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Executive Summary

EXECUTIVE SUMMARY

As the NYISO’s Market Monitor Unit (“MMU”), our Core Functions include reporting on
market outcomes, evaluating the competitiveness of the wholesale electricity markets,
identifying market flaws, and recommending improvements to the market design. We also
evaluate and recommend improvements to the market power mitigation rules, which are
designed to limit anticompetitive conduct that would erode the benefits of the competitive
markets. The 2016 State of the Market Report presents our assessment of the operation and
performance of the wholesale electricity markets administered by the NYISO in 2016. This
executive summary provides an overview of market outcomes and highlights, a list of
recommended market enhancements, and a discussion of the highest priority recommendations.

The NYI1SO operates competitive wholesale markets to satisfy the electricity needs of New York.
These markets establish prices that reflect the value of energy at each location on the network.
They deliver significant benefits by coordinating the commitment and dispatch of generation to
ensure that resources are started and dispatched each day to meet the system’s demands at the
lowest cost. These markets also provide competitive incentives for resources to perform
efficiently and reliably.

The energy and ancillary services markets are supplemented by the installed capacity market,
which provides incentives to satisfy NYISO’s planning reliability criteria over the long-term by
facilitating efficient investment in new resources and retirement of older uneconomic resources.

Key Developments and Market Highlights in 2016
The NY1SO markets performed competitively in 2016. These results are summarized below.
Natural Gas Prices and Load Levels

Mild weather during the winter months of 2016 and high levels of production from the Marcellus
and Utica shale regions led to record-low natural gas prices across the state in 2016. Natural gas
prices fell nearly 20 percent in Western New York and 70 percent in Eastern New York in the
first quarter of 2016 relative to the same months in 2015. Natural gas prices recovered slightly
after the first quarter, but remained at historically low levels through the end of 2016.

Load averaged 18.3 GW and peaked at 32.1 GW in the summer of 2016. Although the summer
peak load level was up 3 percent from 2015, the summer of 2016 was still mild relative to
conditions from 2010 to 2013. The winter of 2016 was much milder than the prior winters, with
average load in the first quarter being the lowest in the past eight winters.

2016 State of the Market Report | |
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Day-Ahead Energy, Natural Gas Prices, and Congestion in 2016
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Energy Prices and Transmission Congestion

Day-ahead and real-time energy prices fell approximately 20 to 30 percent across the system in
2016 with the largest reduction occurring in the first quarter of 2016. These reductions were
largely driven by the decreases in natural gas prices in 2016. A strong relationship between
energy and natural gas prices is expected in a well-functioning, competitive market because
natural gas-fired resources are the marginal source of supply in most intervals.

Transmission congestion and losses led real-time prices to vary from an average of $18 per
MWh in the North Zone to $40 per MWh in Long Island in 2016. Congestion revenues collected
in the day-ahead market fell 19 percent in 2016 to total $438 million. A large portion of
congestion in the NYISO was associated with congestion on the natural gas pipeline system,
which exhibited significant gas price spreads between Eastern and Western New York
throughout the year. Consequently, the most significant congestion appeared on the Central-East
Interface, which flows power from Western New York to Eastern New York and accounted for
37 percent of total day-ahead congestion revenues in 2016.

Transmission bottlenecks became more significant on flows moving east through the West Zone
and on flows moving south out of the North Zone. These transmission corridors, which bring
renewable energy from Canada and New York toward load centers in the Southeast New York,
accounted for 30 percent of day-ahead congestion revenues in 2016.
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Installed Capacity Market

Capacity costs fell substantially from 2015 to 2016, down 29 percent in Long Island, 25 percent
in New York City, 2 percent in Lower Hudson Valley (i.e., Zones GHI), and 10 percent in the
Rest of State. These reductions were caused primarily by lower load forecasts and reduced
installed capacity requirements. On the supply side, the retirement and mothballing of 450 MW
of older coal-fired generation was balanced by increased imports of capacity from PJM.

The Local Capacity Requirements (“LCRs”) have been relatively volatile in recent years as the
LCR for New York City fell to 80.5 percent in the summer of 2016 from 83.5 percent the
previous year. The current rules for determining the LCRs and IRM are not optimal, and they
produce variations that are difficult to predict, leading to significant market uncertainty. We
recommend changes in the rules that will lower the costs of satisfying NYISO’s planning
requirements and lead to more stability and predictability in the requirements. (See
Recommendation #2013-1c.)

Long Run Investment Signals

The economic signals the markets provide that govern participants’ long-run decisions (including
investment, retirement, and maintenance decisions) can be measured by the net revenues
generators receive in excess of their production costs. Net revenues fell for most new and
existing generators in 2016 because of lower energy and capacity net revenues. However, net
revenues increased significantly for older peaking units because of an increase in operating
reserve prices following the implementation of Comprehensive Shortage Pricing.

Our evaluation indicates that the only area where investment in a new Frame 7 gas turbine might
be economic is in the West Zone, where its estimated net revenues are similar to its annual
levelized cost of new entry (“CONE”). However, this may not be sufficient to attract new
investment in the West Zone if developers believe that the elevated net revenue levels will be
short-lived given that large transmission upgrades are being considered to relieve these
bottlenecks in upstate New York, or that the very low natural gas prices that have been observed
in Western New York in recent years may not continue into the future.

Our evaluation finds that some existing steam turbine units may not be profitable to operate in
downstate areas, particularly Long Island. The decisions by individual steam turbine units to
retire in the coming years will likely be based on factors such as: whether they are under long-
term contracts, whether their costs are higher due to site-specific disadvantages, and whether
they face extraordinary repair costs because of forced outages.

We also analyze the investment incentives for existing nuclear units and potential new renewable
projects. Low natural gas prices have challenged the financial viability of these zero-emission
technologies. Based on futures prices, nuclear installations in upstate New York are not
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expected to recoup their going-forward costs over the next five years from the wholesale market.
In this report, we find that the cost per ton of reducing CO2 emissions varies widely from: a)
developing new renewables; b) retaining existing nuclear generation, or ¢) developing new fuel-
efficient gas-fired generation. This underscores the importance of relying on technology-neutral
mechanisms to encourage emission reductions such as a tradable rate-based emission credit
program, a cap-and-trade carbon market, or a carbon tax. As discussed below, the increasing
trend toward resource-specific subsidies is troubling because it creates substantial economic risk
for suppliers whose investment and retirement decisions are based on market expectations. At
the same time, it likely increases the costs of achieving emission reduction objectives.

Day-Ahead Market Performance

Convergence between day-ahead and real-time prices is important because the day-ahead market
determines which resources are committed each day, affecting fuel procurement and other
scheduling decisions. Day-ahead energy prices were similar on average to real-time energy
prices in most areas in 2016. This consistency generally promotes efficient commitment patterns
in the day-ahead market.

Virtual trading helped align day-ahead energy prices with real-time energy prices, particularly
when supply offer changes and modeling differences between the day-ahead and real-time
markets would otherwise have led to inconsistent prices. Although effective arbitrage led to low
average profits for virtual trades, virtual traders earned a net profit of $14 million in 2016. This
provides a general indication that virtual transactions improved consistency between day-ahead
and real-time prices at the zonal level.

