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Electric Power Networks (EPNs) are exposed to the occurrence of highly disruptive natural events such as large
earthquakes. The physical damage to EPN components due to seismic events can seriously compromise the ability
to generate, transmit, and distribute electricity to final users and to other interconnected critical infrastructures. In
this context, resilience analysis is fundamental to identify the key components at risk to sustain or quickly restore
the EPN functionality. This work presents a first step in the development of a detailed Chilean EPN model and
illustrates an analysis framework to assess its resilience under the occurrence of earthquake scenarios. Specifically,
the Chilean EPN model is built at a high level of detail using several Chilean data sources. Then, resilience of the
network is assessed in four main steps: (1) generation of local intensity levels at the component sites; (2) evaluation
of the earthquake impact on the EPN components using their fragilities; (3) evaluation of the component recovery
time using downtime distributions; and (4) estimation of the EPN performance by means of simulating an optimal
power flow model throughout the restoration process until service is fully restored. Results are expected to

contribute toward a more resilient Chilean power network under seismic action.
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1. Introduction

Like most spatially distributed systems, Electric
Power Networks (EPNs) are exposed to the
occurrence of unexpected disruptive natural
events such as large earthquakes (Southwell,
2014). Indeed, the evidence gathered from recent
earthquakes confirms that physical damage to
EPN components can seriously compromise the
ability to generate, transmit, and distribute
electricity to final wusers and to other
interconnected Critical Infrastructures (CIs) such
as water distribution systems,
telecommunications, and healthcare systems
(Araneda et al., 2010; Kroger and Zio, 2011,
Duenas-Osorio and Kwasinski, 2012; NRC,
2013). Interruptions in the electricity supply in the
aftermath of a severe seismic event, directly
translate into welfare and economic losses, and
other social undesirable behaviors, deepening the
already critical conditions of the affected
population during the emergency (Araneda et al.,
2010).

In particular, Chile is continuously exposed to
various natural hazards and the estimated average
annual loss due to earthquakes has been estimated
at around 1.2% of its GDP (UNISDR, 2015). This
preliminary work focuses on the Chilean national
electrical transmission system, called SEN
(Sistema Eléctrico Nacional), which serves
98.5% of the Chilean population. It describes the
development of a Chilean EPN model and
presents an analysis framework to assess its

resilience defined as “the ability of the system to
sustain or restore its basic functionality following
a risk source or an event” (SRA, 2015).
Resilience analyses of EPNs have been the
subject of numerous studies in the last decade
(e.g., Fang et al., 2015, Mensah and Duenas-
Osorio, 2016; Nan and Sansavini, 2017; Panteli
and Mancarella, 2017); however, few works have
focused on the resilience of EPNs under
earthquakes. In this context, some authors have
looked for retrofit strategies to increase EPN’s
resilience against earthquakes (Romero et al.,
2015) or modeled the restoration process by
means of discrete-event simulation models
(Cagnan et al.,, 2006); other authors have
estimated seismic risk and resilience of EPNs by
resorting to Monte Carlo simulations (e.g.,
Shinozuka et al., 2007; Poulos et al., 2017). In a
probabilistic framework, seismic resilience is
determined by analyzing the underserved demand
caused by an earthquake until full restoration of
the EPN, whereas seismic risk is usually
expressed in terms of expected annual losses and
mean annual frequencies of exceedance of
decision variables considering all possible
earthquakes (Poulos et al., 2017).

A critical input required to perform resilience
analysis of EPNs is a model of the EPN with
identifiable bounds, topology, components, and
relevant electrical data. Herein, considerable
effort was spent toward building the Chilean EPN
model using several official Chilean data sources.
To the best of our knowledge, it is the first SEN’s
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model at a high resolution level for resilience
analysis purposes.

The resilience of the EPN to a seismic event is
assessed in four main steps (Poulos et al., 2017):
(1) generation of local intensity levels at the
component geographical locations, characterized
here by peak ground acceleration (PGA); (2)
evaluation of the earthquake impact on the EPN
components using fragility functions; (3)
evaluation of component recovery time using
downtime distributions; and (4) evaluation of the
EPN’s performance by means of a Direct Current-
Optimal Power Flow (DC-OPF) model until
service is fully restored. Resilience is then
expressed in terms of Unsupplied Energy (UE)
and the time needed to recover full performance
in the system. This paper illustrates the use of the
model by assessing the resilience for a single
earthquake event with a particular plausible
scenario of component structural damage and
recovery times. Future work will focus on
computing seismic risk and resilience using
multiple seismic scenarios with efficient Monte
Carlo simulation techniques. Indeed, this is a first
step of a larger project devoted to foresee,
prevent, mitigate and better recover the Chilean
EPN functionality losses during earthquakes.

