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Abbreviations and Acronyms

DG
DOE
EPAct
ERCOT
EWG
FERC

FIT
IPP
ISO
NERC
OASIS
OATT
PTC
PUC
PUHCA
PURPA
PV
RPS
RTO

distributed generation
U.S. Department of Energy
Energy Policy Act
Electric Reliability Council of Texas
exempt wholesale generator
Federal Energy Regulatory Commission
(United States)
feed-in tariff
independent power producer
independent system operator
North American Electric Reliability Corporation
open access same-time information system
open access transmission tariff
production tax credit
public utility commission
Public Utility Holding Company Act
Public Utility Regulatory Policies Act
photovoltaic
renewable portfolio standard
regional transmission operator
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Glossary of Key Terms

Ancillary Services Regulation, Spinning Reserve, Non-Spinning Reserve, Voltage Support,
Black Start and other grid services that the system operator may develop to support transmission
while maintaining reliable operation of the electric power grid. 1
Balancing Authority The entity responsible for integrating resource plans ahead of time,
maintaining load-interchange-generation balance within a Balancing Authority Area, and
supporting interconnection frequency in real time. 2
Bulk Electric System NERC defines Bulk Electric System as transmission elements operated at
100 kilovolts (kV) or higher or real power and reactive power resources connected at 100 kV or
higher. 3
Cogenerator A generating unit that produces electric energy and forms of useful thermal energy
used by an industrial or commercial host for industrial or commercial heating or cooling
purposes.2
Exempt wholesale generator (EWG) an independent power producer selling exclusively to
wholesale customers. An EWG is exempt from certain requirements under the Public Utilities
Holding Company Act of 1935. EWGs obtain their status upon determination and approval by
FERC.2
Independent power producer (IPP) A corporation, person, agency, authority, other legal entity
or instrumentality that owns or operates facilities for the generation of electricity for use
primarily by the public, and that is not an electric utility.2
Low voltage ride-through (LVRT) The capability of electric generators to continue to operate
and stay connected to the network in periods of short-term low grid voltage.
Point of Interconnection (POC) The physical location where the power generation facility
connects to the grid system.
Power purchase agreement (PPA) A financial mechanism through which a bulk electricity
customer enters into a long-term electricity supply contract with an IPP. The contract defines all
the terms and conditions of the transaction of electricity sales between the supplier and buyer,
including dates of commencement and termination, terms of payment, schedule for delivery,
penalties, and exclusions.
Primary frequency response (PFR) A resource standing by to provide autonomous, preprogrammed changes in output to rapidly arrest large changes in frequency until dispatched
resources can take over (FERC 2015c).

1

Adapted from California ISO (2015).
Adapted from FERC (2013c).
3
See NERC (2014) for the full NERC definition of Bulk Electric System.
2
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Public utility commission (PUC) A regulatory body that oversees regulation of rates and
services of a public utility. It can also be referred to as a utilities commission, utility regulatory
commission, or public service commission.
Qualifying facility (QF) A cogeneration or small power production facility that meets certain
ownership, operating, and efficiency criteria established by the Federal Energy Regulatory
Commission pursuant to the Public Utility Regulatory Policies Act. 4
Variable Renewable Energy (VRE) Generator A renewable electricity generator, such as wind
and or solar power plants, which provides variable and non-dispatchable power output due to the
natural variability of the energy resource.

4

Adapted from FERC (2013c).
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1 Introduction

Rapidly declining costs of wind and solar energy technologies, increasing concerns about the
environmental and climate change impacts of fossil fuels, and sustained investment in renewable
energy projects all point to a not-so-distant future in which renewable energy plays a pivotal role
in the electric power system of the 21st century. In light of public pressures and market factors
that hasten the transition towards a low-carbon system, power system planners and regulators are
preparing to integrate higher levels of variable renewable generation into the grid. Updating the
regulations that govern generator interconnections and operations is crucial to ensure system
reliability while creating an enabling environment for renewable energy development.
Grid interconnection policies are an important component of broader reforms and market factors
influencing renewable energy integration into the grid. In the United States, laws and regulations
governing the electric power sector and renewable energy interconnections have evolved
significantly in recent decades through a process known as restructuring. 5 Interconnection
policies have gradually evolved to expand opportunities for independent generators, including
renewable energy generators, to participate in different aspects of the electric power system.
This report presents a brief chronological review of energy laws and regulations concerning grid
interconnection procedures in the United States, highlighting the consequences of policies for
renewable energy interconnections. Where appropriate, this report places interconnection
policies and their impacts on renewable energy within the broader context of power market
reform.
The purpose of this report is twofold. First, it seeks to provide an accessible reference and brief
overview of interconnection policies and their impacts for renewable energy in the United States.
The report outlines how interconnection policies influence electricity markets and renewable
energy development through regulation of transmission access and ratemaking, dispatch
procedures, technology requirements, system planning, and interconnection procedures. Second,
the paper attempts to clearly outline the relevant stakeholders and institutional framework under
which interconnection regulations in the United States have been developed and implemented.
This report proceeds as follows: Section 2 describes the division of regulatory jurisdiction
between states and federal agencies; Section 3 provides a chronological overview of federal
interconnection laws and regulations and describes their consequences for renewable energy
interconnections. Section 4 reviews subnational laws and regulations for renewable energy
interconnections, and Section 5 concludes.

5

The term “restructuring” can refer to two different parts of the utility market: wholesale and retail electricity
markets. Restructured wholesale markets comprise a range of different market-based approaches to balancing bulk
power supply and demand while creating an institutional separation between transmission operations and generation.
Retail restructuring refers to the introduction of consumer choice among competing suppliers of end-use electric
services.

1
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2 Regulatory Jurisdiction for Renewable Energy Grid
Interconnections
In the United States, jurisdiction over energy and electricity interconnection is divided into two
distinct levels of governance: federal and state authority. At the national level, the Federal
Energy Regulatory Commission (FERC) has authority over all interstate and wholesale
electricity commerce. States have jurisdiction over intrastate interconnections, but have limited
authority over facilities that provide services across state lines or participate in interstate
wholesale electricity markets.

