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ABSTRACT

This article is intended to serve as an introduction to planning considerations for decision makers of critical public and large private infrastructures and assets
pursuing microgrids. The specific planning considerations outlined in this article include gathering regulatory and financial information necessary to facilitate
technical and economic analysis, project evaluation, and implementation. This will inform preliminary analysis, site screening, and feasibility studies, as well as
provide an overview of financial mechanisms available for microgrids.

1. Introduction
This article is intended to serve as an introduction to planning
considerations for decision makers of critical public and large private
infrastructures and assets pursuing microgrids. This article is based on
combined best practices obtained through DOE project experience
working on energy infrastructure projects. In particular, they are based
on experiences working with States affected by Hurricane Sandy including New Jersey and New York where high winds, coastal flooding,
and other hazards of the “superstorm” caused damage which cost the
federal government $50 billion to restore (Hurricane Sandy Rebuilding
Task Force, 2013).
Not surprisingly, local governments, military officials, university
heads, utilities, water and waste facilities, as well as executives overseeing hospitals, transit, airports, and port authorities are exploring the
feasibility of microgrids for their operations and seeking relevant examples to emulate. According to analyses conducted by Lawrence
Berkeley National Lab, between 80 and 90 percent of all outages occur
at the distribution level of electricity service.
The high-level planning considerations outlined in this article include gathering regulatory and financial information necessary to facilitate technical and economic analysis, evaluation, and project implementation. This will inform preliminary analysis, site screening, and
feasibility studies, which are key early components for successful implementation of a microgrid.
2. Planning
The planning phase for a microgrid involves significant preparation
work for the project that often begins with broader stakeholder out-

reach to obtain policy, community, and operational input and to
identify outside barriers to the microgrid. However, for the purpose of
this article, we will focus on introducing the reader to regulatory considerations, funding options, potential revenue streams, potential project and ownership structures, and estimated capital. Evaluation of
these areas is critical to determining the viability of a microgrid and
whether or not to continue pursuing the project after the need has been
determined.
2.1. Recognize ISO/RTO requirements
Much of the United States is covered by seven organized power
markets. Each market is operated by a Regional Transmission Operator
(RTO) or Independent System Operator (ISO) that operates the transmission system in its territory, operates markets for energy and ancillary services, and maintains system reliability. Each power market offers its own unique set of ancillary services, and precise definitions,
requirements, and market mechanisms. ISO/RTOs procure electricity
by matching supply with demand through a series of day-ahead and
real-time market clearing processes. ISO/RTOs perform many of the
same transmission functions as the vertically-integrated utilities that
were supplanted by electricity restructuring.
However, there are some important differences between them. For
example, ISO/RTOs do not sell electricity to retail customers and do not
own any assets. Instead, these non-profit entities direct the operation of
the transmission system and coordinate maintenance of grid facilities.
In restructured markets, the distribution utility only delivers power to
end-use customers. ISO/RTOs are neutral market-makers that monitor
and oversee their markets. Rules are set to mitigate market power and
manipulation by generators. Generally, microgrids in states not covered
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Fig. 1. Map of Transmission Operators that Serve the United States.
Source: U.S. Department of Energy.

by ISO/RTOs will not have access to wholesale electricity, capacity,
demand response, or ancillary services markets.
Each ISO/RTO market sets its own rules which can vary even at the
product level (e.g. wholesale electricity, capacity, demand response,
and ancillary services). For example, demand for ancillary services is
administratively determined by the market operator based on reliability
requirements, whereas energy markets are determined by forecasted
demand and supply offerings. Many generating units participating in
the energy market may also choose to not participate in ancillary services markets or may not be eligible to participate for technical or financial reasons. Therefore, it is important to become versed in ISO/
RTO requirements to determine the feasibility of participation as they
may impact your microgrid’s design and economic viability. Fig. 1
provides a map of the current ISO/RTO markets.
Although there may be some regulatory challenges, some microgrids have opportunities for participation in the regional electricity
markets through a variety of participation models that could provide
positive value through new revenue streams.
In PJM, there are two models for microgrid participation - as an
interconnected generator or as a demand response resource. ISO/RTO
market operators each have their own interconnection process and requirements. The process flow chart in Fig. 2 outlines the PJM Interconnection process – the timeline can be long and costly. Some ISO/
RTO markets have minimum size requirements. Microgrids must have
sufficient generation or demand response available to participate in
wholesale markets. They must plan to have a percentage of their capacity available for market participation while retaining sufficient resources to serve their own critical loads. For large microgrid projects
that plan to participate in ISO/RTO markets, it is recommended to meet
with ISO/RTO staff to clarify requirements, expectations, and next
steps.
2.2. Understand PUC requirements and right-of-ways

