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AVR
CAISO

CcC
CONE
CP
cQ
C1/GT

CRR
DAM
DOE
EIM

EIS
EMAAC

EPA

ERCOT

FCM
FERC

FTR
GWh
Hz
ICAP
ICR
ICT

IPP
IRM
ISO
ISO-NE

kV
kW
kWh
LBMP

LDA
Ll
LIP

Automatic voltage regulator

California Independent System
Operator

Combined cycle

Cost of a new entry

Capacity price

Capacity quantity

Combustion turbine/gas
turbine

Congestion revenue right

Day-ahead market

Department of Energy

Energy Imbalance Market

Energy imbalance service

Eastern Mid-Atlantic Area
Councill

Environmental Protection
Agency

Electric Reliability Council of
Texas

Forward Capacity Market

Federal Energy Regulatory
Commission

Financial fransmission rights
Gigawatt-hour

Hertz

Installed capacity

Installed capacity requirement

Independent coordinator of
fransmission

Imbalance energy
Independent power producer
Installed reserve margin
Independent system operator

Independent System Operator
of New England

Kilovolt

Kilowatt

Kilowatt-hour

Locational based marginal
pricing

Locational Delivery Area

Long Island area

Locational imbalance price

LMP
LSE
MAAC
MCP
MCQ
MESA

MISO

MVA
MV Ar
MW
MWh
NERC

NETL

NYA
NYCA
NYISO

OASIS

OOMC

PJM
PMA

PRA
PSC
PUC
QSE
RE
REP
RPM
RPS
RTO

SPP
SWMAAC

TCC

TDSP

Locational marginal price
Load serving entity
Mid-Atlantic Area Council
Market clearing price
Market clearing quantity
Mission Execution and Strategic
Analysis
Midcontinent Independent
System Operator
Mega-volt-ampere
Mega-volt-ampere reactive
Megawatt
Megawatt-hour

North American Electric
Reliability Corporation

National Energy Technology
Laboratory

New York City area
NYISO area

New York Independent System
Operator

Open access same-time
information system

Out-of-merit
commitment/capacity
PJM Interconnection, L.L.C.

Power marketing
administration

Planning Resource Auction
Public service commission
Public utility commission
Quallified Schedule Entity
Resource Entity

Retail electric provider
Reliability pricing model
Renewable portfolio standards

Regional transmission
organization

Southwest Power Pool, Inc.

Southwestern Mid-Atlantic Area
Council

Transmission congestion
contracts

Transportation distribution
service provider
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u.s.
UCAP
VAr
VCA
VRR

Wh

United States

Unforced capacity
Volt-ampere reactive
Voluntary capacity auction
Variable resource requirement
Watt

Watt-hour
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1 ISO/RTO PRIMERS OVERVIEW

The National Energy Technology Laboratory (NETL) has developed a series of primers on
independent system operators (ISOs) and regional transmission organizations (RTOs). The
primers primarily explore the history, workings, and types of electricity markets composing the
seven ISOs/RTOs in the United States (U.S.) (Exhibit 1-1).

Exhibit 1-1. North American I1SOs/RTOs"

=

o

NTINENT ISO

o

JB

NEW ENGLAND ISO

g . ' _.“%

4

-
CALIFORNIA 1SO .

g

>
SOUTHWEST POWER POOL -
ERCOT ISO

The primer series includes sixteen documents. A general introduction to ISOs/RTOs is given in
Independent System Operators and Regional Transmission Organizations . Specific details about
the seven existing ISOs/RTOs in the United States are given in seven additional primers:

e (California Independent System Operator

ERCOT Independent System Operator

e |ISO New England Regional Transmission Operator
e MISO Regional Transmission Operator

e New York Independent System Operator

e PJM Regional Transmission Operator

! ABB Velocity Suite. (2019). Intelligent Map - US ISO/RTO Regions.
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e Southwest Power Pool, Inc.

These primers provide a history of each ISO/RTO, short explanations of products and services
(different types of electricity markets) offered by ISO/RTO, and the ISO/RTO generation mix.
Readers who are not familiar with the different types of markets and their mechanisms can find
basic information in six additional primers titled:

e Power Markets

e Energy Market

e Capacity Market

e Comparisons of Different ISO/RTO Capacity Market Structures
e Ancillary Services

e Financial Transmission Rights

Additionally, the primer North American Electric Reliability Corporation introduces the electric
reliability organization, which is responsible for reliability of the bulk power system and Federal
Energy Regulatory Commission introduces the federal commission responsible for overseeing
the nation's electric power markets and related energy and financial markets and issuing market
related rules and regulations.

All the primers are very short and concise documents. They are accompanied by a Glossary of
Terms in which many of the technical terms used in these primers are defined.
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2 POWER MARKETS

2.1 HISTORY OF POWER MARKETS

U.S. power markets are extremely complex, not only in their technical dimensions but in their
business structures. Markets operate with both public and private ownership, in both regulated
and deregulated environments,? and under both federal and state regulatory control. In
addition, electricity markets create contracts with a flow of obligations for power delivery that
do not match the flow of electrons. The result is a physical infrastructure with varying
contractual structures, and complex, occasionally-conflicting incentives.

In an industry that was served by highly-regulated, regional or local monopoly utilities, the
electric grid started simply as a delivery device for electric service, owned and operated by
vertically-integrated utilities. These utilities managed and invested in their own local generation,
transmission, and distribution infrastructure, with the changing needs of their service area and
with the blessing of state regulators. Eventually utilities began connecting their local
transmission grids to neighboring systems, primarily to improve reliability, but also to reduce
redundant generation. While state regulators oversaw the retail rate setting and utility
investment decisions, the federal government, through the Federal Energy Regulatory
Commission (FERC), regulated transactions across state lines—namely, wholesale power
purchases and transmission investments. Typically, a retail electricity rate comprises three
charges: generation, transmission, and distribution;3 Exhibit 2-1 highlights each phase. The
supply charge accounts for the largest percent of the total rate while the transmission charge
accounts for the smallest percent (e.g., a Duquesne Light residential consumer in 2019 using a
third-party supplier paid 8.36 cents/kWh for supply and 6.83 cents/kWh for transmission and
distribution).*

2 Many of the technical terms used in this primer are defined in a companion Glossary of Terms.

3 United States Government Accountability Office. (2008). Electricity Restructuring: FERC Could Take Additional Steps to
Analyze Regional Transmission Organizations’ Benefits and Performance. Retrieved on September 16, 2011, from
http://www.gao.gov/products/GAO-08-987

4 Duquesne Light Company. (2018). Electricity bill - Meter Reading Usage Information. Retrieved on February 25, 2019,
from a customer bill.
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Exhibit 2-1. Generation, transmission, and distribution

C0|or Key: Substation

Black: Generation Step Down Subtransmission

Blue: Transmission Transformer —ote Customer

Green: Distribution Transmission lines ‘E: 26kV and 69kV
765, 500, 345, 230, and 138 kV

. . [4
Generating Station / JJ_ Primary Customer

-y
namng 13KV and 4kV

{Iﬂﬂ |

—

L —
r\l_
Generating Transmission Customer a a Seiggf\ilafy ggitg\r/nef
an
e Un 138KV or 230kV ==
Transformer

Source: U.S.-Canada Power System Outage Task Force®

Exhibit 2-2 highlights the owners and regulators for each of the three phases of electricity
supply and delivery. Exhibit 2-3 highlights the roles FERC, North American Electric Reliability
Corporation (NERC), and state Public utility commissions (PUCs)/Public service commissions
(PSCs) take in ensuring the reliable and cost-effective delivery of electricity.

Exhibit 2-2. Generation, transmission, and distribution regulation and ownership

0 Transmission Distribution

FERC
State PUC State PUCs State PUCs
NERC (sets reliability standards)

Investor-owned utilities

Investor-owned utilities Investor-owned utilities
Publicly-owned utility . - . -
Publicly-owned utility Publicly-owned utility
Independent power producers . .
Federal power marketing authorities Federal power
Federal power marketin . . . "
P & Independent transmission companies marketing authorities

authorities

5U.S. - Canada Power System Outage Task Force. (2004). Final Report on the August 14, 2003, Blackout in the United
States and Canada: Causes and Recommendations, p. 5. Retrieved on September 16, 2011, from
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/BlackoutFinal-Web.pdf
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Exhibit 2-3. Power market regulators

An independent commission with regulatory power over issues of interstate commerce of
electricity, natural gas, and oil pipelines

Monitors and investigates energy markets, establishes transmission tariffs, and maintains the
authority to impose civil penalties on energy organizations or individuals who violate FERC
rules

A non-profit organization formed in 1968 to ensure adequate power supply for electric utility
systems in North America

NERC is designated by FERC as an electric reliability organization

NERC primarily works with industry to develop standards for power system operation
monitoring and enforcing compliance with those standards, and assessing resource adequacy®

State-by-state regulatory bodies with responsibility for overseeing utility activity within the
state

State PUC/PSC

Primary activities include reviewing proposed utility investments and establishing allowable
rates for utilities to charge ratepayers

In the early 1990s, the federal government, along with several states, began to take a series of
steps aimed at restructuring the electricity industry, particularly targeted at increasing
competition in wholesale power markets. In order to facilitate competition, FERC issued a
variety of orders, starting in April 1996 with Order 8887, which required that transmission
owners under FERC jurisdiction (mainly large investor-owned utilities) allow other entities to
access the transmission owners’ transmission lines at the same prices and with the same terms
and conditions that they applied to themselves. Deregulation of power markets has been
implemented in several states, while other states have suspended deregulation due to a variety
of factors (Exhibit 2-4).

6 More details about NERC can be found in North American Electric Reliability Corporation primer.

7 Federal Energy Regulatory Commission. (1996). Order No. 888: Promoting Wholesale Competition Through Open Access
Non-discriminatory Transmission Services by Public Utilities and Recovery of Stranded Costs by Public Utilities and
Transmitting Utilities. Retrieved on September 16, 2011, from hitp://www.ferc.gov/legal/maj-ord-reg/land-
docs/order888.asp
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Exhibit 2-4. U.S. deregulation status

US Electric Deregulation status

Active in Restructuring

Deregulation Suspended

Mot Active in Restructuring

Commercial & Industrial Restructuring only

NOCE

Source: ABB Velocity Suite®

2.2 REGULATED MARKETS

Typically, in both regulated and deregulated markets the retail rate of electricity is viewed in

three components—generation, transmission,
and distribution. In regulated states all these
rates continue to be monitored and controlled
by state PUCs/PSCs. Utilities are allowed to
recover the costs of service along with an
approved return on investment, which is
typically presented as a percentage of the value

of assets in a utility’s “rate base.” The
components of a utility’s rate base are

dominated by the annual cost of property, plant,
and equipment, but can also include other
expenses at the discretion of each individual
state’s PUC/PSC. A utility’s largest operating
expense—fuel—is typically treated as a pass-
through to consumers without an additional

Ancillary services

Frequency regulation support: Generators
that provide a short-term response capability
(or demand response) used to balance short-
term deviations between system load and
generation

Operating reserve: Generators and demand
resources that are used to balance shorter-
term deviations between system load and
generation, correct-load forecasting errors,
handle forced outages, and recover from a
contingency

Reactive power: Used to compensate for
voltage drops, typically provided closer to the
load than real power needs

8 ABB Velocity Suite. (2019). Intelligent Map - US Electric Deregulation.
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return on investment to the utility. PUCs/PSCs are tasked with ensuring the utilities operating in
their state are able to provide reliable energy services to the state’s population at the lowest
possible cost. However, the state PUCs/PSCs must also allow utilities to follow legislative
requirements, such as meeting Renewable Portfolio Standards, which could cause a utility to
procure power at a cost higher than the lowest technically possible cost (i.e., by using different
energy sources).

2.3 DEREGULATED MARKETS

In deregulated states, distribution rates are still regulated by state PUCs/PSCs, and transmission
rates are regulated by FERC, but generation rates and ancillary services markets are determined
by competitive markets. The wholesale markets continue to be monitored by FERC to ensure
that they are competitive markets. Deregulated states typically have markets for wholesale
power, ancillary services, and capacity services. In addition, ISO/RTOs, which maintain grid
operations, typically facilitate other markets or provide other services such as transmission
congestion hedging, integration studies, and functioning as a contract clearinghouse.

Wholesale power markets consist of transactions of large amounts of power from a generator
to a supplier, such as a load serving entity (LSE). The LSE is typically a business, such as a
generator, broker, marketer, aggregator, or utility that sells electricity to consumers using the
transmission or distribution facilities of an electric company and pays a tariff to the distribution
company. Wholesale market prices are set on a local (“node”) basis to account for the physical
restrictions of transmission capacity and generation asset access. Wholesale markets are
typically managed on a day-ahead and spot basis such that generators can plan their operations
and consumers can count on adequate supply. Additionally, generators, LSEs, or large retail
users can enter into bilateral contracts—buying/selling power between two parties—without
going through the wholesale market; however, the grid operator (typically an ISO/RTO) must be
aware of the contract in order to maintain reliability and order generators dispatch.

Reliability is ensured by the market (and facilitated by grid operators) via forward capacity
markets and services markets. Forward capacity markets provide payment to generators for
having generating capacity available in sufficient quantity to provide a reserve margin above the
anticipated demand. Forward capacity markets are typically for medium to long term, with
generators providing capacity availability for three months to a year, up to three years in
advance. Ancillary services markets are run on a shorter timeframe, with generators bidding
capacity to provide availability for regulation support, operating reserve, or reactive power in
order to maintain the minute-to-minute reliability of the grid.

Another key feature of deregulation is the ability for retail consumers to choose their supplier of
electric services. Through FERC Order 888, transmission lines are required to be offered to the
market at established tariffs; similarly, deregulation typically provides for distribution lines to be
available to the market at established tariffs. Each of these elements is key to retail competition
in that they allow third parties (i.e., parties other than the direct owner of the transmission or
distribution line) to access the lines and provide electric service to consumers. Retail choice in
an electric provider means that a consumer can sign a contract with a qualified third-party
electric service provider who could, in turn, contract with a generator (on a bilateral basis), self-
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generate, or purchase power in the wholesale market, and pay the necessary tariffs to the
transmission and distribution owner. Third party electric service providers make money when
they are able to sign contracts with retail consumers at higher prices per kWh than they must
pay for transmission, distribution, and wholesale power, and often engage in energy trading or
hedging activities.

While the markets have devised methods for writing contracts between generators, LSEs, and
transmission owners, these contracts do not necessarily reflect the physical flow of electrons on
the grid. Electrons flow along paths of least resistance, not as written in a contract. Contracts
will, in part, reflect this reality, as ISOs/RTOs will account for the maximum transmission line
capacity when administering contracts

and will disallow contracts that exceed Exhibit 2-5. Simplified contract flow

the physical limitations of the grid.

However, other contracts—such as retail
purchases of “green” power—are
allowed despite the physical reality that
once electrons enter the grid it is
impossible to determine which electrons
are delivered to a load. Contracts may be
written as shown in Exhibit 2-5
depending on a variety of economic
factors, including the marginal cost of
production for each generator, the
marginal price at each node, costs of N A
congestion, and expected line losses.
However, depending on the resistive
properties of each node (including the
distance from each generator to each node),
the actual power flow may be different from the contract power flow.

Generator 1 Generator 2

Contract
Delivery:
200 MW

Contract Delivery: 100 MW
Contract
Delivery:
100 MW
Contract Delivery: 200 MW

<
<

Demand:
111 300 MW

Demand:

ISOs and RTOs have the responsibility for maintaining the physical flow of power, but this is
done on a day-to-day (and hour-to-hour) basis by providing dispatch signals to generators in the
region. The RTO then administers the market by settling contracts between buyers and sellers of
power based on the forward contracts that were previously executed or by the spot prices that
existed when the RTO sent the dispatch signal. In the simplistic example above, the RTO would
settle payments from the load center based on the contract flow, not on the expected physical
flow.

Although the physical power flows and contractual agreements do not match, FERC and other
market players have decided that this inconsistency is acceptable, and thus there are no adverse
impacts on generators or LSEs for the mismatch. FERC recognized this difference in Order 888,
which determined that contract flow was acceptable predominantly because going to a power
flow-based contracting system would be too disruptive to the industry and thus would slow the
move to more competitive wholesale power markets and hinder open access to transmission.
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More details about different markets can be found in the primers Energy Market, Capacity
Market and Ancillary Services. More details about different ISOs/RTOs can be found in the
ISO/RTO primers California Independent System Operator, ERCOT Independent System
Operator, ISO New England Regional Transmission Operator, MISO Regional Transmission
Operator, New York Independent System Operator, PJM Regional Transmission Operator, and
Southwest Power Pool, Inc.
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3 ENERGY MARKET

Electric energy® is “the generation or use of electric power over a specified time, usually
expressed in gigawatt-hour (GWh), megawatt-hour (MWh), or kilowatt-hour (kWh).”20 An
electric energy market is a “system for purchasing and selling electric energy using supply and
demand to set the price.”1% It is a part of an electricity market and is coordinated by an
independent system operator (ISO) or a regional transmission organization (RTO). The energy
market is used in a restructured electric industry where the electric power generating facilities
and services are separated from the power transmission and distribution lines and services to
provide more energy-efficient energy production. In the restructured industry, generating
companies are competing to sell the energy, allowing a consumer to choose his or her own
electricity suppliers.

An energy market is different than any other economic market. First, electrical energy cannot be
stored in large quantities. It must be produced in real-time to meet a constantly changing
demand. Second, electric energy cannot be labeled or traced out to sources or sinks. Once
energy is produced, whether by a coal power plant or a renewable power plant, it cannot be
distinguished. Third, power flows cannot be controlled by contracts because power flows follow
the laws of physics. These differences make an energy market very challenging to operate.

An energy market can have one of three architectures:

e Poolco model — a spot market where generating companies compete for the right to
supply energy and consumers compete for the right to consume energy. In the poolco
model, supply and consumption go directly to and from the grid, instead of to a specific
consumer and from a specific generating company

e Bilateral contracts — trading contracts between a specific generating company (a seller)
and a consumer (a buyer) without going through a spot market

e Hybrid model —a combination of the poolco model and the bilateral contracts

Today’s markets are mostly hybrid models where an ISO/RTO is coordinating the spot market
and is acting as a clearinghouse for the bilateral contracts.

3.1 MARKET CLEARING

The energy market is a two-sided auction model. Generating companies submit bids and
consumers submit offers to the ISO/RTO. The generating companies submit bids to supply a
certain amount of electrical energy at a certain price, while the consumers submit offers to
consume a certain amount of electrical energy at a certain price. The ISO/RTO aggregates the
bids in a supply curve and the offers in a demand curve. The intersection of the aggregated
demand and supply curves represents the market clearing price (MCP) and the market clearing
guantity (MCQ). If the generating company’s bid is less than the MCP, it will be accepted.

? Many of the technical terms used in this primer are defined in a companion Glossary of Terms.

101SO New England. (2018). Glossary and Acronyms. Retrieved on February 21, 2019, from htfps://www.iso-
ne.com/participate/support/alossary-acronyms
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Conversely, if a consumer’s offer is larger than the MCP, it will be accepted. The generating
companies will be informed by the ISO/RTO how much they should generate; consumers will be
informed how much they are allowed to draw from the grid. The market clearing mechanism
can be illustrated using a simple example with two generating companies and two consumers.

Example 1 — Market Clearing: An ISO/RTO receives the bids and offers, for a particular hour,
from two producers and two consumers as shown in Exhibit 3-1 and Exhibit 3-2, respectively.
Gen Company 1 is willing to sell 200 MWh at $10/MWHh, an additional 50 MWh at $25/MWh, an
additional 50 MWh at $40/MWh, and an additional 50 MWh at $60/MWh. Gen Company 2 is
willing to sell 150 MWh at $15/MWh, an additional 100 MWh at $20/MWh, and an additional
50 MWh at $50/MWh.

Exhibit 3-1. Generating company bids

Gen Company 1 Gen Company 2

10 200 15 150
25 50 20 100
40 50 50 50
60 50

Similarly, Consumer 1 is willing to buy 50 MWh at $60/MWh, an additional 50 MWh at
$50/MWh, and an additional 100 MWh at $30/MWh. Consumer 2 is willing to buy 50 MWh at
S80/MWh, an additional 75 MWh at $70/MWh, an additional 150 MWh at $40/MWh, and an
additional 200 MWh at $20/MWh.

Exhibit 3-2. Consumer offers

BT TR

60 50 80 50

50 50 70 75

30 100 40 150
20 200

In order to clear the market, the ISO/RTO determines the aggregated supply and demand curves
by stacking up the bids and offers (Exhibit 3-3).

11
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Exhibit 3-3. Aggregated supply and demand curves

Aggregated Supply ‘ Aggregated Demand

10 0-200 1 80 0-50 2
15 200-350 2 70 50-125 2
20 350-450 2 60 125-175 1
25 450-500 1 50 175-225 1
40 500-550 1 40 225-375 2
50 550-600 2 30 375-475 1
60 600-650 1 20 475-675 2

The supply and demand curves are depicted in Exhibit 3-4. The intersection of these two curves
represents the MCP and the MCQ. All bids and offers shown to the left of the MCQ will be
accepted.

Exhibit 3-4. Market clearing price and quantity

90
80
70 ————i =
= 60 MCQ = 475 MWh Aggregated
2 50 AN Supply
T N A— AN
g = g
L 20 _r- ) -Aggregated
10 f=======-=-= Demand
0 100 200 300 400 500 600 700

Quantity [MWh]

For the particular hour, the MCP will be set to $25/MWh and the total traded energy will be 475
MWh. All participants receive/pay the same MCP because the transmission network was not
included in the analysis. Gen Company 1 will sell to the grid 225 MWh, with revenue of $5,625.
Gen Company 2 will sell 250 MWh, with revenue of $6,250. Consumer 1 will draw from the grid
200 MWh, with an expense of $5,000. Consumer 2 will draw 275 MWh, with an expense of
$6,875. The total revenue is equal to the total expenses, if the transmission network is not
included in the analysis, or if there is no network congestion.

An ISO/RTO dispatches generators in a merit order, meaning that it starts from the least
expensive units and moves up to more expensive units. However, sometimes this is not possible
due to power delivery limitations or power constraints of the transmission system. In this case,
more expensive generators that have no transmission system limits may be operated in place of
the less expensive units. This is referred to as “out of merit dispatch.”
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3.2 LOCATIONAL MARGINAL PRICE

Locational marginal price (LMP) is a pricing mechanism used by an ISO/RTO to price energy
purchases and sales, to price transmission congestion cost, and to price the cost of energy
losses. LMP is defined as a cost to serve the next MW of load at a specific location, using the
lowest production cost of all available generators and with respect to all transmission limits.
LMP is based on actual (physical) energy flows within an ISO/RTO, not on contract paths.
Example 2! is used to illustrate the LMP pricing mechanism.

Example 2 — Locational Marginal Price: An ISO/RTO receives the bids and offers, for a particular
hour, from two producers and two consumers, shown in Exhibit 3-5. Gen Company 1 and
Consumer 1 are located in Area 1, and Gen Company 2 and Consumer 2 are located in Area 2.
Area 1 and Area 2 are connected with a transmission line with a power limit of 500 MW. Gen
Company 1 is willing to sell 500 MWh at $25/MWh and Gen Company 2 is willing to sell 250
MWh at $35/MWh. Consumer 1 is willing to buy 200 MWh and Consumer 2 is willing to buy 275
MW, regardless of the electricity price. Using the same approach illustrated in Example 1, the
ISO/RTO set the MCP to $25/MWh and energy traded at 475 MWh.

Exhibit 3-5. Simple electric energy system without congestion

Transmission limit = 500 MW

v

Power flow = 275 MW

LMP1 = $25/MWh LMP2 = $25/MWh

Gen Company 1 meets all demand and sells to the grid 475 MWh at $25/MWh. Consumer 1
draws 200 MWh from the grid and pays $25/MWh, while Consumer 2 draws 275 MWh and pays
$25/MWh. Power flow over the transmission line is 275 MW from Area 1 to Area 2. The
generating companies’ total revenues ($11,875) are equal to the total consumers’ payments
(511,875) because there is no congestion in the system. The ISO/RTO used the cheapest
generation company to provide energy for both demands.

Assuming the transmission line has a power limit of 250 MW (Exhibit 3-6), the ISO/RTO will not
be able to schedule the cheapest resources first. The maximum power that can be transferred
from Area 1 to Area 2 is constrained to 250 MW. Because of the fully-loaded transmission line,
an additional MW of load in Area 1 is provided by Gen Company 1 at $25/MWh and an
additional MW of load in Area 2 is provided by Gen Company 2 at $35/MWh. The marginal

1 Example 1 may also be used to illustrate LMP; however, due to the complexity to obtain the opfimal solution for a
fransmission congestion problem, Example 1 is replaced with a simpler example (Example 2) that illustrates LMP more
intuitively. Solving a transmission congestion problem in Example 1 requires using an opftimization solver and is beyond the
scope of this primer.
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production cost is therefore different in each area. Because the marginal price depends on the
location where the energy is produced or consumed, it is called “locational marginal price.” LMP
for Area 1 is set to $25/MWh and LMP for Area 2 is set to $35/MWh.

Exhibit 3-6. Simple electric energy system with congestion

Transmission limit = 250 MW

v

Power flow = 250 MW

it 1111 B LMP1 = $25/MWh LMP1 = $35/MWh

Area 1

Gen Company 1 produces 450 MWh and is paid $25/MWh. Gen Company 2 produces 25 MW
and is paid $35/MWHh. Consumer 1 buys 200 MWh at $25/MWh. If this was a bilateral market,
Consumer 2 would buy 250 MWh at $25/MWh and 25 MWh at $35/MWh; however, Consumer
2 buys all 275MWh at $35/MWh because Consumer 2 is in a pool market. The total generators’
revenue ($12,125) is not equal to the total consumers’ payment ($14,625), because the
congested transmission limited the use of cheaper generating resources. In this case the
consumers pay more than the generating units receive. The excess is the congestion cost. The
congestion costs are collected by the market operator and are given to holders of a financial
transmission right (FTR) as a compensation for transmission congestion charges that arise when
the transmission grid is congested. More details about FTR can be found in the Financial
Transmission Rights primer.

3.3 CONGESTION COST (CONGESTION SURPLUS)

The congestion costs are approximately!? equal to a difference in LMP prices across the
transmission line multiplied by the transferred amount. In Example 2, the congestion cost is
equal to $2,500.

3.4 TIME FRAMES OF ENERGY MARKETS

Different 1ISOs/RTOs in the United States coordinate energy markets over different time frames.
Energy markets can be day-ahead or real-time, depending on when the operating hours occur.
The illustrated procedure for the market clearing and locational price is applicable to each
market. However, some markets have additional decisions that should be made and can
influence the generation dispatch. As an example, in a day-ahead market, generating units are
dispatched based on several factors including marginal fuel cost and technical constraints, such

12 Exact calculation of the transmission cost is a more complex problem and it requires usage of optimization tools.
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as start-up and shut-down costs, how fast the unit can go from zero to maximum power output,
and the water level for hydro units.

Exhibit 3-7 summarizes the existing energy markets in the United States by ISO/RTO.

Exhibit 3-7. Energy markets in the United States

Energy market

ISO/RTO
California ISO Yes Yes
ERCOT Yes Yes
Midcontinent ISO Yes Yes
ISO New England Yes Yes
New York ISO Yes Yes
PIM Yes Yes
Southwest Power Pool Yes Yes

3.5 WESTERN ENERGY IMBALANCE MARKET

Western Energy Imbalance Market (EIM), operated by CAISO, is a voluntary real-time energy
market that began operation on November 1, 2104.13 The main difference between EIM and
other real-time energy markets in the United States is Western EIM allows entities outside an
ISO/RTO to participate in the market. Utilities that join Western EIM maintain control over their
assets, planning, and operation, and remain responsible for balancing authority operation.'*
Western EIM is governed by a five-member body that is delegated by regional stakeholders.

Western EIM was established to meet three objectives. First, to enhance the grid reliability.
Second, to find the most cost-effective energy resources to serve the area. Third, to improve the
integration of renewable energy. To join Western EIM, an entity has to go through five steps: (1)
perform cost benefit analysis, (2) establish an implementation agreement, (3) train for EIM, (4)
establish operating procedures, and (5) complete the implementation process (establish
agreements and identify scheduling coordinator and participating resources, integrate with the
ISO full network model, implement metering, modify operating and bid-to-bill systems, perform
testing, certify readiness, and conduct parallel operations and transmission to binding EIM
production).t®

More details about different markets can be found in the primers Energy Market, Capacity
Market and Ancillary Services. More details about different ISOs/RTOs can be found in the
ISO/RTO primers California Independent System Operator, ERCOT Independent System

13 Western Energy Imbalance Market. (2019). About. Retrieved on April1, 2019, from
https://www.westerneim.com/Pages/About/default.aspx

14 Bonneville Power Administration. (2019). Energy Imbalance Market. Retrieved on April 1, 2019, form
https://www.bpa.gov/PROJECTS/Initiatives/EIM/Pages/Energy-Imbalance-Market.aspx

15 Western Energy Imbalance Market. (2019). Join EIM. Retrieved on Aprill, 2019, from
https://www.westerneim.com/Pages/JOINEIM.aspx
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Operator, ISO New England Regional Transmission Operator, MISO Regional Transmission
Operator, New York Independent System Operator, PJIM Regional Transmission Operator, and
Southwest Power Pool, Inc.
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4 CAPACITY MARKET

Capacity is “the rated and continuous load-carrying ability, expressed in megawatt (MW) or
megavolt-ampere (MVA), of generation, transmission, or other electrical equipment.”0 A
capacity market, when it exists, is a part of the electricity market and is coordinated by an
Independent System Operator (ISO) or a Regional Transmission Organization (RTO).® A capacity
market is designed to provide long-term pricing signals to attract needed new investments and
to maintain existing resources required to ensure resource adequacy and the reliability of an
ISO/RTO region. The capacity market is used to commit capacity resources required to reliably
meet forecasted demand and to provide sufficient reserve margins. It can be mandatory or
voluntary with a timeframe from a few months to three years in advance (forward market). The
capacity market usually has a few additional incremental auctions that are held closer to the
capacity commitment period, to adjust the capacity obligation due to a load forecast increase or
decrease. The capacity markets developed by different ISOs/RTOs differ with respect to

e Demand curve (e.g., vertical versus downward-sloping)
e Auction mechanism (e.g., optimization or descending clock auction)

e Length of the forward commitment period (e.g., a few months to a few years)

4.1 MARKET CLEARING

The capacity market uses a capacity auction mechanism to clear the market by reconciling an
offer-based supply curve with a demand curve. The auction mechanism can be an optimization
or descending clock auction. In both cases, the ISO/RTO defines a price cap. The price cap is
imposed to avoid unreasonably large capacity prices.

The supply curve is designed by sequentially aggregating offers submitted by capacity resource
owners. The capacity owners submit offers to provide a certain amount of capacity at a certain
price. An ISO/RTO aggregates the offers in a capacity “offer curve.” Depending on the ISO/RTO,
the capacity resources may consist of

e Generator resources (existing and e Energy efficiency resources

planned) e Qualifying transmission upgrades

* Demand resources e Interruptible load for reliability

e Energy Storage Unit resources

The demand curve can be vertical or downward-sloping. The vertical demand curve is the
simplest way to specify a capacity requirement (Exhibit 4-1). The installed capacity requirement
(ICR) is based on a probability that the customers will be disconnected due to resource
deficiency no more than once in ten years. The ICR is usually calculated as a sum of a forecasted
demand and a planning reserve margin, that is developed based on the required reliability level
(once in ten years loss of supply).

1¢ Many of the technical terms used in this primer are defined in a companion Glossary of Terms.
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The downward-sloping demand curve is based on a variable resource requirement concept. The
purpose of the resource requirement concept is to prevent overbuilding and to provide revenue
to a resource when the reliability level is lower than required. The demand curve is defined by a
family of price/quantity points where each level of the resources is correlated with a specified
price (Exhibit 4-1). The demand prices are a function of the net cost of a new entry (CONE), and
the demand quantities are a function of the reliability requirement. The net CONE is defined as
a difference between investment costs and estimated variable profits over the life of the project
expressed in $/MW-day or $/kW-month. The demand price is higher than the net CONE if the
level of the resources is less than the reliability requirement. The demand price is lower than
the net CONE if the level of the resources is larger than the reliability requirement. The
reliability requirement is a function of regional and locational target reserve margins.

Exhibit 4-1. Demand curve

Level of resources is
larger than the

Level of resources
is less than the

reliability i reliability requirement
«— ! —

Price, Price 4 i
Price|______________ Price i
Cap Cap |
Net Joooo____.] :
CONE !

ICR Quantity [MW] Target Quantity [MW]

a) Vertical Demand b) Downward-Sloping Demand

An auction mechanism that is used to clear a capacity market can be an optimization or a
descending clock auction. The optimization mechanism is based on determining a capacity
requirement that provides the required reliability level at the minimum cost. The resource
owners submit offers to provide capacity at a certain price while the load-serving entities (LSEs)
submit forecasted capacity requirements. The ISO/RTO aggregates the capacity offersin a
capacity offer curve and uses the LSE’s capacity requirements to determine a demand curve.
The intersection of the capacity offer curve and the demand curve represents the market
capacity price (CP) and the capacity quantity (CQ) (Exhibit 4-2). If the resource owner’s offer is
smaller than the CP price, it will be accepted, and the capacity resource owner will be obligated
to provide the submitted level of capacity during the operating year. If the resource owner’s
offer is higher than the CP price, it will not be accepted, and the capacity resource owner will
not be obligated to provide the submitted level of capacity during the operating year.
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Exhibit 4-2. Illustration of an ISO/RTO capacity market clearing results
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Adapted with permission from PJM*

The descending clock auction is a multi-round process that is used in ISO New England (ISO-NE).
The process is based on reducing the capacity market price until the quantity of available
capacity resources matches the fixed capacity demand. The basic concept of the descending
clock auction is that more than enough capacity resources will submit offers if the market
capacity price is high. Some capacity resources will remove themselves from the auction as the
capacity market price drops (Exhibit 4-3).

Exhibit 4-3. Descending clock auction mechanics

Price Intra-Round Offer Curve
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Adapted with permission from ISO-NE®

17 PJM. (2013).2010/2011 RPM Base Residual Auction Results. Retrieved on January 15, 2013, from
http://www.pjm.com/~/media/markets-ops/rom/rom-auction-info/20080201-2010-201 1-bra-report.ashx

181SO-NE. (2018). Training Material - FCM 101: Lesson 5A-Forward Capacity Auction. Retrieved on February 26, 2019, from
https://www.iso-ne.com/participate/training/materials/2key-topic=Forward%20Capacity%20Market%20Training
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In each round the auctioneer announces a start of round price, the end of round price, and
excess supply at the end of the prior round, and participants submit offers at prices within the
announced price range. The descending clock clearing mechanism can be illustrated using a
simple example.

