhse Case for Variant 2
Compared to the situation presented kigure6l relevant to the Reference Case, it is possible to note
the inversion of the energy exchanges between the countries and the presence of a big amount of
curtailed energy due to overgeneration in the system.

Moreover, the eergy mix in the overall system and in the countries shows the strong reduction of the
share covered by Natural Gas and the increase oMREenetration, which reaches more than 25%

of the overall demand.

CHILE -TOTAL TOTAL SYSTEM (CHI+ARG)

’V

303,015
GWh

33% '

Curtailed Energy [GWh]

1500
uLine

1000 - overload
500
= Power
0 — . Surplus

CHILE ARG

ARG -TOTAL
Redispatching for line overload [GWh]

m B

= Downward

2000

(=

203,829
GWh

-2000
CHILE ARG

41%

LEGEND:
COUNTRY - AREA

. % ENERGY ENERGY
GENERATION [GWh] ﬂﬂ [Gwh]
GWh CONGESTION CONGESTION
OTHER HOURS
RES
NATURAL
GAS

Figure66 - Base Case for Variant-ZN'otal production and energy exchanges
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4.2.2 Scenariov2a: removal of D00MW of VRES

The Base Case for Variant 2 showed a WigE®nergy curtailment (more than,200 GWh). This
amount of overgeneration suggests performing a fertSimulation with aeducedvVRE $nstalled
capacity. The scenario described in this paragraph does not consjdedBIW of additionalVRES
introduced in the optimal scenario of the Reference Case.
TheTablel50sums up theVRE$stalledcapacityin this scenario.
Table150¢ Scenario V2a Total VRE$nstalled capacity[MW]

AREA PV installedcapacity | Wind installedcapacity

18 3,468
- 8,035 302
At 0 3,191
. slc 3,917 3,486
 sne 475 535

Load and conventional generation fleet are the samimdse Base Case for Variant 2: low load ¢
new pumped storage are considered.

The simulation of this scenario, brings to the followiagults:

- EENSs around 0.3 GWh:; it is about 1.1816f the total load

- Overall generation costare close to 30M$, of which 59 M$ due to network constraint
the thermal costs increase more than 4% with respect to the Base Case for Variant 2 b|
of the lowerVRE$eneration.

- Expectedyeneration by P\power plants is close to 3380 GWh: 4900 GWh less thathe Base
Case for Variant 214%). The curtailments are 3&Nh (about 1% of theoretical productiol
respect to more than 80GWh.

- Expectedgeneration by windpower plants is close to 30GWh, with a reduction o
3,100GWh (7%) respect to the Base @afor Variant 2. The production curtailments al
111 GWh (less than 1% of theoretical production and half than the values in the Base Ce

The operational cost increasghen 3,000MW VRES plants are removésl greater than the
investment cost irthose pants, highlighting that even in a lower demand scenaitianight be
convenientto considerthe sameoptimum economicVRE$stalled poweridentified in paragraph
3.4.3.3 This solution remains a stable reference value even when a significant reduction of th
is considered.

TheScenario V2described in this paragraph considers a reductio8,000MW VRE8ompared to the
Base Case for Variant Phislast one in facthighlighteda significant amount of energy curtailment
(1,200GWh), mainly due taituations with overgeneration caused Hye reduced load in the system
Forthis reasonthe changes in operational conditions suggest to investigate the cqeiramity of the
optimal amount ofVRE®stimated with another demand level.
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The following table shows the EENS, expressed as MWh/year, split by area and type. As can be seen, less
installed generation determines a 25% of EENS increase comparedBagb€ase for Variant But its

value remais acceptable as a percentage of the total load (1.1%afthe total load). As expected, the

lack of power component is still null, because of the reduced peak load which characterize this variant.