and services of a utility that maintains electric infrastructure for a
public service. In deregulated1 states that includ electric distribution
utilities, whereas in regulated states, the PUC could regulate the electric
utility from generation to transmission and distribution, many of which
are vertically integrated utilities that have monopolies. It is best for the
leadership and project team to meet with PUC staff after reviewing PUC
requirements online to clarify understanding of the rules and the project. For larger microgrid initiatives, it is beneficial to have someone
from the PUC involved in the project as a partner early in the process.
Microgrid owners need to become familiar with certain rules set by
their PUC to determine whether they will be treated like a utility and to
ensure they do not infringe on utility franchise-rights.
For example, an independent developer in some states is not able to
provide energy generation services to a single customer on the customer’s own site due to state regulation, and in most states, it is impossible to aggregate retail load from multiple customers into a nonutility owned microgrid (Microgrid Resources Coalition, 2016). Some
states and municipalities also restrict retail distribution of thermal energy (Microgrid Resources Coalition, 2016). Without specific microgrid
support legislation, community choice aggregation legislation, tariffs,
or virtual net metering, states with retail deregulation require that all
load serving entities, including microgrids, must provide energy in an
agreed contractual arrangement (Microgrid Resources Coalition, 2019).
In those states, microgrid owners/operators can be subject to severe
penalties for non-performance which introduces a significant level of
risk into financial calculations. Thus, most sophisticated microgrid development has occurred on campuses, such as universities or private
research facilities, where a single end-user is the microgrid host (Reilly,
2016). Even in those cases, however, regulatory issues can arise from
interconnecting multiple facilities of a single user across roads or intervening properties (that cross one or more rights-of-way) which may
violate state laws or regulations (Microgrid Resources Coalition, 2016).
The majority of grid-tied microgrids are built within the end

The Public Utility Commission (PUC)—also known as a utility
commission, utility regulatory commission, or public service commission—is the governing body typically for a state that regulates the rates

1
In deregulated markets, the transmission system is often managed by an
independent system operator (ISO) or regional transmission organization RTO.
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Fig. 2. PJM Interconnection Process Flow.
Source: PJM.

certain microgrid applications. For example, PURPA3 is the Public
Utilities Regulatory Policy Act of 1978. PURPA requires electric utilities, when they need power, to purchase power from qualified facilities (QFs) at the utilities' avoided cost (which is set by the PUC), provide back-up power to QFs, interconnect with QFs, and operate with
QFs under reasonable terms and conditions. PURPA generally exempts
QFs, such as small renewable power generation and certain cogeneration, from regulation under the Federal Power Act (FPA). Some microgrids may qualify as QFs and may be able to obtain PURPA contracts
as a source of revenue. However, FERC requirements such as the Rebuttable Presumption4 essentially exempts most utilities in RTO/ISO
regions from the QF purchase obligations. While generally difficult to
obtain a PURPA QF contract, remaining opportunities are more typically found in non-RTO/ISO regions.

customer’s right-of-ways to avoid regulatory oversight and infringing
on a utility’s franchise-rights which are summarized below. As mentioned, franchise rights typically prevent crossing one or more rights-ofway, however, there may be a few exceptions which vary by state,
utility, project and purpose. For example, a state or utility may allow
the crossing of more than one right-of-way to connect a university
campus microgrid with a local hospital to supply emergency power
during a grid outage.
The following summarizes some important regulatory rules for large
non-utility owned microgrids that should be considered before investing in a project:
Regulatory oversight: Any entity that sells energy or power and
whose equipment crosses a public street is technically defined as an
electric corporation and therefore falls under the traditional utility
regulation and ratemaking authority of the state’s public utility commission. The prospect of being treated as a traditional utility, where
billing, rates, and quality of services are all regulated, adds significant
cost and risk, further reducing a project’s economic viability.
Utility franchise rights: Designed to govern the use of public space
by third parties, utility franchise rights substantially limit the ability of
third-party providers to realize larger projects that may be economically more attractive. Since selling power to third parties via new distribution lines infringes on these rights, non-utility entities may face
significant legal battles that may be costly.

