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Executive Summary

A growing number of electricity users ranging from large production facilities to homeowners are
installing microgrids to increase the resilience and reliability of their power supply. While this
growth has largely been driven by private entities, microgrids also offer municipal utilities, rural
electric cooperatives, and local governments a means to provide improved services to their
constituents. This customer segment may have different motivations and goals than private
microgrid users, and smaller local utilities may not have the resources or personnel to pursue
microgrids on their own. Our client, Hyde Engineering Services (HES), wanted to better
understand the characteristics of the microgrid market for small and medium-sized municipal and
cooperative electric utilities. In order to assist HES, we identified primary benefits and barriers to
microgrid adoption by this customer segment through case studies of success stories and potential
pitfalls. We then created a set of key traits and a framework for identifying utilities that are well
positioned to successfully deploy a microgrid, which our client can use to identify potential
customers. Finally, we carried out an example selection process to create a nationwide list of

promising utilities that serves as an illustration of the use of our framework.

For the purposes of this report, microgrids will be defined as electrical systems which comprise at
least one load, low-voltage distribution equipment, one or more distributed energy resources
(DERSs) including renewable and conventional generators, and a central controller to coordinate
loads and generation resources. With these components, microgrids are able to fully island, or
disconnect, from the main grid and thus continue operating even during a grid outage. While many
microgrids are known for having energy storage to allow this islanding capability, this report does

not make storage a requirement as long as the microgrid can be self-sufficient.

As noted earlier, our client is interested in municipal utilities and electric cooperatives. There are
more than 2,000 municipal utilities in the United States that are owned and operated by local
governments. Similarly, rural electric cooperatives are utilities that are owned by members and
provide electricity to rural areas. Most municipal utilities and many cooperatives focus primarily
on distribution systems and only have small generating capacity. As such, they often sign power

purchase agreements (PPAs) with larger utilities to procure electricity for resale to customers.



Because these organizations are owned or governed by their customers, the priorities of these

utilities are often closely aligned with the goals and interests of customers.

To understand the motivations and barriers to municipal microgrid adoption, we carried out a series
of 16 semi-structured interviews with various stakeholders involved in municipal microgrid
development. These representatives include municipalities and electric cooperatives with and
without microgrids, government regulatory and funding agencies, microgrid experts, and major
utilities. The findings from these discussions indicate that local utilities have potential to be a
healthy market for microgrids as they avoid conflicts with monopoly distribution companies and
their government affiliation provides an opportunity to improve community resilience. Economic
benefits, renewable integration, and replacing aging infrastructure are additional motivators for
microgrid adoption among these utilities. However, some barriers and concerns may impede the
spread of microgrids, such as political uncertainty, high upfront costs, and regulatory issues. While
most of these drivers and obstacles are not unique to municipalities or cooperatives, they are

necessary to understand in order to develop effective microgrid solutions.

From these insights, we developed a framework for assessing municipalities and cooperatives in
terms of key characteristics for microgrid adoption. The initial level of the framework focuses on
motivating drivers such as disaster risk and grid reliability concerns. The second level of the
framework addresses the general characteristics of the utility, including number of customers and
customer composition. Finally, the last level of the framework provides a refining look at the
operational specifics of the utility in order to differentiate entities that have promising financial
characteristics and community relationships. In order to demonstrate the use of this framework,
we applied quantitative criteria to each of the levels and identified 59 municipal utilities and 119

electric cooperatives across the US that represent potential microgrid adopters.

As a final guide for our client, we noted some key takeaways from our stakeholder interviews and
developed an outline of a business model. Key points from these recommendations include
ensuring all benefits of the microgrid are quantified for the cost benefit analysis, targeting
resilience centers for municipal utilities and local governments, and exploring creative ways to

finance microgrid projects for customers with limited capital funds.
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Introduction

Worldwide, electricity systems are moving towards decarbonization and decentralization in order
to reduce greenhouse gas emissions, lower electricity costs, improve reliability and resilience, and
make electricity accessible in more areas [1]. The existing infrastructure is aging and is threatened
by severe natural disasters such as storms or wildfires. These disasters can cause power outages
and blackouts in large areas, which in turn can result in large financial losses [1]. Microgrids have
emerged as a way to address these needs. While microgrid development has largely been driven
by private entities, microgrids also offer municipal utilities, rural electric cooperatives, and local
governments a means to provide improved services to their constituents [2]. This customer
segment may have different motivations and goals than private microgrid users, and smaller local
utilities may not have the resources or personnel to pursue microgrids on their own. This report
seeks to provide insight into the needs and limitations of these smaller utilities and explores how
microgrids can be developed to help further the work these organizations do to serve their

customers.

The term “microgrid” refers to an electricity system which comprises loads, low-voltage
distribution systems and distributed energy resources (DERs), such as photovoltaic panels, wind
turbines, energy storage, combined heat and power, and other conventional power plants [3]. In
the microgrid, all DERs are equipped with proper power electronic interfaces (PEls) and
coordinated by the microgrid central controller (MGCC). The MGCC can maintain the energy
balance by rapidly adjusting the frequency and voltage between generators and loads, deciding the
working modes of microgrids, and determining the combination of DERs [4]. Additionally, it
needs a few other pieces of equipment such as converters which can convert DC from renewable
sources into AC utilized by customers. Unlike the “macrogrid,” which contains static, large-scale
generating units and high-voltage transmission lines, a microgrid is more dynamic and stable.
Many microgrids can operate connected to the main grid (inter-connected mode) or disconnected
(island mode) depending on their situational needs [5]. When the microgrid operates in the island
mode, it requires more stable energy resources and constant loads since the microgrid is sensitive

to any fluctuations in demand or generation [6].
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The modern microgrid concept, which involves multiple networked generating resources, was
proposed in 1999 by the Consortium for Electric Reliability Technology Solutions (CERTS) in the
United States [7]. Many currently deployed microgrid projects mainly target peak-shaving,
meeting renewable portfolio standards (RPS), and providing energy in small or rural places such

as campuses, hospitals, and farms. Some projects are still at early-stage or seed stage [8].

The microgrid market can be divided into several sectors: remote, commercial and industrial,
communities, distribution, institutional, and military [9]. An example of an institutional microgrid
project is the Santa Rita Jail facility in Alameda County, California. It included a fuel cell, solar
PV, diesel generators, an electrical storage system, a fast static switch, and a power factor
correction capacitor bank. This project could protect the facility from the impact of outages and

low-quality power [10].

In some remote or rural areas, people might not have access to electricity since they are located
far from the transmission systems. Microgrids in these areas can be adjusted to adapt to local
situations, although sometimes they might require more frequent maintenance and replacements
due to generator failures [5]. Alaska provides a good example of a location where microgrids can
be used to serve rural areas. In fact, it possesses 12% of the world’s microgrids capacity and 40%
of the world’s rural integrated system microgrid capacity. The local government has invested more
than $250 million to develop microgrids due to its cold climate and remote locations [10].

Microgrids have been researched and proposed in many countries due to their benefits such as
reducing operational losses or costs or improving power quality and reliability. However, the
introduction of microgrids on a large scale is impeded by various regulatory, financial, and
technical barriers. These barriers may differ between regions and may include lack of uniform
standards for peer-to-peer systems, higher expenses of installation and infrastructure costs,

uncertainty of wind or solar sources, and cybersecurity problems.

While many microgrids have been developed by private users, there is growing interest in
microgrid development by utilities, including smaller power providers such as municipal utilities
(“munis”) and electric cooperatives (“‘co-ops”). There are more than 2,000 municipal utilities in
the United States, and they are owned and operated by local city and town governments. Most

board members for these utilities are nominated and elected by officials. Sometimes customers can
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vote for the operational decisions made by the board [11]. Electric cooperatives refer to utilities
that are owned by members and provide electricity in rural areas. Throughout this report, municipal
utilities and co-ops are often referred to collectively as “local utilities” since they have smaller

territories than traditional, vertically integrated monopoly utilities.

Both municipal utilities and cooperatives tend to only have small amounts of generating capacity,
if they have any at all, and local distribution systems. They may sign power purchase agreements
(PPAs) with larger utilities to obtain the electricity they provide to their customers. These
organizations can help to make electricity more affordable, accessible, and sustainable since the
priorities of these utilities are to serve local customers and improve health, safety, and quality of
life [12].

It cannot be denied that utilities in some small and rural areas face many challenges. First, rural
areas are sometimes poorer than large cities, and lower-income households may have difficulty
affording electricity [13]. Second, residents living in rural areas may be dispersed, and it may be
difficult to build distribution systems to deliver electricity to every customer. Transmission and
distribution infrastructure can be quite costly, so there are major financial hurdles to building lines

that serve only a small number of customers.

Microgrids can be an effective solution to many of the problems faced by rural cooperatives, and
they can offer many benefits to municipal utilities in the form of improving government services.
However, there are also a number of barriers to microgrid adoption that these types of utilities
face. Municipalities and cooperatives may lack the technical expertise to design, build, and operate
such solutions, or they may simply lack the executional bandwidth required to move these

solutions forward.

Our client, Hyde Engineering Services (HES), believes there is a market for accelerating the
deployment of microgrids and large-scale batteries for small or medium-sized municipal utilities
and cooperatives so they can offer economically and environmentally compelling services to their
communities. To facilitate this deployment, our client asked us to conduct a feasibility study for
an engineering services package that serves local utilities that can be rolled out across the US.
Therefore, we seek to understand how small or medium-sized municipal utilities or electric

cooperatives can use microgrids, and we develop a systematic approach for identifying potential
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microgrid host communities. This framework can help to inform the process of finding potential
partners amongst municipal utilities and help persuade them to apply microgrids or DERs in their

local communities.

Materials and Methodology

In order to inform our client about the local utility market for microgrids, we identified four types
of information to provide: 1) publicly available datasets that can be used to assess appropriateness
of a microgrid, 2) information about the motivators and barriers to microgrid adoption, 3) a
business plan outline, and 4) a framework tool that can be used to evaluate the suitability of utilities
for microgrid development. We started the process by gathering datasets which provide useful
insights into the operations of utilities in the United States and that can be used to predict
motivating factors for microgrid development. We then used this list of utilities along with general
industry research to identify stakeholders we thought would provide valuable perspectives and
reached out to them to ask for an interview. The results of the interviews and literature research
formed the basis of our business plan outline and informed the criteria and relative order of the
steps we developed for our filtering framework tool. The process was iterative as we would
develop new questions to answer as we progressed through the framework, leading us to seek out
new data sources or contact new potential interviewees. The following sections provide more detail

on each of these steps.

Dataset Gathering

The primary datasets used were the 2019 Energy Information Administration’s (EIA) Form 861
Annual Electric Power Industry Report data [14], the Environmental Protection Agency’s (EPA)
Cumulative Resilience Screening Index (CRSI) for Natural Hazards [15], a list of states with
renewable portfolio standards (RPS), and a list of states with policy in place to promote increased

resilience. The first two of these datasets were downloaded from the website of their respective
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agencies, the third was obtained from the North Carolina State University Clean Energy

Technology Center [16], and we created the fourth through internet research.