Table151- Scenario V2a Expected Energy Not Supplied

0 164 0 164

0 95 12 107
0 9 0 9
0 12 33 45
0 11 2 13
0 291 47 338

Table152 shows the total energy produced in each area and the related costhelBase Case for
Variant 2,overall generation costsvere close to 800 M$/year (of which79M$ due to network
constraint9. The values reportetbr Scenario V2aighlight an overall cost &,728M$/year given by
the sum of the dispatching cost,689M$/year) and costdue tothe networkcongestions (581$/year).
The dispatching cost increasigy more than4% beause the3,000MW of VRESvith zero variable cost
have to be replaced by conventional generation, while tbeispatched energy and the relevacst
decreass (with a saving 020 M$/year) becauseof the lowervariablegeneration in the critical areas.
It is important also to underline the reduction of curtailed energyha situation of overproduction,
which passes from 668Wh to 2265Wh.

Table152- Scenario VV2a Total production and fuel costs

i PRODUCTIONSRJEL COSTS BEFOREH
ALL GENERATO REDISPATCHING VARIATION AFTER REDISPATCH

Reduction
AREA GWhlyear | M$lyear Min.Tec.Gen. GWhiyear | GWhiyear M$/year
DP <0 DP >0
GWhlyear

136,710 5,093 0 -290 1,007

43,404 1,245 137 -685 471 9
22,789 116 67 -105 27 0
71,349 1,118 22 -704 195 -10
28,326 1,097 0 -111 195 4
302578 8,669 226 -1,895 1,895 59

The following table shows PV generation and curtailments for each area of the system. Total production
is around30,280 GWh/year andhe energy curtailmentsreduced to less than half of the value found in

the Base Case for Variant 2 (338/hagainst more than 80GWh) thanks to the lower share MRES

From the difference between this Scenario V2a and the Base Case for Varianp@ssilide to calculate

the LCOE that the PV plants not considered in this scenario would havie Ba@nario V2RV plants in
Argentinawould have hada LCOEqual to 45.35/MWh, while PV plants in Chile a LC&jHal to 28.3
$/MWh. These values are high#nan the average calculated in Base Case for Variant 2 because the
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curtailments caused by the presence of these additional plants would be in percentage higher than the
average value, reducing the expected producibility of the plantsincreasing theit COE.

Table153- Scenario V2aTotal production of PV plants
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEF(Q VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. GWh/year GWh/year
INECTE 43

0 2,386

19,561 135 -192 0 2,394
0 0 0 0 =

9,620 10 0 0 2,453

1,252 0 0 0 2,638

30,476 145 -193 0 2,422

Table 154 shows generation and curtailments of wind farms for each area of the system. Total
production is aroun®8,700 GWh/year andand expecteaturtailmentabout 100GWh,respect to more

than 250GWh in the Base Case for Variant 2

Also in this case, it is possible to estim#tat the LCOBor wind plants in Argentina would have been
equal to 42.35/MWh, while in Chile 72.6/MWh.

Table154- Scenario V2aTotal prodiction of Wind plants
PRODUCTIONS & FUEL COSTS BEFG VARIATION AFTER EOH
HEIE SR SR REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

13525 0 3,900
771 2 -22 0 2,475
14,620 67 -15 0 4,556
8,385 4 0 0 2,404
1,430 0 0 0 2,673
38,731 73 -38 0 3,517

Tablel55gathers information about the interconnections.

Not significant changes happen between the countries, while it is possible to see an increase of the
energy flows from SING to SIC and fromCN& NWE, because of the reduction of the PV iredall
capacityin the importing areas.
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Table155- Scenario V2a Interconnections

ENERGY EXCHANGES [GWh/year] SECTION LIMIT
NTC [MW]

: BEFORRE AFTER RE REACHED [hlyear
ARER S | aREAE DISPATCHING DISPATCHING _

1500 1,500 4,308 852 4,281 727 75
4,250 4,250 15978 2 16,279 1 84 0
4,300 4,300 10,946 6,430 10,953 5,799 11 83
- 900 900 2,492 2,815 2,101 2,834 1,179 1,234
300 300 734 710 665 656 381 720

