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 Climate change is the new normal

 The electric grid at the forefront for critical sectors and services

 Climate/resilience solutions: mitigation and adaptation

 Interplay between resilience and reliability

 A comprehensive climate/resilience plan

 Quantifying resilience metrics

 Vulnerability assessment and Investment prioritization

 Conclusions

 Q&A

Outline
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Climate Change is The New Normal
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Domino Effect: The Power Sector is in the Center of All Critical Infrastructure

Source: Buzzfeed https://www.buzzfeednews.com/article/peteraldhous/texas-winter-storm-power-outage-death-toll

https://www.buzzfeednews.com/article/peteraldhous/texas-winter-storm-power-outage-death-toll
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Building resilience for the impacts that can not be 
avoided requires hardening infrastructure we are 
increasingly dependent on, with a focus on equity 
and broader societal resilience

Reducing the pace of climate change prioritizes 
increased electrification of our infrastructure, while 
simultaneously decarbonizing the grid

Climate Change Solutions: Mitigation and Adaptation

Mitigation Adaptation
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Interplay Between Reliability and Resilience

• Reliability is commonly acknowledged as a system performance measure  statistical past performance
• Resilience is a system characteristic/capability encompassing all hazards and events, including high-impact low-probability 

events that are excluded from reliability calculations  forward looking projection
• While reliability metrics (SAIDI, SAIFI, etc.) 

can still be used to gauge larger scale impacts, 
they do not provide the complete picture of 
process of recovery

• Reliability and Resilience often improve 
each other (e.g., system hardening), 
however, there could be opposing tradeoffs
• Reclosers
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Quantifying Resilience Metrics

 No universal “One-size fits all” resilience metrics

• Appropriate metrics are case-specific 
dependent on status of the grid, and regional 
and operational differences

 Resilience metrics should
• Facilitate continuous improvement and 

benchmarking

• Be evaluated with high locational granularity

• Span all environments (health and social, 
community in addition to grid and services)

• Span all event lifecycle stages

• Incorporate uncertainty (probabilistic approach)

• Avoid double counting and allow proper separation 
of solutions’ benefits

Stages of disturbance
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 Although traditional probabilistic methods estimate the 
consequence of low-to-moderate outages well, they can 
underestimate the actual consequence of extreme events, 
due to their lower probabilities

 High impact low probability (HILP) events at the “tail” of 
probability distributions

 Conditional value at risk (CVaR) approach: Calculate expected 
consequence assuming an extreme event will occur

Conditional Value at Risk

Small-to-moderate outages Larger outages
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Case Study: Using Risk-Based Values

 Objective – We must choose between hardening two lines (let's say line 36 and line 24) in the system. We 
consider both Average (Expected) Value of Load at risk (VAR) and Conditional Value of Load at risk (CVAR).

 We now compare both projects performance in terms of VAR and CVAR , (difference relative to the baseline)
• Project 36 shows the best improvement in Value at Risk (VAR)  no contribution under extreme events

• Project 24 shows the best improvement in Conditional Value at Risk (CVAR)  contribution under extreme events

 Taking into consideration the strategy of preparedness for extreme events, Project 24 is preferred. 

Line 36 shows the best improvement in Value at Risk (VAR) 
Line 24 shows the best improvement in Conditional Value at Risk (CVAR)



Confidential & Proprietary  |  Copyright  © 2021 Slide  11

 Vulnerability assessment is identifying pain points of the system 

 Metrics  sensitive and critical grid assets
• Resilience metric areas with microgrid needs

• Social metric critical customers without power
– Community metric

 Must be highly granular

Vulnerability Assessment

Storm severity

Metric

Critical Assets

Asset information (pole age and class)
Soil type
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Optimization Based Investment Prioritization

 Locational and temporal granularity

 Mitigation and adaptation solution portfolio

 Risk averse logic: based on Conditional Value at Risk (CVaR) 

 Timescales
• Solve for both mitigation & adaptation

 Need to incorporate climate/resilience planning as part of coordinated planning functions that map 
objectives into investment decisions

Objective

Minimize total cost of 
solution portfolio + 
Conditional value at 

risk (CVaR)

Subject to
Budgetary constraints

Metrics target

Metrics balance (total metric value 
is the sum of individual 

contributions)

T&D network constraints

Output

Optimal mitigation 
and adaptation 

solution portfolio

Multi-objective integer optimization 
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Conclusion

Necessary

• Climate change is 
the new norm

• Extreme events are 
inevitable

• Need strategic 
investments for 
critical 
infrastructure

Complex

• The study of 
resilience requires 
a multi-
disciplinary 
approach that 
includes specialties 
from weather 
forecasting, 
forestry, geospatial 
mapping, 
geotechnical, 
structural, 
electrical, 
communications, 
cyber, forensics, 
data analytics, etc

Quantitative

• No “one-size-fits-
all” metrics

• How to access 
performance 
during the lifecycle 
of an extreme 
event?

• Resilience metrics 
should facilitate 
continuous 
improvement and 
benchmarking
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