Example 1 — A Descending Clock Auction: An ISO-NE auctioneer conducts a descending clock
auction to provide enough capacity resources to meet the future demand. The auctioneer
forecasts that the installed capacity requirement (ICR) is 25,000 MW, existing capability is
23,000 MW, participating new capacity is 5,000 MW and CONE = S5/kW-month. The auctioneer
announced $10/kW-month as the start of round 1 price and $8/kW-month as the end of the
round price. The resource owners offer all available capacity (28,000 MW) and the auctioneer
calculates 3,000 MW of excess capacity. The auctioneer then announces $7.99/kW-month as
the start price and $6/kW-month as the end price for round 2. Some owners decide to remove
their offers from the auction because the new price is not profitable for them. The new capacity
offer is 26,000 MW. The auctioneer determines that there is still 1,000 MW of the excess
capacity. New start and end of the round 3 prices are $5.99/kW-month and $4.00/kW-month,
respectively. The resource offer is 25,500 MW, which leads to -500 MW of excess capacity. The
auctioneer stops the auction and determines the closing price as the intersection between the
demand curve and offer curve. The closing price will be between 5.99/kW-month and
$4.00/kW-month.18

4.2 ZONAL OR LOCATIONAL CAPACITY PRICE

The forward-capacity auction begins with a single system-wide price. However, making sure that
there is enough capacity in the ISO/RTO area does not mean that capacity is deliverable to
specific locations. 1ISOs/RTOs introduce zonal or locational capacity prices to overcome this
obstacle.

An ISO/RTO determines the locational capacity price using a similar approach as described
above. The only difference is that it will use zonal/local demand, capacity resources, and CONE.
A zonal capacity price will be different than the region capacity price if the location is import-
constrained. The difference between these two prices should attract capacity resources in
locations where they are needed the most. The New York ISO was the first market to introduce
a locational capacity market. It has four different capacity zones as grouped load zones for
specifying locational minimum installed capacity requirements: New York City, Long Island, G-J
Locality, and New York Control Area. For each of the zones, the New York ISO set the locational
capacity price (Exhibit 4-4).

Exhibit 4-4. New York ISO Summer 2018 capacity auction results®

‘ Capacity price [$/kW-month] ‘ 10.43 ‘ 6.10 ‘ 1.75 ‘ 10.39 ‘

19 New York ISO. (2019). Installed Capacity View Strip Auction Summary Summer 2018. Retrieved on February 25, 2019,
from http://icap.nyiso.com/ucap/public/auc view strip selection.do
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Similarly, PIM has defined five zones with different CONE prices. ISO-NE has three capacity
zones in their 2018 Forward Capacity Auction.?°

4.3 TYPES OF CAPACITY MARKETS IN THE UNITED STATES

Different 1ISOs/RTOs in the United States coordinate capacity markets over different time
frames. Capacity markets can be a few months to a few years in advance. Each capacity market
has its own characteristics (these were not explained in this primer because some of the
capacity rules in different ISOs/RTOs are still changing). More details about the capacity markets
in different 1ISOs/RTOs can be found in the primer Comparisons of Different ISO/RTO Capacity
Market Structures.

Exhibit 4-5 summarizes the existing U.S. energy markets by ISO/RTO.

Exhibit 4-5. Simple electric energy market

Capacity Market

ISO/RTO ‘—
California ISO No No
ERCOT No No
Midcontinent ISO (voluntary) No Yes
ISO New England Yes Yes
New York ISO No Yes
PIM Yes No
Southwest Power Pool No No

More details about different markets can be found in the primers Energy Market, Capacity
Market and Ancillary Services. More details about different ISOs/RTOs can be found in the
ISO/RTO primers California Independent System Operator, ERCOT Independent System
Operator, ISO New England Regional Transmission Operator, MISO Regional Transmission
Operator, New York Independent System Operator, PIM Regional Transmission Operator, and
Southwest Power Pool, Inc.

20 |SO New England. (2019). Markets. Retrieved on February 25, 2019, from https://www.iso-ne.com/about/key-
stats/markets#fcaresults
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5 COMPARISONS OF DIFFERENT ISO/RTO CAPACITY MARKET
STRUCTURES

Capacity markets?! are designed to provide long-term pricing signals to attract new investments.
Capacity markets also maintain existing resources required to ensure resource adequacy and
the reliability of an Independent System Operator (1ISO)/Regional Transmission Organization
(RTO) region. The capacity market’s main tasks are to commit capacity resources required to
reliably meet forecasted demand, to provide sufficient reserve margins, and to provide fixed-
cost recovery (e.g., capital cost, fixed operation, and maintenance costs) for existing and new
generators.

5.1 OVERVIEW OF ISO AND RTO CAPACITY MARKETS
In the United States, four ISOs/RTOs offer a capacity market:
1. PJM’s Interconnection, L.L.C. — Reliability Pricing Model (RPM)
2. New York ISO — Installed Capacity (ICAP) market
3. ISO New England — Forward Capacity Market (FCM)
4. Midcontinent ISO — Planning Resource Auction (PRA)

5.2 RELIABILITY PRICING MODEL (RPM): PJM

The RPM is a three-year forward capacity market model. The RPM was designed to provide
long-term pricing signals to attract necessary investments required to ensure the reliability of
the PJM region. The RPM is used to commit capacity resources required to reliably meet
forecasted demand on an annual basis, to provide sufficient reserve margins, and to help plan
transmission upgrades. The RPM uses an annual capacity auction mechanism to clear the
market by reconciling an offer-based supply curve with a downward-sloping demand curve.

The supply curve is designed by sequentially aggregating offers submitted by capacity resource
owners. In the RPM, the capacity resources consist of

e Generator resources (existing and planned)
e Demand resources

e Energy efficiency resources

e Qualifying transmission upgrades

The demand curve, also known as the variable resource requirement (VRR) curve, is based on
the variable resource requirement concept. The purpose of the resource requirement concept is
to prevent overbuilding and to provide revenue to a resource when the reliability level is lower
than required. The demand curve incorporates the value of the reliability into the price. The
demand curve is defined by a family of price/quantity points in which each level of the

21 Many of the technical terms used in this primer are defined in a companion Glossary of Terms.
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resources is correlated with a specified price relative to reliability requirements (Exhibit 5-1).
The demand prices are a function of the net cost of new entry (CONE)?? and the demand
guantities are a function of the reliability requirement. The unforced capacity (UCAP)
requirement is calculated as a product of the forecasted peak load increased by installed
reserve margin (IRM) and the probability that the generating unit will be available. The VRR
(demand) price is higher than the net CONE if the level of the resources is less than the
reliability requirement.?® The VRR (demand) price is lower than the net CONE if the level of the
resources is larger than the reliability requirement. The demand capacity price is capped at 150
percent of the net CONE. The VRR curves are defined by PJM for the PJM region and for each of
constrained locational deliverability areas. Locational deliverability areas are areas within the
PIM footprint that have been identified as constrained because of their limited import capability
in the event of an emergency. The limited import capability is caused by transmission system
capacity limitations or voltage limitations.

Exhibit 5-1. lllustrative example of a variable resource requirement curve
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After VRR Curve in PIM Training Material?*

The intersection of the supply curve and the VRR curve determines the capacity market clearing
price. Exhibit 5-2 illustrates the RPM base residual auction resource clearing price for
2013/2014-2021/2022 delivery years.?>

22 PJM defines cost of new entry as “Averaged revenue required ($/MW-year) to build a reference combustion turbine in
a specific area of PJM.” PJM. (2019). Glossary. Retfrieved on February 25, 2019, from hittp://pjm.com/Home/CGlossary.aspx
23 The reliability requirement is a function of regional and locational target reserve margin.

24 PJM. (2018). Training Material — RPM 101. Retrieved on February 26, 2019, from http://pjm.com/training/fraining-
material.aspx

25 Mid-Atlantic Area Council (MAAC) includes: Pennsylvania Electric, Metropolitan Edison, Jersey Central Power and
Light, PPL Electric Utilities Corporation, PECO Energy, Public Service Electric and Gas, Baltimore Gas and Electric,
Potomac Electric Power Company, Atlantic City Electric, Delmarva Power and Light, UGI corporation, and Rockland
Electric.

Southwestern Mid-Atlantic Area Council (SWMAAC) includes: Baltimore Gas and Electric, and Potomac Electric Power
Company.
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Exhibit 5-2. Resource clearing price — base residual auction (2013/2014-2021/2022)%

o\
.\
ST

2013/14 | 2014/15 | 2015/16 | 2016/17 | 2017/18 | 2018/19 | 2019/20 | 2020/21 | 2021/22
= RTO $27.7 $126.0 $136.6 $59.4 $120.0 $164.8 $100.0 $76.5 $140.0
EMAAC $245.0 $136.5 $167.5 $119.1 $120.0 $225.4 $119.8 $187.9 $165.7
SWMAAC | $226.2 $136.5 $167.0 $119.1 $120.0 $164.8 $100.0 $86.0 $140.0
— MAAC $226.2 $136.5 $167.0 $119.1 $120.0 $164.8 $100.0 $86.0 $140.0

Resource Clearing Price - Base Residual Auction
[$/MW-Day]

American Transmission Systems, Inc. (ATSI) transmission zone, which joined PJM in 2011,
participated for the first time in the 2013/2014 capacity auction. Load in the ATSI zone was
included in the RTO demand curve and supply resources were included in the RTO supply curve.
The MAAC, SWMAAC, and EMAAC price increases were mostly due to reduced transmission
transfer limits into the areas and partially due to increase in the net CONE.?’

The RTO’s price of $126/MW-day in 2014/2015 is due to high bids and the excused capacity
from coal units related to the U.S. Environmental Protection Agency (EPA) regulations.?® For
2014/2015, a large amount of demand response capacity was cleared, replacing the existing
generating units.

The resource clearing price increases for all four Locational Delivery Areas (LDAs) in the
2015/2016 RPM auction compared to previous year. This is due to planned generation
retirement (more than 14,000 MW) because of environmental regulations. Two main

Eastern Mid-Atlantic Area Council (EMAAC) includes: Jersey Central Power and Light, PECO Energy, Public Service
Electric and Gas, Atlantic City Electric, Delmarva Power and Light and Rockland Electric.

26 PJM. (2018). 2021/2022 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://www.pjm.com/-/media/markets-ops/rom/rom-auction-info/2021-2022/2021-2022-base-residual-auction-
report.ashx

27PJM. (2010). 2013/2014 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://pjm.com/markets-and-operations/rom.aspx

28 PJM. (2011). 2014/2015 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://pjm.com/markets-and-operations/rom.aspx
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environmental regulations are EPA Mercury and Air Toxics Standards and the High Electricity
Demand Day Rule in New Jersey which have compliance deadlines in 2015.%°

East Kentucky Power Cooperative load and resources were included first time in the 2016/2017
PM auction. Prices are decreased for all LDAs compared to previous year. The 2016/2017
auction results reflect a significant increase of power imports offered (more than 90 percent
increase), majority from west side of PJM.30

In the 2017/2018 auction there was no constrained LDAs among the four LDAs thus result in
uniform prices of $120/MW-day.3!

The 2018/2019 auction includes several new changes in RPM approved by FERC since last year.
FERC accepted a series of tariff reforms for PIM’s Capacity Performance to provide adequate
incentives for resources. FERC also approved the proposed new VRR curve shape and gross
CONE values. This shift the demand curve right and supply curve up in general and results in
higher prices.3?

In the 2019/2020 auction, the target reliability requirement is lower than previous year. Also,
there is no major environmental rule or regulation that will be implemented for the 2019/2020
year. As a result, the clearing price for the 2019/2020 auction for all LDAs are decreased
compared to previous year.33

In the 2020/2021 auction the prices are generally increased since the reliability requirement for
2020/2021 is 2,800 MW below the reliability requirement for previous year due to the lower
forecasted peak load. Also, new generation capacity of 3,144 was offered in the auction.3*

In the 2021/2022 RPM auction, the Net CONE used for developing the VRR curve increased for
all of the modeled LDAs, thus the clearing price for most LDAs increased.?®

Since the RPM was established in 2007, about 37,000 MW of the new capacity was added until
2017. The additions capacity for different resources is shown in Exhibit 5-3.

22 PJM. (2012). 2015/2016 RPM Base Residual Auction Results. Refrieved on February 26, 2019, from
https://pjm.com/markets-and-operations/rom.aspx
30 PJM. (2013). 2016/2017 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://pjm.com/markets-and-operations/rom.aspx
31 PJM. (2014). 2017/2018 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://pim.com/markets-and-operations/rom.aspx
32 PJM. (2015). 2018/2019 RPM Base Residual Auction Results. Refrieved on February 26, 2019, from
https://pjm.com/markets-and-operations/rom.aspx
33 PJM. (2016). 2019/2020 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://pjm.com/markets-and-operations/rom.aspx
34 PJM. (2017). 2020/2021 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://pim.com/markets-and-operations/rom.aspx

35 PJM. (2018). 2021/2022 RPM Base Residual Auction Results. Retrieved on February 26, 2019, from
https://pim.com/markets-and-operations/rom.aspx
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Exhibit 5-3. Capacity additions (2009/2010-2016/2017)*

7,000
6,000 /\
_. 5,000 VA A\
S 3,000 / \\// \ \\
s N~
<
S 1000 —— N
7 2
& -1,000 \—
-2,000 \_—
-3,000 2009/10 | 2010/11 | 2011/12 | 2012/13 | 2013/14 | 2014/15 | 2015/16 | 2016/17
New 188 1,751 3,095 266 265 3,036 5,498 2,538
Reactivated 13 16 138 79 21 - - 537
——— Uprates 370 587 554 365 398 480 409 590
—— Imports 69 187 263 842 2,217 859 788 (1,011)
——DR 46 426 5,682 2,235 5,551 (2,425) (1,433) 110
——EE - - 569 111 143 100 195 222

Note: New = New Generation Capacity Resource, Reactivated = Reactivated Generation Capacity Resource, Uprates =
Uprates to Existing Generation Capacity Resources, Imports = Net Increase in Capacity Imports, DR = Demand Resources, EE
= Energy Efficiency

The significant increase in demand response in the 2011/2012 auction is caused by capacity
market incentives (the existing demand response offer price is equal to SO/MW-day and they
are price takers) and the elimination of the Interruptible Load for Reliability alternative. Since
the 2012/2013 auction, energy efficiency was permitted as a new type of capacity resource.

Exhibit 5-4 illustrates incremental capacity resource additions from 2007/2008 to 2021/2022.%8
There is a significant increase in the amount of new capacity offered in the 2015/2016 auction.
The recent auctions attracted mostly natural gas resources. Solar and wind have increase
capacity slowly after the 2011/2012 auction. A fair amount of uprate capacity in steam and
nuclear were also offered. The largest growth in new capacity units remains in gas turbines and
combined cycle plants.

3¢ Monitoring Analytics, LLC. (2018). 2017 State of the Market Report for PJM Volume I. Retrieved on February 15, 2019,
from https://www.monitoringanalytics.com/reports/PJM State of the Market/2017.shiml

26


https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2017.shtml

(ICAP MW) New Capacity Units (ICAP MW)

Reactivated Units

Uprates to Existing Resources (ICAP MW)

POWER MARKET PRIMERS, REV. 01

Exhibit 5-4. Incremental capacity resource additions from 2007/2008 to 2015/2016°

IR CT/GT CcC Diesel Hydro | Steam | Nuclear Solar Wind 2 Total
Year Cell
2007/08 18.7 0.3 19
2008/09 27.0 66.1 93
2009/10 | 399.5 23.8 53.0 476
2010/11 | 283.3 580.0 23.0 141.4 1028
2011/12 | 416.4 | 1,135.0 704.8 1.1 75.2 2,332
2012/13 | 403.8 7.8 621.3 75.1 1,108
2013/14 | 329.0 705.0 6.0 25.0 9.5 245.7 1,320
2014/15 | 108.0 650.0 35.1 132.9 28.0 | 146.6 1,101
2015/16 | 1,382.5 | 5,914.5 | 19.4 148.4 | 454 13.8 | 104.9 | 30.0 7,659
2016/17 | 171.1 | 4994.5 | 38.3 24.0 32.1 54.3 5314
2017/18 | 131.0 | 5010.0 | 124.8 6.0 90.0 27 5389
2018/19 | 1032.5 | 2352.3 29.9 82.8 | 127.1 3625
2019/20 | 167.0 | 6145.0 | 29.9 152.3 | 73.0 6567
2020/21 2410.0 & 26.3 4.0 94.3 30.2 2565
2021/22 19.9 237.8 | 65.7 323.4
2007/08 47.0 47
2008/09 131.0 131
2009/10 -
2010/11 | 160.0 10.7 171
2011/12 80.0 101.0 181
2012/13 -
2013/14 -
2014/15 9.0 9
2015/16 -
2016/17 21.0 21
2017/18 991.0 991
2018/19
2019/20
2020/21
2021/22
2007/08 | 114.5 13.9 80.0 235.6 92.0 536
2008/09 | 108.2 34.0 18.0 105.5 | 196.0 38.4 500
2009/10 | 152.2 206.0 162.5 61.4 197.4 16.5 796
2010/11 | 117.3 163.0 48.0 89.2 160.3 578
2011/12 | 369.2 148.6 57.4 186.8 292.1 8.7 1,063
2012/13 | 231.2 164.3 14.2 193.0 126.0 56.8 786
2013/14 56.4 59.0 0.3 215.0 47.0 39.6 417
2014/15 | 104.9 0.5 41.5 138.6 107.0 7.1 73.6 473
2015/16 | 216.8 72.0 4.7 15.7 63.4 149.2 2.2 24.1 548
2016/17 | 436.6 420 3.3 7.4 484.3 102.6 1.7 14.8 1471
2017/18 71.9 212.5 5.1 105.9 64.8 11 0.4 2.1 474
2018/19 33.4 548 2.4 22.9 11.9 79.3 149 713
2019/20 29.3 72.5 3.9 5.2 65.3 46.8 223
2020/21 9.3 588.8 1.2 4.6 5.7 1.0 14.7 625
2021/22 | 100.2 549.9 7.1 3.6 91.9 24.2 18.4 795
Total 7,216 | 33,135 582 894 4,957 1,402 715 1,536 30 50,468
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5.3 INSTALLED CAPACITY (ICAP): NYISO

The ICAP consists of voluntary monthly auctions and mandatory spot auctions. The ICAP market
should produce efficient long-term economic signals that give incentives to invest in new
generation, transmission, and demand response resources and to maintain existing resources.
New York Independent System Operator (NYISO) uses the spot capacity auction mechanism to
clear the market by reconciling the offer-based supply curve with the downward-sloping
demand curve.

The supply curve is designed by sequentially aggregating unforced capacity offers submitted by
capacity resource owners or load serving entities. In the ICAP, the capacity resources consist of

e Generator resources (existing and planned)

e Special case resources — end-use loads capable of being interrupted upon demand, and
distributed generators

The ICAP demand curve is similar to the PJM curve with three different slopes. The NYISO
designs three demand curves. The first curve is for the entire NYISO area (NYCA). The second
curve is for the New York City area (NYC), and the last curve is for the Long Island area (LI)
(Exhibit 5-5).

Exhibit 5-5. lllustrative example of a NY ISO demand curve

Summer 2012 Demand Curves
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65 67 69 71 73 75 77 79 81 83 85 B7 B9 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119 121
% of UCAP Requirement

Used with permission from New York ISO¥

37 New York ISO. (2012). ICAP/UCAP Translation of Demand Curve - Summer 2012 Capability Period. Retrieved on
February 25, 2013, from

httpo://www.nyiso.com/public/webdocs/markets operations/market data/icap/ICAP%20Auctions/2012/Summer%20201
2/Documents/Demand Curve Summer 2012 FINAL.pdf
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The intersection of the supply curve and the demand curve determines the capacity market
clearing price. Exhibit 5-6 illustrates ICAP base residual auction resource clearing prices for the
last four auctions.

Exhibit 5-6. ICAP clearing price®

14
12 =
8 \
2 10 —
]
Q<
o 8
=
> 1
£ E 6
T &
g 4
O
2
0 Summer 2016 Summer 2017 Winter 2016-2017 | Winter 2017-2018
e NYC $12.3 $10.0 $4.0 $3.9
NYCA $4.1 $2.9 $0.7 $0.4
Long Island $4.9 $6.7 $0.5 $0.8
= G-J Locality $9.4 $9.8 $4.0 $3.8

Seasonal variations are the result of additional capability typically available in the winter
periods due to lower ambient temperatures, which increase the capability of some resources to
produce electricity.

The NYISO offers five different demand response programs. In the Installed Capacity/Special
Case Resource Program, the demand resources (Exhibit 5-7) sell capacity in the ICAP and accept
an obligation to respond when called upon within a two-hour notice. These resources are paid
the higher of their strike price (any dollar value between SO and $500) or the real-time clearing
price. ¥

38 New York ISO. (2018). 2017 State of the Market Report for the New York ISO Markets. Retrieved on February 26, 2019,
from https://www.potomaceconomics.com/wp-content/uploads/2018/06/NYISO-2017-SOM-Report-5-07-2018_final.pdf

3 New York ISO. (2019). Demand Response Information System Market Participant’s Guide. Retfrieved on February 26,
2019, from https://www.nyiso.com/documents/20142/3625950/DRIS_UG.pdf/82afc884-fdf6-3e41-4729-0047d3c 56207
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Exhibit 5-7. NYISO demand response reliability programs
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Used with permission from Potomac Economics*©

5.4 FORWARD CAPACITY MARKET (FCM): ISO NEW ENGLAND

The FCM is a three-year forward capacity market model. The FCM was designed to provide long-
term pricing signals to attract needed investments required to ensure the reliability of the ISO
New England region. The FCM is used to commit capacity resources required to reliably meet
forecasted demand on an annual basis, to provide sufficient reserve margins, and to help plan
transmission upgrades. The FCM uses a descending clock auction annual mechanism to clear
the market by reconciling an offer-based supply curve with a vertical demand curve and price
floor and cap.

The supply curve is designed by sequentially aggregating unforced capacity offers submitted by
capacity resource owners or load serving entities. In the FCM, the capacity resources consist of

e Generator resources (existing and planned)
e Import
e Demand resources (load management, energy efficiency, distributed generation)

The descending clock auction is a multi-round process. The process is based on reducing the
capacity market price until the quantity of available capacity resources matches the fixed
capacity demand requirements. The basic concept of the descending clock auction is that more

“ New York ISO. (2012). 2011 State of the Market Report for the New York ISO Markets — Potomac Economics (Figurel).
Retrieved on November 29, 2012, from
http://www.nyiso.com/public/webdocs/documents/market advisor reports/2011/SOM Report-Final 41812.pdf
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than enough capacity resources are offered if the market capacity price is high. Some capacity
resources are removed from the auction by the system operator as the capacity market price
drops (Exhibit 5-8).

Exhibit 5-8. Descending clock auction mechanics
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Used with permission from ISO New England?é

In each round the auctioneer announces the start and end of the round price and the excess
supply at the end of the prior round. The participants respond by submitting offers at prices
within the announced price range. Exhibit 5-9 illustrates the FCM base residual auction resource
clearing price for the last eight auctions.

Exhibit 5-9. FCM clearing price
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Permission pending from ISO-NE*

41 |ISO-NE. (2018). 2017 Annual Markets Report. Retrieved on February 25, 2019, from https://www.iso-ne.com/static-
assets/documents/2018/05/2017-annual-markets-report.pdf#page=29&zoom=100,0,60
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Each auction was cleared at the floor price, illustrating that there is a surplus of capacity.

The FCM also list the total qualified and total cleared capacity in 2021/2022 for different
capacity zones, capacity types, and resource types, shown in Exhibit 5-10.

Exhibit 5-10. Cumulative capacity additions

45,000 45,000
Total Qualified, 39,966 MW Total Cleared, 34,828 MW
40,000 40,000
Import, 4,001
su 1 New, 5,496
15,000 rplus, 6,24 NNE, 9,186 35,000 surplus, 1,103 New, 1,817 Import, 1,217
DR, 3,825
DR, 3,600
30,000 30,000 NNE, 8,067 ’
25,000 SENE, 11,959 25,000
20,000 20,000 SENE, 11,131
Existing, 34,471 Existing, 33,01
15,000 Gen, 32,140 15,000 L Gen, 30,011
10,000 10,000
L RoP, 18,822 ’
] RoP, 15,630
5,000 5,000
0 0
Total Cleared Capacity Type Capacity Zone Resource Type Total Cleared Capacity Type Capacity Zone Resource Type

Permission pending from ISO-NE*

5.5 PLANNING RESOURCE AUCTION (PRA): MIDCONTINENT ISO

The PRA is a voluntary market. This market may be vulnerable to the exercise of strategic
withholding due to its voluntary nature. The PRA was designed to provide long-term pricing
signals to attract needed investments required to ensure the reliability of the MISO region.
MISO divided the footprint into ten zones in PRA. In the 2017-2018 planning year PRA, the
auction result is shown in Exhibit 5-11. Because of changes in the capacity requirement and
there was no zonal constraint in the auction, the clearing price in all ten zones was $1.50 per
MW-day. This result price effectively provides resource supplier with less than one percent of
CONE for all local resources zones.*?

2 MISO. (2016). Final Annual CONE Filing Letter. Retrieved on February 26, 2019, from
https://cdn.misoenergy.org/FINAL_AnNnual%20CONE%20Filing%20letter50872.pdf
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Exhibit 5-11. 2017-2018 Planning Resource Adequacy Results Data Source: MISO Resource Adequacy — PRA Documents*?

Z1

7 Z8

Local Resource Zone (LRZ) W(::::’r:s\'”) (Iija:'t)eerrnMV\ll)l, (IN, KY) (M) (AR)
:'::l:'rr;gm Ziste”’e Margin 18,316 13,366 9,781 | 9,894 | 8598 | 18,422 | 22,295 | 8329 | 20,850 | 4,902
Zonal Resource Credit (ZRC) Offer 5,274 3,589 6,813 9,906 7,950 14,562 9,657 10,444 20,209 4,279
Fixed Resource Adequacy Plan 14,361 11,559 4,197 712 0 4,155 12,374 470 182 1,454
FRAP + ZRC Offer 19,635 15,149 11,009 | 10,618 | 7,950 | 18,718 | 22,031 | 10,914 | 20,392 | 5,732
FRAP + ZRC Offer Cleared 18,929 13,766 10,285 | 9,124 | 7,950 | 18,665 | 21,956 | 10,139 | 18,652 | 5,287
Local Clearing Requirement (LCR) 15,975 11,980 7,968 | 5839 | 5885 | 13,005 | 21,109 | 6766 | 17,295 | 4,831
Capacity Import Level (CIL) 3,531 2,227 2,408 | 5815 | 4,09 | 6248 | 35320 | 3,275 | 3,371 | 1,910
Capacity Export Level (CEL) 686 2,290 1,772 | 11,756 | 2,379 | 3,191 | 2,519 | 2,493 | 2373 | 1,747
Auction Clearing price ($/MW-Day) 1.50 1.50 150 | 150 | 150 | 1.50 1.50 1.50 1.50 1.50

4 MISO. (2018). Resource Adequacy - 2017-2018 Planning Resource Adequacy Results.pdf. Retrieved on February 26, 2019, from
https://www.misoenergy.org/planning/resource-adequacy/#t=10&p=08&s=FileName&sd=desc
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It is suggested to MISO that change the design of PRA to serve the purpose for attracting
needed investment for resource adequacy. The vertical demand curve results incremental
capacity as no value and fail to reflect the benefit of increased system reliability for surplus
capacity above the minimum requirement. On the other hand, a sloped demand curve would
result of more stable pricing and increase the capacity market’s purpose to provide incentives to
for new investments.

5.6 ADVANTAGES AND DISADVANTAGES OF DIFFERENT MARKETS

An advantage of the market with the vertical demand curve is that it is simple to implement. A
disadvantage of the vertical demand curve is that the curve values incremental capacity as zero
value.

An advantage of the downward-sloping demand curve is its stabilization of the capacity market
price in a case of a very steep demand curve. It also recognizes that incremental capacity above
the minimum requirement has a non-zero value (i.e., improves reliability).

A disadvantage of the downward-sloping curve is that it does not represent buyers’ bids or
actual customer demand. These demand curves are based on the net CONE that may lead to
inefficient levels of investment or sustained surpluses. Today, most ISO/RTOs select a peak unit
for the net CONE.*

5.7 DOES TODAY'S CAPACITY MARKET FAVOR NATURAL GAS OVER
OTHER FUELS?

Capacity markets are designed to ensure that investments which may not be recoverable
through the energy and ancillary services markets are recovered. PJM’s and NYISO’s demand
curves are established to allow suppliers to recover the net CONE for the investments over a
long term. In PJM, the levelized RPM net CONE was estimated at $291.51/MW-day in EMACC,
$296.99/MW-day in SWMACC, $284.38/MW-day in MAAC, and $269.04/MW-day in rest of the
RTO.* The levelized ICAP net CONE was estimated at $178 per kW-year (or $488/MW-day) in
New York City, $132 per kW-year (or $362/MW-day) on Long Island, $147 per kW-year (or
S$402/MW-day) in G-J locality, and $98 per kW-year (or $269/MW-day) in the New York control
area for the 2019/20 capability period. The levelized FCM net CONE was estimated at
$8.156/kW-month (or $271/MW-day) in ISO-NE for 2022/23 capacity period.*® Comparing these
numbers with an estimated daily cost of the cheapest coal power plant (5470/MW-day), nuclear
power plant (5974/MW-day), hydro ($460/MW-day), and natural gas (5120/MW-day to
$360/MW-day), it is clear that other technologies cannot compete with natural gas power

44 Potomac Economics. (2018). 2017 State of the Market Report for the MISO Electricity Markets. Retrieved on February 26,
2019, from https://www.potomaceconomics.com/wp-content/uploads/2018/07/2017-MISO-SOM_Report_6-26_Final.pdf

45 PJM. (2018). PJM Cost of New Entry. Retrieved on February 26, 2019, from https://www.pjm.com/~/media/committees-
groups/committees/mic/20180425-special/20180425-pjm-2018-cost-of-new-entry-study.ashx

46 |SO-NE. (2019). Forward Capacity Market — Quick view of parameters. Retrieved on February 26, 2019, from
https://www.iso-ne.com/markets-operations/markets/forward-capacity-market/#2022-2023
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plants in the capacity markets, except in NYISO, unless they get enough revenue from energy
and ancillary service markets.

In the PJM market, a coal power plant is a marginal unit 87 percent in the real-time energy
market. It means that the coal power plants will not receive adequate revenue to recover both
capital and operating costs, and they will face a problem of “missing money” without capacity
payments.

5.8 SUMMARY

Today’s capacity markets are designed mostly using a peaking plant as a new entry and
corresponding net CONE. This approach was acceptable for coal power plants before natural gas
prices dropped and the U.S. Environmental Protection Agency regulations were accepted. Now,
natural gas power plants are competitive with coal power plants in the energy market. Coal
power plants cannot obtain enough revenue from the capacity market to recover fixed and
variable costs.

The capacity markets design does not consider the type of power plant (base, intermediate, and
peaking). This will very likely lead to replacing retired coal power plants with demand resources
and natural gas power plants.

In the last few years, generation capacity has been replaced with demand resources and that
trend will probably continue to exist in the future but may slow down. According to North
American Electric Reliability Corporation total expected demand resource increases steadily
over the next ten years.

Exhibit 5-12. Demand resource and energy efficiency expected capacity*
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More details about different markets can be found in the primers Energy Market, Capacity
Market and Ancillary Services. More details about different ISOs/RTOs can be found in the

47 North American Electric Reliability Corporation. (2019). 2018 Electrical Supply and Demand. Retrieved on February 26,
2019, from https://www.nerc.com/pa/RAPA/ESD/Pages/default.aspx
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ISO/RTO primers California Independent System Operator, ERCOT Independent System
Operator, ISO New England Regional Transmission Operator, MISO Regional Transmission
Operator, New York Independent System Operator, PJM Regional Transmission Operator, and

Southwest Power Pool, Inc.
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6 ANCILLARY SERVICES

Ancillary services are “services that ensure the reliability of and support for the transmission of
electricity to serve load.”*® The most common ancillary services are regulation and frequency
response,*® operating reserve, reactive supply and voltage control, and black start services. The
ancillary services can be market-based or cost-based. Market conditions, such as supply and
demand, determine the payments and charges to operate a particular service in the market-
based ancillary services. Regulation and operating reserve are the market-based ancillary
services. Payments and charges in the cost-based ancillary services are based on the cost to
operate ancillary services. Voltage control and black start units are the cost-based ancillary
services.

6.1 REGULATION MARKET AND FREQUENCY RESPONSE

Regulation service is used to keep energy in balance by matching generation with demand in a
control area and managing a minute-to-minute change in load. A main objective of the
regulation market and frequency response is to maintain the scheduled interconnection
frequency at 60 Hz. Frequency will be larger than 60 Hz if the total generation is larger than the
total demand, and smaller than 60 Hz if the total generation is lower than the total demand.

The regulation service is provided by generation units that can react to an automatic control
signal from an ISO/RTO within seconds. This signal is independent of an economic cost signal
such as ex-ante location marginal price in a real-time energy market. The regulation signal is
sent every 2 seconds in PIM,* every 6 seconds in New York 1SO,>° and every 4 seconds in ISO
New England.>! In some markets, such as PJM, units cannot be committed for both regulation
and reserve services at the same time.

Regulation requirements are usually equal to 1 percent of the forecasted peak demand during
peak periods and 1 percent of the forecasted valley demand during off-peak periods. Load-
serving entities are obligated to meet their regulation requirement by self-supply, bilateral
contracts, or purchasing from a regulation market.

Generation units will submit availability and bid price to the regulation market. The ISO/RTO will
collect the bids and will also take into consideration the lost opportunity costs (LOC) for
generating units, if applicable, by adding the LOC to the generators’ bids. The LOC is calculated
as a difference between the locational marginal price (LMP) and the generation energy bid. The
LOC is included to consider potential loss of profit to the generating units, as a result of
producing regulation services rather than using the same power amount to provide energy. The
ISO/RTO will rank all available units in ascending merit order and will clear the market to meet

48 Many of the technical ferms used in this primer are defined in a companion Glossary of Terms.

4 PJM. (2017). Training Material — Regulation Data Terms. Retfrieved on February 25, 2019, from
https://www.pjm.com/training/training-material.aspx#demandresponse

50 NYISO. (2018). Course Material - Ancillary Service. Retrieved on February 25, 2019, from https://www.nyiso.com/course-
materials

51ISO New England. (2014). Training Material - ISO's Regulation Market Implementation. Retrieved on February 25, 2019,
from https://www.iso-ne.com/participate/training
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regulation requirements with minimum regulation production cost. A regulation market-clearing
price is a system-wide hourly price.