3
PURPA § 210(e); 16 U.S.C. § 824a-3(e)(1) (2009) (requiring the FERC to
“prescribe rules under which geothermal small power production facilities of
not more than 80 megawatts capacity, qualifying cogeneration facilities, and
qualifying small power production facilities are exempted in whole or part from
the Federal Power Act, the Public Utility Holding Company Act, and state laws
and regulations” with respect to rates or financial or organization regulation of
electric utilities if the Commission determines that such an exemption would be
necessary to encourage cogeneration and small power production); see also Sun
Edison LLC, 129 FERC ¶ 61,146 at P. 20 (2009) (finding that because the enduse customer makes no net sale to the local load-serving utility with which it
has a net metering agreement over the billing period, the instantaneous sale of
electric energy by the end-use customer in such circumstances does not constitute a sale for resale and thus is not subject to FERC’s jurisdiction).
4
FERC Order No. 688 passed in 2006, implemented a rebuttable presumption
that qualifying facilities larger than 20 MW have non-discriminatory access to
at least one competitive market and therefore must demonstrate otherwise to
obtain a utility contract at the avoided cost rate.

2.3. Consider other FERC regulations
The Federal Energy Regulatory Commission (FERC) regulates the
transmission and wholesale sale of electricity and natural gas in interstate commerce.2 Federal regulatory rules should be considered for
2
FERC also regulates the transportation of oil by pipeline in interstate commerce.
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2.4. Interconnection, network upgrades, and other considerations

factored into the decision of whether or not to own the microgrid. If
microgrid ownership is not an option, then it may be helpful to consider
options to capture some of these benefits, such as through a third-party
contract. The more secure a revenue stream is, then the better the financing terms or options that will be available. With the appropriate
controls, certain locations and generation resources could enable microgrids to monetize a variety of potential revenue streams. Depending
on the design, these additional controls could increase microgrid costs
and may require building a larger system to monetize access capacity.
In some cases, this could provide economic benefits that exceed the
additional costs, however that may not always be the case. A cost
benefit analysis will need to be conducted to confirm whether increasing size and complexity of a microgrid to monetize market participation is economical and does not conflict with other goals; engineering efficiency and environmental goals. The microgrid revenue
streams can be grouped into the following categories: (i) ISO/RTO
services (or bulk power markets where ISO/RTOs do not exist), (ii)
contracting/retail, (iii) distribution utility services/contracts, and (iv)
federal/state/local incentives or mandates. Although most critical facilities in the U.S. are publicly owned and do not pay federal taxes,
innovative project structures or PPAs do allow third parties to utilize
tax credits to potentially lower the overall cost of financing a microgrid
project (Regante, 2012).
Table 1 specifies potential microgrid revenue stream mechanisms,
describes the system impact to the overall grid, and highlights challenges or issues related to a given revenue stream.
The types of grid benefits and the general application performance
for ancillary services per resource are noted in Table 2 below and described further in this section: (Catwell, 2012; Marr and Rickerson,
2014; Van Broekhoven, 2012; U.S. Department of Energy, 2017) Note,
the table below is just an example. Actual markets vary in breadth of
ancillary services accepted, required response times, as well as how
they are defined and priced. These markets may also change over time
(Hsieh and Anderson, 2017; Levin and Argonne National Lab, 2017).
Therefore, microgrid owners will need to independently evaluate the
trade-offs between investment costs to participation and potential
revenue streams in their respective markets.

