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Disclaimer
This work was prepared as an account of work sponsored by an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors or their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or any third party’s use or the results of such use of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, 
or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof, its 
contractors or subcontractors.
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Foreword
The U.S. Department of Energy’s (DOE’s) Office of Energy Efficiency and Renewable Energy (EERE) invests 
in a diverse portfolio of technologies to ensure domestic energy security, continued economic competitiveness, 
environmental sustainability, and the availability of cleaner fuels and power. This report summarizes the input 
received from attendees of the public workshop sponsored by DOE-EERE on July 13–14, 2021 as well as a public 
request for information, which was open from July 8–August 10, 2021.

https://www.energy.gov/eere/geothermal/events/workshop-watershed-energyshed-determining-implications-place-based
https://www.energy.gov/eere/articles/department-energy-seeks-public-input-regarding-energysheds
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1	 John C. Evarts, 2016. Energyshed Framework: Defining and Designing the Fundamental Land Unit of Renewable Energy, p. 18. https://dalspace.library.dal.ca/bitstream/
handle/10222/71377/Evarts-John-MES-SRES-April-2016.pdf

In FY 2021, Congress provided funds to the Office of Energy Efficiency and Renewable Energy (EERE) at the U.S. 
Department of Energy to support the development and demonstration of an energyshed management system. In the 
report Energyshed Framework: Defining and Designing the Fundamental Land Unit of Renewable Energy, John C. 
Evarts defines an energyshed as “that area in which all power consumed within it is supplied within it.”1  

Given that the term “energyshed” is relatively new to DOE, the EERE hosted the workshop From Watershed 
to Energyshed: Determining the Implications of Place-Based Generation on July 13–14, 2021, and opened the 
Energysheds: Exploring Place-Based Generation Request for Information (RFI) from July 8–August 10. The intent 
of this report is to create a shared interpretation of the “energyshed” concept and its application to the electric 
grid, based upon stakeholder input received during the workshop and RFI. The opinions and ideas reflected in this 
document were expressed by individual participants and will help to inform DOE’s path toward the development 
and demonstration of an energyshed management system.

Contributors anticipated that energysheds with locally generated renewable energy sources could offer 
opportunities for energy independence, security, equity, and resilience. They provided their input in defining the 
energyshed concept, especially as it relates to determining geographic boundaries and stakeholder coordination. 
Participants also suggested data, tools, and analysis that would be valuable for determining the optimal proportion 
of locally generated energy as well as designing functional, equitable, and resilient energyshed management 
systems. The planning and operations input covered several technical, economic, and regulatory considerations. 
With respect to resilience and energy justice, contributors noted the importance of energyshed management system 
information sharing and the ability for end users to be involved with planning and operations decision-making. A 
summary of contributor input on each of the topic areas is below. 

Concept and Definition
DOE-EERE proposed the “energyshed” definition established by Evart’s report for participant consideration 
and input within the Concept and Definition topic area. While there was considerable discussion concerning 
this definition, participants generally agreed that the concept is an important one for DOE to pursue, especially 
with respect to resilience, equity, and integrating renewables into the electric grid. As one workshop attendee 
commented:

“Energyshed is a way of thinking about where energy comes from, which is particularly important 
when we think about how energy consumption impacts communities over time and across geographic 
borders. As an integrative planning concept, energyshed planning could be used much like watershed 
planning—to promote ideas of belonging, inclusion, responsibility, and shared benefits and costs of 
our energy systems.” 

In addition to the watershed planning analogy that DOE used to frame the call for stakeholder input, stakeholders 
also made analogies to other “sheds” that are not bound by strict geographical boundaries, such as foodsheds, 
fuelsheds, and viewsheds. Participants noted that while an energyshed may not have absolute boundaries, it can be 
self-contained.

Stakeholders also offered DOE-EERE input about the functional boundaries of an energyshed, suggesting that 
a single community could be part of multiple energysheds. For example, during normal grid operations, the 
energyshed can be broad, utilizing wind and solar from other areas, but when the regional grid is constrained or 

https://dalspace.library.dal.ca/bitstream/handle/10222/71377/Evarts-John-MES-SRES-April-2016.pdf
https://dalspace.library.dal.ca/bitstream/handle/10222/71377/Evarts-John-MES-SRES-April-2016.pdf
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unavailable, the energyshed could be restricted to a community or even a single home. The flexibility of boundary 
variability could contribute to resiliency within a community and provide support when needed to neighboring 
communities. Similarly, participants noted that neighboring, overlapping, or nested energysheds would need to 
coordinate closely and that each community would need to have a “hierarchy” guiding its participation in multiple 
energysheds, especially given the “causal geography” where decisions made upstream may impact downstream 
communities, but not always vice-versa. 

With respect to defining an energyshed management system, participants suggested that this will likely be a set of 
technologies, policies, and market mechanisms that allow for people to make informed choices about where their 
energy comes from and provide them with options for saving money, reducing carbon, and maintaining resilience. 
Stakeholders made the point that energyshed management solutions will be driven by how “energyshed” is defined, 
which validated DOE-EERE’s decision to focus attention to the concept and definition topic. 

DOE-EERE also asked participants for input for identifying energyshed stakeholder groups. This was a challenging 
workshop discussion because, as one participant noted, “the short answer is everyone is a stakeholder.” In the 
broadest sense, energyshed stakeholder groups include electricity suppliers, grid operators, users, and regulators. 
As one participant stated, stakeholders would include “the people who work to make the energyshed management 
system function, profit from the operation, and consume the energy.”

Several stakeholders emphasized the importance of DOE-EERE considering rural communities as energyshed 
stakeholders, especially with respect to the energy burden related to lower average income levels, as well as the 
environmental and public health impacts of living in close proximity to electricity generation. One participant 
commented that energyshed “stakeholders are the people in the regions that produce renewable power (primarily 
rural) and the people in the regions that use most of the power (primarily industry or cities).” 

DOE-EERE received significant input encouraging the use of energyshed management to address energy justice 
(EJ) issues. Participants noted the need for enhanced data collection, visualization, and information sharing to 
support the ability of all stakeholders to be involved with decision-making, including end users and those impacted 
by infrastructure and facility siting. Some contributors suggested that stakeholder input should specifically be 
incorporated into energyshed planning processes. Other participants specified that a combination of “top-down” 
system planning and “bottom-up” decision making will likely produce the most equitable and resilient energyshed 
systems. An academic contributor expressed this idea by saying, “As distributed renewable energy grows more 
prevalent, the future will not be described by either the current centralized power system or the energyshed based 
power system, but rather a hybrid between the two.” 

Tools, Data, and Analysis 
In this topic area, DOE-EERE asked stakeholders to provide their input about what tools, data, and/or analyses may 
be required to determine the proportion of electricity that is derived within the energyshed. Stakeholders suggested 
that demand forecasting, analysis of historical data, and operational/financial data would be needed to determine 
the location of generation and the proportion of electricity that is derived within an energyshed. Contributors noted 
that, in addition to providing insight about where electricity is derived, energyshed tools, data, and analysis will be 
needed to allocate costs, design equitable rates, align the proportion of customer load served by generation within 
an energyshed, and optimize other factors related to the integration of multiple energyshed systems. 

Data
DOE-EERE received input expressing the importance of collecting data about existing local resources and resource 
potential as a starting point for energyshed system planning. That data could inform risk analysis, given that power 
from locally generated, variable resources loses the benefits of geographical diversity. Resource footprint data 
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would also be important to consider environmental impacts of energyshed development. Contributors suggested 
gathering and sharing data that measures the environmental and community impact of electric power systems.

Other participants noted the potential value of energy generation and use data. Tracking the location, operational 
status, and generation capacity of energy serving a particular load area has great value for a variety of stakeholders 
on the path toward local energy resiliency. One stakeholder noted that collecting and monitoring data related to 
generation equipment performance could be used to develop understanding about relative efficiency and reliability, 
which can help to drive sound financial investments. At the point of energy end-use, smart metering systems, 
which are expected to be widespread on buildings in the near future, will be able to provide granular load data for 
monitoring and analysis.

Tools
Stakeholders suggested that in the future, it will important that tools follow common practices and incorporate all 
the sectors and operational functions of an energyshed. Contributors relayed to DOE-EERE that tools should be 
developed to provide analysis that will not only satisfy a technological and multi-scale planning approach, but also 
consider the human factor. They suggested that tools should be made available to support stakeholders’ diverse 
needs. During workshop discussions, participants expressed enthusiasm for an Energyshed “app” where users 
could input their zip code and visualize their electricity mix information in real time. 

Analysis
At a high level, contributors suggested that analyses will need to include several levels of energyshed management 
systems including: 1) management of an energyshed with a single type of intermittent renewable energy source, 
2) management of overlapping energysheds with different types of renewable energy and different intermittency 
time scales, and 3) management of a hybrid centralized/distributed system. In terms of allocation of resources, 
participants suggested that both actual and forecasted settlement mechanisms can apply to the operation of 
energysheds. Similarly, analysis may also be useful in optimizing the value of resources within an energyshed, as 
capacity and ancillary services values can be incorporated into planning for near-term energy use. 

Planning and Operations 
Stakeholders also provided DOE-EERE with their input related to planning procedures and operations systems. 
One individual suggested that, as a planning framework, energyshed scenario analysis can zoom in and out 
to evaluate trade-offs, opportunities, and operations challenges related to transitioning to renewable energy 
generation. Contributors suggested that this type of planning could offer benefits to ratepayers, distributed energy 
resource (DER) developers, and the power system as a whole. One RFI respondent encouraged DOE-EERE to see 
energyshed planning and operations as a way to accelerate “the efficient adoption of DERs while still maintaining 
a link to the wholesale power system.” An academic contributor suggested that a “metropolitan energy planning 
organization” could serve to manage and coordinate an energy system that generates substantially more local 
electricity while maintaining a required connection to the regional and national grid.

Stakeholder input also noted the barriers that can be anticipated with energyshed planning and operations, 
commenting on technical and economic challenges. Examples of technical barriers include protection coordination, 
accounting for backfeed in the case of residential and commercial rooftop photovoltaics (PV), voltage coordination 
and control (power quality), scheduling and dispatch of participating generation, and coordinating interchange. 
Examples of economic barriers include levelized cost of energy (LCOE) given the cost of small-scale generation 
while aiming to maintain a high level of reliability and power quality, as well as incentives for end users to add 
generation/offset load through energy efficiency and demand response. Additional investments will be needed in 
the form of network augmentation through expanded sensor utilization and network control elements. 
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Many comments addressed distribution system changes, from overall planning at the distribution level to 
increasing storage and changes in utility support. Contributors suggested that integrated optimization of various 
sectors should be done through modeling and simulation during the design phase or data-driven analytics in the 
operational phase. They noted an expectation that advanced controls using predictive modeling in real time would 
improve performance of an energyshed.

DOE-EERE received input from RFI respondents about how daily power system operations might change to 
accommodate more locally derived power. An industry participant suggested that, depending on the timescales, 
the changes to short-term operation and planning will assist with accommodating locally derived power. The 
participant advised that focusing on the short-term (e.g., day-ahead planning, intra-day planning and operations, 
hourly and intra-hour operations) would help with scheduling interchange between the energyshed and the external 
system during supply shortages and excesses. Further, it could help inform needs for short-term energy reserves. 
These resource dispatch and power flow system studies could be conducted at hourly or several-hour frequencies, 
depending on the stochasticity of net load on the system.

A key takeaway from input that DOE-EERE received was that planning the future power system should consider 
the perspectives of many stakeholders. When asked how relationships between utilities, customers, and local 
governments need to change with more locally derived generation, many participant responses focused on the need 
for information sharing that expands the current customer-utility relationship and allows customers to be active 
participants in choosing their energy sources. Further, planning and implementation will vary greatly in different 
geographies since communities are in different stages of planning their energy transition, have different power 
structures, and have widely ranged levels of financial resources available. 

Resilience
DOE-EERE also asked stakeholders to provide their input regarding the potential resilience opportunities and 
barriers associated with increasing locally generated electricity. Microgrids, cybersecurity, grid-connected 
buildings, emergency response, and vegetation management are all resilience considerations for energyshed 
management. Generally, participants expect that increasing local distributed renewable generation will improve 
overall resiliency. They noted, however, that to achieve that goal, planning would need to carefully consider 
optimal energyshed size, system architecture, storage capacity, and microgrid development. Additionally, from 
an EJ standpoint, workshop attendees expressed an interest in determining what mechanisms might allow lower-
income communities to afford resiliency, considering that resilient infrastructure (such as microgrids) is often 
cost-prohibitive. 

In order to build a more resilient power system, the workshop attendees recommended that DOE consider technical 
factors such as system architecture, energy storage, and microgrids. They suggested creating electric energyshed 
cooperatives or associations within existing consumer-owned cooperative or municipal utility service areas, while 
acknowledging the caveat that financing for planning and development will be a barrier.

Stakeholders noted several challenges related to energyshed resilience, including the ability to “island” individual 
customers or interconnected sub-aggregations of customers with sufficient controls to limit the extent of power 
outages. The “grid of microgrids” approach was also mentioned, along with the need for sufficient storage capacity 
to smooth electricity input to the grid from variable distributed resources. Other comments identified the challenges 
of ensuring accurate analysis and prediction of seasonal derating, asset degradation, and time/operational 
dependent risk, as well as accurate ramp forecasting to mitigate sudden increases or decreases of variable power 
generation. The larger challenge of how to implement demand response programs with high levels of energy 
customer participation through real-time information sharing and informed end-user decision making was also 
discussed. 
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Energy Justice, Diversity, Equity, and Inclusion (DEI)
DEI was a theme woven throughout the two-day DOE-EERE Energyshed Workshop. As one attendee noted, “DEI 
should be the centerpiece of energyshed thinking. What does a ‘just transition’ to the new energy system look 
like? This is about inclusion in energy system choices, especially for the historically marginalized and vulnerable 
communities who have been harmed by the current system.”

Several participants provided input related to the value of expanding stakeholder involvement in energy system 
decision making. Stakeholders asserted that local energy distribution business models today do not lend themselves 
towards reaching disadvantaged communities. They suggested that energyshed management systems should be a 
community-driven process, and that EJ considerations should be incorporated by developing and strengthening 
capacity for organizations that support long-term, participatory community planning.

Stakeholders emphasized that public engagement is especially critical for underserved communities to ensure 
their perspectives and voices are incorporated into energyshed planning and operations. This inclusion has the 
potential for job creation opportunities to historically disadvantaged populations. Further, participants expressed an 
anticipation that with well-defined boundaries, energysheds could enable the generation of more equitable energy. 
In other words, public health and environmental costs associated with production would be incurred locally rather 
than being outsourced to under-resourced regions. 

Despite these expected DEI benefits, stakeholders also mentioned potential challenges related to locating 
energysheds in underserved communities. Perhaps most urgently, a cohesive, all-encompassing set of metrics for 
energy equity needs to be developed. 
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Introduction

2	 Evarts, Energyshed Framework

The term “energyshed” has been defined in literature as an “area in which all power consumed within it is supplied 
within it.”2  Analogous to the idea of a watershed, there are a number of similarities between the delivery of both 
water and electricity. Both utilities have greatly expanded in scale over the past century and both utilities deliver 
resources long distances through extensive networks to large population centers. 

Moving into the 21st century, many communities are investigating how to use more locally derived resources to 
improve efficiency and decrease their dependence on water transported from long distances. To fully investigate 
the concept of an energyshed, DOE organized a workshop to obtain stakeholder feedback on its definition and its 
application to the electric grid. To supplement the collection of feedback provided during the workshop, DOE also 
released an RFI on energysheds.

The workshop and RFI will help inform DOE’s path toward the development and demonstration of the energyshed 
concept as well as an energyshed management system. Each section in this report includes a topic overview, 
workshop discussion highlights, key workshop participant takeaways, and a summary of RFI input. The sections 
in the report are summaries of the discussion and input of the workshop and RFI input. Content in quotations are 
exact words expressed by a participant or respondent. Report appendices include a list of all workshop participants 
(Appendix A), the workshop agenda (Appendix B), a list of RFI respondents (Appendix C), and a list of resources 
identified by stakeholders (Appendix D). 

Request for Information Purpose and Content
DOE released an RFI entitled Energysheds: Exploring Place-Based Generation for public comment from July 8 
to August 10, 2021. This public request provided an additional avenue for input and feedback on the concept of an 
“energyshed,” as well as the benefits of and barriers to energyshed management systems. The questions presented 
in the RFI covered similar topics and content to the workshop. For both the workshop and RFI, DOE sought 
feedback from a wide range of stakeholders, including states and cities, academia, national laboratories, non-
governmental organizations, interest groups, and the private sector. The specific topic areas for the RFI included:

1.	Concept and Definition
2.	Tools and Analyses
3.	Planning and Operations
4.	Resilience
5.	Energy Justice, Diversity, Equity, and Inclusion

Workshop Purpose and Content
As the term “energyshed” is a relatively new concept to DOE, a workshop was designed with a relatively loose 
structure to enable a more wide-ranging conversation and encourage stakeholders to freely share their thoughts, 
opinions, experience, knowledge, and ideas with DOE. The focus was explicitly an investigation of the challenges 
and opportunities related to developing more generation to serve load locally, rather than a comparison of local 
versus national approaches, recognizing that both have a role to play in reaching national goals.

The workshop discussions covered the same five topic areas as the RFI. Although there was a discussion at the 
end of the workshop focused solely on DEI, each of the sessions included a section regarding how to incorporate 
energy justice considerations. 
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Workshop Discussion Format
In each of the five discussions during the workshop, attendees were asked to participate via a custom-built 
collaboration website on the XLeap Center hosted by BCS, LLC. Within this virtual platform, moderators provided 
a topic overview presentation to define relevant terms and the specific scope of discussion. Participants were asked 
to introduce themselves and were given an opportunity to share their thoughts about the topic with their peers 
during small group conversations. During the large group discussions, attendees provided their responses to key 
questions for each topic via typed input as well as verbal commentary. XLeap aggregated the typed participant 
input anonymously to create an environment where attendees could talk freely. Notetakers also captured spoken 
input to ensure a comprehensive documentation. The workshop agenda is provided in Appendix B. 

Workshop Themes
A primary theme underlying all the workshop discussions was the need to look at energysheds from a community 
level, with consideration of energy efficiency, energy production, and energy consumption. Participants noted that 
there is not a one-size-fits-all definition that would satisfy all stakeholders of an energyshed, and that there are 
several nuances that one needs to consider in the definition of an energyshed. 

There are many sets of stakeholders that might be impacted by decision-making within an energyshed and should 
be involved in an energy management system. Regions are typically framed in terms of geography, but much about 
energysheds centers around the people who live and make decisions within those areas. Discussion emphasized the 
need to incorporate qualitative and social factors into analysis. Participants noted the need to look at analysis from 
multiple perspectives and to appropriately value non-technical factors. 

Key questions also remain around data and tools needed to determine where these resources should be located. 
Workshop participants listed tools that analyze energy from a technology standpoint, such as multi-scale planning 
or system modeling.

Participants
A total of 110 individuals attended the two-day workshop online workshop. Approximately 85 attendees provided 
responses to workshop questions, via the collaboration website, XLeap. Overall, workshop organizers were pleased 
with the attendee representation across the energy sector with utilities, government agencies, national laboratories, 
academia, technology and consulting services, and manufacturers all sharing their knowledge and insights with 
DOE. The largest groups of stakeholders that attended the workshop were national laboratories with 26 attendees 
(27%), the private sector with 20 attendees (18%), and non-profit organizations with 16 attendees (15%). A 
breakdown of workshop participants by stakeholder category can be found in Figure 1.
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Figure 1. Workshop Participants by Stakeholder Group

Twenty organizations responded to the Energyshed RFI published by DOE-EERE. A list of RFI respondents and 
the organizations they represent can be found in Appendix C. The group of participants represented a diverse set of 
organizations, including national laboratories, technical consulting firms, utility equipment vendors, universities, 
a nonprofit advocacy group, an end user of renewable energy, and a local government agency.  Six organizations 
representing private sector (30%), four organizations representing the national laboratories (20%) and four 
respondents representing non-profit organizations (20%) were the largest participating stakeholder groups. A 
breakdown of RFI respondents by participant category can be found in Figure 2.