Example 1 — Regulation Market Clearing An ISO/RTO receives the regulation bids for a
particular hour from two producers (Exhibit 6-1). A regulation requirement for the particular
hour is 25 MW and the locational marginal price is $60/MWh. The ISO/RTO first calculates the
LOC and total regulation cost for the specific unit. The LOC is given in the last column of Exhibit
6-1. The calculated total regulation cost of Gen Company 1 — Unit1 is $52/MWh, Gen Company
1 - Unit2 is $39/MWh, Gen Company 1 — Unit3 is $26/MWh, Gen Company 1 — Unit4 is
S6/MWh, Gen Company 2 — Unitl is $53/MWh, Gen Company 2 — Unit2 is $45/MWh, and Gen
Company 2 — Unit3 is $20/MWh.

Exhibit 6-1. Generating companies’ regulation and energy bids

Regulation Regulation . Hourly tost .
Gen Company Capability [MW] Bid Energy Bid LMP Opportunity
Cost
Gen Comp 1 - Unitl 10 S2 S10 $S60 S50
Gen Comp 1 —Unit2 10 S4 S25 $S60 S35
Gen Comp 1 - Unit3 8 S6 $S40 $S60 $S20
Gen Comp 1 - Unit4 5 S6 $S60 $S60 SO
Gen Comp 2 — Unitl 15 S8 S15 $S60 S45
Gen Comp 2 = Unit2 4 S5 $20 $60 $40
Gen Comp 2 — Unit3 3 $10 S50 $60 $10

The ISO/RTO will rank all available units in ascending merit order and will clear the market to
meet 25 MW regulation requirements with minimum regulation production cost (Exhibit 6-2).

Exhibit 6-2. Ascending merit order of total regulation cost

Gen Company Regulation Capability [MW] Total Regulation Cost
Gen Comp 1 — Unit4 5 $6
Gen Comp 2 — Unit3 3 $20
Gen Comp 1 — Unit3 8 $26
Gen Comp 1 — Unit2 10 $39
Gen Comp 2 — Unit2 4 $45
Gen Comp 1 —Unitl 10 $52
Gen Comp 2 — Unitl 15 S53

For the particular hour, the market clearing price will be set to $39/MWh and the four first units
(Gen Company 1 - Units 2-4 and Gen Company 2 - Unit 3) will be selected to provide the
regulation service and will be paid according their regulation capability.
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Some 1SOs/RTOs, such as California ISO and ERCOT, distinguish between two regulation services:
regulation up and regulation down. Regulation up means that the generating units will increase
their operating levels and regulation down means that the generating units will decrease their
operating levels, when an automatic generation control signal is received from the operator. The
generating units will be paid according to the service they provide.

6.2 OPERATING RESERVE

Reserve capacity is capacity above the forecasted demand in an area that is required for
reliability purposes. The system has to have enough reserve capacity to overcome a single
contingency such as loss of the largest generation unit or the most critical transmission line. The
reserve capacity is provided by generation or load reduction in the event of a system
contingency. The operating®? reserve can be either 10-minute or 30-minute spinning or non-
spinning reserve. Exhibit 6-3 illustrates different types of operating reserve and their providers.

Exhibit 6-3. Types of operating reserve

Partially loaded on-line generation units that are up and running and are
10-minute spinning reserve synchronized to the grid. These units can change their output level within
10 minutes

Off-line generation units that can be started, synchronized to the grid and
10-minute non-spinning reserves | change their output level within 10 minutes, and load that can be
interrupted

. o Generation units that are up and running and are synchronized to the grid
30-minute (spinning) reserves ] ) o ]
These units can change their output level within 30 minutes.

Generation units that can be started, synchronized to the grid and change

30-minute (non-spinning) reserves . . . . .
( P g) their output level within 30 minutes, and interruptible load

Operating reserve requirements are determined by an ISO/RTO. For example, NYISO’s operating
reserve requirement is equal to one and a half times the single largest contingency in the
system.>3 NYISO will require 1,800 MW of the operating reserve if the size of the largest
contingency is 1,200 MW. ISO-NE calculates 10-minute operating reserve requirements as 125
percent of the single largest contingency in the system and 30-minutes requirements as 50
percent of the second largest contingency.>* In ISO-NE the operation reserve requirement is

52 The operating reserve should be distinguished from a planning reserve. The planning reserve is used for long-term
planning and represents additional capacity that will provide reliable power to the system. Each reliability assessment
area may have its own specific margin level based on load, generation, and transmission characteristics. The North
American Electric Reliability Corporation (NERC) will assign the planning reserve requirement to a reliability assessment
area if the reliability assessment area does not provide the planning reserve requirement to NERC. NERC's planning
reserve requirement is 15 percent of the forecasted annual peak demand for thermal systems and 10 percent of the
forecasted annual peak demand for hydro systems.

53 NYISO. (2018). Manual 2 Ancillary Service Manual. Retrieved on February 25, 2019, from
https://www.nyiso.com/documents/20142/2923301/ancserv.pdf/df83ac75-c616-8c89-c664-29dfealséfe2f
54|SO-NE. (2013). Operation Reserve Training. Retrieved on February 25, 2019, from https://www.iso-ne.com/static-
assets/documents/2014/08/operating reserve 07 12 2013.pdf
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typically more than 1800 MW for 10-minute operation reserve and 750 MW for 30-minute
reserve.

The operating reserve market can be a real-time or a forward market. In a real-time operating
reserve market, a market clearing price for the operating reserve is determined simultaneously
with the energy market clearing price. Generating units submit availability and price bids to an
energy market. The ISO/RTO collects the bids and takes into consideration LOC for generating
units, if applicable, by adding LOC to the generators’ bids. Similarly, as in a regulation market,
the LOC is calculated as a difference between the LMP and the generation energy bid. The lost
opportunity cost is included to consider potential loss of profit to the generating units as a
result of producing reserve rather than using the same power amount to provide energy. The
ISO/RTO will use the least-cost method for meeting energy demand while maintaining system
reliability to clear the energy and reserve market simultaneously. This approach provides the
optimal point for generation revenue. In a forward-operating reserve market, a market clearing
price is determined a few times per year. Generating units will submit availability and price bids
to the forward reserve market. The ISO/RTO will collect the bids and clear the market based on
reserve requirements using an auction mechanism. A forward capacity market is established for
off-line reserve that will be called on in a case of a contingency event or during peak hours. The
forward capacity market usually provides revenue to peaking power plants that operate
infrequently.

The operating reserve requirement is locational, meaning that each area inside an ISO/RTO has
to have the required operating reserve resources available to provide the required level of
reliability.

6.3 REACTIVE SUPPLY AND VOLTAGE CONTROL

A reactive supply and voltage control service is a cost-based service. It ensures sufficient
reactive power to maintain desired voltage level in the system. Reactive power is measured in
volt-ampere reactive (VAR) and it is used to maintain voltage in the system. If the system does
not provide enough reactive power, it could lead to voltage collapse and blackout events. Lack
of reactive power compensation caused the Northeast power system protection to trip, and
that brought the system down in August 2003.

Voltage support service is provided by on-line generators, other equipment such as synchronous
condensers or capacitors, and non-generation voltage support resources that have the ability to
produce or consume reactive power. Generation units that are responsible to provide voltage
and reactive power support must have an automatic voltage regulator.

Reactive supply and voltage control suppliers receive monthly payments for the service. In
addition, they will receive a loss-of-opportunity cost payment if they are dispatched lower than
their economic set-point. Loss-of-opportunity cost is payment to generators that had to
decrease real power output to provide more reactive power and voltage support service.
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6.4 BLACK START SERVICE

A black start service is payable to generators capable of starting without an outside electric
supply. These units are usually combustion turbines or hydro units that have a strategic location.
Generators that provide black start service participate in a system restoration if a partial or a
complete system blackout occurs, by providing start-up power to non-black start units.

The black start annual service rate is calculated based on annual capital, operation and
maintenance costs to provide the service, and annual restoration plan training cost. Units are
paid whether the black start service is utilized or not.
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7 FINANCIAL TRANSMISSION RIGHTS

Financial transmission rights (FTRs),> also known as transmission congestion contracts (TCCs) or
congestion revenue rights (CRRs), provide a financial instrument for market participants to
hedge against congestion costs in the system.>®

The main purposes of the FTRs are to allow:*’

e Market participants to eliminate or greatly reduce the cost uncertainties resulting from
congestion transmission charges.

e The Regional Transmission Organization (RTO) and the Independent System Operator
(ISO) to redistribute any over collection of money (due to transmission congestion) to
market participants.

In the absence of any transmission constraints, all locational marginal pricing (LMP) nodes
would price at the lowest-priced generation resource. However, there is not enough physical
transmission to deliver electricity from low-cost resources to the place demanding the
electricity at all times. Thus, some nodes will, by necessity, use power from higher-cost
resources and therefore the LMP at that node will be higher. The difference in day-ahead LMPs
congestion components®® between two nodes that is attributable to the transmission
constraints multiplied by the transfer amount is called “congestion cost” or “the cost of
congestion.” There is an overload of congestion dollars during constrained conditions because
the RTO collects more from loads than it pays to generators. Since an RTO is a non-profit
organization, the RTO cannot keep the difference. The FTR is used to redistribute this over
collection back to market participants.

The FTRs are not associated with physical delivery rights (FTRs do not represent a right for
physical delivery of power).>® The FTRs can be thought of as a “reservation” for access to a
specific transmission path (e.g., between LMP nodes) for a specific timeframe, but they do not
actually correspond with a physical right to deliver energy. Rather, the FTRs will create a
revenue stream (or charges) based on the difference between two congestion components of
day-ahead LMP at specific times.

The FTRs are bought and sold in long-term, annual, and monthly auctions. An ISO/RTO cannot
grant more FTRs than the transmission system is capable of supporting. Both market and non-

55 Many of the technical tferms used in this primer are defined in a companion Glossary of Terms.

5¢ The financial fransmission rights (FTR) are a service offered by PJM, Midcontinent ISO, and ISO New England.
Transmission congestion contracts (TCC) are a service offered by New York ISO. The congestion revenue rights (CRR) are
a service offered by ERCOT and California ISO.

57 PJM. (2013). ARR and FTR 101. Retrieved on February 25, 2019, from https://www.pjim.com/fraining/training-
material.aspx#tdemandresponse

58 Since marginal losses were implemented in the calculation of LMP (LMP = marginal energy price + marginal congestion
price + marginal losses price) only the difference in the marginal congestion price component between fwo nodes has
been used fo value the congestion costs. In the given examples, it is assumed that the marginal losses price is equal 0.
59 1ISO New England. (2018). ISO New England Manual for Financial Transmission Rights. Retrieved on February 25, 2019,
from hitps://www.iso-ne.com/participate/rules-procedures/manuals
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market participants can register to acquire the FTRs. Methods and auction processes of the FTR
vary by the ISO and RTO.

The FTRs are characterized by:*’
e Quantity — number of MWs desired to buy or offered for sale
e Price — buy bids and sell offers in S/MW
e C(lass type — peak, off-peak or 24-hour

e Path —a point of injection (source location) and a point of withdrawal (sink locations).
The locations can be any pricing node, zone, or hub. The source and sink locations are
selected by the FTRs buyers and sellers.

e FRT Hedge (Credit) = (Day-ahead LMP congestion component sink location —Day-ahead LMP
congestion component source location) *FTR quantity award

Example 1 — FTR as a hedging instrument to provide price certainty An ISO/RTO receives the
bids and offers, for a particular hour, from two producers and one consumer, shown in Exhibit
7-1. Gen Company 1 is located in Area 1, and Gen Company 2 and a consumer are located in
Area 2. Area 1 and Area 2 are connected with a transmission line with a power limit of 350 MW.
Gen Company 1 is willing to sell 500 MWh at $25/MWh and Gen Company 2 is willing to sell 250
MWh at $35/MWh. The consumer is willing to buy 275 MW, regardless of the electricity price.
The ISO/RTO sets the MCP to $25/MWh and energy is traded at 275 MWh.

Gen Company 1 meets all demand and sells to the grid 275 MWh at $25/MWh. The consumer
draws 275 MWh and pays $25/MWh. Power flow over the transmission line is 275 MW from
Area 1 to Area 2. The generating company’s total revenues ($6,875) are equal to the total of the
consumer’s payments ($6,875) because there is no congestion in the system. The ISO/RTO used
the cheapest generation company to provide energy for the consumer’s demand.

Exhibit 7-1. Simple electric energy system

7~ 500 MWh at $25/MWh

Transmission limit = 350 MW

v

Power flow = 275 MW

1
1
1
1
1
I
1
1
1
1
1
1
I
1
1
1

Area 1l LMP1 = $25/MWh LMP2 = $25/MWh

Assuming the transmission limit is 250 MW, the situation becomes more complex. Because of
the fully loaded transmission line, LMP for Area 1 is set to $25/MWh and LMP for Area 2 is set
to $35/MWh.®0

¢ See Energy Market Primer for LMP calculation.
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Gen Company 1 produces 250MWh and is paid $25/MWh. Gen Company 2 produces 25MWh
and is paid $35/MWh. The consumer buys all 275MWh at $35/MWh. The total generator’s
revenue ($7,125) is not equal to the total of the consumer’s payment ($9,625), because the
transmission congestion limited the use of a cheaper generating resource. In this case the
consumer pays more than the generating units receive. The excess is the congestion cost or
congestion revenue fund. The congestion costs are collected by the market operator and are
given to holders of an FTR as a compensation for transmission congestion charges that arise
when the transmission grid is congested.

Assuming that the consumer has an FTR for 250MW®! with Area 1 as the source and Area 2 as
the sink, the congestion rent will be 250MW * ($35/MWh — $25/MWh) = $2,500 for that hour.
The consumer will pay to the ISO/RTO $9,625, but it will get back $2,500 as the FTR holder. In
total, the consumer will pay $7,125 for its consumption. This value is equal to the total
generator’s revenue. The FTR allows the holder to have the same energy price at the point of
withdrawal as the price at the point of injection.

The congestion charge is calculated as MWhgelivered*(Day-ahead LMP congestion component sink
location —Day-ahead LMP congestion component source location) While the FTR credit is calculated as
MW awarded* (Day-ahead LMP congestion component sink location —Day-ahead LMP congestion
component source location). If the MWh delivered is equal to the FTR MW award and they are over
the same path, customers have option to perfectly hedge the congestion charges.

FTR is traded separately from transmission service. The FTR will provide a benefit if the path is
in the same direction as congestion (the LMP at sink is higher than the LMP at source). The FTR
will provide liability if the path is in the opposite direction from congestion (the LMP at sink is
lower than the LMP at source). FTRs are separate from energy delivery and can be on separate
paths from the energy delivery.

Example 2 — FTR as benefit and as liability Gen Company 1 is located in Area 1, and a consumer
is located in Area 2 (Exhibit 7-2). Gen Company 1 is selling 100 MWh to the customer over a
transmission line with a power limit of 100 MW. Energy flow is from Area 1 to Area 2.

61 The ISO/RTO cannot grant more FTRs than the transmission system is capable of supporting.
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Exhibit 7-2. Simple electric energy system with congestions

*\ Transmission limit = 100 MW

v

Energy flow = 100 MWh

100 MW FTR1

\
|
1
Area 1 !
I
1
1
1

. LMP1 = $25/MWh
M e 100 MW FTR2

_________________

100 MW FTR3

_________________

The customer has multiple options to hedge against the congestion. FTR1 and FTR2 are on the
same path as energy flow. FTR1 is in the same direction and FTR2 is in the opposite direction as
the energy flow. FTR3 and FTR4 are across different paths than the energy flow. Exhibit 7-3
summarizes the outcomes of these four FTR.

Exhibit 7-3. FTR outcomes

LMPsinc | LMP -
FRT FTR Path - owee |y Coneestion FIR Outcome
$/MWh | $/MWh charge [§]  credit [$]
25

FTR1 | Area 2-to- Areal 35 100 1,000 1,000 Benefit — perfect hedging
FTR2 | Area 1-to- Area2 25 35 100 1,000 -1,000 Liability

FTR3 | Area 2-to- Area 3 35 15 100 1,000 2,000 Benefit — over-hedging
FTR4 | Area 2-to- Aread 35 30 100 1,000 500 Benefit — under-hedging

FTRs are requested based on expected power flow and expected LMPs, since the FTRs are granted before the day-ahead
market is conducted. This represents a risk to FTR holder because the FTRs with negative price paths create liability to
them.

Market participants purchase FTRs by participating in an FTR auction. They submit the quantity
(how many FTRs they desired to buy or offered for sale), price (buy bid and sell offer), FTR sink
and FTR source to an ISO/RTO. The ISO/RTO stacks the bids up in a descending order and clears
the market by maximizing the FTR bid-based value. The objective of an FTR auction is to get the
highest bid for the FTR and to generate the most revenue to FTR holders. The ISO/RTO then
runs a feasibility test to check simultaneous feasibility of the FTRs. The simultaneous feasibility
test ensures that the limits of the transmission system are respected.

Example 3 — FTR auction and clearing mechanism An ISO/RTO receives FTR bids and offers from
five market participants for 350 MW of transmission capacities between Area 1 and Area 2. The
ISO/RTO accepts all bids and stacks them up (Exhibit 7-4) in a descending order (Exhibit 7-5).
The ISO/RTO checks the simultaneous feasibility of the FTRs by adding all FTRs and comparing
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to the line capacity. Total MW bid is equal to 425 MW and it over-exceeds the line capacity. The
ISO/RTO will clear the market at 350 MW. The FTR clearing price in Area 1 will be equal SO/MW
and the FTR clearing price in Area 2 will be equal $100/MW.

Exhibit 7-4. FTR bids Exhibit 7-5. FTR auction clearing
Market FTR MW requested FTR bid Price
participant [MW] [S/MW] [$/MW] Line area-Areaz limit
I S E— 800 350 MW
MP1 100 800
MP2 75 400
MP3 150 200
MW bid
MP4 50 100 100 175 325 375425 !
MP5 50 50

The ISO/RTO will grant FTRs to four participants with the highest bids: MP1 will be granted 100
MW, MP2 will be granted 75 MW, MP3 will be granted 100 MW, and MP4 will be granted 25
MW (out of 50 MW requested) at $100/MW clearing price. The total FTR auction revenue is
equal $35,000. MP5 will not be granted any FTR since its bid is lower than the market clearing
price. These four market participants will receive a share of the congestion cost collected at the
day-ahead market.

The FTR revenue is distributed to auction revenue rights (ARR) holders. The ARR are allocated to
network transmission customers and firm point-to-point transmission customers for the
duration of one year. Only firm transmission customers can be granted ARR based on historical
usage data. Market participants will request ARR and the ISO/RTO will approve them based on
the simultaneous feasibility test conducted before the annual FTR auction.

Example 4 — Auction revenue rights allocation Three firm transmission customers (FTC) are
using the transmission line between Area 1 and Area 2 (Exhibit 7-4). FTC1 load peak is 20
percent of the area peak, FTC2 load peak is 30 percent of the area peak and FTC3 is 50 percent
of the area peak. All three FTC are ARR holders. The FTR revenue collected in the FTR auction in
Example 3 will be distributed based on the load peak percent. FTC1 receives $7,000, FTC2
receives $10,500 and FTC3 receives $17,500.

Often, the amount collected during the FTR auction is not equal to ARR targeted amounts. If the
FTR revenue is insufficient, ARR credits are prorated proportionally to ARR values. If the FTR
revenue exceeds ARR targeted amounts, the excess revenue is used to fund any shortfall in FTR
target allocations. (ARR allocation is a multi-step process where which each step only
percentages of the total capacity are allocated. In some steps there will be insufficient revenue
and some steps there will be excess revenue.)

Examples in this primer are simplified. The main objective of the primer is to explain the
different terminology and processes at a very high level. Real power systems are much more
complex and the FTR auction and the ARR allocation process are much more complicated than
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is presented in the examples. However, detailed explanations and processes are beyond the
scope of this primer and can be found in ISOs/RTOs tutorials and manuals.

More details about different markets can be found in the primers Power Markets, Energy
Market, Capacity Market and Ancillary Services, and Comparisons of Different ISO/RTO Capacity
Market Structures .
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8 INDEPENDENT SYSTEM OPERATORS AND REGIONAL
TRANSMISSION ORGANIZATIONS

8.1 OVERVIEW OF ISOSs AND RTOS

Independent System Operators (ISO) and Regional Transmission Organizations (RTO)®? are non-
profit organizations established in particular geographic regions to manage the operations of
the transmission grid. Broadly, ISOs/RTOs are responsible for ensuring the reliability of the
transmission grid by facilitating wholesale power markets, monitoring transmission grid
performance, and coordinating the operations of power generators in the region. An RTO
performs the same type of business activities as ISO but has additional requirements and has to
be approved by the Federal Energy Regulatory Commission (FERC). FERC defined four
characteristics and eight functions that an entity must satisfy in order to become an RTO
(Exhibit 8-1).

Exhibit 8-1. Regional transmission organization characteristics and functions

Regional Transmission Regional Transmission

Organization Functions

Organization Characteristics

Independence from control by
any market participant

Sufficient scope to maintain
reliability and support
nondiscriminatory power markets

Operational authority for
transmission facilities under their
control

Exclusive authority for
maintaining the short-term

Administer tariffs and a pricing system to promote efficient use

and expansion of transmission and generation facilities

Create market mechanisms to manage transmission congestion
Address parallel path flow issues

Serve as a supplier of last resort for ancillary services

Operate a single Open Access Same-Time Information System
(OASIS) site for transmission facilities under their control

Monitor markets to identify design flaws and market power

Plan and coordinate transmission additions and upgrades

reliability of the grid they operate | o  Ensure integration of reliability practices within an
interconnection and market-interface practices among regions

Existing voluntary power pools that shared power and system stability were the earliest
examples of an ISO. In the early 1990s, the federal government, along with several states, began
to take a series of steps aimed at restructuring the electricity industry, particularly targeted at
increasing the competition in wholesale power markets. To facilitate competition, FERC issued a
variety of orders, starting in April 1996 with Order 888,” which required that transmission
owners under FERC jurisdiction (mainly large investor-owned utilities) allow other entities to
access the transmission owner’s lines at the same prices and with the same terms and
conditions that they applied to themselves. This effectively required vertically integrated
utilities to internally create organizational divisions that would split the operation of their
transmission lines from their generation and distribution operations, although the utility
continued to maintain ownership of the transmission assets. This organizational change was

62 Many of technical terms used in this primer are defined in a companion Glossary of Terms.
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required in order for a utility to be able to accurately determine the cost of transmission service,
such that this service could be provided to both internal and external customers (i.e., the utility
that owned the transmission assets as well as third parties). Additionally, Order 888
encouraged—but did not require—transmission owners to form independent entities called
ISOs to manage the transmission network (neither ISOs nor RTOs own transmission lines). FERC
did not (and still does not) require vertically integrated utilities to sell their transmission assets,
but rather encouraged participation in ISOs as a means of institutionalizing the separation of
the operation of transmission assets from the ownership of generation assets. FERC recognized
that the initial regulatory efforts outlined in Orders 888 and 889%% were not sufficient to guide
non-discriminatory access to the transmission grid, and in December 1999 issued Order 2000.%*
Order 2000 encouraged transmission owners to form RTOs, and outlined the minimum
characteristics an RTO should have, and the minimum functions an RTO should perform.

Currently, approximately two-thirds of U.S. electricity consumers are served by seven
ISOs/RTOs, predominantly in the Northeast, Midwest, and California. In other areas of the
country, particularly in regulated states, the regulated utilities, Publicly Owned Utilities (POU),
or federal Power Marketing Authorities (PMA) own and operate transmission assets.

The seven regional grid operators in the United States are: California ISO (CAISO), Midcontinent
ISO (MISO), Southwest Power Pool (SPP), Electric Reliability Council of Texas (ERCOT), PIM
Interconnection (PJM), New York ISO (NYISO), and ISO New England (ISO-NE) (Exhibit 8-2).

63 Federal Energy Regulatory Commission. (1996). Order No. 889: Open Access Same-Time Information System (formerly
Real-Time Information Networks) and Standards of Conduct. Retrieved on February 25, 2019, from
http://www ferc.gov/legal/maj-ord-reg/land-docs/order889.asp

64 Federal Energy Regulatory Commission. (1999). Order No. 2000: Establishment of Regional Transmission Organizations
Proposals. Retrieved on February 25, 2019. from http://www.ferc.gov/legal/maj-ord-reg/land-docs/RM99-2A.pdf.
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Exhibit 8-2. North American transmission organizations

Ontarlo
Independent Electric
Systom Operator

Interconnection

Calfornla
150

Electric Rellabliivy
Councll of Texas

'IRC

RTO: MISO, ISO-NE, PJM, and SPP
ISO: CAISO, ERCOT, NYISO, Alberta Electric System Operator,
and Ontario Independent Electricity System Operator

Used with permission from © ISO/RTO Council, all rights reserved®®

Of these seven U.S. grid operators, six are regulated by FERC, and four have been approved by
FERC to be recognized as RTOs (i.e., they meet the requirements set out in FERC Orders 2000
and 2001°¢). NYISO and CAISO have not gained FERC approval because they do not cover a large
geographic area and FERC does not see them as regional in scope. ERCOT is not regulated by
FERC because it is not under FERC jurisdiction. ERCOT operates fully within Texas state lines and
has chosen to remain regulated by the Public Utility Commission of Texas. The transmission
grids that are not covered by these regional grid operators are controlled by the individual
utilities for their specific service areas.

All seven transmission organizations in the United States are organized as non-profit
corporations or limited liability companies, and recoup expenses through regulatory-approved

65 ISO/RTO Council. (2019). ISO/RTO Operating Regions. Retfrieved on February 25, 2019, from hitps://isorto.org/.

¢ Federal Energy Regulatory Commission. (2002). Order No. 2001: Revised Public Utility Filing Requirements. Retrieved on
February 25, 2019, from http://elibrary.ferc.gov/idmws/common/opennat.asp2filelD=9512346.
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tariffs. These expenses are outlined in Exhibit 8-3 in the major categories as identified on FERC
Form 1.%7

Exhibit 8-3. ISO/RTO expenses and category descriptions®”

Category Description

e Load dispatch scheduling, monitoring, and reliability
Transmission service e Reliability planning

e [nterconnection studies

e Day-ahead, real-time, transmission rights, and ancillary markets facilitation
Market expenses o ] ]
e  Market monitoring and compliance services

Ger?e.ral an'd e Administrative salaries, benefits
administrative . . .
[ ]
expenses Outside services, insurance, rent

e Customer assistance service (e.g., billing / cost / contact inquiries)
Other expenses

e Informational and instructional services expenses

While a small portion of an ISO/RTO’s revenue is derived from membership fees or
reimbursements for integration studies, the majority of an ISO/RTO’s costs for administering the
transmission grid are passed on to the market (ultimately paid by the electricity consumer)
based on FERC-approved tariff formulas. This cost reimbursement can be thought of as a small
surcharge on each transaction in the power market and is collected by the ISO/RTO as the
settlement agent between generators, transmission owners, and load-serving entities. Thus, the
cost per MWh for administering transmission services in a given region can vary fairly
significantly based on the services provided by the ISO/RTO and the volume of electricity
transferred by the region’s transmission system.

8.2 PRODUCTS AND SERVICES OF ISOS AND RTOS

Despite differences in nomenclature, ISOs and RTOs largely serve the same market purpose and
provide similar market services. RTOs previously have been ISOs and that is why some of the
RTOs still have ISO as part of the name (e.g., ISO New England). These organizations are charged
with operating the transmission grid and are responsible for maintaining the reliability of the
systems under their control. ISOs/RTOs oversee and direct the high-voltage, bulk power
systems, and provide a clearinghouse for wholesale power purchases by matching buyers and
sellers of electricity in day-ahead and real-time markets. ISOs/RTOs offer different market
services depending on the accepted market design (e.g., a market design accepted by ERCOT,
SPP, and CAISO does not include a capacity market). The market can evolve over time, and
additional services can be added to the market (e.g., SPP will launch day-ahead and ancillary
service markets in 2014). Additionally, they have the authority to coordinate the output of

67 United States Government Accountability Office. (2008). Electric Resfructuring: FERC Could Take Additional Steps to
Analyze Regional Transmission Organizations’ Benefits and Performance. Retrieved on February 25, 2019, from
Www.gao.gov/new.items/d08987.pdf
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generators in their service area, and provide reliability services such as outage coordination,
generation scheduling, transmission planning, voltage management, ancillary services
provisions, and load forecasting.

In areas of the country not covered by regional grid operators, market offerings are typically
performed by vertically integrated utilities, under the oversight of the state Public Utility
Commissions/Public Service Commissions. These utilities will forecast daily loads and coordinate
generation facilities to meet the expected demand and will provide regulation services with
their own generation assets in real-time. There is no need for day-ahead or real-time energy
markets, as the vertically integrated utility owns and controls the full value chain from
generation through transmission and distribution.
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Exhibit 8-4. ISO/RTO characteristics and market offerings®” 6

Profile Transmission Functions ‘ Wholesale Energy Market Functions Other

Real-Time  Day-Ahead Ancillary Centralized

Service Balancin iabili
I:_I(_) é . : . c?)zl:::)r:gzr Planner Market Market Services Market = Capacity Market I:)e imj::le
Provider Authority Admin. Admin. Admin. Admin. P
California ISO ‘ I1SO v v v v v v v v
ISO New RTO v v v v v v v v v
England
Midcontinent RTO v v v v v v v v v
ISO
New York ISO ‘ ISO
PIM ‘ RTO v v v v v v v v v
Southwest RTO v v v v v v v v
Power Pool
ERCOT ‘ I1SO v v v v v v v v

68 ISO/RTO Council. (2017). Market Design Executive Summary. Retrieved on February 25, 2019, from hitps://isorto.org/wp-
content/uploads/2017/09/20170905 2017IRCMarketsCommitteeExecutiveSummaryFinal.pdf
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Exhibit 8-5. Description of ISO/RTO market offerings®”

Administers the transmission tariff and provides transmission services, receives and
processes transmission service requests, and determines available capacity

. . Integrates resource plans regionally and maintains in real time the balance of
Balancing authority . .
electricity resources and electricity demand
Reliabilit . . - -
! v Ensures the real-time operating reliability of the transmission system
coordinator

Works with stakeholders to develop overall plans for new transmission needed to
meet future projected electricity demand

Service provider

METE

Administers a market where electricity is bought and sold at prices determined in real

Real-time market time to satisfy the difference between projected needs and actual demand

administrator Many of these markets price electricity differently at various locations across the

region in order to reflect the costs associated with congestion.

Administers a forward market where electricity is bought and sold for use the

Day-ahead market
following day based on projected customer needs

administrator
Ancillary services Manages services necessary to support the reliable operation of the transmission
WEGEELIILGHIEIGIE system and provision of electricity at appropriate frequency and voltage levels
Capacity market Administers a system to procure a sufficient portfolio of supply and demand
administrator resources to meet future electricity needs and encourage investment

More details about different ISOs/RTOs can be found in the ISO/RTO primers California
Independent System Operator, ERCOT Independent System Operator, ISO New England Regional
Transmission Operator, MISO Regional Transmission Operator, New York Independent System
Operator, PJIM Regional Transmission Operator, and Southwest Power Pool, Inc.
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9 CALIFORNIA INDEPENDENT SYSTEM OPERATOR

9.1 HISTORY AND GEOGRAPHY OF CALIFORNIA ISO

The California Independent System Operator (CAISO)® was established as a non-profit
corporation in 1998 to operate the transmission system. CAISO is responsible for maintaining
and enhancing reliability, establishing and overseeing competitive wholesale electricity markets,
and planning the power system for California’s future electrical grid. As of 2018, CAISO
dispatches about 1,080 power plants and other generation resources over about 26,000 miles
of the state’s transmission lines, providing electric service to 30 million people of California and
small part of Nevada (Exhibit 9-1).7° In 2017, peak demand exceeded 50,000 MW on September
1.71

Exhibit 9-1. California ISO market area

Source: ABB Velocity Suite™

Similar to other I1SOs, a primary function of CAISO is to facilitate the energy markets in its
service area, maintain minute-to-minute reliable electricity service in a cost-effective manner,
manage wholesale markets, and develop bulk power system planning processes. CAISO
operates the electricity (energy, capacity, and ancillary services) markets to serve load and meet
reserve obligations with the lowest-cost resources possible. It has designed a locational market

¢ Many of the fechnical terms used in this primer are defined in a companion Glossary of Terms.

70 California ISO. (2018). California ISO — General Company Brochure. Retrieved on February 21, 2019, from
http://www.caiso.com/Documents/CalifornialSO-GeneralCompanyBrochure.pdf

71 Callifornia ISO. (2017). Monthly market performance reports 2017. Retrieved on February 21, 2019, from
http://www.caiso.com/Pages/documentsbygroup.aspx2GrouplD=274C62FD-A4DB-4AE7-B250-6346B9F42720

72 ABB Velocity Suite. (2019). Intelligent Map — US ISO/RTO Regions. Retrieved on February 26, 2019
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structure to ensure that transmission capability is used efficiently and that energy prices reflect
the marginal cost of providing the service at each location. While the wholesale electric energy
cost includes capacity and ancillary services to ensure reliable supply of power, as seen in
Exhibit 9-2, the majority of the electricity price in CAISO is dominated by energy cost (i.e., the
cost of generating power, which includes fuel costs, operation and maintenance for generators,
and reimbursement for the capital cost of generators).

Exhibit 9-2. CAISO average wholesale electricity price 2015, 2016, and 2017 (S/MWh)”3

$36.54 $32.98 $40.99

Reserve Cost S 0.27 S 0.54 S 0.77

9.2 CAISO PRODUCTS AND SERVICES

CAISO manages competitive markets that provide energy services and reliability services
through a day-ahead energy market, real-time energy market, congestion revenue rights (CRR),
and an ancillary services market. In 2011, these markets aggregated billings were about $9.3
billion (including ancillary services $172 million).”3

9.2.1 Energy Market

CAISO’s main role as an ISO is to coordinate an energy market throughout the service area,
which consists of facilitating the continuous buying, selling, and delivery of wholesale electricity,
providing dispatch requests to generators, and acting as a data clearinghouse. In addition to
acting as a clearinghouse for bilateral power contracts, CAISO manages a day-ahead market and
a real-time market for power delivery. In each market CAISO “clears the market,” i.e.,
coordinates which generators will operate, at what time, and at what price to meet electricity
demand. The price of electricity is based on the cost of bringing the next marginal unit of
electricity on line at a specific location throughout the California control area. This method of
calculating electricity price is called locational marginal pricing (LMP).

