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Murali Baggu manages NREL programs sponsored by the Department of 
Energy Office of Electricity and Grid Modernization Initiative. 

Baggu has extensive experience in advanced grid control and evaluation for 
future power systems with high levels of distributed energy resources. 
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The DOE Office of Electricity (OE) microgrid strategy 
envisions microgrids as the building blocks of the bulk 
power system.

Microgrid R&D is intertwined with clean energy 
technologies, which enable local generation and 
storage. 

Microgrid R&D At a Glance
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Office of Electricity Microgrid Program Priorities

• Promote microgrids as a core solution 
for increasing the resilience and 
reliability of the electricity delivery 
system.

• Ensure that microgrids serve as 
drivers of decarbonization for the 
U.S. electricity delivery system.

• Decrease microgrid capital costs 
while reducing project development, 
construction, and commissioning 
times.
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• Device validation
• Superlab experiments
• Digital twins
• System 

• Cost and design optimization 
software

• Stakeholder engagement
• Decision support tools

• Scenario forecasting
• System comparison
• Deployment 

How DOE 
Labs Help

Lab demonstrations

Modeling and simulation

Technical assistance and system planning
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Energy Improvements in Rural Areas:     
Office of Clean Energy Demonstrations

Communities LEAP (Local Energy Action Plan)

Clean Energy to Communities (C2C) 

Community Microgrid Assistance 
Partnership: Office of Electricity

Energy Transitions Initiative 
Partnership Program (ETIPP)

Renewables Advancing Community 
Energy Resilience (RACER):         
Solar Energy Technologies Office

Major DOE Programs:



1

2

3

4

5

6

7

NREL    |    7

OE Microgrid Program White Papers

Overall Program Vision and Objectives

Transmission & Distribution Co-Simulation of Microgrid Impacts and Benefits

Building Blocks for Microgrids

Microgrids as a Building Block for Future Grids

Advanced Microgrid Control and Protection

Integrated Models and Tools for Planning and Designs with Operations

Enabling Regulatory and Business Models for Broad Microgrid Deployment
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Microgrids for Critical Infrastructure

Microgrids sited strategically can assure 
continuity of services during a power outage 
at critical infrastructure such as ports, 
evacuation routes, water treatment plants, 
defense facilities, medical centers, and 
telecommunication nodes.

Basal Vista, NREL 63870

Multiple adjacent microgrids connected 
through communications or controls 
can share power across boundaries 
during normal operating conditions and 
then isolate into islanded mode in a 
gray-sky or black-sky event.
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Microgrids for Energy-Burdened Communities

The declining price for renewable 
energy generation and increasing cost 
for fossil fuels is leading more 
communities to explore diversifying 
their energy resources.

Climate and Economic Justice Screening Tool, 
https://screeningtool.geoplatform.gov/en/#4.66/38.82/-101.57

Programs like OCED’s Energy for Rural Areas 
elevate solutions that will improve the 
resilience, reliability, and affordability of power 
in remote communities facing high stakes and 
ensure all Americans benefit from the clean 
energy transition.
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Microgrids for Remote Communities

The movement toward siting advanced 
microgrids in remote and islanded 
communities is being led by municipalities, 
Tribes, community organizations, electric 
cooperatives, and other local decision-
makers. 

Alaska, NREL 74141

DOE facilitates knowledge sharing on 
workforce development, access to 
funding streams, renewable energy 
potential, and other common 
concerns. 
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Technical Advances 
to Know

iStock 1181551812

Networked Microgrids: Self-healing and intelligent 
microgrids at connect or disconnect from the main 
grid to optimize performance and resilience.

Microgrid Building Blocks:  A modular, 
standardized technology that will reduce the cost 
of deploying and maintaining microgrids. They will 
serve as the organizing unit for systems with high 
levels of distributed resources.

Autonomous Operations: Harnessing automation 
for secure and reliable operation of highly 
electrified, heterogeneous energy systems.

Advanced Controls: Algorithms for real-time 
operations that balance load and generation every 
second and constantly monitor the state of the 
system, relieving central operators from 
overwhelming quantities of data and 
communications.



Community Collaborations
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By leveraging knowledge gained through the Communities 
LEAP technical assistance process, the Iowa Tribe of Kansas 
and Nebraska was able to successfully apply for a Tribal 
Electrification Program grant. 

The $9.2 million grant will be used to construct two 
microgrids, improving energy independence, resilience, and 
sustainability.

Communities LEAP: 
Iowa Tribe of 
Kansas and 
Nebraska 

Technical assistance lays 
groundwork for energy 
sovereignty and 
sustainability through 
microgrid development.

EERE
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Feasibility analysis shows solar photovoltaics and battery 
storage microgrids could provide 2-3 days of backup 
power to critical facilities such as grocery stores, 
hospitals, and fire stations in hurricane-prone zone.

The analysis evaluated system sizing, engineering 
considerations, cost-effectiveness, and emissions 
reductions.

ETIPP: Nags Head, 
North Carolina

Supporting energy 
resilience in coastal and 
island communities by 
providing technical 
assistance for microgrid-
powered resilience hubs.

EERE

Image from NOAA Climate.gov
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This island microgrid will feature 100% clean energy using 
distributed energy resources and inverter-based 
technologies. The project will validate performance 
standards for inverters and serve as a national model for 
utility best practices for inverter operations under 
challenging conditions.

C2C: Molokai, 
Hawaii

In-Depth Energyshed 
Partnership supports 
community goal of 100% 
clean electricity.