Figure 2. RFI Respondents by Stakeholder Group
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Keynote Presentations

Alejandro Moreno, Deputy Assistant Secretary of Renewable Power, EERE
The Deputy Assistant Secretary of Renewable Power (DAS-RP) at EERE, Alejandro Moreno, opened the workshop 
with a warm welcome on behalf of DOE leadership. He shared the EERE mission, “to accelerate the research, 
development, demonstration, and deployment of clean energy technology,” and the office’s overarching goal of 
achieving “a carbon-free electricity sector by 2035 and a 100% clean energy economy with net-zero emissions no 
later than 2050.” He emphasized that EERE works to ensure that its investments benefit all Americans, including 
underserved or pollution-overburdened communities. EERE’s approach is to work in a unified and coordinated way 
with state and local partners to accelerate a just, equitable transition to a clean energy economy.

DAS-RP Moreno provided workshop participants with insight about how the concept of energysheds aligns 
with broader EERE and DOE goals. He noted the need to develop a commonly held definition of for the terms 
“energyshed” and “energyshed management system.” He considered that locally generated power could be critical 
to large scale power resilience and mentioned the wildfires in California as an example. 

As society looks to go carbon-free, there are challenges as well as opportunities related to resiliency, careers, 
local benefits, and energy justice. These challenges and opportunities tend to be best approached on a local level, 
thus, EERE recognizes that working with community organizations is critical. EERE wants to support community 
clean energy goals and provide the tools needed for them to succeed. DAS-RP Moreno reiterated a shared interest 
between DOE and local communities in making renewable energy accessible and affordable, improving air 
quality and the environment, reducing greenhouse gas emissions, and harnessing local innovation for renewables 
integration.

In closing, he asked workshop attendees to envision what it would look like to view energy usage and generation 
from a local lens, and to help DOE to understand whether this could be a tool to contribute to an equable clean 
energy economy. 

Martin L. Adams, General Manager and Chief Engineer of Los Angeles  
Department of Water and Power 
Our keynote speaker, Marty Adams, General Manager and Chief Engineer at the Los Angeles Department of Water 
and Power (LADWP), provided an interesting perspective of his challenges, activities, and goals in his work in 
water and energy for the greater Los Angeles area. 

This presentation made the connection between energysheds and watersheds, noting several similarities between 
the two utilities. For one, moving water or power across large distances is subject to disruptions and threats such 
as earthquakes, climate change, and wildfires. Also, when moving either water or power across a large distance, 
there can be a conflict between communities who use the power (often urban) and those who live where the power 
is being generated or distributed (often rural). Further, he explained that enough rain falls on the city “to supply 
LA for a year, but we can’t capture it and it happens all in two days.” The same is true of energy in the inability to 
capture of the abundance of solar power’s potential in the region to meet energy supply and demand. 

The LADWP has a goal of achieving 80% renewable energy by 2030, and Mr. Adams described the agency’s 
following approach to meet that target:

•	 Develop an infrastructure that will support more renewable energy.
•	 Increase investments of short-term and long-term storage.
•	 Develop new solar programs and business models that will provide access to previously unavailable areas 

(such as rooftops to rentals).
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LA is now attempting to use locally sourced energy to make the region less dependent on power generated outside 
of the locality. Mr. Adams worked with the National Renewable Energy Laboratory (NREL) on LA100: The Los 
Angeles 100% Renewable Energy Study. This project found moving LA into a 100% renewable future would 
require contributions from a diverse generation mix that includes wind and solar, as well as energy efficiency, load 
management, storage, new transmission and distribution equipment, and equipment that can supplement power 
supply when electricity use is at its highest, such as renewable combustion turbines. 

Mr. Adams framed his presentation in terms of “instant” energy (solar, wind, etc.) and “stored” energy (fossil 
fuels). The challenges related to storing “instant” energy are, to Mr. Adams, the single biggest barrier to widespread 
renewable energy deployment. In order to optimally manage an energyshed, regions must effectively balance 
storage, demand, and generation. Right now, they are not well matched—in LA’s case, storing the instant energy is 
the main challenge. The options that LADWP is utilizing or planning to implement include pumped hydropower 
(filling reservoirs with a solar power pump during power surplus times then letting the water flow creating 
hydropower during peak demand), hydrogen (long term storage), compressed air, and batteries. LADWP anticipates 
1/3 of peak demand to be generated locally by 2030, though non-local sources will still be needed, such as in case 
of cloud cover over solar panels. In the meantime, the current system reorganization will require utilities to use the 
existing system while building the new one.

While the LADWP service area is larger in scale than most areas, there are common elements (such as planning 
and new business models) that can be applied to any region. Mr. Adams’ experience has emphasized the importance 
of all local regions asking themselves, “What are the energy resources available to us and what are the local 
infrastructure needs to support harnessing those resources?” 

Mr. Adams’ recommendations for other utilities to consider were: 

•	 Develop programs to get more solar on rooftops, especially of non-single-family homes, through solar rebates, 
rental programs, community solar, etc.

•	 Incorporate distributed energy resources, which fall into five main categories:
	▫ Energy Efficiency
	▫ Demand Response
	▫ Distributed Solar PV
	▫ Electric Vehicle (EV) Chargers
	▫ Distributed Battery Storage 

https://www.nrel.gov/analysis/los-angeles-100-percent-renewable-study.html
https://www.nrel.gov/analysis/los-angeles-100-percent-renewable-study.html
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Energyshed Concept and Definition
The first topic presented to workshop participants and RFI respondents for input was “Energyshed Concept and 
Definition.” The objective was to provide an opportunity for participants to provide input on the energyshed 
concept and working definitions, given that the relatively new concept does not yet have a widespread, shared 
understanding among energy sector professionals. The DOE-EERE team provided stakeholders with context 
for this topic, explaining that Congress has directed DOE-EERE to develop and demonstrate an energyshed 
management system that addresses a discrete geographic area in which renewable sources currently provide a large 
portion of electric energy needs.

Topic Overview 
During the Topic Overview presentation, workshop attendees provided responses related to the role of community, 
geography, and electric grid infrastructure as energyshed considerations. The term “community sovereignty” was 
mentioned twice as a potential opportunity to “develop, allocate, profit from, and determine DEI/environmental 
impact of” local energysheds. Another participant asserted that the following questions need to be answered in 
pursuit of community sovereignty:

•	 How are limited energy resources allocated?
•	 Who owns and/or decides who gets to use them?
•	 What is the role of local leadership in land use and development rights?

Other input received during the Topic Overview presentation touched on geographic considerations, especially with 
respect to energyshed interconnections. One attendee noted that while watersheds provide water to be consumed 
within a local region, some water also flows to larger bodies, and suggested that same concept would apply for 
an energyshed. Another energyshed interconnection mentioned was the link between rural and urban areas. One 
participant even raised a question about how the energyshed concept fits more broadly within decentralized energy 
considerations, estimating that the connectedness of homes and feeders will need to be maximized, that planning 
approaches will have to change drastically, and that the grid as a whole may need to be reimagined. 

Workshop Participant Key Takeaways
After meeting in small groups, volunteers shared their key takeaways from the “Energyshed Concept and 
Definitions” discussion. Themes that were mentioned were the inherent limitations of the “energyshed” definition, 
the importance of community sovereignty, and the evolving role of energy master planning.

Limitations of Definitions
Similar to a watershed, a given energyshed could be defined by its source. Participants explained that interconnections 
with other energysheds will be important because an isolated system has poor resilience. With watersheds, some water 
is consumed within local regions but some flows to a larger body. This same concept is analogous to an energyshed as 
some energy will be consumed within a rural region where it’s generated, while some could also flow to a larger city. 
Members of the group discussed how energysheds should be considered from the perspectives of space and time. They 
also urged consideration of how and when energy flows from one area to another.

Community Sovereignty
It is important to consider how limited energy resources are allocated and owned, and who decides how to use 
them. Contributors encouraged DOE-EERE to develop an energyshed definition that considers issues of equity, 
fairness, and a community’s right to self-determination. As an example, they described the dynamic that pressures 
local leaders to cede land rights to developers, especially in rural communities. Participants suggested that 
managing this will be a big factor in energyshed developments.
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Energy Master Planning
As energy systems decentralize, planning concepts will be turned upside-down, magnifying the importance of 
energy master planning. Group members proposed considering how energysheds fit in within a decentralized 
energy landscape and emphasized the difference from distributed energy resources. They recommended master 
planners incorporate lessons learned from the Fukushima rebuild and the London Olympics. 

Finally, workshop contributors relayed to DOE-EERE that within planning circles, some believe a complete 
reimagining of the grid is needed, questioning all existing assumptions and building a system that values DER and 
demand side resources. Participants noted a need to balance this analysis with the reuse of existing infrastructure 
and indicated that new metrics would be needed to optimize supply and demand. 

Workshop Discussion Highlights
During this discussion, workshop organizers asked participants to share their responses to the question: “What 
nuances should EERE consider for the energyshed and energyshed management system definitions and why?” 
Next, workshop organizers asked stakeholders to provide input on identifying stakeholder groups that may be 
involved with or impacted by an energy management system. As was the case for every question during the 
workshop, the group was also asked to reflect on ways to incorporate EJ considerations to all of their responses.

Energyshed Definition
In short, there doesn’t seem to be stakeholder consensus around one definition of “energyshed.” Workshop 
participants suggested that the definition is necessarily dependent upon the end use being considered, such as 
energy storage or resilience. One participant recommended that an energyshed management system be viewed 
as a set of technologies, policies, and market mechanisms that allow for people to make informed choices about 
where their energy comes from and provide them with options for saving money, reducing carbon, and maintaining 
resilience. 

The group noted that a single community can be part of multiple energysheds. For example, during normal grid 
operations, the energyshed can be broad (utilizing wind and solar from other states), but during times when the 
regional grid is constrained or unavailable, the energyshed could be a community or even a single home. This 
approach could both help to ensure resiliency within a community and provide support when needed to neighboring 
communities.

For purposes of summarizing discussion highlights, key themes have been categorized as related to geography, 
planning and management, independent system operator (ISO) considerations, or energy democracy. 

Geography
Physical, geographical bounds play a critical role in defining the energyshed concept. Participants noted that 
energyshed boundaries, like watershed boundaries, may be arbitrary and that it may be difficult to draw static 
boundary lines. The Los Angeles Community Solar Opportunity Map provides a good example of how many 
customers can be served with local assets, reinforcing the need for boundaries to be fluid and allow overlap.

Utilities cross interstate boundaries and, since current planning tools and infrastructure don’t, it can be difficult to 
know where energy is coming from within the system. Further, as energy generation and consumption sources vary 
over space and time, the energyshed boundary may benefit from remaining dynamic to accommodate changes. 

Another comparison made to watersheds asserted that the fundamental problem encountered with highly 
distributed power is how to manage a system with stochastic demand as well as stochastic supply, which is also a 
challenge for watershed management systems. 

https://solar.energyatlas.ucla.edu/map.html#map
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Planning and Management
Discussion participants noted that energysheds can be a great planning concept and/or tool for evaluating tradeoffs 
between the myriad factors being considered by energy system planners, such as centralized versus decentralized 
energy or renewable versus nonrenewable generation. 

With respect to energyshed management systems, one contributor advised DOE-EERE that a possible analog could 
be found in distributed energy resource management systems (DERMS), which are software platforms used by 
utilities to manage a group of distributed energy resource assets (such as solar panels or batteries) at the distribution 
level. Another participant agreed that a platform similar to a DERMS would be necessary for any energyshed 
management effort, and recommended analyzing large-scale building energy modeling, saying, “just like designing 
a building, looking at power flow analysis is really critical.”

Watershed planning came up when one attendee suggested that both watershed and energyshed planning “can 
promote ideas of belonging, inclusion, responsibility, and shared benefits and costs of our energy systems.” 
Some of the techniques recommended for energysheds to consider included watersheds’ handling of storage, 
prioritization, and differential pricing, which varies with the extent that a user stays with its allocation. 

Another potential analog proposed was the URBANopt Advanced Analytics Platform developed by NREL. A 
contributor explained that URBANopt looks at building-by-building “8760” load profiles and connects this data to 
a power flow analysis through OpenDSS, a “comprehensive electrical power system simulation tool primarily for 
electric utility power distribution systems”3  provided by the Electric Power Research Institute. 

Independent System Operator Considerations
One contributor commented that if the term “energyshed” is supposed to be used to demonstrate that a utility or 
ISO can generate all power within its service territory, it may be a useful tool for arguing for or against the need for 
new transmission assets. If the energyshed concept is to be used to demonstrate the value of customer-owned DER, 
however, that would likely get strong push back from utilities. That could have benefits, though, as it would require 
utilities to justify their costs for importing energy. 

Other participants suggested that there is the need to explain to the public that the main reason the concept of 
energysheds, or even DER, exists today is a lack of operational economy-of-scale for solar PV. One contributor 
expressed: 

“For the first time in history, a homeowner can self-generate electricity with the exact same equipment 
used by the utilities. While the capital cost per kilowatt of power may be higher, the operation and 
maintenance expenses are the same and the delivery efficiency is better. The current definition of 
energyshed is great but the cost of that localized energy needs to be accounted for and the cost of 
resource adequacy needs to be factored into the equation to make it truly usable.”

Energy Democracy
“Energyshed” is clearly an umbrella concept, weaving together ideas related to geography and infrastructure with 
energy justice, democracy, and transition planning. Several workshop participants provided input to DOE-EERE 
related to energy democracy. This idea relates to energy commons, or common resource management more 
generally, which involves governance and design principles as well as the resource. This can be referred to as a 
“social-ecological system,” a description that can also apply to ground water management. As such, an energyshed 
is governed by the local community to meet its energy needs, and in partnership with other communities for 
the common good. Local communities’ direct development, allocate benefits and profits, and determine energy 
justice and environmental impacts. Contributors noted that this social-ecological intersection raises considerations 

3	 OpenDSS, Electric Power Research Institute. https://smartgrid.epri.com/SimulationTool.aspx

https://www.nrel.gov/buildings/urbanopt.html
https://smartgrid.epri.com/SimulationTool.aspx
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related to causal geography, such as how decisions made upstream from the energyshed might impact downstream 
communities (and vice-versa), and how these impacts might be analyzed and visualized in ways that would be 
helpful for policy.

Energyshed Stakeholders
Workshop attendees provided comments in response to the question, “What are the intended energyshed 
stakeholders?” The list of relevant parties was exhaustive, ranging from balancing authorities (BAs) and policy 
makers to consumers and community-based organizations. The input can be grouped into the following categories: 

•	 Communities
•	 Energy Generators
•	 Energy End Users 
•	 Regulators
•	 Researchers and Technology Providers
•	 Everyone

Communities
Multiple contributors expressed an interest in prioritizing “frontline communities” as the primary audience for 
energyshed efforts. This term was used to describe the populations that have been most harmed by the existing 
energy system, especially minority and rural communities, which have been disproportionately exposed to 
pollutants, emissions, and other impacts of energy production. 

Participants suggested that the energyshed concept should address historical impact on Black, Indigenous, and 
People of Color (BIPOC) communities, their control and ownership of distributed energy resources should be 
sought out wherever possible. Another suggestion was to prioritize hiring minority business contractors and 
unions, citing a 2010 American Association of Blacks in Energy study that found that while African-Americans 
had paid $41 billion into the energy sector during the previous year, only 1.1% of energy jobs in America were 
held by African-Americans.4  One individual estimated that a major challenge will be determining how to structure 
decisions to honor each stakeholder while also being practical to advance individual and collective interests.

Rural communities came up repeatedly throughout this discussion as well. One contributor shared a perspective 
that “the primary stakeholders are the people in the regions that produce renewable power (primarily rural), and the 
people in the regions that use most of the power (primarily industry or cities).” This individual continued to note 
that “decisions on power generation and use made in rural regions will impact power availability in urban regions.” 
Another participant shared optimism that “energyshed planning could help bridge the rural-urban divide in the 
benefits and costs of the system,” and recommended “a renewable rural energy transition act that benefits rural 
communities.”

Energy Generators
Workshop participants noted that energy generators have a role to play in the energyshed, particularly with 
respect to information sharing. One individual explained that energy generators may have the best estimate of 
potential storage needs, and suggested that they should provide details regarding energy usage by local area. 
Other contributors specified the types of energy generator organizations that should be considered energyshed 
stakeholders, including ISOs, regional transmission organizations, and utilities, given their role with transmission 
off-sets and localized resource adequacy.

4	 National Association for the Advancement of Colored People (NAACP), Just Energy Policies: Reducing Pollution and Creating Jobs, December 17, 2013.
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Energy Users
DOE-EERE received input from participants that energy end users need to be educated about the sources that make 
up their energy usage so that they can make informed decisions and be involved with community engagement to 
increase the proportion of renewable power that they are using. Workshop participants noted that these energy end 
users may also be generators via rooftop solar and home-based batteries. Community Choice Energy members 
and Community Choice Aggregators (CCAs) were also identified as energyshed stakeholders with the potential to 
provide value through their knowledge of energy sources available in real time.

Regulators
Public utility commissions were mentioned as a stakeholder, along with state government agencies. Attendees 
noted that local governments are critical when it comes to safety, resilience planning, and climate action planning. 
They also recognized that most local governments don’t have sufficient staffing nor budgets to design and 
implement the appropriate programs. Smaller governments are unlikely to have the resources available to conduct 
the kind of planning that a place like Los Angeles County can. 

Researchers and Technology Providers
National laboratories and academic research institutes were also mentioned as energyshed stakeholders. 
Additionally, technology providers and those who determine standards for technologies were also noted as 
important parties for enabling information flow among people and devices.

Everyone
Several contributors referenced the breadth of stakeholders that are impacted by an energyshed. One individual 
differentiated the levels of potential participation by saying, “everyone is involved as a stakeholder in an energy 
management system, but some stakeholders will be more proactive in design discussions (e.g., power providers, 
utilities, governmental bodies) than others (e.g. historically marginalized communities).” In this attendee’s 
estimation, the challenge will be to make sure that the design process is truly open to and inclusive of all. Another 
contributor agreed about prioritizing inclusivity, noting that “it’s important that people be the primary beneficiaries 
of the energyshed structures—and that the energy industry is accountable to the will of the people and not vice 
versa.”

RFI Results
Energyshed Definition
RFI respondents were also asked to provide additions or alternatives to the energyshed definition initially 
referenced by EERE. Contributors—who represented local government agencies, universities, technical consulting 
firms, renewable energy associations, national laboratories, and utility equipment vendors—suggested additional 
specificity. 

One comment provided to DOE-EERE by a university representative made the case against using the analogy of 
watersheds and proposed instead comparing the energyshed concept to a commuting zone, which is a geographic 
area where most of the origins and destinations of trips on the road network are internal to the area. This individual 
continued to explain that an energyshed will also have multiple origins (generation points), multiple destinations 
(consumption points), and a certain portion of the energy flows (like trips) will cross the energyshed boundary. This 
configuration is very different from that of a local watershed, which has clearly defined boundaries based upon the 
elevation and slope of the landscape, and a single exit point for all flows. 

Other respondent comments received suggested expanding the scope of the proposed energyshed definition to 
include several other factors, including geographic scale and defining boundaries, environmental and human 
impacts, and resiliency. 
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Geographic Scale and Defining Boundaries
While stakeholders agreed that the definition should have a geographic component to it, the concept of scale and 
absoluteness of the borders varied among respondents. Determining an energyshed to be a large geographic area 
would incorporate a diversity of generation and load profiles. Doing so, however, runs counter to the concept of 
reducing delivery of energy resources over long distances to large population centers. 

On the other hand, a contributor representing an industrial utility equipment vendor suggested that restricting 
energyshed boundaries to a relatively small geographic area may decrease the affordability and reliability of the 
solution. For example, defining it at a community level would limit the use of utility-scale wind, which enjoys its 
greatest economic benefits from wind farms comprised of multi-megawatt (MW) turbines. In places with strong 
wind resources, larger energyshed areas would result in both positive aggregation effects (reduced variability) and 
increased harvesting of cheap renewable energy. 

Ultimately, the boundaries of an energyshed need to be defined in a way that accounts for reliability, resilience, 
affordability, and decarbonization. A national laboratory contributor pointed out that there is no upper or lower 
bound on the scale of the geographic extent of an energyshed. In particular, a single building or customer site 
(e.g., part of a building or multiple buildings on a campus) should be clearly in scope, as should smaller residential 
subdivisions. 

Similar to workshop participants, RFI respondents expressed that energyshed boundaries may not be absolute. 
A national laboratory contributor explained that when considering supply chains, it is expected that there will be 
significant overlap of geographical boundaries that may be used to construct energysheds, which introduces a 
need for the concept of networked energysheds. An academic respondent noted that, in the United States, there 
is simply a fundamental spatial mismatch between the most productive wind and solar resources and the areas of 
high demand for those resources. Another national laboratory contributor added that the cost of energy delivery 
to a given area would be of primary importance because a given energy resource will not be utilized if it is too 
expensive relative to other energy resources.