The day-ahead market clears both energy and ancillary services markets for each hour of the
operating day by matching energy demand bids at each LMP node and by operating reserve
requirements throughout the system with the generators’ ability to provide power taking into
account physical limiting factors such as transmission capacity and the generators’ scheduled
maintenance. The market opens seven days prior to the trade date and closes the day before
the trade date.”*

The real-time market procures energy and ancillary services and manages congestion in real-
time. The real-time market opens at 1:00 p.m. prior to the trading day and closes 75 minutes

73 Callifornia ISO. (2019). 2017 Annual Report on Market Issues and Performance. Retrieved on February 6, 2019, from
http://www.caiso.com/Documents/2017AnnualReportonMarketissuesandPerformance.pdf

74 Callifornia ISO. (2019). Market Process and Product. Retrieved on February 6, 2019, from
http://www.caiso.com/market/Pages/MarketProcesses.aspx
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prior to the identified trading hour (i.e., the hour in which the generator proposes operating
and providing the electricity). An hour prior to the identified operation, the hour-ahead
schedule process selects resources from all real-time schedules and bids from resources inside
and outside of the CAISO to meet the forecast of real-time demand during the identified hour of
operation. This process happens every hour in the real-time market.”® The real-time market re-
dispatch the generators (issue start up and shut down instruction) every 15 and 5 mins, though
under some certain conditions CAISO can re-dispatch the generators every minute.’*

9.2.2 Ancillary Services Market

CAISO facilitates an ancillary services market to ensure the reliability of electricity production
and transmission. The ancillary services include operating reserve (spinning and non-spinning
reserve) and regulation (regulation up and regulation down).

The operating reserve service provides backup generation in the event of a system contingency
such as unexpected failure of generators, transmission lines, or other electrical equipment. The
spinning reserve must be from units that are on-line and can provide additional output within
10 minutes. The non-spinning reserve must be from resources (generation units or demand
response resources) that are able to synchronize with the grid and provide output within 10
minutes. Both spinning and non-spinning capacity can be bid as non-contingent or contingency-
only, where the contingency-only can only be used to avoid a system contingency.

The regulation service allows CAISO to manage small changes in the system’s electrical load by
increasing (up regulation) or decreasing (down regulation) the generators’ output by sending a
control signal to adjust the power output. The up and down regulation requirements are set and
provided independently. The regulation up is provided by generator units that can quickly
increase the power output in response to automated signals from CAISO. The regulation down
is provided by generator units that can quickly decrease the power output after receiving the
automated control signal from CAISO.

An ancillary service market clearing price received by each unit for each service provided is
calculated as a sum of regional ancillary services shadow prices. The regional ancillary services
shadow prices reflect the cost of providing the next available MW of the service inside of a
region. There are ten different ISO predefine regions, which includes an internal system region,
an expand system region, four internal sub-regions, and four expand sub-regions. (Exhibit 9-3).
For example, the ancillary service market clearing price for a service provided in the SP26 region
is equal to a sum of regional ancillary service shadow prices for SP26, SP26 expanded, system,
and system expanded regions.

75 Callifornia ISO. (2019). Computer based training courses — Real-Time Overview. Retrieved on February 21, 2019, from
http://www.caiso.com/participate/Pages/LearningCenter/ComputerBasedTraining.aspx
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Exhibit 9-3. Ancillary services market regions

System Regions Internal Regions

Note: the expanded internal regions will include any inter-ties with one end in the unexpanded region.

Used with permission from © 2011 California Independent System Operator. All rights reserved

9.2.3 Congestion Revenue Right (CRR)

The CRR market provides a financial instrument for market participants to hedge against
congestion costs in the system and they are settled in the day-ahead market only. In the
absence of any transmission constraints, all LMP nodes would price at the lowest priced
generation resource. However, there is not enough physical transmission to deliver electricity
from low-cost resources to the place demanding the electricity at all times. Thus, some nodes
will, by necessity, use power from higher cost resources and therefore the LMP at that node will
be higher. The difference in LMPs between two nodes that is attributable to the transmission
constraints multiplied by the transfer amount is called “congestion cost” or “the cost of
congestion” because, but for the lack of transmission capacity, a lower-cost resource would be
used to meet demand. A CRR can be thought of as a “reservation” for access to a specific
transmission path (e.g., between LMP nodes) for a specific timeframe, but does not actually
correspond with a physical right to deliver energy. Rather, a CRR will create a revenue stream (or
charges) based on the difference between two day-ahead LMP prices at specific times.

9.2.4 Transmission Planning

CAISO is responsible for maintaining the operations and reliability of the grid in its service area
and, as such, conducts periodic reviews of grid adequacy. It conducts an annual transmission
planning process to identify necessary grid expansions. In addition, it provides support to
generation interconnection.

76 California ISO. (2011). 2010 Annual Report on Market Issues and Performance. Retrieved on March 28, 2013, from
http://www.caiso.com/Documents/2010AnnualReportonMarketlssuesandPerformance.pdf
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9.2.5 Capacity Market

CAISO does not have a centralized capacity market. It relies on a resource adequacy program
established by the California Public Utilities Commission to provide sufficient generation
capacity. Load-serving entities are responsible for contracting for capacity services above the
anticipated demand in their service area for each month. This process is conducted on a year-
ahead basis.

9.2.6 Outage Management

Outage happens in power grid for transmission lines or generation resources because of
maintenance, repair, testing, or construction. CAISO ensure accurate and complete outage
scheduling and coordinates these outages to maintain reliable operation.

CAISO require schedule coordinators of generation resources to submit outage cards to the
outage management system as early as possible, so the ISO can better plan for meeting loads
with available resources. If a generation resource outage card is submitted more than 7 days
before the schedule outages, it will be categorized as Planned Outage. Otherwise, it is a Force
Outage. Because of insufficient notice of the Force Outage, the outage may not be considered
into the energy market bidding process.

Transmission Outage is and outage on transmission or equipment like lines, breakers, relays, or
protection schemes, which affect the energy from generation resource to be delivered to the
load. It will cause generation resources to be limited or out of service. When Transmission
Outage happens, transmission-induced outage cards are submitted to the outage management
system, usually by the ISO on behalf of the affected generation resources.”’

9.3 WESTERN ENERGY IMBALANCE MARKET

In 2014, CAISO launched Western EIM, a voluntarily real-time market, to enable entities that
were not located in CAISO area to participate in the real-time energy market and share market
benefits including enhanced grid reliability, decreased energy costs and improved integration of
renewable energy, which leads to a cleaner, greener grid. As seen in Exhibit 9-4, total gross
benefits since November 2014 are $564.88 million. In addition, reduction in CO, emission is
324,284 metric tons (equivalent to emission of 68,179 passenger cars driven for one year).”®

Exhibit 9-4. Gross benefits since November 2014 (million S)”®

$5.98 $34.56 $45.30 $85.84
$1.24 $12.66 $28.34 $36.96 $67.94 $147.14
$26.88 $26.88

77 Callifornia ISO. (2019). Outage Management. Retrieved on February 21, 2019, from
http://www.caiso.com/market/Pages/OutageManagement/Default.aspx

78 Energy Imbalance Market. (2019). News Release. Retrieved on March 29, 2019, from
https://www.westerneim.com/Documents/WesternEIMBenefitsReach56488MillionSince2014.pdf
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EIM Participant 2018 TOTAL

NV Energy $66.16

acifiCorp . . . . . .
PacifiC $4.73 $26.23 $45.47 $37.41 $61.68 $175.52

Portland General
Electric $2.83 $27.57 $30.40

Powerex $7.84 $7.84

Puget Sound Energy $1.56 $9.86 $13.68 $25.10

Total $5.97 $39.73 $96.62 $145.82 $276.44 $564.88

The participants include CAISO (entered 2014), PacifiCorp (entered 2014), NV Energy (entered
2015), Arizona Public Service (entered 2016), Puget Sound (entered 2016), Portland General
Electric (entered 2017), Powerex (entered 2018), Idaho Power Company (entered 2018), and
Balancing Authority of Northern California/SMUD (entered 2019). Pending participants are Los
Angeles Department of Power & Water (entry 2020), Salt River Project (entry 2020), Seattle City
Light (entry 2020), Public Service Company of New Mexico (entry 2021), and NorthWestern
Energy (entry 2021).%3 Existing and pending participants are shown in Exhibit 9-5.

Exhibit 9-5. Western EIM active and pending participants

Y 2
T )
»

e

Market Operator

1 California ISO

EIM entity i
W Active participant

M Plonned EIM entry 2020
[ Plonned EIM entry 2021

Project

Used with permission from Western EIM (CAISO)78

9.4 CAISO GENERATION PROFILE

While CAISO does not own or directly operate power generation facilities, it is responsible for
managing scheduled outages for maintenance and maintaining reliable electricity service at the
lowest cost possible, as provided by the different generators on the system. Thus, to maintain
reliability, CAISO continually evaluates the fuel mix of generation assets in the region. As seen in
Exhibit 9-6, the majority of the region’s power comes from natural gas generation facilities.
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Exhibit 9-6. California ISO generation (MWh) by fuel type (2019)"°

Coal 3%

79 ABB Velocity Suite. (2017). Velocity Suite Database: Monthly Plant Generation & Consumption. Retrieved on February
20, 2019
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10 ERCOT INDEPENDENT SYSTEM OPERATOR

10.1 HISTORY AND GEOGRAPHY OF ERCOT

The Electric Reliability Council of Texas, Inc., (ERCOT) is an Independent System Operator (1SO)8°
that manages the high-voltage transmission system and the wholesale electricity markets in the
majority of the state of Texas (Exhibit 10-1). ERCOT’s four main objectives include ensuring
reliability and adequacy of the regional electric network, facilitating nondiscriminatory access to
transmission/distribution systems, maintaining a competitive retail electric market (ensuring
customers have choice in providers), and operating a fair and competitive wholesale electric
market. ERCOT is unique in that its electrical transmission system is contained entirely within
the state of Texas, and thus is primarily regulated by the Public Utility Commission of Texas
(PUCT) and not the Federal Energy Regulatory Commission (FERC). ERCOT dispatches
approximately 78,000 MW of capacity over 46,500 miles of transmission lines to more than 25
million Texas consumers. An all-time peak demand of 73,473 MW was set on July 22, 2018.3!

Exhibit 10-1. ERCOT geographic area

b,

\\ oy
\(
ol

Source: ABB Velocity Suite®?

Similar to other I1SOs, ERCOT is responsible to facilitate the energy markets in its service area
and maintain reliable electricity service in a cost-effective manner. ERCOT manages this

80 Many of the technical terms used in this primer are defined in a companion Glossary of Terms.

81 ERCOT. (2019). Company Profile: ERCOT Quick Facts (February 2019). Retrieved on February 3, 2019, from
http://ercot.com/about/profile/

82 ABB Velocity Suite. (2019). Intelligent Map — US ISO/RTO Regions. Retrieved on February 26, 2019
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responsibility by operating the energy markets to serve load and meet reserve obligations with
the lowest-cost resources possible, serving as a data clearinghouse for wholesale energy
markets, and facilitating the retail electric competition in the state. While the total cost of
wholesale electricity includes services to ensure a reliable supply of power, and non-market-
based expenses (uplift cost which includes out-of-merit energy dispatch, out-of-merit
commitment, replacement reserve services, and reliability must-run contracts),® the majority of
the wholesale electricity price in ERCOT is dominated by energy services (i.e., the cost of
generating power, which includes fuel costs, operation and maintenance for generators,
reimbursement for the capital cost of generators, etc.) (Exhibit 10-2).

Exhibit 10-2. ERCOT average wholesale electricity price 2016 and 2017 (S/MWh)

BTN sus2 | sos2s
Ancillary Services ‘ S 1.03 $0.87
| ueie R 51.03

10.2 ERCOT RETAIL COMPETITION

Deregulation in the electric utility industry created a landscape open for retail competition for
residential, commercial, and industrial electricity customers. The requirement that transmission
and distribution line owners allow third parties access to these assets (in exchange for
compensation) created an opportunity for a new market to exist. In this new market—retail
competition—third-party retail electric providers (REP) are allowed to purchase wholesale
power, delivery service, and related power services (i.e., ancillary services), and sell the power
to retail customers at retail rates.

ERCOT plays a key role in maintaining and facilitating retail competition in Texas, as all retail
electric providers are required to register with the Public Utility Commission in Texas, which
adds them to a centralized registration database managed by ERCOT. Additionally, ERCOT tests
retail provider’s electronic interface systems prior to the retail provider serving customers to
ensure adequate, accurate information flow. ERCOT then serves as the transaction
clearinghouse for all retail transactions, matching retail provider’s wholesale power purchases
with the aggregated loads of retail customers, and ensuring payments are processed properly.
Additionally, ERCOT is responsible for managing all retail customers’ switching choices in order
to facilitate customer choice. This means that ERCOT must maintain a record of individual retail
customers changing their electric service providers (e.g., new service requests, change of
provider, account cancellations, etc.) in order to properly match the usage of customers with
the wholesale power purchases of each REP. As of December 2017, 69 percent of residential

83 Potomac Economics. (2018), 2017 ERCOT State of the Market Report (May 2018). Retrieved on February 7, 2019, from
https://www.potomaceconomics.com/wp-content/uploads/2018/05/2017-State-of-the-Market-Report.pdf
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load and 76 percent of small commercial load had switched electricity providers to a
competitive retailer.34

10.3 ERCOT ZONAL VS. NODAL SYSTEM Exhibit 10-3. ERCOT zonal market

In response to a PUCT order in 2003, ERCOT undertook a
significant change to the region’s market structure by
changing from zonal pricing to a nodal pricing system. %Eg;:é%”cm
Under the zonal pricing system, ERCOT’s geographic —ed
region was divided into four zones, also known as
congestion management zones (Exhibit 10-3).28> By
having only four zones, at any one time there were at
most four different prices for electricity, with congestion

within a zone essentially averaged out within the zone.

Since inter-zone congestion costs were averaged to apply
to the zone as a whole, the market signal for new

generation or transmission needs was lost. However, as Used with permission from ERCOT®
shown in the map to the right (Exhibit 10-4)%>, several
transmission corridors experienced ongoing Exhibit 10-4. ERCOT zones

constraints—these constraints are exactly the cause
of congestion costs. As part of “Project 26376,” in
September 2003 PUCT ordered ERCOT to institute a
nodal wholesale market, which would serve to
eliminate the averaging of inter-zonal transmission
costs, provide better price signals for locating
generation and transmission, and develop a day-
ahead energy market. On December 1, 2010, the
new market design was launched, with locational
marginal pricing (LMP) at over 8,000 nodes. Potomac
Economics estimated that ERCOT’s nodal market
design provided approximately $30 million in savings
over its first four months of operation.8®

Used with permission from ERCOT®

10.4 ERCOT PRODUCTS AND SERVICES

ERCOT facilitates markets for energy services and reliability services through a day-ahead
market and a real-time market, as well as a congestion revenue rights (CRR) market. In 2011
ERCOT’s markets has more than 1,800 active market participants generating, moving, buying,

84 ERCOT. (2018). Report Cards on Retail Competition and Summary of Market Share Data. Retrieved February 8, 2019,
from https://www.puc.texas.gov/industry/electric/reports/RptCard/Default.aspx

85 Electric Reliability Council of Texas. (2010). ERCOT Board Members Overview and Orientation. Retrieved October 18,
2011, from

http://www.ercot.com/content/news/presentations/2010/ERCOT%20Board%200rientation, %20June%202010.pdf

86 ERCOT. (2011). ERCOT Quick Facts. Retrieved on October 3, 2011, from
http://www.ercot.com/content/news/presentations/2011/ERCOT+Quick+Facts+-+Aug+2011.pdf
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selling, or using wholesale electricity.®! The wholesale power markets are managed with a day-
ahead market and a real-time market.

10.4.1 Day-Ahead Market

In the day-ahead market, ERCOT clears both energy and operating reserve requirements by
accounting for existing bilateral contracts, matching bids for supply with demand projections,
determining a clearing price at each node, and providing dispatch orders. This scheduling
process takes into account multiple physical limitations of the system, including planned
generator outages due to maintenance, as well as physical constraints of existing transmission
lines.

10.4.2 Real-Time Market

In the real-time market, generators not already contracted to run via bilateral contracts or
dispatched in the day-ahead (or other ancillary service market commitment) can provide bids to
run for the next hour. ERCOT runs a dispatch model every five minutes that calculates the LMP
for each node and issues orders to generators participating in the real-time market to run and at
what level. While ERCOT plans sufficient generation capacity to cover anticipated demand in the
day-ahead market, unforeseen outages, weather problems, or significant variations from
anticipated load can create energy needs in the real-time market.

10.4.3 Ancillary Services Market

Generators are required to provide their own ancillary services (i.e., reliability services) in order
to participate in the wholesale power market. A generator can achieve this in three ways—by
agreeing to provide the services through its own generation fleet; by contracting with another
generator to provide the services; or by purchasing ancillary services in the day-ahead market.
In this transaction, ERCOT solicits bids to provide ancillary services and matches the needed
guantity with the available supply; thus, a specific generator is not buying services from a
particular supplier, but rather from a pool of available supply.

10.4.4 Congestion Revenue Rights Market

The congestion revenue rights (CRR) market provides a financial instrument for market
participants to hedge congestion costs in the day-ahead market. In the absence of any
transmission constraints, prices at all nodes would equal the lowest-priced generation resource.
However, transmission constraints exist in that there is not enough physical transmission to
deliver electricity from the lowest-cost resources to all the places demanding electricity at all
times. The system operator will calculate the least expensive way to service load while
respecting transmission limits, but some nodes will be required to draw power from higher-cost
resources, and thus the LMP at those nodes will be higher. The difference in LMP between
nodes that is attributable to transmission constraints is called “congestion cost” or “the cost of
congestion” because, but for the lack of transmission capacity, a lower-cost resource would be
used to meet demand. A CRR can be thought of as a “reservation” for access to a specific
transmission path (e.g., between LMP nodes) for a specific timeframe, but does not actually
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correspond to a physical right to deliver energy. Rather, a CRR will create a revenue stream (or
charges) based on the difference between the prices of two nodes for a particular hour of
delivery in the day-ahead market.

10.4.5 Outage Coordination

ERCOT define the outage to be a transmission facility, a portion of a transmission facility, or a
generation resource is removed from its normal service. Outages are required to be submitted
to ERCOT so ERCOT can better coordinate these outages to maintain reliable operation.

Transmission Service Provider and Qualified Schedule Entity should consistent update the
outage schedule. Unless there is an immediate outage, they should follow the outage schedule
after it is approved by ERCOT. After EROCT receive the outage schedule, it will review and
coordinate them to the 12-month rolling outage plan and accept the outage schedule. ERCOT
may reject an outage schedule based on some circumstance as defined in the EROCT Protocols.
ERCOT also implement response all immediate outages and establish communication procedure
and record-keeping procedure for outages.

10.5 ERCOT GENERATION PROFILE

Although ERCOT does not own or directly operate power generation facilities, it is responsible
for managing scheduled outages for maintenance, and maintaining reliable electricity service at
the lowest cost possible, as provided by the generators on the system. The diversity of fuel
sources in ERCOT’s system helps it maintain reliability at a low cost by ensuring that individual
fuel price spikes do not disproportionately affect system cost. The capacity and energy from
different fuel types in the ERCOT region are shown in Exhibit 10-5.

Exhibit 10-5. ERCOT generation by fuel type (2019) %"

87 ABB Velocity Suite. (2017). Velocity Suite Database: Monthly Plant Generation & Consumption. Retrieved on February
20, 2019
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11 ISO NEW ENGLAND REGIONAL TRANSMISSION OPERATOR

11.1 HISTORY AND GEOGRAPHY OF ISO NEW ENGLAND

The Independent System Operator (I1SO)% New England was established as a non-profit
corporation in 1997. It was designated by the Federal Energy Regulatory Commission (FERC) as a
Regional Transmission Operator (RTO) in 2005.8% ISO New England is responsible for ensuring
reliability and establishing and overseeing

competitive wholesale electricity markets for six U.S.  Exhibit 11-1. ISO New England market area
states: Connecticut, Maine, Massachusetts,

New Hampshire, Rhode Island, and Vermont

(Exhibit 11-1). As of 2010, ISO New England

dispatches approximately 33,000 MW of

generating capacity and 2,700 MW of demand

resources over 9,000 miles of transmission

lines providing electric service to 14.8 million

people.®® An all-time peak demand of 28,130

MW was set on August 2, 2006. N

Similar to other RTOs and ISOs, a primary

function of ISO New England is to facilitate the

energy markets in its service area, maintain

minute-to-minute reliable electricity service in

a cost-effective manner, manage wholesale et
markets, and develop bulk power system

planning processes. ISO New England operates the
electricity (energy, capacity, and ancillary services)
markets to serve load and meet reserve obligations
with the lowest-cost resources possible. It has designed a locational market structure to ensure
that transmission capability is used efficiently and that energy prices reflect the marginal cost of
providing the service at each location. The electricity price in ISO New England (Exhibit 11-2) is
dominated by energy cost (i.e., the cost of generating power, which includes fuel costs,
operation and maintenance for generators, and reimbursement for the capital cost of
generators).

Source: ABB Velocity Suite??

88 Many of the technical ferms used in this primer are defined in a companion Glossary of Terms.

87 ISO New England. (2019). Timeline. Retrieved on February 9, 2019, from https://www.iso-ne.com/about/what-we-
do/history

90 ABB Velocity Suite. (2019). Intelligent Map — US ISO/RTO Regions. Retrieved on February 26, 2019
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Exhibit 11-2. ISO New England average wholesale electricity price 2017 (S/MWh)*

Price

Energy $37.00

Capacity $19.00

Ancillary Services

11.2 1ISO NEW ENGLAND PRODUCTS AND SERVICES

ISO New England manages competitive markets that provide energy services and reliability
services through a day-ahead energy market, real-time energy market, forward capacity market,
financial transmission rights (FTR) market, and an ancillary services market. In 2011, these
markets aggregated billings of over $6.9 billion ($4.5 billion were traded in energy markets and
$2.3 billion were traded in capacity, reserve, and regulation markets) across ISO New England’s
500 market participants.®?

$1.10

11.2.1 Energy Market

ISO New England’s main role as an RTO is to coordinate an energy market throughout the
service area, which consists of facilitating the

continuous buying, selling, and delivery of Exhibit 11-3. Day-ahead market - zonal LMP [S/MWh]
wholesale electricity; providing dispatch
requests to generators; and acting as a data

LMP MAP: DAY-AHEAD

clearinghouse. In addition to acting as a New England Energy: $43.53 Cleared Demand: 14637 MW
clearinghouse for bilateral power contracts, . New Brun. . st.001+
ISO New England manages a day-ahead TR [ ss01-1.000
market and a real-time market for power Highgate N -
delivery. In each market ISO New England — SELE

“clears the market,” i.e., coordinates which Ny T - | e
generators will operate at what time, at what | °°"*" $43.64 101150
price, and at over 900 pricing nodes, to meet $43.45 s71-100
electricity demand. The price of electricity is — — oo
based on the cost of bringing the next $43.19 ' — 84400 "
marginal unit of electricity on line at specific " pae . o
locations throughout the New England area. NYNNC _~  Grosssd. B
This method of calculating electricity price is — —— . L
called locational marginal pricing (LMP). ISO

New England features the LMP since 2003 Used with permission from ISO New England®

(Exhibit 11-3).8°

?11SO New England. (2018). 2017 Financial Report. Retrieved on February 9, 2019, from https://www.iso-ne.com/static-
assets/documents/2018/04/2017_financial_statements.pdf
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The day-ahead market clears both energy and operating reserves for each hour of the next
operating day by matching energy demand bids at each LMP node and operating reserve
requirements throughout the system with the generators’ ability to provide power. Thus, ISO
New England ensures scheduling adequate resources to meet the next day’s expected demand,
taking into account physical limiting factors such as transmission capacity and the generators’
scheduled maintenance.

Generators participate in the real-time market by submitting bids to provide electricity at a
certain price during a reoffer period. The reoffer period is between 4:00 — 6:00 p.m. the day
before operating day. ISO New England produces real-time hourly commitments after 6:00 p.m.
the day before operating day and sends the generators’ dispatch signals every ten minutes
during the operating day based on the current demand and the generators’ bid price—with the
lowest-cost resources dispatched first.

11.2.2 Capacity Market

ISO New England established a forward capacity market (FCM) to provide appropriate price
signals to attract new capacity investments, maintain existing resources in order to ensure the
reliability of the New England bulk power system, and let generation unit to fully recover its
fixed cost even if it does not operate often.?? The capacity market includes traditional
generation (e.g., oil, coal, natural gas) and non-traditional supply resources (e.g., demand
resources [demand-side management, energy efficiency, load management, distributed
generation], intermittent generation and imports). ISO New England projects the need of the
power system and conducts the forward capacity auction approximately three years in advance
(e.g., auction in 2019 for delivered capacity in 2022/2023) for a one-year period (e.g., from June
1, 2022 to May 31, 2023). Capacity obligations are adjusted by three annual and twelve-monthly
reconfiguration auctions.®3

11.2.3 Ancillary Services Market

ISO New England facilitates an ancillary services market to ensure the reliability of electricity
production and transmission. The ancillary services include a forward reserve market, real-time
reserve pricing, regulation market, voltage support, black-start service and winter program
payment rate.

The forward reserve market is held in advance of the Summer Capability Period (from June 1 to
September 30) and the Winter Capability Period (from October 1 to May 31) to acquire off-line
operating reserve. The forward reserve market is a locational forward reserve market where the
clearing prices are based on the cost of serving the next increment of reserve at specific
locations throughout the New England area. Capacity resources that were cleared in the
forward reserve market have to offer their capability into the real-time energy market.

92 |SO New England (2019). Training Materials. Lesson 1: Reason for Having a Capacity Market. Retrieved on February 11,
2019, from https://www.iso-ne.com/participate/training/materials/2key-
topic=Forward%20Capacity%20Market%20Training

23 1SO New England (2019). Training Materials. Lesson 5: How the Various Auctions Work. Retrieved on February 11, 2019,
from https://www.iso-ne.com/participate/training/materials/2key-topic=Forward%20Capacity%20Market%20Training
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The real-time reserve pricing is for offsetting the lost opportunity costs when a generation
resource is served as reserve capacity or when an on-line generation can increase its power
output during short of reserves. The real-time reserve market is cleared simultaneously with the
real-time energy market. The ISO New England selects which generation resource will serve load
and which generation resource will serve as reserved using energy offers in the most cost-
effective way. Regulation service allows ISO New England to manage small changes in the
system’s electrical load by increasing or decreasing the generators’ output. Generators submit
offers by 2:00 p.m. the day before operating day. Hourly real-time regulation clearing price is
computed from five-minute samples while the generator receives a control signal to adjust
output every four seconds.®*

The ISO New England offers two specialized ancillary services: voltage support and black start
capability. The voltage support is used to maintain transmission voltage while black start
capability is used to restart the transmission system following a system-wide blackout.*

11.2.4 Financial Transmission Rights (FTR)

The FTR market provides a financial instrument for market participants to hedge against
congestion costs in the system. In the absence of any transmission constraints, all LMP nodes
would price at the lowest-priced generation resource. However, there is not enough physical
transmission to deliver electricity from low-cost resources to the place demanding the
electricity at all times. Thus, some nodes will, by necessity, use power from higher cost
resources and therefore the LMP at that node will be higher. The difference in LMPs between
two nodes that is attributable to the transmission constraints multiplied by the transfer amount
is called “congestion cost” or “the cost of congestion” because, but for the lack of transmission
capacity, a lower-cost resource would be used to meet demand. An FTR can be thought of as a
“reservation” for access to a specific transmission path (e.g., between LMP nodes) for a specific
timeframe, but does not actually correspond with a physical right to deliver energy. Rather, an
FTR will create a revenue stream (or charges) based on the difference between two day-ahead
LMP prices at specific times.

11.2.5 Transmission Planning and Resource Adequacy

ISO New England is responsible for maintaining the operations and reliability of the grid in its
service area and, as such, conducts periodic reviews of grid adequacy. It publishes a regional
system plan annually. Transmission expansion is assessed on an annual basis, in conjunction
with members’ annual planning cycles, to understand the projects being studied or currently
underway, as well as to suggest future projects needed to ease congestion or other grid issues.
Similarly, ISO New England undertakes a resource adequacy study (Forecast Report of Capacity,
Energy, Loads, and Transmission) on an annual basis, modeling expected supply and demand to
determine available reserve margins and plan for the integration of additional generation or
transmission, in order to maintain reliable service. In addition to assessing the need for new

24 1SO New England. (2019). Training Material. Regulation Market Presentation. Retrieved on February 11, 2019, from
https://www.iso-ne.com/participate/training/materials/2key-topic=Ancillary%20Services%20Training
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transmission or generation resources, ISO New England is also responsible for administration of
the generator interconnection process.

11.2.6 Tariff Administration

As an RTO, ISO New England is responsible for administering its “Open Access Transmission
Tariff” as a part of ISO New England’s “Transmission, Markets and Services Tariff.” This tariff is
filed with FERC and outlines how ISO New England will determine rates for transmission service,
evaluate and approve requests for transmission service, perform transmission impact studies,
and coordinate use and administration with other transmission providers in the region, among
other activities. With FERC’s approval of the tariff, ISO New England is the sole decision-making
authority on the provision of transmission service in accordance with the tariff. However, in a
case when a dispute cannot be solved internally as a part of good-faith negotiations for a period
of not less than sixty (60) calendar days, the dispute may be submitted to arbitration or any
other form of alternative dispute resolution.®® The dispute may be submitted by any party for
resolution to FERC, to a court, or to an agency with jurisdiction over the dispute.

11.2.7 Outage Coordination

As an RTO, one of ISO New England’s responsibilities is coordination and scheduling of
transmission equipment or power plant outages. These outages can last from minutes to several
months. Outages can be categorized as planned outages or unplanned outages. A planned
outage is when the outage request is submitted with timely advanced notice, usually from
service maintenance or repair. On the other hand, an unplanned outage is when equipment
forced to be out of service due to a problem. ISO New England works with market participants
for coordination of planned outage and improving the outage timely submittal so that the
power system reliability won’t be compromised.®®

11.31SO NEW ENGLAND GENERATION PROFILE

While ISO New England does not own or directly operate power generation facilities, it is
responsible for managing scheduled outages for maintenance and maintaining reliable
electricity service at the lowest cost possible, as provided by the different generators on the
system. Thus, to maintain reliability, ISO New England continually evaluates the fuel mix of
generation assets in the region. As seen in Exhibit 11-4, the majority of the region’s power
comes from natural gas generation facilities.

95 1SO New England. (2018). Transmission, Markets and Services Tariff. Retrieved on February 2019, from http://www.iso-
ne.com/requlatory/tariff/sect 1/sect i.pdf

26 ISO New England. (2019). Outage Coordination Requirements. Retrieved on February 25, 2019, from https://www.iso-
ne.com/markets-operations/markets/forward-capacity-market/fcm-participation-guide/outage-coordination-
requirements
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Exhibit 11-4. ISO New England generation (MWh) by fuel type (2019)*
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Demand resources, such as energy efficiency and demand response, can participate just like
traditional generation resources in the forward capacity market. The demand resources
accounted for up to 10 percent of the region’s annual installed capacity requirements (Exhibit
11-5).

Exhibit 11-5. New England demand resource*
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97 ABB Velocity Suite. (2017). Velocity Suite Database: Monthly Plant Generation & Consumption. Retrieved on February
20, 2019
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12 MISO REGIONAL TRANSMISSION OPERATOR

12.1 HISTORY AND GEOGRAPHY OF MISO

The Midcontinent Independent System

Operator (MISO) is a Regional Transmission Exhibit 12-1. MISO market area
Operator (RTO).® Established in 1998,
MISO was one of the first amm ] TV
organizations to be recognized by the % b v
Federal Energy Regulatory N i g
Commission (FERC) as an RTO (in e so T i
2001). MISO is responsible for Ll
managing the energy and operating L
reserves markets for 15 U.S. states in U T
the upper Midwest and the Canadian [y
Province of Manitoba (Exhibit 12-1).%° e —

As of 2019, MISO provided dispatch | L

signals and reliability services to Tl
188,818 MW of capacity over 68,500
miles of transmission lines providing
electric service to 42 million people.
An all-time peak demand of 130,917
MW was set on July 20, 2011.%00

{Mvs|
;

Similar to other RTOs and ISOs, a primary

function of MISO is to facilitate the energy Source: ABB Velocity Suite %

markets in its service area and maintain

reliable electricity service in a cost-effective manner. MISO operates the energy markets to
serve load and meet reserve obligations with the lowest-cost resources possible and has
designed a locational market structure to ensure that transmission capability is used efficiently
and that energy prices reflect the marginal cost of providing the service at each location. While
the wholesale cost of electricity includes services to ensure reliable supply of power, as seen in
Exhibit 12-2, the majority of the electricity price in MISO is dominated by energy services (i.e.,
the cost of generating power, which includes fuel costs, operation and maintenance for
generators, and reimbursement for the capital cost of generators).

98 Many of the technical ferms used in this primer are defined in a companion Glossary of Terms.
99 ABB Velocity Suite. (2019). Intelligent Map — US ISO/RTO Regions. Retrieved on February 26, 2019

100 MISO. (2019). MISO Corporate Information Fact Sheet. Retrieved on February 11, 2019, from:
https://www.misoenergy.org/about/media-center/corporate-fact-sheet/
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Exhibit 12-2. MISO average wholesale electricity price 2015, 2016, and 2017 (S/MWh)°t

Energy $27.54 $ 26.55 $29.50
Ancillary Services $0.07 $0.09 $0.10
$0.22 $0.20 $0.25

$1.08 $2.43 $1.50

12.2 MISO PRODUCTS AND SERVICES

MISO manages competitive markets that provide energy services and reliability services through
a day-ahead market, real-time market, financial transmission rights (FTR) market, and, as of
January 2009, an ancillary services market (ASM). In 2011 these markets aggregated gross
charge billings of $29.9 billion across MISO’s 464 market participants.%©

12.2.1 Energy Market

MISO’s main role as an RTO is to coordinate an energy market throughout the service area,
which consists of facilitating the continuous buying, selling, and delivery of wholesale electricity,
providing dispatch requests to generators, and acting as a data clearinghouse. In addition to
acting as a clearinghouse for bilateral power contracts, MISO manages a day-ahead market and
a real-time market for power delivery. In each market MISO “clears the market,” i.e.,
coordinates which generators will operate, at what time, and at what price, at over 1,900
pricing nodes, or local areas. At each node the price of electricity is based on the cost of
bringing the next marginal unit of electricity on line. This method of calculating electricity price
is called locational marginal pricing (LMP).

The day-ahead market clears both energy and operating reserves for each hour of the next
operating day by matching energy demand bids at each LMP node and operating reserve
requirements throughout the system with the generators’ ability to provide power. Thus, MISO
ensures scheduling adequate resources to meet the next day’s expected demand, taking into
account physical limiting factors such as transmission capacity and generators’ scheduled
maintenance. Generators participate in the real-time market by submitting bids to provide
electricity at a certain price at least 30 minutes prior to the identified hour of operation (i.e., the
hour in which the generator proposes operating and providing the electricity). MISO then sends
the generators dispatch signals every five minutes based on the current demand and the
generator’s bid price—with the lowest-cost resources dispatched first.0!