EERE



NREL    |    16NREL    |    16

Through C-MAP, communities access funding and technical 
support to develop or improve microgrid systems, 
contributing to energy independence and resilience.

Now accepting proposals.

Funding can be used for analysis and assessments, design, 
optimization and repairs, workforce development, and other 
gaps identified by communities. 

Community 
Microgrid 
Assistance 
Partnership 
(C-MAP)

A new forum brings 
together organizations 
working to implement 
microgrids that serve rural 
and electrically isolated 
communities and Tribes.

OE



Microgrid Research & 
Development 
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The project with San Diego Gas & Electric showcases how 
renewables and storage can autonomously restart and 
operate a microgrid during outages, reducing the need for 
fossil fuel generators.

Success was further ensured through NREL’s hardware-in-the-
loop platform, which simulates real-world conditions to 
mitigate risk before implementation.

Borrego Springs 
Microgrid

SDG&E microgrid 
demonstrated that 
intermittent solar 
generation paired with 
battery storage can power 
a community of 2,800 in 
extreme conditions.

SETO
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RADIANCE is an important field validation for the results made 
possible by integrating microgrid technologies. 

• Demonstrated that microgrid operation is at least as important 
as integration.

• Deployed a surgical load management strategy to prioritize 
emergency services during a resilience event. 

•  Lowered implementation risk by experimenting in the lab on a 
digital twin constructed with field data and hardware.

Resilient Alaskan 
Distribution system 
Improvements using 
Automation, Network 
analysis, Control, and 
Energy storage 
(RADIANCE)

Photo credit: Tara Brannon Photography

State-of-the art data and 
control systems deployed 
in an electrically-islanded 
coastal town of 2,700 in 
Cordova, Alaska. 

GMLC
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Dynamic microgrids answer major questions for widespread 
electrification, increased distributed and decentralized 
decision making, and improved equity and energy justice.

Wildfire use case: DynaGrid identified power lines to shut off while 
maintaining power to the maximum numbers of customers, with 
special consideration for vulnerable social groups. 

DynaGrid

The algorithms in 
DynaGrid reconfigure 
renewable-based 
microgrids into optimally 
resilient and reliable 
networks. 

OE
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OE aims to address common questions, such as:

• Stability and control 

• Operability between multiple vendor products 

• Integration of diverse clean energy resources

• Modular microgrid configurations that enhance 
operational flexibility and resilience

• Leveraging artificial intelligence (AI)

• Standardizing key software components

Microgrid Solutions 
in Underserved and 
Indigenous 
Communities

A set of eight RDD&D 
projects target barriers to 
microgrid deployment in 
underserved and remote 
areas.

OE
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Solar-HERO is testing solar, storage, and sensing 
technologies to maximize grid visibility and flexibility 
for rural utilities prone to wildfires, blizzards, and 
extreme cold.

• Utility partners: United Power in Colorado and Connexus 
Energy in Minnesota

• Technology providers: Electrical Grid Monitoring, 
Survalent, Copper Labs, Camus Energy, and DataCapable

Solar-HERO

Mitigating the impact of 
outages in rural 
communities prone to 
extreme weather events 
through renewable 
energy and advanced 
grid tools.

SETO
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Microgrid planning is a detailed and complex problem. 

MG-RAVENS combines microgrid planning capabilities across 
five domains: Design, operations, dispatch, protection, and 
finance. The tool will be validated in black start scenarios in 
the lab and in the field.

MG-RAVENS: 
Microgrid Research 
Application Verbal 
Normalization 
Scheme

An open-source model 
integrates all steps of clean 
energy microgrid planning in 
one simplified, no-cost tool.

OE
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Research Needs and Next Steps

Information Demand: Increasing need for microgrid information and technical support 
across DOE programs, with a focus on microgrid controllers for managing system 
components and grid-forming controls for black-start and recovery.

Advancements in Microgrid Controls: National Labs have made progress on self-healing 
microgrids, but opportunities remain to enhance autonomous controls and maximize 
resilience from networked microgrids.

Mobile Microgrids: Potential for temporary distribution resilience in emergencies, but 
further modeling is needed to explore use cases.

iStock-1152602873
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Research Needs and Next Steps, cont.

Barriers to Deployment:
• Coordination challenges due to jurisdictional differences and traditional ownership 

models.
• Regulatory issues—microgrids treated like utilities.
• Need for standardization of components to improve deployment time and financing.

Support for Decision-Makers:
• Resources like a state handbook and a microgrid rollout roadmap. 
• Accessible analysis and planning tools.

Focus on Underserved & Indigenous Communities:
• Remote and disadvantaged areas face additional barriers.
• Technical assistance that focuses on outreach, capacity building, and full life cycle 

support for microgrid development in disadvantaged communities
• Replicable solutions.
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Photo from iStock-627281636

Thank you

This work was authored 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 U.S. 
Department of Energy Office of Electricity. 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.

NREL/PR-5C00-84428


	Slide 1
	Slide 2
	Slide 3: Microgrid R&D At a Glance
	Slide 4: Office of Electricity Microgrid Program Priorities
	Slide 5
	Slide 6
	Slide 7: OE Microgrid Program White Papers
	Slide 8: Microgrids for Critical Infrastructure
	Slide 9: Microgrids for Energy-Burdened Communities
	Slide 10: Microgrids for Remote Communities
	Slide 11
	Slide 12: Community Collaborations
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Microgrid Research & Development 
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24: Research Needs and Next Steps
	Slide 25: Research Needs and Next Steps, cont.
	Slide 26: Thank you