2.1 Federal Jurisdiction: FERC and NERC

As stated by the Department of Energy Organization Act of 1977, FERC has jurisdiction over
interstate energy and electricity commerce. Regulatory decisions (Orders) issued by FERC are
proposed, deliberated, and decided by commissioners who are appointed by the president of the
United States and serve staggered five-year terms (Quinn 2015). FERC’s authority to regulate
interstate electricity commerce is rooted in the “Interstate Commerce Clause” from Article I,
Section 8 of the U.S. Constitution, which states that the United States Congress has regulatory
authority over commerce that crosses state boundaries. The Federal Power Act of 1935 granted
FERC’s predecessor, the Federal Power Commission, authority to “provide effective federal
regulation of the expanding business of transmitting and selling electric power in interstate
commerce” (Snarr 2015; 16 U.S.C. § 824). This law effectively extended federal regulatory
jurisdiction to all interstate transmission infrastructure and generators engaged in wholesale
electricity commerce.
The Supreme Court of the United States has ultimate authority to rule on FERC’s authority to
regulate interconnection requirements, transmission planning, and tariffs. The results of Supreme
Court decisions identify the limitations of FERC’s authority and lay the framework within which
FERC can issue and enforce the Orders that are discussed in section three of this report. FERC
does not have jurisdiction over local distribution of electricity, retail sales rates, siting,
construction, environmental matters, or generator safety requirements, with some exceptions for
hydroelectric facilities (Greenfield 2010). 6
The North American Electric Reliability Corporation (NERC) ensures the reliability of the North
American bulk electric system, which is divided into three independent interconnections: Eastern
Interconnection, Western Interconnection, and Electricity Reliability Council of Texas (ERCOT)
Interconnection. 7 NERC assesses the system’s reliability, develops reliability standards, and has
the authority to enforce standards. FERC approves proposed changes and directs NERC to
develop modifications to reliability standards in an ongoing process that is designed to respond
to changing market conditions and transmission system properties. In 2007, compliance with
NERC Reliability Standards became compulsory for bulk-power system owners, operators, and
users. Table 1 summarizes FERC’s and NERC’s roles in setting and implementing national
interconnection policies.
6

FERC’s authority over hydroelectric facilities is rooted in federal authority over waterways.
NERC’s definition, as approved by FERC in 2014, indicates that the bulk electric system includes all transmission
elements operated at 100 kV or higher and real power and reactive power resources connected at 100 kV or higher
(NERC 2014).
7
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Table 1. FERC’s and NERC’s roles in national interconnection policies

Description

FERC

NERC

Regulates the interstate
transmission and wholesale
sales of electricity

Electric reliability organization
in the United States certified
by FERC

•

Role in
interconnection
policies

Sets service quality
standards, including
specific standards for
voltage, frequency, and
other technical
requirements for
transmission services

•

Sets, reviews, and
approves interstate
transmission tariffs

•

Issues interconnection
requirements for large
generators (>20 MW)

•

Establishes rules for
transmission planning.

•

Designs and issues
reliability standards for the
bulk power system

•

Exercises authority to
enforce reliability
standards via financial
penalties.

2.2 Subnational Jurisdiction

NERC has regional entities through which interconnection policies and reliability standards are
implemented. 8 NERC monitors, assesses, and enforces compliance with its standards through
eight regional entities, which are made up of members from all segments of the industry
including utilities, federal power agencies, cooperatives, independent power producers (IPPs),
power marketers, and customers. Figure 1 illustrates the eight regional reliability entities.
The regional entities can set regional reliability requirements that are more stringent or not
covered by the NERC Reliability Standard (NERC 2015). For example, the Texas Reliability
Entity proposed the “Primary Frequency Response in the ERCOT Region” standard, which
requires sufficient frequency response from resources to maintain ERCOT’s steady-state
frequency. Texas Reliability Entity and NERC jointly submitted the regional requirement and
received FERC approval in 2014 (FERC 2016a).

8

The eight regional reliability entities in North America are: Florida Reliability Coordinating Council (FRCC),
Midwest Reliability Organization (MRO), Northeast Power Coordinating Council (NPCC), ReliabilityFirst (RF),
SERC Reliability Corporation (SERC), Southwest Power Pool, Inc. (SPP RE), Texas Reliability Entity (Texas RE),
and Western Electricity Coordinating Council (WECC).
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Figure 1. NERC regional entities
Source: NERC (2016)

FERC oversees the wholesale electricity market activities of balancing authorities and
independent system operators (ISOs), except in ERCOT (see Text Box 1). Balancing authorities
are responsible for integrating resource plans, maintaining balance of generation and load within
its area, and supporting interconnection frequency in real time. In some restructured areas,
balancing is the responsibility of an ISO. Regional transmission operators (RTOs) are
operationally similar to ISOs, and the terms are used interchangeably. Independent balancing
authorities must petition FERC to be officially designated as RTOs. 9
As of March 2015, FERC has approved seven organizations as RTOs and ISOs in the United
States. Figure 2 depicts the geographic layout of RTOs and ISOs in the United States, as well as
two Canadian RTOs. RTOs and ISOs operate the transmission system and energy markets for
about two-thirds of electricity consumers in the United States. The grid areas not under ISOs or
RTOs are managed by investor-owned utilities, cooperatives, or Federal Power Marketing
Administrations. All balancing authorities, including ISOs and RTOs, are required to comply
with NERC reliability standards.

9

The twelve minimum characteristics and functions an entity must meet to become an RTO are codified in FERC
Order No. 2000.
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Figure 2. RTOs in North America
Source: ISORTO.org
Note: This graphic represents reliability coordination areas and not market areas.

Whereas FERC governs interstate electricity markets and services, states have jurisdiction over
retail rates, generator siting, local distribution facilities, and intra-state electricity commerce,
with authority to create and enforce in-state transmission regulations (Porter 1996). States also
have the authority to create and implement interconnection policies for generation facilities that
fall under state jurisdiction, which generally encompass distribution system-level
interconnections and distributed generation (DG) systems. FERC does not have jurisdiction over
interconnection procedures and power transactions for DG systems even if the facility
participates in wholesale electricity markets (Fink et al. 2010).
Text Box 1. FERC Jurisdiction in the ERCOT Interconnection
ERCOT, the system operator and electricity market clearing entity for Texas, is a wholly separate statewide interconnection. The Texas interconnection is not electrically tied to power systems in any other
state and hence entails no interstate commerce of any consequence for FERC oversight. FERC does not
have authority to regulate transmission tariffs, wholesale market operations, prices, or generation and
transmission planning in the ERCOT interconnection. The same applies to Hawaii and Alaska, which also
operate wholly separate interconnections with no inter-state electricity flows. However, FERC does retain
authority to regulate certain reliability standards and interconnection requirements. For example, FERC
approved Texas’ Regional Reliability Standard as a mandatory and enforceable requirement on
generators in ERCOT with respect to the provision of primary frequency response (FERC 2016a). The
Public Utility Commission of Texas regulates the wholesale electricity market in ERCOT.