12.2.2 Capacity Market

To ensure that generators have sufficient incentive to develop and make available sufficient
generation resources to meet expected demand plus a reserve margin, load-serving entities

101 Potomac Economics. (2018). 2017 State of the Market Report for MISO Electricity Markets. Retrieved on February 12,
2019, from https://www.potomaceconomics.com/wp-content/uploads/2018/07/2017-MISO-SOM_Report_6-26_Final.pdf
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(LSE) are responsible for contracting for capacity services above and beyond the anticipated
demand in their service area. Thus, LSEs calculate an expected peak demand and then must
contract for “Planning Resources” —which can be either generation or load response
programs—to account for events such as unplanned outages, weather disruptions, or an
unexpected surge in demand. LSEs can meet their requirement for planning resources through
their own generation assets, bilateral contracts with other generators, or participation in MISO’s
monthly Planning Resource Auction. Statistical back testing is performed on a monthly basis to
determine if LSEs provided for sufficient planning resources to meet reserve margin
requirements. If the requirements were not met, LSEs are subject to a deficiency charge.

12.2.3 Ancillary Services Market

MISO facilitates an ancillary services market in a similar manner to the real-time market, with
generators providing bids for 15-minute increments. MISO then matches this availability with
minute-by-minute grid demand in order to ensure adequate supply of electricity within a variety
of technical reliability parameters (e.g., voltage, physical power flows, etc.)

12.2.4 Financial Transmission Rights

The FTR market provides a financial instrument for
Exhibit 12-3. MISO reliability coordination area market participants to hedge against congestion
costs in the system. In the absence of any
transmission constraints, all LMP nodes would price
at the lowest-priced generation resource. However,
there is not enough physical transmission to deliver
electricity from low-cost resources to the place
demanding the electricity at all times. Thus, some
nodes will, by necessity, use power from higher
cost resources and therefore the LMP at that node
will be higher. The difference in LMPs between two
nodes that is attributable to the transmission
constraints is called “congestion cost” or “the cost
of congestion” because, but for the lack of
transmission capacity, a lower-cost resource would
be used to meet demand. An FTR can be thought of
as a “reservation” for access to a specific
transmission path (e.g., between LMP nodes) for a
specific timeframe, but does not actually
correspond with a physical right to deliver energy.
Rather, an FTR will create a revenue stream (or
charges) based on the difference between two LMP
prices at specific times.

Source: ABB Velocity Suite %2
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12.2.5 Reliability Assurance

MISO manages the reliability of the power grid per North American Electric Reliability
Corporation (NERC) standards in a geographic region slightly larger than its market area (Exhibit
12-3), with the greatest differences being the inclusion of the remainder of North and South
Dakota, and the Canadian Province of Manitoba.!%? Although MISO does not provide energy
market services to these additional areas, it is responsible for modeling expected electricity
demand and providing dispatch signals to generators to match supply and demand.

MISO employs a variety of system monitors and modeling tools to compare actual and
predicted electricity flows against individual lines’ voltage limits or other constraints. These
data points and the results from modeling calculations are presented to grid operators, on a
real-time display, to help visualize the status of the grid and to inform any needed corrective
actions.

12.2.6 Transmission and Resource Planning

MISO is responsible for maintaining the operations and reliability of the grid in its service area
and, as such, conducts periodic reviews of grid adequacy. Transmission expansion is assessed on
an annual basis, in conjunction with members’ annual planning cycles, to understand the
projects being studied or currently underway, as well as to suggest future projects needed to
ease congestion or other grid issues. Similarly, MISO undertakes a resource adequacy study on
an annual basis, modeling expected supply and demand to determine available reserve margins
and plan for the integration of additional generation or transmission, in order to maintain
reliable service. Seasonal assessment reviews are also completed prior to each summer and
winter, to review predicted demand and resources for the MISO reliability area and to assess
potential risks.

In addition to assessing the need for new transmission or generation resources, MISO also
performs generator interconnection studies to understand the impact of connecting new
generation resources to the grid.

12.2.7 Tariff Administration

As an RTO, MISO is responsible for administering its “Open Access Transmission, Energy and
Operating Reserve Markets Tariff.” This tariff is filed with FERC and outlines how MISO will
determine rates for transmission service, evaluate and approve requests for transmission
service, perform transmission impact studies, and coordinate use and administration with other
transmission providers in the region, among other activities. With FERC’s approval of the tariff,
MISO is the sole decision-making authority on the provision of transmission service in
accordance with the tariff. However, MISO has established an Alternate Dispute Resolution

102 MISO. (2013). Corporate Information. Retrieved on January 16, 2013, from
https://www.midwestiso.org/Library/Repository/Communication%20Material/Corporate/Corporate%20Fact%20Sheet.pdf
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Committee (ARDC)%3, a six-member, board-appointed, closed committee to adjudicate disputes
between parties who may have different interpretations of the tariff.

12.2.8 Outage Coordination

As a reliability coordinator and RTO, MISO coordinates the outage to ensure the power system
real-time reliability within MISO footprint. MISO has Control Room Operations Window (CROW)
outage scheduling system for operators to report generation or transmission outages. Operators
should follow the CROW outage process to submit outage request when a plant or an
equipment needs repair, construction, or maintenance work which affect its normal operation.
MISO will either approve or deny the request after a system study has been completed on this
outage. The operator should only implement the outage if the outage request in CROW has
been approved.

12.3 MISO GENERATION PROFILE

While MISO does not own or directly operate power generation facilities, it is responsible for
managing scheduled outages for maintenance and maintaining reliable electricity service at the
lowest cost possible, as provided by the different generators on the system. Thus, to maintain
reliability, MISO continually evaluates the fuel mix of generation assets in the region. As seen in
Exhibit 12-4, the majority of the region’s power comes from coal-fired generation facilities.

Exhibit 12-4. MISO generation (MWh) by fuel type (2019)***

Hydro 1%

A\

103 MISO. (2019). Alternative Dispute Resolution Committee. Retrieved on February 12, 2019, from
https://www.misoenergy.org/stakeholder-engagement/committees/alternative-dispute-resolution-committee/

104 ABB Velocity Suite. (2017). Velocity Suite Database: Monthly Plant Generation & Consumption. Retrieved on February
20, 2019
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13 NEW YORK INDEPENDENT SYSTEM OPERATOR

13.1 HISTORY AND GEOGRAPHY OF NEW YORK ISO

The New York Independent System Operator (NYISO)°> was established as a non-profit
corporation in 1999. NYISO is responsible for maintaining and enhancing reliability, establishing
and overseeing competitive wholesale electricity markets, and planning the power system for
the future for New York State’s electrical grid. (Exhibit 13-1). As of 2018, NYISO dispatches
approximately 42,839 MW of power resource capacity over 11,173 miles of transmission lines
providing electric service to 19.8 million people. An all-time peak demand of 33,956 MW was
set on July 2013106107,

Exhibit 13-1. NYISO market area

NY J

Source: ABB Velocity Suite'®®

Similar to other I1SOs, a primary function of NYISO is to facilitate the energy markets in its
service area, maintain minute-to-minute reliable electricity service in a cost-effective manner,
manage wholesale markets, and develop bulk power system planning processes. NYISO
operates the electricity (energy, capacity, and ancillary services) markets to serve load and meet

105 Many of the technical terms used in this primer are defined in a companion Glossary of Terms.

106 New York ISO. (2018). The Crifical Value of New York’s Energy Market. Retrieved on February 14, 2019, from
https://www.nyiso.com/documents/20142/2225523/NYISO-Critical-Value-NY-Energy-Markets-eBook.pdf/622d0770-aa94-
a3ef-9céc-e3565da3e2d3

107 New York ISO. (2018). 2018 Power Trends. Retrieved on February 14, 2019, from
https://www.nyiso.com/documents/20142/2223020/2018-Power-Trends.pdf/4cd3a2a6-838a-bb54-f631-8982a7bdfa7a

108 ABB Velocity Suite. (2019). Intelligent Map — US ISO/RTO Regions. Retfrieved on February 26, 2019
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reserve obligations with the lowest-cost resources possible. It has designed a locational market
structure to ensure that transmission capability is used efficiently and that energy prices reflect
the marginal cost of providing the service at each location. While the wholesale electric energy
includes capacity and ancillary services to ensure reliable supply of power, as seen in Exhibit
13-2, the majority of the electricity price in NYISO is dominated by energy cost (i.e., the cost of
generating power, which includes fuel costs, operation and maintenance for generators, and
reimbursement for the capital cost of generators).

Exhibit 13-2. NYISO average wholesale electricity price 2010-2017 (S/MWh)
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13.2 NYISO PRODUCTS AND SERVICES

NYISO manages competitive markets that provide energy services and reliability services
through a day-ahead energy market, real-time energy market, capacity market, financial
transmission rights (FTR) market, and an ancillary services market. In 2016, these markets
aggregated billings of over $5.3 billion.1%®

13.2.1 Energy Market

NYISO’s main role as an ISO is to coordinate an energy market throughout the service area,
which consists of facilitating the continuous buying, selling, and delivery of wholesale electricity,
providing dispatch requests to generators, and acting as a data clearinghouse. In addition to
acting as a clearinghouse for bilateral power contracts, NYISO manages a day-ahead market and
a real-time market for power delivery. In each market NYISO “clears the market,” i.e.,
coordinates which generators will operate, at what time, and at what price, to meet electricity
demand. The price of electricity is based on the cost of bringing the next MW of electricity on
line at specific locations throughout the New York control area. This method of calculating
electricity price is called locational based marginal pricing (LBMP).
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The day-ahead market clears both energy and operating reserves for each hour of the next
operating day by matching energy demand bids at each LBMP node and by operating reserve
requirements throughout the system with the generator’s ability to provide power. Thus, NYISO
ensures scheduling adequate resources to meet the next day’s expected demand, taking into
account physical limiting factors such as transmission capacity and the generators’ scheduled
maintenance.

Generators participate in the real-time market by submitting bids to provide electricity at a
certain price at least 75 minutes prior to the identified hour of operation (i.e., the hour in which
the generator proposes operating and providing the electricity). NYISO then sends the
generator’s dispatch signals every five minutes based on the current demand and the
generator’s bid price—with the lowest-cost resources dispatched first.10?

13.2.2 Installed Capacity (ICAP) - Capacity Market

NYISO established a forward capacity market, ICAP, to provide appropriate price signals to
attract new generation, transmission and demand resource investments, and maintain existing
resources in order to ensure the reliability of the New York bulk power system.° The capacity
market ensures resource adequacy, guarantees market stability, and provides price signal for
investments. Load-serving entities (LSE) are responsible for contracting for capacity services
above and beyond the anticipated demand in their service area. Thus, LSEs calculate a share of
expected-peak demand and add an additional amount for the installed reserve margin. NYISO
conducts a capability period auction at least 30 days prior to the start of the capability period, a
monthly auction at least 15 days prior to the start of the month, and a spot market auction two
to four days prior to the start of the month.

13.2.3 Ancillary Services Market

NYISO facilitates an ancillary services market to ensure the reliability of electricity production
and transmission. The ancillary services include operating reserve and regulation as well as
frequency control.

Operating reserve service provides backup generation in the event of a system contingency,
such as unexpected failure of generator, transmission line, or other electrical equipment. The
operating reserve must be from units and demand-side resources within the New York control
area or reserve sharing agreements. The operating reserve market is a locational reserve market
where the clearing prices are based on the cost of serving the next increment of reserve at
specific locations throughout the New York control area.1°

Regulation service allows NYISO to manage small changes in the system’s electrical load by
increasing or decreasing the generator’s output by sending a control signal to adjust output
every six seconds. The regulation service is accomplished by committing online generators,
demand-side regulation providers, and limited energy storage resources in day-ahead and real-

109 New York ISO (NYISO). (2018). Market Participants User's Guide (December 2018). Retrieved on February 14, 2019, from
https://www.nyiso.com/documents/20142/3625950/mpug.pdf/céca83ca-eebb-e507-4580-0bf76cd1dalb

110 New York ISO (NYISO). (2018). Course Materials: Ancillary Services. Retrieved February 15, 2019, from
https://www.nyiso.com/documents/20142/3036629/Ancillary%20Services.pdf/126f8442-9590-4093-0b15-4ee45%f46fae
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time markets. The regulation clearing price is computed based on the actual cost to provide the
next available MW of regulation.!?

NYISO offers two specialized ancillary services: voltage support and black start capability. The
voltage support is used to maintain transmission voltage in real-time while black start capability
is used to restart the transmission system following a system-wide blackout.?

13.24 Transmission Congestion Contracts (TCC)

The TCC market provides a financial instrument for market participants to hedge against
congestion costs in the system, and they are settled in the day-ahead market only. In the
absence of any transmission constraints, all LBMP nodes would price at the lowest-priced
generation resource. However, there is not enough physical transmission to deliver electricity
from low-cost resources to the place demanding the electricity at all times. Thus, some nodes
will, by necessity, use power from higher-cost resources and therefore the LBMP at that node
will be higher. The difference in LBMPs between two nodes that is attributable to the
transmission constraints multiplied by the transfer amount is called “congestion cost” or “the
cost of congestion,” because, but for the lack of transmission capacity, a lower-cost resource
would be used to meet demand. A TCC can be thought of as a “reservation” for access to a
specific transmission path (e.g., between LBMP nodes) for a specific timeframe, but does not
actually correspond with a physical right to deliver energy. Rather, a TCC will create a revenue
stream (or charges) based on the difference between two day-ahead LBMP prices at specific
times.

13.2.5 Transmission Planning and Resource Adequacy

NYISO is responsible for maintaining the operations and reliability of the grid in its service area
and, as such, conducts periodic reviews of grid adequacy. NYISO and its stakeholders developed
a comprehensive system planning process that includes local transmission owner planning
process, NYISO’s reliability planning process, congestion assessment, and resource integration
study. The output of this process is a comprehensive reliability plan for the 10-year study period
that is used for economic planning. The NYISO does not have the authority to license or
construct projects, but it monitors progress of the proposed projects and reports its findings
annually.

13.2.6 Tariff Administration

As an ISO, NYISO is responsible for administering its “Open Access Transmission Tariff.” This
tariff is filed with the Federal Energy Regulatory Commission (FERC) and outlines how NYISO will
determine rates for transmission service, evaluate and approve requests for transmission
service, perform transmission impact studies, and coordinate use and administration with other
transmission providers in the region, among other activities. With FERC’s approval of the tariff,
NYISO is the sole decision-making authority on the provision of transmission service in
accordance with the tariff. However, in the case of a dispute, when the dispute cannot be solved
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internally, it may be submitted to non-binding mediation or arbitration or may commence legal
proceedings before FERC or a court of competent jurisdiction.!!

13.2.7 Outage Coordination

As an ISQ, it is NYISO’s responsibilities to coordinate and schedule of transmission equipment or
power plant outages. These outages can last from minutes to several months. Outages can be
categorized as forced outages or maintenance outages. By NYISO’s definition, if a schedule
outage can be deferred beyond the end of the following weekend, it is a maintenance outage;
otherwise is a forced outage. NYISO require generation owner and transmission owner to report
all outages to the NYISO Outage Scheduler so ISO can coordinate outages to ensure the power
system reliability.

13.3 NYISO GENERATION PROFILE

While NYISO does not own or directly operate power generation facilities, it is responsible for
managing scheduled outages for maintenance and maintaining reliable electricity service at the
lowest cost possible, as provided by the different generators on the system. Thus, to maintain
reliability, NYISO continually evaluates the fuel mix of generation assets in the region. As seen in
Exhibit 13-3, the majority of the region’s power comes from natural gas generation facilities.

Exhibit 13-3. New York ISO generation by fuel type (2019)**

Coal 1%

7

Renewable 5%

Other 1%

T NYISO. (2005). Dispute Resolution Procedures. Retrieved on February 15, 2019, from
https://www.nyiso.com/documents/20142/2424440/dispute resolution procedures.pdf/b862b53a-3166-3fa4-d771-
b9f82ef10d2a

112ABB Velocity Suite. (2017). Velocity Suite Database: Monthly Plant Generation & Consumption. Retrieved on February
20, 2019
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14 PJM REGIONAL TRANSMISSION OPERATOR

14.1 HISTORY AND GEOGRAPHY OF PJM

PJM Interconnection, LLC (PJM) is a Regional Transmission Organization (RTO)3 that manages
the high voltage transmission system and the wholesale electricity markets in all or parts of 13
states: Delaware, lllinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, North Carolina,
Ohio, Pennsylvania, Tennessee, Virginia, West Virginia, and the District of Columbia (Exhibit
14-1). PJM’s main objectives include the reliable generation and transmission of electrical
energy at competitive prices while providing meaningful incentives for future generation and
transmission expansion. Currently, PJM is dispatching about 178,563 MW of capacity over
84,042 miles of transmission lines to more than 65 million people and 1,032-member
entities.!* An all-time peak demand of 165,492 MW.

Exhibit 14-1. PJM utility service areas

Source: ABB Velocity Suite**®

113 Many of the technical terms used in this primer are defined in a companion Glossary of Terms.

114 PJM. (2012). 2017 Annual Report (2018). Retfrieved on February 15, 2019, from https://www.pjm.com/-/media/about-
pim/newsroom/annual-reports/2017-annual-report.ashx2la=en
115 ABB Velocity Suite. (2019). Infeligent Map — US ISO/RTO Regions. Retrieved on February 26, 2019
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As an RTO, PIM’s main responsibility is to operate a regional power grid by acting as a market
clearinghouse and ensuring ongoing grid reliability. PJM operates the energy markets to serve
load and meet reserve obligations with the lowest-cost resources possible and has designed a
locational market structure to ensure that transmission capability is used efficiently and that
energy prices reflect the marginal cost of providing the service at each location. While the
wholesale cost of electricity includes services to ensure reliable supply of power, as seen in
Exhibit 14-2, the majority of the electricity price in PIM is dominated by energy services (i.e., the
cost of generating power, which includes fuel costs, operation and maintenance for generators,
reimbursement for the capital cost of generators). In 2017, approximately $0.52/MWh was used
to fund PJM administrative functions, as the majority of funds were for energy generation
(530.99/MWh), capacity payments (511.23/MWh), and transmission ($9.57/MWh).

Exhibit 14-2. PJM’s historical total price by category 2006-20173¢

100
m Other
r— Transmission Service Charges
80
Capacity
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Note: Other includes Operating Reserves (Uplift), Demand Response, Emergency Energy, and Administration.

14.2 PJM PRODUCTS AND SERVICES

PJIM manages competitive markets that provide energy services and reliability services through
an energy market, capacity market, transmission service charges, and an ancillary services
market. In 2017, these markets aggregated billings of over $40.17 billion ** or $53.24 per MWh
transmitted throughout the PJM service area.

14.2.1 Energy Market

PJM’s main role as an RTO is to coordinate an energy market by facilitating the continuous
buying, selling, and delivering of wholesale electricity throughout the service area while acting
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as a data clearinghouse and dispatch decision maker. The energy market facilitates bilateral
contracts between generators and load serving entities (LSE), as well as day-ahead and a real-
time energy market. In each market, PJM ensures adequate supply to meet projected (and
actual) demand, taking into account all physical limitations of the system, including generator-
maintenance schedules and transmission-capacity constraints. This is done by managing a
locational marginal pricing (LMP) system in which prices are set at over 100 local nodes. The
LMP system calculates a local price for the next marginal MWh of demand based on the
operating status of generation facilities, including accounting for existing bilateral power
delivery contracts as well as the availability of transmission assets to deliver power to specific
nodes. In the absence of transmission constraints, all nodes would price at the lowest-priced
generation resource. However, with the presence of transmission congestion, energy cannot
flow to all points in the service area; hence, different prices occur at different nodes depending
on the available generation assets and transmission capacity.

14.2.2 Capacity Market

The capacity market is designed to provide a long-term price signal to the market on a location-
by-location basis in order to encourage development of generation assets, where current
resources (either generation assets or transmission assets) are relatively scarce. It ensures the
long-term grid reliability by attracting new power supply resources. Each utility in PIM’s
geography is required to have the generating capacity to meet the expected demand (plus a
reserve) in their service area. Utilities can meet this requirement with their own generation
assets, by contracting for the capacity of other companies’ generating assets, or by participating
in PJM’s capacity-market auction. In 2007, PJM instituted a reliability pricing model (RPM) as a
means of pricing capacity for the capacity market auction. The RPM is designed to settle on
locational prices that will stimulate investment in locations of the highest need (i.e., areas with
relatively higher electricity prices) through the development of new sources of capacity—be it
expansions of existing facilities, new generation assets, or demand response and energy-
efficiency programs. Auctions are performed for capacity three years out (e.g., auction in 2011
for delivered capacity in 2014/15), and contracts are written for a year’s worth of capacity
availability.

14.2.3 Transmission Service Charges

Transmission service charges are payments to transmission asset owners based on the
utilization of the owner’s transmission lines. Tariffs for transmission are based on Federal Energy
Regulatory Commission (FERC)-approved rates for interstate transmission lines, and on a state-
by-state basis for intrastate lines (although typically state utility regulatory bodies follow FERC
guidance to establish transmission tariffs).

14.2.4 Ancillary Services

Ancillary services are a key aspect of ensuring the reliability of the grid and consist mainly of
regulation services and reserve (synchronized and non-synchronized) service. LSEs can provide
this service either through their own generation assets, by direct contract with another
generation asset, or by participating in PIM’s regulation market or synchronized reserve market.
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In each of these markets, resource owners submit offers to provide the service to PJM. PIM then
optimizes the cost of these offers and, in conjunction with the expected supply and demand at
each node, determines a clearing price for the service. Run by PJM’s proprietary Synchronized
Reserve and Regulation Optimizer, this also provides PJM with the direction to dispatch
additional generation assets if/when incidental synchronization or regulation is insufficient to
provide the necessary capacity.

14.2.5 Other Markets/Services

PJM offers a variety of other services to its members to facilitate markets and to ensure grid
reliability, such as financial transmission rights, black start service, demand response, and
generation interconnection, among others.

Financial Transmission Rights: Financial transmission rights (FTR) is a financial contract used by
market participants to hedge their exposure to transmission congestion. This contract can be
thought of as a “reservation” for access to a specific transmission path (i.e., between LPM
nodes) for a specific timeframe in the day-ahead market, but it does not actually correspond
with a physical right to deliver energy. Rather, an FTR will create a revenue stream (or charges)
based on the difference between two LMP prices at specific times. PJIM facilitates four ways for
market participants to obtain FTRs:16

1. Bid for FTRs in the long-term auction for FTRs ranging from one to three years

2. Bid for FTRs in the annual auction, which includes FTRs for the entire transmission
capacity

3. Bid for leftover FTRs in the monthly auction, which includes the upcoming three months
or any quarter in the remainder of the planning year

4. Purchase/sell FTRs on the secondary market

Black Start Service: Black start service is essential to ensuring grid stability and reliability. It is a
method of ensuring generation capacity exists to come on-line in the event of a total loss of
power across the transmission system. PIM designates certain generators as “black start units”
based on an annual series of performance tests, which include the ability to start up and deliver
power to the grid without an outside source of power, or to remain in operation at reduced
output levels when disconnected from the grid. Once designated a black start unit, generators
are compensated based on cost-based payments for providing the service. This cost is paid on a
pro-rata basis by all generators in the PIM region.

Demand Response: PJM is one of the first RTOs to incorporate demand response into the
wholesale energy and capacity markets, allowing for retail customers to participate in the
markets and receive compensation for the demand reductions they make. PJM works with
gualified agents—Curtailment Service Providers (CSP)—who aggregate retail customers to
participate in demand response and facilitate demand reductions. CSPs can participate in either
day-ahead or real-time markets, by monitoring LMPs and providing demand reduction when

116 PJM. (2018). PJM Manual 06: Financial Transmission Rights, Revision: 21. Retrieved on February 17, 2019, from:
https://www.pjm.com/-/media/documents/manuals/m0é.ashx
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LMPs are high, which is the equivalent of bidding in generating capacity at those times.
Similarly, CSPs can bid their aggregated MW of load into the forward capacity markets. For
example, in the 2019 three-year capacity auction, PJM secured more than 11,000 MW of
demand response capacity for the 2011/2012 delivery year, which is more than 7.5% of the
total PJM committed capacity!!’—.

Generation Interconnection: To ensure reliability, PJM performs feasibility/reliability studies,
coordinates the planning process for connecting new generation, and oversees the construction
of the facilities necessary to interconnect new generation to the grid. These activities are part of
PIM’s larger Regional Transmission Expansion Planning process, as new generation capacity
must be factored in when considering generator retirements or transmission
expansion/upgrades. These services are typically paid for by the owner of the new generation,
on a cost-reimbursement basis.

14.2.6 Tariff Administration

As an RTO, PIM is responsible for administering its “Open Access Transmission Tariff.” This tariff
is filed with FERC, outlines how PJM will determine rates for transmission service, evaluate and
approve requests for transmission service, perform transmission impact studies, and coordinate
use and administration with other transmission providers in the region, among other activities.
With FERC’s approval of the tariff, PIM is the sole decision-making authority on the provision of
transmission service in accordance with the tariff. However, in a case when a dispute cannot be
solved internally by a senior designated representative of the transmission provider and a
senior representative of the transmission customer, the dispute may be submitted to
arbitration.'® The arbitrators are selected by the parties or by the American Arbitration
Association if the parties cannot agree on the selection. The arbitrators are subject matter
experts that do not have any business or financial relationship with the parties.

14.2.7 Outage Coordination

As an RTO, one of PJM responsibilities is coordination and scheduling of transmission equipment
or power plant outages. These outages can last from minutes to several months. Outages can be
categorized as planned outages, maintenance outage, or unplanned outages. A planned outage
is when the outage request is submitted with timely advanced notice (more than 30 days),
usually from service maintenance or repair; maintenance outages may take place throughout
the year with flexible dates, it is an outage that can be postpone to the following Monday
morning. Outages other than the former two categories are unplanned outages, it happens
when equipment forced to be out of service due to a problem.*® Transmission and generation
owners should update their outages schedule on electronic Dispatcher Application Reporting

17 PJM. (2019). Load Management Performance Report 2018/2019. Retrieved on February 27, 2019, from
https://www.pjm.com/-/media/markets-ops/dsr/2018-2019-dsr-activity-report.ashx2la=en

118 PJM. (2010). Open Access Transmission Tariff. Retrieved on February 27, 2019, from
https://www.pjm.com/directory/merged-tariffs/oatt.pdf

119 eDART User Guide Revision: 07. (2017). Retfrieved on February 19, 2019, from
https://www.pjm.com/~/media/training/nerc-certifications/gen-exam-materials-felo-18-2019/other-resources/edart-user-
guide.ashx

87



POWER MARKET PRIMERS, REV. 01

Tool (eDART) for PJM’s coordination to ensure the power system reliability won’t be
compromised.

14.2.8 PJM Generation Profile

While PJM does not own or directly operate power generation facilities, it is responsible for
managing scheduled outages for maintenance and maintaining reliable electricity service at the
lowest cost possible, as provided by the different generators on the system. Thus, to maintain
reliability, PJM continually evaluates the fuel mix of generation assets in the region. As seen in

Exhibit 14-3, the majority of the region’s power comes from coal and nuclear generation
facilities.

Exhibit 14-3. PJM generation (MWh) by fuel type (2019)**

Hydro 1%
Renewable 4% a

)

120 ABB Velocity Suite. (2017). Velocity Suite Database: Monthly Plant Generation & Consumption. Retrieved on February
20, 2019
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15 SOUTHWEST POWER POOL, INC.

15.1 HISTORY AND GEOGRAPHY OF THE SOUTHWEST POWER POOL

The Southwest Power Pool (SPP) was designated by the Federal Energy Regulatory Commission
(FERC) as a Regional Transmission Operator (RTO)*?! in 2004, and as a Regional Entity (RE) in
2007.122 SPP is responsible for ensuring reliability and establishing and overseeing competitive
wholesale electricity markets for all or parts

of 14 states in the United States: Arkansas, Exhibit 15-1. SPP market area
lowa, Kansas, Louisiana, Minnesota, . :
Mississippi, Missouri, Montana, Nebraska, ' 3

New Mexico, North Dakota, Oklahoma, 1 " iy .

South Dakota, Texas, and Wyoming (Exhibit

15-1). As a RE, SPP is responsible for Gl _
enforcing compliance and overseeing {
development of the federal and regional T :
reliability standards. In 2011, SPP
dispatched approximately 89,999 MW of
generating capacity over 66,892 miles of b
transmission lines, providing electric L e S
service to more than 18 million people.1? | L
An all-time peak demand of 50,622 MW L e : .l R /
was set on July 21, 2016. ) ) A -

Ry

K5

Similar to other RTOs, a primary function of
SPP is to facilitate the energy markets in its
service area, maintain minute-to-minute
reliable electricity service in a cost-effective manner, manage wholesale markets, and manage
the bulk power system planning processes. SPP operates the energy imbalance service and
transmission service markets to serve load with the lowest-cost resources possible. It has
designed a locational market structure to ensure that transmission capability is used efficiently
and that energy prices reflect the marginal cost of providing the service at each location. The
electricity price in SPP (Exhibit 15-2) is determined by energy cost (i.e., the cost of generating
power, which includes fuel costs, operation and maintenance for generators, and
reimbursement for the capital cost of generators).

Source: ABB Velocity Suite!

121 Many of the technical terms used in this primer are defined in a companion Glossary of Terms.

122 Southwest Power Pool. (2017). Southwest Power Pool to dissolve regional entity, focus on regional transmission
organization functions. Retrieved on February 18, 2019, from https://www.spp.org/newsroom/press-releases/southwest-
power-pool-to-dissolve-regional-entity-focus-on-regional-transmission-organization-functions/

123 SPP. (2012). Fast Facts: An overview of the SPP system. Retrieved on February 18, 2019, https://www.spp.org/about-
us/fast-facts/
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Exhibit 15-2. SPP average wholesale electricity price 2016 and 2017 (S/MWh)

$21.79 $23.43

15.2 SPP PRODUCTS AND SERVICES

SPP manages competitive markets that provide energy services and reliability services through
the Integrated Marketplace and Transmission Service markets. It includes a day-ahead market
with transmission congestion rights, reliability unit commitment, a real-time balancing market.
The Integrated Marketplace is launched in 2014, replacing the previous Energy Imbalance
Service Market. This new market provides participants with net savings of $422 million annually.
In 2018, transmission service transactions totaled $4.47 billion.

15.2.1 Integrated Marketplace

SPP’s main role as an RTO is to coordinate an energy market throughout the service area, which
consists of facilitating the continuous buying, selling, and delivery of wholesale electricity,
providing dispatch requests to generators, and acting as a data clearinghouse. In addition to
acting as a clearinghouse for bilateral power contracts, SPP manages a real-time market for
power delivery that is called the Integrated Marketplace. It is launched in 2014 to replace the
Energy Imbalance Service Market. Participation in Integrated Marketplace is voluntary and does
not include all SPP members. It includes only those members that agreed to the SPP Tariff,
Market Protocols, and other governing documents. SPP “clears the market,” i.e., coordinates
which generators will operate at what time and at what price to meet real-time electricity
demand. The price of electricity is based on the cost of bringing the next marginal unit of
electricity on line at specific locations throughout the SPP. This method of calculating electricity
price is called Locational Marginal Price (LMP).124

15.2.2 Transmission Service Market

SPP establishes a transmission service market to provide use of the regional transmission grid.
Transmission lines are owned by different companies, and SPP’s function is to provide a single
place where utilities can reserve the rights to move electricity on the transmission grid, by
reserving transmission service.

15.2.3 Tariff Administration

As an RTO, SPP is responsible for administering its “Open Access Transmission Tariff.” This tariff
is filed with FERC and outlines how SPP will determine rates for transmission service, evaluate
and approve requests for transmission service, perform transmission impact studies, and
coordinate use and administration with other transmission providers in the region, among other
activities. With FERC’s approval of the tariff, SPP is the sole decision-making authority on the

124 SPP. (2019). Markets & Operations. Retrieved on February 19, 2019, from https://www.spp.org/markets-operations/
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provision of transmission service in accordance with the tariff. However, in a case when a
dispute cannot be solved internally by a senior designated representative of the transmission
provider and a senior representative of the transmission customer, the dispute may be
submitted to arbitration.'?> The arbitrators are selected by the parties or by the American
Arbitration Association if the parties cannot agree on the selection. The arbitrators are subject
matter experts that do not have any business or financial relationship with the parties.

15.24 Outage Coordination

As an RTO, one of SPP’s responsibilities is coordination and scheduling of transmission
equipment or power plant outages. These outages can last from minutes to several months. All
generation resources and transmission owner should report all outages in the SPP CROW tool.
Outages should be submitted with outage times, outage priority, outage request type, and
outage reason.?® After submission, the outage will be studied by SPP before approval. SPP’s
outage coordinator work hand-in-hand with their member to study the forced outages impact
and coordinate planned outages to ensure the reliability for SPP region.

15.3 SPP GENERATION PROFILE

While SPP does not own or directly operate power generation facilities, it is responsible for
managing scheduled outages for maintenance and maintaining reliable electricity service at the
lowest cost possible, as provided by the different generators on the system. Thus, to maintain
reliability, SPP continually evaluates the fuel mix of generation assets in the region. As seen in
Exhibit 15-3, the majority of the region’s power comes from coal generation facilities.

Exhibit 15-3. SPP generation (MWh) by fuel type (2019)**

)

125 SPP. (2013). Open Access Transmission Tariff, Sixth Revised Volume No. 1. Retrieved on February 19, 2019, from
https://www.spp.org/documents/16194/spp%20tariff%20effective%20as%200f%202011-12-20.pdf

126 SPP. (2018). Reliability Coordinator Outage Coordination Methodology. Retfrieved on February 19, 2019, from
https://www.spp.org/documents/56881/spp%20rc %20outage%20coordination%20methodology%201.0.pdf

127 ABB Velocity Suite. (2017). Velocity Suite Database: Monthly Plant Generation & Consumption. Retrieved on February
20, 2019
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16 MARKET PARTICIPANT AND MARKET SETTLEMENT

16.1 MARKET PARTICIPANT

In each Independent System Operator/ Regional Transmission Organization (ISO/RTO) region,
different types of entities can participate in power markets to provide or receive services.
Although the term Market Participant does not have a universal definition among different
ISO/RTOs, it stands for an entity who sells or purchases in an ISO/RTO’s electricity market under
its tariff. The full definition from each ISO/RTO is listed in Exhibit 16-1. Deregulated power
markets in North America generally have hundreds of Market Participants. While not every
ISO/RTO publishes the list of their Market Participants, in NYISO, there are 434 Market
Participants in 2018.128

Exhibit 16-1. Definition of market participant under each ISO/RTO region

An entity, including a scheduling coordinator, who: (1) participates in the CAISO markets
through the buying, selling, transmission, or distribution of energy, capacity, or ancillary
services into, out of, or through the CAISO controlled grid; (2) is a congestion revenue rights
(CRR) holder or candidate CRR holder, (3) is a convergence bidding entity; or (4), for purposes
of scheduling and operating the real-time market only, is an energy imbalance market (EIM)
Market Participant.'?®

CAISO

An entity that (1) has successfully completed the registration process with the transmission
provider and is qualified by the transmission provider as a Market Participant, (2) is financially
responsible to the transmission provider for all of its market activities and obligations, and (3)
has demonstrated the capability to participate in its relevant market activities. 3

MISO

Any person or entity that directly participates in and/or receives services from SPP markets and
SPP services. A Market Participant can buy and sell SPP services under its Open Access Transmission
Tariff, 131

"Market Participant" shall mean a market buyer, a market seller, an economic load response
participant, or all three, except when such term is used in tariff, Attachment M, in which case
Market Participants shall mean an entity that generates, transmits, distributes, purchases, or
PJM sells electricity, ancillary services, or any other product or service provided under the PJM tariff
or operating agreement within, into, out of, or through the PJM region, but it shall not include
an authorized government agency that consumes energy for its own use but does not purchase
or sell energy at wholesale.'3?