The interconnection process for non-utility owned microgrids are
generally negotiated on a project-by-project basis and differ in each
state. For example, PJM defines an interconnection process in which the
utility conducts an interconnection study, determines the cost of interconnection and any network upgrades that may be needed through a
self-directed internal process, then negotiates the cost directly with the
microgrid developer. The cost of the interconnection study (if required
by the utility) are typically paid by the microgrid owner.
In determining interconnection costs, a utility will identify any
distribution or transmission system upgrades needed to facilitate energy
delivery to or from the microgrid. In some cases a utility may require a
new substation, feeder line, switches, transformers, or no upgrades at
all. The needs and types of upgrades will vary by project, location, and
the needs of the grid at that time. These upgrades may be owned by the
microgrid owner if they are located within a microgrid owner’s right-ofway, the microgrid end-customer(s) is within the same right-of-way or
property boundary, and utility easements are not encroached, because
the microgrid may not infringe on utility franchise rights (in some
states). Alternatively, these upgrades may become assets transferred to
the utility, contingent on negotiation. For network upgrades for a microgrid needed on the utility’s right-of-ways to interconnect (e.g. new
distribution wires, transformers, etc.), then the franchise utility will
determine the cost of these upgrades. The distribution or transmission
utility may provide some credit, over time, back to the microgrid owner
for upfront payments of network upgrades within or outside of the
microgrid host site’s right-of-ways.
Interconnection procedures and cost allocation methodologies typically follow FERC’s pro forma Small Generator Interconnection
Agreement (SGIA) and Large Generator Interconnection Agreement
(LGIA). Both the SGIA and LGIA specify that the interconnection customer may need to pay upfront for the cost of any upgrades to the
transmission or distribution system. If those upgrades are located on the
transmission system beyond the point of interconnection (a FERC-defined “Network Upgrade”), the microgrid owner is entitled to a credit
for those costs against transmission system usage charges over time
(Federal Energy Regulatory Commission, 2016; Federal Energy
Regulatory Commission, 2018).
Negotiating interconnection costs and ownership of network upgrades outside the microgrid host site’s right-of-ways can be one of the
most contentious issues for microgrid owners/developers and it is
therefore best to collaborate with the utility early in the design process
(EPRI, 2013). Utilities can use the interconnection process to help ensure grid reliability and protect non-participant customers. Microgrid
developers, however, often lack a formal third-party process to validate
interconnection costs, which could range from tens of thousands of
dollars to tens of millions or more. A developer must negotiate directly
with a utility before work begins, and the estimate may change at the
time of interconnection.
If agreement cannot be made between the microgrid owners and the
utility, then the microgrid owners may try to escalate the issue.
Depending on the interconnection point and whether PURPA applies,
the microgrid developer may attempt to appeal to the utility commission and in some cases to FERC. However, outside of PURPA, a microgrid developer may have little recourse to remedy disputes regarding interconnection costs. Navigating this complex and unclear
legal framework is often time-consuming and expensive for a microgrid
owner or developer.

2.6. Develop funding and financing pathways
Microgrids require significant up-front capital which can be a deterrent for some customers who cannot afford the initial large investment
(Wood Mackenzie Power & Renewables, 2014). Data on specific sources
of capital used to develop microgrids is not readily available, and there is
limited microgrid performance data to inform potential investors
(NYSERDA, 2014). Generally, the greater the revenue certainty for a
microgrid then the better the financing terms and options that will be
available. Based on limited public data, it appears that most microgrids
are funded by existing owner balance sheets. However, finance options
could include innovative project finance models or public private partnerships that capitalize on bilateral contracts, tax credits, energy, capacity, demand response, and ancillary services. Financing or funding may
also come from municipal, state, or federal programs. Therefore, funding
and financing sources will vary depending on the project, the location,
ownership, and certainty of revenue streams/or loan repayment.
Each type of ownership structure provides pathways to funding and
financing based on their respective authorities, expertise, and access to
capital. For example, more sophisticated microgrid owners may explore
options for how to monetize those revenue streams to raise upfront cash
such as in the bond market or through securitization. Alternatively, or
in addition, some microgrid projects may be eligible for grant funding
or financing from a federal or state energy finance initiative. Examples
of state energy initiatives funding microgrids include the New Jersey
Energy Resilience Bank, the New York Prize Initiative, the
Massachusetts’s Clean Energy Resiliency Initiative, the Connecticut
Microgrid Program and the Connecticut Green Bank.