The EIA Form 861 data is an annual dataset compiled by the EIA that includes information from
“electric power industry participants involved in the generation, transmission, distribution, and
sale of electricity in the United States” [14]. For our project, we focused on utility data including
utility number, utility name, state(s) in which the utility is operating, county(ies) in which the
utility is operating, number of residential customers, number of total customers, residential
revenue, total revenue, the System Average Interruption Duration Index (SAIDI), and the System
Average Interruption Frequency Index (SAIFI). The SAIDI is a standard reliability metric
representing the number of minutes without power an average customer of a utility experiences in
a year. In essence, SAIDI is calculated by dividing the number of Customer Minutes Interrupted
(the length of an outage multiplied by the number of customers affected) by the total number of
customers served [17]. Likewise, the SAIFI measures how frequently outages occur across a
service territory and is measured by dividing the number of interruptions by the number of
customers [17]. Note that for this calculation, an interruption is measured as loss of service to an

individual, so a single outage impacting 10 customers would be considered as 10 interruptions.

The EPA CRSI provides a score for each county in the United States based on community
resilience to natural hazards. The index is composed of scores from five domains: risk, governance,
built environment, natural environment, and society [15]. For our analysis, we only used the risk
dimension, which measures the vulnerability and likelihood of a county experiencing loss due to
a natural hazard. We decided that this was the most relevant domain to use since our analysis is
primarily focused on utilities preparing for the occurrence of natural disasters; however, future
users of the framework may decide that other elements of the CRSI, or even a risk score from a
different source, may be best suited to their purposes.

We used state RPS goals as a rough measure of political and social attitude towards advanced
technologies. In essence, we assumed that if renewable energy proponents had enough political
capital in a state to pass an RPS, there would likely be a fair amount of support for renewable and

advanced energy technologies such as microgrids. Moreover, companies operating in states where
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renewable energy is valued may be more interested in purchasing renewable energy or may even

have internal targets or mandates around their carbon footprint.

We also created a list of states with local resilience policies or programs by conducting internet
searches of state government websites. These programs can take multiple forms, ranging from
specific legislation appropriating funds for projects that prepare communities to better face
disasters (e.g., funding pilot studies of community microgrids) to broad guidelines and
instructional material for ways communities can increase their resilience. The motivation for
creating this list was to focus on states that are forward thinking in terms of resilience, since these
places will generally be more interested in microgrids. Our survey of state websites yielded 22
states which we deemed to have resilience programs. These states are shown in the map in Figure
1 below.

Powered by Bing
© GeoMames, Microsoft, TomTom

Figure 1. Map of states with resilience programs.



Stakeholder Interviews

For the interview portion of the project, we started by creating a list of potential candidates. This
list consisted of five groups: 1) cities or small utilities we knew had microgrids; 2) municipal
utilities or cooperatives that do not have microgrids; 3) government regulatory and funding
agencies; 4) microgrid experts, proponents, or equipment manufacturers; and 5) large utilities. The
proportion of final respondents in each category is shown in Figure 2 below. Our aim was to have
about 15 interviews, and about 50% of the people we contacted responded with either an interview,

written response, or suggestion of someone else to contact.

The list of utilities and municipalities known to have microgrids (or plans to build a microgrid)
was primarily developed by reading industry news or seeing press releases about municipalities or
co-ops installing microgrids. The list of municipal utilities and co-ops that do not have microgrids
was created by choosing utilities from EIA Form 861 data. We filtered the respondents by
ownership type (choosing only those listed as “Municipality” or “Cooperative”) and selecting the
bottom two-thirds by customer count. This last step was performed as a means of focusing on
small to mid-sized utilities. From this filtered list, we selected utilities located in regions we
thought would be open to microgrid development. For example, we chose utilities on the west
coast where recent wildfires have raised concerns about transmission shutoffs and resilience, and
we looked at utilities along the gulf coast where we surmised hurricane-preparedness may spur an
interest in microgrids. Although we attempted to reach out to a variety of utilities within these
focus regions, the final distribution of respondents was largely dictated by which stakeholders
responded to our emails. The other three stakeholder candidate lists were developed based on
which states and organizations were known to be actively involved in microgrid development, as
well as recommendations from other interviewees. Figure 3 below shows respondent distribution

by state.



Respondent Type

Utility with Microgrid
5

Utility w/out Microgrid
6

Large Utility
1

Figure 2. Number of stakeholder respondents in each group.

Responses
5
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Figure 3. Map of stakeholder respondents per state.
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Interview candidates were contacted either through email addresses, website contact forms, or
phone numbers that were available on publicly facing websites. Candidates were invited to meet
with the team for 30-60 minutes to discuss their views on microgrids and their business and
operational needs. Candidates who accepted the invitation were interviewed virtually using
teleconferencing software such as Zoom and Microsoft Teams. A small number of respondents
only corresponded by email or short telephone calls. These responses were still included in the
results where applicable, but they provided substantially less insight than the full interviews.
Interviews were semi-structured, meaning that a similar set of introductory questions were asked
(with variations depending on which category the respondent belonged to), but the interview
followed the flow of the conversation, focusing on the topics most relevant to the respondents.
This interview format allowed more depth of insight into the areas of interest of the respondents
at the cost of a certain degree of uniformity. Nonetheless, most interviews covered the benefits and
challenges of microgrids, any operational concerns a utility had, and next steps for further
microgrid development or ways to make microgrids more applicable. Notes were taken throughout

the conversations for subsequent analysis.

Once the interview phase was complete, the notes from each conversation were compiled and
grouped by respondent category. The interviews were then summarized, and common themes were
identified both within respondent groups and across them. In this way, universal themes (e.g.,
widespread barriers to development), as well as key traits of different respondent categories could
be identified (e.g., priorities of local governments, or general knowledge of microgrids).

Business Plan and Filtering Framework Development

The results of the interviews were then used to inform the development of a business plan to
identify customer types and specify approaches for our client to serve the needs of these customers.
The business plan follows the Lean Canvas model, consisting of 10 steps progressing from
identifying problems to segmenting customers to identifying revenue streams. The first step in
developing the business plan is to identify primary problems for different customer types. Based

on our interview results and literature reviews, we identified four categories of customer types,



their most important problems, and preferred solution approaches. Next, we identified the strengths
of our client among competitors in the market and strengths of microgrid technology among other
alternative technology in order to define the business strategy for the various customer segments.
We identified the business model as a business-to-business (B2B) model since our client can
provide consulting services for municipalities and sell the microgrid project to various
municipalities. Then municipalities can operate the projects and provide services to their customers
on their own. Taking the business model into account, we also developed the possible cost

structures and revenue streams to complete the business plan.

To complement the business plan, we created a qualitative decision framework that can be used to
identify locations that are likely to be good candidates for microgrid adoption. High level trends
in the microgrid industry ascertained through general background research and analysis of the
interview results were used to structure the initial levels of the decision framework. These levels
are intended to narrow the focus of an organization looking to identify potential microgrid users
by making broad classifications of whether a location falls within the target market segment and
whether a microgrid is likely to offer benefits. More specific levels were identified from key
considerations of utilities or municipalities that had successfully incorporated microgrids into their
operations. These steps of the decision framework are intended to differentiate the places most
likely to actually succeed at installing a microgrid. Interview responses regarding the challenges
and barriers to microgrid adoption were used both to inform these finer-focus steps, as well as to
create a third set of considerations concerning potential pitfalls to avoid or mitigate through careful
planning. This last level of the decision tree may be used to remove some entities from
consideration if they possess high potential for pitfalls, or to help frame the business model and
approach used when working with these communities. For example, the specifics of the utility may
inform what type of business model is proposed or how closely outside entities like a wholesale

power provider are involved.

In order to illustrate the use of this decision framework for identifying microgrid candidates, a set
of representative utilities was selected by developing quantitative thresholds for the steps of the
decision framework and applying them to the EIA Form 861 data and EPA Cumulative Resilience
Score Index introduced earlier. For this selection, we focused on co-ops and municipal electric

utilities. We identified two primary uses of microgrids to select for based on our interviews:
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community resilience and improving reliability for commercial and industrial (C&I) customers. In
both cases, we walked through the selection criteria for the municipal utilities and the co-ops
separately, resulting in four lists of representative utilities.

For the community resilience selection, we started with the EIA Form 861 list of utilities, which
includes 1,783 municipal utilities and 920 electric cooperatives. For the first level, which assesses
the climate incident risk, we chose to select only utilities operating in the top 10% of risky counties
per state. In other words, we determined the cutoff for the top 10% of counties within a state based
on climate risk from the EPA’s CRSI scoring, then selected only the utilities which operated in
those counties. As a proxy for the general customer base being interested in advanced energy
technologies, we focused on states with some form of resilience policy. While this metric is an
imperfect measure of customer attitude, we consider it a simple and easily identifiable means of

gauging popular opinion regarding the importance of resilience.

For the second level, we used two criteria to account for utility characteristics. First, we chose
utilities who derive more than 50% of their revenue from residential customers. We chose this
cutoff in an attempt to focus on utilities who might prioritize community services due to the large
proportion of residential customers in their territory. In contrast, we suspect that a utility that
primarily serves commercial and industrial customers is unlikely to invest as much in community
resilience. The other selection criterion we included at Level 2 is a maximum threshold on the
number of customers. We chose to limit our selection to utilities serving 100,000 customers or
fewer in order to stay focused on small and medium sized utilities, per our project objectives. We
chose 100,000 customers as the threshold to roughly correspond with the definition of a “Large”
city (250,000 residents) [18], assuming each residential “customer” would likely consist of a
household with multiple members. In other words, a hypothetical utility serving an entirely
residential, large city (250,000 inhabitants) would conceivably only have about 100,000 meters

because many meters serve households with multiple members.

Our final selection criterion falls under the third level of the decision tree and is related to the
utility’s financial situation. While there are multiple financing mechanisms that could enable a
small utility to benefit from a microgrid, we assumed that only those with at least $1,000,000 in

annual revenue would consider the investment required for a microgrid.

11
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We followed a similar process in identifying likely candidates for a C&I microgrid. Because we
were focusing more on reliability than resilience, the first level focused on utilities that reported
both a SAIDI and SAIFI in the top 15% of their state. Similar to the climate risk analysis in the
community resilience criteria, we calculated the top 15% cutoff for SAIDI and SAIFI in each state
and identified the utilities operating in that state that were above those thresholds. We also selected
utilities operating in states that had an RPS since we assume C&lI customers operating in those
states are more likely to have sustainability or carbon footprint goals that can be helped by a

microgrid.

We then applied two criteria for Level 2 of the C&I resilience selection. We again discarded
utilities with more than 100,000 customers to retain our focus on small and medium-sized utilities,
and from the remaining utilities, we chose those deriving less than 50% of their revenue from
residential customers. This last criterion is designed to identify utilities who are primarily focused
on C&lI customers since commercial, industrial, and transportation (which is usually negligible)
make up the non-residential portion of revenue. Finally, we included a minimum annual revenue

from C&aI sectors of $1,000,000 as our Level 3 financial selection.

To provide an informal analysis of our representative utilities, we selected 10 each of the
municipalities and cooperatives identified as candidates for reliability improvement and 15
municipalities and 25 cooperatives from the utilities in the resilience category. We then searched
their respective websites to see if they already had plans for a microgrid and/or a resilience building

program.