The remainder of the paper is organized as
follows. Section 2 introduces the Chilean EPN
and describes the process of data collection. The
representation and modeling of the Chilean EPN
is presented in Section 3, and Section 4 describes
the methodology for resilience evaluation under a
single earthquake scenario. Section 5 presents
preliminary results and discusses critical aspects
of the analysis framework adopted. Finally,
Section 6 provides conclusions and ideas for
future work.

2. Chilean Electric Power Network
Description and Data Collection

Three main EPN systems currently operate in
Chile: the national electrical system (SEN), and
the Aysén and Magallanes electrical systems in
the southern part of the country. This work
focuses on the SEN, which covers most of the
national territory from the city of Arica in the
north to the Chiloé Island in the south and serves
98.5% of the Chilean population (Coordinador,
2019a).

This work represents and models the SEN by
means of a network-based approach that accounts
for the operation of the system (see Section 3),
which requires gathering both topological and
electrical data. Topological data are needed to
identify the components and their
physical/functional interconnections, whereas
electrical data are needed to simulate the system’s
operation. For the sake of simplicity, this work
considers hourly historical load (hourly load
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profile) and power generation from renewable
sources (hourly generation profile) for a year,
which avoids the use of complicated load and
weather forecasting models. Year 2017 was taken
as a reference since it was the most recent year
available with data when this study started.

The data was retrieved from official Chilean
databases; specifically, from the National
Electrical Coordinator (Coordinador, hereafter),
which has been considered as the reference source
herein (Coordinador, 2019b), the Ministry of
Energy (2019), and the National Energy
Commission through its Energia Abierta platform
(Energia Abierta, 2019), which were used to
complement or correct data.

It is relevant to mention that though SEN has
experienced structural modifications in 2017,
such as the installation of new substations,
transmission lines, and power plants, the system
topology will be assumed the same during the
entire year.

The main difficulties encountered in the data
collection process are attributed to: 1) incomplete
databases, e.g., lack of system components,
geographical or technical data related to the
components, and hourly historical
generation/load profiles; 2) inconsistent databases
with different system component names in
different databases and repeated component
names within the same database; 3) errors in
geographical location, load and transmission line
data; and 4) data preprocessing to estimate, e.g.,
maximum generation capacities of power plants
in disaggregated form for each unit inside them.
Sections 2.1 through 2.4 describe the data
collected for the EPN components, and Figure 1
(parts a. and b.) presents the power plants,
substations, and transmission lines in Chile.

2.1 Power plants

Power plants are composed by different units that
can operate with various fuels. For this reason,
power plant data were collected at the unit level.
The data considered for power plants are:
installed maximum generation capacity, starting
operation date, substation of connection, hourly
generation profile during 2017, and generation
cost. Technical information related to units, such
as the maximum generation capacity, was taken
from the Coordinador (2019b), whereas historical
generation profiles were retrieved from Energia
Abierta (2019). In case of inconsistencies
between the databases, say units reported only in
one database, the database of Energia Abierta was
considered since it provides the historical
generation profile.

The collected data shows that 500 generation
units were in operation during 2017 with a total
installed capacity of 21900 MW, consisting in a
wide variety of primary energy sources, coal
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(18.6%), oil (15.6%), natural gas (18.5%),
biomass (1.9%), water (30.6%), wind (5.1%),
solar (9.5%), and geothermical energy (0.2%).
The generation cost of a unit g at a given time, ¢J*",
is computed by considering the variable
generation cost associated with the fuel, c;"~/, and
with other materials and processes, ¢;"/, such as
water, oil, filters, spare parts, and maintenance
checks (CNE, 2018):

& = (e + ) 8, ()
where £, is the energy generated by unit g.
Variable fuel costs of each unit were computed as
the product of the fuel cost and the specific fuel
consumption of the unit, whereas variable costs
not related to the fuel, c;”"-"f , were retrieved from
CNE (2018). Fixed generation costs were not
considered since unit commitment was not

performed.

2.2 Substations

Substations are a key element in electric power
systems since they form essential links between
power plants, transmission lines and loads; they
can have several functions, such as to step-up and
-down voltage levels to allow the connection
between transmission lines of different voltages.
Within the substation set, tap-offs —small
substations that allow a simple connection from
an electric line for energy withdrawal or power
supply— were included.