Although FERC and NERC set the national interconnection and reliability technical standards,
there is no unified set of interconnection requirements in the United States. The transmission or
5
This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

distribution utility, whichever hosts the point of interconnection for the electricity generator,
specifies the final rules and technical specifications for interconnection to and use of the electric
network. This is done through the utility’s open access transmission tariff (OATT), which is
reviewed and approved by FERC with input from the state public utilities regulator.
Generators under 20 MW are generally interconnected to distribution lines and fall outside of
FERC jurisdictions for transmission lines. The state government, typically though the public
utilities commission, regulates interconnection and tariffs for these small generators, including
establishment of timelines and requirements. Figure 3 depicts the relevant institutions and their
jurisdictions for regulating interconnections in the United States. Table 2 provides descriptions
of the various regulatory entities and describes their roles in establishing rules for renewable
energy interconnections.

Figure 3. Jurisdictions for transmission regulation in the United States
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Table 2. Subnational Jurisdictions for Renewable Energy Interconnection Policies
Agency

Regional
Reliability
Entities

RTO/ISO

Utilities

State Public Utility Commission,
Utility Regulatory Commission, or
Public Service Commission

Local and/or Municipal
Regulatory Authority

Description

Regional entities
of NERC made up
of members from
utilities, IPPs, and
transmission
companies

Independent, not-forprofit balancing
authority that operates
a region’s grid (i.e.,
scheduling, dispatch,
transmission
congestion
management,
purchasing, or
balancing services) ,
administers the region’s
wholesale electricity
market, and ensures
reliable transmission
planning in the region.

Areas without RTO/ISO:
an investor-owned,
publicly owned, or
cooperative balancing
authority that owns
generation, procures
power, and operates the
transmission and
distribution system within
its service area
Areas with RTO/ISO: a
utility that procures power
and sells power to endusers but yields operations
of the transmission system
to RTO/ISO.

State government entity that oversees
and regulates the services of investorowned utilities including electric power,
natural gas, water, and
telecommunications companies

Local government entity,
typically under the purview
of a city council, that
oversees and regulates
the services of publicly
owned or cooperative city
utilities including electric
power, natural gas, water,
and telecommunications
companies

Role in
renewable
energy
interconnection

Develop,
implement, and
enforce reliability
standards
Write regional
standards that
require approval
by FERC and
NERC

Operationalizes FERC
and NERC standards
according to
market/grid
characteristics
Issues interconnection
agreements
Conducts
interconnection
feasibility studies

Operationalizes FERC and
NERC standards
according to market/grid
characteristics
Issues interconnection
agreements
Conducts interconnection
feasibility studies

Sets service quality standards including
standards for voltage, frequency, and
other technical requirements for
distribution services
Sets, reviews, and approves retail rate
tariffs
Considers and approves proposed
power plants
If capital costs are to be reimbursed by
rate-payers, conducts prudence reviews
to determine whether projects are
completed at reasonable cost

Considers and approves
proposed power plants
Conducts prudence
reviews to determine
whether capital projects
are completed at
reasonable cost
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3 United States’ Federal Laws and Regulations on
New Energy Grid Interconnections

The United States has several federal laws and regulations governing renewable energy grid
interconnections. Table 3 summarizes the federal laws and regulations discussed in this chapter.
It is common for subsequent rules and regulations to amend and/or nullify previous provisions
that are deemed ineffective and outdated. The rest of this section provides a brief history of
interconnection policies and explores their impacts on renewable energy generators in the United
States.
Table 3. Summary of Key Federal Interconnection Laws and Regulations
Laws and
Regulations

Key Implications for
Renewable Energy
Interconnections

Year

Key Points

Federal Power Act
(FPA)

1935
(subsequently
amended
numerous
times)

Federal Power Commission
established to oversee
wholesale and interstate
electricity transactions
Continues to be the primary
source of federal authority
over electric utilities.

Beginning of federal oversight
of the power sector

Public Utility
Regulatory Policy Act
(PURPA)

1978
(amended in
2005)

Utilities required to buy
electricity from qualifying
facilities, injecting
competition into wholesale
power markets

Foundational policy that paved
the way for small non-utility
generators to enter the market,
including renewable energy
developers

Energy Policy Act of
1992

1992

Created exempt wholesale
generators to participate in
wholesale power markets
free from Security and
Exchange Commission
(SEC) oversight

Exemption from SEC scrutiny
encouraged investment in IPPs
by private investment
companies

FERC Orders 888 &
889
Open Access
Transmission and
OASIS

1996

Codified the OATT
Established the Open
Access Same-Time
Information System
(OASIS)

Reduced transmission barriers
for renewable energy
generators, enabling renewable
energy plants to choose among
wholesale buyers
Gave renewable energy
developers open access to
market-critical data including
transmission capacity and
prices

FERC Order 2000
Regional Transmission
Organizations

1999

Transmission utilities
strongly encouraged to join
an RTO/ISO
Describes characteristics
and functions required for
entities to become an RTO

Larger balancing areas and
real-time balancing better
enable higher penetrations of
variable renewable energy
generation

8
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Year

Key Points

Key Implications for
Renewable Energy
Interconnections

FERC Orders 2003 &
661
Interconnection
Procedures for Large
Generators

2003, 2005

Standard interconnection
procedures for large
generators (>20 MW)
Codified interconnection
standards for wind
generators

Reduced the timeframe and
cost of interconnection for large
renewable energy generators
Required low voltage ridethrough, reactive power, and
SCADA capability in wind plants

FERC Order 2006 &
792
Interconnection
Procedures for Small
Generators

2005, 2013

Standard interconnection
procedures for small
generators (<20 MW)

Reduced the timeframe and
cost of interconnection for small
renewable energy generators
Established a fast-track process
for small renewable energy
systems
Included energy storage
devices in the Small Generator
Interconnection Procedure and
Small Generator
Interconnection Agreement

Energy Policy Act of
2005

2005

Terminated long-term
PURPA contracts,
abandoned the avoided
cost rate principle, and
provided tax incentives for
transmission system
improvements

Increased competition in
wholesale power markets by
forcing out uneconomical
projects

