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PARTE 1
Nuevos “drivers” que implican el estudio de la
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In February 2021, as a result of deadly winter storm and record low

temperatures in Texas, USA, 4.5 million people were cut off from power. . ]
: . - arte

What happened:

= A storm complex moved from
France to Germany and
brought excessive amount of
rainfall

Losses:
= > 200 deaths
= > USD 3 billion

Key observations:

= Intense rainfall was
forecasted for affected areas
Not a Grey or Black Swan
event
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fill Fuente: https;//emp.lbl.gov/renewables-and-

wholesale-electricity-prices-rewep



2021 Western North America Heat Wave — Extreme Event
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North America, June 27, 2021 B ' HISTORIC HEAT 6é fx
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What happened:

= High pressure area was sandwiched between two
low pressure areas

=  Anomalies relative to average daily temperatures
(2014-2020) were up to 15°C higher for the same
day

Losses:

= > 900 deaths, wildfires e CESLiEnT

= > USD 3 billion ‘

Number of Disasters — Worldwide

Hyogo Sendai
Framework Framework
for Action for DRR

Yokohama
Strategy

Number of weather-related
disasters stabilised during
the last two decades
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Transportation Infrastructures and disaster risks

Global dominant hazard exposure per region (Koks et al., 2019)

No data
B Earthquakes
N Cyclones
Surface flooding
I River flooding
B Coastal flooding

i Fuente: Global multi-hazard risk analysis of
Resiliencia y Recursos Energéticos Distribuidos-DER road and railway infrastructure assets



Change in the mass of precipitation:

Change from 1986-2006 Insufficient
= model agreement
-15.8% +99%

Bogota
We'll reach this threshold

p—
In20  to 30 years

i

Rio'de Janeiro

P
Santiago
| Buenos/Aires




Change in fraction of land annually exposed to heatwaves: ( South America - )

Change from 1986-2006 Insufficient
model agreement
(o) +65.7%

Bogota
We'll reach this threshold

I
In 43 years at
the earliest

Rio de Janeiro

Santiago
Buenos Aires




Future 1
2021-2050
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Future 2
2061-2090
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Fuente:Climate change impacts on wind
energy potential in the
European domain
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Resiliencia en infraestructuras criticas

* Recovery behaviours
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Habilidad del Sistema para:

Community function perlormance

= Reducir las posibilidades de un evento
disruptivo.

absorb racover time (yr}

= Absorber un proceso disruptivo si este ocurre.

» Recuperarse rapidamente si un proceso

disruptivo ocurre.
Fuente: A framework to quantitatively assess
and enhance the seismic resilience of

Resiliencia y Recursos Energéticos Distribuidos-DER o
communities



MOP [% customers served]
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Resiliencia en infraestructuras criticas-Modelacion
de la recuperacién de suministro eléctrico
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Metodologia:

Ajuste a una funcion Gamma para estimar los
parametros de recuperacion del suministro
eléctrico.

a: Capacidad de absorcion del evento disruptivo.

b: Capacidad adaptativa y restaurativa

(intrinseco del sistema).

c: Tiempo de recuperacion (depende de acciones
remediales).

Fuente: Modeling the recovery process: A key dimension
of resilience. Reliability Engineering and System Safety,
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Based on network analysis identify critical road links for ensuring critical services, such
as medical services and emergency response. Example: Ho Chi Minh City, Vietnam

Google Maps OSM dataset FATHOM2 dataset ur-scape

(FRS} FUTURE
RESILIENT
SYSTEMS

Video from UR2020 presentation available: hitps://www.ur2020.org/agenda/session/440043
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DER proporcionando Resiliencia
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= Modelo de Huracan: Datos Administracién Nacional Ocednica y Atmosférica.

= Modelo ERCOT Sistema de Potencia 200 Nodos.

= Valor Esperado de Energia No Suministrada calculada paso a paso en funcién del
movimiento del Huracan.
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DER proporcionando Resiliencia
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S 1.
%ﬁmﬁuse T(p“) = ®(Nye)
s .:Hf:;
C1.
s.t. | p drop <E.
F(PCL) Funcion que  proporciona la

cantidad de potencia suministrada
a las cargas criticas por la Microred.

D(Nye)

1.
i)

E. Nivel de confianza.

Funcion que penaliza el tamano de
la Microred.

Probabilidad de suministro
insuficiente.

Fuente: Formation of ad hoc microgrids for prompt
critical load pickup during blackouts by leveraging
stochastic distributed energy resources
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DER proporcionando Resiliencia

La formacion intencional de islas, contemplando las caracteristicas de los DER, puede
disminuir los tiempos de re-establecimiento después de un apagon total o parcial.

m Fuente: Formation of ad hoc microgrids for prompt

Resiliencia y Recursos Energéticos Distribuidos-DER critical load pickup during blackouts by leveraging
stochastic distributed energy resources



Resilient Restoration: GridAPPS-D Platform

*GridAPPS-D — open-source advanced distribution management platform (real-time operational environment )
Application to restore power system using distributed generators (deployed: https://gridappsd-
restoration.readthedocs.io/en/latest/)
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DER proporcionando Flexibilidad

Generator PQ chart  BESS PQ chart DERA capability
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P (MW)

La agrupacion de DER (DERA) puede, bajo un mecanismo de coordinacion DSO-TSO, brindar
flexibilidad desde la distribucién hacia la transmision.

m Fuente: Modelling and Characterisation of Flexibility
Resiliencia y Recursos Energéticos Distribuidos-DER from Distributed Energy Resources
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PARTE 4
Ciberseguridad y riesgos identificados en los DER
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Ataque cibernético (desinformacién) en redes distribucion

EV load profile
D 15 T T T T T
SMSAlert
— 'l L
lext Message
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Today only! Click here to enjoy a =z
discount of 50% off your electricity T 0.5
rate from 8PM to 10PM. Spread
the word!
D L L 1 1 |

Disinformation notification

Does not follow-through
received by consumers

Follows-through

Fuente: How weaponizing disinformation can bring down

Resiliencia y Recursos Energéticos Distribuidos-DER a city’s power grid
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Ataque cibernético (desinformacién) en redes distribucion

2000 2030 2040 2060
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= Se simula el ataque en una
fraccion de la red de distribucion
de Londres, asumiendo un limite
de sobrecarga del 10 % en los
alimentadores y transformadores.

= Para un mismo nivel de
penetracion de vehiculos
eléctricos, la evolucion de los
apagones es diferente en funciéon
del porcentaje de usuarios que
siguen el ataque cibernético.

Fraction of households following-through
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m Fuente: How weaponizing disinformation can bring down
Resiliencia y Recursos Energéticos Distribuidos-DER a city’s power grid
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Conclusiones:

= Sugerimos al CND considerar en sus estudios de Resiliencia y Flexibilidad el
aporte de los Recursos Energéticos Distribuidos-DER. En este sentido, el SAPE
y el Comité de Distribucion podrian colaborar en la estructuracion de una
metodologia de cuantificacion de dichos atributos.

= La evolucion de los recientes eventos climatoldgicos nos indican que estos
acontecimientos seran cada vez mas frecuentes. Se debe tener en cuenta el
cambio de enfoque por el actual estado del arte, donde se prioriza la
reduccion de los tiempos de restablecimiento en detrimento de la
construccion de super estructuras.