Figure67 provides a visual summary of the operation of the system inQbenario V2aith 3,000MW
reduction of VREShighlighting the generation mix per areas, the energy exchanges between areas, th
curtailed VRE®$roduction and thermal redispatching needed to solve network congestidospared

to the Base Case for Variant 2, a strong reduction of the curtailed energy can be observed, even if the
amount due to overgeneratiois still higher than tle values observed in Reference Scenario.
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Figure67 - Scenario V2aTotal production and energy exchanges
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Comparing the economic viability 8tenario V2aith the Base Case for Variant i2 should be taken
into account thecost increase of thermal generatior8338M$) and the savings due toavoided
investment cost in neWRE$eneration 829M$). The two values are similar and ean be seen ifiable
156, the total benefit of reducing installedRE®y 3,000MW is slightly negativeq M$), which would
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indicate theopportunityto invest inVRE®ven in this scenario with a significant load reductidatthe

benefit isvery low compared tahe big investmentsneeded for theVRElants which probably
constitutes a risk. With the high amount YRE®lantsmany constraints are introduced in the system,
forcing the thermal generators to often work at their minimum power with no flexibility during operation
needed to followthe load andthe VRESariations. The operation of the system in this condition, if one
hand theoretically can provide a slightly lower energy price, on the dihadcan cause a big increase

of the costs for the real time operation, leading tman-optimal situation. Moreoverthere arebig
uncertainties in the planning phase and someiatales can be actually very different from the supposed
ones: a situation with a very limited benefit could easily become negative if some parameter change,
and this risk would be difficult to accept.

Table156- Scenario V2a Taal Benefit

ADDITIONANRES -3,000 +329
NEW CCGT AVOIDED 0 0
NEW PUMPED STORAGE AVOIDEL 0 0
T Gwnyer | wusoyerr |
TOTAL THERMAL GENERATION 7,440 -338
RES CURTAILMENT -619 =
TOTAL EENS 0 0
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4.2.3 Scenariov2b reduction of minimum power constraint of thermal power plants

In this Scenario V2b the effect of a reduction of themimum power constrainfor the generators
is analysed, considering the same assumptions of the Base Case for Variant 2 in terms of ¢
network and generation fleet with the only exception of technical minimum of thermal pc
plants.

Minimum power has been modified for tke plants with the worst performances and it has be
set to 35% of thige maximum power, which is considered as a reference value for the moj
technologies and is adopted in planning studies in countries with WigkSenetration. This
scenario aims asimulating the impact of investment in existing and planned generation with|
objective of reaching an increased flexibility of the system, which is a fundamental requireme
VRE$tegration.

The simulation of this scenario, brings to the followiagults:

- EENSloes not change and remains around 0.3 GWh; it is lower than®lofiibe total load

- Overall generation costare §285M$; the thermal costs decrease by about 108 (-1.3%)
compared to the Base Case for Variant 2. The decrease shoultbrhbpared with the
investment in reducing the technical minimum of thermal power plants.

- Expected generation by PVpower plants is more than 38%00GWh: The productior
curtailments are lower than 60GWh (less than 1.7% of theoretical production).

- Expectedgeneration by windpower plants is a bit higher than AD0GWh. The productior
curtailments are 1645Wh (less than 1% of theoretical production).

The results of the simulation carried out for the Base Case for Variant 2 showed a considerable amount
of curtailedVRE®nergy due to situations with overgeneration in the system. A high penetrativiR&S

plants reducethe utilization of thermal poweplants,and at the same time needs them to cope with

high fluctuation of the residual load due to the variabilityMRE$®roduction. When the system does

not have enough flexibility and cannot match production and load, curtailments of demand or
generation become necessary.

The Scenari/2bwants to investigate the benefits that a reduction of minimum power constraint of
thermal generation can introduce in the system, ensuring higher flexibility of the generation fleet.