ERCOT An entity, other than ERCOT, that engages in any activity that is in whole or in part the subject
of these protocols, regardless of whether that entity has signed an agreement with ERCOT.

128 New York ISO. (2018). The Critical Value of New York's Energy Market. Retrieved on February 14, 2019, from
https://www.nyiso.com/documents/20142/2225523/NYISO-Critfical-Value-NY-Energy-Markets-eBook.pdf/622d0770-aa94-
a3ef-9céc-e3565da3e2d3

122 CAISO. (2019). California Independent System Operator Corporation Fifth Replacement FERC Electric Tariff. Retrieved
on April 26, 2019, from http://www.caiso.com/Documents/ConformedTariff-asof-Apr1-2019.pdf

130 MISO. (2013). MISO FERC Electric Tariff Modules. Retrieved on April 26, 2019, from hittps://cdn.misoenergy.org/Tariff%20-
%620As%20Filed%20Version72596.pdf

131 SPP. (2019). Glossary. Retrieved on March 31, 2019, from https://www.spp.org/glossary/
132 PJM. (2019). Open Access Transmission Tariff. Retrieved on April 26, 2019, from https://agreements.pjm.com/oatt/3204
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Examples of such an entity include but are not limited to the following: load serving entities
(LSE), Qualified Schedule Entity (QSE), transportation distribution service provider (TDSP), CRR
account holder, resource entity, independent market information system registered entity
(IMRE) and renewable energy credits (REC) account holder.'33

An entity, excluding the ISO, that produces, transmits, sells, and/or purchases for resale
capacity, energy and ancillary services in the wholesale market. Market Participants include:
transmission customers under the 1ISO Open Access Transmission Tariff (OATT), customers

NYISO under the ISO Services tariff, power exchanges, transmission owners, primary holders, LSEs,
suppliers and their designated agents. Market Participants also include entities buying or selling
transmission congestion contracts (TCC)s.*3*

An entity that conducts business in one or more electricity market. Specifically, an entity in New
ISO-New England that has executed a Market Participant service agreement or on whose behalf an
England unexecuted Market Participant service agreement has been filed with the Federal Energy
Regulatory Commission (FERC).°
16.1.1 Generation Entities as Market Participants

Due to the Federal Energy Regulation Commission (FERC) Open Access Transmission Tariff
(OATT), generation entities can fairly participate in different power markets including energy
day-ahead-, energy real-time-, capacity-, and ancillary- markets, to earn revenue by producing
electricity or providing ancillary services like black starts or ramping up and/or down3>. More
details for ancillary services can be found in Ancillary Services primer. A generation entity will
need to follow ISO/RTO’s interconnection application process to become a Market Participant as
a service provider. In California ISO (CAISO), the process includes interconnection requests, an
interconnection study, an interconnection agreement, new resources implementation plans,
and trial operations, as shown in Exhibit 16-2.136 Depending on the size and other parameters of
generation resources, the entire process might take more than two years.*3”

To register as a Market Participant in MISO, an entity must follow several steps which include
obtaining digital certificate from MISO trusted certificate authorities to show their data and
transactions are secure, requesting access to online registration tools, and providing legal and
financial questions based on the intended market activity for Market Participant registration.
MISO will conduct a study for the application and grant Certified Market Participant status upon
approval.t3®

133 ERCQOT. (2016). ERCOT Nodal Protocols Section 2: Definitions and Acronyms. Retrieved on April 26, 2019, from
http://www.ercot.com/content/wcm/current guides/53528/02-110116 Nodal.doc

134 NYISO. (2019). NYISO OATT. Retrieved on April 26, 2019, from
https://nyisoviewer.etariff.biz/ViewerDocLibrary/MasterTariffs/2FullTariffNYISOOATT.pdf

135 FERC. (2019). Open Access Transmission Tariff (OATT) Reform. Retrieved on April 26, 2019, from
https://www.ferc.gov/industries/electric/indus-act/oatt-reform.asp

13¢ CAISQO. (2019). ISO Interconnection Request. Refrieved on March 31, 2019, from
http://www.caiso.com/planning/Pages/Generatorinterconnection/InterconnectionRequest/Default.aspx

137 CAISO. (2019). Interconnection Application Options and Process. Refrieved on March 31, 2019, from
http://www.caiso.com/Documents/1-2018InterconnectionApplicationRequirements-Options.pdf

138 MISO. (2019). Market Participation. Retrieved on April 28, 2019, from hitps://www.misoenergy.org/markets-and-
operations/market-participation/#1t=10&p=0&s=FileName&sd=asc
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In SPP, an entity needs to have bilateral settlement schedules capability to join as a Market
Participant. The process of joining entails completing the SPP membership agreement and

contact sheet, and submit them with membership fees for SPP to review.'3°

To become a Market Participant in PJM, an entity needs to meet PJM’s definition of one of the

following: transmission owner, generation owner, electric distributor, end-use customer, or
other supplier. After checking the qualifications, entities can apply online at PJM’s website.

Depending on different types of Market Participants, application fees and annual fees might be

applied.14°

In order to become a Market Participant as a Resource Entity (RE) in ERCOT, an entity needs to

complete the RE application and identified a QSE. An RE also needs to follow procedure to
register their assets with both ERCOT and Public Utility Commission of Texas (PUCT).4!

For a generation entity to register as a Market Participant in NYISO, one must submit their
application with the one-line drawing for their resources six months before their operating date.
NYISO will contact the applicant if additional information is needed. After the application is

approved, NYISO will give the authorization for the generation entity to begin participating in

NYISO’s markets.142

To become a Market Participant in ISO New England, an entity must first complete and submit
application documents to ISO New England. Then, the applicant will need to complete
documents under the financial assurance process for ISO New England to prepare a report of

the financial viability of each applicant. And then the applicant will need to submit their Market

Participant service agreement documents and their banking information. Finally, the entity will
register their assets and register account under different markets based on their activities.3

Exhibit 16-2. CAISO generation interconnection process

Transmission-level

resource IS0 1SO IS0
interconnection interconnection interconnection interconnection
(using ISO request study agreement
procedure)
ISO new
resource
Distribution- implementation
level resource Utility Utility Utility
interconnection interconnection interconnection interconnection
(using utility request study agreement
procedures)

In parallel
st n'SO;utr'h'ty s, Permitting, engineering, procurement, construction

139 SPP. (2019). Join SPP. Retrieved on April 28, 2019, from https://www.spp.org/stakeholder-center/join-spp

140 PJM. (2019). Membership Enroliment. Retrieved on April 28, 2019 from htfps://www.pjm.com/about-pim/member-

Trial
operations

services/membership-enrollment.aspx

141 ERCOIT. (2019). Resource Entity. Retrieved on April 28, 2019, from http://www.ercot.com/services/rg/re

142 NYISO. (2019). Registration Process Overview. Retrieved on April 28, 2019, from

coD
date

https://www.nyiso.com/documents/20142/1390876/Registration%20Process%200verview.doc/4194a51b-26e0-7496-909f-

0510df14103c

143 1SO New England. (2019). New Customer Registration Instructions. Retrieved on April 28, 2019 from hitps://www.iso-

ne.com/participate/applications-status-changes/new-registration/registration-checklist
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Used with permission from CAISO

16.1.2 Energy Storage Entities as Market Participants

As the power grid system in the United States transitions from centralized generation system to
decentralized generation system, ISO/RTOs have started to include energy storage resources
into different power markets as Market Participants. FERC, as the power market regulator,
provides guidance for distributed energy resources to join power markets. FERC order 745144
and FERC order 8411% enhance demand response and electricity storage resources roles in
power markets, respectively.

Electrical Storage Resource (ESR) is becoming increasingly more prevalent and widespread;
including electric vehicles, pumped hydro generation, flywheel technologies, advanced
batteries, and fuel cells. Since energy storage can both charge and discharge, it provides
flexibility to help power suppliers meet demand instantaneously, especially when there are
more unreliable generation resources like solar and wind in the grid. The U.S. Energy
Information Administration (EIA) has released a study to explore the trends of large-scale (over
1MW) battery storage in US power market. The trends from 2003 to 2017 are shown in Exhibit
16-346, This exhibit shows both annual additions (as bar) and cumulative (as black line) for the
capacities. As the end of 2017, 708 MW of power capacity was in operation, representing 867
MWh of energy capacity. This number represents sum of all energy storages energy capacities.
ESR is defined with two parameters: power and energy. For example, an ESR unit can be 1 MW,
1 MWh capacity meaning that the power capacity is 1 MW and it can produce energy using the
maximum capacity of 1 MW for one hour. Another ESR unit that is 1 MW, 4 MWh will have the
same power capacity as the first one but can produce energy for 4 hours. Power capacity in the
figure represents the sum of all power capacities and the energy capacity represents the sum of
all energy capacities and it not directly related to the energy stored or released.

144 FERC. (2011). 18 CFR Part 35, Demand Response Compensation in Organized Wholesale Energy Markets. Retrieved on
April 5, 2019, from https://www ferc.gov/EventCalendar/Files/20110315105757-RM10-17-000.pdf

145 FERC. (2018) 18 CFR Part 35, Electric Storage Participation in Markets Operated by Regional Transmission Organization
and Independent System Operators. Retrieved on April 5, 2019, from https://www.ferc.gov/whats-new/comm-
meet/2018/021518/E-1.pdf

146 EIA. (2017). U.S. Battery Storage Market Trends. Retrieved on April 6, 2019, from
https://www.eia.gov/analysis/studies/electricity/batterystorage/
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Exhibit 16-3. Large-scale battery storage power and energy capacity from 2003 to 2017

power capacity energy capacity f'—:,l
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Source: EIA

On February 15, 2018, FERC issued Order 841 asking each ISO/RTO to revise their tariff to
remove barriers for ESR participating in capacity, energy, and ancillary service market. Every
ISO/RTO submitted its compliance filling in December 2019. If these fillings are approved by
FERC, the implementation of new tariff changes will be required by December 3™, 2019. Exhibit
16-4 summarizes the compliance filling for each ISO/RTO region. Note that FERC Order 841 does
not apply to ERCOT since the order falls under section 206 of the Federal Power Act (FPA) where
ERCOQT is not subject to the Commission's jurisdiction under this section. This is because ERCOT
is operated within only the state of Texas and falls in its own interconnection.*’

Exhibit 16-4. Summary of ESR filing for each ISO/RTO

ISO/RTO Summary of filing from ISO/RTOs in response to FERC Order 841

CAISO states in the filing that its market design has already satisfied most requirements in
Order 841. In proposed filing, ESR can participate in power market as Non-Generator Resource
(NGR) and is subject to existing requirements as a traditional generator in CAISO. NGR can
CAISO participate in day-ahead and real-time energy market with a positive-to-negative operation
range and it will be charged or receive payment based on the state of charge values passed to
ISO energy market via energy management system every minute*. NGR can also provide
regulation, spin reserve, and non-spin reserve in the ancillary service market in CAISO.

MISO filed comprehensive tariff changes for integration of ESR after multiple discussions and
workshops with stakeholders for their proposed ESR model.*® MISO’s filing has the proposed

MISO . ) X . . .
energy storage resource to participate in MISO’s markets to provide capacity, energy, ancillary,
and blackstart service.'*

SPP designs a resource registration type called Market Storage Resource (MSR) for the ESR
Spp requirement and has added language in its tariff to include MSR to provide energy and

operating reserve markets. The changes in the tariff also clarify that transmission charges will
not apply when MSR is responding to a dispatch instruction from SPP.*>!
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ISO/RTO Summary of filing from ISO/RTOs in response to FERC Order 841

In their filing PJM proposed its energy storage participation model which explicitly addresses
the ESR eligibility to provide capacity, energy, and ancillary service in the markets. Specifically,
PJM proposes three different modes — continuous mode, charge mode, and discharge mode for
ERSs to participate in the day-ahead and real-time energy markets. In the capacity market,
ESR’s capacity value is based on their discharge/output capability over ten hours of continuous
operation, which is the longest among 1SO/RTOs.12

PIM

NYISO proposed a participation model for ESRs to serve in energy, ancillary services, and
installed capacity markets. ESRs will be in the subset of NYISO’s current generators tariff; NYISO
NYISO states the market rules has been revised to ensure comparable treatment of ESRs and other
Market Participants. For its installed capacity market, ESR’s capacity value is based on their
output capability over four hours of consecutive run.>3

ISO New England states in their filing that their existing tariff forms the backbone of the
proposed ESR participation model to fulfill the request from Order 841. ISO New England also

l:g_gi\g introduce new tariff to eliminate the current restriction to ESR more than 0.1 MW to
& participate in ISO New England markets. The revised tariff also eliminate some allocation of
transmission charges to ESR.
16.1.3 End-use Customers as Market Participants

End-use customers can join power markets by participating in demand response program or
registering their distributed generation.

Demand Response (DR) is defined as the ability, from the load side, to reduce or shift electricity
consumption when the price is high or when the reliability of the grid is endangered. During
these periods, ISO/RTOs will send signals to DR participants requesting they reduce demand to
help maintain the supply and demand balance for the grid.

Economic DR is a voluntary commitment and is designed to displace a generation resource
when the whole sale electricity price is higher than the pre-defined monthly net benefits
price'® in the energy market. Participants in economic DR programs can also provide ancillary

147 FERC. (2019). ERCOT. Retrieved on April 29, 2019 from hittps://www.ferc.gov/industries/electric/indus-act/rto/ercot.asp

148 CAISO. (2019). PDR-DERP-NGR Summary Comparison Matrix. Retrieved on March 31, 2019, from
http://www.caiso.com/Documents/ParticipationComparison-ProxyDemand-DistributedEnergy-Storage.pdf

149 MISO. (2018). MISO moves forward to further integrate energy storage resources. Retrieved on April 29, 2019, from
https://www.misoenergy.org/about/media-center/miso-moves-forward-to-further-integrate-energy-storage-resources/
150 FERC. (2019). FERC Online File List. Retrieved on April 29, 2019 from https://elibrary-

backup.ferc.gov/idmws/File list.aspedocument id=14725267

151 FERC. (2019). FERC Online File List. Retrieved on April 29, 2019 from

https://elibrary.ferc.gov/idmws/File list.aspedocument id=14725215

152 FERC. (2019). FERC Online File List. Retrieved on April 29, 2019 from

https://elibrary.ferc.gov/idmws/File list.asp2document id=14725327

153 FERC. (2019). FERC Online File List. Retrieved on April 29, 2019 from https://elibrary-

backup.ferc.gov/idmws/File list.aspedocument id=14725304

154 FERC. (2019). FERC Online File List. Retrieved on April 29, 2019 from https://elibrary-

backup.ferc.gov/idmws/File list.aspedocument id=14725331

155 PJM defined net benefit price as the net benefit price represents the Retail Electricity Consumer Opportunities for
Demand Response in PJM's Wholesale Markets price at which the benefits incurred by a reduction in wholesale prices
from the economic demand response will exceed the cost to pay for the economic demand response.
(https://www.pjm.com/-/media/markets-ops/dsr/end-use-customer-fact-sheet.ashx2la=en)
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services by providing operation reserve (10-minute reserve or 30-minute reserve) and
regulation. Currently, PIM has 92 entities as CSP who participate in the DR program®°¢, Other
ISO/RTO provides DR program for the end-users as well, they are summarized in Exhibit 16-5.
Note that while all ISO/RTOs have economic DR programs, SPP and ISO New England do not
have DR program for resource adequacy purpose like other regions.

Exhibit 16-5. Summary of the DR programs in each ISO/RTO

Reliability DR

Description

ISO/RTO ‘ Economic DR

o DR can participate in both day-ahead and real-time
Reliability Demand . . .
Proxy Demand energy market. PDR can provide non-spin reserve service
CAISO Response Resource . .
Resource (PDR) while RDRR performs emergency responsive demand
(RDRR) . : 157
response in the ISO market and operations.
Load Modifying EDR is to maintain the resource adequacy in MISO. LMR
Resources (LMR) program allows distribution utility to include their
Emergency . s s
program and customer load reduction capabilities. DRR is similar to the
MISO Demand Response . L
Demand Response PJM Economic DR program. Participant of DR programs
(EDR) program . . . .
Resources (DRR) can provide service in energy and ancillary service market
program using MISO Demand Response Tool.**®
Entities in VDDR ist of behi
Variable Dispatch ntities .m . program most consist of behind meter
generation in the Energy Management System. The
SPP Demand Response NA e L .
(VDDR) entities in VDDR program can participate in SPP Energy
Imbalance Service (EIS) market.*>®
Entities registered in Economic DR can participate in
Emergency DR . . .
. energy market and ancillary service market to provide
. (Capacity . ) . . .
PIM Economic DR Performance DR operation reserve and regulation. Entities registered in
Emergency DR has to response based on PJM’s signal to
and Base DR) o
help maintain resource adequacy.
Customers who are capable for demand response can join
Load Resource Emergency ERCOT Load Resources to participate ERCOT’s day-ahead
Participation in . energy market, real-time energy market, or ancillary
ERCOT the ERCOT Respo?Es:sS)erwce service market. Alternatively, they can participate in ERS
Markets which needs mandatory compliance based on ERCOT’s
signal to help maintain resource adequacy.®®
Day-Ahead Special Case The SCR participant is mandatory to reduce energy usage
NYISO Demand Response | Resource Program | according to predefined curtailment strategy during a
Program (DADRP) (SCR) and NYISO reliability event; the participant will get paid
and Demand Side Emergency whether there is a reliability event or not. Participant in

156 PJM. (2019). Curtailment Service Providers. Retrieved on March 31, 2019, from hitps://www.pjm.com/markefs-and-
operations/demand-response/csps.aspx

157 CAISO. (2019). Proxy Demand Resource & Reliability Demand Response Resource Participation Overview. Retfrieved
on April 29, 2019 from http://www.caiso.com/Documents/PDR_RDRRParticipationOverviewPresentation.pdf

158 MISO. (2010). UISOL Demand Response Tool User Guide. Retfrieved on April 29, 2019, from
https://cdn.misoenergy.org/Demand%20Response%20Tool%20User%20Guide 177286.pdf

157 Ernest Orlando Lawrence Berkeley National Laboratory. (2019). Retail Demand Response in Southwest Power Pool.
Retrieved on April 2019, from
https://www.energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Retail DR in SPP.pdf

160 ERCQT. (2019). Demand Response. Retrieved on April 29, 2019, from hitp://www.ercot.com/services/programs/load
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Ancillary Services Demand Response | EDRP can reduce their load voluntarily but will only get
Program (DSASP) Program (EDRP) paid for reducing electricity consumption during a
reliability event. DADRP participants can provide service
in NYISO day-ahead energy market while DSASP can
participate ancillary service by providing regulation,
synchronize reserve, and non-synchronize reserve.¢?

On June 1%, 2018, DR in ISO New England changed its
structure from dispatch for reliability to dispatch for
economics in ISO New England. After the change, DR
NA resource can submit demand reduction offer to the day-
ahead and real-time energy markets. DR resource can
also participate in ancillary service market by providing
reserve and Forward Capacity Market (FCM).62

ISO New Price-Responsive
England Demand (PRD)

In PJM Interconnection (PJM), an electricity consumption customer or an energy service
company (utility) can enroll as a Curtailment Service Provider (CSP) to participate in emergency
DR and/or economic DR.

Emergency DR is a mandatory commitment to help PJM improve grid reliability during
emergency situations. Once enrolled in emergency DR program, the load entity has to response
based on PJM’s signal or financial penalties will be applied for non-compliance. The payment for
participants is from the capacity market as defined under the PJM Reliability Pricing Model
(RPM).183 RPM is a three-year forward capacity model used by PJM for its capacity market. It
helps PJM to obtain sufficient generation resources to reliably meet the needs of electric
demands. More detail of RPM and other capacity markets can be found in the primer
Comparisons of Different ISO/RTO Capacity Market Structures.

Distributed generators like microgrids or combined heat and power projects may also become a
power Market Participant. New York Independent System Operator (NYISO) is currently
developing new programs to include Distributed Energy Resource (DER) with 100 kW or higher
into NYISO’s wholesale energy market, ancillary service market, and capacity market. NYISO will
also permit DER will less than 100 kw to aggregate with other DER to meet the 100-kW
threshold and join its markets'®4. NYISO has released its DER roadmap and launched the pilot
program in 2017,'%4 and will continue developing the market design concepts for DERs.
According to their roadmap, NYISO will deploy new meter policies, and NYISO pilot program in
2020, and dispatchable DER rules in 2021.

In California, CAISO has recognized DER as a new type of energy resource. With minimum of 500
kW requirement of aggregation capacity, DER can participate in CAISO day-ahead, real-time and

161 NYISO. (2019). Demand Response. Retfrieved on April 29, 2019, from https://www.nyiso.com/demand-response

162 |SO New England. (2019). Demand Resource. Retrieved on April 29, 2019, from https://www.iso-ne.com/markets-
operations/markets/demand-resources

163 PJM. (2019). Training Material, Load Management (Emergency/Pre-Emergency DR) in Capacity Market. Retrieved on
April 8, 2019, from https://pjm.com/training/training-material.aspx

164 NYISO. (2017). Distributed Energy Resources Market Design Concept Proposal. Retrieved on March 31, 2019, from
https://www.nyiso.com/documents/20142/1391862/Distributed-Energy-Resources-2017-Market-Design-Concept-
Proposal.pdf/122a815f-b767-e67f-0a8f-323€5489c2b1
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ancillary services markets after executing a Distributed Energy Resource Provider Agreement
with CAISO and finishing the DER application with utility distribution company.¢> Although there
is no detail plan for other ISO/RTOs to integrate DER in their power market, they are holding
workshop and working with stakeholders to layout a proper plan to do so.16®

16.1.4 Transmission Entities as Market Participants

Transmission systems deliver power from generation to distribution systems and load. ISO/RTOs
need to have extensive control and knowledge of the transmission systems in their regions, as
well as communication with adjacent regions in order to match supply with demands to operate
the power market. All participating transmission owners must sign a Transmission Control
Agreement with ISO/RTO in order to collect access charges from the transmission service users.
To join an ISO/RTO as a Market Participant, transmission entities must follow the application
procedure of ISO/RTOs in which they operate. The procedure to join in most ISO/RTOs are
similar as the procedure for a generation entity described in Section 16.1.1 except CAISO, and
SPP.

In CAISO, an applicant must submit several descriptions, studies, and statements for their
transmission lines and associated facilities.*®” CAISO will permit the transmission entity to
become a Market Participant if transmission lines can be incorporated to the CAISO controlled
grid without breaching grid reliability.1®® In SPP, transmission entity must have executed a
membership agreement and is regulated by FERC to join. The process will take more than 6
months in SPP.

Transmission service charges are payments to transmission asset owners based on the
utilization of the owner’s transmission lines. Tariffs for transmission are based on Federal Energy
Regulatory Commission (FERC)-approved rates for interstate transmission lines, and on a state-
by-state basis for intrastate lines (although typically state utility regulatory bodies follow FERC
guidance to establish transmission tariffs).

16.1.5 Load Serving Entities as Market Participants

A Load Serving Entity (LSE) secures wholesale electricity and related services to serve the
demand of its end user customers. LSEs are usually utilities, community choice aggregators,
electricity retail providers, and federal power marketing agencies. CAISO recently got approved
from FERC to broaden their LSE definition to include organizations which purchase wholesale
electricity for their own demand needs.1®° LSEs participate in energy markets by submitting a

165 CAISO. (2016). Distributed Energy Resource Provider Participation Guide with Checklist. Retrieved on April 29, 2019,
from http://www.caiso.com/Documents/DistributedEnergyResourceProviderParticipationGuideandChecklist.pdf

166 MISO. (2019). DER 300 Workshop. Retrieved on April 29, 2019, from
https://cdn.misoenergy.org/20190424%20DER%20300%20Combined%20Slides336066.pdf

167 CAISO. (2017). Transmission Confrol Agreement. Retrieved on April 6, 2019, from
http://www.caiso.com/Documents/TransmissionControlAgreement.pdf

168 CAISO. (2019). ISO can operate participating fransmission facilities directly. Retrieved on April 29, 2019 from
http://www.caiso.com/participate/Pages/Transmission/Default.aspx

169 FERC. (2016). Order on Proposed Tariff Revision (No. ER 17-218-000). Retrieved on April 8, 2019, from
https://caiso.com/Documents/Dec30 2016 Order ProposedTariffRevisions Redefinition LoadServingEntity ER17-218.pdf
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demand bid and its load forecasting to the ISO/RTO. In Midcontinent Independent System
Operator (MISO), LSE Market Participant can submit demand bids to day-ahead market no later
than 10:30 am Eastern Prevailing Time via MISO Market Portal.}’® Exhibit 16-6 shows the
timeline of responsibilities for LSE in the day-ahead energy market. More detail of the operation
of energy market in each ISO/RTO region can be found in other ISO/RTO primer.

LSEs in MISO are also required to work with Local Balancing Authority (LBA) to develop hourly
load forecast for the next seven days every day before the day-ahead energy market offer
deadline. For planning purposes, LSEs are also responsible for an annually study to provide
information including the amount and the location of interruptible load and load forecasts
corresponding to developed scenarios.'’* For most ISO/RTOs, the procedures for an LSE to join
as a Market Participant is the very similar to generation entity as described in Section 16.1.1. In
ERCOT, however, LSE are further divided into Non-OPT-IN Entity, Retail Electric Provider, and
OPT-IN Entity. Different types of LSE have different procedure to become a Market Participant in
ERCOT according to ERCOT’s protocol Section 23 Form B: Load Serving Entity (LSE) Application
for Registration.”2

Exhibit 16-6. MISO day-ahead energy market timeline for market participant

Market Timeline for the Day Before the Operating Day — OD-1

Resource Reliability

OD-1 Re-Bid Period SRR
——> 1030 —> 1330 » 1430 » 1800
EPT EPT EPT EPT
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Approved | Operations | mmitment | Operations |
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i
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Using with permission from MISO

170 MISO. (2019). MISO New Market Participant. Refrieved on March 31, 2019, from
https://cdn.misoenergy.org/Load%20Serving%20Entities%20(LSE)%20In%20MISO287 648.pdf

171 MISO. (2019). NERC Reliability Standard MOD-32-1. Retrieved on March 31, 2019, from

https://www.misoenergy.org/planning/system-modeling/mod-032-1/

172 ERCQT. (2019). Current Protocols. Retrieved on April 29, 2019 from http://www.ercot.com/mkirules/nprotocols/current
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16.2 MARKET SETTLEMENT

Market Settlements are the financial transactions that results from power market activities by
Market Participants. The market settlements process includes settlement statements, billing,
and invoicing. Settlement statements include calculations of the charges and payments for
activities in a specific date. In the billing process, charges and payments for an entity are
summed up, produced and sent to Market Participants.

A settlement statement (or billing statement) is the financial outcome of a Market Participant’s
involvement that results in payments or charges. ISO/RTOs calculate the settlement statements
during a specific time range and produce a detailed charge/payment to Market Participants.
Exhibit 16-7 shows a sample settlement statement from CAISO. Settlement statements include
one or more charge codes where each charge code indicates a billing item that represents a
market activity or service that results in payments or charges. For example, all the billing items
and details for PJIM can be found in their Customer Guide to Billing page.'’3

Exhibit 16-7. Sample settlement statement of CAISO

“\- California 1ISO

Daily Initial Market Statement Date: 22-Oct
for October 18 Page: 1 of 1
One Company, LLC - ABCD Statement®  201810221148192018102111
TBES Address One Version 1
7869 Address Two BAID: 1234
Folsom CA 95630
Comments:
Charge for Settlement 19-0CT
Charge _— .
Description Current Previous MNet
Code
CC4515 GMC - Bid Transaction Fee 3.50500 0.00000 3.50500
CC4560 GMC - Market Services Charge 34810820 0.00000 34810820
Grid Management Charge Charge $351.61320 $0.00000 $351.61320
Group Total
GMC Parent Group Total $351.61320 $0.00000 $351.61320
Statement TOTAL ($351.61320) $0.00000 ( $351.61320)

Used with permission from CAISO

Different ISO/RTO markets have different settlement timelines. The summary of the important
settlement dates for all ISO/RTO is shown in Exhibit 16-8.

ISO/RTOs also publish the yearly payment calendar (or billing calendar) for settlement purposes.
Market participants can use the payment calendar to view meter data submission dates,
settlement statement published dates, dispute deadlines, and invoice publish dates and due

173 PJM. (2019). Customer Guide to PJM Billing. Retrieved on March 29, 2019, from https://www.pjm.com/-
/media/markets-ops/settlements/custgd.ashx2la=en
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dates. The link for these market settlement calendars in 2019 is included in Exhibit 16-8 as well
(hyperlink on the ISO/RTO first column). While CAISO, MISO, SPP, and ERCOT have settlement
statement for daily market activity, PJIM, NYISO, and ISO New England aggregate activities from
different days and have weekly settlement statement.

Exhibit 16-8. Timeline table showing the settlement process of ISO/RTOs

ISO/RTO Important Date for Settlement
T+3B, T+12B, T+55B, T+9M, T+18M, Settlement publish dates by CAISO with different meter
CAISO T+33M, and T+36M data adjustment. Settlement Statement posted after 9
(T-trading date; B-business day; M- months is adjusted for valid disputes or identified
month) system errors. 174
MISO OD+7, OD+14, OD+55, and OD+105 The settlements will be different based on the revised
(OD-Operation Day) meter data and incremental financial changes. *’®
The settlements will be different based on the revised
SPP OD+7, OD+55, OD+120, and resettlement | meter data. Resettlement will be generated if a granted
dispute or an SPP data error occurs. 176
Weekly bill statement from Thursday to Wednesday
PIM E T
! very Tuesday will be issued next Tuesday and due on Friday.*”’
OD+2B for the day-ahead market billing statement post
h h f |-ti ket billi
ERCOT OD+2B, OD+5, OD+55, OD+180 and the rest three dates for real-time mar et.b.| ing
statement post. Payment due to Market Participant on
the third day after the billing statement is posted. 78
The weekly settlement period starts from Saturday to
Friday and the weekly invoice will be issued the
NYISO Every Wednesday following Wednesday. NYISO also issues monthly
invoices within the first five business day after the
service month.1”®
ISO New England publishes weekly statement on
M W forh i hi
ISO New Every Monday and Wednesday and first onday and ednesgay orhour serylFe and monthly
England Monday after 10" monthly statement for all service. Market Participant should pay
ISO no later than the second business day after ISO post
monthly statement.®

174 CAISO. (2019). Settlement process training. Retrieved on March 29, 2019, from
http://www.caiso.com/participate/Pages/LearningCenter/Settlements.aspx

175 MISO. (2019). BPM005-Market Settlement. Retrieved on April 26, 2019, from hittps://www.misoenergy.ora/legal/business-

practice-manuals/

176 SPP. (2019). Public Settlements. Retrieved on April 26, 2019 from

https://marketplace.spp.org/groups/public settlements

177 PJM. (2017). PJM Billing Process. Retrieved on April 26, 2019 from hitps://www.pjm.com/-/media/training/nerc-
certifications/markets-exam-materials/mki-settlements-101/pjm-billing-process.ashx2la=en

178 ERCQOIT. (2013). Module 7: Statements & Invoices. Retrieved on April 26, 2019 from
http://www.ercot.com/content/wcm/training courses/44/m7 sett301 st inv_oct2013.pdf

179 NYISO. (2016). Accounting and Billing Manual. Retrieved on April 26, 2019 from
https://www.nyiso.com/documents/20142/2923231/acctbillmnl.pdf/bSclecbé-82cb-d1e0-9c84-402128f1fébc

180 |SO New England. (2015). Billing Process. Retrieved on April 26, 2019 from https://www.iso-ne.com/static-

assets/documents/2015/01/billing process final 123114.pdf
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17 NORTH AMERICAN ELECTRIC RELIABILITY CORPORATION

The North American Electric Reliability Corporation (NERC) is an international, non-government,
independent, not-for-profit organization that operates as an electric reliability organization
(ERO) to improve the reliability'8! and security of the North American bulk power system.18?
NERC is overseen by the U.S. Federal Energy Regulatory Commission (FERC) in the United States
and governmental authorities in Canada. NERC activities include:

e Developing and enforcing reliability standards e Coordinating physical and cyber

e Monitoring the bulk power system in real time security needs

e Assessing the bulk power system reliability e Auditing owners, operators, and
and adequacy users for preparedness

e Investigating disturbances and abnormal e Providing education, training, and
events on the bulk power system certification for industry personnel

NERC has about 600 members. The membership is open to all entities, such as utilities (investor-
owned, state or municipal, cooperative, federal or provincial, and transmission-dependent),
merchant electricity generators, electricity marketers, customers (large and small end-use),
independent system operators and regional transmission organizations, government
representatives, and regional entities that are interested in the reliability of the bulk power
system.

NERC works with eight regional entities (Exhibit 17-1) to improve the reliability and stability of
the bulk power system. The regional entities are established to develop and enforce compliance
with the reliability standards within their region. NERC oversees the activity of the regional
entities to be sure that delegated functions are consistent across North America.

Exhibit 17-1. NERC regional entities

FRCC - Florida Reliability Coordinating Council
MRO - Midwest Reliability Organization

NPCC - Northeast Power Coordinating Council
RFC - ReliabilityFirst Corporation

SERC - SERC Reliability Corporation

SPP - Southwest Power Pool Regional Entity
TRE - Texas Reliability Entity

WECC - Western Electricity Coordinating Council

Source: ABB Velocity Suite'®®

181 Many of the technical terms used in this primer are defined in a companion Glossary of Terms

182 North American Reliability Corporation. (2019). About NERC. Retrieved on February 25, 2019, from
https://www.nerc.com/AboutNERC/Pages/default.aspx

183 ABB Velocity Suite. (2012). Inteligent Map — US NERC Regions. Retrieved on February 26, 2019
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Members of the regional entities consist of utilities (investor-owned, state, municipal,
cooperative and provincial), federal power agencies, independent power producers, electricity
marketers, and customers.