The hourly mean absolute differential between day-ahead and real-time prices increased for most
locations from 2015 to 2016, particularly in the West Zone, the North Zone, and Long Island,
which also exhibited the highest real-time price volatility. Real-time prices in these areas were
most volatile when transmission capability in the affected area was reduced by transmission
outages. We found that the implementation of the Graduated Transmission Demand Curve
(“GTDC”) project led to increased congestion price volatility during transmission shortages
beginning in February 2016. (See Recommendation #2015-17.)

In the reserve market, average day-ahead reserve prices were much higher than real-time prices
for most products in 2016. Factors leading to high day-ahead reserve prices are discussed below.

Competitive Performance of the Markets

As the MMU, we evaluate the competitive performance of the NYISO markets. The energy
market performed competitively in 2016 because the conduct of suppliers was generally
consistent with expectations in a competitive market. The mitigation measures were generally
effective in limiting conduct that would raise energy prices above competitive levels.
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In November 2015, the NYISO implemented the Comprehensive Shortage Pricing project, which
included a package of energy and ancillary services market design changes. These included an
increase in the NYCA 30-minute reserve requirement and a cap on the amount of reserves that
could be scheduled on Long Island resources. Although the available supply of 30-minute
reserves far exceeds demand in this market, we have found that multiple suppliers consistently
offer reserves at levels above their likely marginal costs in the day-ahead market. Although
many suppliers who offer reserves in this manner are clearly not attempting to raise prices above
competitive levels, inefficiently high offer prices may still lead to inflated day-ahead clearing
prices. Given that 30-minute reserve clearing prices were de minimis before November 2015,
some suppliers may increase sales of this product after gaining additional experience evaluating
the costs and risks of providing it. Nevertheless, we find that the current cap on Long Island
resources is unnecessarily restrictive, and it reduces the available supply and raises clearing
prices. (See Recommendation #2015-16.) We will continue to monitor the performance of this
market to determine whether additional rule changes would improve the market’s performance.

The NYISO performed Buyer-Side Mitigation evaluations for five Additional CRIS MW
projects in Class Year 2015 (“CY15”). All five Additional CRIS MW projects, which involved
uprates to existing facilities, were determined to be exempt and will not be subject to Offer Floor
mitigation. We carefully reviewed the process and assumptions used by the NY1SO to make
BSM determinations for each Examined Facility, and we found that they were conducted in
accordance with the tariff and that the outcomes were reasonable. Nonetheless, we identify
several potential enhancements to the test procedure. (See Recommendation #2013-2d.)

Uneconomic entry and uneconomic retention in the wholesale electricity market raise concerns
because they artificially alter the supply and demand balance, undermining long-term investment
incentives. We recognize that states have legitimate public policy goals that may entail support
for certain types of resources, and we recognize that the current markets do not fully price many
externalities of electricity generation, including environmental emissions. Thus, state subsidies
that can be justified by the cost/value of the externalities could be legitimate. However, we still
have two concerns with such programs. First, state programs to reduce emissions do not
compensate resources in an efficient non-discriminatory manner, and this is unlikely to
encourage efficient investments for achieving the public policy objectives. Second, while
structured similar to longstanding REC programs, the Zero-Emission Credit (“ZEC”) program is
unprecedented in its magnitude, so it has a larger and more immediate effect on energy and
capacity market outcomes. Therefore, we will continue to advocate that states utilize markets to
efficiently price and incent investment in new and existing resources to achieve public policy
objectives, rather than rely on resource-specific subsidies that can undermine the long-term
performance of the wholesale electricity markets. Resource-specific subsidies can lead to
artificial supply surpluses will undermine the performance of the market by created sizable risks
for market participants. Hence, we encourage NYISO to begin considering provisions that
would limit disruptive short-term supply-demand imbalances caused by these public policies.
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Real-Time Market Operations and Market Performance

We evaluate several aspects of market operations, focusing on scheduling efficiency and real-
time price signals, particularly during tight operating conditions. Efficient prices are important
because they reward resources for performing reliably during tight real-time conditions.

Performance of Operating Reserve Providers

Efficient performance incentives encourage investment in resources with flexible operating
characteristics in areas where they are most valuable. Over the coming decade, performance
incentives will become more critical as the entry of new intermittent renewable generation will
require more complementary flexible resources. This section evaluates two aspects of how
market outcomes are affected by the performance of operating reserve providers.

First, we analyze the performance of gas turbines in responding to start-up instructions in the
real-time market. While there is a wide range in the performance of individual units, their
reserve market compensation is unaffected by their performance. Consequently, some gas
turbines that almost never perform as instructed still manage to earn most of their revenue from
the sale of operating reserves. (See Recommendation #2016-2.)

Second, we evaluate how the availability and expected performance of operating reserve
providers affects the costs of congestion management in New York City. In some cases, the
availability of reserves allows the operator to increase transmission flows on certain facilities,
thereby increasing the utilization of the transmission system. However, operating reserves are
not compensated for helping manage congestion. This may lead to inefficient scheduling in the
real-time market, and does not provide efficient investment incentives for gas turbines that can
perform reliably and provide congestion relief while offline. (See Recommendation #2016-1.)

Drivers of Transient Real-Time Price Volatility

Price volatility can provide efficient incentives for resource flexibility, although unnecessary
volatility imposes excessive costs on market participants. Price volatility is an efficient signal
when it results from sudden changes in system conditions that cannot be predicted by the NYISO
(e.g., a generator or line trips offline). However, unnecessary price volatility can occur when the
NYISO’s market models do not incorporate an observable factor that affects market conditions
significantly. Hence, it is important to identify the causes of volatility. We performed an
evaluation of the drivers of real-time price volatility in 2016 and found the following two
categories were most significant:

e Resources scheduled by RTC — The RTC model schedules external transactions and gas
turbines on a 15-minute basis without considering how large changes in output will affect
the market on a 5-minute basis, which can lead to brief shortages of ramp-able capacity.
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e Flow changes resulting from non-modeled factors — Includes volatile loop flows and
other unforeseen variations in non-modeled flows that lead to acute reductions in the
amount of transfer capability that is available to transactions scheduled by the NYISO.

These changes can create brief shortages and over-generation conditions when flexible
generators cannot ramp quickly enough to compensate for the change, leading to sharp changes
in energy prices and congestion. In this report, we identify modeling improvements by the
NYISO that have helped address unnecessary price volatility in Long Island and in western New
York, and we discuss potential solutions and recommend further improvements. (See
Recommendations #2012-13 and #2014-9.)

Efficiency of Coordinated Transaction Scheduling (“CTS”)

CTS enables two neighboring wholesale markets to exchange information about their internal
dispatch costs shortly before real-time, and this information is used to assist market participants
in scheduling external transactions more efficiently. CTS was implemented with PIM in
November 2014 and with ISO-NE in December 2015.