Environmental and Human Impacts
Within its defined boundaries, an energyshed has an impact on people and the environment. Respondents proposed 
expanding the definition provided by DOE-EERE to include the land, water, and air that host the infrastructure, and 
the ecosystems that coexist in these landscapes. They suggested that the stakeholders would include the people who 
work to make the system function, profit from the operation, and consume the energy (e.g., energy system owners, 
operators, end users).

Resiliency
The third topic that RFI respondents indicated as important to the definition of energysheds is energy resilience, 
which is a measure of energy independence or how resilient a community might be against losses of an energy 
source. For instance, communities that are able to produce all of their energy locally and from a variety of sources 
are going to be more resilient than those that have to import most of their energy from a single source. 

Input provided to DOE-EERE expressed that, although the existing infrastructure provides reliable low-cost energy, 
the consumer of the energy cannot connect the energy back to its ultimate source. This disconnection becomes an 
issue as attributes of the delivered energy are therefore not understood, chiefly the resilience and the environmental 
impact. According to a contributor representing an industrial utility equipment vendor, an energyshed concept, 
properly defined and controlled, could potentially help better manage the resilience and the environmental impact 
of an energy system.
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Energyshed Stakeholders 
Like workshop participants, RFI respondents were asked to describe the different stakeholder groups involved or 
impacted, and how each stakeholder group might find value in the energyshed. A national laboratory contributor 
proposed that stakeholders span the entire value chain. On the energy-supply side, stakeholders include grid 
operators, regulators, utilities, and any organization involved in energy extraction, processing, and transportation. 
From the energy-demand side, stakeholders include leadership at the community, county, state, and federal levels. 

Another national laboratory respondent organized stakeholders based on economic cost, environmental benefits, 
and energy resilience. The economic cost component would be of primary interest to the users within an 
energyshed who are paying to use electricity. Their interest is in keeping energy prices low enough to have an 
affordable supply of electricity that is competitive with markets located in other communities. Alternatively, the 
providers who set prices for electricity are interested in keeping prices high enough to continue operations without 
any lapses or deterioration in service. 

The environmental benefits component is of greatest interest to the local community within the immediate vicinity 
of where energy is being produced. This would include environmental justice groups, because pollution from 
energy production activities has disproportionately impacted underserved communities. These stakeholders are 
also users of the electricity being produced, so they are also included with those concerned about economic cost. 
Because of the impacts on greenhouse gas (GHG) emissions, the environmental benefits stakeholders would also 
include the global community, which stands to benefit from less GHG being emitted. In addition, leaders at the 
local, national, and international level would be interested because of how these decisions feedback into policy. 

Finally, the energy resilience component is likely to impact stakeholders at a more local level. Governments at 
the municipal or even state level might also encourage higher energy resilience to strengthen local economies and 
avoid a widespread lapse or deterioration in electricity service among their communities.

However, with more stakeholders comes more complexity. To manage the growth of stakeholders, one participant 
suggested a phased approach, focusing first on smaller energyshed management areas, such as hospitals, apartment 
complexes, schools, individual farms and ranches, food processing facilities, and water treatment plants. These 
smaller management areas, especially those that either have distributed generation installed near the point of end 
use or have direct connection to the local grid (e.g., distribution lines with interconnected electric load, typically at 
a voltage of 34.5 kilovolts or less), could help demonstrate the concept at local levels. In turn, that could lead to the 
development of larger, more efficient, resilient power systems for future energysheds that could cover entire Native 
American Reservations, counties, and other targeted communities.

Energyshed Management System Definition
The participants were asked what additional or alternate definitions EERE should consider for “energyshed 
management system.” One participant representing a national laboratory suggested that the energysheds could 
operate as grid-integrated distributed energy infrastructure consisting of renewable energy technologies, energy 
storage devices, dispatchable sources, and energy conversion devices (e.g., heat-pumps, chillers) that provides 
energy services at the scale of a district or a neighborhood. Energysheds could, according to the contributor, 
cater the demand for electricity, heating, and transportation sectors within the locality while maintaining a close 
interaction with these sectors through demand response strategies. These interactions could theoretically help to 
decarbonize the building and transportation sectors while improving both the flexibility of energysheds and the 
penetration levels of renewable energy. The participant posited that energysheds could facilitate sector coupling, 
which would then enable decarbonization of multiple sectors. 
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The participants were also asked to provide the benefits and drawbacks of having more specific and detailed 
definitions for the terms “energyshed” and “energyshed management systems.” One participant stated that the 
energyshed definition will drive the needs, requirements, and research focus of the energy management solution, 
but added that a narrow definition, especially one that consolidates a product requirement in the initial stages of 
research, may be unfavorable. It was suggested that it may be more beneficial to contrast the energyshed concept 
against the already existing definition of microgrids, identify where the differences lie, and consider a microgrid 
just one instantiation of a energyshed.
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Tools and Analyses
The second topic presented to workshop participants and RFI respondents was “Energyshed Tools and Analysis.” 
The objective of this topic area was to identify the data, tools, and analysis that will be required to determine the 
proportion of electricity that is derived within the energyshed. 

Topic Overview
DOE-EERE recognizes several foundational assumptions related to data that will impact required energyshed tools 
and analysis. For one, it is important to have data on existing local energy resources and resource potential as a 
starting point for energyshed analysis. Further, there is a clear need to incorporate a variety of data sources (not just 
utility or Energy Information Administration [EIA] data) that provide a local perspective in understanding of the 
big picture. Another underlying assumption is that, in the near future, local load data could be available in greater 
granularity due to smart metering systems on buildings. At the same time, there could be challenges associated with 
collecting utility data due to privacy and competitive reasons. Lastly, resource footprint data will be important to 
consider environmental impacts of energyshed development. With respect to tools and analysis, stakeholders were 
asked to consider how to measure the potential risks and benefits of local generation. 

Workshop Key Participant Takeaways
The theme of this discussion was a general need for a greater variety of data, more localized data and analysis 
tools, and methods for sharing more information with a broader stakeholder group. As one contributor noted, 
“Energy system design needs buy-in from the broader community and all people impacted.” As such, tools and 
analysis need to focus on building a greater understanding of resources in an energyshed. That same participant 
emphasized a need to consider temporal aspects and to understand characteristics of demand beyond just 
generation technologies or capacity. 

Unlike current planning processes, in which a majority of decisions come from the top down, participants 
suggested that energysheds adopt a bottom-up method of decision making. In order to support this approach, 
there would need be substantial data collection, visualization, and information sharing. Any information that 
helps stakeholders to understand the interactions between load, production, and storage will be valuable, along 
with specifics about where on the grid those functions are needed. Discussion participants emphasized that all 
energyshed stakeholders are important recipients of data. Data sharing and information transparency will be 
critical, as are platforms for communication and policy conversations. Contributors suggested that the ability to 
aggregate information from existing tools is better than creating any single tool itself.

Raising the topic of required tools and analysis led to participant discussion related to the importance of 
environmental and social indicators to account for during energyshed planning efforts. In order to monitor these 
indicators on an ongoing basis, energyshed operators will need to gather environmental and social data in addition 
to technical system data. Another participant said, “To assess the impact on environmental justice communities, we 
need to ensure we have data on how people are impacted by race and economic class.” 

Workshop Discussion Highlights
During the second workshop discussion, stakeholders shared insights about what tools, data, and analyses may 
be required to determine the proportion of electricity that is derived within the energyshed. DOE-EERE asked 
contributors to specify what potential planning and operations functions their suggested resources might fulfill. 
They were also asked to provide context about whether the resources already existed or needed research and 
development efforts in order to become available. 
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Most of the discussion focused on data and analysis needs, but workshop attendees did mention a few existing 
resources, including:

•	 Hourly Electric Grid Monitor, from EIA, provides a “centralized and comprehensive source for hourly 
operating data about the high-voltage bulk electric power grid in the Lower 48 states.”

•	 Justice in 100 Scorecard, from the Initiative for Energy Justice, is a rubric for evaluating states and territories’ 
100% clean energy commitments.

•	 System Advisor Model, from NREL, simulates renewable energy systems and cost profiles using different 
technologies. 

•	 Regional Energy Deployment System, from NREL, “simulates the evolution of the bulk power system—
generation and transmission—from present day through 2050 or later.”

•	 Energy Management Systems (EMS), currently used by electric utilities to collect, display, and analyze data 
from the field to support grid operations. 

•	 Distributed Energy Resource Management Systems (DERMS) are “an operational technology system that 
monitors, forecasts, optimizes and ultimately dispatches DERs under management directly by the utility or 
indirectly through an aggregator.”5 

Specific needs identified included:

•	 Energyshed supply interoperability. 
•	 Technology tools and software to analyze energy-end use for larger-scale grid analyses, perhaps modelled 

after the resources provided by DOE-EERE Building Technology Office for building energy modeling.
•	 DERMS research and development investment to improve upon the quality of existing platforms. 
•	 Household-level smart metering tools similar to ones widely deployed in Europe. 
•	 Platform that facilitates stakeholder engagement in energyshed planning (e.g., includes metrics and 

considerations that are responsive to a set of stakeholders engaged in the process and helps the diverse set of 
stakeholders weigh options across those metrics).

Multiple contributors expressed a perspective that current tools need to be expanded to address the level of 
granularity necessary for energyshed analyses. The existing resources provided by utilities and BAs may be 
considered a starting point for future developments.

Data Needed
In response to the DOE-EERE question about data needed to determine the location of generation and the 
proportion of electricity that is derived within an energyshed, participants focused on forecasting and predictions, 
analysis of current and historical data, and operational and financial data.

5	 Andrew Mulherker, North American DER Management Systems 2017–2021, 2017. GTM Research.

https://www.eia.gov/electricity/gridmonitor/about
https://iejusa.org/justice-in-100-scorecard/
https://sam.nrel.gov/
https://www.nrel.gov/analysis/reeds/
https://www.energy.gov/eere/buildings/building-energy-modeling
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Forecasting and Predictions
Contributors noted that documenting time-of-day and seasonal generation compared to predictions based on 
resource modeling can help in future planning to ensure adequate storage capacity is planned for a particular 
facility or community. Forecasting and monitoring of competition levels at every shared generation source between 
all consumers of those resources will also help to plan for sufficient energy supply. Relevant data for forecasting 
includes:

•	 Energy yield estimates by technology type.
•	 Resource assessment for renewable sources and non-renewable (e.g., microturbines and diesel generators)
•	 LCOE estimates
•	 Network planning based on system integration studies and system adequacy assessment 

Analyzing Current and Historical Data
RFI respondents suggested that generation and demand could be optimized by correlating aggregated historical 
demand and real-time generation data with ambient and external factors (e.g., weather and event forecasts). It 
would also be critical to track the location, operational status, and generation capacity of all energy resources 
serving a particular load area. A wind energy industry representative noted that documenting time-of-day and 
seasonal generation compared to predictions based on resource modeling can help in future planning to ensure 
adequate storage capacity is planned for a particular facility or community.

Operational and Financial Management Data
Measuring and monitoring equipment performance can be used to develop understanding about relative 
efficiency and reliability, which can help to drive sound financial investments. Contributors also mentioned that 
multiple datasets will be needed with a particular emphasis on infrastructure topology and supply chain data that 
encompasses multiple users (e.g., producer, intermediate users, end users) and spatial scales. 

Analysis Needed
Participants were asked what analyses will be required to determine the location of generation and the proportion 
of electricity that is derived within an energyshed. The balance between demand and capacity plays a key role in 
determining the location of energysheds. Machine learning with analysis techniques such as k-means clustering 
could be used to analyze census tract-level generation and consumption to group areas that balance and, therefore, 
constitute an energyshed. Information such as electricity, heat and cooling demand, and potential for onsite solar 
PV generation would be critical. The City Building Energy Saver (CityBES) extracts this information which 
connects urban data with building simulation in the system design process.

Region / Geographic Analyses
The ability for an energyshed to meet demand are tied to the resources the energyshed has within it. For example, 
average wind speed in an area will be a factor in an energyshed’s ability to provide wind power. 

Temporal Analyses
Forward planning for intra-day and day-ahead energy, capacity, and ancillary service values can optimize the 
value of resources within an energyshed. Hierarchical prioritization would logically apply to resource allocations 
between products with emphasis on system reliability and network optimization. Coordination will be required 
between those entities operating distribution networks and entities (in restructured markets) serving retail supply 
relationships, in which a transparent accounting of cost and value to customer-sited resources must be available 
to all stakeholders. Procurement mechanisms for local services must be well defined in the forward market 
applications. Actual measurements must then deliver revenue-grade readings to market participants for purposes of 
financial settlement.

https://citybes.lbl.gov/
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Holistic Analyses
While it’s important to balance demand and capacity, a technical consultant suggested that balancing other factors 
such as carbon can also help define an energyshed. In a “carbonshed,” sources and sinks of carbon dioxide are, or 
could be, balanced. Fossil fuel consumption for energy results in large anthropogenic carbon dioxide emissions, 
therefore, an energyshed analysis should also consider “carbonsheds.”  

Additionally, new analyses will be needed to balance metrics and the optimization of existing and potential energy 
infrastructure with consideration to energy justice. A contributor representing a university noted that “as distributed 
renewable energy grows more prevalent, the future will not be described by either the current centralized power 
system nor the energyshed based power system discussed above, but rather by a hybrid between the two (as is also 
the case with water and food).” 

Metrics Needed
RFI respondents were asked what specific metrics should be used to characterize an energyshed or an energyshed 
management system. In response, participants responded with the following:

•	 Environmental
	▫ Tons of CO2 created and eliminated

•	 Energy Storage
	▫ Amount of energy stored
	▫ Stored energy expended
	▫ Utilization of public and private storage pools within the energyshed for peak demand response and 
economic arbitrage

•	 Energy Production
	▫ Energy supplied by grid 
	▫ Energy production on-peak

•	 Renewables
	▫ Wind and solar resources

•	 Reliability
	▫ Outages (grid and energyshed)
	▫ Equipment availability
	▫ Unscheduled maintenance
	▫ Performance of on-site back-up generation

	◦ Reliability Metrics
	▪ Loss of Load Probability (LOLP)
	▪ System Average Interruption Duration Index (SAIDI)
	▪ System Average Interruption Frequency Index (SAIFI)
	▪ Customer Average Interruption Duration Index (CAIDI) 

•	 Generation and Demand
	▫ Energy consumed
	▫ Energy exported
	▫ Curtailment events



FROM WATERSHED TO ENERGYSHED

18      Tools and Analyses

	◦ Amount and location of power that was curtailed and the reason (i.e., economic dispatch, islanding, 
topology limitations, lack of timely dispatch response, etc.)

	▫ Frequency and generation imbalance in the energyshed 
	◦ Retroactively on monthly and quarterly bases

	▫ Variance of forecasts for demand and generation from every source within the energyshed
	▫ Competition metrics of all consumer areas for shared resources
	▫ Potential generation resources that were underutilized

•	 Other
	▫ Transmission utilization rates
	▫ Levelized cost of energy 

	◦ Including full-cost accounting, which would account for avoided costs on the external grid (i.e., reduced 
peak load costs, reduced system losses, impact on bulk grid locational marginal price, reduced ancillary 
service costs, etc.) 

One national laboratory representative suggested a framework for characterizing metrics that incorporates three 
primary factors to define an energyshed: 1) economic cost for energy development, 2) environmental benefit, 
and 3) some measure of energy resilience. Correspondingly, metrics to evaluate these factors would be needed to 
characterize an energyshed. 

In principle, the environmental benefit and energy resilience components could be built into the cost, thereby not 
requiring explicit representation in this characterization. In practice, however, as these effects are not currently 
adequately built into the price of energy, they should exist as second and third dimensions of necessary metrics that 
must be calculated to define an energyshed. Each of these three dimensions could be normalized in a way such that 
the value obtained from each could be comparable to one another. 

As an example, consideration of these three metrics (rather than simple economic cost decision-making) might 
lead to the development of solar over a cheaper energy resource due to the environmental and resiliency benefits 
associated with using locally sourced energy instead of imports. This contributor expects that this type of scenario 
will increasingly hold true given the push to net-zero carbon emissions as a way to combat climate change.

RFI Results
RFI respondents were also asked what tools and data will be required to determine the location of generation and 
the proportion of electricity that is derived within the energyshed. While many tools and data sets will need to be 
developed, several national laboratory participants suggested that existing tools and data sets could be used to support 
the initial energysheds development. Respondents also provided examples of tools from other fields that could be 
leveraged, such as tools that conduct net flow dynamics, as well as commodity flow tools for the transportation sector. 

Standards and Interoperability
In the future, contributors suggested that it will important that tools follow common practices and incorporate 
all the sectors and operational functions of an energyshed. As one national laboratory participant said, it will 
be important that future tools be interoperable and be built upon common data models that model interactions 
among diverse sectors of an energyshed (e.g., buildings, DER, transportation, urban environment). Representative 
energysheds of various typology and configurations can be developed to enable modeling and evaluation of 
energyshed design and operation by diverse tools and stakeholders. Tools should provide a standard set of metrics 
to evaluate the energy efficiency, energy flexibility, and climate resilience performance of an energyshed. Tools at 
different levels of detail and requiring different amounts of data should be made available to support stakeholders’ 
diverse needs. 
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Financial Management 
The operation of energysheds will require a financial management component. As one participant pointed out, 
financial tools could be implemented by a utility, retail supplier, aggregator, or some combination of entities. Local 
generation is, in many cases, likely to be a combination of customer-sited resources behind the meter as well 
as distribution-interconnected generation (e.g., community solar). The ability to allocate cost, design equitable 
rates, and align the proportion of customer load served by generation within an energyshed necessarily requires 
integration between multiple systems. 

Data Visualization
Participants expressed that the development of tools to visualize tradeoffs among economic, environmental, and 
social indicators would be useful. A valuable dataset to visualize would be from intelligent metering at the home/
building level, including real-time load demand and inverter information for small-scale solar installations. Data 
and analysis are also needed for disaggregation of electric vehicles’ electricity loads, detecting storage availability, 
and monitoring to maintain a real-time understanding of all distributed generation resources and storage resources 
within an energyshed. Lastly, virtual and hybrid network controls would be useful for consumers with multiple 
sources of power. 

Data Completeness, Transparency, and Security 
RFI respondents emphasized that tools developed for the purpose of energysheds need comprehensive data 
sets. The data needs to be regulated, encrypted, and properly secured against attacks. Further, data needs to be 
transparent and shared between stakeholders directly involved with managing resources, dispatching resources, 
and grid operations. Contributors urged that, to manage models holistically, data access should be available to any 
stakeholders within an energyshed as well as any adjacent operators who may share resources. 
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Planning and Operations

6	 James C. Bonbright, Principles of Public Utility Rates, 1961. Columbia University Press. https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/

In the “Planning and Operations” topic area, DOE-EERE sought to expand its understanding of the impact of more 
locally derived generation, expectating that this may require planning efforts that are different from traditional integrated 
resource planning (IRP) efforts. As more generation is located within the energyshed, the way the power system is 
operated on a day-to-day basis may need to change. Workshop attendees and RFI respondents were asked to share their 
perspectives on how planning procedures or tools need to be updated in a more locally derived generation mix.

Topic Overview 
In this topic area, DOE-EERE sought energy sector stakeholder input related to considerations of energyshed 
planning and operations. Since each community has different sources of energy available, a question raised was: 
“Which planning procedures or operations need to be updated, changed, or added in a more locally derived generation 
mix?” DOE-EERE specified an interest in stakeholder input regarding how the IRP process might need to change if 
energy generation and consumption become more localized. Additionally, contributors were asked to consider how 
the relationships between utilities, customers, and local governments needed to change with more locally derived 
generation. As more generation is placed in hands of consumers, how will their relationship with utilities evolve?  

One of the themes that became clear during this discussion was a commitment to the “principle of simplicity” with 
respect to utility regulation6. When discussion participants mentioned unbundling utility rates, workshop organizers 
expressed a potential challenge due to the complexity involved. The need for simplicity was also mentioned as a 
critical component of the consumer-utility relationship, recognizing that having a single point of contact within the 
utility will be valuable.

Workshop Key Participant Takeaways
Following small group discussions, participants shared their key takeaways from the planning and operations topic. 
At a high-level, they described energysheds as a way to knit together the planning elements, and as an organizing 
framework at community scale. In addition to the watershed analogy, some used a foodshed analogy. Local 
foodshed movements think about benefits, tradeoffs, and costs of producing food locally, but are not strictly limited 
by geography like watersheds. Food is produced all over and aggregated in distribution centers to reach end users. 
Workshop attendees thought about the roles of various stakeholder groups with respect to planning and operations, 
especially the roles of utilities, local governments, and communities. 