The variation of the minimum poweronstrainthas nearly no impact on the EENS, which is more related
to the availability of generation in the system. Only a minor effect might be observed for thec&E¢s
by overloadedines.

Overall generation costseported inTable1l57, decrease by more than 100$. This is due to the fact

that expensive generators which often have to be available to cover the high load situations, but which
often operate at their minimum, become less expensive because part of the energy produced when
constrained at their minimum poer can be replaced by cheaper plants.
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It is also important to underline that withhigher flexibility the system needs to cut less production due

Tablel157- Scenario V1e Total production and fuel costs

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

134,201 4,856 -244 1,743

44,062 1,135 178 -934 485 8
23,895 96 76 -210 52 0
73,482 1,079 81 -1,125 175 -24
27,617 1,037 0 -200 258 3
303257 8,203 335 -2,713 2,713 83

In Tablel58and Tablel59 which report the production of PV and wind plants, it is possiblEbsene
the sametrend: the curtailments due to overgeneration are nearly the half of wiias calculated in
Base Case for Variant 2 (2@8Vh against 44&@Wh for PV, 98Wh instead of 19&Wh for wind)while
the curtailments due to line overloads remain nearly unchanged.

Table158- Scenario V1e Total production of PV plants
PHOTOVOLTAIC PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
GENERATORS REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

0 2,278

21,730 176 -366 0 2,371
0 0 0 0 =

12,079 47 -2 0 2,439

1,921 0 0 0 2,635

35,773 223 -370 0 2,407

Table159- Scenario V1eTotal production of Wind plants
PRODUCTIONS & FUEL COSTS BEFQ VARIATION AFTER EOH
SUNDEEN ARG REDISPATCHING REDISPATCHING
Reduction Min.Tec.Gen. | GWh/year | GWh/year

14,857 0 3,943
771 2 -36 0 2,427
16,008 76 -33 0 4,556
8,931 15 0 0 2,399
1,430 0 0 0 2,673
41,997 93 -71 0 3,542
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The variation of the minimum power of the generators modifies a bit the conditions in which the two
countries operate in low load conditions, removing some constraints which in previous simulation might
have influenced the balance of the countries. Compugafiable160, which shows the energy exchanges
across the sections in the Scenario V1c, Wilble149, which refers to the Base Case for Variant 2, it is
possible to note that in this new configuration the two countries are nearly balanced (Chile exports
160GWh towards Argentina) because reducing the limitation of the minimumepwf the thermal
generators in Argentina, more energy produced by cheap coal plants can be imported.

Table160- Scenario V1elInterconnections

ENERGY EXCHANGES [GWh/year]

NTC [MW] SECTION LIMIT

A AR BEFORE RE AFTER RE REACHED [hiyear
DISPATCHING DISPATCHING

1,500 1,500 3,814 1,282 3,774 1,113 69

4,250 4,250 17,446 3 17,588 1 202 0

4,300 4,300 11,037 8,449 11,053 7,124 32 462
900 900 3,049 2,217 2,451 2,440 1,507 768
300 300 883 664 784 637 582 814

Figure68 provides a visual summary of the operation of the system inSbenario V1c. The main

difference withrespect tothe Base Case can fmundin the lower amount of curtailed energy for power
surplus.
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Figure68- Scenario V1e Total production and energy exchanges

Finally,Tablel61reports the main economic figures for the evaluation of the benefits introduced by the
reduction of the minimum power constraint of the thermal generator to values in line with international

standards.
As explained above, under this assumption, the system becomes more flexible, and allows

1 not to waste more than 30GWh of production wittalmostno variable costsMRE&nd other
imposed generation)
9 cheap generation to replace more expensirees in low load conditions

This results in an overall benefit equal to more than M¥) which should be compared with the costs

of such improvement of the generation fleet. These costs are difficult to estimate angreatlyvary
depending on generatimtechnology and commissioning year (for existing generation). The definition of
the actual costs for such upgrade should be daneording to the specifigroject
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