We have found that participation in CTS at the primary PJM interface is still modest after more
than two years, while participation at the ISO-NE interface has been stronger. In 2016, an
average of 180 MW of price-sensitive transaction bids were offered at the PJM border, compared
to 415 MW in the same price range at the ISO-NE border. The large difference in performance
of the two CTS processes is likely the result of large fees imposed on and uplift costs allocated to
transactions at the PJM interface, while fees are not significant at the ISO-NE interface.
Imposing large transaction fees on a low-margin trading activity dramatically reduces liquidity
and the overall efficiency of the CTS process. Therefore, we recommend that NYI1SO work with
PJM to eliminate these charges at the border. (See Recommendation #2015-9.)

We estimate nearly $8 million of regional production cost savings was anticipated from the two
CTS processes based on information available at the time interchange schedules were determined
during 2016. However, only 25 percent of this benefit was actually realized, partly because of
inaccurate regional price forecasts. We recommend improvements to better align RTC and RTD
(that were discussed above as a remedy for unnecessary price volatility) to address this issue.
(See Recommendation #2012-13.)

Market Performance under Shortage Conditions

The impact of shortage conditions was substantial in 2016. Most shortages were brief and
relatively small as flexible generation ramped in response to changes in load, external
interchange schedules, and other system conditions. Brief shortages provide strong incentives
for resources to provide flexibility and perform reliably. Shortage pricing accounted for a large
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share of the net revenues that a generator could use to recoup capital investment costs,
contributing up to $59 per kW-year, depending on the zone and availability of the resource.

Transmission shortages occurred in roughly six percent of intervals in 2016, accounting for the
majority of shortage pricing incentives. The implementation of the Graduated Transmission
Demand Curve (“GTDC”) project in February 2016 led to more volatile congestion pricing
during transmission shortages. This was primarily because of changes in the parameters used to
“relax” transmission constraints during those shortages when the GTDC was not used in the real-
time pricing algorithm. Stakeholders have voted in favor of a NYISO-proposed short-term
solution, which we support because it would lead congestion prices to be more consistent with
the severity of the shortage. However, we recommend in the long-term the NYISO develop
GTDCs that vary according to the importance, severity, and/or duration of the shortage to price
all congestion during transmission shortages. (See Recommendation #2015-17.)

Operations of Non-Optimized PAR-Controlled Lines

While most phase angle regulators (“PARs”) are operated to reduce production costs, several
PARs are used to satisfy bilateral contract flows regardless of whether it is efficient to do so.
The most significant inefficiencies we identified were associated with: (a) two lines that
normally flow up to 290 MW of power from Long Island to New York City in accordance with a
wheeling agreement between Consolidated Edison (“ConEd”) and Long Island Power Authority
(“LIPA”); and (b) lines between New York and New Jersey that are used to wheel up to 1,000
MW in accordance with a wheeling agreement between ConEd and PSEG. The operation of
these lines (in accordance with the wheeling agreements) increased day-ahead production costs
by an estimated $15 million in 2016.

The ConEd-PSEG wheeling agreement was terminated at the end of April 2017. PJM and
NYISO are implementing a replacement protocol that will incorporate the associated PARS into
the NY-PJM AC interface for interchange scheduling and the M2M process. These changes
should lead to more efficient utilization of the associated PARs in 2017.

The ConEd-LIPA wheeling agreement continues to use the 901 and 903 lines in a manner that
raises production costs inefficiently. Hence, the report recommends that NYISO continue to
work with the parties to the ConEd-LIPA wheeling agreement to explore potential changes that
would allow the lines to be used more efficiently. (See Recommendation #2012-8.)

Out-of-Market Actions and Guarantee Payment Uplift

Guarantee payments to generators, which account for a large share of Schedule 1 uplift charges,
fell by 39 percent to $43 million in 2016. This was due partly to lower natural gas prices across
the system, particularly in the first quarter of 2016 because of the mild winter weather. Low gas
prices reduced the commitment costs of gas-fired units needed for reliability.
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In 2016, reliability commitments and OOM dispatch fell by 32 percent and 29 percent,
respectively, which contributed to lower guarantee payment uplift. In New York City, the
reduction resulted from: (a) fewer generation and transmission outages that require steam
turbines to run for reliability; and (b) more frequent economic commitment of the units often
needed for local reliability because of relatively low natural gas prices in New York City. In
western New York, recent transmission upgrades that facilitated several unit retirements in
western New York in late 2015 and early 2016 resulted in lower local reliability needs.

Despite these improvements, several units were still often scheduled out-of-market to manage
flows on 115 kV facilities. These units accounted for more than $15 million of guarantee
payment uplift. In addition, the NYISO frequently took other out-of-market actions to manage
congestion on the 115 kV system, including: (a) manually instructing the Niagara generator to
shift output between the generators at the 115kV station and the generators at the 230kV station;
(b) taking certain lines out of service on the primary PIM-NYISO interface; (c) derating
interfaces with Ontario, PJM, and Quebec; and (d) using the interzonal Dysinger East, West
Central, and Moses South interface constraints as a mechanism to manage flows indirectly on
115 kV facilities. Consequently, 115 kV congestion had significant effects on the overall
market. We continue to recommend that the NYISO model these constraints to allow the market
to price and efficiently manage these constraints. (See Recommendation #2014-12.)

Capacity Market

The capacity market continues to be an essential element of the NYISO electricity markets,
providing economic signals needed to facilitate market-based investment to satisfy the state’s
planning requirements. The overall market design and rules governing the capacity market are
sound, although this report identifies several areas for improvement, including the following:

e Because New York is highly constrained, the value of capacity at different locations can
vary substantially in satisfying NYISO’s planning needs. However, the market cannot
reflect this value because it only recognizes four locations. To improve the locational
capacity price signals, we recommend a dynamic framework to reflect planning constraints
rather than adding capacity zones incrementally over time. (Recommendation #2012-1a.)

e Given a set capacity zones, capacity procurements should be optimized to satisfy planning
requirements at the lowest cost, which could be done by setting the IRM and LCRs based
on the marginal reliability value of capacity at different locations. This will reduce the
overall costs for maintaining reliability, but requires that the NYISO and its stakeholders
separately establish equitable capacity costs allocation rules. (Recommendation #2013-1c.)

Finally, to support the competitive performance of the capacity market, we encourage NYISO to
consider provisions to limit disruptive supply-demand imbalances caused by public policies that
subsidize resources to enter the market or remain in the market when it is economic to retire.

2016 State of the Market Report | ix



Executive Summary

Overview of Recommendations

The NYISO electricity markets generally performed well in 2016 and the NYISO has continued
to improve its operation and enhance its market design. Nonetheless, our evaluation identifies a
number of areas of potential improvement, so we make recommendations that are summarized in
the following table. The table identifies the highest priority recommendations and those that the
NYISO is addressing in the 2017 Project Plan or in some other effort. In general, the
recommendations that are designated as the highest priority are those that produce the largest
economic efficiencies by lower the production costs of satisfying the system’s needs or
improving the incentives of participants to make efficient long-term decisions.

The table also identifies recommendations as scoping/future if there is significant work is
necessary to determine the appropriate solution or establish the priority level, or if the anticipated
benefits would be smaller in the short-term than in the long-term. A detailed discussion of each
recommendation is provided in Section XI.

