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“Defining” Resilience: Mitigating Consequences

Castillo et al. (2020), SAND2020-11292 
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Modeling Resilience: System Performance

Castillo et al. (2020), SAND2020-11292 
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Achieving Resilience: Considering Non-Linearities

Castillo et al. (2020), SAND2020-11292 
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Resilience Metrics (or Indicators)

Energy sector resilience 
can be quantified 
through temporally 
explicit performance-
based metrics or 
indicators (e.g., 
comparing baseline and 
investment scenarios)

https://gmlc.doe.gov/sites/default/files/resources/GMLC1.1_Vol3_Resilience.pdf
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This Study

• Challenge: Doing resilience analysis “right” requires substantial 
computational resources and data that are often not available; 
so what else can you do?

• Interim Solution: modify existing modeling tools to enable 
imperfect (yet impactful) resilience analyses
– Define power interruption scenarios
– Identify key metrics, based on existing model architecture
– Perform preliminary scenario analysis to demonstrate the 

ability to inform decisions
https://www.nrel.gov/docs/fy20osti/74241.pdf



NREL    |    8

Power Interruption Scenarios

https://www.nrel.gov/docs/fy20osti/74241.pdf
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Approach

Adapt a wide array of energy 
sector modeling tools to enable 
imperfect (yet impactful) 
resilience analysis, sampling a 
variety of:
• Energy subsectors
• Geographic scales
• Modeling methods
• Resilience metrics

https://www.nrel.gov/docs/fy20osti/74241.pdf
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Results: ResStock

Model Description: Physics-based 
simulation of the energy use and 
thermal performance of the U.S. 
residential building stock 
Model Update: Development of 
methods for (1) representing a 
power outage and (2) measuring 
thermal resilience 
Power Interruption Scenario: 
Long- and short-duration extreme 
weather with “no notice”
Resilience Metric: time to unsafe 
indoor conditions https://www.nrel.gov/docs/fy20osti/74241.pdf



NREL    |    11

Results: REopt

NREL’s Renewable Energy 
Integration and Optimization 
Model
• Developed of a methodology 

for considering avoided 
power interruption costs in 
backup power system 
investments

• Explored a short-duration 
power disruption with no 
notice

• Evaluated an avoided outage 
cost
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Results: PRAS

NREL’s Probabilistic Resource 
Adequacy Suite (PRAS)
• Developed a sequential 

simulation mode for 
tracking storage device 
state-of-charge 

• Explored a long-duration 
fuel supply disruption with 
no notice

• Evaluated the change in 
expected unserved energy 
(EUE) under different 
investments scenarios https://www.nrel.gov/docs/fy20osti/74241.pdf
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Results: SIIP::Power

NREL’s Scalable Integrated 
Infrastructure Planning (SIIP) 
Model: Production Cost Model
• Developed a methodology for 

co-optimizing the dispatch of 
generation with an outage 
duration-dependent power 
interruption cost 

• Explored a long-duration power 
disruption with no notice

• Utilized and evaluated a 
location- and duration-
dependent value of lost load 
(VoLL)

https://www.nrel.gov/docs/fy20osti/74241.pdf
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Results: ReEDS

NREL’s Regional Energy 
Deployment System Model
• Increased service 

requirements, outage 
rates for electricity 
generation assets, and 
outage rates for 
transmission assets 

• Evaluated the impacts of 
redundancy on system 
performance, makeup, 
and costs
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Conclusions

• Challenge: Doing resilience analysis “right” requires 
substantial computational resources and data that are often 
not available

• Interim solution: be creative!
• Long-term solution: develop models that can directly 

quantify the resilience of energy infrastructure
– Durability/survivability of equipment against threats
– Financial risks associated with investments
– Bulk power system recovery/restoration
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