Results

This section presents the information we gathered during the interview phase of our project,
followed by the development of our business plan outline and focusing framework tool, which are
both informed by the interview results. A case study is shown for a single electric cooperative,
Tideland EMC located in North Carolina, to provide a detailed walkthrough of the framework
process and show how the framework can provide insight into a particular utility’s suitability for

a microgrid. The framework is then applied to the datasets described in the Materials and
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Methodology section to illustrate how the tool can be used as a selection device to focus on a
subset of potential candidates for microgrid adoption. Finally, a brief analysis of these selection
results is presented. In addition to this list of potential early adopters, these results are distilled to

key takeaways, which are presented in the Discussion section of the report.

Interview Results

Our stakeholder interviews served as the basis for our assessment of the motivators, barriers, and
keys to success for municipal microgrid development. We spoke with 16 different stakeholders,
whom we classified into five groups: 1) local utilities that have taken steps to pursue microgrids,
2) local utilities without microgrid development, 3) government regulatory and funding agencies,
4) microgrid experts, and 5) large monopoly utilities. For the sake of anonymity, respondent names
are not included, and stakeholders are instead referred to generally by the group to which they
belong. Since the interviews were semi-structured and followed the natural flow of the
conversation, different subjects were covered in each interview. However, certain commonalities
arose within and between these stakeholder groups, primarily around the benefits microgrids can

offer to municipalities and cooperatives and barriers to their implementation.

We identified six categories of benefits that local utilities can realize from microgrid development,
with increased resilience, economic returns, and increased renewable energy integration being the
most common. Stakeholders with existing microgrid assets identified the most benefits, and
government and expert stakeholders also identified a high number of valuable uses. For barriers,
we identified eight categories which include cost, knowledge gaps, and conflicts with incumbent
utilities. Government and expert stakeholders also had broad perspectives on these issues, likely
stemming from their third-party vantage point. The following subsections provide more detail on

the barriers and benefits, as well as specific stakeholder group insights.
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Benefits

One of the central topics of the interviews was the benefits that microgrids can offer to
municipalities and cooperatives. Figure 4Figure 1 below displays six categories of benefits and
how many respondents identified these benefits as being valuable to municipalities (either in
general or specific to themselves). This figure encompasses responses from all respondent groups,
including utilities without microgrids and experts who are not in a decision-making role.
Furthermore, we tallied any benefits mentioned by a respondent, not just the primary motivation,

so there is no measure of importance of each benefit relative to the others.

Benefits of Microgrids
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Figure 4. Count of responses by respondent group for benefit categories.

From Figure 4, it is apparent that resilience is the most commonly identified benefit of microgrids,
which is to be expected since that is the primary reason microgrids have been developed in the
past [19]. Most microgrid projects were initiated in the aftermath of a large-scale disaster or in

areas that are known to be prone to service interruptions. For example, we spoke with entities that
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were pursuing microgrids for islands, areas that had been impacted by Hurricane Sandy, and
regions within Pacific Gas and Electric’s (PG&E) Public Safety Power Shutoff (PSPS) territory.

Related to resilience is the concept of reliability, which is often combined or confused with
resilience. While these terms are similar, we use resilience in this context to refer to the ability of
the electricity supplier to continue operating in the face of disaster or to quickly recover from
events that cause widespread disruptions (e.g., hurricanes). In contrast, we use reliability to refer
to the electricity supplier’s ability to maintain consistent service in non-catastrophic conditions,
including PSPS events. Even though these outages can result in significant economic losses, they
are more controlled and, perhaps most importantly, there is more certainty that the grid will be
able to energize properly and completely at a specified end time. Reliability was less commonly
cited as a benefit of microgrids than resilience, but was valued by some stakeholders, especially if
they were in a region with either frequent service interruptions or high potential for interruptions
(e.g., PSPSs).

The second most frequently mentioned value that microgrids offer is economic benefits. Two
economic services were discussed: cheaper electricity prices resulting from renewable generation
and lowered peak usage charges from load shifting. Because many non-profits (such as
municipalities and co-ops) cannot take advantage of the tax benefits offered for renewable
generation installations, they often contract with a third party who owns the generation and sells
the electricity to the non-profit through a PPA. This PPA price can be significantly lower than the
utility or wholesale price of electricity, thus saving the purchaser money. Load shifting, on the
other hand, involves reducing demand during peak hours, when electricity prices are usually the
highest. Load is usually reduced by using self-generation or stored energy resources within the
microgrid, which results in less electricity being purchased from other sources. Both of these cost-
saving measures can be significant and help to offset the costs of a microgrid, especially in areas
where electricity is more expensive. Moreover, a microgrid operates both when the main grid is
functioning properly (blue-sky operation), as well as when a disaster strikes and the grid is stressed
or down (black sky operation). This continuous operation is in contrast to a diesel generator which
usually only activates when the grid goes down. As such, a microgrid can generate value
throughout its lifetime to offset its costs, whereas the emergency generator only creates value in

those few times when it is running.
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Renewable integration also drove interest in microgrids. Some entities were interested in building
new renewable generation as part of a microgrid, while others took advantage of existing
renewable generation by adding a controller and other components to create a microgrid from
infrastructure they already had. Increasing policy requirements and customer demands for clean
energy have pushed utilities towards adding renewable generation. Microgrids motivated by
increased renewable integration naturally contain a significant number of renewable generators.
However, renewables are not capable of providing consistent power for many systems and must

be paired with large amounts of storage or fossil fuel backup generation.

Respondents also spoke of opportunities to use microgrids as an alternative to traditional
infrastructure buildout. This concept is largely tied to resilience and reliability since the additional
buildout is typically intended to provide more consistent service to a remote or disaster-prone area.
However, microgrids can also be used to allow load growth beyond the nominal capacity of the
existing transmission infrastructure, as was the case of one of the municipalities with whom we

spoke.

The final motivator discussed by our respondents is the desire to implement new technology as a
proof of concept. Not surprisingly, some of the government funding agencies we spoke with
identified this opportunity as one of their motivations. However, multiple municipalities and
cooperatives we spoke with also noted that they were interested in being on the leading edge of
developing microgrid technology and wanted to show others what could be done.

These results are largely corroborated by a paper that was published shortly after we completed
the research portion of our project [19]. While there are many similarities between their methods
and results and ours, their focus on large public power utilities nicely complements our target of
small to medium public utilities and electric cooperatives while providing a close point of
comparison. Interestingly, they identify grid services as a potential business model, wherein
microgrid operators can participate in markets to provide frequency regulation and other services
to the wholesale market. However, we did not find any stakeholders who were motivated by
offering these services. Similarly, they did not identify a large interest in using microgrids to avoid
transmission buildout in their interview process, though it is mentioned in their literature review.

These differences may come from the size differences between our target groups.
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Other studies also highlight these same benefits. For example, resilience, reliability, renewables
integration, and avoided infrastructure buildout are all identified by reviews exploring key
microgrid drivers [5] and community microgrids [20]. Although these papers did not focus on the
same types of microgrid owners as us, the similarity between these findings and ours suggests that

smaller local utilities have many of the same motivations as other microgrid users.

Barriers

Turning to the obstacles that microgrid development can face, Figure 5 shows the number of
respondents who identified each of eight categories of barriers. For these barriers, we considered
any situation where a stakeholder had encountered resistance to developing a microgrid, as well
as any potential concerns a stakeholder either knew or suspected existed. Similar to the benefits
above, these responses were recorded regardless of which group the interviewee was in and
whether they had installed a microgrid. Likewise, the relative significance of any barrier to another
is not measured in any way besides the frequency with which it was mentioned. Of course, each
utility has a unique situation as well, so a barrier that may be prohibitive in one location may be

easily overcome elsewhere.
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Figure 5. Count of responses by respondent group for barrier categories.

The most common barrier to microgrid adoption is cost, which is widely acknowledged to be
prohibitive within the microgrid industry [20]. The components of a microgrid, especially the
controller that balances load and electricity supply, can require high upfront costs that many
entities, in particular smaller utilities and governments, may struggle to afford up front. Even if
the capital costs can be covered, the benefits need to outweigh the costs over the lifetime of the
microgrid. Demonstrating this net positive value can be challenging when one of the primary
benefits of microgrids is resiliency, which is difficult to quantify. While a commercial or industrial
customer may be able to calculate their lost revenue from a power outage, it can be much more
challenging to assign a value to maintaining community services during a natural disaster. As such,
microgrids are faced by a dual challenge of having high costs to overcome and intangible benefits
against which to weigh those costs.

Another very common barrier that was identified is a lack of knowledge. This category includes
not being familiar with microgrids in general, requiring specialized knowledge in the development
phase, and needing to train operators and technicians on how to integrate the microgrid into the

systems they already know how to operate. While these types of barriers were noted by many of

18


https://www.zotero.org/google-docs/?baCXM2

our respondents, they are often fairly easy to overcome through proper partnerships and finding
the right resources for a project. A key component for overcoming these barriers is, as one
respondent put it, being honest about what an organization does and does not know.

Potential conflicts with utilities are the next most commonly raised concern around microgrid
development. Because incumbent utilities usually have exclusive rights to distribution, microgrids
are often limited to buildings on a single campus or in very close proximity. While the exact
restrictions vary regionally, one respondent informed us that their regulations prevented a
microgrid from supplying power to another site if it required crossing more than one public right-
of-way (e.g., a street). Similar restrictions exist around one entity providing electricity to a separate
entity since this transaction could be considered providing electrical service to a customer, which
would effectively make the microgrid a very small utility. Of course, this problem is largely
avoided if the microgrid is developed by a cooperative or municipal utility since they have
distribution rights. One respondent municipality even resorted to forming a new municipal utility
solely for the purpose of operating a microgrid they were developing for an industrial park. While
we spoke to some municipalities without their own utility, we focused the analysis found later in
this report on cooperatives and municipal utilities in part to avoid this conflict with existing utility

distribution rights.

Regulatory uncertainty is another common concern with developing technologies such as
microgrids, and this was reflected in our interviews. Along with cost, regulatory uncertainty was
the only barrier to be mentioned by at least one respondent in each group, reinforcing how
widespread an issue it can be. Much of the regulation in question surrounds the incumbent utility
rights mentioned before and can thus be mitigated by focusing on local utility development of
microgrids. However, incentive programs can also impact microgrid development. Because many
microgrids incorporate renewables, they can be affected by the same incentive policies and
fluctuating funding cycles as renewables. Likewise, some states are developing microgrid-specific
policies, and there are regional and federal regulations in the process of being enacted that will
dictate how microgrids can interact with power markets. The resolutions and robustness of these
new policies will have a substantial impact on the economics of microgrids. One respondent
mentioned a somewhat surprising regulatory conflict between state clean energy goals and resilient

microgrids. Because most self-sufficient microgrids rely on some form of fossil fuel generation,
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even if it backs up renewable generation, these microgrids can conflict with regulations limiting
new fossil fuel generation. One creative solution to this issue is to build microgrids around existing
fossil resources such as combined heat and power (CHP) resources, thereby avoiding the need for
building new fossil generation. Municipal utilities and government organizations might also have
an easier time with these types of conflicting regulations since they are not always held to the same

standard as large utilities.

The next category of barrier is logistics. These barriers include location-specific issues such as
trying to integrate solar photovoltaics with historic architecture or tree-lined residential
municipalities having limited solar potential due to shading, as well as broader challenges such as
contractual limits on how much generation capacity a distribution utility can own. Another type of
logistical challenge arises when considering upgrades to buildings with renters (including
corporate rentals). Even for microgrids or energy improvements focusing on a single building, the
question of whether the property owner or the tenant should be responsible for the costs can be a
challenge. These barriers can be difficult to identify without looking at a specific project, but there
are also usually creative solutions that can be found to keep the project moving forward.