Number Section Recommendation
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Energy Market Enhancements - Real-Time Pricing and Performance Incentives
Consider rules for efficient pricing and settlement when

2016-1 | IX.C.2 - X . - )

operating reserve providers provide congestion relief.

Consider means allow reserve market compensation to

reflect actual and/or expected performance.

Modify criteria for gas turbines to set prices in the real-time

market by incorporating start-up costs.

Model 100+ KV transmission constraints in the day-ahead
2014-12 IX.F.3  and real-time markets, and develop associated mitigation
measures.
Dynamically adjust operating reserve requirements to
2015-16  IX.A.1 | account for factors that increase or decrease the amount of
reserves that must be held on internal resources.
Utilize constraint-specific graduated transmission demand
2015-17 | IX.A.2  curves to set constraint shadow prices during transmission \/
shortages.
Eliminate transaction fees for CTS transactions at the PJM-
NYISO border.
Energy Market Enhancements - Real-Time Market Operations
Operate certain PAR-controlled lines to minimize
2012-8 | IX.D production costs and create financial rights that compensate
affected transmission owners.
V1D Adju_st look ghead e\_/al_uations of RTD and RTC to be more
2012-13 IX.E consistent with the timing of external transaction ramp and v v v
' gas turbine commitment.
Consider enhancing modeling of loop flows to reflect the
effects of expected variations more accurately.

ANERN

2016-2 IX.C1

2014-10 IX.B

N

20159 VLD

AN

20149 | IXE4
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Number Section Recommendation

Priority
Scoping/
Future

Energy Market Enhancements - BPCG Eligibility and Fuel Limitations/Storage
Work with generators in NOx bubbles to ensure their RACT
2014-13 | IX.F.2 | compliance plans use the most economic compliance option
available.
Consider allowing generators to submit offers that reflect
2013-11 | IX.B.2  certain energy storage and fuel supply constraints in the v
day-ahead market.
Capacity Market Enhancements
Establish a dynamic locational capacity framework that
2012-1a | VILF reflects potential deliverability constraints to allow prices to v v
fully reflect the locational value of capacity.
Grant financial capacity transfer rights between zones when
investors upgrade the transmission system and help satisfy \/

2012-1¢ | VILD planning reliability needs without receiving a cost-of-
service rate.
2013-1c | VILC Implement location-based marginal cost pricing of capacity v v

that minimizes the cost of satisfying planning requirements.
Enhance Buyer-Side Mitigation Forecast Assumptions to
2013-2d | 1II.C deter uneconomic entry while ensuring that economic
entrants are not mitigated.
Modify the capacity market and planning process to better
2015-8  VII.B  account for imports from and exports to neighboring control v
areas from import-constrained capacity zones.
Planning Process Enhancements
2015-7  VILE Reform _the CAR.IS. process to bgtter_identify and fund v
economically efficient transmission investments.

AN
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Introduction

I. INTRODUCTION

This report assesses the efficiency and competitiveness of New York’s wholesale electricity
markets in 2016.) The NYISO operates competitive wholesale markets to satisfy the electricity
needs of New York. These markets include:

Day-ahead and real-time markets that simultaneously optimize energy, operating reserves
and regulation;

A capacity market that ensures the NYISO markets produce efficient long-term economic
signals that guide decisions to invest in new generation, transmission, and demand
response resources (and to maintain existing resources); and

A market for transmission rights that allows participants to hedge the congestion costs
associated with using the transmission network.

The energy and ancillary services markets establish prices that reflect the value of energy at each
location on the network. They deliver significant benefits by coordinating the commitment and
dispatch of generation to ensure that resources are started and dispatched each day to meet the
system’s demands at the lowest cost.

The coordination provided by the markets is essential due to the physical characteristics of
electricity and the transmission network used to deliver it to customers. This coordination
affects not only the prices and production costs of electricity, but also the reliability with which it
is delivered. In addition, the markets provide transparent price signals that facilitate efficient
forward contracting and are a primary component of the long-term incentives that guide
generation and transmission investment and retirement decisions. Relying on private investment
shifts the risks and costs of poor decisions and project management from New York’s consumers
to the investors. Indeed, moving away from costly regulated investment was the primary
impetus for the move to competitive electricity markets.

The NYI1SO markets are at the forefront of market design and have been a model for market
development in a number of areas. The NYISO was the first RTO market to:

Simultaneously optimize energy and operating reserves, which efficiently allocates
resources to provide these products;

Impose locational requirements in its operating reserve and capacity markets, which play
a crucial role in signaling the need for resources in transmission-constrained areas;

NYISO MST 30.10.1 states: “The Market Monitoring Unit shall prepare and submit to the Board an annual
report on the competitive structure of, market trends in, and performance of, other competitive conditions in
or affecting, and the economic efficiency of, the New York Electric Markets. Such report shall include
recommendations for the improvement of the New York Electric Markets or of the monitoring, reporting and
other functions undertaken pursuant to Attachment O and the Market Mitigation Measures.”
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e Introduce capacity demand curves that reflect the value of incremental capacity to the
system and provide for increased stability in market signals;

e Implement operating reserve demand curves, which contribute to efficient prices during
shortages when resources are insufficient to satisfy all of needs of the system;

e Use a real-time commitment system (i.e., RTC) that commits quick-start units (that can
start within 10 or 30 minutes) and schedules external transactions. RTC runs every 15
minutes, optimizing over a two-and-a-half hour period. Some other RTOs rely on their
operators to determine when to start gas turbines and other quick-start units.

e Introduce a market scheduling system (i.e., Coordinated Transaction Scheduling) to
coordinate an economic evaluation of interchange transactions between markets.

e Implement a mechanism that allows inflexible gas turbines and demand-response
resources to set energy prices when they are needed, which is essential for ensuring that
price signals are efficient during peak demand conditions.

e Use a real-time dispatch system (i.e., RTD) that runs every five minutes and optimizes
over a one-hour period, allowing the market to anticipate the upcoming needs and move
resources to efficiently satisfy the needs.

These markets provide substantial benefits to the region by ensuring that the lowest-cost supplies
are used to meet demand in the short-term and by establishing transparent, efficient price signals
that govern investment and retirement decisions in the long-term. However, it is important for
the markets to continue to evolve to improve alignment between the market design and the
reliability needs of the system, to provide efficient incentives to the market participants, and to
adequately mitigate market power. Hence, Section X1 of the report provides a number of
recommendations that are intended to achieve these objectives.
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II. OVERVIEW OF MARKET TRENDS AND HIGHLIGHTS

This section discusses significant market trends and highlights in 2016. It includes evaluations
of energy and ancillary service prices, fuel prices, generation and demand patterns, and
congestion patterns.

A. Total Wholesale Market Costs

Figure 1 summarizes wholesale market costs over the past eight years by showing the all-in price
for electricity, which reflects the average cost of serving load from the NYISO markets. The
energy component of this metric is the load-weighted average real-time energy price, while all
other components are the costs in the areas divided by the real-time load in the area.?