Utility Role
Several participants expressed the need to include more voices from the stakeholder community when planning 
and operating the power system. For example, conversations between the utility and owners of DER could lead to 
a better operation of the system. Discussion raised the question of what technology will need to be developed to 
facilitate new system planning.

Local Government Role 
Contributors explored the role of local government as well, recognizing that coordinating stakeholders will require 
staffing and technology resources. One suggestion was to engage sustainability officials, and another was to 
consider creating a role for a local energyshed ombudsperson. Policy challenges that local governments may need 
to overcome could be related to data privacy regulations, distributed generation for lower income households and 
nonprofits, and allocating sufficient real estate to meet energy demand using distributed resources (i.e., parking lots 
for solar power generation). 

https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/


Planning and Operations     21

Community Role 
With respect to community leadership roles, participants mentioned the importance of strengthening community 
organizations and building capacity for needs-based participatory planning. Contributors advised that utilities 
and local governments should allow Community Choice Energy and CCAs to organize, and proposed a paradigm 
that allows for community-owned power and models similar to rural electric cooperatives in urban settings. 
Communities will need to consider questions about the cost tradeoffs of using local generation versus importing, 
and whether using local generation may create an economic justice issue.

Workshop Discussion Highlights 
This group provided a variety of perspectives when asked, “What are the implications of moving to more locally 
generated energy systems?” Organizers also asked, “How do the relationships between utilities, customers, and 
local governments need to change?” Responses can be generally categorized as related to the following: 

•	 Planning Approaches
•	 Technical Considerations
•	 Social Considerations
•	 Stakeholder Coordination
•	 Case Studies 

Planning Approaches
Contributors commented that energysheds can be considered a “localized energy generation IRP” and represent a 
multifaceted—rather than an isolated—approach to planning. Similar to watersheds, energysheds are multi-scale 
and can have flexible geographic boundaries. One individual suggested that as a planning framework, energyshed 
scenario analysis can zoom in and out to evaluate trade-offs, opportunities, and operations challenges.

Technical Considerations
In contrast to standard IRPs, which are generally concerned with resource adequacy at least cost, an energyshed 
region may need to expand for resiliency. One comment during the discussion indicated that a target pattern may be 
warranted, with different percentages of energy coming from various geographic distances. With respect to power 
distribution, contributors noted that energyshed planning can avoid or manage reverse power flows from excess 
distributed generation that wasn’t planned for in advance. The conversation continued with one contributor saying, 
“Local distribution networks are typically able to handle distributed generation as long as there is self-consumption 
(e.g., batteries or zero export systems) in place. The short- and long-run distribution are the issue—with backflow 
prevention and old controls that cannot deal with bi-directional flows.”

Another participant suggested that the concept of energysheds could be used to leverage the involvement of 
consumers owning distributed energy resources. For example, multiple owners of energy storage could serve as a 
virtual battery for the local power system. A third workshop attendee added that there may be potential for a local 
distribution area, such as a substation or feeder, to “island” as a microgrid during a power outage, which would 
require a full microgrid control system to balance generation, load, and storage.
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Social Considerations
During the Planning and Operations discussion, participants indicated an interest in building capacity for more 
participatory “need-based” planning at local and regional level. In this sense, energyshed management offers a way to 
engage energy stakeholders. One recommendation offered was to incorporate community-driven processes, as described 
in reports such as Our Communities, Our Power: Advancing Resistance in Resilience in Climate Change Adaptation.7  

Another contributor mentioned procedural justice8  in general, and suggested investing to develop and strengthen 
capacity and organizations for long-term, participatory community planning. For example, communities may be 
interested in considering how to provide access to distributed generation for lower income individuals, nonprofits, 
or others who cannot take advantage of tax credits. 

Stakeholder Coordination 
The primary theme with respect to stakeholder coordination was that customers need to have a seat at the table, but 
do not necessarily have the knowledge required to make decisions. As such, contributors suggested that a campaign 
to educate stakeholders would be “essential.” Participants also brought up a general need for communication 
and advocated for a mobile application that could provide real-time energy usage, pricing, and other relevant 
information. Another point raised was the potential need for a local energyshed ombudsman. 

Examples Provided by Participants
Workshop attendees noted that Vermont has state-level goals such as 90% total energy from renewables by 2050, but 
the execution of that goal is being drafted at community scale through an energy-siting law that requires each town 
energy committee to develop a plan. The state is an energyshed, and individual communities are also energysheds. A 
contributor who has been extensively involved with the energyshed management in Vermont explained that since the 
focus is on total energy, there is also an effort to integrate electric, heating, and transportation energy. 

Another example mentioned was that of a municipal utility located in Denton, Texas. The local utility started 
purchasing wind power assets and using biogas from a local landfill. However, it also started implementing 
advanced natural gas combined-cycle facilities because they were cleaner than gas-fired facilities and could serve 
as a bridge while more renewables are being developed. 

RFI Results 
Implications of Locally Derived Generation
Like workshop participants, RFI respondents were asked by DOE-EERE to provide their input related to the 
implications of more locally derived generation on grid planning efforts. Addressing impacts of more locally 
derived generation, along with how energyshed managements systems may affect grid operation both on a day-to-
day and long-term basis, are important for grid and community planning. 

One national lab participant expressed that planning, design, and operation of an energyshed should include all 
needed sensing, monitoring, and data collection to enable performance analysis, diagnostics, and benchmarking. 
Planning and design should consider life cycle needs as well as potential impacts from extreme weather events and 
climate change. Integrated optimization of various sectors should be done through modeling and simulation in the 
design phase or data-driven analytics during the operational phase. Advanced controls using predictive modeling in 
real time can improve performance of an energyshed. 

When considering community planning, one university participant drew a parallel to transportation planning. 
Metropolitan planning organizations (MPOs) are the organizations tasked by the federal government to carry out 

7	 NAACP, Our Communities, Our Power: Advancing Resistance in Resilience in Climate Change Adaptation, April 2019. https://toolkit.climate.gov/reports/
our-communities-our-power-advancing-resistance-and-resilience-climate-change-adaptation

8	 “Procedural justice concerns who is at the decision-making table, and whether, once at the table, everyone’s voice is heard.” Initiative for Energy Justice, The Energy Justice 
Workbook, 2019. Section 1.3. https://iejusa.org/section-1-defining-energy-justice/

https://toolkit.climate.gov/reports/our-communities-our-power-advancing-resistance-and-resilience-climate-change-adaptation
 https://toolkit.climate.gov/reports/our-communities-our-power-advancing-resistance-and-resilience-c
 https://toolkit.climate.gov/reports/our-communities-our-power-advancing-resistance-and-resilience-c
https://iejusa.org/section-1-defining-energy-justice/
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regional transportation and air quality planning. MPOs model the transportation system, analyze transportation 
needs in the context of multiple objectives, develop long-range transportation plans, allocate federal transportation 
funds, and facilitate public engagement. Their responsibilities can extend beyond the transportation network to 
include growth management and land use planning. 

This academic contributor suggested that a “metropolitan energy planning organization” (MEPO) could manage 
and coordinate an energy system that has much more substantial local electricity generation, but also a continuing 
requirement to be connected to the regional and national grid. A MEPO could also be equipped to coordinate the 
transitions from petroleum-powered transportation and natural gas combustion to systems based upon electricity or 
zero-carbon hydrogen. 

A MEPO, for example, will be able to coordinate the introduction of electric vehicle charging stations across an 
entire metropolitan area, incentivize higher-density (and lower energy-use) land development, introduce energy 
efficiency building code and building retrofit regulations, and require changes in land use and zoning regulations 
to maximize local energy generation. Furthermore, a metropolitan-scale organization will be needed to manage the 
complex tradeoffs between multiple energy objectives including low prices, high reliability, low greenhouse gas 
emissions, substantial local generation, energy justice, and energy democracy.

Planning Procedures and Operations Systems
Participants were asked what planning procedures or operations systems need to be updated, changed, or added in a 
more locally derived generation mix. A contributor representing a non-profit energy policy organization told DEO-
EERE that robust input from civil society, community, and regional planners into technical planning processes is 
integral to guaranteeing better outcomes on energy justice, diversity, equity, and inclusion. 

Energyshed management systems are key to managing locally derived generation mix within energysheds. A 
university respondent described the function of an EMS as similar to the current ISO, but focused on the power supply 
to a given energy sink (e.g., a city) from the different sets of energysheds (related to different energy sources) that 
feed into that sink. Thus, within each energyshed, the EMS would manage electric energy storage, purchase of energy 
supply, energy pricing, and energy curtailment to different types of energy suppliers and users in order to provide 
reliable power both to consumers within the energyshed and those in the downstream energy sink (city).

Deriving a more locally sourced generation mix may involve complexity but, from one respondent’s perspective, 
it is a worthy and achievable goal with potential benefits to ratepayers, DER developers, and the power system 
as a whole. This participant, who represented a technical consulting firm, specified that value will be found by 
accelerating the efficient adoption of DERs on distribution while still maintaining a link to the wholesale power 
system. This approach is similar to the “total distribution system operators” outlined in DOE’s work on grid 
architecture. In addition to advanced distribution management systems to execute dispatch, implementation may 
require market mechanisms capable of settling along the distribution networks and opening distribution tariffs to 
ensure fair and non-discriminatory access to the network. 

In many cases, the locally derived generation mix will be renewable. One national lab participant suggested that 
energysheds will help to accommodate renewable energy technologies with the support of local flexibility, storage, 
and dispatchable sources. As a result, there will be a possibility to integrate higher penetration levels of renewable 
energy technologies with a minimal impact on the grid. The grid will facilitate the interactions between different 
energysheds located in different localities to cater the mismatch between demand and generation. 

Accommodating More Locally Derived Power
RFI respondents were asked how daily power system operations might change to accommodate more locally 
derived power. An industry participant suggested that depending on the timescales, the following changes to short 
term operation and planning will assist with accommodating locally derived power: 
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•	 Day-ahead planning: Forecasting the net load on an hourly basis will help with scheduling interchange 
between the energyshed and the external system, such as import schedules during shortages and export 
schedules during excesses.

•	 Intra-day planning and operations: To manage deviations in either load (native) or generation (forecast 
deviation, unforced outages), an intra-day planning exercise that periodically runs system operation scenarios 
would help determine interchange needs, reserve requirements, and operation of short-term reserve designated 
resources. The frequency of such studies may be hourly or every four hours depending on the stochasticity of 
net load on the system. 

•	 Hourly and intra-hour operations: System studies (dispatch and power flow) conducted to determine close to 
real-time requirements can further help establish energyshed requirements.

Barriers to Overcome
Participants were asked to provide DOE-EERE with input regarding the barriers that must be overcome for power 
system operations when more electricity is locally generated. One industry participant offered the following 
assessment of the barriers:

•	 Technical barriers
	▫ Protection coordination
	▫ Accounting for backfeed in the case of residential/commercial rooftop PV
	▫ Voltage coordination and control (power quality)
	▫ Scheduling and dispatch of participating generation
	▫ Coordinating interchange 

•	 Economic barriers
	▫ LCOE given cost of small-scale generation while aiming to maintain high level of reliability and power 
quality

	▫ Incentives for end users to add generation/offset load through energy efficiency/demand response
	▫ Need for additional investments in the form of network augmentation through expanded sensor utilization 
and network control elements

•	 Regulatory barriers
	▫ Discrepancies between reliability and power quality metrics versus benchmark metrics from conventional 
grids

	▫ Safety concerns related to islanded operation during outages
	▫ Rate base determination
	▫ Incentives for market participation

Utility / Customer / Government Relationships
DOE-EERE asked RFI respondents to provide insight about how traditional utility operations may need to change 
as more generation is locally derived. This question also involved considering how relationships between utilities, 
customers, and local governments may need to change. A wind industry association contributor suggested that the cost 
and time needed to for utility interconnection may be a significant barrier to DER deployment, especially for large-scale 
wind projects. The grid and prudent power engineering practice do not vary from utility to utility, and two detailed and 
well vetted models are available: 1) the Interstate Renewable Energy Council (IREC) Model Interconnection Procedures, 
which were released in 2019, and 2) New York State Standardized Interconnection Requirements. The Distributed Wind 
Energy Association recommends instituting these procedures to accelerate energyshed development.
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Resilience

9	 Grid Modernization Laboratory Consortium, Grid Modernization: Metrics Analysis – Resilience Reference Document, Volume 3, April 2020. https://gmlc.doe.gov/sites/default/
files/resources/GMLC1.1_Vol3_Resilience.pdf

In the “Resilience” topic area, DOE-EERE sought to identify system architecture and operations practices that 
will lead to a more resilient power system with more locally derived generation. Workshop attendees and RFI 
respondents were asked to consider how locally generated electricity may lead to the development of a more 
resilient power system, including microgrids. For the purpose of this workshop discussion, resilience is defined as 
the ability “to prepare for and adapt to changing conditions and withstand and recover rapidly from disruptions, 
including the ability to withstand and recover from deliberate attacks, accidents, or naturally occurring threats or 
incidents.”9 

Topic Overview 
When asked to provide input about resilience opportunities and barriers related to increasing locally generated 
electricity, workshop participants made the point that planning resilience into local generation will be critical. 
Participant responses to this topic also raised issues related to investment in infrastructure development, factors in 
the cost-benefit analysis, and value “stacking.” From a community’s perspective, resilience and backup power is a 
good place to start, but there are additional values to the system that can be unlocked. 

This group proposed several creative ideas with respect to resilient energysheds and also presented many questions 
that remain to be answered, including: 

•	 What level of resilience are we aiming for? 
•	 Should storage capacity be in place at the local, household/building, or grid level?
•	 How do we build an integrated and shared mesh network of power and information across more islanded 

infrastructures?

Workshop Key Participant Takeaways
This group recognized an opportunity to create electric energyshed/microgrid cooperatives or associations within 
existing consumer-owned cooperative or municipal utility service areas, which could serve as an extension of the 
existing consumer-focus of these utilities. Participants suggested DOE look into both CCAs and the Rural Utility 
Service at the Department of Agriculture as templates for how microgrids can be more easily procured. 

Workshop Discussion Highlights
One of the most overarching barriers related to energyshed resiliency mentioned during this discussion was 
the standard expectation and default to imported fossil fuel, especially in emergency situations. Participants 
emphasized that if energysheds are focused on energy available within a defined region, then planning will need to 
follow regional commitments to phase out fossil fuels. 

The role of microgrids and resilience within microgrids was also explored by workshop participants. The other 
themes that emerged during the workshop session were: 

•	 Cost
•	 Infrastructure and Development
•	 Interconnection and Communications
•	 Emergency Response

https://gmlc.doe.gov/sites/default/files/resources/GMLC1.1_Vol3_Resilience.pdf
https://gmlc.doe.gov/sites/default/files/resources/GMLC1.1_Vol3_Resilience.pdf
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Cost 
A barrier proposed by discussion participants is that energyshed management systems are potentially more 
expensive than the alternatives. Contributors expressed concern that since this cost would be borne by the 
customers it could lead to increased financial burden on communities. One participant asked, “Who will pay, who 
will benefit, and how will we fairly share the value and include those of lower incomes?”

Several contributors mentioned that utilities often consider DER and two-way energy flow as not cost-effective. 
Another participant posited that a reliance on local generation could increase the need for energy storage and 
related expenses. One potential solution mentioned providing energy consumers with ongoing incentives to invest 
in the grid balancing capabilities that come with both conventional storage (batteries) and non-conventional storage 
(e.g., grid interactive water heaters or geothermal storage).

Infrastructure and Development
Participants indicated that the power system as it exists now performs relatively well from a resilience perspective. 
At the same time, DOE-EERE received input related to the technical upgrades needed to grid infrastructure, noting 
a particular urgency to adopt the most current code standards for new developments. One contributor explained that 
the distribution system in most locations doesn’t have the switches and mechanisms in place to utilize resilience 
benefits of locally generated electricity. For example, re-syncing with the grid when grid service is restored needs 
to be assured. Also, utility supervisory control and data acquisition upgrades may be needed. 

For resiliency across troubled areas with power issues, commentors urged moving microgrid pilot projects, such as 
the Autonomous Energy Grid Basalt Vista housing project, into the mainstream. This model may shift the role of 
utilities towards that of a distribution provider. From a developmental perspective, workshop attendees suggested 
that transitioning to a local electric generation system presented a potential opportunity to move ownership and 
control of these DER to community groups, co-ops, and CCAs.

Interconnection and Communications
During this session, the concept of interconnected microgrids and interconnected smart buildings were both 
mentioned, along with the related need for communication and control protocols. Participants suggested that grid 
interconnected smart buildings could be leveraged to manage load and DER. Interconnected microgrids, set up 
as standalone nodes that can connect and disconnect from the larger grid, were also proposed as an opportunity, 
with the contributor explaining that the microgrid could aggregate the production and demand from a specific 
geographic area. 

To implement these types of interconnections, contributors stressed the need for continued software and hardware 
development. Communication and control protocols need to be improved to accommodate different forms of 
generation that can easily be added to the mix. Participants cited the lack of common connection infrastructure for 
electric vehicles as an example of this issue. One commentor suggested that the National Institute of Science and 
Technology and DOE might collaborate with stakeholders to develop some generalized, secure protocols, akin to 
W3C/IETF internet standards.

Emergency Response
Several discussion participants mentioned the need for overcoming the fossil fuel dependence that is often the 
default mode in emergency situations (e.g., disaster or critical failures during extreme weather events). A barrier 
to this is the currently steep price tag of local (household) storage options, specifically batteries, compared to 
gasoline/diesel generators. Contributors suggested that there is an opportunity for utilities or grid operators to pay 
incentives to their customers associated with the energy storage value of storage options.

https://www.nrel.gov/news/program/2020/nrel-autonomous-energy-grids-research-featured-ieee-spectrum.html
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The issue of cybersecurity was also discussed from two perspectives. One participant noted that decentralized 
systems with gateways would reduce the potential impact of cyber-attacks. Another participant noted that utilities 
typically think of DER as increasing the cyber security risk to the grid. Continued conversation raised the points 
that smaller energy systems may be less attractive to bad actors and, separately, that “cybersecurity needs to be 
improved for the existing grid anyway, so cyber protocols can be developed along with DER platforms.”

Energy Justice
The group highlighted investment into disadvantaged communities as a key issue for resilient energysheds. 
Participants told DOE-EERE that electricity providers need to shift focus towards vulnerable communities, some 
of which are more likely to experience blackouts, load shedding, and may wait longer for service to be restored in 
an outage. With respect to financing, contributors wondered if there will be differential resilience in more affluent 
communities.

RFI Results
Resilience Opportunities
DOE-EERE asked RFI respondents to share their insight about resilience opportunities related to increasing 
locally generated electricity. Contributors noted that a single transmission failure at a centralized power plant will 
leave a large population without power. Therefore, more local generation is expected to be more resilient, though 
participants varied in their opinions about the optimal size of an energyshed to increase resilience. 

Energyshed Size and Reliability
A non-profit policy research organization representative suggested that the larger the catchment area for renewable 
resources, the larger the energyshed, and the larger the energyshed, the more resilience is enhanced. Conversely, 
according to a national laboratory participant, failures could be limited simply by reducing distance between 
generation and load/demand needs. Spatial distribution of generation could increase redundancy (i.e., serve as 
hubs) for prioritizing recovery responses. 

One industry participant suggested that an energyshed that is served largely—but not exclusively—by local 
generation has potential for resilience and reliability benefits. Collective self-consumption and the commensurate 
increased utilization of distribution infrastructure should reduce the probability of outages that result as a function 
of overloads. Contributors expect that would also reduce the net load requirements at the point of transmission 
interconnection, which should help mitigate requirements on the wholesale system.

Renewable Energy and Reliability
A wind industry association representative shared a perspective that distributed renewable energy could increase 
the resilience of an energyshed. Critical community services, such as medical facilities, water supply infrastructure, 
communications facilities, and military facilities could install microgrids that would strengthen the grid and build 
manufacturing volumes for Distributed Generation (DG) technologies. Expanding DG development at schools 
and other governmental facilities with lower energy expenditures could reduce overall regional carbon intensities, 
and also support local economic development. Further, this contributor expects that combining solar and wind 
resources could make for stronger and more effective microgrids that would be less susceptible to losing power due 
to fire, extreme weather events, and other natural disasters.

District Energy Systems as a Model
A contributor representing a non-profit district energy association explained that resilience and reliability are the 
cornerstones of the district energy industry in the United States. These district energy systems are community-scale 
markets such as cities, campuses, airports, military bases, and healthcare facilities. District energy microgrids 
utilizing combined heat and power (CHP) represent a range of technologies that are effective in all the climate 
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zones of the U.S. Integrating power and thermal energy use enables very high efficiencies and reduces downstream 
carbon emissions. District cooling systems, especially those with thermal storage, provide dramatic peak demand 
benefits to local power distribution networks and avoid reliance on costly, inefficient, and fossil fuel generation 
assets. 