Since microgrid technologies in their current forms are relatively new, there are still concerns
about their operation. Chief among these concerns is safety around microgrid integration into the
larger grid. Specifically, stakeholders such as larger utilities worry about making sure that
microgrids fully island at the appropriate times in order to avoid accidentally energizing a line that
IS supposed to be de-energized for maintenance. If the microgrid is supplying power to a line that
is being worked on, workers could be put in danger. Additionally, some stakeholders simply felt
that microgrids were not the best choice for addressing their needs or were skeptical of the ability
of a renewable microgrid to provide enough power for sufficiently long durations. Other
stakeholders did not believe that their electric service needed further redundancy, either because
their transmission supplier was adequately reliable or because they felt they had suitable backup

generators in place.

Another barrier to microgrid development is concern over equity. Because microgrids can be
costly but only serve a limited number of customers, some utilities are nervous that they might

create a situation where all ratepaying customers are subsidizing a system that benefits only a small
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subset of customers. Similarly, they worry that the capital investment in microgrids might come at
the expense of other expensive infrastructure upgrades that could perhaps serve more customers.
These stakeholders tended to agree that microgrids could be appropriate in limited settings where

they are cheaper than the alternatives, but they are wary of widespread adoption.

The last barrier we noted is utility size — specifically some utilities are too small or do not have
enough critical loads to justify a microgrid. This barrier is often tied to cost, although alternative
business models such as third-party financing may help make microgrids viable for some of these
smaller utilities. Size can also play a role in determining whether a utility has the staff and
resources to fully research and contemplate the feasibility of a microgrid for their situation (which
is one of the underlying concepts of this project). It should be noted that small communities within
a larger utility service area, such as a remote community served by a cooperative, are sometimes
provided with a microgrid as an alternative to increased transmission buildout, so size is not

inherently limiting.

Lack of knowledge by the microgrid user was not seen much in our literature review, though some
alluded to it through mention of the importance of collaboration [20] and discussion of the complex
regulatory process [21]. Overall, the primary obstacles seen in the literature revolved around
regulatory complexity and utility opposition [5], [21], [22]. While these issues were certainly
prominent in our interviews, the prevalence of other issues perhaps suggests that smaller local
utilities have more trepidation about unknowns or site-specific concerns beyond what is
traditionally found in the literature. Having a knowledgeable engineering partner can likely help

address many of these concerns.

In the following sections, we summarize content from our interviews that are specific to individual

groups beyond the motivators and barriers identified above.

Local Utilities with Microgrids

This group consisted of five respondents: three associated with municipalities and two associated

with cooperatives. All respondents either had already built or were in the process of building at
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least one microgrid when we contacted them. The stakeholders in this group had two categories of
facilities they were servicing with microgrids: critical community loads and industrial customers.
The cooperatives have an additional focus on microgrids for remote regions or communities that
have vulnerable transmission access such as islands or communities in isolated valleys. The critical
load category consisted of community buildings that can provide services during and after a
disaster. These sites include schools, which can be used as gathering points and resource hubs,
transit depots that can continue to provide public transit services, cellular network towers to
maintain vital communication networks, and even an animal shelter to assist pet owners during
major events such as hurricanes when many pets are lost or abandoned. On the industrial customer
side, one city is looking to provide service to an industrial park. This industrial park serves as the
economic engine of the municipality and was impacted by a PG&E PSPS in 2019 that lasted 40
hours. The businesses, which are primarily large agricultural customers, suffered millions of

dollars in losses during this time, and the city is seeking to offer them more reliable service.

In all three municipal cases in this group, the local government entity initiated the project, either
as a means of offering more reliable service to industrial customers to help grow the city economy
or to provide additional resilience to the community in the face of disaster. The two co-ops had
different experiences in terms of how microgrid projects were initiated. In one case, the co-op took
the initiative to start conversations with communities in their service territory as a result of
wildfires that had caused disruptions in their service territory. These discussions were intended to
develop a plan for increasing resilience before the next wildfire arose. The utility reported that the
community responses were positive, especially since the communities did not usually see utilities
as being very proactive. In contrast, the other co-op, which is a generation and transmission (G&T)
cooperative serving multiple local distribution co-ops, found that member co-ops working on a
more local scale often came to them seeking solutions to a concern or customer demand, and in
some cases a microgrid was determined to be the best option. Examples of these applications
include preparing a barrier island community to be self-reliant during hurricane-related grid

outages and integrating renewable resources with storage on a forward-thinking farm.

Figure 6 below shows the percentage of respondents in this stakeholder category who identified
each value stream of microgrids. Not surprisingly, this group of respondents identified many

benefits, and most respondents noted multiple benefits. Since these stakeholders have all found
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microgrids to be favorable, this value stacking suggests that microgrids are most effective when
they are used for a variety of purposes rather than a single anchor use. For example, while
reliability was a factor in every respondent’s decision, economics and renewables integration were
also important considerations. Value stacking in microgrid development was also noted in a similar

study of large public power utilities [19].
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Figure 6. Benefit identification rate of utilities with microgrids.

As an example of value stacking, building a microgrid that uses renewable energy introduced an
opportunity for the utility serving an industrial park to provide value to their customers by helping
them meet their corporate sustainability goals. Another motivation for this particular microgrid
was economic growth and development. In this case, serving these industrial customers will both
provide the city with a new source of revenue from electricity sales and allow the industrial park
to expand beyond the constraints of the current transmission infrastructure. As such, the city gains
a new revenue stream from electricity sales and additional tax base from the expanded industrial
operations, while the industrial customers are able to have more reliable power at the same or
cheaper costs than before.

23


https://www.zotero.org/google-docs/?jWiSWr

These different benefits can also play into one another. For example, utilizing renewables also
increases the resilience of two stakeholders in California since earthquakes are a significant
concern on the West Coast. Relying on natural gas from a pipeline or diesel that needs to be
transported by road can make microgrids vulnerable to seismic activity, but the local nature of

renewables provides an added level of self-sufficiency.

Similar to some of the local government groups mentioned before who were looking to set an
example of what is possible with microgrid development, the G&T cooperative noted that their
CEO has a stated focus on innovation and forward-thinking. As a result, they have a mindset of
leading other co-ops in developing new technologies. This leading attitude has, on the whole, been
embraced by their membership, and their members are reportedly excited about the projects that

are already in place.

Countering the benefits of microgrids are the barriers introduced earlier. Figure 7 shows the
percentage of respondents identifying these barriers. A notable challenge cited by our respondents
with microgrids is access to the necessary knowledge and competencies, summarized as
Knowledge Gaps in the figure. Many municipalities do not have people on staff with expertise in
the requisite areas, such as legal, financing, and engineering. For example, the permitting process
can require specific knowledge, especially since there are many uncertainties around microgrid
jurisdictions. On the operation side, city personnel need to be properly trained in how to interact
with the microgrid, even if the microgrid is operated by a third party. Overall, however, it is notable
that fewer barriers were identified relative to the benefits for this stakeholder group.
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Figure 7. Barrier identification rate of utilities with microgrids.

Given the prevalence of knowledge gaps and logistical issues during microgrid development, these
respondents stressed the importance of having the right expertise and knowing when to seek
outside assistance. For example, it is vital to make sure people at both the top and bottom of the
organization understand relevant information about microgrids. At the top, decision makers need
to understand the basics of the benefits microgrids offer and how they deliver them, as well as how
to finance them. Likewise, a bottom-up approach must be taken to ensure that the personnel who
will operate the microgrids understand how they will work within the system to which the
operators are already accustomed. Additionally, respondents in this group emphasized the need for

having proper partnerships and support both externally and within the utility.

Local Utilities without Microgrids

This group of respondents consisted of four entities: three local distribution utilities and one
municipal government. An additional two utilities responded to our email invitation but did not

participate in an interview. Both of these utilities (one municipal utility and one cooperative) were
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relatively small, and one of them was recovering from a recent wildfire that impacted their
territory. Of the respondents who granted us an interview, one of them had considered building a
microgrid but abandoned those plans after the bidding process. The others had not actively pursued

microgrid development.

When comparing the frequency of benefits and barriers in our interviews, as shown in Figure 8
and Figure 9, respectively, it is interesting to note that barriers were identified more often than
benefits. This result makes sense for a group of respondents who do not see microgrids as a viable
choice for their energy needs at this point in time. However, the barriers identified were varied,
and no single barrier stood out as a universal obstacle. As such, it seems that microgrid adoption
largely has to be evaluated on a case by case basis, but identifying just a few additional streams of

value might be enough to make microgrid development attractive to skeptical entities.
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Figure 8. Benefit identification rate of utilities without microgrids.
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Figure 9. Barrier identification rate of utilities without microgrids.

A few differences were notable between this group and the group above who had chosen to develop
microgrids. First, many of these respondents did not report any concerns about their electricity
supply. For example, one entity is located in a heavily populated part of PG&E’s service territory,
but they have not suffered significantly from PSPSs. This municipality is also almost exclusively
residential, so there is less lost productivity due to interrupted industrial activity. Moreover,
because the city is part of a Consumer Choice Aggregation (CCA) program, the residential
customers are able to partake in clean energy PPAs for their home consumption. As such, there is
less demand for the city buildings to have renewable generation capabilities. This situation is in
contrast to the majority of respondents with microgrid development, who tended to be much more

concerned about service interruptions and renewables integration.

Another West Coast utility did discuss resilience concerns around large earthquakes and
subsequent tsunamis. However, they had focused their response to this threat on hardening the
substations serving their customers. They felt that protecting the connection to the main grid was
a higher priority, perhaps due to their proximity to a hydropower plant and a nearby coal-fired
power plant. Additionally, the respondent noted that their peak season is in the winter when solar

output is diminished in their state and that the local wind output was not reliable.
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One Texas utility did not mention major historical resilience issues during our interview. However,
we spoke to them shortly after the widespread Texas blackouts in February of this year, which
were understandably the primary focus of the conversation. They noted that a month earlier they
would have said the costs of a microgrid are prohibitive. However, having faced such a large-scale
grid outage with extremely severe consequences, Texans may be reevaluating the value of
resilience in the near future. Nevertheless, they cautioned that cost is traditionally a primary
deciding factor in Texas. Additionally, smaller municipalities are unlikely to know enough about
microgrids to fully assess their value, and they may not have sufficiently large critical loads to
justify the costs. In terms of how policies might change in the aftermath of the February blackout,
the respondent warned that change might take years as ERCOT decides whether and how to

incentivize new resilience technologies.

One interesting local consideration we heard about that impacted renewable development for one
of our respondents is the relatively high concentration of trees in their city. This foliage can shade
solar panels, reducing their output and economic viability. Another respondent noted difficulties
with installing rooftop solar panels because of local ordinances protecting historic architecture.
Additionally, one respondent informed us they and other distribution utilities often have limitations
on how much distributed generation they are allowed to own. These limitations seem to come from
contracts with bulk power suppliers, so there may be room for flexibility in the future, but for now
microgrid development may be limited by this stipulation, or at least require third-party agreement

from the larger power provider.