FERC Orders 890 &
1000
Transmission Planning
and Cost Allocation

2007, 2011

Transmission providers
required to conduct
transmission planning at
the regional and local level
Added flexibility to methods
of cost allocation of
transmission upgrades

Improved transmission planning
reduces grid congestion and
promotes access to new
sources of energy, including
solar and wind resources
Broad allocation of transmission
upgrade costs reduces financial
burden for renewable energy
plants

FERC Order 764
Integration of Variable
Energy Resources

2012

Required transmission
owners to provide 15minute scheduling

Enabled renewable energy
generators to better respond to
resource variability in their
power delivery schedules

FERC Order 784
Ancillary Services and
Electric Energy
Storage

2013

Amended ancillary services
markets to include “pay-forperformance” pricing based
on speed and precision

Increased opportunities and
incentives for energy storage to
participate in ancillary services
markets

Laws and
Regulations

9
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Laws and
Regulations
FERC Orders 819 &
827
Primary Frequency
Response and
Reactive Power

Year

Key Points

2015, 2016

Established rules to foster
competition in the Primary
Frequency Response
market
Removed exemptions for
wind generators to provide
reactive power to the
transmission system

Key Implications for
Renewable Energy
Interconnections
Enabled RE generators to
receive market-based rates for
provision of Primary Frequency
Response services
Required wind generators to
have equipment capable of
providing reactive power

3.1 Early Developments of Utility Regulation in the United States

In the late 19th and early 20th centuries, electric power distribution systems in the United States
consisted of independent, localized generators that supplied individual end-use consumers with
direct current interconnections. Early electric power companies were regulated by local
authorities in the cities they served. Electricity distribution over large distances at affordable
rates began with the development and mass introduction of alternating current and steam
turbines. These technology developments enabled electric power companies to expand their
services beyond city and state boundaries. The electric power industry became dominated by
large interstate companies that maintained vertical monopoly control over all aspects of
generation, transmission, and distribution. While highly profitable for utility companies and their
investors, this state of the market left consumers vulnerable to monopoly pricing and provided
little incentive for utilities to expand distribution services to customers in rural areas (Trachsel
1947, Casazza and Delea 2004).
In 1935, Congress passed the Public Utility Holding Company Act (PUHCA), taking the first
step toward establishing federal oversight of electric utilities. The PUHCA required interstate
utility holding companies to register with the SEC and submit financial accounts of their
transactions, operations, and holdings. Also in 1935, Congress passed the Federal Power Act,
which gave the Federal Power Commission regulatory oversight of wholesale interstate
transactions of electric power. The Federal Power Commission mandate was to ensure that
electricity rates were “reasonable, nondiscriminatory and just to the consumer” (16 U.S.C.
chapter 12).
Following the Federal Power Act of 1935, interconnection policies and utility regulations
remained largely unchanged until the 1970s. The intervening decades saw electricity prices
steadily decline while the industry enjoyed steady growth in electricity demand and
improvements in the efficiency of supply (Casazza and Delea 2004).

3.2 Public Utility Regulatory Policies Act of 1978

Amidst the backdrop of rising inflation and the oil embargo of 1973, President James Carter’s
administration enacted the Public Utility Regulatory Policies Act of 1978 (PURPA) as part of the
National Energy Act (Pub. L. 95-617). In addition to establishing guidelines for more efficient
rate structures, PURPA required utilities to purchase wholesale electricity from IPPs that could
supply electricity at lower cost than the utility’s generation cost. This step helped diversify
electricity supply and opened the door to competition in electric power markets by removing the
10
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barriers to entry for small generators. PURPA created two classes of qualifying facilities that
could vie for utility interconnection contracts: qualifying cogeneration facilities, which produce
both electricity and useful heat from fossil fuels, and qualifying small power production
facilities, which produce electricity from renewable resources or biomass and waste (Hirsh
1999). Utilities were required to purchase electricity generated from qualifying facilities at a rate
equal to avoided cost, which is the marginal cost of electricity production for the utility, as
determined on a case-by-case basis in public hearings administered by local public utility
commissions (PUCs) (IEPA 2015).
The avoided-cost rate structure created a favorable environment for small non-utility generators.
Non-utility generating capacity steadily increased in the 20 years following the passage of
PURPA, with the majority of new capacity coming from cogeneration facilities (Dismukes and
Kleit 1999). In some states, favorable avoided-cost rates, along with generous state and federal
tax incentives, spurred investor interest in renewable energy. However, deployment was highly
subject to states’ regulatory and investment climate. In 1979, California’s PUC imposed fines on
state utilities for failing to consider alternative energy targets in their future generation mix. By
the 1980’s, California had a combination of the most favorable power purchase rates in the
United States, generous state tax credits, a positive investment climate, and an abundance of lowcost land with energetic wind resources. In 1991, California reached 80% of the world’s installed
wind power capacity (Gipe 1991).

3.3 Energy Policy Act of 1992

In the wake of the Persian Gulf conflict, in 1992 the U.S. Congress passed the Energy Policy Act
of 1992 (EPAct 1992). EPAct 1992 was designed to decrease the dependence of the United
States on foreign oil and bolster energy security through energy efficiency improvements and
incentives for clean energy development. EPAct 1992 was the first piece of legislation since
PURPA to continue the deregulation of electric power markets. Designed as an amendment to
PURPA, the power sector provisions of EPAct 1992 took additional steps to inject competition
into wholesale electricity markets. The amendment established a new class of electricity
generators, exempt wholesale generators (EWGs), which would be exempt from regulation under
the PUHCA (Burns and Eifert 1993). Exemption from PUHCA meant that EWGs could engage
in interstate wholesale electricity transactions without SEC scrutiny of holding company finances
and transactions. This step enabled utilities and non-utilities to simplify corporate structures and
encouraged investments in IPPs (Abel 1998).
Under EPAct 1992, FERC was tasked to oversee wholesale transactions from EWGs, with the
authority to give case-by-case approval for long-term power purchase agreements (PPAs)
between EWGs and wholesale power purchasers. EPAct 1992 also included an amendment to the
Federal Power Act that granted transmission services to EWGs or any other wholesale power
producer. Any power producer could now appeal to FERC for access to a utility’s transmission
infrastructure in order to fulfill contracts with geographically disparate wholesale power
purchasers. The amendment also instigated prolonged legal battles between transmission utilities,
regulators and power producers to resolve conflicts over the rates that utilities could charge for
transmission services (Watkiss and Smith 1993). The ratemaking conflicts would be resolved
with the issuance of FERC Order 888 in 1996.
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3.4 Open Access Transmission Tariff: FERC Orders 888 & 889

