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Resilient Power Project
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• Increase public/private investment in clean, resilient power systems 
• Engage city officials to develop resilient power policies/programs
• Protect low-income and vulnerable communities
• Focus on affordable housing and critical public facilities
• Advocate for state and federal supportive policies and programs
• Technical assistance for pre-development costs to help agencies/project 

developers get deals done
• See www.resilient-power.org for reports, newsletters, webinar recordings 

http://www.resilient-power.org/


www.resilient-power.org
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40 Years of Clean Energy Research

Nearly 1,700 employees, including more 

than 300 early-career researchers and 

visiting scientists

World-class facilities, renowned 

technology experts 

Nearly 750 partnerships

Campus operates as a living laboratory

National economic impact of $872 million 

annually
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Resilience Overview

Energy Resilience

Solar PV + Resilience

The Value of Resilience

Questions & Answers
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How is resilience defined?

www.nrel.gov/resilience-planning-roadmap
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Resilience Overview

Probability of Occurrence+

Risk Assessment 
Matrix:
Impact x Probability

Potential Impacts

Resilience Options 
Evaluation:
Cost, effectiveness, feasibility

Ranking of  Threats and Vulnerabilities
High, Medium, Low

Resilience Strategies
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Resilience Overview

Goal setting is led by first understanding risks through an assessment of 
threats, vulnerabilities, and then discussing mitigation options. In order to 
establish goals a site needs to know what’s being addressed. 

“What are we 
planning to 
become 
resilient to and 
for how long?”

Graphic source: City of Boulder’s 
Resilience Strategy
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Resilience Overview

Energy efficient buildings

Green infrastructure

Alternative transit options Microgrids

Stormwater management

Affordable housing + 
Passive survivability

Smart zoning
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Energy Resilience

A key piece to energy resilience is understanding energy needs. 

1) Understand load profiles and critical loads
2) Understand generation, transmission and distribution
3) Understand common causes of energy disruptions



NREL    |    16

Energy Resilience

Mitigation measures used for grid resilience depend on the vulnerabilities and threats, 
but may include:

• Undergrounding critical lines
• Demand-Side Energy Efficiency 
• Diversifying Generation 
• Deploying Distributed Generation: Distributed PV, Microgrids, Energy Storage Solutions 
• Smart Grids 

Graphic source: DOE

https://energy.gov/sites/prod/files/2017/01/f34/Chapter IV Ensuring Electricity System Reliability, Security, and Resilience.pdf
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Solar PV + Resilience

Image Source:  Kenny Chung, http://kennychung.net/photo/scenic-urban/hurricane-sandy-blackout-nyc/05-manhattan-skyline-blackout.jpg

http://kennychung.net/photo/scenic-urban/hurricane-sandy-blackout-nyc/05-manhattan-skyline-blackout.jpg
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Solar PV + Resilience

Image Sources: 
Eliza Hotchkiss, NREL, Camden County MUA: http://www.ccmua.org/

Onsite renewable energy technologies alone do not equate to a resilient system. 

http://learning.blogs.nytimes.com/2012/10/30/teaching-hurricane-sandy-ideas-and-resources/
http://www.ccmua.org/
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Solar PV + Resilience

Source: Installed Cost Benchmarks and Deployment Barriers for Residential Solar Photovoltaics with Energy Storage: Q1 2016. 
Kristen Ardani, Eric O'Shaughnessy, Ran Fu, NREL;  Chris McClurg, RMI;  Joshua Huneycutt, U.S. DOE

https://nysolarmap.com/media/1639/dghubresiliencyretrofitfactsheet_final.pdf
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As a national lab our research is ongoing

Our experiences guide our research

Developing tools to examine cost and resilience of energy 

system architectures to inform system design

– Evaluate system performance under different scenarios

– Visualize interdependencies between systems in 3-D

– Explore cost/benefit tradeoffs of different system 

architectures
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The Value of Resilience

Perspective

What matters to you?

Metric

How you quantify resilience

Value

How do you assign value?
Example of quantifying resilience from materials
science (image credit: engineeringarchives.com)

Perspective from Gary Larson.
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Perspective

Global and interdependent energy systems

Mini electric grids

What is critical to…
• Keeping my business open
• Health care facilities
• Emergency response
• National security
• Global energy markets

What matters to you?