This participant provided several examples of districts that have experienced resiliency benefits from utilizing CHP 
in a self-sufficient microgrid.

•	 The University of Texas at Austin (UT Austin) CHP system fully supplies the heating, cooling, power, and 
energy optimization of the entire 20 million square feet of buildings on campus, supporting nearly 70,000 
daytime occupants with mission-critical heating, cooling, and power. In 2020, the UT Austin district energy 
system reported overall energy efficiency exceeding 86% and fully maintained energy services throughout the 
Texas deep freeze of Storm Uri in early 2021. 

•	 Texas Medical Center in Houston, the world’s single largest healthcare campus, relies on CHP and large-
scale thermal storage. This campus withstood and maintained 100% reliability to customers during multiple 
hurricanes, record flooding, and the near grid collapse experienced by Electric Reliability Council of Texas 
customers during Storm Uri in 2021. 

•	 Princeton University maintained energy services to the campus community throughout Hurricane Sandy in 
2012. As one of the few areas with energy services intact, Princeton was able to serve as an area of refuge for 
first responders. Maintaining service also preserved and protected invaluable research stored on campus while 
grid interruptions impacted over 8.1 million people across 21 states. 

Data Analysis for Resiliency 
One industry participant suggested that edge data analysis at the meter will provide real-time, detailed insight 
to the state of the resource allocation within the energyshed which can be used for either artificial intelligence-
informed or automated resource allocation optimization and topology reconfiguration during unexpected events 
or demand volatility. Micro analysis of the waveform data at the millisecond level and inter-meter communication 
in an Advanced Metering Infrastructure mesh can also increase the resiliency of the grid by detecting transient 
anomalies. It can measure reactive power imbalances at a community-level, provide proactive fault risk for 
repeated high impedance detections, and manage microgrid resources at the community level while also providing 
analyzed data back to the substation for aggregation and regional analysis. 

This analyzed data can then be passed for centralized analysis of the microgrid within an energyshed, and also 
shared with overlapping energysheds and operators that are influenced by the energyshed. During an event that may 
require Public Safety Power Shutoff operations, real-time, far edge data along with disaggregated consumption 
analysis can allow for intelligent, surgical offloading of power instead of blunt regional outages. 

Insight behind the meter can also inform utilities of factors such as the temperature of a home where freezing pipes 
are at risk, medical equipment inside a home that is critical to be powered, private energy storage equipment, etc. 

Demand Response
Increases in large storage and EV battery connectivity can provided a source of backup power during peak load 
times but must be defined, monitored, and dispatched optimally. This could be voluntary for private citizens, but 
also utilized for public resources such as EV school buses and public transportation vehicles. Real-time energy 
consumption information (especially in disaggregated, device-level form) can give the customer up-to-the-minute 
insights regarding their personal energy usage, which they can, in turn, use to make “good citizen” decisions, such 
as adjusting thermostats, turning off pool pumps, or delaying heavy load activities such as drying clothes during 
peak events.
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Resilience Barriers
DOE-EERE asked RFI respondents to share input about the resilience barriers related to increasing locally 
generated electricity. A participant representing a technical consulting firm shared that during an outage, individual 
customers or sub-aggregations of customers who share generation and storage behind a common point of 
interconnection and have sufficient controls in place should be able to island. Ideally, an energyshed concept would 
include some coordinated, partial-reliability scheme to maintain community-level resilience, though best practices 
for coordination and controls under this approach are still being established. 

System Architecture and Operations 
RFI respondents provided DOE-EERE with their input regarding what system architecture and operations will 
lead to a more resilient power system with more locally derived generation. One national laboratory participant 
suggested that resilience of an energyshed should be considered from the beginning, during the planning and 
design phase, then implemented and refined during the operational phase. Resilience considerations should include 
cybersecurity, energy resilience, climate resilience, and socioeconomic conditions. 

Coordination between Energysheds
Another national laboratory contributor suggested that coordination between energysheds will be needed to balance 
the “islanding effect” with the “grid of microgrids” approach. The security of energysheds could also be increased 
by connecting emergency planning with energy systems planning. This could involve conducting evaluations of 
energyshed vulnerabilities related to different natural and intentional threats to identify optimal investment and 
response solutions across the reliability-resilience spectrum. The respondent suggested that this approach should 
effectively recognize and prioritize critical infrastructure needs to ensure that resources are being distributed 
equitably across regions. Cross-cutting capabilities will also be needed to ensure: 

1.	an effective, standardized monitoring strategy
2.	human-machine teaming for reliability
3.	improved metrics for quantifying system optimization/benefits 

Planning for Urbanization
Figure 3. Long Distance Transmission Network from a RFI Respondent
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A national laboratory respondent noted that America’s population (as well as that of the rest of the world) is 
continuing to urbanize. Thus, this participant suggested to DOE-EERE that resilient renewable power architectures 
should focus on urban centers. Renewable resources tend to have low energy densities, requiring significant space 
to generate large amounts of power at very high availability levels. Urban areas, on the other hand, tend not to have 
sufficient space to host such renewable plants within the urban boundary. Thus, a resilient electric power system 
might be architected like what is shown in Figure 1 , which can be thought of as an energyshed. 

A ring bus circles the main urban area, with multiple feeds from the ring bus into distribution substations inside 
the urban perimeter. The ring bus itself provides N-1 resilience. Large renewable-energy plants of several types are 
distributed around the ring bus. Energy storage (electrical) would be located at the distribution substations within 
the urban area, augmented by smaller energy storage (electrical and thermal) in buildings or at facilities. Combined 
Heat and Power would also be a part of the urban landscape, as CHP facilities have a strong track record of both high 
resilience and high overall energy efficiency, and can take advantage of both electrical and thermal storage. The smaller, 
outlying community or suburb shown in Figure 1 does not have its own ring bus, but it does have its own storage and 
CHP, and can tap the larger-city ring bus in more than one place, offering it some resilience benefits as well. 

A high-voltage transmission network provides resource sharing capabilities between urban areas. The electrical 
backbone of this architecture, or something similar to it, is already present in most urban areas, smoothing the 
transition toward this type of system. This contributor concluded by noting that investments would be needed to 
re-envision these concepts to rural regions that are characterized by different resource densities. 

Energy Justice, Diversity, Equity, and Inclusion
The objective of the “Energy Justice, Diversity, Equity, and Inclusion” topic area was to identify DEI opportunities 
related to energyshed management system demonstration and deployment. Each of the previous sessions had 
considered energy justice, with respect to the specific topics being raised. The final participant discussion was an 
opportunity to explore how these activities can be implemented with respect to tools and analyses, planning and 
operations, as well as resilience.

Topic Overview 
The EJ and DEI topic raised discussion related to social, environmental, economic, and technical values and 
decision making. One workshop participant stated an opinion with which many group members agreed: “DEI 
should be the centerpiece of energyshed thinking.”

Workshop attendees were asked: “What does a ‘just transition’ to the new energy system look like?” In response, 
attendees suggested an all-inclusive participatory “energy democracy” that will provide energy system choices to 
communities, especially the historically marginalized and vulnerable populations that have been harmed by the 
current system. Energyshed thinking also moves responsibility to the system via collective action, instead of just 
to the individual. One attendee noted, however, “Justice isn’t inherent in the energy transition and development of 
energysheds. The grid is going through big, expensive changes. Without intervention, the default outcome would 
be likely to increase the financial burden and exacerbate existing inequities and divisions.”

Workshop Key Participant Takeaways
A key takeaway of this conversation was that energyshed thinking can help us come to terms with the costs and 
benefits of our energy choices. The participants wondered whether locally generated energy may be a way to 
provide benefits to the community. Further, they went beyond considering justice and economic opportunities for 
communities by discussing ecosystem restoration for forests, farmlands, and wetlands. Contributors noted that 
“the Principle of the Commons needs more consideration as we begin to see energy like water, clean air, and other 
common resources.” 
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Participants also recommended developing methods for cumulative health risk analysis in the community (e.g., 
identifying who is vulnerable to energy stressors such as air and noise pollution from refineries, heat islands, lead, 
etc.). The specific question was raised: “Can we figure out how the people who have borne the burden of fossil 
energy can benefit from energy transition?”

Several contributors suggested that energysheds represent a social opportunity and that energy co-ops are a 
vehicle to implement the approach. As one stakeholder who represented a community energy cooperative stated, 
“Transferring ownership and control into the user’s hands helps them want to participate and become educated.” 
The group identified challenges that would need to be addressed regarding specific frameworks, including 
community-level decision making processes and visualizing energysheds that provide stakeholders with data for 
informed choices.

There are also significant challenges related to siting and cost implications. Participants emphasized that it would 
take money and commitment from localities to implement energysheds. They also noted that high energy rates can 
be burdensome, so passing along costs to ratepayers is not an attractive option. Ultimately, data and tools will be 
necessary to develop the ability to understand system-wide siting and cost implications.

In addition to these points regarding energyshed potential costs and benefits, the group provided significant insight 
about rural communities, as well as case studies about existing efforts. 

Rural Communities
Workshop participants urged that reducing energy burden should be an objective of energyshed management 
systems. Energy burden, which is the percentage of household income spent on energy, is higher in rural regions, 
where about 40% of income is spent on energy in some communities.10  Attendees noted a large rural-urban divide 
in the energy transition, with rural areas (which, as of 2015 census, have lower income levels11) bearing most of the 
transition burden. Resources are often sited in rural regions, though these areas have a history of losing out when it 
comes to reaping the benefits. 

New renewable energy infrastructure is going into rural communities with the highest energy poverty. Discussion 
participants emphasized that utilities have been taking land in rural areas that may have low monetary value, but which 
may be priceless to the owners or indigenous land users. For instance, utilities often use eminent domain to acquire land 
from private owners and public lands for transmission lines, then use the road and highway corridors for distribution 
lines. Because of this dynamic, attendees expressed interest in re-thinking the process of right-of-way acquisition and 
property valuation. Contributors encouraged DOE-EERE to consider how rural communities can benefit from the 
renewable energy transition and “not just be an afterthought in a new wave of extractive energy systems.”

Examples from the Participants
Cooperative Energy Futures, an energy efficiency and community-owned clean energy cooperative based in 
Minnesota, is an example of an organization that has no barriers to access, such as credit checks, to gain access 
to community solar gardens. A representative of this community organization explained that staff goes door to 
door explaining the opportunity being offered, but that individuals sometimes expect there to be a “catch” because 
they have been historically exploited. This group has found it to be effective to go to churches and hire local 
representatives to reach out to their networks. This strategy was successful in increasing co-op membership. These 
members are actively involved, taking on board of director positions and advocating for EJ issues at the state 
legislature. Their experience has shown that if people are given agency in energy systems, they are driven to affect 
ongoing change.

10	 American Council for an Energy Efficient Economy, The High Cost of Energy in Rural America: Household Energy Burdens and Opportunities for Energy Efficiency, July 
2018.. https://www.aceee.org/research-report/u1806

11	 “A Comparison of Rural and Urban America: Household Income and Poverty,” census.gov, https://www.census.gov/newsroom/blogs/random-samplings/2016/12/a_
comparison_of_rura.html

https://www.cooperativeenergyfutures.com/
https://www.aceee.org/research-report/u1806
https://www.census.gov/newsroom/blogs/random-samplings/2016/12/a_comparison_of_rura.html
https://www.census.gov/newsroom/blogs/random-samplings/2016/12/a_comparison_of_rura.html
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Eco El Paso is a nonprofit organization in Texas that works to reduce energy expenditures of low income, 
underserved areas and organizations. For example, the group was able to accumulate donated equipment for 
locations such as migrant shelters in El Paso. The organization is motivated to assist these types of organizations 
since the less they need to pay for energy costs, the more funding is available for them to spend on their socially 
beneficial mission.

The Institute for Advanced Sustainability Studies has found that college students studying energy system design 
have innovative ideas on how to integrate justice and communal participation into energy transition and community 
level projects. A representative of this organization recommended including youth into this conversation, given 
that old school expertise is not the only thing driving the form of energy transition. A professor from the University 
of Vermont agreed that the energyshed concept engages young people. He even contended that the current system 
is actually designed to prevent one from thinking about one’s energy choices. “You do not think about impact of 
choices, of who, where, when. Energysheds have to engage everyone around the choices.” This, he predicted, 
would create a sense of individual and community level accountability and responsibility, declaring, “This is a 
socio-technical transformation.”

Workshop Discussion Highlights
A major theme throughout the workshop discussions was that energy inequity is systemic and needs to be 
addressed by actively providing ownership and decision-making authority to communities. Participants 
recommended that member-owned co-ops are one approach to accomplish an “energy democracy,” with the 
caveat that viable co-ops must be available to communities of all income levels, not only affluent neighborhoods. 
Discussions raised a few questions to this point:

•	 How much and how fast do we want to provide energy equity to underserved communities? 
•	 Do we want to provide tools for these communities—which might not break the cycle of health risks 

associated with some forms of energy production in a timely manner—or do we want to subsidize something 
more aggressive?

Contributors suggested that, in addition to examining where energy currently comes from, analysis needs to answer 
the question of where energy could and should come from. To create a new energy system that is less exploitative 
and more inclusive, specific data should be consulted such as census tract data locations, home mortgages, minority 
businesses, and schools. One participant suggested utilizing Integrated Public Use Microdata Series (IPUMS) data 
and existing tools to disaggregate the IPUMS data.

When talking about a “just transition” one of the pillars of energy justice is to empower the marginalized groups 
to own and control their energy, and to be trained in “green jobs” so they can fully participate economically in 
the development and operation of these energysheds. Group members encouraged DOE-EERE to think of this 
workforce development component as one of the ways to repair the economic, social, and political harm done 
to historically marginalized communities. Further, a focus on job opportunities is key to enable meaningful 
involvement beyond just consumers. 

DEI Opportunities
Energyshed planning helps to move the energy transition conversation beyond just the technical and into a social 
movement. One discussion participant reflected on energyshed visioning as a community building exercise with the 
potential to evolve stakeholder conversations from “not in my backyard” to “yes in my backyard.” One attendee 
suggested that demonstration projects in priority census tract areas could show residents how they could become an 
energy producer, contributing to the grid while combating climate change. This, the contributor anticipated, could 
lead to a high level of community engagement at a low price point.

https://www.ecoelpaso.org/
https://bcshqllc-my.sharepoint.com/personal/lilling_bcs-hq_com/Documents/GMI Energyshed Workshop/Institute for Advanced Sustainability Studies
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Other opportunities that were identified include:

•	 R&D to establish better data and tools to locate vulnerable communities.
•	 Cooperative decision making and/or ownership mechanisms to provide equal or equitable access to energy 

preferences, including type of generation, cost structure, resilience, etc.
•	 Workforce development training for managing local energy systems both technically and institutionally.
•	 Public investment in renewable energy generation on government owned buildings (i.e., rooftop solar on schools). 

DEI Challenges
The workshop attendees cautioned DOE-EERE about potential challenges to DEI with respect to energysheds. 
They warned that developing localized energy could drive up the consumer costs, which may outweigh the other 
benefits of localized energy production. One stakeholder suggested making efforts to ensure that energy quality, 
availability, and cost are equitable in energyshed systems as it grows to replace a larger grid.

In addition to the cost required for transitioning the energy system, commitment from the localities involved will 
also be required. As such, some energyshed communities may not be willing to actively participate in energy 
management, sourcing, and resilience. Further, there will be a need for coordination between communities in order 
to manage competing and overlapping energyshed power supplies and environmental footprints. One contributor 
suggested that energysheds will need to be thought of as place-based, as well as a series of nested networks, since 
one community bears the “downstream” environmental/health burden of another community’s energyshed. 

DEI challenges that discussion participants think will need to be addressed include:

•	 Community engagement.
•	 Community-to-community coordination. 
•	 Equity monitoring systems including environmental, economic, and social metrics; baselines and targets for 

those metrics; and appropriate spatial resolution of measurement of those metrics.
•	 Prioritization methods for fairly restoring power to the community after outages.
•	 Policy framework to ensure that nobody has an energy burden above 10% of income.

RFI Results
Energyshed Opportunities and Challenges
Like workshop participants, DOE-EERE asked RFI respondents to identify potential energy justice opportunities 
and EJ challenges that should be considered in developing energysheds. Respondents described an anticipation that 
energysheds with locally generated renewable energy sources could offer opportunities for energy independence, 
security, and resilience. However, they acknowledged a number of potential challenges related to locating 
energysheds in underserved communities, including reaching remote locations, defining boundaries, and navigating 
policy and permitting processes across several levels of government. The various RFI responses covered several 
themes that include both challenges and opportunities identified, including:

•	 Defining Energy Justice and Equity
•	 Job Creation 
•	 Affordability
•	 Rural Development
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Defining Energy Justice and Equity
One of the fundamental challenges that exists has roots in the evolving (and sometimes confusing) terms that 
define the communities that would most benefit from the local placement of an energyshed. Oftentimes, the first 
step in this effort is to define terms clearly so that the coordination between Energy Justice and Equity initiatives 
is effective. The concepts and approaches to address Equity and EJ are related, but it is difficult to define any 
hierarchical relationship between the two. There may be significant overlap between the two concepts, and there 
may also be aspects of both that warrant distinct approaches toward evaluation. 

Once terms are properly defined and understood, attention can then be focused on identifying potential EJ 
opportunities and challenges that should be considered in developing energysheds. A contributor said that it is of 
particular importance for DOE-EERE to define the concept and operational bounds of an energyshed along with 
developing tools for tracking the location of energy serving a particular load area for different stakeholders, as 
well as specific capabilities and information that would be most useful for that end. With well-defined boundaries, 
energysheds would enable us to generate more equitable energy environments. In other words, costs associated 
with production should be “felt” locally, rather than being outsourced in under-resourced regions. 

This respondent also noted that defining energyshed boundaries will be a significant challenge and could 
potentially create large geospatial variations in sizes (analogous to gerrymandering). Since future developers of 
large energysheds might operate across state lines, there could potentially be multiple entities involved in the 
process of developing, siting, and zoning an energyshed, along with numerous entities from which approval to 
build the energyshed must be obtained. In addition, the permitting process that must be completed before obtaining 
approval to develop an energyshed to serve an underserved community can be difficult and complicated by many 
disparate governance entities and policy sectors. 

Job Creation
As one industry participant pointed out, energyshed development starts with planning, and including underserved 
communities within a geological area when planning and designing an energyshed is an opportunity to create clean 
energy jobs in addition to bringing clean and affordable energy to these historically disadvantaged communities. 
Collaborations on developing energysheds with diverse businesses and institutions, this respondent said, will help 
to achieve entrepreneurship, innovation, and sustainable development outcomes in these communities. 

Affordability
A national laboratory participant also commented about energysheds’ potential affordability benefits for 
underserved communities, which include low-income rural and urban communities and communities of color. The 
lab representative cited U.S. Congressional data suggesting that about 50 million households, or 44% of the U.S. 
total, fall into the category of “low-income.”12  The contributor noted that there is an opportunity for energysheds 
to be built for communities that represent the approximately 31% of households that have difficulty paying energy 
bills or maintaining adequate heating or cooling due to a lack of energy affordability.13  Opportunities for the 
placement of an energyshed can be determined once underserved communities within specific service territories 
are identified. A related challenge could be that underserved communities often reside in very remote locations, and 
options for extending the main grid to remote households can be prohibitively expensive. 

12	 “Low-Income Community Energy Solutions,” Department of Energy. https://www.energy.gov/eere/slsc/low-income-community-energy-solutions
13	 Residential Energy Consumption Survey: One in three U.S. households faced challenges in paying energy bills in 2015,” EIA. https://www.eia.gov/consumption/residential/

reports/2015/energybills/

https://www.energy.gov/eere/slsc/low-income-community-energy-solutions
https://www.eia.gov/consumption/residential/reports/2015/energybills/
https://www.eia.gov/consumption/residential/reports/2015/energybills/
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Rural Development
A university participant pointed out the relationship between rural and urban areas. Renewable energy systems such 
as solar PV, wind, and biofuels require large amounts of land, and are, therefore, generally located in rural areas. 
While this can provide employment opportunities in these communities, it also leads to problems such as noise 
pollution, competition with farmland, unsightly structures, etc. 

A wind industry association respondent shared their experience that BIPOC and frontline communities “prefer 
local small-scale wind so as not to encroach on sensitive and protected lands.” A university participant also stated 
that cities and industries require large amounts of power, so much of the energy generated in rural communities 
will be transmitted to cities and industrial regions. This contributor suggested that one of the key objectives of the 
energyshed framework is to provide a tool for better understanding and remunerating the economic contributions of 
rural regions in a renewable energy system. 

