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¥ * Active project areas: Real-time simulation, EMT models, Grid-Enhancing Technologies,
Optimal Sustainable Construction, Optimal Fleet Management for E-Mobility, Artificial
Intelligence for Control Room Applications.
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Chile Installed Capacity

Chile National Electricity System (SEN) - Installed Capacity Overview

Chile Power System Capacity by Technology (MW) Share by Energy Source Category

Solar PV | 12,441 MW (32.4%) Diesel | Oil

Wind 6,310 MW (16.4%)
Natural Gas

Other Renewables
Natural Gas | 3,898 MW (10.1%)
Diesel { 0il |&msmwrm1%}

3,504 MW (9.1%) 38,438 MW

Hydro (Reservoir)
(~38.4 GW)

Hydro (All)

Hydro (Run-of-River) : I 3,352 MW (8.7%)

Solar (PV & CSP)

Biomass 666 MW (1.7%)

Mini-Hydro 656 MW (1.7%) f.'

Solar CSP :l 108 MW (0.3%) f."l

Geothermal ] 84 MW (0.2%)
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Chile 2025 Energy

Chile Electricity Generation Mix by Source Chile Generated Energy: Full Technology Breakdown
Wind Renewable Total:
PE— Coal ~56,550 GWh (65%)
Other Renewables* 0 .
14.0% /
Qil & Diesel /;_';-” b
/ \ ) .
% Vé . Natural Gas 13,050 GWh
o S/ h Natural Gas
= B/ N
N 15.0%
\ A ...__\.‘
X Oil & Diesel 1,740 GWh
A
Total Annual
Generation: Solar 20,880 GWh
Solar [ ~87 TWh
Hydropower 18,270 GWh
Coal
Wind 12,180 GWh
Other Renewables* 5,220 GWh Fossil Fuel Total:
Hydropower ~30,450 GWh (35%)
0 2500 5000 7500 10000 12500 15000 17500 20000

Generated Energy (GWh)
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2025 Chile Blackout
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Almagro Pinto : Héctor Colorada Amicar
500 V] : 4) The awareness that AS
— 220 [kV] o Zonacero : . .
5\ PMU were meant to maintain

power balance under

The 220 corridor stayed closed, causing oscillations for 1.5s; enough for the south/north “static” input conditions.

islands to be unstable before the opening of the 220 corridor by overcurrent
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= DGs make fool of UFLS “instructed” MW.

= Absence of a SIPS opening the 220 corridor after the opening of the 500
one.

= Absence of converters’ help (not the cause nor the solution).

= Control room real-time awareness features

=
s International Workshop on Dynamic Stability Challenges of the Future Power Grids
1 O AW ynPOWER

I DynPOWER 2026 | Winterthur, Switzerland System integrity protection schemes




~natienge

o

LS SEEe i

the Future Power Grids,

74

Winterth‘;ir;f?gfwéitzerland



DGs make fool of UFLS “instructed” MW

o4
Di D
Time HEEEEEL e Accumulated Type 3
Power 531
t=20.7 2
122.23 122.23 SIPS a
2251 A
t=11 18459 306.82 UFLS 1 o
0 0 = | AN 'fﬁﬁQﬂﬂ||ﬁ,p A ARAAAN
£ 40 IMIL nﬁ"L.ﬂ,,ﬂ,'ﬁ.r|,.ﬂ,ﬂ_.“.nﬂu'ﬂb'r'ﬂ’q LEUALTYY WA
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t = ]JES . I
70.96 377.78 UFLS 2 1
17
- UFLS implemented in distribution feeders get §

0 5 10 5 20 25 30 35 40

generation disconnects unintentionally. Tiempo [g
- Simulations show that the unintended disconnection

would have led to sustained oscillations, even though

the 220 corridor was disconnected.
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DGs make fool of UFLS “instructed” MW

- A SIPS can
compute the
actual flow of a
— - feeder at the
| Lﬁ; LT LT E; — Uf LTEQ LT Uf LT substation level
Fl and determine

Co nt ro I a d or BA-110KkV BP2-110KY BP1-110kV

RTAC SEL
BOBBBLAMAL L (//Jdddddddd

El 13
TG AUTMAON CNtROLLER

DNP3 the combination
IEC61850 Rele - 3 {fi_;. of feeder that
Vv, | S G =
’ sum up to the
L DNP3 JVV V! instructed
IEC61850 <

power (currently
working with a
DNP3 | e “reclosers’
IEC61850 — L=0 = o network”
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Challenges of SIPS testing with Hardware in the Loop acciona

energia

= - Greatwind
e resource
o curtailed by
. = NINBY-delayed
=TT TXprojects
2 3/|3 | _ 9% _Vendor
develops a
controller to
e maximize power
. flow (minimize
l ‘ EI o curtailment)
= ol PEmlEco 2
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Challenges of SIPS testing with Hardware in the Loop

Subestacion Los Notros

Subestacidn Cautin
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acciona

energia

- Because of the
size of the grid
segment, the
System Operator
wanted to see “all
the dynamics” of
the grid.

