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Welcome

Please use the chat to communicate any questions or comments to all 
attendees.

Please use the Q&A to ask any questions to the panelists only.

Your microphone is on mute.

This webinar is being recorded and will be posted on the Colorado 
Resiliency Office’s website: coresiliency.com/webinars

https://www.coresiliency.com/webinars


Microgrids and Resiliency
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Opening Remark

Microgrids are not new, but the 
concept is enduring while the 
opportunity is growing.
• Can provide resilience, security, safety

• Can help access to energy and possibly costs

• Gateway for clean energy and efficiency

• Positive economics or cost/benefit

• Create foundation for innovation
Source:  Internet Systems Consortium

If we are building the 
internet for energy, 
microgrids are akin to data 
servers 
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Single Microgrid

• Control of local assets
• Operates with or without grid
• Incorporates renewable energy 

and storage
• Provides interface with utility 

operator for offering grid 
services valuation of services

• Tailor to local needs, funding 
and benefits

Source:  Power Magazine
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Multi-Microgrid

✔ Shared operational parameters among 2+ 
microgrids

✔ Multiple microgrid responses are coordinated
✔ MEMS, communications and standardization are 

key; much of this is in development
✔ IEEE 2030.7 addresses microgrid standardization, 

needs to continue to evolve

Multi-Microgrid Sub-types:
• Extended
• Nested
• Clustered
• Networked
(zone controlled)
(mini-grid / remote)
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System Restoration with Networked Microgrids
• Individual microgrids have proven their ability to 

increase reliability and resilience, but at a high cost

• Networked microgrids can further increase reliability 
and resilience and mitigate the high costs by sharing 
technology investment

• Networked microgrids provide the following: 
• Resilience (to extreme events)
• Reliability and security (normal/single failures, e.g., N-1)
• Economics (combined investment and operations)
• Efficiency (operating at efficiency points)

•Networked microgrids can exist in many variations
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Microgrid Technology Development

• Fast load shed

• Seamless transition

• Black start

• Synthetic inertia

• Cell – based, networked or building block 
architecture approaches

• Autonomous devices, distributed intelligence 
coordination

• Communications and cyber security (5G…)

• Interface and operating requirements 
standardization (IEEE 2030.7)



NREL    |    12

Modern/Advanced
Case Study Examples

• Borrego Springs – San Diego Gas & Electric

• Pacific Missile Range Facility – Navy

• Buffalo Niagara Medical Center – Electric Power Research Institute

• Joint Base Cape Cod – Air National Guard

• Miramar – Marines

• Bronzeville, IL – Commonwealth Edison, IIT
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High-Penetration Microgrid: 
SDG&E Borrego Springs

• High concentration of customer-owned 
solar generation

• Potential for reliability enhancements
• Transmission line thermal limit below 

maximum net export
• Opportunity to balance supply and 

demand to be more self-sufficient. 

Photo by 
SDG&E
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Diesel 
generators

Control 
room

500-kW, 1500-kWh
battery

1000-kW, 3000-kWh
battery

250-kW, 15-min
ultracapacitor

• ~14-MW native load
• 26-MW photovoltaics (PV)
• 4.5-MW rooftop PV
• 6.5-MW concentrating PV 

(CPV)
• 1.5-MW/3-h battery energy 

storage system (BESS)
• 250-kW ultracapacitor
• 3.6-MW diesel gensets.

Borrego Springs Microgrid Assets

Photo by 
SDG&E
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Microgrid Research and 
Development at NREL’s 
Energy Systems Integration 
Facility 

•The Energy Systems Integration Facility (ESIF) is a 
national user facility located in Golden, Colorado, on the 
campus of the National Renewable Energy Laboratory 
(NREL) (http://www.nrel.gov/esif). 

•  Megawatt-scale controller- and 
power-hardware-in-the-loop (CHIL/PHIL) capability 

•Allows testing of energy technologies at full power in 
real-time grid simulations to safely evaluate 
performance.

•Major growth at NREL is happening in integrated 
energy system research under ARIES; expansion to the 
Flatirons campus.

Photos by NREL

https://www.nrel.gov/news/features/2020/an-unexpected-debut-aries-microgrid-infrastructure-powers-nrel-campus-through-outage.html

http://www.nrel.gov/esif
https://www.nrel.gov/news/features/2020/an-unexpected-debut-aries-microgrid-infrastructure-powers-nrel-campus-through-outage.html
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Summary

• Microgrid deployments continue to increase driven by resilience and clean 
energy, and requirements.

• Increased penetration of inverter-based resources results in challenging 
low-inertia environments.

• Multi-microgrids (networked) hold promise but will require new tools.

• Regulatory, policy, and technical advances need to support the overall 
environment for market incentivized microgrid growth.

• Time to build the energy internet 😃



  www.nrel.gov

Thank You

gregory.martin@nrel.gov

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for 
Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08GO28308. 
Funding provided by Department of Energy, Office of Energy Efficiency and Renewable Energy, Solar Energy 
Technologies Office and Office of Electricity, Microgrids Program. The views expressed in the article do not 
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the 
publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a 
nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, or 
allow others to do so, for U.S. Government purposes.



Integrated Clean Energy System at 
the Aspen Airport Business Center
A Micro-Grid and Heating District System for Public Facilities

Zachary Hendrix, 
Climate Action Manager



A DOLA Funded Feasibility Study

• Assess conservation measures and the electrification of public facilities

• Investigate and plan the implementation of a Micro-Grid and Heating District linking 
the facilities

• Create an administrative framework for operation of the system and analyze the cost 
of implementation and maintenance 



The Lake Christine Fire



Climate Action

https://www.holycross.com/powerplus/







Comprehensive Assessment of Conservation and 
Electrification Measures
• Renewable installation potential
• Electrification of all natural gas appliances
• Tightening of thermal envelopes
• Replacement of existing equipment with new high 

efficiency equipment
• Air heat pumps
• EV charging points
• Time of day operations



Heating District



Image from Anesco

Micro-Grid & Administrative Framework
• Who has rights to a produced electron?
• How do we ensure continuity of operations in the 

event of an outage?
• Where can battery storage be located? (Red 

Circles)
• What new utility infrastructure is needed?
• How is the maintenance of the system managed 

and the costs distributed?
• What is the process for distributing electricity 

outside of the micro-grid?



Unforeseen Difficulties
• Bureaucratic
• Ownership
• FAA
• Underpass Snowmelt
• COVID



Building Resilient Infrastructure and Communities (BRIC) 
grant program

Generally, the cost share for this program is 75 percent 
federal/25 percent non-federal.

Microgrids
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Building Resilient Infrastructure and Communities (BRIC) 
grant program

FY2020 BRIC: 
DHSEM received 3 Microgrid Notice of Intent (NOI)
C&C of Denver, Pitkin County and Energy Field Services
Total funding: $35,600,000.00

Difficulties:
FEMA approved Benefit-Cost Analysis (BCA) of 1.0 or above

Microgrids
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Upcoming Webinars

Embedding Climate Equity in Your 

Community

June 02, 2021

12 P.M. - 1 P.M.

Sign up at: www.coresiliency.com/webinars

http://www.coresiliency.com/webinars


THANK YOU!


