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Value of Resilience

• How can resilience be quantified? 

• How is resilience valued? 

• How is resilience monetized or incentivized?

• How is the value of resilience integrated into investment 
and/or operational decisions?



Quantifying Resilience Through Metrics

• Many resilience metrics have been developed, 
primarily from the perspective of the electric utility

• Most proposed metrics are immature, and none are 
widely agreed upon

• There is a need for metrics that go beyond 
reliability metrics

• There is no one definition or metric that can be 
applied broadly; depends on goals, context of the 
event, threats, scale, and perspective

• For quantitative analysis, it is preferable to use 
performance-based metrics that consider:

– Likelihood and consequence of a given event

– Temporal evolution of an event

DOE Working Group (2016)
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https://gridmod.labworks.org/sites/default/files/resources/GMLC1%201_Refere
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https://gridmod.labworks.org/sites/default/files/resources/GMLC1%201_Reference_Manual_2%201_final_2017_06_01_v4_wPNNLNo_1.pdf
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Quantifying Resilience: Days of Survivability

Generator Solar PV Storage Lifecycle Cost Outage

1. Base case 2.5 MW - - $20 million 5 days

2. Lowest cost solution 2.5 MW 625 kW 175 kWh $19.5 million 6 days

3. Proposed system 2.5 MW 2 MW 500 kWh $20 million 9 days
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K. Anderson et al., “Increasing Resiliency Through Renewable Energy Microgrids”. SCTE Journal of Energy Management Vol.2 (2) August 2017 pp.22-38.  https://www.nrel.gov/docs/fy17osti/69034.pdf

https://www.nrel.gov/docs/fy17osti/69034.pdf
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Quantifying Resilience: Community Resilience

https://www.energy.gov/under-secretary-science-and-energy/articles/strengthening-community-resilience-new-orleans



How is Resilience Valued?

• Multiple resources provide data on the costs associated 
with potential resilience improvements

• Information on the value of resilience is limited

– Metrics should be able to inform costs and benefits

– We need to know more about what individuals and 
society are willing and able to pay to avoid the 
consequences of disruptive events

https://www.energy.gov/sites/prod/files/2016/10/f33/Climate%20Change%20and%20the%20Electricity%20Sector%20Guide%20for%20Climate
%20Change%20Resilience%20Planning%20September%202016_0.pdf

https://www.energy.gov/sites/prod/files/2016/10/f33/Climate%20Change%20and%20the%20Electricity%20Sector%20Guide%20for%20Climate%20Change%20Resilience%20Planning%20September%202016_0.pdf
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1) Cost of an outage
a. Individual Site Characterization (Customer Damage Function)
b. National Outage Survey (Interruption Cost Estimator) 
c. Insurance Valuation

2) Cost of other forms of emergency power

Methods for Valuing Resilience

Schroder (2015). doi: 10.3389/fenrg.2015.00055 https://icecalculator.com/home
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How Could Energy Decisions Change When 

Accounting for a Value of Resilience?

Implementing a value of 
resilience into a least-cost 
optimization can influence 
the “optimal” PV+storage
system at a given site: 

• Increases PV capacity

• Increase in battery size 
and duration

• Increases the overall NPV
Laws, N. D., K. Anderson, N. DiOrio, X. Li, and J. McLaren (2018). “Impacts of valuing resilience on cost-optimal PV and storage systems for commercial buildings.” Renewable Energy, 
Volume 127, November 2018, pages 896-909. https://doi.org/10.1007/s12667-018-0314-8



1) Grid services
2) Monthly resiliency 

payment from site host 
3) Reduction in insurance 

premiums 
4) Incentives 

Methods for Monetizing 
System Resilience

Value streams for RE+storage

Source: https://www.nrel.gov/docs/fy17osti/70035.pdf

For every $1 
invested, $4 
saved in 
avoided cost

Driven by Utility 
Rate Structure

Utility/Regional 
Programs

Not Applicable 
for BTM storage

Value Varies

https://www.nrel.gov/docs/fy17osti/70035.pdf
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Summary and Conclusions

• Information is readily available for the costs associated with various resilience 
investments

• Quantifying the value of resilience is a much more challenging task due to:

• A lack of universally accepted metrics

• The context-specific nature of benefits

• The necessary data and detailed quantitative analysis needed to accurately 
determine the benefits associated with a given investment

• There are limited options for monetizing resilience

• Understanding how to value and monetize resilience is critical for implementation



www.nrel.gov

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency
and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.

Thank you!

Kate Anderson, kate.Anderson@nrel.gov