- Suicidal in terms
of the number of
RT simulation
cores (System
Operator wanted
EMT).




Challenges of SIPS testing with Hardware in the Loop acciona

energia
| ........................... 1 TD—| CHARRUA -
dno - ; dEeni EE
I i + STA CLéRA L g
oPALRT I 1 ! i == WE‘L _______ ~
. NOSTROS = A j
. 7 = | g
FortiClient VPN 1 =p Opal ! aieee EEEE g{ safiRReereas ‘ .
Remiote Access Agent . . SHEL s BESREEY SR =
SPLIGHT Network | cnp | Batan g o
CE’? CSES Network . = 4 LB ” :
— | N -
VPN _ opal ; g
| (configuracién) | i CAUTIV LT = -

.- Hypersim (OPAL-RT) was used to model
.de segment.
: .- Reduced-order, one-machine equivalents
: HYE.M ito avoid 1000-core simulations of the

‘ 1south/north rests of the grid.
i- PMU and Digsilent comparisons to show
Icorrespondence with reality.
I '- A Challenge for the group.
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Absence of converters’ help (not the cause nor the solution)

IBR were not involved directly in the
il 2025 blackout, but the absence of any

substantial response (in comparison to
TALLERES Y ACTIVIDADES

PARA EMPRESAS COORDINADAS SG) was uncovered:
Guia para la verificacion de inversores del

tipo Grid Forming en sistemas de - June 1, 2026, the System Operator

AT published a guide to verify Grid
Forming (with the intention of <<we
think>> asking IBR to support the grid
under all or of a set of those
attributes).

- It mostly follows that of Australia.

CONOCIMIENTO
Ran)

1 de junio de 2026

https://www.youtube.com/watch?v=S9QAXbANxvw
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Absence of converters’ help (not the cause nor the solution)

Filtros pasivos IGBTs Filtros pasivos

Amplificador
OP8110-3

Proteccion
OP1263

Rack

1

Amplificador
OP8110-6

PMU
Vizimax

ik Proteccion
eIt e sy Ei i
(= (= S DED
\ Q} N ZEJ ZE') y

_—

The group had previously performed a synthetic inertia multi-farm, multi-area algorithms
tested in power hardware in the loop of couple of KW...
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Absence of converters’ help (not the cause nor the solution)

Comparacion de respuestas de frecuencia Ts, _ _ _
50 7 K ATRl 1 =A171 +B ATR1
1__ 1 AP, =C1 % +D ATRl
|
49.95 APy, APy,
K \/ Y
imulado Hardware Real N T :i:sl: Aslxsl_{— A-S‘ls Aplz +B31APWI+B3W1 APLl*_
(PEB8024) L 499
e,

- £ 3 e Hypersim " = —

Imperix § 49.85 ; . f1 = K2 ATR2 ) :A2—$2 +B—2 ATRz

e . H\ HyperSIm 5 2 APM =iy D ATR2
B | A ——— Hypersim S, i Y

e o 2

AN ) L —— Hypersim SI f l AP,
498 : : 2
B F — — —Simulink SI f .
S 1 —:US2=AS2:CS2+A323AP12 -|-B52APU,2+BMAPL2 |
— — —Simulink SI f2
4975 1 1 L 1
0 5 10 15 20 25
Tiempo [s] Lsg ; APy
xsl AP12 e K812 'rL-Sl - KS12 x32

The group had previously performed a synthetic inertia multi-farm, multi-
area algorithms tested in power hardware in the loop of couple of KW...
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Absence of converters’ help (not the cause nor the solution) & Colbun

Comparacion de la dinamica de frecuencia utilizando datos de la PMU Vizimax

ol | el 1. BESS Diego de Almagro Sur 2. BESS Celda Solar (228 MW
\ I (228 MW / 912 MWh) / 912 MWh)
e * Inverter Rating: 4.4 MW < Inverter Type: Integrated
wak |\ per central inverter string inverters built
A\ skid/station. directly into each Tesla
085t A\ "+ Inverter Count: 67 Megapack container.
,,,f’ inverters. * Integrated Inverter
wer \ X 54,9257 /,f’ T * Configuration: Paired Power: Each Megapack
sl el il with 201 battery unit integrates a power
. T | | | containers (1.2 MW /4.8 conversion system (PCS)
45 5 5 60 6 10 MWh each), connected in rated at approximately
While actual BESS inverters are of the order of iiict\i/t?emum voltage 11 MWWto 145 MW

few hundred of KW to a couple of MW...
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Absence of converters’ help (not the cause nor the solution)
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1 Vision general

1,1 Informacion general
Titulo CEN-CM-2673 Proyecto ACRED-OTR

Resumen  El Servicio de Acreditacion de Despachadores y Operadores de Tiempo Real
(ACRED-OTR) tiene por objeto contratar a una institucion de prestigio nacional
que actiie como ente evaluador independiente para el proceso de acreditacion
técnica de los Despachadores del Centro de Despacho y Control (CDC), extensible
en una etapa futura a Operadores de Centro de Control de Coordinados (CC).