Figure 1: Average All-In Price by Region
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Average all-in prices fell to the lowest levels seen since 2009 across the system, ranging from
$26 per MWh in the North Zone to $55 per MWh in New York City in 2016. Over the eight
years shown, variations in natural gas prices have been the primary driver of variations in the
energy component of the all-in price, although changes in congestion patterns have also
significantly affected the energy prices at some locations. In 2016, energy prices accounted for

Section I.A of the Appendix provides a detailed description of the all-in price calculation.

14 | 2016 State of the Market Report



Market Trends and Highlights

58 percent of the all-in price in New York City and 68 to 80 percent of the all-in price in the
other regions.

Average energy prices fell 18 to 31 percent across different regions from 2015 to 2016. Most of
the annual reductions resulted from a mild winter in the first quarter of 2016, which led to much
lower natural gas prices and less frequent peaking conditions than in the previous winter.34
Higher production from nuclear and hydro units also contributed to the lower prices in the first
quarter of 2016.> However, in the other three quarters of 2016, energy prices were slightly
higher than in 2015 because of higher summer load levels and multiple lengthy transmission
outages that increased congestion on the Central-East interface and in Long Island.®

In recent years, increased availability of low-cost imports from Canada and retirements of coal
generation in western New York have led to increased congestion west of the Central-East
interface. Congestion on west-to-east flows through the West Zone and on flows moving south
from the North Zone accounted for 30 percent of all congestion in 2016. ’

Capacity costs were the second largest component in each region, accounting for nearly all of the
remaining wholesale market costs. Average capacity costs decreased by varying amounts in
different areas from 2015 to 2016, falling:

e 2 percent in the Lower Hudson Valley (i.e., Zones G, H, and I),
e 25 percent in New York City,
e 29 percent in Long Island, and

e 10 percent Rest of State.

Capacity prices fell primarily because of the reductions in the ICAP Requirement in each region.
The retirements of several units reduced the internal capacity in the state, partially offsetting the
capacity price decline. However, increased imports from PJM muted this impact in the Rest of
State region.®

See Section B for discussion of fuel price trends and underlining drivers.

See Section 1.D of the Appendix for discussion of load patterns.

See Section 1.B of the Appendix for generation mix by quarter.

See Section E for discussion of transmission outages and their impact on congestion.
See Section E for more discussion of these congestion patterns.

See Section VII.A for additional details.
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B. Fuel Prices

In recent years, fossil fuel price fluctuations have been the primary driver of changes in
wholesale energy prices. This is expected in a competitive market because most of the marginal
costs of thermal generators are fuel costs. Table 1 summarizes fossil fuel prices in 2015 and
2016 on an annual basis, and separately for the first quarter and the rest of the year.® The table
also shows average real-time energy prices in seven regions of New York State over the same
time periods. Representative gas price indices are associated with each of the seven regions.

Table 1: Average Fuel Prices and Real-Time Energy Prices

2015-2016
Annual Average Q1 Average Q2 - Q4 Average
% % %
2015 2016 Change 2015 2016 Change 2015 2016 Change

Fuel Prices ($/MMBtu)
Ultra Low- Sulfur Kerosene $14.87 $12.15 -18% | $16.06 $10.09 -37% ([$14.47 $12.84 -11%
Ultra Low-Sulfur Diesel Oil $11.95 $9.69 -19% | $13.23 $7.71 -42% |$11.53 $10.35 -10%

Low-Sulfur Residual Oil $8.03 $6.59 -18% | $9.40 $4.84 -49% | $7.57 $7.17 -5%
NG - Dominion North $1.33 $1.47 11% $1.49 $1.22 -18% | $1.27 $155 22%
NG - Millenium East $1.26 $1.45 15% $150 $1.18 -21% | $1.18 $1.54 30%
NG - Transco Z6 (NY) $3.84 3$221 -43% | $8.97 $2.81 -69% | $2.13 3$2.01 -6%
NG - Iroquois Z2 $4.26 $2.85 -33% | $9.14 $290 -68% | $2.64 $2.83 %
NG - Tennessee Z6 $459 $3.07 -33% | $10.85 $3.24 -70% | $2.51 3$3.02 20%
Energy Prices ($/MWh)
West (Dominion) $34.12 $27.61 -19% | $46.20 $22.37 -52% |[$29.82 $29.36 -2%
North (Waddington) $26.13 $17.98 -31% | $42.58 $15.06 -65% |$19.46 $19.07 -2%
Central NY (Dominion) $30.46 $22.80 -25% | $48.28 $17.44 -64% |$23.65 $24.64 4%
Capital Zone (Iroguois) $40.67 $30.14 -26% | $77.96 $29.32 -62% |$27.24 $30.41 12%

Lw. Hudson(Millen. East/Iroq.)[ $39.91 $30.58 -23% | $71.69 $27.30 -62% |[$29.07 $31.60 9%
New York City (Transco) $40.49 $32.00 -21% | $72.48 $28.89 -60% |$30.34 $32.93 9%
Long Island (Iroquois) $49.23 $40.43 -18% | $86.63 $32.84 -62% [$37.22 $42.65 15%

Although much of the energy used by New York consumers is generated by hydro and nuclear
units, natural gas units are usually the marginal source of generation that set market clearing
prices, especially in Eastern New York. Consequently, energy prices in New York have
followed a pattern similar to natural gas prices over the past several years.

In 2016, average natural gas prices fell to record lows across the state since the beginning of the
NYISO markets. For the first quarter, gas prices fell nearly 20 percent in Western New York
and 70 percent in Eastern New York from 2015 to 2016 primarily because of:

e Milder winter weather conditions that led to lower heating demand for gas and higher
quantities of natural gas in storage;

Section 1.B in the Appendix shows the monthly variation of fuel prices.
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e Higher production in the Marcellus and Utica shales; and

e Very low oil prices which also limited the magnitude of increases in natural gas prices.

However, natural gas prices began to rise gradually in late spring partly because of growing
demand in the electric power sector and a small drop in natural gas production from the
Marcellus and Utica shales.

Consequently, winter-season increases in natural gas prices and gas price spreads between
regions (e.g., between Western and Eastern New York) were relatively small in 2016 compared
to the last three years. The milder winter had several significant effects in 2016, which included
helping reduce energy price spreads between Western and Eastern New York and lowering uplift
charges. These and other effects are discussed throughout the report.

C. Generation by Fuel Type

Variations in fossil fuel prices, retirements and mothballing of old generators, and the additions
of new gas-fired generation in recent years have led to concomitant changes in the mix of fuels
used to generate electricity in New York.

Table 2 summarizes the annual usage of generation by fuel type from 2014 to 2016, including:
(a) the average quantities of generation by each fuel type; (b) the share of generation by each fuel
type relative to the total generation; and (c) how frequently each fuel type was on the margin and
setting real-time energy prices.’® The marginal percentages sum to more than 100 percent
because more than one type of unit is often marginal, particularly when the system is congested.