This stakeholder group was also the only one to bring up size as a limiting factor. We did not find
much discussion in academic literature of size being inherently limiting for microgrid
development, and the fact that microgrids can be developed at the individual house scale suggests
that any municipality is large enough to benefit from a microgrid. However, this attitude
underscores one of the initial hypotheses of this project that smaller utilities may not have the

resources or personnel to effectively explore microgrid development.

This group of respondents provided a few insights and considerations for how microgrid
development might proceed in the future. The municipality that abandoned their microgrid plans

noted that more consistent messaging about the benefits of green buildings and microgrid
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integration would have helped the community rally behind the efforts. Additionally, many of these
respondents have existing backup generators on critical infrastructure and a growing amount of
renewable generation assets. This equipment could form the basis for critical resilience microgrids

if an attractive business proposition were presented to the utilities.

Government Agencies

We interviewed three government agencies for this stakeholder group. These stakeholders
included two state funding agencies and a public utility commission. As can be seen in Figure 10,
these respondents identified all of the benefits previously discussed except for reliability
improvements. Since these agencies are responsible for funding microgrid projects or making
regulatory decisions about them, they are likely to have a fairly broad and high-level overview of
the microgrid landscape. As such, it is not surprising that they are aware of most of the benefits as
well as the primary barriers, as shown in Figure 11. The obstacles not identified within this group
are operational concerns, size limitations, and equity issues. With the exception of operational

concerns, these seem to be fairly niche barriers and are not widely noted in the literature either.
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Figure 10. Benefit identification rate of government regulators and funding agencies.
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Figure 11. Barrier identification rate of government regulators and funding agencies.

These respondents noted some important considerations, especially around rural areas. Some
heavily rural communities have complicated financial situations. They have to make tradeoffs
between higher electricity rates and higher reliability since these improvements are often
expensive. Customers in these areas have difficulty affording the higher electricity prices that
accompany reliable electricity provision. Additionally, upfront investments can be a significant
barrier for these smaller communities, which may not have enough money to install microgrids.
Even government grants often require a cost-sharing component that small communities might not
be able to afford. Sometimes it can also be difficult to recover the costs from energy savings
through the microgrid because they only cover a small range and not every customer wants to use

microgrids or DERs.

These respondents also discussed future planning for the development of microgrids. First, it is
important to figure out how to communicate with communities in a smart and creative way to
disseminate the benefits of microgrids and persuade them to participate in microgrid projects. This
is especially true for those members who are difficult to reach. Second, current microgrid or
resilience programs are disproportionate among communities, so making these programs fair for

individuals is essential. Third, finding a leader in the community to champion the spread of
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resilience programs and gather stakeholders together can be a key factor in successful project

development.

Microgrid Experts

For the microgrid expert group, we spoke to a nonprofit who focuses on microgrid development,
a university professor, and a researcher at a national trade association for electric cooperatives.
The nonprofit and university professor were both in favor of continued microgrid deployment, but
the cooperative researcher was more hesitant about the extent to which they will be adopted, at

least in the near term.

Overall, the microgrid experts identified a variety of benefits and barriers, as seen in Figure 12 and
Figure 13. This broad range of pros and cons of microgrids suggests that there is potential for
unique value stacking at each microgrid development, but there may also be varying barriers that
need to be overcome. The third-party perspective of this stakeholder group may allow them some
insight into issues which perhaps have not faced early adopters of microgrid technology but will
become more pronounced in the future. For example, the issue of equity was identified by most of
our expert respondents but none of the respondents in the local utility groups. This disparity may
signal that equity will become a growing concern as more places seek to develop microgrids, but

the current market for microgrids is niche enough to avoid this challenge.
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Benefits
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Figure 12. Benefit identification rate of microgrid experts.
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Figure 13. Barrier identification rate of microgrid experts.

One of the most important trends identified by all three respondents is the need for a consistent,
quantitative way to value resilience. One potential means of quantifying resilience is the VOR123
model, developed by the Clean Coalition [23]. Under this model, there are three tiers of resilience:

tier 1 loads which represent critical, life-sustaining loads that should never lose power; tier 2 loads
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which are important for resilience and government operation (such as data centers or lighting in
community shelter areas) which should be powered as long as they do not interfere with tier 1
loads; and tier 3 loads which represent all other loads and are the first to be shed. The different
tiers have different values, typically represented as multipliers of the base electricity cost. In this
way, an organization can determine the size of these loads and the additional cost that is reasonable
to pay (based on the multiplier) to maintain these loads in the event of a grid outage. Of course,
this method still leaves many intangibles unaccounted for, but it is a reasonable starting place.

Large Utilities

Because our focus for this project is small and medium-sized local utilities, we did not reach out
to many large, vertically integrated utilities. However, we did decide to speak to one large utility
to learn how they viewed microgrids. Not surprisingly, they are in the development process on a
few of their own microgrids to supply critical loads. Their primary concerns with municipal
microgrids are around cost-shifting, safety, and regulatory uncertainty. As a large utility serving
millions of customers, they want to avoid situations where all customers are paying for
infrastructure such as a microgrid that is only benefiting a small subset of customers. On the safety
front, the primary issue seems to be ensuring that lines are de-energized while crews are making
repairs. In terms of regulatory uncertainty for a large utility, this respondent noted that if a new
microgrid supplies multiple users, they are essentially becoming their own utility (albeit a small
one) which is competing with and infringing on the territory of the large utility. Of course, a
municipality with their own distribution utility would have distribution rights and therefore not be
competing. However, a municipality that is solely served by a large utility would face this conflict.

Business Plan

Learning from the interview results, we now can identify problems and preferred solutions for
different customer groups based on our stakeholder group summaries. We developed a business

plan for our client to define different customer groups’ problems and implement a business
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strategy. A lean canvas representation of this business model is included in Appendix A, and the

10 key sections are explained as follows:

1. Problem: Four customer groups are defined in our business development plan and their
problems to be solved are listed below.

a. For local municipal utilities, the primary problem is large shutoffs caused by
climate events or regular Public Safety Power Shutoffs. In addition to resilience,
economics is another significant reason to provide stable electricity service for the
industrial sector. This group is in need of services that make sure employees
ranging from decision makers to operating personnel understand relevant
information about microgrids.

b. For local cooperatives, the primary problem is also about grid resilience in the face
of disasters. Another problem is high peak energy costs, which can be addressed
through peak shaving and demand response. Furthermore, customer demand for
sustainability and clean energy can also be a challenge. This group stressed the
importance of proper partnerships and support, both externally and within the
utility. Thus, good communication is essential to form a solid understanding of this
utility structure.

c. For government agencies, the problems are usually grid reliability or resilience
concerns and ambitious sustainability goals to reduce GHG emissions. This group’s
concerns are mainly about the cost benefit analysis and how to quantify the benefits
of microgrid.

d. For large utilities, the problem is how to reliably supply critical loads. This group’s
concern is about safety, regulatory uncertainty, and cost shifting.

2. Solutions: Based on our interview results and literature reviews, specific solutions to target
potential customers in different stakeholder groups are developed as below:

a. For local municipal utilities, address the value of resilience and reliability
improvements that microgrids can provide, and enhance the decision makers’ and
operating personnel’s familiarity with microgrids during the communication
process.

b. For local cooperatives, address the value of resilience and sustainability benefits

through renewable microgrids. For this group, it is important to communicate with
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the board members and outside customers to improve their knowledge of
microgrids.

c. For government agencies, evaluate various microgrid benefits and show the results
of cost-benefit analyses of microgrids. This group’s preferences may differ among
geographical locations and financial positions, and the solutions may vary
accordingly.

d. For large utilities, try to address the possible inequity problem of all customers
paying for infrastructure such as a microgrid that is only benefiting a small subset
of customers. Additionally, address the safety problems around properly de-
energizing the lines when crews are making repairs.

Key Metrics: The key performance indicators of the business could be evaluated by these
three indicators: size of the microgrid projects, business market share, and profit margins
from each project.

Unique Value Proposition: our client has differentiated themselves from other competitors
by having a good network and providing both consulting and engineering services.
Building on these consulting services will be vital for success in this market.

Customer Segments: We divided the customer group into four segments: local municipal
utilities, local cooperatives, government agencies, and large utilities

Channels: To communicate with and reach the customer segments, we suggest four
approaches. First, establish connections with the municipal utilities and co-ops on the lists
developed from the framework. The potential utilities lists consist of those locations that
could possibly adopt microgrids, thus it is wise to reach out to them as the first step. Second,
contact applicants for state resilience programs or microgrid feasibility studies. Most of
these applicants will need consulting services and engineering guidance to improve their
applications to the state or federal funding programs. Third, conduct interviews with
various stakeholders in the locations. Knowing about the utility decision makers’ and
customers’ preferences and specific problems are key to success. Last, keep networking
and building a good reputation so customers will come to the company on their own.
High level Concepts: To convey the business effectively to the market, we suggest that our

client highlight the values of resilience and reliability, other benefits like the sustainability
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effects of microgrids, and cost savings from microgrid projects during business
development.

8. Early adopters: We expect the early adopters of microgrids will be local utilities and
cooperatives whose customers are primarily in the industrial sector or the residential sector
and who have resilience and reliability requirements.

9. Cost Structure: There are three types of costs in our business model:

a. Fixed costs: Equipment, installation costs, employees, infrastructure costs;
b. Variable costs: Possible ongoing Maintenance & Operation;
c. Costs of researching and scoping out new customers.

10. Revenue Streams: The product could be bundled services of both engineering
implementation and consulting services. The business model is usually a business-to-
business (B2B) model. Our client could sell the microgrid project to different
municipalities and they could construct their own business through it. The revenues would
be determined by the number of microgrid projects and service fees. Service fees include
microgrid project implementation fees and consulting fees.

Filtering Framework Tool

After creating the business plan and identifying the factors influencing microgrid development,
we also developed a set of judging criteria to select locations that could benefit from microgrids.
This tool can be used to identify candidate municipal utilities and co-ops or focus on a single entity.
The process of evaluating a single utility will be demonstrated through a case study, and the
filtering mechanism will be used to select a list of potential municipal and co-op microgrid

candidates.

In total, there are three levels of filters in the decision-making process: 1) Filter geographic
locations for motivators including resilience, reliability, and RPS policy; 2) Filter by utility
characteristics including customer count, customer composition (e.g., percent of customers in C&lI
sector), and community services such as meeting critical loads during or after disasters and
providing reliable energy access for critical facilities like police stations; 3) Utility specifics such

as financial condition and utility-community relationships. The order of the steps is based on what
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we learned is most important for microgrid development from our interview results. The filtering

framework is shown in Figure 14 below.

Level 1 Level 2 Level 3

Utility

Motivators Characteristics

Operating Specifics

oF_zesmeme _ ¢ Small to medium Size e Finances (Revenues,
Climate r.|_sks, Ref_:;.mn ¢ Customer State incentives)
vulnerability, Resilience composition « Community-utility or
progr'am. ‘ e Growth in Energy Municipality-utility

e Reliability and Demand relationship

Sustainability goal
Power outages, RPS

Figure 14. Filtering Framework.