Comprador  Jorge Sauterel Resultado  Orden de compra
Correo electronico  jorge.

sauterel@coordinador.cl

DynPOWER 2026 | Winterthur, Switzerland

- Currently, the group is applying to a
grant with TRANSELEC (TX company in
Chile), to install a testing lab in an empty
220kV bay (9 MW).

- The idea is to provide the company with
training/regular certification for the
Substation operators (they also have a
mayor role in the durations of the
blackout) along with testing to
generation companies’ IBRs.

- Hopefully, the synthetic inertia project
can scale up to a real test.
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Control room real-time awareness features

I Back-end

| -i:Front—end :

| K = fiey %y %) B = (13 %) ! i

. p—0 Sy H 7 | |

| Te—— | |

| [ ap, i P.&(J o T2 | ol —mmRead ] 1 -The basic idea is to have
: Generator outage ?:’S H/_ G(LS) 1— |k { il : a ”aCCUFate enOU h”

i size (MW) - PRC T G(s) = 1+T7%  Dead Band :i i &

I [ Generators day-ahead AS / 1+Th T. = X1, Xy eens X7 :: I red UCEd'Order mOdE| Of
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Control room real-time awareness features
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Control room real-time awareness features

Energia cinética [GWSs]

APt _.( ) ; 0 ﬁ W
. - - C 1 A Ly
Simulacion realizada ¢ 194 *ap, [
Desbalance
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L L%
1 el
1+ 5 8. . . A 3 R : T
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Control room real-time awareness features

(e | L
MR L

\ Set of relevant Y = =
scenarios and
, Step 4

Detailed simulations 4 , -
of the Chilean N— contingencies 51
power system Database built from 5
detailed simulations Step 3 ™
P RTS 2

e / 2 — =

) = e

s [T BE5E S0E BEEE 5N

Tus - G(S) uf' 3 e =
e

Reduced-order model Data-driven technique to Hybrid twin is used to perform
with suitable parameters estimate the time faster than real time simulations

variability of Hybrid twin of scenarios and contingencies

parameters with estimated parameters
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Control room real-time awareness features

Set of Operating
Scenarios i €/

Set of Operating
Contingencies j € J

\,

Reduced- Data- Analytics
order —— time-varying
model parameter
ﬂ estimation
Z\

Faster than Real time
Simulation of scenario i
under contingency j

I

ST _

NO@

m \_—/
HYPERSIM

Operating
data is

captured in
real time

Real-time
Set insecure Set secure data
Conditions Conditions acquisition

U

The Hybrid twin DSA'is ran
faster than real time

1 . 5

Display | ﬁ

- Control room can implement
preventive action by knowing
tentative threads.

- Important AS procurement
parameters can be extracted to
execute “real-time” AS
markets.
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L] ' T
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Final Remarks

= Blackouts move the electricity sector
" |BRs penetration is faster than technological research
= Control room real-time application are becoming essential to:

" detect stability threats under highly volatile operating points and
contingencies, and

= qguantify ancillary service in terms of amount and other features in
future shorter-than-a-day ahead markets.

=
International Workshop on Dynamic Stability Challenges of the Future Power Grids

DynPOWER 2026 | Winterthur, Switzerland System integrity protection schemes

ER

2026



10@rovir |

Hector Chavez
USACH, Chile
nector.chavez@usach.cl

erg - 20T hank You Katr
= |Ua Tsaug Rau Koj " Thank You,..
Raibh Mai th Agat

rigato.

& U TsaugRau KOJ

Thanh You g yerci® Kia 0ra e
(amon ban l Merci? avm?"Ar'gat
igM rCIg hhhhh o Maahe
11CIL Kitos.
Arigato

aaaaaa

‘Salamat

Salamat et
K I Itos Olmgado io
thur Nuwuin W |'JC|
USpaxar, THE
e rm‘fu'p R,aaTSEQOM uItumesc

Mochchahheram o u. A w mm
Kittos et i

@ Mamana
*u:;aK“t"""ﬂ“" WWEIBIIIIE
=0brig H
"'“"r'a';?gAK““'Asa"t t e ke Mochchahh'é}'a*ﬁ?amw

Asante-- Mem Vnaha

Rath ﬂlAgzt

thriggé °Mochchahheram“’““°

International Workshop on Dynamic Stability Challenges of the Future Power Grids

DynPOWER 2026 | Winterthur, Switzerland




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28


  t = 0 . 7


  t = 1 . 1


  t = 1 . 5

