
ENERGY RESILIENCE: 
RISK MANAGEMENT FOR NATURAL DISASTERS 

IN MEXICO’S ELECTRICITY SYSTEM



Natural disasters

Main natural disasters with potential effects on
Mexico’s Electricity System :

Hurricanes

Cold Fronts

Fires

Tornados

Earthquakes



Hurricanes



Hurricanes

Preventive Measures:

• Track hurricane routes
• Process formal emergency procedures
• Prepare procedures in those facilities

within the potentially affected area
• Define the electricity system’s prior

operational conditions (via studies to
determine the power flow in transmission
corridors to minimize disturbance impact)

• Implement power generation conditions
and fuel stocks

• Prepare electricity system’s control and
operation (dispatch of generation and
transmission flows)

• Estimation of multiple contingencies
• Restoration strategies for the electricity

grid

No. KV CLAVE LT EXTREMOS

1 2 3 0 9 3 9 3 0 TEPIC  D OS ( TED ) -  N U EV O V A LLA R TA  ( N V T)

2 2 3 0 9 3 9 50 TEPIC  D OS ( TED )  -  V A LLA R TA  POTEN C IA  ( V TP)

3 2 3 0 9 3 D 2 0 V A LLA R TA  POTEN C IA  ( V TP)  -  N U EV O V A LLA R TA  ( N V T)

4 2 3 0 9 3 4 9 0 M A N ZA N ILLO ( M N Z)  -  C OLOM O ( C OL)

5 2 3 0 9 3 4 8 0 C OLOM O ( C OL)  -  TA PEIX TLES ( TPX )

6 2 3 0 9 3 53 0 C OLIM A  D OS ( C M D )  -  TA PEIX TLES ( TPX )

7 2 3 0 9 3 550 C OLIM A  D OS ( C M D )  -  TA PEIX TLES ( TPX )

8 2 3 0 9 3 54 0 C OLIM A  D OS ( C M D ) -  C IU D A D  GU ZM A N ( C GM )

9 4 0 0 A 3 53 0 TEPIC  D OS ( TED ) -  A GU A M ILPA  ( A GM )

10 4 0 0 A 3 550 TEPIC  D OS ( TED ) -  A GU A M ILPA  ( A GM )

11 4 0 0 A 3 6 3 0 TEPIC  D OS ( TED )  -  C ER R O B LA N C O ( C B L)

12 4 0 0 A 3 59 0 TEPIC  D OS ( TED )  -  C ER R O B LA N C O ( C B L)

13 4 0 0 A 3 6 0 0 TEPIC  D OS ( TED )  -  C ER R O B LA N C O ( C B L)

14 4 0 0 A 3 J0 0 TEPIC  D OS ( TED ) -  M A ZA TLA N  D OS ( M ZD )

15 4 0 0 A 3 K70 C ER R O B LA N C O ( C B L)  -  C A JÓN  ( C JN )

16 4 0 0 A 3 K8 0 C ER R O B LA N C O ( C B L)  -  C A JÓN  ( C JN )

17 4 0 0 A 3 2 4 0 M A N ZA N ILLO ( M N Z) -  A TEQU IZA  ( A TQ)

18 4 0 0 A 3 2 3 0 M A N ZA N ILLO ( M N Z)  -  A C A TLÁ N  ( A TN )

19 4 0 0 A 3 19 0 M A N ZA N ILLO ( M N Z)  -  TA PEIX TLES ( TPX )

2 0 4 0 0 A 3 170 M A N ZA N ILLO ( M N Z)  -  TA PEIX TLES ( TPX )

2 1 4 0 0 A 3 J2 0 TA PEIX TLES ( TPX )  -  M A ZA M ITLA  ( M TA )

2 2 4 0 0 A 3 N 0 0 LA  Y ESC A  ( LY E)  -  IX TLA HU A C Á N  ( ITC )

2 3 4 0 0 A 3 N 10 LA  Y ESC A  ( LY E)  -  IX TLA HU A C Á N  ( ITC )

2 4 4 0 0 A 3 K4 0 C ER R O B LA N C O ( C B L)  -  TESISTA N  ( TSN )

2 5 4 0 0 A 3 K50 C ER R O B LA N C O ( C B L)  -  TESISTA N  ( TSN )

2 6 4 0 0 A 3 K6 0 C ER R O B LA N C O ( C B L)  -  TESISTA N  ( TSN )

2 7 115
R ED  

C OM PLETA
 ZON A  V A LLA R TA  

2 8 115
R ED  

C OM PLETA
ZON A  M A N ZA N ILLO

2 9 115
R ED  

C OM PLETA
ZON A  SA N TIA GO

Líneas en riesgo por paso de huracán  

Patricia



Hurricanes

Measures prior to event:
• Operational policies
• Estimation of likely multiple contingencies
• Track of reserves: operational, spinning, cold
• Blocking of re-closings
• Locate and operate remedial actions schemes
• Electricity grid segmenting
• Quality control of frequency 
• Voltage regulation
• Control of electricity flows