Four databases given by the Coordinador (2019b)
were considered to identify and localize the
Chilean substations: 1) a substation database that
provides geographical coordinates, starting
operation dates, and other technical information
of most Chilean substations; 2) a load database
that gives the hourly load profile of substations
(Coordinador, 2018); 3) a transmission line
database that identifies the connections among
substations including also some substations and
tap-offs not considered in the first database; and
4) a power plant database that reports the
information about their connecting substations,
i.e., the substations used by power plants to inject
power into the grid, which are not always present
in the substation and transmission line databases.
Each of these databases was incomplete in some
aspects, and hence they were consolidated into a
single consistent database. In general, priority for
the substation identification was given to the load,
transmission line, and power plant databases,
neglecting substations in the first database that do
not have load or are not connected to the network
or a power plant. In addition, the database of the
Ministry of Energy (2019) was used to retrieve
missing geographical coordinates. However,
assumptions related to the location of substations
not given neither in the first database nor in the
database of the Ministry of Energy had to be done,
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say unknown locations of connecting substations
were set equal to locations of their associated
power plants, and minor substations such as tap-
offs in the middle of a line were in some cases
neglected. In this process of substation
identification, spatial attention was paid to the
Valparaiso and Metropolitan regions of Chile,
which are the focus of this study. At the end of the
process, 994 substations were identified.

2.3 Transmission lines

Transmission lines connect all substations and
efficiently transport electricity generated by
power plants to loads. The transmission line
database, where lines are identified by the
substation names at their ends, was taken as
reference to identify network connections and
obtain the technical characteristics of the lines,
such as length, capacity, and reactance
(Coordinador, 2019b). However, this database is
incomplete and new lines had to be added
manually to connect all the substations identified
in Section 2.2. This process was laborious and
carried out using the electrical unilinear diagram
and a map of locations provided by the
Coordinador (2019b). When information about
the connection of a substation to the network
could not be found, it was assumed that this
isolated substation was connected to the closest
substation in the network with a line characterized
by infinite capacity, values of reactance and
voltage consistent with those of the adjacent line,
and a length given by the Euclidean distance
between the two substations. Moreover, when a
small substation between connections of two or
three substations was not considered (see Section
2.2), equivalent lines were defined with capacity
and reactance equal to the minimum capacity and
equal to the sum of the reactance of the lines
connected in series, respectively. Finally, it is
worth mentioning that the capacity of 48
transmission lines have been increased to a very
high number during the process of the network
validation to avoid the occurrence of load
shedding in normal operation. Future work will be
devoted to perform a deeper network validation to
identify possible errors in the line capacity data.
This data processing resulted in that the 994
substations identified in Section 2.2 were
connected by 1195 transmission lines, with
voltage levels varying from 11 to 500 kV. Few
transmission lines (41) have low voltage which is
equal or lower than 23 kV.

2.4 Loads

Loads represent the electric power demand of
residential, commercial, and industrial customers.
In the load database provided by the Coordinador
(2018), the distinction between two types of
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clients (i.e., regulated and free clients) was made
on the basis of different pricing conditions given
by the Chilean law (CNE, 2019). In principle,
regulated clients represent residential and
commercial customers, while free clients are
industrial customers. In the database, load was
given for each bus at different voltage levels and
for each client. The data was then aggregated to
obtain the total load at a substation level for
regulated and free clients. The lack of load data
associated with some buses was complemented
with the database provided by the Coordinador
(2019c¢).

After processing the load data, the total 2017 load
was found to be 68,526 GWh, with 48% required
by regulated clients and the remaining 52% by
free clients. The peak load reached in 2017 was
10.0 GW.
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Fig. 1. Map of the Chilean EPN: a) power plants; and b)
substations and transmission lines. Notice that the substation
outside Chile is in Argentina.
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3. Chilean Electric Power Network
Representation and Modeling

3.1 System representation

The Chilean electric power system is represented
by a network-based approach with two levels of
system representation. In the first level, nodes
represent different EPN components, i.e.,
substations and power plants, with their real
geographical coordinates; and links represent the
connections between these components. This
representation, given by the integration of Figure
la. and 1b., is used to assess the level of
earthquake damage of system components. A
second level representation is adopted to run a
power flow model (see Section 3.2) and determine
system functionality. In this more abstract
representation, nodes represent substations that
may include power generation and/or load, and
links are the transmission lines connecting
substations.