The first level of filters is motivators. We use two categories of geography-based motivators to
identify promising locations. The first category of motivators is resilience improvement needs such
as climate risks and geographic features. Resilience is considered to be the biggest motivator. For
the filter input, we suggest using climate risk and region vulnerability data. The second category
of motivators is reliability improvement needs and sustainability goals. A good indicator of
reliability needs is power outage data in a utility service territory, especially for a single
municipality. The sustainability goals can be represented by the state RPS goal, which can show

their intent to incorporate renewable energy.

After identifying locations that would benefit from microgrids, the second step is to look at the
utility characteristics. Since our interviews mostly focused on small and medium-sized
municipalities, our framework is most suitable for these sizes. As such, we suggest including a
filter of customer count for this step. The other filter at this level is the main customer composition.
Based on our interview results showing motivators for improving community services and C&I
sector demand growth, utilities with significant shares of customers in these two categories

(residential or C&l) are good candidates.
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The final level is the operating specifics of the utilities. Revenues are a good metric to explore
since the financial cost is the biggest pushback for microgrid development. While revenues do
not indicate the financial position of the utility by themselves, they can indicate whether the
operation is large enough to potentially absorb the costs associated with microgrids. The other
consideration in this level is the relationship between the utility and the municipality. Good
relationships or bad relationships could lead to different results. For a municipality without
distribution rights, the incumbent utility can either be a major barrier or a powerful proponent in

the development process.

The entire process of filtering our base population of municipal utilities and cooperatives is

shown step-by-step below in Figure 15:

Base Population Municipal Utilities and Cooperatives
Leve.l 1Filter - Resilience Goal Reliability + Sustainability
Motivators Goal

Level 2 Filter - Utility
Characteristics

Residential service | C&l service

Level 3 Filter -

Operating Specifics Pl

Figure 15. Filtering Framework Schematic.

Looking in more detail at the first category of filters, our interview results and literature review
indicate that one of the biggest and most common drivers for microgrid development is
resilience. Places that have high climate risk and vulnerability to disasters would benefit from
microgrids. The county-level risk domain in the EPA report represents the characteristics of a
place that contribute to a level of exposure to loss resulting from climate events such as
hurricanes, tornados, and wildfire. It is assessed as a product of exposure probability and the
consequences associated with that exposure. We recommend filtering the counties with the top

10% climate risk among the state. In addition to the climate risk data, whether or not a state has a
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resilience program could also be used as a filter for microgrid motivators. When a state has a
resilience program for microgrids, it may take different actions. Some conduct feasibility studies
of microgrids for selected counties, others provide funding or incentive programs for microgrid
development, and others only offer guidance to municipal utilities for microgrid implementation
or research. Looking at the physical geographic features in the region could also help with
project development. For example, some counties may have mountains so it may be hard to build
more transmission lines to connect to the main grid. In these cases, microgrids could be valuable
resources for the community. It is also worth mentioning that we took a national level approach
to our selection, but organizations wanting to focus on certain states can apply the framework to

their specific territory just as effectively.

The second step of the first category is to filter counties that may be motivated to improve their
reliability or renewable integration. This step may be done in parallel with the first step in practical
use. Unreliable service is significant in motivating municipalities to implement microgrids
especially for critical facilities such as police stations and electrical public transit systems because
the government wants to provide highly reliable city services to people. To address the reliability
problem, we introduce power outage indices into our decision framework such as SAIDI and
SAIFI from the public EIA data. SAIDI represents the total duration of interruptions for a group
of customers and SAIFI is the total number of interruptions for a group of customers. A county
with high risk of power outages relative to other utilities in the state would benefit from microgrids
serving as more reliable power sources. In our analysis, we set the top 15% as a threshold for
SAIDI and SAIFI. Besides reliability concerns, other drivers can include state sustainability goals
such as RPS policies. States with sustainability goals may consider microgrids a good way to
incorporate renewable energy into the electricity portfolio. Of course, renewables are not strictly
necessary for a microgrid since CHP systems are also widely used. However, an RPS can also
show that the state is progressive in mitigating climate change and open to new technologies.
Similarly, our interview results showed some cooperatives respond to their customers’ concerns

about climate change.

The second level of the framework is to find specific utilities within the geographical locations
identified in Level 1 by filtering the utility characteristics. We focus on small to medium sized

municipal utilities and cooperatives, thus we set the maximum customer count at 100,000. As for

39



the customer type, we separate municipal utilities and cooperatives with an emphasis on
commercial and industrial (C&l) sectors and residential sectors since they have different priorities.
Utilities with less than 50% of total revenues coming from residential customers may develop
microgrids to attract more industrial or commercial industry by offering more reliable energy. For
the C&I sectors, we suggest filtering for utilities with more than 50% of revenue from C&l
customers after a Level 1 filter for reliability and RPS policies. We suggest this pairing because
many industries are starting to focus on sustainable development and carbon footprint reduction.
Conversely, we would pair the results of a Level 1 filter for climate risk with a filter for the utilities
with more than 50% of total revenues from residential customers, in order to identify utilities with

resilience concerns.

The third step is a deeper dive into the financial status of the municipality or cooperative and the
relationship between the government or community and the energy provider or distributor.
Finances or cost is usually the biggest pushback for microgrid implementation. Knowing about the
city budget and financial situation can help with exploring the potential of microgrid development.
This knowledge can sometimes be combined with other policies like the state’s incentive funding
programs, which can help overcome financial obstacles. Also, we suggest our client investigate
ways to quantify the value microgrids offer by avoiding outages. Additionally, the relationship
between the community and utility can also be explored. When there is a good relationship, they
may directly cooperate together to develop microgrids in the main grid. However, if they do not
communicate well, the municipality may choose to develop their own infrastructure and implement
microgrids without the larger utility, and sometimes the municipality may give up the

implementation plan because of pushback from the larger utility.
Case Study

In this section, we will walk through a case study of the filtering framework to show how to
identify potential microgrid adopters. While this walkthrough shows the steps one at a time in
order to demonstrate the effects of various factors, in practical use the steps should be considered
together. A good demonstration utility is Tideland Electric Membership Corporation (Tideland

EMC), a cooperative serving several counties in the North Carolina coastal area. It partnered with
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the NC Electric Cooperative Membership Corporation to develop a microgrid that went into
operation in 2017 [24].

Looking at the first level of the framework, motivators for microgrids, the first category is the need
for resilience, which we measure with a climate risk score. Figure 16 shows the climate risk data
for the counties in North Carolina, with the four counties served by Tideland EMC highlighted in
orange. It can be seen that multiple counties served by Tideland EMC have climate risks in the top

15% in the state. As such, there are reasonable concerns about climate resilience.
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Figure 16. North Carolina utility climate risk data. Tideland EMC shown as orange circles.

Within the same first level of the filtering framework is the other category of motivators: reliability
and sustainability goals. Figure 17 shows the SAIFI and SAIDI index of utilities across North
Carolina, with Tideland EMC highlighted in orange circles [14]. The figure shows that Tideland
EMC has very high SAIFI and SAIDI values compared to other utilities in the state, clearly sitting
among the top 15% in the state. As such, Tideland EMC could benefit greatly from microgrid
implementation to improve their grid reliability. In addition, North Carolina has an RPS goal [16],

which could also be a motivator for microgrid implementation to incorporate renewable energy.
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Figure 17. North Carolina Utility Reliability data. Tideland EMC shown as orange circles.

Next, we can move to the second level: utility characteristics. Tideland EMC has 22,931
customers, which is lower than 100,000, thus it matches the small to medium-sized requirement.
The percentage of revenues from residential customers is 72% [14], so we would focus on

exploring the community resilience improvement potential of harnessing microgrid development.

The first two levels we just explored illustrate how Tideland EMC would be identified as a utility
with a need for a microgrid. The third step focuses on operational specifics such as finances and
some information that can be acquired from real-life communication in order to determine if a
microgrid could actually be viable. As an approximation of the financial impact a microgrid would
have one Tideland EMC, we look at their revenue. This cooperative has a total revenue of about
$4.7 million [14]. As such, there may be room in their budget to accommodate a microgrid. While
a true financial analysis would require knowing more detailed specifics, this information can be
harder to acquire, especially in aggregate for utilities across the nation. As such, we limit our
filtering to revenue, but for actual project implementation it will be important to investigate

candidate utilities more closely.

As an additional financial consideration, North Carolina has a state resilience program called the

N.C. Resilient Coastal Communities Program, which provides $3.4 million for funding, planning,
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and implementation of strategic resilience projects [25]. This program could provide Tideland
EMC incentives and funding to develop a new microgrid project in order to improve the
community resilience. It is also important to learn more about the co-op’s attitude towards
microgrid development. This information can be best acquired through direct communication with

the utility, but news releases and prior projects can also provide initial insight.

Working through the levels of the framework, it seems likely that Tideland EMC would be
interested in and benefit from further microgrid development. It is worth noting that the steps in
the framework can be reordered and some may be skipped or combined for specific situations, as
will be discussed further in the Discussion section. While this framework can be applied to
individual utilities, as demonstrated in this case study, the filters can also be applied to lists of
utilities to select for promising candidates for microgrid development.

Example Utility Selection

To provide further insight into the types of localities that we think represent a viable market for
municipal and cooperative microgrids and to demonstrate how the framework can be used as a
filtering mechanism, we generated a list of representative utilities from nationwide data. We
applied two sets of selection criteria to the 1,783 municipal utilities and 920 co-ops contained
within the EIA Form 861 data [14]. The first selection process identifies candidates for community
resilience microgrids, and the second set of criteria identifies candidates for commercial and
industrial reliability microgrids. Figure 18 below shows the decision criteria for the community
resilience process, along with the number of utilities identified at each step. The complete decision
process identified 33 municipal utilities and 89 cooperatives. Likewise, Figure 19 shows the
decision criteria and outcomes for the commercial and industrial reliability process, which
identified 26 municipal utilities and 30 cooperatives. Figure 20 below shows the geographic
distribution of the counties in which these utilities are located. Most of the selected utilities are
located in the middle of the country or on the east coast. Utilities which may have a preference for
resilience improvement are mainly distributed along the east or gulf coast where communities

suffer more from storms and have severe resilience problems. Municipalities or co-ops which
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pursue a reliable electricity provision are located in the middle of America where many companies

and industries own businesses or factories. A full list of the utilities can be found in Appendix B.

Base Munis: 1783 Coops: 920
Top 10% Climate risk index in the state
Level 1 Munis: 283 Coops: 361
County in the state with a resilience
goal/plan
Level 1 Munis: 113 Coops: 141
Total customers <100,000 &
- > 50% revenue from residential customers
Level 2 Munis: 42 Coops: 93
Total Revenue > $1,000,000
Level 3 Munis: 33 Coops: 89

Figure 18. Qualifying Criteria for identifying candidates for community resilience microgrids.

Base Munis: 1783 Coops: 920

SAIDI and SAIFlin the top 15% by state
Level 1 Munis: 68 Coops: 348

Located in a state with RPS
Level 1 Munis: 36 Coops: 169

Total customers <100,000 &

< 50% revenue from residential customers
Level 2 Munis: 26 Coops: 31

C&I Revenues > $1,000,000
Level 3 Munis: 26 Coops: 30

Figure 19. Qualifying Criteria for identifying candidates for C&I microgrids.
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Figure 20. Locations of selected utilities. Points are centered on the county where the utility is

located.