2.5. Revenue streams
When developing a microgrid, it is critical to consider the potential
revenue streams that can be monetized. This will impact financing
options, may affect the size of the system (e.g., a larger system will
provide access capacity that may be monetizable), and should be
5
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Table 1
Potential U.S. Microgrid Revenue Streams, System Impacts, and Challenges.
Source(s): The Bankable Microgrid: Strategies for Financing On-Site Power Generation, Jonathan Strahl, Emily Paris, and Laura Vogel, Navigant Consulting, 2015.
Categories

Revenue Streams/
Markets

ISO/RTO Services (Includes bulk
power markets where ISO/
RTOs do not exist)

Capacity

Wholesale Energy
Ancillary Services

Demand Response

Contracting/ Retail

Bilateral Contracts

Type of Service and System Impacts
adequacy
• Resource
• May increase or decrease DER
adequacy
• Resource
• Energy Arbitrage
overall system reliability
• Maintain
intermittent renewables
• Complements
• Includes: regulation and frequency response
Upgrade Deferral
• Transmission
congestion and peak demand
• Reduce
• May increase or decrease DER
Arbitrage
• Energy
on location of load relative to end
• Depends
customer, type of DER, and services that can be
provided based on technology capabilities and
regulatory landscape.

Retail

Distribution Utility Services/
Contracts

Tariffs

Arbitrage
• Energy
access not allowed so no impact by non• N/A,
utility DER owners

Upgrade Deferral
• Distribution
DER deployment.
• Increases
incentivize DER in locations where needed
• Can
most or where impacts to the system are best

Challenges/Issues
to some ISO/RTO markets and only at the bulk
• Limited
level.
not recognize incremental benefit at the distribution
• May
level where value may be greater.

• Limited to bulk power auctions.

to ISO/RTO markets at the bulk level.
• Limited
valued at the distribution level where value may be
• Not
greater.
to some ISO/RTO markets and only at the bulk
• Limited
level.
valued at the distribution level where value may be
• Not
greater.
rights can prevent bilateral contracts that
• Franchise
require crossing a right of way to provide service to an
end customer.

state franchise rules prevent any provider other than
• Some
the franchise utility from providing power to a customer if
that customer was ever serviced by the franchise utility.

rights prevent access to non-utility DER
• Franchise
owners.

to structure and ensure methodologies and
• Complicated
pricing are appropriate.

minimized.

PURPA Contract/
Avoided Cost
Methodology

Federal/State/Local Incentives
or Mandates

SRECs

State Tax Credits
Federal Investment
Tax Credits/MACRS
State Cap & Trade

Upgrade Deferral
PUCs lack awareness or resources to monitor or
• Distribution
• Some
Upgrade Deferral
enforce PURPA.
• Transmission
DER deployment and allows for more
in RTO/ISO regions are exempt from PURPA QF
• Increases
• Utilities
competition in the energy, capacity and ancillary
contract obligations
services markets.
cost rates have been argued are too high or too
• Avoided
low in some states, methodologies need to be updated and
• May increase DER
standardized.
Credit Programs
• Emissions
• Increases DER deployment

• Increases DER deployment
• Increases DER deployment
Credit Programs
• Emissions
• Increases DER deployment

mandates drive SREC markets which are
• RPS
contrived, have price ceilings, and are volatile
markets.

• Not a self-sustaining market
• Short term and limited availability
rules create high transaction costs and
• Current
complexity to utilize tax credits

in availability and deployed at the state level but
• Limited
need broader market to be sustainable

NORTH AMERICAN MICROGRIDS 2014: The Evolution of Localized Energy Optimization, GTM Research, 2015.
Value Streams in Microgrids: A Literature Review, Lawrence Berkeley National Laboratory, 2015.