In April 1996, FERC Order 888 picked up where EPAct 1992 left off concerning open access
transmission policies. First, FERC Order 888 officially codified open access transmission.
Utilities were required to provide transmission customers with “equivalent service and terms” for
services that a utility would otherwise provide for itself (Porter 1996). The “equivalent service
and terms” provision ended years of debate regarding the rates that utilities could charge for
transmission services. Utilities were required to publicly file OATTs with conditions for nondiscriminatory services (FERC 2015a). Issued in the same year, FERC Order 889 established the
concept of an open access same-time information system (OASIS), requiring utilities to publish
transmission capacity, prices, and other market-critical data to be readily available to all market
participants via the Internet (“FERC Order 888” 1996). At the same time, the order permitted
transmission providers to seek recovery of stranded costs from wholesale customers who chose
to switch to a third-party wholesale electricity provider (Porter 1996).
The open access provisions of Order 888 significantly reduced the barriers to entry for renewable
energy power producers. Remotely located renewable energy generators like wind power plants
could now use transmission networks to transport electricity to the most favorable markets,
rather than sell to the nearest utility (Porter 1996). On the other hand, OATTs meant stiffer
competition with more buyers and sellers putting downward pressure on electricity rates, pricing
renewable energy generation out of many markets (“FERC Order 888” 1996). Additionally,
Order 888 allowed transmission providers to charge a penalty to generators that deviated by
1.5% from their scheduled electricity delivery. Given the variable nature of renewable energy
resources, particularly wind energy, the 1.5% variability threshold made it nearly impossible for
wind generators to avoid penalty charges. Because the penalty provisions often exceeded the
value of commercial wind energy, wind project developers typically had to sell variable output to
an entity that could blend it with thermal generation and resell to the wholesale market (Parsons
and Porter 2002).

3.5 Regional Transmission Organizations: FERC Order 2000

Issued in 1999, FERC Order 2000 strongly encouraged all electric utilities and transmission
owners to participate in (or submit their plans to join) an RTO. A key effect of RTOs is to
expand the effective geographic footprint of system operations by combining multiple balancing
authorities. Larger balancing areas help to smooth out differences between load and generation
over larger geographic areas. This is particularly relevant for variable renewable energy
generators because larger balancing areas can provide access to greater amounts of flexible
generation to support system balance. More access to flexible generation improves project
economics for individual renewable energy developers and enhances overall system costeffectiveness (Cochran et al. 2012).
To further encourage renewable energy integration and improve the cost-effectiveness of
variable generation, Order 2000 also mandated RTOs to implement real-time balancing markets
(Merrill 2000). Real-time (minute-to-minute) balancing improves system reliability by
maintaining generation-load balance at all times. The implementation of real-time balancing
markets allows transmission customers to balance their energy schedules, opening the door for
higher penetrations of variable renewable energy generators in wholesale power markets (Hirst
2001).
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3.6 Standardized Interconnection Procedures for Large Generators:
FERC Orders 2003 & 661

In July 2003, FERC Order 2003 established standardized interconnection procedures for large
generators. Order 2003 issued the Large Generator Interconnection Procedure and the Large
Generator Interconnection Agreement, requiring all generators under FERC jurisdiction with
generating capacity more than 20 MW to follow standard procedures to interconnect with the
electricity grid. The Large Generator Interconnection Procedure consists of studies conducted by
the transmission provider, which FERC uses to assess the interconnection request (Fink et al.
2010). The Large Generator Interconnection Agreement includes standardized interconnection
requirements covering frequency, voltage, power factor, and reactive power standards. However,
wind generators were exempt from requirements to provide reactive power primarily because it
required high-cost technology that would have negatively impacted wind development at the
time (FERC 2015b).
The standard procedures were primarily designed to reduce the timeframe and cost of
interconnection while preserving system reliability. . As a consequence of FERC Order 2003 and
its subsequent revisions, generator interconnection applications tripled from 2004 to 2007 (Porter
et al. 2009).
The influx of generation interconnection requests resulted in congested interconnection queues.
This backlog, in turn, increased the processing time of interconnection studies, causing project
delays and frustration among renewable energy developers. The result contradicted the original
intent of Order 2003. From late 2007 through 2008, FERC responded by requiring RTOs and
ISOs to file status reports and propose reforms to reduce the timetable for interconnection
processing and minimize the backlog of interconnection queues (Porter et al. 2009).
FERC Order 2003 made no distinction between conventional and variable renewable energy
generators. A surge in penetration of variable generation from wind prompted a revision of
interconnection procedures to include standards and guidelines specific to wind generation. In
June 2005, FERC issued Order No. 661 requiring public utilities to add standard procedures and
technical requirements for the interconnection of large wind generation units (FERC 2005). The
requirements address low-voltage ride-through (LVRT) capability and supervisory control and
data acquisition (SCADA) capability. Under Order 661 (also 661-A), wind plants are required to
provide LVRT capability (staying connected to the grid for voltage drops of 15% of normal
voltage levels), and implement SCADA information and control capability (capability to receive
and react to instructions from the system operator) (Porter et al. 2009).

3.7 Standardized Interconnection Procedures for Small Generators:
FERC Orders 2006 & 792

Issued in 2005, FERC Order 2006 addressed interconnection standards for small generators.
Order 2006 established the Small Generator Interconnection Procedure and the Small Generator
Interconnection Agreement for generators with capacity up to 20 MW (Fink et al. 2010). Since
many small generators can operate without interconnection to FERC-jurisdiction transmission
lines, several states used Order 2006 as a model to design and issue their own standards for small
generator interconnections. Some states, including California, Hawaii, and New Jersey, impose
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no size limit for generators wishing to connect to non-FERC-jurisdiction transmission lines (Fink
et al. 2010).
FERC Order 2006 also included a fast-track process for generating facilities with capacity less
than 2 MW. In response to the rapid increase in small-scale, distributed solar PV deployment,
FERC issued Order 792 in November 2013, which allowed inverter-based interconnections up to
5 MW to qualify for the fast-track process if the generating system’s capacity is less than or
equal to the minimum load of the system host facility. Eligibility to apply for the fast-track
interconnection process is based on the generator type and size, and the line voltage and type at
the point of interconnection. The fast-track criteria are summarized in Table 4 (FERC 2013a).
Table 4. FERC Order 792 Fast-Track Criteria for Inverter-Based Systems