Table 2: Fuel Type of Real-Time Generation and Marginal Units in New York

2014-2016
Average Internal Generation % of Intervals being
Fuel Type GW % of Total Marginal

2014 2015 2016 2014 2015 2016 2014 2015 2016
Nuclear 4.9 51 4.7 31% 32% 31% 0% 0% 0%
Hydro 2.8 2.8 29 18% 18% 19% 45% 49% 47%
Coal 0.5 0.3 0.2 3% 2% 1% 7% 2% 1%
Natural Gas CC 5.0 5.2 5.1 31% 33%  33% 60%  67%  68%
Natural Gas Other| 1.6 1.7 1.7 10% 10% 11% 29% 28% 30%
Fuel Oil 0.2 0.2 0.1 2% 1% 0% 6% 5% 3%
Wind 0.5 0.5 0.5 3% 3% 3% 4% 5% 3%
Other 0.3 0.3 0.3 2% 2% 2% 0% 0% 0%

10 Section 1.B in the Appendix describes the methodology that was used to determine how frequently each type
of resource was on the margin (i.e., setting the real-time price).
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Gas-fired generation accounted for the largest share of electricity production (41 to 44 percent)
from all internal generating resources in each year of 2014 to 2016, driven by lower natural gas
prices and higher load levels during the summer.!!

The small changes in generation from nuclear resources (which accounted for 30 percent of all
generation) were driven primarily by variations in the amount of generation deratings and
outages. Coal-fired generation continued to fall in 2016 because of mothballing and retirement
at the Huntley and Dunkirk stations and low natural gas prices in Western New York throughout
the year, making coal production less economic. The continued reduction in oil-fired generation
because of mild weather and low natural gas prices in the first quarter of 2016 was partly offset
by higher oil-fired output to manage congestion on Long Island in the third quarter of 2016.%2

Average generation from wind, hydro, and other renewable resources did not vary significantly
from 2015 to 2016. Hydro production rose modestly in 2016, particularly in the winter months,
reflecting: (a) milder winter weather conditions led to increased supply of water (compared to
frequent icy conditions in the prior year); and (b) increased output from the Niagara facility due
to less frequent congestion in the West Zone.

Gas-fired and hydro resources were most frequently on the margin in recent years. Most
marginal hydro units have storage capacity, leading their offers to include the opportunity cost of
foregone sales in other hours (when gas units are marginal). Thus, the prices set by hydro units
are also affected by natural gas prices. Other fuel types set prices less frequently. Coal-fired
units were rarely on the margin in 2016 because the majority of coal-fired generation resulted
from out-of-merit dispatch and commitment for reliability.*3

D. Demand Levels

Demand is another key driver of wholesale market outcomes. Table 3 shows the following load
statistics for NYCA over the past eight years: a) annual summer peak; b) annual winter peak; c)
annual average load; and d) number of hours when load exceeded certain levels. The summer
peak level rose 3 percent in 2016 because of warmer weather and more frequent peaking
conditions. Nonetheless, the summer peak load was still significantly lower than those from
2010 to 2013.

Average load levels fell slightly from 2015 to 2016 because of substantially lower load levels
during the first quarter of 2016. Average load fell 8 percent year-over-year in the first quarter of
2016, which exhibited the lowest level of the past eight winters.

1 Figure A-7 in the Appendix shows generation mix by region by quarter in 2015 and 2016.

12 Appendix Section 1.C shows generation by fuel type in the Eastern New York on a daily basis in the winter.

13 See Section IX.F.0 for additional information about out-of-merit dispatch.
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Table 3: Peak and Average Load Levels for NYCA

2009 — 2016
Load (GW) Number of Hours >
Summer Winter Annual
Year Peak Peak P 32GW  30GW  28GW
2009 30.8 243 18.1 0 13 54
2010 33.5 23.9 18.7 13 69 205
2011 33.9 24.3 18.6 17 68 139
2012 324 23.9 18.5 6 54 162
2013 34.0 24.7 18.7 33 66 145
2014 29.8 25.7 18.3 0 0 40
2015 31.1 24.6 18.4 0 23 105
2016 32.1 24.2 18.3 1 33 163

E. Transmission Congestion Patterns

Figure 2 shows the value and frequency of congestion along major transmission paths in the day-
ahead and real-time markets.!* Although the vast majority of congestion revenues are collected
in the day-ahead market (where most generation is scheduled), congestion in the real-time
market is important because it will drive day-ahead congestion in a well-functioning market.*®

The value of day-ahead congestion fell by 19 percent in 2016, which was largely due to the low
natural gas prices in the first quarter of 2016.1% Day-ahead congestion revenues rose 21 percent
in the remaining months of the year because of higher load levels in the summer months,
multiple transmission outages on several key transmission paths, and issues with the
implementation of the Graduated Transmission Demand Curve (“GTDC”) in February 2016.%

Congestion across the Central-East interface accounted for the largest share of total congestion
value in both 2015 and 2016 — accounting for 37 percent of congestion value in the day-ahead
market in 2016. The majority of this congestion occurred in the first quarter and in December as
a result of higher natural gas prices and larger gas price spreads between regions. Lengthy
transmission outages in early 2016 because of the TOTS projects and the outage of Marcy-New
Scotland 345 kV line in December also contributed to higher congestion in these periods.

14 Section 111.B in the Appendix discusses the congestion patterns in greater detail.

B Most congestion settlements occur in the day-ahead market. Real-time settlements are based on deviations in

the quantities scheduled relative to the day-ahead market. For example, if 90 MW is scheduled to flow over
an interface in the day-ahead market and 100 MW is scheduled in the real-time market, the first 90 MW
settle at day-ahead prices, while the last 10 MW settle at real-time prices.

16 The value of day-ahead congestion and the day-ahead congestion collected by the NYISO may be slightly

different because of the settlement for several grandfathered transmission agreements that pre-date NY1SO.

17 See Sections V.A for more discussion of factors that affect congestion.
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Figure 2: Day-Ahead and Real-Time Congestion by Transmission Path
2015-2016
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Congestion on 230kV lines in the West Zone has been significant in recent years, accounting for
the second largest share (25 percent) of congestion value in the day-ahead market in 2016. West
Zone congestion in 2016 has been increased by significant market changes, including: *

e The implementation of the GTDC project in February 2016;

e The retirements of coal units in December 2015 and in March 2016 that had previously
helped manage congestion; and

e The implementation of the composite shift factor at the Niagara plant in May 2016.

However, the increase in transmission congestion has been limited by:

e Transmission upgrades in May 2016; and

e Two transmission lines between the West Zone and PJM were taken out-of-service to
manage 115 kV congestion during most of 2016, but this also helped divert flows away
from congested paths on the 230 kV system.

At times, congestion can become severe in the real-time market on these West Zone 230 kV
constraints partly because of volatile loop flows moving clockwise around Lake Erie.® The

18 See Appendix Section I11.C for more discussion of these factors and their impact on West Zone congestion.

9 See Appendix Section I11.D for more discussion of the impact of loop flows on West Zone congestion.
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NYISO implemented two modifications at the end of June 2016 to better manage loop flows,?°
which have helped reduce the severity of real-time congestion.