Measures during the event:
• Security Assessments - Real time operational security
• Generation re-dispatches in real time 
• Recovery Procedures for load and electricity grids
• Human Resources Management; Operational Staff
• Reports of conditions and updates



Hurricanes

Measures after the event:

• Status report of the electricity grid’s main elements

• Stabilize key variables:  frequency, power flows, voltage

• Apply SEP’s operational procedures and practices

• Recovery of priority loads

• Recovery of  connecting lines

• Recovery of communication links

• Synchronization of islands

• Final report of the event



Cold Fronts



Cold Fronts

Preventive measures:

• Track cold front routes
• Prepare procedures in those facilities within 

the potentially affected area (verify SF6 
pressure and oil levels across the incumbent 
elements in the Transmission Grid)

• Define the electricity system’s prior 
operational conditions

• Implement power  generation conditions.
• Availability of fuel stocks. 
• Prepare electricity system´s control and 

operation (dispatch of generation, 
transmission limits, preparation of rotating 
load cuts and  provision of personnel in 
strategic facilities).

• Estimation of multiple contingencies.
• Restoration strategies for the electricity grid. 



Cold Fronts

Measures during the event:

• Monitoring of weather conditions and 
its effects on the electricity system. 

• Electricity flows control on the 
transmission grid based on the behavior 
of the demand and generation losses.

• Execution of real time studies to assess 
the operational conditions upon 
potential contingencies.

• Execution of rotating cuts.
• Restoration strategies for the electricity 

grid.



Cold Fronts

Measures after the
event:
• Recovery of the affected load 
• Normalization of the

Transmission Grid.
• Normalization of the

generation.
• Report of the event.



Fires



Fires



Fires



Fires



Tornados



Tornados



go.usa.gov/YW34

Tornados



Tornados



Tornados



Earthquakes



Earthquakes

As the result of the movement in tectonic plates,
earthquakes are highly impredictable. The National
Seismological Network monitors seismicity in those regions
in the Mexican territory most likely to present earthquakes.

For the country’s central
area, the seismic alert
monitors activity of this
type in the Oaxaca and
Guerrero shores.



Earthquakes

An earthquake of 6.2 degrees in the Richter scale ocurred
on Sunday 21 April 2013 at 20:17, with epicenter 10 km
away, south of Lázaro Cárdenas, in the State of
Michoacán.

Typical electricity demand
development in a regular Sunday

Electricity demand development on
Sunday 21 April 2013



Earthquakes

During this event an amount of
2,400 MW of generation output was
lost (equivalent to 8% of the online
generation), thus producing a
frequency shift from 60 to 59.295 Hz.
Whenever frequency variation
events occur the system’s protection

scheme goes into operation (81´s)

This scheme entailed the disconnection of
945 MW of load.
Because of the earthquake effects, an
additional amount of 661 MW were lost,
totalling 1,606 MW of lost load.
Restoration procedures took place 12
minutes later and were finished after 46
minutes.



Earthquakes

Measures after the event :
• Identify the low frequency level after 1 minute and calculate generation deficit
= frequency deviation in dHz * 350.
Example for April 21st. Generation deficit = 5 dHz* 350 MW/dHz = 1750 MW.
• Verify whether there are any electric islands. Deployment of frequency comparisons:

• Identify overloaded links or those likely to reach their transmission maximum thresholds



Earthquakes

• Request generation increase = Generation deficit + reserve margin in Automatic Generation
Control (AGC)

• Identify the total amount of of affected load with support from the graphic showing normal
demand patterns

• Verify AGC is in operation
• Request Regional Officies their reports concerning the size of the load effect and the

discharged elements during frecuency restoration to 60 Hz.
• Restore load in areas with generation surpluses and overloaded links
• Gradually request the synchronization of the amount generation required to restore the

load calculated in item 5, without exceeeding transmission thresholds.



Earthquakes

• Iniciate restoration of affected load without exceeding transmission thresholds while
allowing frecuency deviations of ± 0.20 hz (59.80 -60.20 hz). Priority order in areas ORI, CEL,
OCC, NES, NTE, NOR, PEN

• Prepare an executive informative note of the event.
• Prepare a full report regarding the event.



Training Simulator 



Training simulator

The Simulator is one of the most valuable tools for training, as it
enables the assessment of incumbent staff in a comprehensive way
and highlights the weak areas on which to concentrate.
• Management of layouts for supervision
• Real Time Management of applications and tools
• Knowledge of the power grid
• Knowledge of generation fleet.
• Awareness of operational conditions in the Electricty Power

System
• Assertive and effective communications at every hierarchical

level.
• Stress management .



Thank you!