Line Voltage

Fast-Track Eligibility
Regardless of Location

Fast-Track Eligibility on a
Mainlinea and ≤ 2.5
Electrical Circuit Milesb
from Substation

< 5 kV

≤ 500 kW

≤ 500 kW

≥ 5 kV and < 15 kV

≤ 2 MW

≤ 3 MW

≥ 15 kV and < 30 kV

≤ 3 MW

≤ 4 MW

≥ 30 kV and ≤ 69 kV

≤ 4 MW

≤ 5 MW

a

For the purposes of this table, a mainline is the three-phase backbone of a circuit.
It typically constitutes lines that have wire sizes of 4/0 American wire gauge, 336.4
kcmil, 397.5 kcmil, 477 kcmil, and 795 kcmil.

b

An interconnection customer can determine this distance in advance by requesting
a pre-application report.

Source: FERC order 792

In addition to changing the requirements for fast-track interconnections for solar PV systems,
Order 792 included storage systems in the definition of small generator facilities. Therefore,
storage systems using inverter-based interconnections also qualify for fast-track application.

3.8 Energy Policy Act of 2005

The Energy Policy Act of 2005, also known as EPAct 2005, focused on promoting energy
efficiency improvements and energy self-sufficiency in the United States. In addition to grants
for technology R&D and energy efficiency improvements, the bill introduced substantial
modifications to interconnection legislation. In particular, EPAct 2005 amended the PURPA
provision that required utilities to purchase power from any qualifying facility without
discrimination, a requirement which had forced utilities into high-cost, long-term contracts
(Malmedal et al. 2007). EPAct 2005 established that utilities were not obliged to purchase
electricity from a qualifying facility if that generator has access to alternative buyers in a
competitive wholesale electricity market. PURPA’s “avoided costs” rate principle was also
abandoned.
EPAct 2005 went further than any previous legislation in granting FERC additional authority and
responsibility to oversee the reliability of the electricity grid, implement penalties to prevent
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market manipulation, provide rate incentives to promote investment, and to oversee utility
company mergers and acquisitions. The bill also established a coordinated review and permitting
process for federally approved transmission projects, requiring the U.S. Department of Energy
(DOE) to conduct congestion studies every three years and designate National Interest Electric
Transmission Corridors (FERC 2006).
Text Box 2. Electric Reliability Organization
In response to a system reliability provision of EPAct 2005, FERC designated NERC as the nation’s
Electric Reliability Organization (ERO). NERC was tasked with establishing nationwide maintenance and
testing standards for transmission, generation, equipment for under-frequency load shedding and undervoltage load shedding, and special protection systems. Known as the “Version 0 Standards,” the NERCproposed standards were accepted and made mandatory by FERC Order 693 in 2007 (Udren and
Rogers 2010).

3.9 Coordinated Transmission Planning and Cost Allocation: FERC
Orders 890 & 1000

Order 890, issued in 2007, mandated transmission utilities to participate in “coordinated, open
and transparent transmission planning” on a local and regional level, such that the planning
needs of transmission providers and customers would be met on a “comparable and
nondiscriminatory” basis (FERC 2014). Transmission providers were required to adhere to the
following nine principles in the planning process: coordination, openness, transparency,
information exchange, comparability, dispute resolution, regional participation, economic
planning, and cost allocation. This reform was in part a response to a decline in investment
relative to growth, which had led to increasing congestion due to growing levels of variable
renewable energy integration (Greenfield 2010). Coordinated transmission planning helps to
reduce grid strain from variable renewable energy integration and ultimately improves renewable
energy project economics. Transmission access is crucial for renewable energy developers to
secure financing, and a stronger grid can improve system flexibility leading to reduced
renewable energy curtailment (Cochran et al. 2012).
In July 2011, FERC issued Order 1000 to continue the promotion of interregional transmission
planning that began under Order 890 (FERC 2014). FERC Order 1000 revised Order 890 by
requiring public utility transmission providers to produce plans for regional-wide transmission
upgrades. Order 1000 also addressed longstanding questions of cost allocation for transmission
upgrades and grid expansion. It amended the OATT to give regions flexibility to develop unique
cost allocation methods that would balance the interests of transmission providers, customers,
and the broader network (Davis 2013).This reform was important for renewable energy
generators, particularly for remotely sited projects. While transmission utilities argued that the
costs of transmission upgrades should be borne primarily by the transmission customer,
renewable energy generators fought for a broader allocation of costs, citing society-wide benefits
of renewable energy integration (Bloom 2010).
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Text Box 3. Renewable Energy Zones
A Renewable Energy Zone (REZ) is one example of the kind of transmission planning that FERC sought
to induce with Orders 890 and 1000. A REZ process is a proactive transmission planning framework that
enables the development of a region’s best RE resources. This is a regulatory exercise that identifies the
best locations for RE development and collaborates with industry stakeholders to facilitate transmission
upgrades that may be needed to bring renewable energy to markets (Hurlbut et al., 2016).
In 2005, the PUC of Texas initiated the Competitive Renewable Energy Zones (CREZ) project. The
project designated wind-rich areas in which new transmission would be built in advance of obtaining an
interconnection agreement with developers (Hurlbut 2010). Ultimately, CREZ high-voltage transmission
projects were designed to serve around 18.5 GW of capacity. Increased transmission capacity in windrich areas and reduced transmission congestion opened the Texas market to additional wind power
development. Figure 4 depicts the CREZ transmission lines in red. In 2014, the primary system operator
in Texas generated more than 10% of its electricity from wind, up from 6% in 2006 (EIA 2015).

Figure 4. Competitive Renewable Energy Zones in Texas
Source: Woodfin (2008)

3.10 Sub-hourly dispatch scheduling: FERC Order 764

FERC Order 764 addressed concerns about integrating variable renewable energy with
transmission dispatch systems. Issued in 2012, Order 764 amended the OATT to require
transmission owners to offer 15-minute transmission scheduling, advancing system operation
practices from the standard one-hour scheduling model (Miller and Cox 2014). Sub-hourly
scheduling enables renewable energy generators to respond to changing resource conditions, i.e.,
sudden wind gusts or cloud coverage, allowing renewable energy transmission customers to
better manage generation imbalance (GI) and energy imbalance (EI) charges (BPA 2014). Order
764 also reformed the Large Generator Interconnection Agreement to give transmission
providers access to sub-hourly forecast data from renewable energy generators for the purpose of
improving power production forecasts (Miller and Cox 2014).