F.  Ancillary Services Markets

Ancillary services and energy scheduling is co-optimized. Part of the cost of providing ancillary
services is the opportunity cost of not providing energy when it otherwise would be economic to
do so. Co-optimization ensures that these opportunity costs is efficiently reflected in LBMPs
and reserve clearing prices. The ancillary services markets provide additional revenues to
resources that are available during periods when the resources are most economic to provide
operating reserves. This additional revenue rewards resources that have high rates of availability
in the day-ahead and real-time markets. Figure 3 shows the average prices of the four ancillary
services products by location in the day-ahead market in each month of 2015 and 2016.%*

Figure 3: Average Day-Ahead Ancillary Services Prices
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Although reserve price variations are usually correlated with energy price variations, the figure
shows that the average prices for most classes of operating reserves rose from 2015 to 2016. In
addition, the differential in day-ahead prices between the highest value and lowest value reserve

20 See presentation “Lake Erie Loop Flow Modifications” by Tolu Dina at June 23, 2016 MIWG meeting.

21 See Appendix Sections I.G and I.H for additional information regarding the ancillary services markets and

detailed description of this chart.
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products became much smaller in 2016 as the price of the NYCA 30-minute reserves rose
sharply and accounted for nearly all of the day-ahead market reserve costs in 2016.

The increase in 30-minute operating reserve prices was primarily caused by two key changes in
market rules made in November 4, 2015 as part of the Comprehensive Shortage Pricing
project:??

e The NYCA 30-minute reserve requirement rose from 1,965 MW to 2,620 MW; and

e The 30-minute reserves on Long Island that can be used to satisfy the NYCA reserve
requirements is now limited to its 30-minute reserve requirement (normally 270 to 540
MW).

The limitation on Long Island was intended to ensure that reserves scheduled there would be
fully deliverable following a large contingency outside Long Island, but the current limitation
may be overly restrictive. Long Island frequently imports more than one GW from upstate,
making it possible for a comparable amount of reserves to be held on Long Island to satisfy the
reserve requirements for the state. Deploying the reserves would involve converting Long Island
the reserves to energy which would reduce the imports to Long Island, thereby reducing the
amount of power that must be generated outside Long Island after a contingency. Hence, we
recommend that the NYISO modify the market software to optimize the upper limit on the
amount of reserves that can be held on Long Island.?®

In addition, the price increase for 30-minute reserves was also partly attributable to increases in
reserve offer prices in the day-ahead market in Western New York. These are discussed further
in Section IV.A.0.

22 There were other changes made in the ancillary service market on November 4, 2015. See Section IX.A.0

for additional information regarding these changes.

23 See Recommendation #2015-16.
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I1I. COMPETITIVE PERFORMANCE OF THE MARKET

We evaluate the competitive performance of the markets for energy, capacity, and other products
on an on-going basis. This section discusses the findings of our evaluation of 2016 market
outcomes in three areas. Section A evaluates patterns of potential economic and physical
withholding by load level in Eastern New York. Section B analyzes the use of market power
mitigation measures in New York City and in other local areas when generation is committed for
reliability. Section C discusses developments in the capacity market and the use of the market
power mitigation measures in New York City and the G-J Locality in 2016.

A. Potential Withholding in the Energy Market

In a competitive market, suppliers have strong incentives to offer their supply at prices close to
their short-run marginal costs of production. Fuel costs account for the majority of short-run
marginal costs for most generators, so the close correspondence of electricity prices and fuel
prices is a positive indicator for the competitiveness of the NYISO’s markets.

The “supply curve” for energy is relatively flat at low and moderate load levels and relatively
steep at high load levels, which causes prices to typically be more sensitive to withholding and
other anticompetitive conduct under high load conditions. Prices are also more sensitive to
withholding in transmission-constrained areas where fewer suppliers compete to serve the load
and manage the congestion into the area. Hence, our assessment focuses on potential
withholding in Eastern New York because it contains the most transmission-constrained areas.

In this competitive assessment, we evaluate potential physical withholding by analyzing
economic capacity that is not offered in real-time, either with or without a logged derating or
outage. We evaluate potential economic withholding by estimating an “output gap”. The output
gap is the amount of generation that is economic at the market clearing price, but is not
producing output because the supplier’s offer parameters (economic or physical parameters)
exceed the reference level by a given threshold.?*

Figure 4 and Figure 5 show the two potential withholding measures relative to season, load level,
and the supplier’s portfolio size.?® Generator deratings and outages are shown according to
whether they are short-term (i.e., seven days or fewer) or long-term.

24 The output gap calculation excludes capacity that is more economic to provide reserves. In this report, the

Mitigation Threshold refers to the threshold used for statewide mitigation, which is the lower of $100 per
MWh or 300 percent of the reference level. Lower Threshold 1 is the 25 percent of the reference level, and
Lower Threshold 2 is 100 percent of the reference level.

25 Both evaluations exclude capacity from hydro, solar, wind, landfill-gas, and biomass generators. They also

exclude nuclear units during maintenance outages, since such outages cannot be schedule during a period
when the generator would not be economic. Sections I1.A and I1.B in the Appendix show detailed analyses
of potential physical and economic withholding.
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Figure 4: Unoffered Economic Capacity in Eastern New York
2015-2016
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Generator outages and deratings in Eastern New York dropped noticeably in the winter 2016
from the previous winter but increased in the summer 2016 from the prior summer. These trends
were driven by:

e Fewer maintenance outages scheduled during high load months; 26

e Milder temperatures in the Winter 2016 than in the previous winter, reducing the
incidence of fuel supply limitations on gas-fired units;

e Tight market conditions in the winter 2015 and the summer 2016 (relative to their
counterparts) led more of the unoffered capacity to be economic during these periods; and

e In Southeast New York, one large unit was forced out from early-June to mid-September
because of equipment failures.

The amount of output gap in Eastern New York remained very low in 2016, averaging less than
0.1 percent of total capacity at the statewide mitigation threshold and 1.4 percent at the lowest
threshold evaluated (i.e., 25 percent above the reference level). These quantities are much
smaller than the potential physical withholding shown in Figure 4.

2% See Figure A-22 for this information by month in 2015 and 2016.
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Figure 5: Output Gap in Eastern New York
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Although output gap increased modestly as load rose, the amount was still relatively small. The
output gap increased in high-load hours partly because a larger share of New York’s resources
tend to be economic at high-load levels. Much of this increase occurred on units that are: (a) co-
generation resources that tend to operate inflexibly manner because of the need to divert energy
production to non-electric uses; and/or (b) generators with gas supply limitations that are
dependent on the consumption of nearby units whose costs are difficult to reflect dynamically in
reference levels. In addition, it is generally a positive indicator that the output gap was
comparable for top suppliers and other suppliers during high load conditions when the market is
most vulnerable to the exercise of market power.

Overall, the patterns of unoffered capacity and output gap were generally consistent with
expectations in a competitive market and did not raise significant concerns regarding potential
physical or economic withholding under most conditions.