The key to a cost effective, financeable project is ensuring the ability
to repay the loan and reducing project risk. That means demonstrating
good credit that shows an ability to repay the loan or the ability to
collect the revenue streams produced by the project to repay the loan.
In addition, the project will be perceived as having lower execution risk
if it implements proven commercially available technologies, such as
those often deployed in microgrids.
An often overlooked option is to consider monetizing revenue
streams in advance of the project to raise upfront cash such as in the
bond market or through securitization. Alternatively, government
partners may want to consider establishing a state energy bank or

finance program to help fund a portfolio of microgrids. Examples of
state energy banks include the New Jersey Energy Resilience Bank, the
New York Green Bank, and the Connecticut Green Bank.
More demonstration of actual ownership structures and business
models is required to measure investment returns for various sources of
capital and determine the viability of these options. The following table
provides a list of potential sources of capital by ownership type (Wood
Mackenzie Power & Renewables, 2014; Strahl et al., 2015; Lawrence
Berkeley National Laboratory, 2015). Note, that mixed ownership could
have some combination of any of the capital sources listed in the table
below.
6
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Table 2
Subset of Potential Grid Ancillary Service Value and Response Time Per Resource.
Source(s): Accelerating the Global Transformation to 21st Century Power Systems

Power the Fight: Capturing Smart Microgrid Potential for DoD Installation Security, Catwell, R., et.al., 2012.
Generating Security: Resilient, Renewable Power for U.S. Military Installations, Marr, A. and Rickerson, W., Center
for National Policy, April 2014.
Microgrid Study: Energy Security for DoD Installations, Van Broekhoven, S. B., et.al, Technical Report 1164, Lincoln
Laboratory, Massachusetts Institute of Technology, Lexington, MA, June 2012.
Staff Report to the Secretary on Electricity Markets and Reliability, U.S. Department of Energy, August 2017.

Table 3
Potential U.S. Microgrid Sources of Capital by Type of Owner.
Source(s): The Bankable Microgrid: Strategies for Financing On-Site Power Generation, Jonathan Strahl, Emily Paris, and Laura Vogel, Navigant Consulting, 2015.

NORTH AMERICAN MICROGRIDS 2014: The Evolution of Localized Energy Optimization, GTM Research, 2015.
Value Streams in Microgrids: A Literature Review, Lawrence Berkeley National Laboratory, 2015.

Table 35 shows the various capital sources that may apply to microgrids.

Additional analysis on ownership will need to be made to determine
monetization of potential value streams and the ability to capture the
value of any federal clean energy tax credits.
The eventual system owner and operator should be identified early
in the design process to ensure viability and long-term sustainability.
Long-term operation and maintenance issues associated with a new
microgrid deployment can be complex and costly. Without early input
from the eventual owner and operator, immediate cost decisions, such
as configurations and equipment, may not be best suited for the longterm viability of the installed microgrid. Large institutional electric
customers who own and operate distributed generation and electric
distribution facilities (such as universities and military installations)
tend to have a more informed perspective about the staffing, legal/

2.7. Consider project structure and ownership models
Ownership options, including third party and utility ownership,
should be discussed as part of the feasibility study. Input from the
regulatory authority (typically the state Public Utility Regulatory
Commission) and the utility is useful to make an informed determination and avoid the risk of violating any utility franchise rights.
5

Definitions for each of the capital sources are in the appendix.
7
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regulatory, and financial implications of owning and operating a new
microgrid installation.

utility-owned microgrids (Reilly, 2016; Erickson, 2016). For example,
in April 2014, the California Public Utilities Commission issued a report
recommending that state utility commissions take a more active approach to defining the role of microgrid owners and operators in the
distribution network (California Public Utilities Commission, 2014).
Other agencies, including the State of Maryland and the New York
State Energy Research and Development Agency (NYSERDA), have
published extensive documents outlining their perspectives on utility
and third-party, non-utility microgrid ownership structures, as well as
applicable financing models (NYSERDA, 2014; Maryland’s Resiliency
Through Microgrids Task Force, 2014). However, at this time no regulatory framework for commercial multi-user, non-utility-owned microgrids has emerged (NEMA, 2016).