3.2 System modeling

The performance of the Chilean EPN in terms of
unsupplied energy was evaluated by solving the
power in normal steady state operation through
the Direct Current — Optimal Power Flow (DC-
OPF) model, which is typically adopted in
practice for transmission networks (Gan et al.,
2013).

A fundamental step in assessing the system
performance after an earthquake is to include the
component damage states in the DC-OPF model.
Therefore, the states of structural damage and
functionality of the system components need to be
determined first in order to assess the system’s
operation and network performance. Section 3.2.1
provides the relation between structural damage
and functionality at component level, and Section
3.2.2 presents the DC-OPF optimization model
used to evaluate the performance at a system
level.

3.2.1 Structural damage and functionality at
component level

As a first approach, it was assumed that only
substations and power plants can be directly
damaged by the occurrence of an earthquake,
whereas damage in lines, being aerial elements,
can be neglected and their failure is only a
consequence of the substation’s failure. The
structural state of power plants, u™, and
substations, S, can assume five levels of
damage, from no damage to complete damage, as
illustrated in Section 4.2. However, given that the
relation between structural damage and
functionality is difficult to establish, the operation
of a component was assumed to stop if it has any
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level of structural damage. The functionality of
power plants and substations is then represented
by binary variables, u,* and u.?, respectively,
which are 0 if the facilities are not working due to
a structural damage and 1 if they are in operation.
A further assumption for a damaged substation is
that all lines connected to it are disconnected from
the network, u;” = 0. Thus, a transmission line is
considered in operation, ¥ =1, only if it
connects two substations in operation.

3.2.2 DC-OPF model

The DC-OPF model consists of a linear relation
between power flow through lines and power
injection at generator nodes. The problem
formulation is given by Egs. (2)-(9) for a specific
hour of interest.

min{¥ ¢ 6Py - i + Tnen LS, - ¢} @)
ngg(n)gq + LSTL - TIOSSDn + ZleL(n)fl,ir,ll - ZleL(n)fl%ﬁ =
0, VnelN 3)
0<P <P"*u’, VgeGlghcg (C)
0< Rg < RghiSt'uZp nggR,chg (5)
0 <LS, <D, VnenN (6)
ﬁ:i—j~(9n—9h)-ufp, vieL nheN({) %)
_flmaXSf‘lS flmax, VleL (8)
Ot =0, nil e Nisl =1,..., N ©)

The objective function given in Eq. (2) minimizes
the generation cost and the load shedding;
specifically, P, is the power generated by unit g; g
is the set of power plants; ¢/ is the cost of power
generation of the unit g, as given by Eq. (1); LS, is
the load shedding of the substation n; M is the set
of substations; and £’ is the service interruption
cost of substation n due to load shedding. The
service interruption costs, ¢k, are assumed to be a
very large value, i.c., 1000 US$/MWh, to penalize
the occurrence of load shedding in the
optimization problem.

Egs. (3)-(9) represent the constraints of the OPF
problem. Eq. (3) represents the power balance at
each node n, where G(n) is the set of power plants
connected to node n, D, is the demand of the node
n, 71 is the power loss represented through the
load that are assumed to be constant, /7 and f,%
represent the flow through line ! that enters and
leaves node n; and £(n) is the set of lines
connecting node n. Egs. (4)-(5) represent power
plant capacity constraints for thermal (Eq. (4))
and renewable energy power plants (Eq. (5)), B~
is the maximum power that can be generated by
the unit g, 67 is the set of thermal power plants,
pJist is the historical power generated by the unit
g, and GF is the set of renewable energy power
plants. Eq. (6) represents the constraints
associated to load shedding in each node, which
cannot be higher than the demand of the node D,,.
Eq. (7) represents the flow through line I, where
0, and 6@,, are the voltage angles at the end nodes
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of line | with n,he N(1); N(D) is the set of end
nodes of line [; £ is the set of all lines; S, is the
base power, set to 100 MVA in this work; and x,
is the reactance of the line 1. Eq. (8) represents a
line capacity constraint, where f™** is the
maximum capacity of line I. Finally, Eq. (9) sets
the voltage angle of the reference node(s) to zero:
when the network is fully connected, isl = 1, one
reference node is identified, otherwise when Ny,
islands are generated, N, reference nodes should
be identified and their voltage angles set to zero.