Selection Analysis

In order to get a better sense of the utilities that were selected using our filtering framework, we
took samples of the final list and performed some basic research to identify whether any of them
had built a microgrid and/or had a utility-level resiliency program in place. These two basic metrics
allow us a rough understanding of whether the utilities we selected are actually interested in

microgrids or show promising signs of being interested.

For the resilience-based selection, we sampled 15 out of the 33 municipalities and 25 out of the 89
cooperatives. Only two municipalities (one in Colorado and another in Maryland) planned to
implement some resilience programs in response to extreme weather, and only one municipality
in Arizona had explored microgrids and smart grids at the small-scale community-level to enhance
safety, reliability, resilience, and efficiency. For the cooperatives, five out of the 25 sampled co-
ops sponsored resilience programs to provide reliable electricity during disasters or for

communities along the coast. Two co-ops (one in Maryland and another in Nevada) were
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developing ongoing microgrid or smart grid projects by collaborating with other large utilities.

These two co-ops also have resilience and renewable programs.

For the municipal utilities and cooperatives with a higher percentage of C&I sector service, we
chose 10 in each group to analyze our results. For the municipal utilities list, four of them already
have implemented microgrids in their territory. Five of them have not implemented microgrids but
they have plans to improve the grid resilience or have considered developing microgrids. Two
municipal utilities in Kansas and Texas have not implemented microgrids nor do they have grid
resilience or microgrid plans. For the cooperatives, two of them in Kansas and Texas have
implemented microgrids in their communities. Five co-ops have not implemented microgrids yet,
but they have plans for resilience improvement and microgrid development in their territory. The
other three, located in Hawaii, Illinois, and Montana, have not implemented microgrids, nor do

they have public announcements showing any consideration of microgrids.

Discussion

Key Takeaways

Taken as a whole, our interviews suggest that there is good potential for microgrid development
in municipalities and, perhaps to a lesser extent, cooperatives. The ability of a microgrid to ensure
continued government services in the face of a disaster is likely to appeal to many local
governments, and clear communication of these resilience benefits is likely to facilitate adoption
by this market segment. Some respondents noted that convincing their finance departments that a
microgrid was worth the cost was sometimes the hardest sell. Therefore, a key takeaway for our
client is to ensure that the resilience benefits are properly accounted for in the cost benefit analysis.
This valuation can be internally driven by the customer if they have their own method of
accounting for resilience, it can be based on grant money received for resilience improvements, or
it can be calculated from a formula such as those developed by the Lawrence Berkeley National
Laboratory [26] or the Clean Coalition [23].
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The value of resilience should not be the only focus, however. While resilience is definitely
important, all the stakeholders we spoke with who had had success with microgrids had done so
by realizing multiple value streams from the microgrid. As such, no single motivator should be
prioritized to the point of excluding other beneficial applications without serious consideration.
This mentality can be summarized in our second key takeaway: communicate to customers all of
the ways a microgrid can provide value and seek ways to assign numbers to these benefits. Just
like valuing resilience, the customer will need to be able to appropriately account for any other
benefit in order to have a favorable cost benefit analysis given the high costs commonly associated
with microgrids. One particularly effective value proposition of microgrids may be avoiding
transmission buildout, especially for utilities who purchase power from a larger utility which may
require long lead times for upgrades or for utilities serving remote areas where transmission

buildout is costly and only benefits a small number of customers.

A third key takeaway is that it is valuable to find a customer who values learning about and leading
on new technologies. Since modern microgrids are based on relatively new technologies, there is
still much to learn about how to most effectively operate them, and each installation can be a
working research project. Additionally, utilities that have good community relations and are able
to effectively communicate with their customers are better poised to take advantage of advanced
technologies since they can understand the needs of the community and how to serve them, as well
as explain what the costs will be and why they are worthwhile.

We also identified a few considerations for structuring microgrid development within the
municipal utility market. One of the most promising potential uses of a microgrid by a municipality
is the resilient hub or resilient town center concept where critical city services are co-located and
connected to the same microgrid. These hubs help residents safely congregate in the event of a
grid outage and provide electricity for customers to power critical devices. From examples
discussed in our interviews, they commonly consist of solar systems and energy storage. While
costs are decreasing, many smaller municipalities and co-ops are likely to find it difficult to raise
the funds necessary to install a microgrid, so alternative financing such as energy-as-a-service may
be necessary to encourage wider adoption amongst these communities. An advantage that

municipal utilities and electric cooperatives have is that they own distribution rights and can
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therefore avoid the notable regulatory conflict that often arises between multi-building microgrids

and incumbent distribution utilities.

Limitations

There are some limitations that need to be considered when evaluating our results and analysis.
The decision framework used to select utilities only included EIA data, and many values were
missing from the dataset. We either replaced null values with zero or directly dropped the rows of
utilities with null values during the filtration, which resulted in imperfect lists since some potential
utilities or cooperatives were excluded during this process. This limitation was evident when
hearing press releases about announced projects that seemed to fit our selection criteria, but the
utility was not included because it did not report one of our metrics on the EIA Form 861. Another
limitation is that we used datasets at different spatial levels. Some were at the utility/city level,
while others were at the county level. Therefore, when we matched multiple datasets from EIA
and converted them into one cumulative dataset, some good candidates may have been eliminated
because we only kept the overlapping utilities across all datasets. Some utilities or electric
cooperatives provide services in several counties. However, we only considered that once one of
the counties that the candidate was responsible for met our requirements, this candidate should be

included in our final results.

Additionally, we did not have any standards to set a threshold for the different criteria, so we set
them based on our trials and knowledge. We used national-level cutoffs for some criteria, such as
the average or percentage number of nationwide values, which may not be appropriate for all
regions since situations might differ across states and counties. There may also be situations where
our filters would not identify utilities that have already implemented microgrids, which would
lower criteria like SAIDI and SAIFI below our thresholds. While these utilities might make good
partners for our client since they already have experience with microgrids, our algorithm would

not consider them likely candidates.

After we obtained our results, we had limited information to analyze the accuracy of the filtering

framework. We performed internet searches to identify whether these utilities had resilience or
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renewable projects or plans for microgrids. However, some news sites or webpages might be out
of date and some organizations might not announce their plans online when projects are still in

discussion.

Future Work

In this section, we will outline future steps that our client can take to build upon the work we have
presented. This future work includes both methods to refine the tools we have developed and new
ways to use them, as well as new tools that we think would be valuable to create. While experience
from executed projects is always the best form of learning, we hope these suggestions can help

guide and inform our client as they continue with these projects.

The focusing framework that we developed was designed to be flexible. The underlying concepts
are largely qualitative, with the quantitative thresholds presented in this report coming from
knowledge gained through the interview process. As such, the thresholds can easily be adjusted to
suit specific business needs without affecting the structure or effectiveness of the framework.
Lessons learned from completed projects can be used to inform future threshold choices in order
to refine the focus towards the exact customer segment that an organization using our framework
wants to target. Additionally, obstacles encountered during these projects may provide insight into
new metrics which can be added as filters to the levels of the framework. Moreover, the levels are
modular, so an organization wanting to rearrange the filters can do so if their purposes are better

served in such a manner.

In addition to adding new filters, new datasets can be incorporated into the framework as well. For
example, the Federal Emergency Management Association curates a National Risk Index for
Natural Hazards that provides county risk data for 18 types of natural hazard including wildfires,
hurricanes, and earthquakes [27]. These more specific data can allow a user to focus on a particular
type of risk. Another dimension that would be interesting to add to the analysis is frontier and
remote locations that are harder to access. These areas are often identified by groups seeking to
ensure they have sufficient access to medical care, but their remoteness may make them good

candidates for microgrids as a substitute for infrastructure buildout. Finally, the US Department of
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Energy developed the Technical Resilience Navigator (TRN) guide through the Federal Energy
Management Program [28]. This is a quantitative tool that enables organizations to identify the
resilience gaps step by step and may provide additional insight that can be incorporated into the

framework.

A new tool that we think may be useful for our client to consider developing is performance
monitoring. Once a utility has deployed a microgrid, evaluation of the benefits will help the utility
monitor progress and make decisions about future improvements. Moreover, the results of this
performance monitoring may be useful in helping convince other utilities of the value of
microgrids. Some utilities that are wary of the investment required for a microgrid may be willing
to reconsider if they can see quantitative metrics showing how other utilities similar to them have
benefitted. Performance tracking metrics can include those that measure reliability and resilience
improvement. While the SAIDI and SAIFI metrics mentioned earlier in this report can be used for
this reporting, other metrics that could also be useful include system vulnerability assessments,
mitigation of common system risks and threats, reliability and resilience expenditures and

budgeting, and economic impacts of power outages [29].

Conclusions

This report attempted to summarize the attitudes of municipal utilities, electric cooperatives, and
public utility commissions towards microgrids and distributed energy resources and explore the
motivators and factors that may influence the decision to implement microgrids. Some of the most
significant drivers are that microgrids can help to improve resilience in local communities, provide
reliable and stable electricity for customers, and facilitate the quick recovery of electricity service
after natural disasters. Economic benefits, renewable integration, and aging infrastructure are also
motivators for microgrids. However, some barriers and concerns may impede the spread of

microgrids, such as political uncertainty, financial costs, and regulatory issues.

An increasing number of utilities have participated in microgrid projects in recent years. This
report built a simple and basic framework to help select some utilities which may have potential

interest in the development of microgrids. By using different filters such as customer size, revenue,
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climate risk index, and SAIFI or SAIDI, 178 utilities are selected, including 59 municipal utilities
and 119 electric cooperatives across the US. The validation results of these filtered utilities show

some of them already have or plan to have microgrids and resilience programs.

Overall, there is great potential for microgrid development in municipalities and cooperatives. The
wide array of benefits offered by microgrids, including improved resilience and reliability, cost
saving opportunities, and enhanced renewables integration, needs to be properly captured in order
to overcome the upfront costs that microgrids often face. Strategic partnerships and value stacking
can be vital for overcoming these financial barriers and navigating the quickly evolving regulatory

landscape.
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Appendix A — Business Plan Lean Canvas

Lean Canvas: Standard Design

Company: Date: Version Number:
Hyde Engineering Services 4/20/21 2
Problem Solution Unique Value Proposition Unfair Advantage Customer Segments

1. Local municipal utility: (1)Large shutoffs by climate events or
regular PSPS, (2)increasing energy demand for economic
growth

2. Local cooperatives: (1)Grid resilience to disasters,(2)cost-
savings in peak time and shutoffs(peak shaving),(3) Customers'
sustainability demand.

3. Government agencies: (1)Reliability and resilience
improvement (2)JAmbitious sustainabiility goal.

4. large utilities: Reliable critical loads
Existing Alternatives
Energy efficiency programs, residential solar systems

Diesel generators for home systems

1. Local municipal utilities: Address the values of resilience
and reliabiility of micorgrids; enhance the decision makers’
and operating personnels’ familiarity with microgrids

2. Local cooperatives: address the value of resilience and

sustainability benefits through renewable microgrids. Board
member and outside customers.

3. Government agencies: Evaluate microgrids various values and
show the cost-benefit analysis result.

4. Large utilities: Address the possible inequity problem
among large number of customers.

Key Metrics

Size of microgrid projects

Percentage of market capture
Profits margin from every project

HES has good network,
provides both consulting and
engineering services.