2.8. Regulatory issues
Regulatory barriers and market rules can be a major hurdle to microgrid development for both private sector developers and utilities
(Saadeh, 2015). For simplicity, this section groups microgrids into either utility-owned or non-utility-owned microgrids. Each have unique
challenges.
Microgrid development has been for the most part limited to traditional project models where local intra-facility needs dictate project
scope and scale, as opposed to consideration of benefits that go beyond
the immediate load or cost-optimal capacity for continuous service
(NEMA, 2016; Lawrence Berkeley National Laboratory, 2015). A primary obstacle to broader application is the lack of a mechanism for the
market to compensate non-utility and utility microgrid owners for the
added benefits provided by microgrids (e.g. better integration of renewables, grid resiliency, fuel diversity, etc.) (NEMA, 2016; NYSERDA,
2014; Maryland’s Resiliency Through Microgrids Task Force, 2014;
California Public Utility Commission, 2014). From a business case
perspective, resilient energy infrastructure and advanced microgrids
could financially benefit from greater access to markets to monetize
their capabilities and services that could be provided to transmission
and distribution systems, as well as to independent system operators
(NEMA, 2016; Lawrence Berkeley National Laboratory, 2015). Market
incentives for investment in resilience, efficiency, lower emissions and
diversification may require changes in some regulatory environments.
For example, FERC Order 745, which gives demand response access to
wholesale markets, can also apply to microgrids. However, microgrids
are often either not recognized as capacity resources, or do not have the
business structure, telemetry, size or other requirements necessary to
participate in wholesale markets (Microgrid Resources Coalition,
2016).
Advanced microgrids that provide multiple energy management
technologies can simultaneously provide multiple services. However,
regulations are typically designed for resources that are generators or
that provide load curtailment, and not for resources that can do both
(Microgrid Resources Coalition, 2016). Moreover, microgrids are not
considered in most transmission and resource planning processes because they are neither transmission nor pure generation. The traditional
market compensation systems for transmission and generation are
fundamentally different, even though both can serve to improve the
adequacy and reliability of supply (Microgrid Resources Coalition,
2016).
Microgrid owners are required to navigate complex and often unclear legal and regulatory procedures which are time-consuming and
costly to pursue in order to get necessary approvals for interconnection
and operation. This may limit competition and deployment. Financial
uncertainty for non-utility owned microgrids is most often due to regulatory issues and integration issues and utilities often make it challenging to estimate interconnection costs and to capture future revenue
streams.6 Meanwhile, utilities are unable to own generation behind the
meter which restricts their ability to own customer-sited microgrids. In
deregulated states, distribution utilities are restricted from owning
generation. Both examples make it challenging to deploy utility-owned
microgrids.
The regulatory environment is changing as the benefits of microgrids in deregulated environments with high penetrations of renewables
are becoming more apparent (Reilly, 2016; Erickson, 2016). The current regulatory structure is evolving from central generation with longdistance transmission to distribution utilities, toward more local generation in distribution networks with third-party, non-utility and
6

2.9. NEPA, environmental reviews, and permitting
Depending on project size and/or whether project funds exceed a
certain amount, some states may have mandates or executive orders
that require an environmental assessment or review such as an environmental impact statement (EIS). Projects that receive federal funds
or require certain major federal actions or decisions may also be subject
to the National Environmental Policy Act (NEPA) enacted in 1970.
NEPA is a United States environmental law that promotes the enhancement of the environment and established the President's Council
on Environmental Quality (CEQ). The project will need an environmental expert to lead compliance initiatives and understand the differences between State and local environmental review requirements
and federal NEPA requirements. These reviews may require environmental assessments which are planning and decision-making tools intended to minimize or avoid adverse environmental impacts. In some
cases, the environmental assessments can take months or several years
to complete depending on the size, complexity, and locality of the
project. To ensure timely environmental and federal NEPA reviews, the
environmental expert should be engaged early in the process to minimize potential construction delays. To the extent possible, the environmental expert may want to obtain permission to pursue categorical exclusions for certain projects. The U.S. Department of Energy has
templates for categorical exclusions that may be proposed as options for
certain federal or state funded projects.
In addition to an environmental expert, a permitting expert will be
needed to help manage any other federal, state, and local permitting
requirements. Permitting requirements may vary depending on project
type, project size, and ownership. Permitting can be a lengthy and
costly process, so evaluate permitting requirements early and obtain
utility support where necessary. As microgrid deployments increase and
standards are developed, the approval processes for permitting microgrids should become easier and less costly.
Notice
This document was prepared in compliance with Section 515 of the
Treasury and General Government Appropriations Act for Fiscal Year
2001 (Public Law 106–554).
This work was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, nor
any of their contractors, subcontractors or their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or any third party’s use or the
results of such use of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof or its
contractors or subcontractors. The views and opinions of authors
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