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The grid of the past

Generation

Transmission

Distribution Load

The grid of the past was designed for one-
way, centralized power, requiring limited 
communications.
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The grid is changing
NREL’s work supports this transformation, 
through development of systems that are 
intrinsically secure and resilient by design. 
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Following the Category 4 Hurricane 
Maria in 2017, 1.5 million 
customers lost power in Puerto 
Rico, wrecking the island’s fragile, 
outdated power grid and knocking 
down 80% of its power lines.

It took 11 months to restore power, 
making it the largest blackout in 
U.S. history.

Natural hazards to the grid can be devastating
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In February 2021, Texas experienced 
extreme cold weather that led to rolling 
backouts in the Electric Reliability 
Council of Texas (ERCOT) territory.

The blackouts were caused by a 
combination of record high demand and 
reduced generation from plants being 
removed from the generation mix by 
several cold-weather related issues. 

Outage duration and frequency is variable
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Long-term Impacts

Shishmaref, AK Isle de Jean Charles, LA

https://www.rcinet.ca/eye-on-the-arctic/2016/08/19/eroding-village-of-shishmaref-votes-in-favor-of-relocating-to-mainland-a-key-step/
https://www.reuters.com/article/us-usa-climatechange-relocation/in-first-native-american-tribe-displaced-by-sea-gets-land-to-relocate-idUSKCN1P42QH
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Resilience Planning
Examples exist at the state, 
community, and federal 
levels for resilience

Use existing resilience modeling and 
planning tools and methodologies to 
help prioritize resilience solutions. 

Tools can help with site hazard 
identification in energy and water 
systems; solutions to reduce risk; and 
integrating planning for energy and 
water management and continuity of 
energy operations.

Cape Cod National Seashore Quinault Indian Nation

DOD Installation 
Support

Basalt, Colorado

Cordova, Alaska
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- Energy Efficiency 
Energy efficient buildings not only lower 
energy  bills on an annual basis, but can 
also allow occupants to shelter in place 
during a disruptive event. Architectural 
design concepts, such as passive 
survivability, can be incorporated to help 
vulnerable populations avoid life-
threatening situations. 

- Distributed Energy Resources
Microgrids, islandable onsite energy 
generation (e.g., rooftop solar, wind, fuel 
cells) paired with energy storage solutions 
can provide power to buildings or systems 
during disruptive events when the grid 
system may not be operational. 



- Fuel diversity
Multiple modes of transportation and 
fuels can enhance resilience during daily 
needs, but also during disruptive events. 
Electric vehicles, walkable cities, 
diversifying fuel etc. can help with 
transportation during disruptions by 
providing different modes of travel are 
available. 

- Resilient infrastructure 
Hardened infrastructure, porous 
pavements, reinforced bridges, etc. will 
ensure that routes are sustained during 
and after severe storms and other types 
of hazards or threats. 



- Conservation and Storage
Reducing the amount of water used 
within a building or process and also 
having onsite water storage or a 
rainwater harvesting system will help 
meet water needs during a disruption to a 
municipal water supply. 

- Gravity Fed Systems
Using gravity to distribute water is a 
resilient solution in that energy will not 
be needed to use or dispose of water 
during normal operating conditions and 
during a disruptive event. 

- Green Infrastructure
Solutions such as using natural vegetation 
and bioswales can reduce localized 
flooding associated with storms and slow 
runoff rates. 



- Cybersecurity
Ensuring a secure cyber architecture is 
built into communications and IT networks 
will reduce risks associated with attacks 
and hacking, ensuring systems are 
operational.

- Redundancy and Resourcefulness 
Analogue backup systems and controls, 
redundant nodes, and trained workforce 
can increase the resilience of 
communications networks to all sorts of 
threats and hazards.



Energy Generation: Galena, Alaska Flood Recovery 
(fema.gov)

https://www.fema.gov/sites/default/files/2020-09/galena-energy-generation_case-study.pdf
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Resilience

The ability to anticipate, prepare for, and adapt to 
changing conditions and withstand, respond to, 
and recover rapidly from disruptions through 
adaptable and holistic planning and technical 
solutions.

Resilience Roadmap (nrel.gov)

https://www.nrel.gov/resilience-planning-roadmap/


Thank you!

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the 
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