3.11 Energy Storage: FERC Order 784

Energy storage can greatly enhance the ability of system operators to integrate large amounts of
renewable energy generation. There are various storage technologies including fly wheels,
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compressed air storage, batteries, and pumped-hydro storage. In general, storage shifts the timing
of supply to better align generation with market prices and electricity demand. In 2013, FERC
Order 784 amended the pricing mechanism in ancillary service markets, requiring utilities to
consider speed and precision when purchasing ancillary services (FERC 2013b). This expanded
the “pay-for-performance” requirement that was originally established under FERC Order 755 in
2011. Since energy storage can provide ancillary services much faster and with more precision
than gas- or coal-fired plants, Order 784 gives energy storage a price premium in ancillary
services markets (Anderson 2014). Also in 2013, as discussed above, Order 792 amended the
Small Generator Interconnection Agreement and Small Generator Interconnection Procedure to
explicitly include energy storage.

3.12 Primary Frequency Response and Reactive Power: FERC Orders
819 & 827

One of the primary objectives of electricity system operators is to maintain electrical frequency
very close to a specific level at all times. Large deviations in frequency can lead to equipment
damage, involuntary load shedding, and instability in supply, all of which contribute to excessive
costs. To prevent large changes in electrical frequency, conventional generators use automatic
control systems in their turbine governors to provide primary frequency response (PFR) service,
occurring in a timeframe from 1s to 10s of seconds. FERC defines PFR services “as a resource
standing by to provide autonomous, pre-programmed changes in output” to prevent large
changes in system frequency “until dispatched resources can take over” (FERC 2015c). Issued in
November of 2015, Order 819 revised regulations related to the sale of primary frequency
response service, permitting the sale of PFR services based on market-based rates. The new rules
were designed to foster competition in the sale of PFR service and expand the ancillary services
market.
The rules for market-based sales of PFR services apply to conventional as well as renewable
energy generators. 10 Modern wind generators with appropriate equipment are capable of
providing PFR service with power inverter electronics that simulate inertial response, also
known as “synthetic system inertia.” While frequency response controls on photovoltaic,
concentrated solar, and energy storage systems are not traditionally used, commercially available
equipment can enable solar and energy storage plants to provide equally effective frequency
response services (Zhang et. al 2013; Milligan et al. 2015). Wind, solar, and storage systems’
ability to provide and sell frequency response services will become critical for maintaining
system reliability as power systems incorporate higher penetrations of nonsynchronous
generation. For example, Eirgrid, the system operator for the combined Ireland and Northern
Ireland power system, currently applies a 50% operating limit on the instantaneous penetration of
nonsynchronous generation due to frequency stability concerns (Milligan et al. 2015).
In June of 2016, Order 827 eliminated exemptions for wind generators from the requirement to
provide reactive power. Reactive power is needed to start and operate motors, transformers, and
relays. Transmission system operators need generators to either supply or consume reactive
power to maintain system voltage. Under the Large Generator Interconnection Agreement (see
FERC established an employment threshold for entities to be affected by Order 819. To receive market-based
rates for PFR service, conventional generators must have at least 750 employees, while renewable energy generators
including solar, wind, and biomass generators must have at least 250 employees.

10
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section 3.6) large generators are required to provide 0.95 leading and 0.95 lagging reactive
power to the transmission network. Order 827 revised the Large Generator Interconnection
Agreement to include reactive power requirements for wind generators, since technology
improvements in recent years had made the equipment needed for wind generators to provide
reactive power both commercially available and less costly (FERC 2016b).

3.13 Summary of Federal Interconnection Policies
Table 5. Interconnection Topics Addressed by Federal Transmission Policies
Laws and Regulations

Transmission
Access

Market Rules
and Tariffs

PURPA





Energy Policy Act of 1992





FERC Order 888





FERC Order 889



FERC Order 2000

Balancing
Areas

Interconnection
Procedures





FERC Orders 2003 & 661



FERC Orders 2006 & 792



Energy Policy Act of 2005





FERC Order 890











FERC Order 1000
FERC Order 764



FERC Order 784



FERC Orders 819 & 827
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4 Subnational Policies on Renewable Energy Grid
Interconnections

This section reviews subnational procedures and regulations related to renewable energy
interconnections in the United States. It is not uncommon for state governments to enact policies
that go beyond what is required by federal legislation.
To understand the potential impacts of subnational interconnection policies in the United States,
it is important to distinguish between state and federal jurisdiction for generator
interconnections. Generators that interconnect with an electric facility exclusively making retail
sales do not fall under FERC jurisdiction and are subject to state interconnection rules. Some
facilities are considered “duel use” because they are subject to both state and federal jurisdiction
(Michaud 2007). For example, while FERC established an 80 MW upper limit for “small powerproducing facilities,” Minnesota enacted a law to establish state-wide uniform contracts for
qualifying facility interconnections with no maximum capacity limits (Michaud 2007).

4.1 Transmission and Integration Planning: Regional and State
Initiatives

In addition to the state and regional authorities outlined in Table 2, beginning in 2004, several
states created transmission infrastructure authorities to coordinate system planning and
expansion (Porter and Fink 2008). In general, these authorities emerged in states that have high
quality renewable resources. 11 Giving sufficient capabilities to the authorities has proven to be
important to their ultimate success. Colorado’s Clean Energy Development Authority, for
example, has had little impact on transmission development within the state, partially due to lack
of allocated budget for staffing and weak financing capabilities. The Kansas Development
Finance Authority, on the other hand, was given more flexibility to issue taxable and tax-exempt
bonds and has proven more impactful on transmission development to promote renewable energy
integration within the state.
Integrated planning efforts are also underway in a number of other venues. For example, the
Western Governors’ Association (WGA), a non-partisan association that represents the
Governors of 19 Western states and 3 U.S Territories, is coordinating a multi-phase study named
the Western Renewable Energy Zones (WREZ) project to identify areas with high quality
renewable resources, determine which of the zones are of greatest interest to developers, and
plan for a transmission network that will bring those resources to the load centers (WGA 2015).
In 2009, WGA published the Phase 1 report, which provides a view of where the richest, most
commercially viable renewable resources are within the Western Interconnection. Subsequent
phases of the WREZ project include:
11

For instance, the New Mexico Renewable Energy Transmission Authority (RETA) was the first infrastructure
authority specifically created to promote RE development. A minimum of 30% of the energy handled by any
transmission project that RETA undertakes must be generated from renewable resources. RETA is considered an
economic development tool to bring New Mexico’s significant solar, biomass, and wind energy potential to markets.
The state has an RPS; however, renewable energy demand within the state is relatively small. A focus of the RETA
is to develop export potential to larger neighboring renewable energy markets, such as those in Arizona and
California.
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•

Analyzing transmission requirements under a broad range of alternative energy futures
and developing long-term, interconnection-wide transmission expansion plans. This is
done by the Western Electricity Coordinating Council (WECC), one of the eight NERC
regional entities, every two years.