High Level Concept

Grid resilience

Reliability
Other values of microgrids

Cost savings

Clear about what problems different
municipalities are faced with and their
needs

Communications with customers
through interviews

Both consulting and engineering
services

Channels

1. Establish connections with the
municipal utilities and coops on lists

2. Get in touch with applicants for
state resilient programs
3. Conduct interviews with various
stakeholders in the location
4. Keep networking and build on
reputation

1. Local Municipal utiliities

2. Local cooperatives

3. Government agencies

4. Large utilities

Early Adopters
Local utilities and cooperatives with
customers within industrial sector and
community with resilience and reliability
reguirements.

Cost Structure

Revenue Streams

Fixed costs: equipment, installtion costs, employees, infrastructure costs
Variable costs: Ongoing Maintenance & Operation
Costs of researching and scoping out new customers

Lease 2 own Business model

Revenues = # of municipalities * service fees, service fees include microgrid, project
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Appendix B — Example Utility Lists

Table B.1. Utilities selected using community resilience criteria. Letters to the right of the table
represent: A = utility chosen for selection analysis, R = utility has resilience program, M = utility

has a microgrid.

Utility Name State |Ownership |
City of Athens - (AL) AL Municipality |A
City of Piedmont - (AL) AL Municipality |
City of Mesa - (AZ) AZ Municipality |AM
Town of Estes Park CoO Municipality |
City of Fountain co Municipality |AR
Town of Lyons - (CO) cO Municipality |
Town of Smyrna - (DE) DE Municipality |
City of Homestead - (FL) FL Municipality |A
Beaches Energy Services FL Municipality |
City of Winter Park - (FL) FL Municipality |
Town of Belmont - (MA) MA Municipality |AR
Town of Groton - (MA) MA Municipality |
City of Centralia - (MO) MO Municipality |
City of Nixa - (MO) MO  [Municipality |A
City of Independence - (MO) MO Municipality |
City of Jackson - (MO) MO  [Municipality |
Town of Apex- (NC) NC Municipality |
City of Cherryville - (NC) NC Municipality |A
Town of Cornelius - (NC) NC  [Municipality |
Town of Dallas - (NC) NC  |Municipality |
Fayetteville Public Works Commission NC Municipality |
City of Gering - (NE) NE Municipality |A
City of Hickman - (NE) NE Municipality |
Borough of Lavallette - (NJ) NJ Municipality |A
City of Boulder City - (NV) NV Municipality |A
Pascoag Utility District RI Municipality |A
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Greer Commission of Public Wks SC Municipality A
City of Farmersville - (TX) X Municipality

City of Garland - (TX) X Municipality A
City of Franklin - (VA) VA Municipality A
Village of Bangor - (WI) Wi Municipality |
Village of Black Earth - (WI) Wi Municipality |
Village of Mt. Horeb - (W1) Wi Municipality |
City of Stoughton - (WI) Wi Municipality |A
Black Warrior Elec Member Corp AL Cooperative |A
Cherokee Electric Coop AL Cooperative |
Coosa Valley Electric Coop Inc AL Cooperative |
Dixie Electric Coop AL  |Cooperative |A
South Alabama Elec Coop, Inc AL Cooperative |
Tallapoosa River Elec Coop Inc AL Cooperative |
Mountain View Elec Assn, Inc CO  |Cooperative |A
Peace River Electric Coop, Inc FL Cooperative |A
Panola-Harrison Elec Coop, Inc LA Cooperative |
Pointe Coupee Elec Member Corp LA Cooperative |A
Washington-St Tammany E C, Inc LA Cooperative |
Southern Maryland Elec Coop Inc MD Cooperative |ARM
Barton County Elec Coop, Inc MO Cooperative |
Black River Electric Coop - (MO) MO  |Cooperative |
Boone Electric Coop MO Cooperative |
Carroll Electric Coop Corp - (AR) MO Cooperative |
Callaway Electric Cooperative MO Cooperative |AR
Consolidated Electric Coop MO Cooperative |
Crawford Electric Coop, Inc MO Cooperative |
Cuivre River Electric Coop Inc MO Cooperative |
Grundy Electric Coop, Inc MO Cooperative |
Howard Electric Coop MO Cooperative |A
New-Mac Electric Coop, Inc MO Cooperative |
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Ozark Border Electric Coop MO Cooperative

Ozark Electric Coop Inc - (MO) MO Cooperative
Platte-Clay Electric Coop, Inc MO Cooperative

Three Rivers Electric Coop MO Cooperative A
SEMO Electric Cooperative MO Cooperative |
Webster Electric Coop MO Cooperative |
West Central Electric Coop Inc - (MO) MO Cooperative |
White River Valley EI Coop Inc MO Cooperative |
United Electric Coop, Inc - (MO) MO Cooperative |A
Southwest Electric Coop, Inc MO Cooperative |
Big Flat Electric Coop Inc MT  |Cooperative |
Big Horn County Elec Coop, Inc MT Cooperative |
McCone Electric Coop Inc MT Cooperative |A
Mid-Yellowstone Elec Coop, Inc MT Cooperative |
NorVal Electric Cooperative, Inc MT Cooperative |
Park Electric Coop Inc MT Cooperative |
Tongue River Electric Coop Inc MT Cooperative |
Yellowstone Valley Elec Co-op MT Cooperative |A
Vigilante Electric Coop, Inc MT Cooperative |
Lumbee River Elec Member Corp NC Cooperative |
Piedmont Electric Member Corp NC Cooperative |
Rutherford Elec Member Corp NC Cooperative |
South River Elec Member Corp NC Cooperative |A
Union Electric Membership Corp - (NC) NC Cooperative |
Wake Electric Membership Corp NC Cooperative |
Niobrara Electric Assn, Inc NE Cooperative |A
Valley Electric Assn, Inc NV Cooperative |ARM
Blue Ridge Electric Coop Inc - (SC) SC Cooperative |
Broad River Electric Coop, Inc SC Cooperative |A
Fairfield Electric Coop, Inc SC Cooperative |
Laurens Electric Coop, Inc SC Cooperative |
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Mid-Carolina Electric Coop Inc SC Cooperative
Tri-County Electric Coop, Inc (SC) SC Cooperative A
York Electric Coop Inc SC Cooperative

Bandera Electric Coop, Inc X Cooperative

Bartlett Electric Coop, Inc TX Cooperative |
Cooke County Elec Coop Assn TX Cooperative |A
Fannin County Electric Coop TX Cooperative |
Farmers Electric Coop, Inc - (TX) TX Cooperative |
Grayson-Collin Elec Coop, Inc TX Cooperative |
Guadalupe Valley Elec Coop Inc TX Cooperative |A
HILCO Electric Cooperative, Inc. X Cooperative |
Jasper-Newton Elec Coop, Inc TX Cooperative |
Mid-South Electric Coop Assn X Cooperative |
Navarro County Elec Coop, Inc X Cooperative |
Nueces Electric Cooperative X Cooperative |AR
Panola-Harrison Elec Coop, Inc TX Cooperative |
Rusk County Electric Coop, Inc TX Cooperative |
Sam Houston Electric Coop Inc TX Cooperative |
San Patricio Electric Coop Inc TX Cooperative |
San Bernard Electric Coop, Inc TX Cooperative |A
South Plains Electric Coop Inc TX Cooperative |
Southwest Arkansas E C C TX Cooperative |
Trinity Valley Elec Coop Inc TX  [Cooperative |
United Electric Coop Service Inc - (TX) TX Cooperative |
Upshur Rural Elec Coop Corp TX Cooperative |A
Wise Electric Coop Inc X Cooperative |
Heart of Texas Electric Coop X Cooperative |
Community Electric Coop VA Cooperative |
Northern Neck Elec Coop, Inc VA Cooperative |A
Southside Electric Coop, Inc VA Cooperative |
Adams-Columbia Electric Coop Wi Cooperative |A
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East Central Energy Wi Cooperative
Jackson Electric Coop, Inc - (WI) Wi Cooperative
Riverland Energy Cooperative Wi Cooperative
Vernon Electric Coop Wi Cooperative AR

Table B.2. Utilities selected using C&aI reliability criteria. Letters to the right of the table represent:
A = utility chosen for selection analysis, R = utility has resilience program, M = utility has a
microgrid.

Utility Name State  |Ownership |

City of Glendale - (CA) CA Municipality |ARM
City of Palo Alto - (CA) CA Municipality |
Bozrah Light & Power Company CT Municipality |ARM
Groton Dept of Utilities - (CT) CT Municipality |

City of Chanute KS Municipality |A
City of Kansas City - (KS) KS Municipality |

City of Ottawa - (KS) KS Municipality |

City of Westfield - (MA) MA Municipality |AR
City of Grand Haven - (MI) Ml Municipality |AR
Hillsdale Board of Public Wks MI Municipality |
Hibbing Public Utilities Comm MN Municipality |AR
City of Owatonna - (MN) MN Municipality |

City of Columbia - (MO) MO Municipality |ARM
City of Hannibal - (MO) MO Municipality |
Town of Granite Falls - (NC) NC Municipality |
Town of High Point NC Municipality |

City of New Bern - (NC) NC Municipality |AR
City of Newton - (NC) NC Municipality |

City of Cleveland - (OH) OH Municipality |

City of Columbus - (OH) OH Municipality |ARM
Village of Minster - (OH) OH Municipality |
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City of Newton Falls - (OH) OH Municipality

City of Painesville OH Municipality

Village of Versailles - (OH) OH Municipality

City of Greenville - (TX) X Municipality A
City of Centralia - (WA) WA Municipality |AR
La Plata Electric Assn, Inc CO Cooperative |AR
Moon Lake Electric Assn Inc CO Cooperative |
White River Electric Assn, Inc CcO Cooperative |
Kauai Island Utility Cooperative HI Cooperative |A
Southeastern IL Elec Coop, Inc IL Cooperative |A
Midwest Energy Inc KS Cooperative |ARM
Wheatland Electric Coop, Inc KS Cooperative |
Cloverland Electric Co-op Ml Cooperative |AR
Agralite Electric Coop MN Cooperative |AR
Federated Rural Electric Assn MN Cooperative |
Freeborn-Mower Coop Services MN Cooperative |
Redwood Electric Coop MN Cooperative |
Renville-Sibley Coop Pwr Assn MN Cooperative |AR
South Central Electric Assn MN Cooperative |
Steele-Waseca Cooperative Electric MN Cooperative |
Lower Yellowstone R E A, Inc MT Cooperative |A
New Hampshire Elec Coop Inc NH Cooperative |
Central Valley Elec Coop, Inc NM Cooperative |
Farmers Electric Coop, Inc - (NM) NM Cooperative |
Jemez Mountains Elec Coop, Inc NM Cooperative |
Lea County Electric Coop, Inc NM Cooperative |AR
Union Rural Electric Coop, Inc OH Cooperative |
Blachly-Lane County Coop EI Assn OR Cooperative |
Concho Valley Elec Coop Inc TX Cooperative |
Deaf Smith Electric Coop, Inc TX Cooperative |
Lea County Electric Coop, Inc TX Cooperative |

62



Medina Electric Coop, Inc TX Cooperative
Nueces Electric Cooperative TX Cooperative
Rita Blanca Electric Coop, Inc X Cooperative
Swisher Electric Coop, Inc TX Cooperative
Columbia Rural Elec Assn, Inc WA Cooperative
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