17.1 NERC HISTORY

In 1963, the Eastern Interconnection was formed. At the same time, the North American Power
Systems Interconnection Committee (NAPSIC), an interregional organization (and NERC
precursor), was established. It was a voluntary group of utility system operators that developed
criteria and guidelines for reliable operation of the interconnected grid.

In 1965, the largest blackout in the history of the northeastern United States and southeastern
Ontario, Canada, occurred. It started at Sir Adam Beck

Station, Ontario, Canada, and affected parts of Ontario Exhibit 17-2. Area affected by blackout
in Canada, New York, New Jersey, Connecticut,
Massachusetts, Rhode Island, New Hampshire, and
Vermont (Exhibit 17-2).184 The blackout revealed a
weakness of a large interconnected system: a small
outage (disturbance) in one section of the grid can
quickly spread around and interrupt supply to a large
geographical area. It also revealed that utilities often e
have different operating standards and procedures. g

In 1967, the U.S Federal Power Commission (FERC precursor) submitted to Congress the U.S.
Electric Power Reliability Act of 1967 to enhance the reliability and efficiency of the bulk power
system.8> It was recommended to develop a new mechanism for coordination among utilities,
to establish regional councils to coordinate planning of the bulk power system, and to submit all
extra-high-voltage (at that time it was 200 kV) projects to the Commission for approval. The
legislation has never been enacted. In the final report about the 1965 blackout, the Commission
recommended to establish:

[...] A council on power coordination made up of representatives from each of the nation’s
Regional coordinating organizations to exchange and disseminate information on Regional
coordinating practices to all of the Regional organizations, and to review, discuss, and assist
in resolving matters affecting interregional coordination. [...]'8¢

On June 1, 1968, twelve regional and area organizations formed the National Electrical
Reliability Council (NERC) comprised of nine regional reliability organizations. At that time, NERC
was responsible only for regional planning coordination guidelines.*®? In 1980, NAPSIC became
part of NERC after which NERC become responsible for both the planning and operating

184 Blackout History Project. (2000). Needed: More Purpose, Not Just More Electricity. Refrieved on February 2019, from
http://blackout.gamu.edu/archive/life 11 19 1965/life 11 192 65 052.html

185 Archives and Special Collections Library. (2011). Congressional Record — Senate — The Electric Power Reliability Act of
1967 (Page 15322, June 12, 1967). Retrieved on February 25, 2019, from http://abacus.bates.edu/muskie-
archives/ajcr/1967/Reliable%20Power.shtml

186 North American Reliability Corporation. (2004). NERC Operating Manual. Retrieved on February 25, 2019, from
https://www.nerc.com/comm/OC/Operating%20Manual%20DL/opman _June 15 2004.pdf
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reliability of the bulk power system. In 1981, NERC changed the name to the North American
Electric Reliability Council after Canada became a member. Over time, NERC's criteria and
guidance became policies with both requirements and guidelines; however, NERC did not have
the authority to enforce them. In 1997, NERC started working on transferring its planning
guidelines to planning standards. In 2002, NERC's operating polices, and planning standards
became mandatory and enforceable, in Ontario. In 2004, NERC published the first version of 90
measurable, still-voluntary standards.'®” The U.S. Energy Policy Act of 2005 called for creation of
a self-regulatory electric reliability organization that would develop and enforce the reliability
standards. In 2006, NERC was established as the electric reliability organization of the United
States In 2007, NERC changed its name to the North American Electric Reliability Corporation,
representing a very large cross-section of the industry; FERC approved NERC’s delegated
agreements with eight regional entities that will monitor, develop, and enforce compliance with
NERC standards within their geographic area; and compliance with NERC standards become
mandatory and enforceable in the United States.®’

17.2 NERC TODAY

Today, NERC has more than 1,900 members from a large cross-section of the industry that are
split in twelve different membership categories. They offer their knowledge and expertise about
reliable planning and operation of the bulk power system, and participate in NERC committees
(Exhibit 17-3).182 NERC is governed by a twelve-member independent Board of Trustees.'®® The
Member Representatives Committee (12 membership sectors) is a connection between NERC
members and the Board.'®°

Exhibit 17-3. NERC committees

T e

e Elects independent trustees
e Votes on amendments to the Bylaws

e  Provides advice and recommendations to the Board with respect to the
purpose and operations of the Corporation

e  Engages with, supports, and advises the Board regarding compliance,
registration, and certification programs

e Monitors NERC's compliance with the Rules of Procedure regarding the
Reliability Standards development process

Coordinates NERC’s security initiative

187 North American Reliability Corporation. (2014). Milestones: NERC Reliability Standards. Retrieved on February 25, 2019,
from
https://www.nerc.com/pa/Stand/Resources/Documents/Milestones_NERC_Reliability_Standards.pdf#search=milestone

188 North American Reliability Corporation. (2012). Frequency Asked Question. Retfrieved on February 25, 2019, from
https://www.nerc.com/AboutNERC/Doents/FAQs_DEC12.pdf

189 North American Reliability Corporation. (2019). Board of Trustees. Retrieved on February 25, 2019, from
https://www.nerc.com/gov/bot/Pages/default.aspx

190 North American Reliability Corporation. (2019). Member Representative Committee. Retrieved from February 25, 2019,
from https://www.nerc.com/gov/bot/MRC/Pages/default.aspx
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Committee Function

e  Executes the policies, directives, and assignments of the Board
Operating Committee e Advises the Board on operating reliability matters

e  Maintains a work plan with the business and strategic plans of NERC

Oversees the policies and processes used to implement and maintain
the integrity and independence of the Corporation’s System Operator
Certification Program

Personnel Certification
Governance Committee

e  Promotes the reliability of the interconnected bulk electric systems
e Assesses and encourages resource adequacy
Planning Committee e  Provides a forum for addressing planning and adequacy issues

e Advises the Board on issues related to bulk electric system transmission
planning and reliability, and resource adequacy

e Assists with establishing a common understanding of the scope, priority,
Reliability Issues Steering and goals for the development of solutions to address issues of strategic
Committee importance to bulk power system reliability

e Helps NERC and industry to focus on the critical issues

Standards Committee Oversees the development of NERC reliability standards

NERC developed more than a hundred reliability standards that are enforceable. They define
operating and planning requirements that will provide a reliable bulk power system.'®! These
standards belong to one of the 14 standard groups that ensure:

e Resource and demand balancing
o Maintenance of interconnection frequency within predefined limits
o Recovery from system disturbances
o Adequate operating reserve requirements

e Communications

o Adequate, effective, and reliable communication between reliability communicator,
balancing authorities, system operator, and generator operator

e  Critical infrastructure protection
o All sabotage is reported
o Identification and protection of critical cyber assets
e Emergency preparedness and operations
o Development, maintenance, and implementation of an emergency plan
o Existence of load-shedding and system-restoration plans

o Analysis of disturbances to minimize repeated occurrence of the event

191 North American Reliability Corporation. (2019). All Reliability Standards. Retrieved from February 25, 2019, from
https://www.nerc.com/pa/Stand/Pages/AllReliabilityStandards.aspx?jurisdiction=United%20States
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Facilities design, connections, and maintenance
o Proper connection of elements to facilities
o Management of transmission vegetation
o Proper maintenance of transmission
Interchange scheduling and coordination
o Properly scheduled interchanges that do not impact system reliability
Interconnection reliability operations and coordination
o Placement of qualified authorities, facilities, and tools to mitigate critical conditions
o Wide-area visibility of the coordinator reliability area
o Conduct of next-day reliability studies
o Monitoring of critical parameters of the system
Modeling, data, and analysis

o Accurate calculation of available system capability, capacity benefit, and transmission
reliability margin

o Consistent procedure and modeling of the system
Nuclear safety

o Safe operation and shutdown of nuclear power plants
Personnel performance, training, and qualifications

o Adequate training, proper credentials, and competency of responsible personnel for
reliable operation of the bulk power system

Protection and control

o Coordination and operation of system protection

o Analysis, testing, and maintenance of protection systems

o Proper design, maintenance, and operation of special protection systems
Transmission operations

o Capability of reliability entities in order to return system to normal condition during an
emergency

o Assessment necessary data and development of plans for reliable system operation
o Monitoring of critical operating parameters in real time
Transmission planning

o Development of the reliable transmission system under normal and contingency (loss of
one or more than one elements of the system) conditions

o Compliance of each regional reliability organization with planning criteria

Voltage and reactive power
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o Monitoring, controlling, and maintaining of voltage levels, reactive power flows, and
reactive resources within applicable limits in real time

o Generators provide necessary reactive power and voltage support to maintain
scheduled voltage

o Up-to-date service of all automatic voltage regulators and power system stabilizers

NERC also develops and maintains regional reliability standards. When the regional standards
are approved, they become part of the NERC reliability standards and they are enforceable. The
regional reliability standards allow some flexibility around enforcing a single standard to all
regions, and they are used to accommodate regional differences.
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18 FEDERAL ENERGY REGULATORY COMMISSION

The Federal Energy Regulatory Commission (FERC) is an independent regulatory commission
overseeing the interstate commerce of electricity, natural gas, and oil pipelines. FERC monitors
and investigates energy markets, establishes transmission tariffs, and maintains the authority to
impose civil penalties on energy organizations or individuals who violate FERC rules.

FERC is composed of five commissioners, each of whom are nominated by the president of the
United States for a five-year term. To underscore the independent nature of the commission,
only three of the commissioners can be of the same political party. Typically, three are chosen
from the same party as the president, and the two remaining commissioners are chosen from
the minority party. One commissioner, who is aligned to the president’s party, is chosen to be
the chairman. These appointments are subject to confirmation by the U.S. Senate.

The chairman sets the FERC approval agenda and decides which items come forward for a vote
by the commission, but all commissioners have an equal vote. Any action taken by FERC must be
approved by a majority of the commissioners.

FERC regulates the rates and services of electric transmission and electric wholesale power sales
in interstate commerce, as authorized by the Federal Power Act.’®? The Federal Power Act also
authorizes FERC to license hydroelectric dams and oversee their safety.

Additionally, FERC regulates the rates and services of natural gas and oil pipeline transmission
and storage facilities. FERC has primary responsibility for permitting new natural gas pipelines
and for permitting and regulating LNG facilities.®®> FERC’s guiding mission is to: 1) ensure that
the rates, terms, and conditions of energy services under its jurisdiction are just, reasonable,
and not unduly discriminatory or preferential; and 2) to promote the development of safe,
reliable, secure, and efficient energy infrastructure.*®*

Although FERC’s hydroelectric and pipeline responsibilities are as important as the electric
sector, this chapter will focus primarily on FERC'’s electric transmission and sales responsibilities.

18.1 FERC HISTORY

The origins of FERC begin with the Federal Power Commission (FPC), a commission established
in 1920 by Congress under the Federal Water Power Act for the purpose of overseeing federal
hydroelectric projects. The FPC was overseen jointly by several cabinet-level secretaries and
given limited resources, until the Federal Power Act in 1930 established the FPC as a five-
member independent commission. The Federal Power Act of 1935 and the Natural Gas Act of
1938 then broadened the FPC’s powers beyond hydroelectric projects to include regulation of

192 |f electric transmission is wholly contained within a state’s boundaries and not tfransmitted across the border, that state
is exempt from FERC jurisdiction. This is the case only with the state of Texas, which remains operationally separate from
the bulk electric system of the rest of the United States, and is physically connected to the Eastern Interconnection by
only two DC tie lines. Federal Power Act 1935 - Federal Power Act, ch. 687, 49 Stat. 863 (1935) (codified as amended at
16 US.C. §§ 791-828c (2012))

193 Natural Gas Act - The Act of June 21, 1938, Chapter 556 As Amended Through P.L. 109-58, Enacted August 8, 2005:
https://legcounsel.house.gov/Comps/Natural%20Gas%20Act.pdf; Interstate Commerce Act — USC Title 49, Appendix-
Transportation: https://www.ferc.gov/legal/maj-ord-reg/ica.pdf

194 FERC FY19 Budget request: hitps://www.ferc.gov/about/strat-docs/2018/FY 19-Budget-Request.pdf
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the interstate sale and transmission of electricity and natural gas. Several court decisions
continued to expand the FPC’s powers of oversight.®>

The FPC was reorganized in 1977 by the Department of Energy Organization Act, transforming
into FERC.'%® FERC inherited FPC’s powers and retained the structure of an independent five-
member commission.

In the early 1990s, FERC began to restructure the electricity industry, particularly targeting
increased competition in wholesale power markets. In order to facilitate competition, FERC
issued a variety of orders, starting in April 1996 with Order 888,” which required that
transmission owners under FERC jurisdiction (mainly large investor-owned utilities) allow other
entities to access the transmission owners’ transmission lines at the same prices and with the
same terms and conditions that they applied to themselves. The aim of Order 888 was to
ensure that electricity suppliers (generation) had equal access to wholesale electricity markets,
and to encourage the development of transparent, competitive markets.

One of the primary mechanisms FERC used in Order 8888 to ensure equal access was the
establishment of a pro forma open access transmission tariff (OATT). All public utilities are
required to file an OATT that conforms to the non-price minimum terms and conditions of non-
discriminatory transmission set out in the pro forma. Since then, FERC has issued several follow-
on orders continuing to reform and amend the pro forma OATT.13>

FERC continued its restructuring efforts with Order 2000, issued in 1999, which established
guidelines that a transmission entity must meet in order to qualify as an RTO.*®” Order 2000
encouraged the formation of RTOs on the reasoning that RTOs would increase efficiency in
wholesale energy markets, in turn lowering end-prices to consumers. This spurred the
development of six RTOs under FERC’s jurisdiction.

18.2 FERC TODAY

Today FERC has a budget of approximately $370 million and employs a staff of nearly 1,500.
About 57 percent of staff work within electric regulation.'®® By profession, electric program staff
are primarily lawyers, engineers, economists, and accountants. FERC receives it funding in an
annual appropriation from Congress, although funds equal to FERC’s budget are received
through filing fees assessed to the filing entity for individual filings and annual charges assessed
generally to the industries it regulates. Exhibit 18-1 shows the organization of FERC’s major
offices. These offices can be divided into three major functions: administrative, regulatory, and
litigation. The offices of the Executive Director, the Secretary, and External Affairs are all
administrative. Litigation offices include Administrative Law Judges, Administrative Litigation,

195 FERC (2019). History of FERC, https://www.ferc.gov/students/ferc/history.asp
196 Department of Energy Organization Act, 42 USC 7134, 7171(q)

197 Regional Transmission Organizations, 89 F.E.R.C. { 61,285 18 CFR Part 35 (1999) https://www.ferc.gov/legal/maj-ord-
reg/land-docs/RM99-2A.pdf

198 FERC (2018). An Overview of the Federal Energy Regulatory Commission and Federal Regulation of Public Utilities.
https://www.ferc.gov/about/ferc-does/ferc101.pdf

11


https://www.ferc.gov/about/ferc-does/ferc101.pdf

POWER MARKET PRIMERS, REV. 01

and Enforcement. All remaining office deal with regulatory functions. Exhibit 18-2 provides
descriptions of each regulatory and litigation office.'®°

Exhibit 18-1. FERC organization chart

Federal Energy Regulatory Commission

Commissioner Commissioner Commissioner Commissioner

Source: FERC!%
Exhibit 18-2. FERC regulatory and litigation offices
Office Description

Office of the Provide legal services to FERC. Represent FERC before the courts and Congress and is
General Counsel | responsible for the legal aspects of FERC’s activities.

Guides the evolution and operation of energy markets to ensure effective regulation and

Office of protects customers through understanding markets and their regulation, timely identifying
Enforcement and remedying market problems, assuring compliance with rules and regulations, and
detecting and crafting penalties to address market manipulation.

Analyzes filings submitted by electric utilities, and natural gas and oil pipelines to ensure
Office of Energy | that rates, terms and conditions of service are just and reasonable and not unduly
Market discriminatory or preferential. Provides support to FERC in matters involving market design
Regulation relating to electric, natural gas, and oil pipeline services. Analyzes filings submitted by NERC
dealing with its budget, rules of procedure, and bylaws.

Coordinates the development of policies and rules that address emerging challenges in the

Office of Ener, . . . ) -
Policy and 8Y | electric and natural gas industries. Evaluates the energy markets and interstate grid to
Inn0\>,ation improve economic efficiency, system operations, and reliability in light of new developments

and in response to state and federal public policies.

Office of Energy | Reviews natural gas and hydropower infrastructure proposals and seeks to minimize risks to
Projects the public associated with FERC jurisdictional energy infrastructure.

199 FERC (2019). FERC Organization Chart, https://www.ferc.gov/about/offices.asp#orgchart
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m

Office of Electric

Oversees the development and review of mandatory reliability and security standards.
Ensures compliance with the approved mandatory standards by the users, owners, and

Reliabilit
v operators of the bulk power system.
Office of Energy | Provides leadership, expertise and assistance to FERC to identify, communicate and seek
Infrastructure comprehensive solutions to potential risks to FERC-jurisdictional facilities from cyber-attacks
Security and such physical threats as electromagnetic pulses.
Office of

Resolve contested cases as directed by FERC, either through impartial hearing and decision
or through negotiated settlement. Assists interested parties engaged in disputes together to
promote consensual decision making through services such as mediation, negotiation and

Administrative
Law Judges and
Dispute

. facilitation.
Resolution
Office of . . . .
. . Litigates or otherwise resolves cases set for hearing. Represent the public interest and seek
Administrative -
e to litigate or settle cases.
Litigation

As can be seen from the above table, FERC's electric-related jurisdiction encompasses a large
number of activities. FERC’s primary work involves governing the rates, terms and conditions of
interstate electric transmission and wholesale electric sales by public utilities. Beyond that,
FERC also has statutory authority over corporate activities and transactions by public utilities —
including mergers and FERC-jurisdictional facility dispositions, securities issuances, and
interlocking directorates. Accounting by public utilities is subject to FERC oversight. FERC is
responsible for investigating claims of energy market manipulation and enforcing the
prohibition against market manipulation.

FERC's responsibility to ensure the reliability of the bulk-power system through oversight of the
development/approval of and compliance with mandatory reliability standards is handled in
two parts. FERC's Office of Electric Reliability oversees the development of and compliance with
these standards, but most of the work developing standards has been turned over to NERC, as
the independent regulatory organization certified by FERC.

In addition to the landmark Orders 888 and 2000, discussed in the previous section, FERC has
continued to push the evolution of wholesale electric markets through major orders. Order 697
sought to codify FERC’s market-based rate policy. It requires that market-based rates proposed
by public utilities go through a rigorous up-front analysis of whether market-based rates should
be granted. This includes protective conditions and ongoing filing requirements in all market-
based rate authorizations and reinforces FERC’s ongoing oversight of market-based rates.?%°

Under Order 719, FERC amended regulations of the RTO markets to remove barriers to
participation for demand response resources. The order also required RTOs to offer market
participants space on their websites to post offers to buy or sell power, thereby encouraging

200 Market-Based Rates For Wholesale Sales Of Electric Energy, Capacity And Ancillary Services By Public Utilities, 119
F.E.R.C. 1 61,295 18 CFR Part 35 (2007) https://ferc.gov/whats-new/comm-meet/2007/062107 /E-1.pdf
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long-term power contracting. Additionally, Order 719 required RTOs to provide their market
monitors with greater access to data, and further strengthen the role of market monitors.?%!

One of the more recent landmark orders was Order 1000, which amended the transmission
planning and cost allocation requirements established in Order 890. The purpose of Order 1000
was to reduce barriers to building major transmission projects, particularly those driven by
public policy considerations, such as the integration of renewable energy. Order 1000 required
participation by transmission providers in regional transmission planning processes,
consideration of transmission needs driven by public policy in the OATT, and sought to improve
inter-regional coordination on transmission planning and development.2%?

201 Wholesale Competition in Regions with Organized Electric Markets, 125 F.ER.C. 1 61,071 18 CFR Part 35 (2008)
https://ferc.gov/whats-new/comm-meet/2008/101608/E-1.pdf

202 Transmission Planning and Cost Allocation by Transmission Owning and Operating Public Utilities, 136 F.ER.C. 1 61,051
18 CFR Part 35 (2011) https://ferc.gov/whats-new/comm-meet/2011/072111/E-6.pdf
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19 GLOSSARY OF TERMS

A
Adequacy — See Resource Adequacy.

Ancillary Services — Services necessary to ensure and support the reliability of the transmission
of electricity across the grid. The ancillary services include operating reserve, frequency
regulation (i.e., maintaining system frequency within a set range), and voltage control (i.e.,
maintaining system voltage within a set range).

Ancillary Services Market Administrator — An entity that manages services necessary to support
the reliable operation of the transmission system and provision of electricity at appropriate
frequency and voltage levels. 203

Ancillary Service Shadow Price — The cost of having to procure one additional megawatt for a
given ancillary service. See also: Shadow Price and Regulation Market Clearing Price.

Assets — Individual units (generators), plants, load acting as a resource (controllable load and
demand response resource) and load zones.?%*

Automatic Voltage Regulator (AVR) — A device on a generation resource or a control system at
the facility of a generation resource used to automatically control the voltage to an established
voltage set point.20°

Balancing Authority — An entity that integrates resource plans regionally and maintains, in real
time, the balance of electricity resources and electricity demand.?%3

Bid — A request to sell or purchase megawatts at a specific location submitted into the
wholesale market.?% See also: Demand Bid and Generation Bid.

Bilateral Contracts — A contract between two parties for the sale and delivery of a service (i.e.,
energy, capacity, and/or ancillary services) without going through the wholesale market that

provides price and other terms and conditions. These contracts may be internal or external to
the ISO/RTO area. The ISO/RTO must be aware of the contract in order to maintain reliability.

Black Start Capability — The ability of generating unit to start without support of the
transmission grid.2% See also: Black Start Unit.

Black Start Service — An ancillary service provided by a generation resource able to start without
support of the transmission grid.2% See also: Black Start Unit.

203 United States Government Accountability Office. (2008). Electric Restructuring: FERC Could Take Additional Steps to
Analyze Regional Transmission Organizations' Benefits and Performance. Retrieved on September 16, 2011 from
http://www.gao.gov/new.items/d08987.pdf

204 SPP. (2011). Glossary. Retrieved on October 25, 2011 from hitp://www.spp.org/glossary.asp?letter=E

205 ERCOIT. (2011). Glossary. Retrieved on October 25, 2011 from http://www.ercot.com/glossary

206 |ISO New England. (2011). Glossary. Retfrieved on October 25, 2011 from htfp://www.iso-
ne.com/support/iraining/glossary/
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Black Start Unit — A generating unit that has the ability to be started without outside electricity
supply.?% Black Start units are necessary to re-energize the transmission system following a
system-wide blackout. They must have the ability to re-energize an electrical bus, to provide
real and reactive power capability for a period of time identified by restoration requirements
and provide frequency and voltage control under varying load.?%’

Blackout — A period where no electric service is available in a particular area.

Brownout — An intentional or unintentional drop in voltage in a transmission and/or distribution
grid. The name is coming from a fact that when voltage drops lightning dims slightly. The
intentional brownout is used to reduce load during an emergency.?%

Bulk Power System — The interconnected electrical generating resources, transmission facilities,
tie lines with neighboring systems, and associated equipment used to produce and transmit
electric energy, generally operated at 100 kV or higher.?%3 See also: Power System.

Bus/Electrical Bus — A physical transmission element that serves as a common connection for
two or more elements such as: loads, lines, transformers, generators and other transmission
devices and equipment,209:205.210

C

Capability — The maximum load that a generating unit or other electrical apparatus can carry
under specified conditions for a given period of time without exceeding approved limits of
temperature and stress.?%*

Capability Period — One of two specific time periods within a power year for buying and selling
electric capacity. A power year is split into capability periods because different demand
requirements exist during the year and the output of generator resources is seasonally
dependent (temperature, wind, etc.). An ISO/RTO determines the duration of the capability
period. For example, in ISO New England, the summer capability period is June 1 through
September 30; the winter capability period is October 1 through May 31.2% In New York ISO,
the summer period is May 1 through October 31; the winter period is November 1 through
April 30.

Capacitor — A device whose primary purpose is to introduce reactive power into an electrical
circuit. Shunt capacitors are normally used to produce reactive power for voltage control. Series
capacitors are normally used to reduce the effective reactance of a circuit.?!! See also: Reactive
Power and Inductor.

207 Entergy. (2011). Transmission System Facts. Retrieved on October 25, 2011 from
http://www.entergy.com/energydelivery/transmission_system facts.aspx

208 Steven Blome. (2007). Electric Power System Basics: For the Nontechnical Professional, IEEE Press Series on Power
Engineering.
209 Potomac Economics. (2011). 2010 State of the Market Report for the MISO Electricity Market, June 2011

210 Nodal Exchange. (2011). Glossary. Retrieved on March 25, 2011 from
http://www.nodalexchange.com/resource center/glossary.php

211 PJM. (2011). Glossary. Retrieved on October 25, 2011 from http://www.pjm.com/Home/CGlossary.aspx
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Capacity — The amount of electric power delivered or required for which a generator, turbine,
transformer, transmission circuit, station or system is rated by the manufacturer.?%

Capacity Auction/ Forward Capacity Auction — An annual auction of the Forward Capacity
Market during which the price for capacity will be set based on required capacity quantity that
will satisfy the region’s unforced capacity obligation.293.29

Capacity Market — A market in which load-serving entities make capacity payments to providers
(owners of generators and demand resources) to ensure the long-term availability of sufficient
capacity for the reliable operation of the bulk power grid. Capacity markets use a capacity
auction process to procure sufficient capacity for the delivery year.

Capacity Market Administrator — Administers a system to procure a sufficient portfolio of
supply and demand resources to meet future electricity needs and encourage investment.2%3

Capacity Payments — A payment received in exchange for making electrical capacity
available.?'?

Capacity Zone — A zone determined before each capacity auction. Each export-constrained zone
and any import-constrained zone for which the amount of capacity projected to be installed in

a load zone is less than that load zone's forecasted local sourcing requirement.?%¢ See also: Local
Sourcing Requirement.

Clearing Price — See Market Clearing Price.

Congestion — A condition that arises on the transmission system when one or more restrictions
prevent the economic dispatch of electric energy from serving load.?%

Congestion Cost/Cost of Congestion — Costs that are approximately equal to the difference in
locational marginal prices across the congested interface, multiplied by the transfer amount.2%?

Congestion Revenue Right (CRR) — A financial instrument that entitles the holder to be charged
or to receive compensation, depending on the instrument, when the transmission grid is
congested in the Day-Ahead Market or in the Real-Time Market.?% It is used in CAISO and
ECROT. See also: Financial Transmission Rights and Transmission Congestion Contracts

Contingency — The unplanned disconnection of a power system element, such as a transmission
facility or a generator, from the system.2%¢

Control Area — An electric power system or combination of electric power systems to which a
common automatic generation control scheme is applied in order to: 1) match, at all times, the
power output of the generators within the electric power system(s), and capacity and energy
purchased from entities outside the electric power system(s), with the Load within the electric
power system(s); 2) maintain scheduled interchange with other Control Areas; 3) maintain the
frequency of the electric power system(s) within reasonable limits; and 4) provide sufficient
generating capacity to maintain operating reserves.?%

212 Energy Network Operations Center. (2011). Glossary. Retrieved on October 25, 2011 from
http://www.enernoc.com/our-resources/glossary
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Cost-based Payment/Cost-based Service — Payment/Service in which offers shall not exceed the
variable cost of producing energy or other service.?!!

Cost of New Entry — As a concept, the price of capacity in $/kW-month or S/MW-day that is
needed to attract sufficient new capacity.?%

Curtailment Service Provider — A company that serves as an intermediary between utilities and
customers, pooling together groups of customers who participate in demand response
programs to reduce energy usage during periods of peak demand. More commonly known as
Demand Response Aggregators.?!3 See also: Demand Response Aggregators.

Customer — An entity that "does business" with ISO/RTO, such as a transmission customer or
market participant.2%®

D

Day-Ahead Market (DAM) — A forward market in which hourly (typically) prices are calculated
for energy delivery to a specific location based on generation offers, demand forecasts, and
scheduled bilateral power sales.

Day-Ahead Market Administrator — Administers a forward market where electricity is bought
and sold for use the following day based on projected customer needs.?%

Delivery Year — Planning period for which resources are being committed and for which a
constant load obligation for the entire region exists. For example, the 2007/2008 Delivery Year
in PJM corresponds to the June 1, 2007 — May 31, 2008 planning period.?!!

Demand — The amount of electrical power used; the level of electricity consumption at a
particular time measured in megawatts.?% See also: Load.

Demand Bid / Demand Offer — A request to purchase an amount of electric energy at a specific
location.2%¢

Demand Curve — A graphic representation of the relationship between energy price and the
guantity of the energy demanded. It is drawn with price on the vertical axis of the graph and
quantity demanded on the horizontal axis.?* See also: Supply Curve.

Demand Resource — A source of capacity whereby a customer reduces the demand for
electricity from the bulk power system, such as by using energy-efficient equipment, shutting
off equipment, and using electricity generated on site.?% See also: Demand Response and
Interruptible Load for Reliability Resources.

Demand Response — End-use customers’ reduction of their use of electricity in response to
power grid needs, economic signals from a competitive wholesale market or special retail
rates.?!! See also: Demand Resource and Interruptible Load for Reliability Resources.

Demand Response Aggregators — A company that serves as an intermediary between utilities
and customers, pooling together groups of customers who participate in demand response

213 OBOS. (2013). Glossary. Retrieved on February 25, 2013 from hitp://enerliance.com/support/terms-definitions/

214 Business Dictionary. (2013). Demand Curve. Retrieved on January 10, 2013 from
http://www.businessdictionary.com/definition/demand-curve.html
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programs to reduce energy usage during periods of peak demand. Also known as Curtailment
Service Providers.?!3 See also: Curtailment Service Providers.

Deregulation — Elimination of some or all regulations from a previously regulated industry or
sector of an industry.?!® See also: Restructured Electric Industry.

Dispatch — Electronic or verbal instructions to generators, transmission facilities, and other
market participants to start up, shut down, raise or lower generation, change interchange
schedules, or change the status of a dispatchable load in accordance with applicable contracts
or demand bid parameters.?1®

Dispatch Signal — The control signal, expressed in dollars per megawatt-hour, calculated and
transmitted continuously and dynamically to direct the output level of all generation resources
dispatched by ISO/RTO in accordance with the offer data.?!?

Distributed Energy Resource — Any resource located at a customer’s point of delivery or directly
connect to distribution system that produce electric energy.

Distribution Lines — Low-voltage electric power lines (typically <35 kV).2%®

Distribution System / Distribution Grid / Distribution Network — A system for the delivery of
energy from the transmission grid to customers.2°>

E

Electric Energy — The ability of an electric current to produce work (heat, light, another form of
energy); the generation or use of electric power over a specified time, usually expressed in
gigawatt-hour (GWh), megawatt-hour (MWh), or kilowatt-hour (kWh).2% See also: Energy.

Electric Industry — An industry that produces and delivers electric energy, often known as
power, or electricity.

Electric Power — The rate at which electric energy is transferred or used to do work, measured
in watt (W) or kilowatt (kW — thousands of watts) or megawatts (MW — millions of watts).2%
See also: Units of Electricity.

Electric Reliability Organization — The organization certified by FERC to establish and enforce
reliability standards for the bulk-power system, subject to FERC review.?!” See also: North
American Electric Reliability Corporation (NERC)

Electricity Consumer — An entity such as a person, State agency, or Federal agency, to which
electric energy is sold other than for purposes of resale.?’

Electricity Market / Energy Market — A system for purchasing and selling electricity using supply
and demand to set the price. In general, electricity markets include electric energy markets,
capacity markets, and ancillary services markets, a part of which are regulation markets and

215 U.S. Energy Information Administration. (2013). Glossary. Retfrieved on January 10, 2013 from
http://www.eia.gov/tools/glossary/index.cfm

216 California ISO. (2011). Glossary of Terms and Acronyms. Retrieved on October 25, 2011 from
http://www.caiso.com/Pages/glossary.aspx2View={02340A1A-683C-4493-B284-8B949002D449}&FilterClear=1

217 Public Utility Regulatory Policies Act of 1978. (2012). 16 USC Sec. 2602. Retrieved on March 26, 2013 from
http://uscode.house.gov/download/pls/16C46.1xt
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operating reserve markets.??3 See also: Energy Market, Power Market and Wholesale Electric
Energy Market.

Electricity (Power) Marketers — Business entities engaged in buying and selling electricity. Power
marketers do not usually own generating or transmission facilities. Power marketers take
ownership of the electricity and are involved in interstate trade. These entities file with FERC
for status as a power marketer.?%®

Electricity Supplier — Companies supplying electricity to the consumers. See also: Generating
Companies and Electricity (Power) Marketers.

Energy — The generation or use of electric power over a specified time, usually expressed in
gigawatt-hour (GWh), megawatt-hour (MWh), or kilowatt-hour (kWh).2% See also: Electric
Energy.

Energy Efficiency Resources — An energy resource capable of yielding energy and demand
savings that can displace electricity generation, such as from coal, natural gas, nuclear power,
wind power, and other supply-side resources.?'8

Energy Imbalance Service (EIS) — Energy supplied by others when actual electricity production
(or usage) is different from expected production (or usage). EIS is the dollar amount associated
with the Imbalance Energy (IE). EIS is calculated by taking the amount of IE and multiplying by
the price at a specific point on the energy grid.?%*

Energy Imbalance Service (EIS) Market — Unique to the Southwest Power Pool (SPP), the EIS
Market provides market participants a mechanism necessary to offer their resources into the
marketplace for use in eliminating the imbalance energy. In the EIS marketplace, SPP owns the
responsibility of accounting for and financially settling all EIS amounts.2% The EIS Market will be
replaced with a real-time market when a new market structure is launched in 2014. See also:
Imbalance Energy.

Energy Market [Electric Energy Market — A system for purchasing and selling electric energy
using supply and demand to set the price.2%? See also: Electricity Market, Power Market and
Wholesale Electric Energy Market.

Energy Storage Resource — A resource which is capable of receiving electricity from grid and
storing it for use at a later time by injecting electricity back into the grid. Common Energy
Storage Resource technologies include electric vehicles, pumped hydro generation, flywheel
technologies, advanced batteries, and fuel cells.