Strategies for Addressing Energy Justice
RFI respondents provided DOE-EERE their perspective about approaches for ensuring that EJ challenges are 
addressed and that EJ opportunities are enhanced, particularly in the planning stage and in defining boundaries for 
specific energysheds.

Energy Equity Metrics
A national laboratory participant pointed out that without measuring equity over time, it will be difficult to develop, 
evaluate, and evolve an approach to achieving energy justice simply by developing an energyshed in a specific 
location. Because EJ constitutes several dimensions, several metrics must be used to track performance. To date, a 
cohesive, all-encompassing set of metrics for energy equity has not been developed.

Citizen Participation
One university participant suggested that energy consumers may also be producers and play active roles in energy 
management. Unlike current electric utility systems, management of a highly distributed power system will 
require large amounts of citizen participation. Citizens will serve as energy producers, with solar panels on roofs, 
wind turbines on farmland, and so forth. Citizen consumers also play an active role in the energy management 
strategies necessary for dealing with a highly variable energy source, in terms of energy price variation and energy 
curtailments. In some designs, different uses of energy (such as for heating or electric vehicle charging) might 
be assigned lower priority under energy curtailment than other uses (such as computers or lighting). A spin-off 
company of the University of Vermont, Packetized Energy, is developing new software and system control 
strategies for just this purpose. The energyshed framework provides an essential tool for helping both distributed 
suppliers and consumers understand the impact of their energy decisions on surrounding communities, whether 
positive or negative.

Market-Based Approaches
Beyond physical planning and development activities, one industry participant suggested that resources should 
be devoted to design, testing, and implementation of market-based approaches and rate design activities that 
offer discounts and/or bill savings to customers participating in energysheds. This should be a clear objective 
of energyshed planning that reflects the opportunity to align energy justice and equity needs for participating 
communities. Optimizing local production and consumption of energy minimizes the use of the transmission 
system (and potentially, other constrained parts of the distribution network). Accordingly, such consumption 
should be incentivized economically to reflect the impact to broader networks. This is an opportunity for DOE 
to coordinate with state regulators in the design of performance-based ratemaking activities for host utilities and 
network operators. 
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One respondent suggested that guidance could be taken from the European Union’s implementation of the energy 
communities legislative mandate.14 Each member country is promulgating its own set of regulations governing 
such design, which is similar in concept to energysheds in the virtual (if not physical) accounting of generation and 
load within communities.

Ensuring Energy Needs in Underserved Communities
DOE-EERE also asked RFI respondents to provide some ways to ensure the energy needs of underserved 
communities located within an energyshed are considered in a meaningful manner. Participants provided feedback 
on the following:

•	 Identifying Underserved Communities
•	 Reaching Underserved Communities
•	 Incorporating Open Stakeholder Input 
•	 Collecting and Analyzing Data
•	 Forming Community Ownership Models

Identifying Underserved Communities
According to a national laboratory participant, perhaps the most important key to ensuring the energy needs of 
underserved communities are being considered in a meaningful manner is to first ensure the accurate identification 
of specific underserved communities. A particular community may find that multiple population groups within a 
specific service territory can be included within a classification of “underserved communities.” For instance, some 
households may be over-burdened with energy costs, while other households may be fundamentally challenged 
in receiving information and opportunities for energy service, whether due to a language barrier, technology gap, 
or some other constraint. Yet both represent examples of underserved communities. Engagement of the public is 
especially critical for underserved communities to ensure their perspectives and voices are incorporated. 

One effective tool for identifying underserved populations is to utilize a full scope of local stakeholders, which 
should include a range of representatives from nonprofit organizations, businesses, and city or county staff, as 
well as community leaders, to provide diverse ideas and perspectives. Upon gathering data from the appropriate 
stakeholders, understanding the gaps in services, policies, and programs, as well as the needs of local underserved 
populations, is an important first step. 

Reaching Underserved Communities
A challenge that is often overlooked is that underserved populations may not use the same channels that other 
community engagement efforts use, such as digital advertising, social media, or the standard press (newspapers, 
etc.). While engaging stakeholders, it will be important to understand what communication channels will be most 
effective for engaging underserved communities in a specific location. 

Additionally, throughout these engagements, there is a need to account for how investments in energysheds are 
being distributed between private sectors and community members. Investments should be accounted and managed 
such that redistribution away from the underserved communities is avoided.

Incorporating Open Stakeholder Input
One industry participant suggested that to ensure the needs of underserved communities are met, planning activities 
should initially occur through an open stakeholder process. During initial pilot design and testing phases, prior to 
any commercial implementation of more capital intensive, physical infrastructure build-out, preference should be 
given to qualifying low- to moderate-income customers for participation. Customer surveys and feedback will help 

14	 Aura Caramizaru and Andreas Uihlein, Energy communities: an overview of energy and social innovation, 2020. Publications Office of the European Union, Luxembourg. 
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC119433/energy_communities_report_final.pdf

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC119433/energy_communities_report_final
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ensure that program design, economic incentives, and participation models are established to reflect the needs of 
these community members.

This respondent thinks that, as part of any energysheds infrastructure development, consideration should be given 
to targeted deployment and incentives for adoption of behind-the-meter resources for load flexibility at customer 
facilities. Alignment of consumption profiles with non-dispatchable generation such as solar PV will be critical to 
optimizing collective self-consumption models within the boundaries of an energyshed.

Collecting and Analyzing Data
An industry participant pointed out that once an energyshed is defined, data about the underserved communities, 
including physical locations and energy demand will need to be collected and analyzed. Simulation and modeling 
of the potential impact of the physical infrastructure and energy generation to these communities may be used to 
guide infrastructure siting and replacement. In addition, energy consumption data of these communities would help 
to modify and optimize an energyshed design that provides affordable clean energy to all within the energyshed. 

Forming Community Ownership Models
A wind industry association representative noted that shared community ownership models for remotely sited 
renewables are a proven and effective solution to urban customers without property to have their own equipment. 
This participant suggested that remotely sited community wind can help address urban energy equity, but that 
community solar has not always served low-income customers, even though it has been successfully developed 
around the U.S. From the representative’s perspective, distributed wind could support disadvantaged communities 
by applying accessibility lessons learned from solar deployments, though soft cost barriers and solar-oriented 
policies have limited community applications for distributed wind generation. This contributor asked that DOE-
EERE work with the Federal Energy Regulatory Commission to ensure community energy deployment programs 
provide equal access to distributed wind so project developers can choose the most suitable technology or 
combination for their location and requirements.
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15	 House of Representatives; Congressional Record Vol. 166, No. 218, December 21, 2020. Congressional Record House Articles | Congress.gov | Library of Congress    
    https://www.congress.gov/congressional-record/2020/12/21/house-section/article/h8311-1?q=%7B%22search%22%3A%5B%22kratom%22%5D%7D&s=7&r=1

This report was developed by DOE-EERE in response to Congressional request related to Renewable Energy 
Grid Integration.15 Per guidance from Congress, the Solar Energy, Wind Energy, Water Power, and Geothermal 
Technologies offices within DOE-EERE will work towards the development and demonstration of an “energyshed 
management system” that addresses a discrete geographic area in which 1) renewable sources currently provide a 
large portion of electric energy needs, 2) grid capacity constraints result in curtailment of renewable generation, 
and 3) smart meters have been substantially deployed. The “energysheds” design will aim to achieve a high level of 
integration resilience and reliability among all energy uses, including on-demand and long-time energy scales, of 
both transmission and distribution of electricity.

This report will inform DOE-EERE activities related to energysheds moving forward, including activities to 
address the congressional language noted above. The document represents the input that DOE-EERE received 
through a stakeholder input process that involved a virtual collaborative workshop as well as a published Request 
for Information. Both of these input opportunities were advertised publicly through the DOE blog and website. 
The workshop included 120 registrants, 106 attendees, and 93 participants. The RFI received responses from 21 
organizations. DOE-EERE greatly appreciates these individuals for offering thoughtful contributions as well as the 
organizations that they represent for supporting their staff to dedicate the necessary time involved with providing 
input.

In preparation for the workshop and RFI, DOE-EERE held subject matter expert discussions with established 
energyshed thought leaders representing Baylor University, Oak Ridge National Laboratory, and the University of 
Vermont. The key takeaways from these discussions were that the term “energyshed” is still a nebulous concept 
with a limited body of research. The experts each shared clear definitions for “energyshed” and “energyshed 
management system,” but those concepts varied between the individuals. Further, the experts did not have well-
defined responses to scoping questions such as:

•	 What does “success” look like for an energyshed management system?
•	 How do you define the boundaries of an energyshed?
•	 Who owns an energyshed or energyshed management system?

The report drafting process aimed to accurately synthesize the most relevant and responsive comments that 
DOE-EERE received through the stakeholder input process. Not all contributions were referenced in the report 
due to an interest in staying within the intended scope, avoiding redundancy, and remaining committed to factual 
accuracy. Despite not including references to all comments, report authors did make an effort to convey the range 
of perspectives that were represented by contributors. This exercise was necessarily qualitative since participants 
were not asked to rank or prioritize their responses in either the workshop or RFI. 

https://www.congress.gov/congressional-record/2020/12/21/house-section/article/h8311-1?q=%7B%22search%22%3A%5B%22kratom%22%5D%7D&s=7&r=1
https://www.congress.gov/congressional-record/2020/12/21/house-section/article/h8311-1?q=%7B%22searc
https://www.energy.gov/eere/articles/energysheds-investigating-community-power-supply-and-consumption-through-geographical
https://www.energy.gov/eere/articles/department-energy-seeks-public-input-regarding-energysheds


Appendix A. Workshop Participants     39

Appendix A. Workshop Participants
Denise Abdul-Rahman 
Regional Field Organizer Environmental &  
Climate Justice 
National Association for the  
Advancement of Colored People 
darahman@naacpnet.org			

Martin Adams 
General Manage and Chief Engineer 
Los Angeles Department of Water and Power 
Martin.Adams@ladwp.com	

Joy Adamson	  
Grant Administrator 
Efficiency Maine 
joy.adamson@efficiencymaine.com

Mark Allen	  
Vice President 
Stantec, Inc. 
mark.allen@stantec.com	

Mads Almassalkhi	  
Associate Professor 
malmassa@uvm.edu

Henry Amistadi  
Consultant  
Operations Monitoring and Analytics 
Henry@OperationsMonitoringAnalytics.com

Murali Baggu 
Laboratory Program Manager 
National Renewable Energy Laboratory 
Murali.Baggu@nrel.gov			 

Gretchen Bakke 
Senior Fellow 
Institute for Advanced Sustainability Studies 
bakke@uchicago.edu

Clayton Barrows	  
Senior Research 
National Renewable Energy Laboratory 
clayton.barrows@nrel.gov

Lynn Benander	 
Manager  
Peoples’ Solar Energy Fund 
lynn@cooppower.coop	

Robert Berta	  
Director Business Development 
EFE Laboratories Inc. 
bberta@efelabs.com	

Dominic Boyer 
Professor 
Rice University  
dcb2@rice.edu

Abby Brokaw	  
Program Manager  
Illinois Environmental Protection Agency  
abby.brokaw@illinois.gov		

Sarah Buchhorn	  
Analyst 
Chicago Metropolitan Agency for Planning 
sbuchhorn@cmap.illinois.gov	

Jesse Burgey	  
Solutions Engineer 
Mesa Natural Gas Solutions 
jesse.burgey@mesangs.com

Matthew Burke 
Postdoctoral Associate 
University of Vermont 
matthew.burke@uvm.edu

Jordan Burns 
Risk and Resilience Researcher	  
National Renewable Energy Laboratory 
jordan.burns@nrel.gov

Thomas Castle	  
Supervisor, Corporate Technical Services 
East Kentucky Power Cooperative 
tom.castle@ekpc.coop

mailto:darahman%40naacpnet.org?subject=
mailto:Martin.Adams%40ladwp.com?subject=
mailto:joy.adamson%40efficiencymaine.com?subject=
mailto:mark.allen%40stantec.com%20?subject=
mailto:malmassa%40uvm.edu?subject=
mailto:Henry%40OperationsMonitoringAnalytics.com%20?subject=
mailto:Murali.Baggu%40nrel.gov?subject=
mailto:bakke%40uchicago.edu%20?subject=
mailto:clayton.barrows%40nrel.gov?subject=
mailto:lynn%40cooppower.coop?subject=
mailto:bberta%40efelabs.com?subject=
mailto:dcb2%40rice.edu?subject=
mailto:abby.brokaw%40illinois.gov?subject=
mailto:sbuchhorn%40cmap.illinois.gov?subject=
mailto:jesse.burgey%40mesangs.com?subject=
mailto:matthew.burke%40uvm.edu?subject=
mailto:jordan.burns%40nrel.gov?subject=
mailto:tom.castle%40ekpc.coop?subject=


FROM WATERSHED TO ENERGYSHED

40      Appendix A. Workshop Participants

Chris Castro	  
Director of Sustainability and Resilience 
City of Orlando 
chris.castro@orlando.gov

Karlynn Cory 
Manager 
National Renewable Energy Laboratory 
kcoryfhm@gmail.com

Marc Costa 
Director	 
The Energy Coalition	  
mcosta@energycoalition.org

Christopher Crowley 
Professional Staff 
U.S. Senate 
Chris_Crowley@appro.senate.gov

Darrell Dansby 
Vice President, Sales and Technology 
Planet A Energy 
darrell.dansby@gmail.com

Gavin Dillingham 
Director 
HARC Research	 
gdillingham@harcresearch.org

PJ Dougherty	  
Program Analyst 
DOE - Wind Energy Technologies Office 
phillip.dougherty@ee.doe.gov

Rebecca Efroymson 
Distinguished Environmental Scientist 
Oak Ridge National Laboratory	  
efroymsonra@ornl.gov

Jon Erickson	  
Professor	  
University of Vermont	  
jon.erickson@uvm.edu

Leo Evans	  
Assistant Director of Facilities Planning and 
Construction 
Oberlin College	  
leo.evans@oberlin.edu

Wendy Fenner 
Chief Executive Officer 
Good Shepherd Ranch - Geothermal Energy User 
wzfenner@zgeoenergy.com

Jian Fu 
Program Lead		   
jian.fu@ee.doe.gov

Sarah Garman	  
Director, Strategic Analysis	  
Sarah.garman@ee.doe.gov

Michael Gavenonis	  
Manager	  
MUAH Design	  
mxgave08@gmail.com

Sonja Glavaski	  
Strategic Advisor	  
Pacific Northwest National Laboratory 
sonja.glavaski@pnnl.gov

Kathleen Goforth	  
Climate Reality Leader	  
Almartyn@yahoo.com

Marianna Grossman	  
Managing Partner	  
Minerva Ventures	  
mgrossman@minervaventures.com

Eric Grunebaum	  
Principal	  
Bequia Securities 
eric.grunebaum@bequiasecurities.com

Scott Haase	  
Director, Federal Partnerships	  
National Renewable Energy Laboratory 
Scott.Haase@nrel.gov

Bruce Hamilton	  
Program Lead, Global Energy Solutions 
Argonne National Laboratory 
bhamilton@anl.gov

Zach Hauser	  
Senior Program Officer	  
Institute For Sustainable Communities 
zhauser@sustain.org

mailto:chris.castro%40orlando.gov?subject=
mailto:kcoryfhm%40gmail.com?subject=
mailto:mcosta%40energycoalition.org?subject=
mailto:Chris_Crowley%40appro.senate.gov?subject=
mailto:darrell.dansby%40gmail.com?subject=
mailto:gdillingham%40harcresearch.org%20?subject=
mailto:phillip.dougherty%40ee.doe.gov?subject=
mailto:efroymsonra%40ornl.gov?subject=
mailto:jon.erickson%40uvm.edu?subject=
mailto:leo.evans%40oberlin.edu?subject=
mailto:wzfenner%40zgeoenergy.com?subject=
mailto:jian.fu%40ee.doe.gov?subject=
mailto:Sarah.garman%40ee.doe.gov?subject=
mailto:mxgave08%40gmail.com?subject=
mailto:sonja.glavaski%40pnnl.gov?subject=
mailto:Almartyn%40yahoo.com?subject=
mailto:mgrossman%40minervaventures.com?subject=
mailto:eric.grunebaum%40bequiasecurities.com?subject=
mailto:Scott.Haase%40nrel.gov?subject=
mailto:bhamilton%40anl.gov?subject=
mailto:zhauser%40sustain.org?subject=


Appendix A. Workshop Participants     41

David Heap	  
Managing Director	  
Maxwell Faraday Consulting Inc.	 
dheap@maxwellfaraday.com

Bruce Hedman	  
Managing Director	  
Entropy Research, LLC	  
bhedman.entropyresearch@gmail.com

Thomas Heibel	  
Renewable Power Program Manager 
Pacific Northwest National Laboratory 
tj.heibel@pnnl.gov

Donna Heimiller	  
Sr. Geospatial Data Scientist	  
National Renewable Energy Laboratory 
donna.heimiller@nrel.gov

Emily Her	  
Policy Analyst	  
Idaho Office of Energy and Mineral Resources 
emily.her@oer.idaho.gov

Robert Hershey	 
Consultant	  
Robert L. Hershey, P.E.	  
Bob@RobertLHershey.com

Paul Hines	  
CEO	  
Packetized Energy	  
paul@packetizedenergy.com

Ed Holbrook	  
Federal Aid Administrator III	  
Nebraska Department of Environment and Energy	  
ed.holbrook@nebraska.gov

Tim Hreha	  
Engineering Program Manager 
Stok 
tim@stok.com

Zhenyu Huang 
Lab Fellow	  
Pacific Northwest National Laboratory 
zhenyu.huang@pnnl.gov

Robin Hurt	  
Founder	 
Solar Power System Integrator and Installer 
Robin@Solarhabitats.org

Doris Jansky	  
Statistical Analyst - Energy Emergency Assurance 
Coordinator 
Nebraska Department of Environment and Energy 
doris.jansky@nebraska.gov

Kelsey Jones	  
Program Manager	  
National Association of State Energy Offices 
kjones@naseo.org

Zully Juarez	  
Senior Research and Policy Analyst	  
Just Solutions Collective	  
zully@justsolutionscollective.org

Nick Kasza	  
Program Manager	  
National League of Cities	  
kasza@nlc.org

Emily Khuong	  
Intern 
DOE-EERE 
emily.khuong@ee.doe.gov

Rodney Kizito	  
Fellow 
DOE-EERE		   
rodney.kizito@ee.doe.gov

Larry Knight	  
Manager, Commercial and Industrial 
Pilot	  
larry.r.knight@gmail.com

Jim Kuiper	  
Principal Geospatial Engineer	  
Argonne National Laboratory	  
kuiper@anl.gov

Francisco Kuljevan	  
Hydropower Generation Program Manager 
Electric Power Research Institute 
fkuljevan@epri.com

mailto:dheap%40maxwellfaraday.com?subject=
mailto:bhedman.entropyresearch%40gmail.com?subject=
mailto:tj.heibel%40pnnl.gov?subject=
mailto:donna.heimiller%40nrel.gov?subject=
mailto:emily.her%40oer.idaho.gov?subject=
mailto:Bob%40RobertLHershey.com?subject=
mailto:paul%40packetizedenergy.com?subject=
mailto:ed.holbrook%40nebraska.gov?subject=
mailto:tim%40stok.com?subject=
mailto:zhenyu.huang%40pnnl.gov?subject=
mailto:Robin%40Solarhabitats.org?subject=
mailto:doris.jansky%40nebraska.gov?subject=
mailto:kjones%40naseo.org?subject=
mailto:zully%40justsolutionscollective.org?subject=
mailto:kasza%40nlc.org?subject=
mailto:emily.khuong%40ee.doe.gov?subject=
mailto:rodney.kizito%40ee.doe.gov?subject=
mailto:larry.r.knight%40gmail.com?subject=
mailto:kuiper%40anl.gov?subject=
mailto:fkuljevan%40epri.com?subject=


FROM WATERSHED TO ENERGYSHED

42      Appendix A. Workshop Participants

Jessica Lau	  
Senior Technical Manager	  
jessica.k.lau@gmail.com

Michael Lazorchak	  
Regulator	  
Town of Stowe Electric Department 
mlazorchak@stoweelectric.com

Jane Lockshin	  
Geospatial Data Scientist 
National Renewable Energy Laboratory 
jane.lockshin@nrel.gov

Anthony Lopez	 
Senior Energy Analyst	  
National Renewable Energy Laboratory 
anthony.lopez@nrel.gov