•

Developing state-level wildlife decision support systems that can be used to help assess
the viability of new energy generation and transmission in certain areas.

•

Examining the regional impacts of new energy generation on water use, including a look
at the potential impacts of long-term drought on energy production.

Most RTOs also undertake ongoing integrated regional planning initiatives. The Midcontinent
Independent System Operator (MISO) Transmission Expansion Plan, for example, is an annual
study that evaluates and proposes transmission projects to maintain grid reliability and ensure
cost-effectiveness of energy. Southwest Power Pool’s Integrated Transmission Planning process
occurs every three years and includes near-term, 10-year, and 20-year assessments for
transmission system planning and cost allocation.

4.2 Interconnection Standards

Until the early 2000s, individual utilities determined interconnection procedures on a case-bycase basis. Utilities typically applied the federal interconnection standards that were outlined in
PURPA in 1978, which were not designed to accommodate DG such as rooftop solar PV
(Coddington et al. 2012). In 2000, California became the first state to enact a uniform
interconnection standard for DG interconnections. California’s Rule 21 made it easier and faster
for utilities to make decisions about DG interconnection applications (see Text Box 5). Since that
time, many states have adopted interconnection standards that are designed to remove
unnecessary barriers to entry for DG and small generators. As of 2012, 44 states as well as the
District of Columbia and Puerto Rico have interconnection standards or guidelines in place
(Coddington et al. 2012). Despite uniform state-wide standards, utilities retain at least some
discretion. For generators that do not fall under fast-track interconnection procedures, utilities
determine which studies are necessary, the depth of their review, and the interconnection
timeline (Keyes 2008).
While FERC has authority over all large generator interconnections (i.e., generators with 20 MW
or more generating capacity), RTOs and ISOs have greater flexibility for complying with
FERC’s interconnection standards. RTOs and ISOs use FERC Orders 2003 and 792 as a baseline
to design their own interconnection procedures with unique system-specific features, while
FERC retains oversight and approval rights for all system operators except for ERCOT (see Text
Box 1). In general, RTOs and ISOs follow FERC guidelines regarding wind integration
procedures. They follow FERC Orders 661 and 661-A for their OATTs and technical criteria for
wind plants, including low-voltage ride-through requirements (Porter et al. 2009).
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Text Box 4. California’s Rule 21
California’s Rule 21, first adopted in 2000, created state-wide standards for interconnection, and
operating and metering requirements for DG interconnections. The rule required all DG systems to apply
to the California Independent System Operator (CAISO), the entity responsible for open-access
transmission service, for interconnection approval. It also required utilities to interconnect DG systems to
the distribution or transmission system in a non-discriminatory manner. Therefore, all DG systems
interconnected under CAISO’s jurisdiction became subject to CAISO’s transmission and distribution
tariffs. This helped to standardize and streamline the interconnection process for small (e.g., commercial
and residential roof-top) PV systems. In the intervening years since its inception, California’s Rule 21 was
amended and expanded to include additional interconnection requirements for DG systems such as smart
inverter functions, and to synchronize the rule with the recommended requirements set forth in the
Institute of Electrical and Electronic Engineers (IEEE) 1547-2003 Standards for Interconnecting
Distributed Resources with Electric Power Systems. See http://www.cpuc.ca.gov/General.aspx?id=3962
for more information on Rule 21.

4.3 Feed-in Tariffs and Net Metering

A feed-in tariff (FIT) guarantees payments to renewable energy generators for all the electricity
they supply to the grid under a fixed-term contract, typically for a period of 5–20 years. The FIT
rate is typically higher than the retail rate of electricity, and rates paid to renewable energy
generators under FITs can vary based on the desired level of promotion for a specific technology.
Experience with FITs is limited in the United States compared with some European markets such
as Germany, where FITs are widely implemented. Currently, six states (California, Hawaii,
Maine, Oregon, Vermont, and Washington) mandate FITs or similar programs that are
implemented by local utilities in those states. In other states, some utilities have voluntarily
provided FIT incentives. For example, Dominion Virginia Power’s voluntary FIT provides
residential and commercial PV owners with a 15 cent/kWh power purchase contract for all
electricity supplied to the grid for 5 years (Dominion Virginia Power 2016).
Net metering policies are closely related to FITs in that they provide a production-based
incentive to commercial and residential distributed renewable energy generators. Net metering
grants per-kWh credits toward end-use customers’ monthly electric bills based on the amount of
electricity the customer-cited renewable energy generator supplies to the grid. Figure 5 depicts
the forty-one states, the District of Columbia, and four U.S. territories that have adopted some
form of state-wide net metering policy.
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Figure 5. States with net metering policies (as of February 2016)
Source: DSIRE (2016)
U.S. Territories with net metering rules include American Samoa, U.S. Virgin Islands, and Puerto Rico
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5 Conclusion

Grid interconnection policies serve as an important backdrop to broader reforms and market
factors influencing the integration of renewable energy (renewable energy) on the electric grid.
This report reviews current interconnection policies for renewable energy generators and
provides a brief history of the regulatory landscape for interconnection policies in the United
States. Where appropriate, integration policies and their implications for renewable energy are
discussed within the broader context of wholesale power market reform.
The purpose of this report is to clearly outline the stakeholders and institutional framework under
which interconnection policies are established and implemented in the United States, and to
enable power sector practitioners to navigate renewable energy interconnection policies in the
United States. Ultimately, this report aims to serve as a reference and guidance document for
stakeholders involved in designing and implementing power system practices. The laws and
regulations discussed in this report can serve as illustrative examples for regulators and power
system practitioners seeking to update interconnection policies and procedures to enable the
growth of renewable energy, including variable renewables such as wind and solar, in the electric
power system.
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