F

Federal Energy Regulatory Commission (FERC) — An independent commission that regulates the
interstate transmission of electricity, natural gas, and oil. As part of that responsibility, FERC
regulates the transmission and wholesale sales of electricity in interstate commerce; reviews
certain mergers and acquisitions and corporate transactions by electricity companies; reviews
the siting application for electric transmission projects under limited circumstances; licenses

218 ACEEE. (2013). Energy Efficiency as a Resource. Retrieved on January 10, 2013 from htfp://aceee.org/topics/energy-
efficiency-resource
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and inspects private, municipal, and state hydroelectric projects; protects the reliability of the
high voltage interstate transmission system through mandatory reliability standards; monitors
and investigates energy markets; enforces regulatory requirements through imposition of civil
penalties and other means; and also administers accounting and financial reporting regulations
and conduct of jurisdictional companies.?%¢ 219

Federal Power Agencies — Any agency or instrumentality of the United States (other than the
Tennessee Valley Authority) which sells electric energy.??°

FERC Order 888/889 — The two orders made in 1996 by the US Federal Energy Regulatory
Commission establishing the U.S. Federal Energy Regulatory Commission’s legal authority to
require utilities owning transmission lines to permit the use of their transmission assets by third
parties.” FERC Order 888 required opening access to transmission lines to competing power
generators, the unbundling of functional charges, and establishing a mechanism for recovery of
“stranded costs.” Issued in conjunction with Order 888, FERC Order 889 facilitated competitive
markets by assuring transparency, accuracy, and consistency in sharing of information critical to
making intelligent competitive decisions.??! Order 889 established a common standard of
conduct among power industry participants. In order to prevent gaming or obscuring of
information, Order 889 required accounting systems for transmission, distribution, and
generation facilities to be separate. Additionally, FERC Order 889 obligated all investor-owned
utilities to share the availability of transmission capacity, ancillary services, scheduling of power
transfers, economic dispatch, current operating conditions, system reliability, and responses to
systems conditions on an Open Access Same-Time Information System (OASIS; formerly
referred to as Real-Time Information Networks). See also: Independent System Operator (1SO),
Regional Transmission Organization (RTO) and FERC Order 2000.

FERC Order 2000 — The order made in 1999 by the US Federal Energy Regulatory Commission
mandating the creation of Regional Transmission Organizations throughout the United States,
albeit participation is voluntary.??? The intent of FERC Order 2000 was to remove the residual
barriers to a competitive market. Order 2000 delineated several of FERC’s expectations such as
regional operation of high-voltage transmission, elimination of discriminatory practices leaving
minimal economic or operational obstacles to trade, open access to the network and
information about the network (e.g., OASIS), and true access and exit from the transmission
network establish ease of opportunity. To meet these expectations, Order 2000 established
that RTOs should have full independence from market participants, as well as responsibility and
authority regarding short-term grid stability, operational control of all transmission assets in
their region, and an appropriate regional configuration. In support of these characteristics, each
RTO assumed key market and technical functions within its area, such as design and

219 Federal Energy Regulatory Commission (FERC). (2011). What FERC does. Retrieved on October 25, 2011 from
http://www ferc.gov/about/ferc-does.asp

220 Cornel University Law School. (2013). 16 USC § 796 — Definitions. Retrieved on January 10, 2013 from
http://www.law.cornell.edu/uscode/text/16/796

221 Federal Energy Regulatory Commission. (1996). Order No. 889: Open Access Same-Time Information System (formerly
Real-Time Information Networks) and Standards of Conduct. Retrieved on September 16, 2011 from
http://www.ferc.gov/legal/maj-ord-reg/land-docs/order889.asp

222 Federal Energy Regulatory Commission. (1999). Order No. 2000: Establishment of Regional Transmission Organizations
Proposals. Retrieved on September 16, 2011 from http://www.ferc.gov/legal/maj-ord-reg/land-docs/RM99-2A.pdf
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administration of tariffs, management of congestion and parallel path flows, and continual
development of OASIS, monitoring the market, and planning and expansion of transmission
assets. See also: Independent System Operator (ISO), Regional Transmission Organization (RTO)
and FERC Order 888/889.

Financial Transmission Rights (FTR) — A financial instrument that a market participant can buy
to hedge the price risk of day-ahead congestion caused by constraints on the transmission
system. FTR holders have a right to receive, or an obligation to pay, the dollar amounts
associated with congestion based on the amount of electric energy (MW) flowing between two
specific locations.?%® It is used in PJM, ISO-NE and MISO. See also: Congestion Revenue Right
and Transmission Congestion Contracts

Forced Outage — An outage results in the immediate reduction in output or unavailability of a
generating unit due to a failure. A reduction in output or removal from service of a generating
unit in response to changes in market conditions does not constitute a forced outage.?!! See
also: Maintenance Outage, Outage, Planned Outage and Scheduled Outage.

Forward Capacity Auction/Capacity Auction — An annual auction of the Forward Capacity
Market during which the price for capacity will be set based on required capacity quantity that
will satisfy the region’s unforced capacity obligation.293.29>

Frequency — The rate of oscillation (cycles/second) of the alternating current in an electrical
power system, measured in hertz (Hz). In the United States, the frequency rate is 60 Hz.2%

Frequency Control — A generation control where the objective is to utilize all regulating
generators to control frequency at a scheduled level.?!?

Frequency Regulation — The capability of maintaining electric frequency close to 60 Hz. A
system operator has to continuously balance electricity supply with load to maintain the proper
frequency by sending a control signal to generators to increase or decrease its power output in
response to frequency deviation.?!! See also: Frequency Response.

Frequency Response — The capability of a specific resource, with appropriate
telecommunications, control and response capability, to increase or decrease its output in
response to a regulating control signal to control for frequency deviations.?!! See also:
Frequency Regulation.

G

Generating Unit — An individual electric generator and its associated plant and apparatus whose
electrical output is capable of being separately identified and metered.?*®

Generation — The production of electric energy from other sources of energy, expressed in
megawatt (MW).2% See also: Supply.

Generation Assets — See Generation Resource and Generator.

Generation Companies — An entity that owns or operates generating plants. The generation
company may own the generation plants or interact with the short-term market on behalf of
plant owners.?1® See also: Electricity Supplier.
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Generation Interconnection — A process that includes any of the following studies: the
Interconnection Feasibility Study, the Interconnection System Impact Study, and the
Interconnection Facilities Study described in the standard large generator interconnection
procedures.?1®

Generation Resource — A generator capable of providing energy or ancillary service.?°> See also:
Generator.

Generation Scheduling — A computer optimization program used by a scheduling coordinator to
schedule generation resources required for future operating periods.?!!

Generator — The seller of energy or ancillary services produced by a generating unit.2¢ A facility
that produces only electricity, commonly expressed in kilowatt-hour (kWh) or megawatt-hour
(MWh). Electric generators include electric utilities and independent power producers.?' See
also: Generation Resource.

Generator Bid — The quantity (MWh) and a price (S) at or above which a generator has agreed
to sell the next increment of energy for a specified interval of time.?%¢ See also: Bid.

Generator Operator — An operator that controls, operates, or maintains generators to generate
electric power.

H

Hub — An aggregation of generator and load nodes that is traded as a single contract node.?'% It
is a specific set of predefined nodes for which locational marginal prices are calculated and
used to establish a reference price for electric energy purchases and the transfer of day-ahead
adjusted load obligations and real-time adjusted load obligations and for the designation of
Financial Transmission Rights.??3 See also: Node and Load Zone.

Hub Price — The price calculated as an average of the prices at all of the nodes defined of the
hub. These nodes are electrically connected and are located in an area that has little congestion
within it and therefore has a price that reflects the overall energy price.?? See also: Nodal Price
and Zonal Price.

Imbalance Energy (IE) — The difference between what actually happens for each generator and
load and what they prearranged through schedules. Mathematically the IE can be expressed as
follows: IE =Actual Production or Usage - Scheduled Production or Usage.?%* See also: Energy
Imbalance Service (EIS).

Incremental Auctions — Allow for an incremental procurement of resource commitments to
satisfy either an increase in the region’s unforced capacity obligation due to a load forecast
increase, or a decrease in the amount of resource commitments due to a resource cancellation,
delay, derating, or decrease in the nominated value of a planned demand resource.?°> Also

223 |SO-NE. (2013). Locational Marginal Pricing. Retrieved on February 25, 2013 from htfp://www.iso-
ne.com/nwsiss/grid _mkts/how mkts wrk/Imp/index-p3.html
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referred to as an reconfiguration auction in ISO New England. See also: Reconfiguration
Auction.

Independent Coordinator of Transmission (ICT) — FERC approved Reliability Coordinator for grid
security and stability and planning functions.2%’

Independent Market Monitor — An entity selected to monitor the wholesale electric market to
detect and prevent market manipulation strategies and recommend measures to enhance the
efficiency of the wholesale market.?%

Independent Power Producer (IPP) — A corporation, person, agency, authority, or other legal
entity or instrumentality that owns or operates facilities for the generation of electricity for use
primarily by the public, and which is not an electric utility.?®

Independent System Operator (ISO) — An I1SO performs similar duties to a Regional Transmission
Organization (RTO). The ISO was FERC's initial attempt (as suggested in FERC Orders 888/889)
to encourage the creation of independent organizations that would be responsible for
managing a regional transmission grid and provide open access to the grid. Open access to the
grid means that all qualified companies would have the ability to put power onto the grid,
regardless of who owned the particular transmission lines used. I1SOs include: California ISO
(CAISO), Midcontinent ISO (MISO), New York ISO (NYISO), ISO New England (ISO-NE), PJM,
ERCOT, and Southwest Power Pool (SPP). See also: Regional Transmission Organization (RTO),
System Operator, FERC Order 888/889 and FERC Order 2000.

Inductor/Reactor — A device with the primary purpose to introduce inductance into an electrical
system. Shunt reactors are normally used to absorb reactive power for voltage control. Series
reactors are normally used to increase the effective reactance on a circuit to limit fault
current.?!! See also: Reactive Power and Capacitor.

Installed Capacity — A generator or load facility that is capable of supplying and/or reducing the
demand for energy in a control area for the purpose of ensuring that sufficient energy and
capacity are available to meet the reliability rules. The installed capacity requirement includes a
margin of reserve in accordance with the reliability rules.??*

Interconnection Study — Any of the following studies: The Interconnection Feasibility Study, the
Interconnection System Impact Study, and the Interconnection Facilities Study described in the
standard large generator interconnection procedures.?'®

Interruptible Load for Reliability Resources — A resource with a demonstrated capability to
provide a reduction in demand.?!! See also: Demand Resource and Demand Response.

Investor-Owned Utility — A utility owned by private investors, as opposed to one owned by a
public trust or agency; a commercial, for-profit utility as opposed to a co-op or municipal utility.
They are usually subject to different regulations than publicly-owned utilities and co-ops, and
they pay taxes as corporate citizens.??>

224 New York ISO. (2011). Glossary. Retrieved on October 25, 2011 from

http://www.nyiso.com/public/markets operations/services/customer _support/glossary/index.jsp

225 Potomac Economics. (2011). 2010 State of the Market Report for the ERCOT Wholesale Electricity Markets, August
2011.
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L

Load — The amount of electrical power used; the level of electricity consumption at a particular
time measured in megawatt. See also: Demand.?%

Load Forecasting — A process used to determine load obligations calculations. The load
forecasts include weather data and hourly load data.?%*

Load Serving Entities (LSE) — Entities that secure energy and transmission service (and related
Interconnected Operations Services) to serve the electrical demand and energy requirements of
its end-use customers.??®

Load Shedding — The systematic reduction of system demand by temporarily decreasing load in
response to transmission system or area capacity shortages, system instability, or voltage
control considerations.?!!

Load Zone/ Zone — An aggregation of all the load nodes within a specific area.??3 Typically, zones
represent the vertical integrated utility territories.?®* See also: Node and Hub.

Local Sourcing Requirement — The portion of the total capacity requirement of the load in a
capacity zone that must be purchased from resources within that zone after accounting for the
capacity that can reliably be imported into that zone.2%

Locational Based Marginal Pricing (LBMP) — See Locational Marginal Price.

Locational Imbalance Price (LIP) — The cost of bringing the last unit of the commodity — the one
that balances supply and demand — to market. LIP recognizes that this marginal price may vary
at different times and locations based on transmission loading.??’

Locational Marginal Price (Pricing) (LMP) — The calculated price of electric energy at a node,
load zone, reliability region, and the hub.?%3

Loop Flow — See Parallel Path Flow.

Loss of Opportunity Costs — A difference in net compensation from the energy market between
what a unit receives when providing regulation or synchronized reserve and what it would have
received for providing energy output.?!!

M

Maintenance Outage — The scheduled removal from service, in whole or in part, of a generating
unit, transmission line, or other facility in order to perform necessary repairs on specific
components of the facility.?!! See also: Forced Outage, Outage, Planned Outage and Scheduled
Outage.

Marginal Price/Marginal Cost — A price/cost (or increase in total price/cost) required to
produce one additional unit of output.2%’

226 North American Reliability Corporation. (2011). Glossary of Terms Used in NERC Reliability Standards. Retfrieved on
February 25, 2012 from http://www.nerc.com/files/Glossary of Terms 2011August4.pdf

227 SPP. (2011). Imbalance Pricing. Retrieved on October 25, 2011 from http://www.spp.org/publications/LIP/Imp/?.html
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Marginal Unit — Marginal units are the generating units that set the locational marginal price.??®

Those are the last dispatched (the most expensive) units required to meet demand.?? When
there is congestion in the system, there can be more than one marginal unit.??®

Market-based Service — A service where a price for a product or service is based upon existing
market conditions. The price is set by an agreement between a buyer and seller.??°

Market Clearing Price — The price in a market at which supply equals demand. All demand
prepared to pay at least this price has been satisfied and all supply prepared to operate at or
below this price has been purchased.?®

Market Clearing Quantity — Intersection of the supply curve and demand curve.

Market Participant — An entity who sells or purchases in an ISO/RTO’s electricity market under
its tariff.

Market Settlement — Financial transactions that results from ISO/RTO power market activities
by Market Participants.

Monitoring Analytics — PJM’s independent market monitor. See also: Independent Market
Monitor.

MWh — A megawatt produced or consumed for one hour. See also: Units of Electricity.
N

Nodal Price — The price for electric energy received or furnished at a node for any given hour.2%
See also: Hub Price and Zonal Price.

Node (or Nodal) — A physical location on a transmission grid where electricity is delivered or
withdrawn.?® It is a point on the transmission system for which nodal prices are calculated.2%¢
Node can designate one such location, or groups of such locations designated as hubs or
zones.?% See also: Hub and Load Zone.

North American Electric Reliability Corporation (NERC) — A non-profit organization that operates
to improve the reliability and security of the bulk power system in North America; develops and
enforces reliability standards; monitors the bulk power system; assesses future adequacy;
audits owners, operators, and users for preparedness; and educates and trains industry
personnel. As the Electric Reliability Organization, NERC is subject to audit by FERC and
governmental authorities in Canada.?3°

(o)

Open Access — Non-discriminating access to the transmission lines.

228 Monitoring Analyfics. (2013). Marginal Fuel Posting. Retrieved on Janaury12, 2013 from
http://www.monitoringanalytics.com/data/marginal_fuel.shtml

229 Business Dictionary. (2013). Market-based Service. Retrieved on January 10, 2013 from
http://www.businessdictionary.com/definition/market-based-pricing.html

230 North American Reliability Corporation. (2011). About NERC. Retrieved on October 25, 2011 from
http://www.nerc.com/page.php2cid=1
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Open Access Same-Time Information System (OASIS) — The electronic posting system for
transmission access data that that allows all market participants to view the data
simultaneously.?!®

Operating Day — The daily 24-hour period beginning at midnight for which transactions on an
energy market are scheduled.?!!

Operating Reserve — A capability above firm system demand required to balance shorter-term
deviations between system load and generation, correct load forecasting errors, handle forced
outages and recover from a contingency. It consists of spinning and non-spinning reserve.?? See
also: Types of Reserves.

Out-of-Merit Commitment or Out-of-Merit Capacity (OOMC) — A committed capacity required
for system reliability requirements.?

Out-of-Merit Dispatch or Out-of-Merit Energy — Energy provided by a resource selected outside
the market bidding process to resolve a reliability or security event.?®

Outage — The period during which a generating unit, transmission line, or other facility is out of
service.?'%See also: Forced Outage, Maintenance Outage, Planned Outage and Scheduled
Outage,

Outage Coordination — A business processes used to schedule and approve maintenance
outages.

P

Parallel Path Flow/Loop Flow — The unscheduled transmission flows that occur on adjoining
transmission systems when power is transferred in an interconnected electrical system.?%?

Peak/ Peak Demand — The highest electric requirement occurring in a given period (e.g., an
hour, a day, month, season or year). For an electric system, it is equal to the sum of the
metered net outputs of all generators within a system and the metered line flows into the
system, less the metered line flows out of the system.?!?

Planned Demand Resource — A demand resource that does not currently have the capability to
provide a reduction in demand or to otherwise control load, but that is scheduled to be capable
of providing a reduction or control, on or before the start of the delivery year for which the
resource is to be committed.?%°

Planned Generation Capacity Resource — A generation capacity resource participating in the
generation interconnection process for which Interconnection Service is scheduled to
commence on or before the first day of the delivery year for which the resource is to be
committed.

Planned Generator Outage — See Planned Outage.

Planned Outage — The scheduled removal from service, in whole or in part, of a generating unit
for inspection, maintenance or repair.?1® See also: Forced Outage, Maintenance Outage, Outage
and Scheduled Outage.
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Planner — A person who works with stakeholders to develop overall plans for new transmission
needed to meet future projected electricity demand.?%3

Planning Reserve — An adequate reserve margin that is essential for maintaining bulk power
system reliability by providing system operators with the flexibility needed to withstand
unexpected generation or transmission outages and deviations from the demand forecast.?3¢

Potomac Economics — An independent market monitor for the Midcontinent ISO, ERCOT, New
York ISO and I1SO New England.?%% 22> See also: Independent Market Monitor.

Power — See Electric Power.
Power Generator — See Generator.

Power Market — A place to buy and sell electricity.?°® See also: Electricity Market, Energy Market
and Wholesale Electric Energy Market.

Power Marketing Administration/Authorities (PMA) — Federally-chartered entities that own
power generation facilities (typically hydropower plants) and can own transmission assets.
PMAs typically sell power to cooperative-owned utilities or municipally-owned utilities but can
also sell to investor-owned utilities or federal agencies. There are four PMAs across the United
States: the Bonneville Power Administration the Southwestern Power Administration, the
Southeastern Power Administration, and the Western Area Power Administration.?3!

Power Pool — An association of two or more interconnected electric systems having an
agreement to coordinate operations and planning for improved reliability and efficiencies.?®

Power System — The elements of an electrical system, including generation units, transmission
lines, distribution lines, substations, and other equipment.?°® See also: Bulk Power System.

Power System Stabilizers — A device that is installed on generation resources to maintain
synchronous operation of the power system under transient conditions such as loss of
transmission lines due to overloading or weather conditions, loss of a generator, or the loss of
major load.?%

Price Cap — The maximum wholesale electricity price that can be received/paid by market
participants.

Price Signal — A message sent to customers in the form of a price charged for electricity; usually
indicates a message intended to produce a particular result. As an example, increasing prices
during periods of shortage is a price signal to customers to cut back on energy consumption
during these periods.?*?

Price Volatility Make-Whole Payments — Provides assurances to suppliers that they will not be
financially harmed by responding to prices and following dispatch signals.?%

231 U.S. Department of Energy. (2011). Power Marketing Administration. Retrieved on October 25, 2011 from
http://energy.gov/offices

232 EnergyVortex. (2011). Energy Dictionary — Price Signal. Retrieved on October 25, 2011 from
http://www.energyvortex.com/energydictionary/price signal.html
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Public Utility Commission (PUC)/Public Service Commission (PSC) — A state level governing body
that regulates the rates and services of a utility (e.g., electric, natural gas, telecommunication,
water, transportation).

Publicly Owned Utility — A utility operated by a municipality to serve residents or by a
cooperative to serve its members. Municipally owned utilities do not necessarily serve all
customers within the city limits and sometimes serve customers outside their boundaries.
Cooperative utilities, which are owned and operated by and for their members, frequently are
located in rural areas.

R

Reactive Power — A quantity that is only defined for alternating current electric systems. The
product of voltage and the out-of-phase component of alternating current. Reactive power,
usually measured in MVAr, is produced by capacitors and similar devices and is absorbed by
inductors and similar devices.?% Reactive power is used to compensate for voltage drops and it
is typically provided closer to the load. See also: Capacitor and Inductor.

Real-Time Market — A market in which prices for energy delivery are calculated for immediate
delivery, typically in five-minute increments, based on current operating conditions of supply
and demand. See also: Spot Market.

Real-Time Market Administrator — Administers a market where electricity is bought and sold at
prices determined in real time to satisfy the difference between projected needs and actual
demand. Many of the markets price electricity differently at various locations across the region
in order to reflect the costs associated with congestion.?%3

Reconfiguration Auction — An auction of the Forward Capacity Market whereby capacity supply
obligations are traded monthly, seasonally, and annually to clear supply offers and demand bids
for each capacity zone.?% Also referred to as an incremental auction in PJM. See also:
Incremental Auction.

Regional Entity — An entity that has responsibility to enforce NERC’s and the regional reliability
standards, and perform other standards-related functions assigned by NERC.?3* NERC works
with eight regional entities: Florida Reliability Coordinating Council (FRCC), Midcontinent
Reliability Organization (MRO), Northeast Power Coordinating Council (NPCC), ReliabilityFirst
Corporation (RFC), SERC Reliability Corporation (SERC), Southwest Power Pool Regional Entity
(SPP), Texas Reliability Entity (TRE) and Western Electricity Coordinating Council (WECC).

233 North American Reliability Corporation. (2011). Company Overview: FAQ. Retrieved on October 25, 2011 from
http://www.nerc.com/page.phpecid=1%7C7%/C114
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Map created by NETL. Source: ABB Velocity Suite®3*

Regional Grid Operator — See Regional Transmission Organization and Independent System
Operator.

Regional Reliability Organizations — An entity that ensures that a defined area of the bulk
electric system is reliable, adequate and secure.??® See also: Regional Entity.

Regional Transmission Organization (RTO) — An RTO is typically responsible for managing the
operations of a transmission grid in a particular geographic area and can also facilitate markets
including the purchase and sale of wholesale power. RTO formation was encouraged by FERC
Order 2000 and requires the organization to satisfy twelve characteristics and functions to be
certified by FERC as the RTO. RTOs include: ISO New England, PJM, Midcontinent ISO and
Southwest Power Pool. See also: Independent System Operator (I1SO), FERC Order 888/889 and
FERC Order 2000.

Regulated Industry (Utility) — An industry that provides electricity within a designated
franchised service area. This includes investor-owned electric utilities that are subject to rate
regulation, municipal utilities, federal and state power authorities, and rural electric
cooperatives.?'® See also: Utility and Vertically Integrated Utility.

Regulation — See Frequency Regulation.

Regulation Down — An ancillary service that provides capacity decrease as a response to signals
from a system operator within three to five seconds to respond to changes in system
frequency.?% See also: Frequency Regulation.

Regulation Market Clearing Price — The shadow price of supplying the last MW of regulation
needed in the area, thus satisfying its regulation requirement constraint. The shadow price is
obtained through a simultaneous co-optimization of Regulation, Synchronized Reserve, and
Energy to minimize overall production cost. The co-optimized result ranks all available

234 ABB Velocity Suite. (2012). Intelligent Map — US NERC Regions. Retrieved on November 29, 2012, from
https://velocitysuite.globalenergy.com/Citrix/MetaFrame/auth/login.aspx
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regulating resources in ascending merit order price, where merit order is the offer plus lost
opportunity cost, simultaneously determining the least expensive set of resources necessary to
provide regulation and synchronized reserve for the operating hour while taking into account
any resources self-scheduled to provide any of these services.?°> See also: Shadow Price.

Regulation Up — An ancillary service that provides capacity increase as a response to signals
from a system operator within three to five seconds to respond to changes in system
frequency.?% See also: Frequency Regulation.

Reliability — The assurance that power is available even under adverse conditions, such as
unplanned outages of generation or transmission lines.?%

Reliability Coordinator — A coordinator that ensures the real-time operating reliability of the
transmission system.2% There are 15 Reliability Coordinators in the US and Canada.

Reliability Must Run Contract — A contract with a generation resource that would not otherwise
be operated except that it is necessary to provide voltage support, stability, or management of
localized transmission constraints.2%°

Reliability Pricing Model — PJM’s capacity market. See also: Capacity Market.

Reliability Standards — A requirement approved by FERC under Section 215 of the Federal
Power Act to provide for reliable operation of the bulk power system. The term does not
include any requirement to enlarge such facilities or to construct new transmission capacity or
generation capacity.?1® A reliability standard that is applicable to a specific region is called
regional reliability standard.

Renewable Portfolio Standards (RPS) — A mechanism to increase renewable energy generation.
An RPS requires electric utilities and other retail electric providers to supply a specified
minimum amount of customer load with electricity from eligible renewable energy sources.
Currently, states with RPS requirements/laws mandate that between 4 and 33 percent of
electricity be generated from renewable sources by a specified date.?3>

Reserve Margin — A reserve that is roughly calculated as capacity minus demand, divided by
demand.?3¢

Reserve Requirement /Reserve Obligation — A predefined capacity that currently is not being
used but that can be quickly available for the unexpected loss of generation.?!! See also: Types
of Reserves.

Resource — Any source of electric energy that increases the availability of capacity (in
megawatt), such as a generator, a dispatchable load, a demand-response resource, or an
electricity import or external transaction.?%

Resource Adequacy — The ability of a bulk electric power system to supply the aggregate
electrical demand and energy requirements (i.e., the electrical loads of all the customers at all

25 EPA. (2011). Renewable Portfolio Standard Fact Sheet. Retrieved on October 25, 2011 from
http://www.epa.gov/chp/state-policy/renewable fs.html

236 North American Reliability Corporation. (2011). 2011 Summer Reliability Assessments. Retrieved on October 25, 2011
from http://www.nerc.com/files/2011%20Summer%20Reliability%20Assessment FINAL.pdf

131


http://www.epa.gov/chp/state-policy/renewable_fs.html
http://www.nerc.com/files/2011%20Summer%20Reliability%20Assessment_FINAL.pdf

POWER MARKET PRIMERS, REV. 01

times plus external transaction sales to other control areas), taking into account scheduled and
reasonably expected unscheduled outages of system devices (e.g., generators, transformers,
circuits, circuit breakers, or bus sections).2%

Restructured Electric Industry — An industry where the monopoly system of electric utilities has
been replaced with competing sellers.?%®

Restructuring — The process of replacing a monopolistic system of electric utility suppliers with
competing sellers, allowing individual retail customers to choose their supplier but still receive
delivery over the power lines of the local utility. It includes the reconfiguration of vertically-
integrated electric utilities.?®

Retail Electric Market — A market where end-users can choose their supplier from competing
retail electric providers.

Retail Electric Provider (REP)/Supplier — An entity that sells electric energy to retail customers
but does not own or operate generation assets and is not a municipally-owned utility or an
electric cooperative.?%?

Retail Rate — The price of electricity that end-users are paying.

Revenue Sufficiency Guarantee — Payments that ensure that the total market revenue a
generator receives when its offer as-accepted is at least equal to its as-offered costs.??®

S
Schedule — A set of MWh values consisting of one value for each hour of a single day.?®

Scheduled Outage — The shutdown of a generating unit, transmission line, or other facility for
inspection or maintenance, in accordance with an advance schedule.?'® See also: Forced
Outage, Maintenance Outage, Outage and Planned Outage.

Scheduling — A process through which schedules for energy and Ancillary Services are submitted
by market participants to an ISO/RTO. It also includes the MW of Energy of Generation and
Demand cleared through the market clearing process set in the Day-Ahead Schedule for the
next Trading Day.2%% 216

Shadow Price — The cost sensitivity of the relevant binding regional constraint at the optimal
solution, i.e., the marginal reduction of the combined Energy and Ancillary Services
procurement cost associated with a marginal relaxation of that constraint.?'® Shadow price is
applicable to any market where constraints exist. See also: Ancillary Service Shadow Price and
Regulation Market Clearing Price.

Service Area — An area in which an electric utility is obligated to provide electric service to end-
use customers.2t®

Special Protection System — An automatic protection system designed to detect abnormal or
predetermined system conditions and take corrective actions other than and/or in addition to
the isolation of faulted components to maintain system reliability.?2®
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Spot Market — A market that typically involves short-term, often interruptible contracting and
immediate delivery of specified volumes of electric energy, as opposed to bilateral trading.?%®
See also: Real Time Market.

Supply — Electricity delivered to the system.2% See also: Generation.

Supply Curve — A graph showing the hypothetical supply of a product or service that would be
available at different price points.?*’ See also: Demand Curve.

Synchronous Condensers — A unit that is only capable of supplying reactive power that would
not otherwise be operated except that it is necessary to provide voltage support.?%°

System Contingency — See Contingency.

System Disturbance — An unplanned event that produces an abnormal system condition; any
perturbation to the electric system. Also, the unexpected change in the area control error
caused by the sudden failure of generation or an interruption of load.?%

System Operator — An individual at an electric system control center whose responsibility it is to
monitor and control that electric system in real time.?!! A system operator can also be an entity
responsible for the reliability and operation of its "local" transmission system.2% The entity is
charged with coordination of market transactions, system-wide transmission planning, and
network reliability.?%> See also: Independent System Operator (I1SO).

System Protection — A set of actions that protect bulk power systems from faults through the
isolation of faulted parts from the rest of the system.

System Restoration — Restoring supply to the bulk power system following a major disturbance,
outage or blackout.

T

Tariff — The rates and pricing schedule for electricity, as well as the terms of service, including
reliability standards approved by the state or federal regulatory organization.

Transmission Capability — The overall capacity of interregional or international power lines,
together with the associated electrical system facilities, to transfer power and energy from one
electrical system to another.?16

Transmission Congestion — See Congestion.

Transmission Congestion Contracts (TCC) — The right to collect or obligation to pay Congestion
Rents associated with a single MW of transmission between a specified point of injection and
point of withdrawal. TCCs are financial instruments that enable energy buyers and sellers to
hedge fluctuations in the price of transmission. It is used in NYISO.%3 See also: Congestion
Revenue Right and Financial Transmission Rights.

Transmission Constraints — A limitation on one or more transmission elements that may be
reached during normal or contingency system operations.??®

237 Investor Words. (2013). Supply Curve. Retrieved on October 25, 2011 from
http://www.investorwords.com/5812/supply _curve.html
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Transmission Line Capacity — Maximum amount of power that can be sent over a transmission
line.

Transmission Owner — The entity that owns and maintains transmission facilities.?2°

Transmission Right — See Financial Transmission Right.

Transmission Service — The right to use high-voltage transmission lines to transfer power from a
generator to a consumer.2%0

Transmission Service Charges — Payments to transmission asset owners based on the utilization
of the owner’s transmission lines.

Transmission Service Provider — Administers the transmission tariff and provides transmission
services, receives and processes transmission service requests, and determines available
capacity.2%

Transmission System / Transmission Grid — An interconnected group of lines and associated
equipment for the movement or transfer of electric energy between points of supply and points
at which it is transformed for delivery to customers or is delivered to other electric systems.?2®

Types of Reserves — Operating Reserve — Generation available in 30 minutes. Synchronized or
Spinning Reserve — Reserve capability that can be converted fully into energy within 10 minutes
or customer load that can be removed from the system within 10 minutes of the request from
the dispatcher and must be provided by equipment electrically synchronized to the system.
Non-Synchronized — reserve available in 10 minutes that is not synchronized with the system.
Secondary Reserve — Reserve available in 10 to 30 minutes.?%

U

Unit Commitment — The process of determining which generating units will be committed
(started) to meet demand and provide ancillary services in the near future (e.g., the next
trading day).?1®

Units of Electricity — Real power is measured in watt (W) or kilowatt (kwW; 1kW = 1,000 W) or
megawatt (MW; 1MW = 1,000 kW = 1,000,000 W). Reactive power is measured in mega-volt-
ampere reactive (MVAr), energy is measured in watt-hour (Wh) or kilowatt-hour (kWh; 1kWh =
1,000Wh) or megawatt-hour (MWh; 1IMWh = 1,000 kWh = 1,000,000 Wh) and apparent power
in megavolt-ampere (MVA). See also: Electric Power.

Uplift — A variety of non-market-based expenses such as out-of-merit energy dispatch, out-of-
merit commitment, replacement reserve services, reliability must run contracts, price volatility
make-whole payments, and revenue sufficiency guarantees.?®

Utility — A corporation, person, agency, authority, or other legal entity or instrumentality that
owns or operates facilities for the generation, transmission, distribution, or sale of electric
energy primarily for use by the public and is defined as a utility under the statutes and rules by
which it is regulated. Types of electric utilities include investor owned, cooperatively owned,
and government owned (federal agency, state, provincials, municipals, and public power
districts).?!! See also: Investor-Owned Utility, Publicly Owned Utility and Federal Power
Agencies.
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\"

Vertically Integrated Utility — A single company that owns and manages the power generating
facilities, transmission and distribution lines, and retail sale of power.?*® See also: Utility and
Regulated Utility.

Voltage Control — The control of transmission voltage through adjustments in generator reactive
output and transformer taps, and by switching capacitors and inductors on the transmission and
distribution systems.?!

Voltage Management — See Voltage Control.

Voltage Support — Services provided by generating units or other equipment such as shunt
capacitors, static VAr compensators, or synchronous condensers that are required to maintain
established grid voltage criteria. This service is required under normal or system emergency
conditions.?®

w

Wholesale (Electric Energy, Power) Market — The buying, selling, and reselling of the electric
energy generated by a bulk power system to meet the system's demand for electric energy.2°®
See also: Electricity Market, Energy Market and Power Market.

Wholesale Market Price — The price in a market at which supply equals demand. All demand
prepared to pay at least this price has been satisfied and all supply prepared to operate at or
below this price has been purchased.?!®

Z

Zonal Price — The hourly price for electric energy received in a defined load zone calculated
using a load-weighted average of the locational marginal prices for the nodes within the load
zone.?% See also: Nodal Price and Hub Price.

Zone — See Load Zone.

238 Willis, H.L, and Philipson, L., 2005. Understanding Electric Utilities and Deregulation, 2nd ed., Boca Raton, FL: CRC Press.
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20 REVISION HISTORY

Revision 01 (04/30/19):

e Updated corresponding contact from Maria Hanley to John Brewer.
Updated DOE contract and performance task information.
Reordered content flow.
Updated relevant numerical values from 2012 to most recent available year.
Changed references to ‘Midwest ISO’ to ‘Midcontinent ISO'.
Added section on Western Energy Imbalance Market.
Updated relevant sections impacted by rule and market changes.
Added section on Outage Management/Coordination for each ISO/RTO.
Merged sections on SPP Energy Imbalance Service Market and Integrated
Marketplace.
Added Section 16 Market Participation and Market Settlement.
e Added Section 18 Federal Energy Regulatory Commission.
e Added discussions on distributed energy and energy storage resources.

Revision 00 (04/23/13):
e This document is the initial release of the NETL Power Market Primers.
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