4. Seismic Resilience Assessment

In order to evaluate resilience of the EPN system
exposed to a single earthquake scenario, the
earthquake event of interest is identified first;
then, its impact on all the system components is
assessed, and their recovery time estimated; and,
finally, the measure of resilience is calculated.
Each of these steps is described next in more
detail.

4.1 Earthquake scenario

The system was subjected to a Mw 8.5 earthquake
scenario with the same epicenter as the Mw 8.0
1985 Algarrobo earthquake in central Chile. PGA
values at all sites, IM, were sampled using the
ground motion prediction model (GMPM)
developed by Abrahamson et al. (2016):

InIM =InIM +coe+ 1 (10)

where IM is the vector of median PGAs at all sites
given by the GMPM, which depends on
earthquake magnitude, the distances from each
site to the rupture plane, and local soil conditions
characterized by the average shear wave velocity
in the top 30 m of soil (Vs30); o is the vector of
intra-event standard deviation term for all sites,
given by the GMPM; 7 is the inter-event standard
deviation term from the GMPM; o denotes the
entrywise product of vectors; 7 is the inter-event
normalized residual, which has a standard normal
distribution but was arbitrarily chosen as zero for
the example earthquake; and € is the vector of
intra-event normalized residuals for all sites. The
work of Jayaram & Baker (2008) shows that intra-
event residuals follow a multivariate normal
distribution with zero mean and unitary standard
deviation: € ~ N(0,X).

Since intra-event residuals are also spatially
correlated, several correlation structures have
been proposed that depend on the distances
between sites. The covariance matrix of the
multivariate normal distribution, X, was
constructed using the model calibrated by Goda &
Atkinson (2010) with Japanese records:

L= maX[O; y exp(—adijﬁ) -y + 1] (1 1)
where a, f and y are calibration parameters that
depend on structural period; and d;; is the
distance between sites.
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4.2 Seismic fragility and restoration functions

Once PGA values are computed for each network
component, the earthquake impact on the
components can be estimated by means of
fragility curves (Cavalieri et al., 2014; Poulos et
al., 2017). A seismic fragility curve is defined as
the conditional probability of failure for any given
ground motion level (EPRI, 2013), where
“failure” means generically “degree of damage”
when considering different levels of damage of
the components (PEER, 2011). This work adopts
the fragility curves provided by FEMA (2003) for
anchored facilities with low (between 34.5 kV and
150 kV), medium (between 150 kV and 350 kV),
and high (above 350 kV) voltage substations, and
for small (<200 MW) and medium/large (>200
MW) thermal power plants. For each facility, four
fragility curves are identified representing five
states of structural damage, i.e., no damage,
slight/minor, moderate, extensive, and complete
damage (FEMA, 2003).

The recovery time of damaged components are
estimated by means of normal probability
distributions (FEMA, 2003). Each damage state
has different restoration distributions. Thus, a
facility with slight damage will recover faster than
one with complete damage.

4.3 Monte Carlo simulation

The main steps to evaluate the resilience of EPNs
under the occurrence of an earthquake by using
Monte Carlo simulation are the following:

i. Selection of a seismic scenario and
estimation of ground motion intensities at all
sites where EPN components are located
using a GMPM (Section 4.1)

ii. Estimation of component damage using
seismic fragility curves (Section 4.2)

iii. Estimation of component recovery time
using downtime functions (Section 4.2)

iv. Evaluation of the EPN performance (Section
3.2) at the time of earthquake occurrence and
simulation of the hourly operation until the
system performance is fully recovered.

This procedure will be used in future work to
compute seismic risk by repeating steps i.-iv. for
a large number of different earthquake scenarios.

5. Preliminary Results and Discussion

Figure 2 a. shows a PGA field from a single PGA
sample of the earthquake scenario, achieved by
sampling € once (see Section 4.1). The Figure
only shows central Chile since the components
outside this region were subjected to negligible
accelerations. The scatter in the PGA values is
explained mainly by the sampling of different
intra-event residuals at each location, but also by
the differences in local Vs30 values, which were
obtained from a USGS database (Allen and Wald,
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2007). Figure 2 b. presents a possible scenario of
structural damage states of EPN components,
sampled using the PGA field of Figure 2a. Figure
2 c. shows a possible scenario of the recovery
times of damaged components.