Sarah Peery	  
Fellow		   
Green Mountain Power 
sarah.peery@greenmountainpower.com

Jeffrey Marshall	  
Professor and Associate Dean	  
University of Vermont	  
jmarsha1@uvm.edu

Roy McCann	  
Professor	  
University of Arkansas	  
rmccann@uark.edu

Ryan McManamay	  
Assistant Professor	  
Baylor University	  
Ryan_McManamay@baylor.edu

Rodrigo Mercado Fernandez	  
Postdoc Researcher 
Appalachian State University 
mercadofernandezr@appstate.edu

Marissa Morales-Rodriguez	  
Technology Manager (Contractor)	 
DOE-EERE 
Marissa.morales-rodriguez@ee.doe.gov

Thomas Mosier	 
Group Lead for Energy Systems	  
Idaho National Laboratory	  
thomas.mosier@inl.gov

Pouya Najmaie	  
Policy and Finance Director	  
Cooperative Energy Futures	  
najm0001@gmail.com

Ryan Nielsen	  
Environmental Manager	  
Clearway Energy	  
Ryan.nielsen@clearwayenergy.com

Christopher Oshman	  
Fellow	  
DOE-EERe	  
christopher.oshman@ee.doe.gov

Fred Piasecki	  
Chairman and Chief Technology Officer  
Piasecki Aircraft Corporation 
piasecki_fw@piasecki.com

Jerrad Pierce	  
Data Scientist	  
NMR Group		   
jpierce@nmrgroupinc.com

Prady Rao	  
Weichai America Corp. 
pradyumna.rao@weichaiamerica.com

Sean Reed	  
Strategy Manager	  
SEEL, LLC	  
sreed@seelllc.com

Bob Reedy	  
Technology Manager	  
DOE-EERE	  
robert.reedy@ee.doe.gov

James Reilly	  
Principal Consultant	  
Reilly Associates	  
j_reilly@verizon.net

mailto:jessica.k.lau%40gmail.com?subject=
mailto:mlazorchak%40stoweelectric.com?subject=
mailto:jane.lockshin%40nrel.gov?subject=
mailto:anthony.lopez%40nrel.gov?subject=
mailto:sarah.peery%40greenmountainpower.com?subject=
mailto:jmarsha1%40uvm.edu?subject=
mailto:rmccann%40uark.edu?subject=
mailto:Ryan_McManamay%40baylor.edu?subject=
mailto:mercadofernandezr%40appstate.edu?subject=
mailto:Marissa.morales-rodriguez%40ee.doe.gov?subject=
mailto:thomas.mosier%40inl.gov?subject=
mailto:najm0001%40gmail.com?subject=
mailto:Ryan.nielsen%40clearwayenergy.com?subject=
mailto:christopher.oshman%40ee.doe.gov?subject=
mailto:piasecki_fw%40piasecki.com?subject=
mailto:jpierce%40nmrgroupinc.com?subject=
mailto:pradyumna.rao%40weichaiamerica.com?subject=
mailto:sreed%40seelllc.com?subject=
mailto:robert.reedy%40ee.doe.gov?subject=
mailto:j_reilly%40verizon.net?subject=


Appendix A. Workshop Participants     43

Donald Rivenes	 
Coordinator	  
Nevada County Climate Action Now 
rivenes@sbcglobal.net

Yesenia Rivera	  
Director of Energy Equity and Inclusion 
Solar United Neighbors	  
yesenia@solarunitedneighbors.org

Myles Rogers	  
Fellow	  
DOE-EERE	  
myles.rogers@ee.doe.gov

Jamie Russell	  
Director	 
Appalachian Energy Center	  
russellja@appstate.edu

Amy Schwab	  
Sr. Project Leader	  
National Renewable Energy Laboratory 
amy.schwab@nrel.gov

Monisha Shah	  
Senior Energy Analyst	  
monisha.shah@nrel.gov

Erfaneh Sharifi	 
ORISE Fellow  
DOE-EERE 
sharifierf@gmail.com

Zahra Shivji	  
SULI Intern	  
Argonne National Lab	  
zshivji@anl.gov

Joshua Simmons	  
Board member, Electrical Engineer 
Eco El Paso	  
j.Blaine.S.ee@gmail.com

Debjani Singh	  
Research Scientist	  
Oak Ridge National Laboratory	  
debd@ornl.gov

Nagendra Singh	  
Research and Development Staff	  
Oak Ridge National Laboratory	  
singhn@ornl.gov

Thomas Smith	  
Clean Cities Intern	  
DOE-EERE 
schmidpsmith@gmail.com

Kim Smith	  
EJ Organizer	  
Indigenous Goddess Gang	  
missindigenous@gmail.com

Patrick Soltis	  
ORISE Fellow		   
DOE-EERE 
Patrick.s.soltis@gmail.com

Paul Spitsen	  
Analyst		  
DOE-EERE 
paul.spitsen@ee.doe.gov

Greg Stark	  
Hydropower Technical Lead	  
National Renewable Energy Laboratory 
Greg.Stark@nrel.gov

Emma Stewart	  
Chief Scientist	  
National Rural Electric Cooperative Association 
emma.stewart@nreca.coop

Ariel Stolz	  
Research Scientist  
Caribbean Green Technology Center University of the 
Virgin Islands	  
ariel.stolz@uvi.edu

Allyn Svoboda	  
Publisher	  
Linecurrents.live	 
allyn.svoboda@linecurrents.live

Martha Symko-Davies	  
Senior Laboratory Program Manager  
National Renewable Energy Laboratory 
martha.symko.davies@nrel.gov

mailto:rivenes%40sbcglobal.net?subject=
mailto:yesenia%40solarunitedneighbors.org?subject=
mailto:myles.rogers%40ee.doe.gov?subject=
mailto:russellja%40appstate.edu?subject=
mailto:amy.schwab%40nrel.gov?subject=
mailto:monisha.shah%40nrel.gov?subject=
mailto:sharifierf%40gmail.com?subject=
mailto:zshivji%40anl.gov?subject=
mailto:j.Blaine.S.ee%40gmail.com?subject=
mailto:debd%40ornl.gov?subject=
mailto:singhn%40ornl.gov?subject=
mailto:schmidpsmith%40gmail.com?subject=
mailto:missindigenous%40gmail.com?subject=
mailto:Patrick.s.soltis%40gmail.com?subject=
mailto:paul.spitsen%40ee.doe.gov?subject=
mailto:Greg.Stark%40nrel.gov?subject=
mailto:emma.stewart%40nreca.coop?subject=
mailto:ariel.stolz%40uvi.edu?subject=
mailto:allyn.svoboda%40linecurrents.live?subject=
mailto:martha.symko.davies%40nrel.gov?subject=


FROM WATERSHED TO ENERGYSHED

44      Appendix A. Workshop Participants

Coryne Tasca	  
Communications Analyst	 
Boston Government Services / Contractor to DOE-
EERE 
coryne.tasca@ee.doe.gov

Malcolm Taylor	 
Sustainable Power Solutions	  
Mesa Natural Gas Solutions	  
Malcolm.taylor@mesangs.com

Doug Tripp	  
Los Angeles Department of Public Works 
douglas.tripp@ladwp.com

David Walter	  
Technology Manager	  
DOE-EERE 
david.walter@ee.doe.gov

Brandi Whetstone	  
Sustainability Officer	  
Mid-Ohio Regional Planning Commission 
bwhetstone@morpc.org

Travis Williams	 
Geospatial Data Science Researcher II 
National Renewable Energy Laboratory  
travis.williams@nrel.gov

Vanessa Witte	  
Storage Analyst 
Wood Mackenzie	  
vanessa.witte@woodmac.com

Eric Zeise	  
Systems Engineer	  
Metro Justice	  
ezeise@rochester.rr.com

Daren Zigich	  
Engineer	  
New Mexico Energy, Minerals and Natural Resources 
Department	  
darenk.zigich@state.nm.us

Owen Zinaman	 
Senior Market and Policy Analyst	 
National Renewable Energy Laboratory 
owen.zinaman@nrel.gov

mailto:coryne.tasca%40ee.doe.gov?subject=
mailto:Malcolm.taylor%40mesangs.com?subject=
mailto:douglas.tripp%40ladwp.com?subject=
mailto:david.walter%40ee.doe.gov?subject=
mailto:bwhetstone%40morpc.org?subject=
mailto:travis.williams%40nrel.gov?subject=
mailto:vanessa.witte%40woodmac.com?subject=
mailto:ezeise%40rochester.rr.com?subject=
mailto:darenk.zigich%40state.nm.us?subject=
mailto:owen.zinaman%40nrel.gov?subject=


Appendix B. Workshop Agenda     45

Appendix B. Workshop Agenda

From Watershed to Energyshed 
Determining the Implications of Place-Based Power Generation 

U.S. Department of Energy (DOE), Office of Energy Efficiency and Renewable Energy (EERE) 
July 13 – 14, 2021 

Tuesday, July 13 
Time (EDT) Agenda Item Speaker 

10:00 AM – 10:15 AM Log-In and Networking  

10:15 AM – 10:20 AM Welcome - DOE Leadership Alejandro Moreno, Deputy Assistant 
Secretary of Renewable Power, EERE 

10:20 AM – 10:30 AM Workshop Introduction and Topic Interest Kevin Lynn, Director of Grid 
Integration, EERE 

10:30 AM – 11:00 AM Watershed to Energyshed 
Martin L. Adams, General Manager 
and Chief Engineer, Los Angeles 
Department of Water and Power 

11:00 AM – 11:15 AM Participant Discussion Instructions and Software 
Demonstration 

Lauren Illing, Lead Facilitator, BCS, 
LLC. 

11:15 AM – 11:30 AM Networking Opportunity (Optional)   

11:30 AM – 12:15 PM Participant Discussion:   
Energyshed Concept and Definition

Alexis McKittrick, 
Program Manager, EERE

12:15 PM – 1:15 PM Participant Discussion: Tools and Analyses Kevin Lynn 
1:15 PM – 1:30 PM Closing Remarks  Workshop Hosts 

Wednesday, July 14 
 Time (EDT) Agenda Item Speaker 

10:00 AM – 10:15 AM Log-In and Networking  

10:15 AM – 10:20 AM Welcome and Day 1 Recap Kevin Lynn, Director of Grid 
Integration, EERE 

10:20 AM – 11:20 AM Participant Discussion: Planning and Operations Kevin Lynn 
11:20 AM – 11:30 AM Networking Opportunity (Optional)   
11:30 AM – 12:30 PM Participant Discussion: Resilience Kevin Lynn 

12:30 PM – 1:00 PM Participant Discussion:  
Energy Justice, Diversity, Equity, and Inclusion 

Arlene Fetizanan, Senior Advisor, EERE

1:00 PM – 1:30 PM Workshop Review  Workshop Hosts 



FROM WATERSHED TO ENERGYSHED

46      Appendix C. RFI Respondents

Appendix C. RFI Respondents
Jeffrey A. Bennett 	  
Research Engineer  
Carbon Solutions, Inc. 
jeffrey.bennett@carbonsolutions.com

Mike Bergey	  
Distributed Wind Energy Association  
info@distributedwind.org

Matt Brown  
VP Corporate Development  
LO3 Energy  
mbrown@lo3energy.com 

Keith Cockerham  
NVIDIA  
Kcockerham@nvidia.com 

William Drummund  
Georgia Institute of Technology  
Bill.drummond@design.gatech.edu

Philip Martin Duguay  
Managing Director  
The Transition Accelerator  
pduguay@transitionacelerator.ca

David Gardiner	 
Executive Director 
Combined Heat and Power Alliance  
david@dgardiner.com

Charles Hanley  
Sandia National Laboratory  
Cjhanle@sandia.gov

Tianzhen Hong 
Lawrence Berkeley National Laboratory   
Thong@lbl.gov

Thomas Kind Jr.  
Oak Ridge National Laboratory  
kingtjr@ornl.gov

Jesse Lanter  
Gravity Driven Technology, LLC  
Jess@gravitydrivenllc.com 

Anna Lis Laursen  
GE Power and Research  
Anna.Laursen@ge.com 

Matt Kaskowicz   
Gravity Driven Technology LLC 
Matt@gravitydrivenllc.com 

Jeffery S. Marshall  
Professor  
University of Vermont  
Jmarsha1@uvm.edu

Bruce Nordman 
Senior Market and Policy Analyst	 
Lawrence Berkeley National Laboratory  
bnordman@lbl.gov

Dasun Perera 
Lawrence Berkeley National Laboratory   
Atperera@lbl.gov

Rex Riley 
Former Chairman  
Weber County Resource Development Council  
Rr6013@gmail.com

Linda S. Schadler 
Dean, College of Engineering and Mathematical 
Sciences 
University of Vermont 
linda.schadler@uvm.edu

Richard Simmons 
Research Engineer  
Georgia Institute of Technology 
Richard.simmons@me.gatech.edu

Kurt Solander  
Los Alamos National Laboratory  
Ksolander@lanl.gov 

Austin Thomas 
Analyst 
AFRY Management Consulting 
Austin.thomas@afry.com 

mailto:jeffrey.bennett%40carbonsolutions.com?subject=
mailto:info%40distributedwind.org?subject=
mailto:mbrown%40lo3energy.com%20?subject=
mailto:Kcockerham%40nvidia.com%20?subject=
mailto:Bill.drummond%40design.gatech.edu?subject=
mailto:pduguay%40transitionacelerator.ca?subject=
mailto:david%40dgardiner.com?subject=
mailto:Cjhanle%40sandia.gov?subject=
mailto:Thong%40lbl.gov?subject=
mailto:kingtjr%40ornl.gov?subject=
mailto:Jess%40gravitydrivenllc.com%20?subject=
mailto:Anna.Laursen%40ge.com%20?subject=
mailto:Matt%40gravitydrivenllc.com?subject=
mailto:Jmarsha1%40uvm.edu?subject=
mailto:bnordman%40lbl.gov?subject=
mailto:Atperera%40lbl.gov?subject=
mailto:Rr6013%40gmail.com?subject=
mailto:linda.schadler%40uvm.edu?subject=
mailto:Richard.simmons%40me.gatech.edu?subject=
mailto:Ksolander%40lanl.gov%20?subject=
mailto:Austin.thomas%40afry.com%20?subject=


Appendix C. RFI Respondents     47

Robert Thornton  
President and CEO 
International District Energy Association 
Rob.idea@districtenergy.org

Arvind Tiwari  
GE Renewable Energy  
Arvind.tiwari1@ge.com 

Timot Veer  
Siemens Energy  
Timot.veer@siemens-energy.com

Alecia Ward 
Program Development  
Lawrence Berkeley National Laboratory  
award@lbl.gov

Heather Rhoads-Weaver  
Principal Consultant  
eFormative Options, LLC 
heather@eformativeoptions.com

mailto:Rob.idea%40districtenergy.org?subject=
mailto:Arvind.tiwari1%40ge.com?subject=
mailto:Timot.veer%40siemens-energy.com?subject=
mailto:award%40lbl.gov?subject=
mailto:heather%40eformativeoptions.com?subject=


FROM WATERSHED TO ENERGYSHED

48      Appendix D. Resources Identified by Stakeholders

Appendix D. Resources Identified by Stakeholders
Many resources were suggested by the workshop participants. Below is a list, the link, and short description of the 
resources discussed in the workshop. 

Concept and Definition 
•	 Thomas & Erickson published paper, Rethinking the Geography of Energy Transitions: Low Carbon Energy 

Pathways through Energyshed Design, with a number of definitions summarized:  
https://www.sciencedirect.com/science/article/abs/pii/S2214629621000347

Abstract: Energy systems are inherently spatial entities, encompassing infrastructure and land requirements; 
diverse perspectives of energy system stakeholders tied to locations of supply and demand; and, ultimately, 
a spatial distribution of profits, environmental impacts, and societal changes. The spatial relationships 
between these social and physical components of the energy system drive its ongoing evolution in response to 
technological advancements, economic trends, and policy directives. A low carbon energy system transition 
undertaken in response to climate change will require rapid and substantial changes to all of these elements 
and more. To capture these relationships and inform the design of a low carbon future, we propose the use 
of energyshed planning. An energyshed is the geographic area that contains the land, infrastructure, people, 
profits, and environmental impacts connected to final energy consumption. Four distinct decarbonization 
scenarios are explored: each pathway strikes a different balance between centralized or decentralized energy 
systems and corporatized or democratized energy system governance. Finally, the energyshed lens is used to 
perform an initial assessment of the barriers and opportunities for U.S. states to implement a near-term low 
carbon transition.

•	 Evarts published paper, Energyshed Framework: Defining and Designing the Fundamental Land Unit of 
Renewable Energy, defines the term and reviews the purpose and function:
https://dalspace.library.dal.ca/bitstream/handle/10222/71377/Evarts-John-MES-SRES-April-2016.pdf 

Abstract: Renewable energy systems are fundamentally different than fossil-carbon energy systems, with 
each having a unique set of constraints, performance characteristics, and impacts. Transition to a new 
primary energy resource has significant restructuring implications for human systems and their impacts on 
environmental systems. It is not reasonable to assume that renewable energy systems should be structured 
in the existing pattern of fossil-carbon systems. The energyshed concept is proposed as an organizing 
framework for renewable energy and related supporting systems, with focus at the city level and based upon 
the unique characteristics of renewables. The fundamental land unit of renewable energy is proposed as 
a contiguous area of land that is power-balanced. This land unit is conveniently relatable to other land-
based constructs such as watersheds, ecological units, or urban development patterns for identification and 
analysis of coupling and land-use conflict. The concept draws from a broad swath of physical and social 
science fields. The framework is developed through exploration of definition, values, principles of design, 
discussion of cartographic tools for model development and a discussion of expected structure and behaviors 
of an energyshed. The energyshed concept fills an important vacancy for a robust organizing framework 
for renewable energy systems and is applicable to scientists, engineers, planners, and developers related 
to the field. The recommendations in the last chapter serve appropriately as stand-alone policy tenets for a 
municipal energy plan or within the context of adoption of the energyshed framework en masse.
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•	 UCLA’s Energy Atlas database shows of how many meters/customers can be served with local assets with an 
overlapping and fluid boundary: 
https://energyatlas.ucla.edu/about

About: The Energy Atlas is a database of building energy consumption that links utility account information 
to building characteristics, sociodemographic data, and other significant attributes that can be expressed 
spatially. The public portion of the Energy Atlas is a front-end website which displays spatially aggregated 
energy consumption statistics at an annual temporal resolution for most neighborhoods, cities, and counties 
in Southern California.

The Energy Atlas is developed by the UCLA California Center for Sustainable Communities (CCSC) at 
UCLA, in the Institute of the Environment and Sustainability (IOES), and has received funding from the 
California Energy Commission, the Los Angeles Department of Water & Power (LADWP), the Southern 
California Regional Energy Network (SoCalREN). It benefits from the support and input of numerous 
partners, including the Los Angeles Regional Collaborative for Climate Action and Sustainability (LARC), 
The Energy Coalition (TEC), and the County of Los Angeles.

•	 The Science Direct journal article, ‘Energy regions’: The Transformative Power of Regional Discourses on 
Socio-technical Futures, relates to energy in a geographical region:
https://www.sciencedirect.com/science/article/abs/pii/S0048733310000314?via%3Dihub

Abstract: ‘Guiding visions’ play an important role in the transition management approach as a central 
means of mobilizing social actors and the co-ordination of dispersed agency. ‘Energy regions’ in Austria 
are an interesting example for the strategic promotion of such guiding visions in the context of regional 
development. We describe the case of Murau, an alpine district in which a strong actor network has been built 
around a vision of systematically exploiting renewable energy sources and at the same time saving the region 
from economic decay. The vision gained much authority and has been institutionalized at various levels of 
regional governance. It furthermore was supported by and played an important role for regime level attempts 
to influence socio-technical change. Development and social propagation of such visions are inherently 
political and contested processes involving much strategizing and anticipation of conflict. We describe 
particular discursive strategies applied in niches—such as the combination and translation of sentiments into 
localized visions and demonstrations of feasibility. These strategies can be understood as systematic attempts 
to support discursive shifts at regime level by means of local activities, and aim to modify rather durable 
power structures. We suggest ways to analyze such discursive practices in order to orient strategic action in 
the course of such processes: analyzing ‘guiding visions’ and their interference with other emerging trends; 
extending analyses across spatial scales (e.g. translations) and across thematic fields (e.g. convergence 
of agendas); and focusing on processes of stabilization, institutionalization and mutually reinforcing 
developments.