Utilities

Microgrids

States, cities, & communities

Homes and businesses
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Metrics for Resilience

Many metrics have been proposed, but no agreement on the best measures.

Credit to: Caitlin Murphy at NREL for summary of existing metrics (only a cross-sample shown here).
See https://gridmod.labworks.org/sites/default/files/resources/GMLC1%201_Reference_Manual_2%201_final_2017_06_01_v4_wPNNLNo_1.pdf for more.

Utility perspective examples:
• Customer-hours of outages
• Customer energy not served
• Avg (or %) customers 

experiencing an outage during a 
specific time period

• Cost of damages

Community perspective examples:
• Critical services without power after 

backup fails
• Key military facilities w/o power

Business perspective examples:
• Lost revenues, assets, and/or perishables

Image credit: 1to1media.com

Depends on your perspective

https://gridmod.labworks.org/sites/default/files/resources/GMLC1 1_Reference_Manual_2 1_final_2017_06_01_v4_wPNNLNo_1.pdf
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Value of Resilience

We made this problem tractable 
by considering
• Perspective: commercial 

building
• Metric: unmet critical load 

(kWh)
• Value: Value of Lost Load 

(VoLL) [$/kWh]

Microscopic example

How do you value what matters to you?

Macroscopic example

J. Giraldez, S. Booth, K. Anderson, and K. Massey, “Valuing Energy Security: Customer Damage Function Methodology and Case Studies at DoD Installations”. 
NREL/ TP-7A30-55913, October 2012 

Note the outage duration dependency
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Methods for Determining VoLL

• Blackout studies
• record real damage costs after 

event

• Willingness to pay for 
avoidance

• Direct costs
• from hypothetical scenarios

• Production function
• estimate costs from lost 

production 
(commercial/industrial) or lost 
time (residential, using 
household income)

• Revealed preferences
• equivocate outage costs with 

money spent on mitigation 
measures, such as backup power 
supply and interruptible supply 
contracts

Direct (survey) Indirect

Schroder and Kuckshinrichs. "Value of Lost Load: An efficient economic indicator for Power Supply Security? A Literature Review ". Frontiers in Energy Research (2015) 3
de Nooij et al. "The value of supply security; The costs of power interruptions: Economic input for damage reduction and investment in networks". Energy Economics
(2007) 29 77-295

Lawrence Berkley National Laboratory
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Solar PV & Storage for Resilience 

Source: Laws, Nicholas D., Kate Anderson, Nicholas A. DiOrio, Xiangkun Li, and Joyce McLaren. “Impacts of Valuing Resilience on Cost-Optimal 
PV and Storage Systems for Commercial Buildings.” Manuscript submitted for publication.

Business As Usual, Lifecycle costs (25 years)

The Net Present Value (NPV) is the maximum cost a site should be willing to pay for 
microgrid hardware. Any higher cost exceeds the resilience benefits, and the site should 
instead choose to incur the outage.

When resilience is valued, larger PV and storage systems are cost-effective
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Solar PV & Storage for Resilience 

Source: Laws, Nicholas D., Kate Anderson, Nicholas A. DiOrio, Xiangkun Li, and Joyce McLaren. “Impacts of Valuing Resilience on Cost-Optimal 
PV and Storage Systems for Commercial Buildings.” Manuscript submitted for publication.

Business As Usual, Lifecycle costs (25 years)

In some cases, valuing resilience can make PV and storage cost effective where it 
was not before.



Work-in-progress

Monetizing resilience

• Insurance industry 
perspective

Photo credit: Dennis Schroeder/NREL
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Questions? Contact us!

Nick.Laws@nrel.gov
Eliza.Hotchkiss@nrel.gov

Thank You



Find us online: 
www.resilient-power.org

www.cleanegroup.org
www.facebook.com/clean.energy.group

@cleanenergygrp  on Twitter 
@Resilient_Power on Twitter 

Seth Mullendore
Project Director and Vice President 

Clean Energy Group 
seth@cleanegroup.org

Thank you for attending our webinar 

http://www.resilient-power.org/
http://www.cleanegroup.org/
http://www.facebook.com/clean.energy.group
mailto:rsanders@cleanegroup.org


Upcoming Webinar 

New Financing Options for Solar+Storage in 
Low-Income Communities

Thursday, March 29, 1-2pm ET

Read more and register at 
www.cleanegroup.org/webinars

http://www.cleanegroup.org/webinars