The damage state and the recovery time of
components shown in Figures 2b. and 2c. were
used to simulate the operation of the EPN
following the earthquake using the DC-OPF
model of Section 3.2.2, resulting in a total amount
of unsupplied energy of 307.6 GWh and a system
recovery time of 1125 hours, i.e., approx. 47 days.
Figure 2d. illustrates the restoration of service
over time in terms of percentage of energy
demand being satisfied from the occurrence of the
earthquake until the full system recovery. Notice
that the curve is not monotonically increasing due
to the hourly variability of the total demand of the
system.

The analysis framework for resilience of EPNs
exposed to the occurrence of earthquake
scenarios, illustrated in this work, presents some
critical aspects that need to be discussed. First,
accurate fragility curves for the EPN components
under analysis are essential to achieve realistic
results. In this work, fragility curves are taken
from the scientific literature (FEMA, 2003), as
typically done in this kind of studies (Poljansek et
al., 2012; Poulos et al., 2017). However, the
fragility curves adopted are related to substations
and power plants in the United States, which may
present different characteristics from the EPN
components in Chile and are subjected to different
types of earthquakes. The same issue applies to
the restoration functions, which were also taken
from FEMA (2003).

Moreover, the relation between structural damage
and component functionality is another critical
part of this work. Indeed, it is very difficult to
associate a level of structural damage with a level
of functionality at a component level. In FEMA
(2003), for example, the moderate damage state
for substations is defined as “the failure of 40% of
disconnect switches, or the failure of 40% of
circuit breakers, or the failure of 40% of
transformers, or by the building being in moderate
damage state”, but how can this definition of
structural damage be translated into substation
functionality? For the sake of simplicity, this
work assumed a binary functionality state where
any structural damage level leads to full
interruption of the substation’s operation; then,
the multistate structural damage is only used to
estimate the recovery time of the component:
higher damage states result in longer recovery
times.

Furthermore, it was assumed that transmission
lines cannot be directly damaged by the
earthquake, with their failure and recovery
depending only on the failure and recovery of the
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substations connected by them. The issue of
defining a proper structural model for system
components and identifying the corresponding
functionality should be carefully addressed in
future work. However, it is worth mentioning that
the adopted analysis framework allows including
this modeling improvement through the
functional state variables (x;” and »;”) used in the
DC-OPF model. It is interesting to notice that
these state variables couple the structural and
electrical engineering disciplines.

Finally, the time required to solve the DC-OPF
problem for a single hour is relatively low, in
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average 0.2 seconds by using Gurobi optimizer on
Python on an Intel Xeon E5-2660 v4 2.0 GHz
processor. However, assessing the seismic risk of
the system would require a high number of
earthquake scenarios, and the DC-OPF problem
needs to be solved for each hour until the full
recovery of the system is achieved. For
illustration purposes, if 10,000 seismic scenarios
were used with an average recovery time of 60
days, the complete assessment would require 33
days to complete. Thus, the computational time is
an issue that needs to be addressed in future work.

Damage states

H @ Complete
Il @ Extensive
B @ Moderate
O o Slight/minor
b. | O O Nodamage

Recovery time

B @ > 2weeks

B @ >1weekand <2weeks
B @ >1dayand < 1week
OO <1 day

O O wo recovery

supplied [%]
~
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Fig. 2. Results of a single simulation from the selected Mw 8.5 earthquake scenario: a) PGA map in units of g (the red star denotes
the earthquake epicentre, the rectangular represents the zoom considered in Fig. 2 b.-c.); b) structural damage states of EPN
components; ¢) recovery time of the damaged components; and d) restoration of service over time in terms of percentage of energy
demand being supplied. In Figures b.-c., squares and circles represent power plants and substations, respectively; links represent

transmission lines.

6. Conclusion

This work focused on the Chilean EPN
earthquake resilience. An in depth topological and
electrical data collection process was first carried
out to characterize and model the EPN under a
framework of resilience assessment. The model
was then used to evaluate a single seismic
scenario of interest by sampling earthquake
intensities, structural damage, and recovery times
at a component level, and then simulating the
EPN operation to calculate the corresponding
unsupplied energy until full system recovery is
achieved. The original contributions of this work
are related to the construction of a consistent
Chilean EPN model at a high level of resolution
for resilience analyses under the occurrence of

severe earthquakes, and also to the discussion of
some critical aspects of the framework for future
research developments. Future work will be
devoted to carry out a Monte Carlo-based seismic
risk assessment of the Chilean EPN using
multiple earthquake scenarios consistent with the
seismic hazard of the country. Results from these
analyses would help refine future investment
decisions and improve seismic resilience of
EPNs.
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