Tools, Data, and Analysis 
•	 National Renewable Energy Laboratory’s Interconnections Seams Study tracks and evaluates the benefits, and 

cost of power transmission across the country: 
https://www.nrel.gov/analysis/seams.html

Abstract—The Interconnections Seam Study examines the potential economic value of increasing electricity 
transfer between the Eastern and Western Interconnections using high-voltage direct current (HVDC) 
transmission and cost-optimizing both generation and transmission resources across the United States. 
The study conducted a multi-model analysis that used co-optimized generation and transmission expansion 

https://energyatlas.ucla.edu/about
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planning and production cost modeling. Four transmission designs under eight scenarios were developed 
and studied to estimate costs and potential benefits. The results show benefit-to-cost ratios that reach as high 
as 2.9, indicating significant value to increasing the transmission capacity between the interconnections 
under the cases considered, realized through sharing generation resources and flexibility across regions. 
Index Terms— HVDC transmission, Interregional transmission, Power generation dispatch, Power system 
economics, Power system reliability, Power system planning, Resource adequacy, Solar power generation, 
Wind power generation.

•	 The U.S. Energy Information Administration’s Hourly Grid Monitor offers real-time electricity demand across 
the U.S. grid:
https://www.eia.gov/electricity/gridmonitor/dashboard/electric_overview/US48/US48

About: The EIA’s Hourly Electric Grid Monitor provides up-to-the-hour information showing electricity 
demand across the U.S. electric grid. Large-scale events that affect normal routines, from expected 
occurrences such as major holidays to unexpected situations such as the COVID-19 pandemic, can change 
the pattern of electricity usage in the country.

Hourly electricity data are a valuable resource for understanding all of the daily, weekly, seasonal, and 
regional usage patterns woven into overall U.S. electricity consumption. Divergences from these typical 
patterns can indicate the impact of current events; however, isolating these impacts from other factors such as 
weather can be challenging.

EIA’s Form EIA-930 data collection provides a centralized and comprehensive source for hourly operating 
data about the high-voltage bulk electric power grid in the Lower 48 states. The data is collected from the 
electricity BAs that operate the grid.

The information submitted by reporting entities is preliminary data and is made available “as-is” by EIA. 
Neither EIA nor reporting entities are responsible for reliance on the data for any specific use.

•	 Lawrence Berkeley National Laboratory’s City Building Energy Saver (CityBES) models and analyzes 
electricity, heat and cooling demand and potential for onsite PV generation to support district or city-scale 
efficiency programs:
https://citybes.lbl.gov/

About: Buildings in cities consume 30 to 70% of the cities’ total primary energy. Retrofitting the existing 
building stock to improve energy efficiency and reduce energy use is a key strategy for cities to reduce green-
house-gas emissions and mitigate climate change. Planning and evaluating retrofit strategies for buildings 
requires a deep understanding of the physical characteristics, operating patterns, and energy use of the 
building stock. This is a challenge for city managers as data and tools are limited and disparate.

City Building Energy Saver (CityBES) is a web-based data and computing platform, focusing on energy 
modeling and analysis of a city’s building stock to support district or city-scale efficiency programs. CityBES 
uses an international open data standard, CityGML, to represent and exchange 3D city models. CityBES 
employs EnergyPlus to simulate building energy use and savings from energy efficient retrofits. CityBES 
provides a suite of features for urban planners, city energy managers, building owners, utilities, energy 
consultants and researchers.

https://www.eia.gov/electricity/gridmonitor/dashboard/electric_overview/US48/US48
https://citybes.lbl.gov/
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•	 The Initiative for Energy Justice’s Justice in 100 Scorecard can evaluate laws to create a clean energy 
environment: 
 https://iejusa.org/justice-in-100-scorecard/ 

About: Policy makers in urban areas around the United States seek to increase the penetration of renewables 
on the electricity grid, but they often lack clear policy guidance on how to design and implement energy 
policy that places equity at the center of policy design, rather than as an ancillary concern considered after 
the fact. Similarly, traditional frontline social justice and civil rights organizations have found themselves at 
the center of debates concerning renewable energy policy, but often lack the technical assistance and tools to 
participate fully in the emerging debates concerning the energy transition.

The Initiative for Energy Justice aims to: contribute to a bottom-up movement of energy justice, originating 
in frontline communities, by arming movement and base-building organizations in environmental, racial, 
and economic justice spaces with well-supported policy research and workable transactional models for 
operationalizing a just transition to renewable energy; and provide city and state policymakers with concrete 
energy policy frameworks and best-practice tools that foreground equity in the transition to renewable 
energy, drawing on the best-available data collected from frontline advocates, existing energy policies, and 
frameworks designed by our team.

•	 NREL’s Regional Energy Deployment System Model simulates the evolution of the bulk power system from 
present day through 2050+ :  
https://www.nrel.gov/analysis/reeds/  

About: NREL designed the Regional Energy Deployment System (ReEDS) to simulate electricity sector 
investment decisions based on system constraints and demands for energy and ancillary services.

The ReEDS model is unique in its high-spatial resolution and advanced algorithms for representing the cost, 
value, and technical characteristics of integrating renewable energy technologies. Although it covers a broad 
geographic and technological scope, ReEDS is designed to reflect the regional attributes of energy production 
and consumption. The model considers a large suite of generating technologies, including fossil, nuclear, and 
renewable technologies, as well as transmission and storage expansion options.

•	 NREL’s System Advisor Model simulates energy and cost profiles using different technologies:
https://sam.nrel.gov/  

About: The System Advisor Model (SAM) is a free techno-economic software model that facilitates decision-
making for people in the renewable energy industry: Project managers and engineers, Policy analysts, 
Technology developers, and Researchers.

To model a renewable energy project in SAM, you choose a performance model and a financial model to 
represent the project, and assign values to input variables to provide information about the project’s location, 
type of equipment in the system, cost of installing and operating the system, and financial and incentives 
assumptions. Once you are satisfied with the input variable values, you run simulations, and then examine 
results. A typical analysis involves running simulations, examining results, revising inputs, and repeating that 
process until you understand and have confidence in the results.

 https://iejusa.org/justice-in-100-scorecard/
https://www.nrel.gov/analysis/reeds/  
https://sam.nrel.gov/ 
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•	 NREL’s renewable energy potential (reV) model uses SAM to simulate a techno-economic potential of 
various technologies and incorporates land use exclusions and connection to transmission infrastructure: 
https://www.nrel.gov/gis/renewable-energy-potential.html 

Abstract: NREL developed the reV model to help utility planners, regional and national agencies, project and 
land developers, and researchers assess renewable energy resource potential. Available as open source since 
February 2020, the reV model currently supports photovoltaic, concentrating solar power, and wind turbine 
technologies. The tool can model a single site up to an entire continent at temporal resolutions ranging from 
five minutes to hourly, spanning a single year or multiple decades.

By automating access to resource data at unprecedented scale, fidelity, and flexibility, the reV model 
integrates formerly disparate analysis frameworks in the fields of resource modeling, technical potential, and 
renewable energy cost supply curves.

The reV model currently provides broad coverage across North America, South and Central Asia, the Middle 
East, South America, and South Africa to inform national- and international-scale analyses as well as 
regional infrastructure and deployment planning.

•	 The Proceedings of the National Academy of Sciences of the United States of America journal article, 
A Diagnostic Approach for Going Beyond Panaceas, which explains a framework that could help social-
ecological approaches to energyshed: 
 https://www.pnas.org/content/104/39/15181.short 

Abstract: The articles in this special feature challenge the presumption that scholars can make simple, 
predictive models of social–ecological systems (SESs) and deduce universal solutions, panaceas, to problems 
of overuse or destruction of resources. Moving beyond panaceas to develop cumulative capacities to diagnose 
the problems and potentialities of linked SESs requires serious study of complex, multivariable, nonlinear, 
cross-scale, and changing systems. Many variables have been identified by researchers as affecting the 
patterns of interactions and outcomes observed in empirical studies of SESs. A step toward developing a 
diagnostic method is taken by organizing these variables in a nested, multitier framework. The framework 
enables scholars to organize analyses of how attributes of (i) a resource system (e.g., fishery, lake, grazing 
area), (ii) the resource units generated by that system (e.g., fish, water, fodder), (iii) the users of that system, 
and (iv) the governance system jointly affect and are indirectly affected by interactions and resulting 
outcomes achieved at a particular time and place. The framework also enables us to organize how these 
attributes may affect and be affected by larger socioeconomic, political, and ecological settings in which 
they are embedded, as well as smaller ones. The framework is intended to be a step toward building a strong 
interdisciplinary science of complex, multilevel systems that will enable future diagnosticians to match 
governance arrangements to specific problems embedded in a social–ecological context.

•	 The Science Direct journal article, Socio-economic Conditions for Satisfying Human Needs at Low Energy 
Use: An International Analysis of Social Provisioning, sheds light on energy’s focus that is not only on the 
supply but on end use, beginning with needs and sufficiency, and could be used as an example of energyshed’s 
potential tracking and focus areas:
https://www.sciencedirect.com/science/article/pii/S0959378021000662?via%3Dihub

Abstract: Using a novel analytical framework alongside a novel multivariate regression-based moderation 
approach and data for 106 countries, we analyze how the relationship between energy use and six dimensions 
of human need satisfaction varies with a wide range of socio-economic factors relevant to the provisioning 
of goods and services (‘provisioning factors’). We find that factors such as public service quality, income 
equality, democracy, and electricity access are associated with higher need satisfaction and lower energy 

https://www.nrel.gov/gis/renewable-energy-potential.html
 https://www.pnas.org/content/104/39/15181.short 
https://www.sciencedirect.com/science/article/pii/S0959378021000662?via%3Dihub
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requirements (‘beneficial provisioning factors’). Conversely, extractivism and economic growth beyond 
moderate levels of affluence are associated with lower need satisfaction and greater energy requirements 
(‘detrimental provisioning factors’). Our results suggest that improving beneficial provisioning factors and 
abandoning detrimental ones could enable countries to provide sufficient need satisfaction at much lower, 
ecologically sustainable levels of energy use.

Planning and Operations 
•	 Knoxville City Energy & Sustainability Task Force Working Groups serve as an example for an energy 

inventory framework:
Task Force Work Groups - City of Knoxville (knoxvilletn.gov) 

About: Knoxville’s work plan for the Energy & Sustainability Initiative is well-charted by local governments 
across the country and world, many of which are members of the organization ICLEI—Local Governments 
for Sustainability (formerly the International Council for Local Environmental Initiatives). The City joined 
the ICLEI network in July 2007 in order to take advantage of the resources offered to members, including 
access to case studies, software and methodologies developed to assist governments working towards greater 
sustainability at the local level. Using ICLEI’s Clean Air and Climate Protection Software, the City has 
inventoried baseline energy consumption, expenditures, emissions and other sustainability indicators like 
water consumption and waste generation associated with both city government operations and the Knoxville 
community as a whole. This report summarizes the inventory findings, establishes greenhouse gas reduction 
targets, and presents an outline of existing and proposed policies and programs intended to strengthen 
Knoxville’s urban environment and improve economic opportunity while we do our part to address the most 
pressing environmental challenge of our time.

•	 The Grid Modernization Laboratory Consortium’s Grid Architecture uses a “total distribution system 
operators” approach:
https://gmlc.doe.gov/projects/1.2.1

About: The Grid Architecture project provided a set of architectural depictions, tools, and skills to the utility 
industry and its extended stakeholders with a goal of creating a national consensus on grid modernization. 
This project also provided a common basis for roadmaps, investments, technology and platform 
developments, and new capabilities, products and services for the modernized grid.

•	 The People Solar Energy Fund (under Cooperative Energy Futures) provides technical and economic 
assistance for communities that want to own their own solar production:
https://www.cooperativeenergyfutures.com/

About: By working with underserved and low-income communities - as well as the general public—
Cooperative Energy Futures (CEF) creates real community wealth by reducing energy use and producing our 
own clean, renewable energy. CEF reframes the debate by demonstrating how communities are central to 
building and implementing solutions.

http://knoxvilletn.gov
https://gmlc.doe.gov/projects/1.2.1
https://www.cooperativeenergyfutures.com/
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Resilience 
•	 NREL’s Basalt Vista project is a pilot program—which equipped homes can exchange energy and services 

with neighbors, matching generation and demand intelligently and on the fly while respecting the reliability 
limitations of the local grid—can be an example of the resilience efforts areas with limited grid capacity:
The Future Is Autonomous: NREL’s Autonomous Energy Grids Research Featured in IEEE Spectrum | News 
| NREL 

About: The 27 smart homes in Basalt Vista, located about 290 kilometers west of Denver, are part of a 
pilot for an altogether new approach to the power grid. The entire neighborhood is interconnected through 
a microgrid that in turn connects to the main grid. Within each home, every smart appliance and energy 
resource—such as a storage battery, water heater, or solar photovoltaic (PV) system—is controlled to 
maximize energy efficiency.

On a larger scale, houses within the neighborhood can rapidly share power, creating reliable electricity for 
everyone—solar energy generated at one house can be used to charge the electric car next door. If a wildfire 
were to knock out power lines in the area, residents would still have electricity generated and stored within 
the neighborhood. From the spring through the fall, the PV systems can provide enough electricity and 
recharge the batteries for days at a time. In the dead of winter, with the heat running and snow on the solar 
panels, the backup power will last for about 2 hours.

•	 Two models, NREL’s Interstate Renewable Energy Council (IREC) Model Interconnection Procedures and 
New York State Standardized Interconnection Requirements are recommended to accelerate energyshed 
development: 
https://www.nrel.gov/grid/ieee-standard-1547/model-interconnection-procedures.html

About: IREC Model helps accelerate modernization of the U.S. electric power infrastructure by enabling the 
use of modern distributed energy resources technologies, such as grid-supportive inverters. The new standard 
is significantly different from the prior version, featuring new concepts and new technical requirements. The 
new requirements enable the use of modern distributed energy resources toward improving performance of 
the electric grid during day-to-day operations and improving grid resilience during abnormal grid conditions. 

And

https://www.nyseg.com/wps/wcm/connect/e27a7e79-5acc-4357-bbab-e6050da06646/ADDE+SIR+13
+NYSEGE+PSC+119+March+2016+FINAL.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPA
CE-e27a7e79-5acc-4357-bbab-e6050da06646-ml3vKBa

About: The New York State Standardized Interconnection Requirements is guidance for those who want apply 
to interconnect new distributed generation up to 5MW New York.

Opportunities and Barriers 
•	 Community Choice Energy and Community Choice Aggregators are consumer-owned utility services that 

could be used as examples for the creation of energyshed associations:
Community Choice Aggregation | US EPA 

About: CCAs, also known as municipal aggregation, are programs that allow local governments to procure 
power on behalf of their residents, businesses, and municipal accounts from an alternative supplier while still 
receiving transmission and distribution service from their existing utility provider. CCAs are an attractive 
option for communities that want more local control over their electricity sources, more green power than 

 The Future Is Autonomous: NREL’s Autonomous Energy Grids Research Featured in IEEE Spectrum | News 
 The Future Is Autonomous: NREL’s Autonomous Energy Grids Research Featured in IEEE Spectrum | News 
https://www.nrel.gov/grid/ieee-standard-1547/model-interconnection-procedures.html
https://www.nyseg.com/wps/wcm/connect/e27a7e79-5acc-4357-bbab-e6050da06646/ADDE+SIR+13+NYSEGE+PSC+11
https://www.nyseg.com/wps/wcm/connect/e27a7e79-5acc-4357-bbab-e6050da06646/ADDE+SIR+13+NYSEGE+PSC+11
https://www.nyseg.com/wps/wcm/connect/e27a7e79-5acc-4357-bbab-e6050da06646/ADDE+SIR+13+NYSEGE+PSC+11
http://Community Choice Aggregation | US EPA 
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is offered by the default utility, and/or lower electricity prices. By aggregating demand, communities gain 
leverage to negotiate better rates with competitive suppliers and choose greener power sources.

•	 The European Union’s implementation of the energy communities legislative mandate was cited as an 
example of how energyshed planning can be both individualized and part of a greater whole. Each member 
country is promulgating its own set of regulations governing such design, which is similar in concept to 
energysheds in the virtual (if not physical) accounting of generation and load within communities:   
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC119433/energy_communities_report_final.pdf

Abstract: Community energy refers to a wide range of collective energy actions that involve citizens’ 
participation in the energy system. Community energy projects are characterized by varying degrees of 
community involvement in decision-making and benefits sharing (Walker and Devine-Wright, 2008). They 
may describe a community limited by a geographical location or a community of interest (Walker and Devine-
Wright, 2008).

The Clean Energy Package recognizes certain categories of community energy initiatives as ‘energy 
communities’ in European legislation. Energy communities can be understood as a way to ‘organize’ 
collective energy actions around open, democratic participation and governance and the provision of benefits 
for the members or the local community (Roberts et al., 2019). There are two formal definitions of energy 
communities: ‘citizen energy communities’ which is included in the revised Internal Electricity Market 
Directive (EU) 2019/944 (European Parliament & Council of the European Union, 2019), and ‘renewable 
energy communities’ which is included in the revised Renewable Energy Directive (EU) 2018/2001 (European 
Parliament & Council of the European Union, 2018). 

These two EU legislative documents provide for the first time an enabling EU legal framework for collective 
citizen participation in the energy system. They describe energy communities as new types of non-commercial 
entities that, although they engage in an economic activity, their primary purpose is to provide environmental, 
economic or social community benefits rather than prioritize profit making (REScoop.EU, 2019).

Operations  
•	 EERE Building Technologies Office’s Grid-Interactive Efficient Building Initiative utilizes system 

architecture to prioritize communities: 
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings 

About: The Grid-interactive Efficient Building (GEB) Initiative works to remake buildings into a clean and 
flexible energy resources by combining energy efficiency and demand flexibility with smart technologies and 
communications to inexpensively deliver greater affordability, comfort, productivity, and performance to 
America’s homes and buildings.

The GEB Initiative leads the fundamental research, development, demonstration and deployment of GEBs. 
The GEB Initiative also convenes and provides a variety of building sector stakeholders—including other 
federal agencies, state and local governments, utilities, builders, building component manufacturers, 
scientists, engineers, and more—with the technical support they need to advance GEB capabilities across the 
country in the residential and commercial buildings of today and tomorrow.

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC119433/energy_communities_report_final
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings 
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Diversity, Equity, and Inclusion 
Concepts 

•	 Communities can deliver equivalent energy to local homes and businesses, versus having electricity 
transmitted over long-distances: 
https://www.nytimes.com/2021/07/11/business/energy-environment/biden-climate-transmission-lines.html

Blurb: The nation is facing once in a generation choice about how energy ought to be delivered to homes, 
businesses and electric cars—decisions that could shape the course of climate change and determine how the 
United States copes with wildfires, heat waves and other extreme weather linked to global warming. 

On one side, large electric utilities and others want to build thousands of miles of power lines to move 
electricity created by distant wind turbines and solar farms to cities and suburbs. On the other, some 
environmental organizations and community groups are pushing for greater investment in rooftop solar 
panels, batteries and local wind turbines.

Tools, Data, and Analyses 
•	 NAACPs’ “Our Communities, Our Power” Action Toolkit can hold communities and organizations 

accountable in terms of diversity and inclusion, community driven processes
https://www.adaptationclearinghouse.org/resources/naacp-our-communities-our-power-advancing-resistance-
and-resilience-in-climate-change-adaptation-action-toolkit.html

About: This comprehensive Toolkit provides a series of modules to help NAACP chapters and other advocates 
mediate climate adaptation planning processes and ensure that adaptation plans and policies meet local 
needs, while focusing on frontline communities, environmental and climate justice, and equity. The Toolkit 
provides guidance to help community groups and advocates develop an Environmental and Climate Justice 
(ECJ) Committee to inform adaptation planning and policy through 19 different Modules. The introduction 
defines equity, climate resilience and adaptation, environmental and climate justice, and frontline 
communities. It also provides a summary of how climate change will disproportionately affect frontline 
communities.

Initial modules address the procedural aspects of forming an ECJ committee; advancing equity in planning 
processes; and advocating, communicating and educating at the state and local levels. Subsequent 
modules focus on opportunities to advance equitable resilience solutions across various sectors (housing, 
transportation, water, waste management etc.). Each module includes core principles for enhancing equity 
and resilience in that topic area; useful checklists for taking actions; short case study examples of cities and 
states that have adopted equitable approaches; links to other resources, data and tools to help community 
groups get started and advance their work; and fact sheets with examples from.

https://www.nytimes.com/2021/07/11/business/energy-environment/biden-climate-transmission-lines.html
https://www.adaptationclearinghouse.org/resources/naacp-our-communities-our-power-advancing-resistan
https://www.adaptationclearinghouse.org/resources/naacp-our-communities-our-power-advancing-resistan
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