B. Automated Mitigation in the Energy Market

In New York City and other transmission-constrained areas, individual suppliers are sometimes
needed to relieve congestion and may benefit from withholding supply (i.e., may have local
market power). Likewise, when an individual supplier’s units must be committed to maintain
reliability, the supplier may benefit from raising its offer prices above competitive levels. In
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these cases, the market power mitigation measures effectively limit the ability of such suppliers
to exercise market power. This section evaluates the use of three key mitigation measures:

Automated Mitigation Procedure (“AMP”) in New York City — This is used in the day-
ahead and real-time markets to mitigate offer prices of generators that are substantially
above their reference levels (i.e., estimated marginal costs) when their offers would
significantly raise the energy prices in transmission-constrained areas.?’

Reliability Mitigation in New York City — When a generator is committed for local
reliability, the start-up cost and minimum generation cost offers of the generator may be
mitigated to its reference levels. A $0 conduct threshold is used in the day-ahead market
and the AMP conduct threshold is used in the real-time market.

Reliability Mitigation in Other Areas — When a generator is committed for reliability and
the generator is pivotal, the start-up cost and minimum generation cost offers of the
generator may be mitigated to its reference levels. A conduct threshold of the higher of
$10 per MWh or 10 percent of the reference level is used.

Figure 6 summarizes the market power mitigation that was imposed in the day-ahead and the
real-time markets in 2015 and 2016.

Average Mitigated Quantity (MW)

Figure 6: Summary of Day-Ahead and Real-Time Mitigation
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The conduct and impact thresholds used by AMP are determined by the formula provided in the NYISO
Market Services Tariff, Section 23.3.1.2.2.1.
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Most mitigation occurs in the day-ahead market where most supply is scheduled. Gas turbines in
the Greenwood/Staten Island pocket accounted for the vast majority of AMP mitigation in 2016
because this area had the most frequent congestion and the lowest mitigation threshold in New
York City. However, the frequency of AMP mitigation in New York City has decreased in the
recent years, falling from over 250 MW in 2011 to 17 MW in 2016, as generation additions and
transmission upgrades reduced frequency of congestion (particularly in the 138kV load pockets).
In addition, natural gas prices in New York City have fallen relative to other regions of the state,
contributing to less frequent congestion in New York City and lower AMP mitigation.

Reliability mitigation accounted for 78 percent of all mitigation in 2016, 98 percent of which
occurred in the day-ahead market in 2016. These were primarily for DARU and LRR
commitments in New York City, which declined modestly in 2016.2¢ Unlike AMP mitigation,
these mitigations generally affect guarantee payment uplift, but not energy prices. The reliability
mitigation is critical for ensuring that the market performs competitively because units that are
needed for local reliability usually have substantial market power.

C. Competition in the Capacity Market

The capacity market is designed to ensure that sufficient capacity is available to meet planning
reserve margins by providing long-term signals for efficient investment in new and existing
generation, transmission, and demand response. Buyer-side mitigation (“BSM”) measures are
used in New York City and the G-J Locality to prevent entities from artificially depressing prices
below competitive levels by subsidizing the entry of uneconomic capacity.?® Supply-side
mitigation measures prevent a large supplier from inflating prices above competitive levels by
withholding economic capacity in these areas.®® Given the sensitivity of prices in these areas to
both actions, we believe that these mitigation measures are essential for ensuring that capacity
prices in the mitigated capacity zones are efficient. This section discusses issues related to the
use and design of capacity market mitigation measures in 2016.

Application of the Buyer-Side Mitigation Measures

The NYI1SO performed Mitigation Exemption Tests for five Additional CRIS MW projects in
Class Year 2015 (“CY15”) before they accepted their Project Cost Allocations in January 2017.
Additional CRIS MW projects involve uprates to existing facilities and generally require lower
investment costs and, in some instances, also improve the operating efficiency of the existing

28 See Section IX.F for more details on reliability commitments in New York City.

29 The buyer-side mitigation measures work by imposing an offer floor on mitigated capacity, thereby

preventing such capacity from depressing the clearing price. See NYISO MST, Section 23.4.5.7.

30 The supply-side mitigation measures work by imposing an offer cap on pivotal suppliers in the spot auction

and by imposing penalties on capacity otherwise withheld. See NYISO MST, Sections 23.4.5.2 to 23.4.5.6.
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capacity at the facility. As such, all five Additional CRIS MW projects in CY15 were
determined to be exempt and will not be subject to Offer Floor mitigation.

In addition, the NYISO also evaluated the Champlain Hudson Power Express Project (“CHPE
Project”) for a Competitive Entry Exemption. The NYISO reviewed the project documentation,
and confidentially provided a BSM determination to the developer. However, the developer
subsequently failed to post the required security and the CHPE Project was removed from CY15.
We carefully reviewed the process and assumptions used by the NYISO to make BSM
determinations for each Examined Facility, and we found that the test was conducted in
accordance with the tariff and that the outcomes were reasonable.®!

Improvements to the BSM Measures

The NY1SO made several modifications to its test methodology before the CY15 BSM
evaluation. In particular, the NYISO enhanced its test procedure for the Part A and Part B tests
by testing units sequentially from lowest to highest in the order of their presumptive Offer Floors
and treating them as price takers. These modifications generally enhanced the alignment of the
test procedure with the Tariff and with the underlying intent of the BSM evaluations. Hence, we
support continuing the use of the modified test procedure in future BSM evaluations. %2

It is still important to refine the BSM evaluation methodology, since an incorrect assessment of
whether a project is economic could either inefficiently restrict investment or allow uneconomic
entry that depresses capacity prices. Our past BSM reports have identified concerns with several
assumptions that are used in the BSM evaluations.®® These mainly relate to the test assumptions
regarding forecasted in-service capacity supply and capacity requirements, entry dates of the
Examined Facilities, and estimation of interconnection costs. Table 4 provides a list of identified
issues and whether we have recommended addressing the issue with a process improvement
(indicated by an “I”’) or with a tariff change (indicated by a “T”").3*

31 The NYISO conducted its BSM evaluation in three rounds. All Additional CRIS MW projects and the
CHPE project received BSM determinations in the initial round. After the Caithness Il Project (a proposed
750 MW combined cycle unit located in Long Island) dropped out of CY15, all projects received updated
BSM determinations in the second round. The CHPE Project was removed from the CY15 after it failed to
post the security for its Project Cost Allocation at the end of the second round. The five remaining CY15
Examined Facilities received revised BSM determinations in the final round. See the MMU’s Assessment of
the Buyer Side Mitigation Exemption Test for the Class Year 2015 Projects (“BSM Report for CY15”).

32 For additional details, see BSM Report for CY15 Projects at page 50.

3 For example, see BSM Report for CY12 Projects.

34 See Recommendation #2013-2d in Section XI of this report. For details, see BSM Report for CY15.

28 | 2016 State of the Market Report



Competitive Performance

Table 4: Summary of Recommended Enhancements to the BSM Evaluations

Issue: Rec:
Interconnection costs may be inflated for some Examined Facilities (Part B test) T
Starting Capability Period is unrealistic for most Examined Facilities (Part A & B T
tests)

Treatment of units in a Mothball Outage or an ICAP Ineligible Forced Outage or T

under a retirement notice is unrealistic for some units (Part A & B tests)

Treatment of some currently operating units at risk of retiring or mothballing is T
unrealistic for some units (Part A & B tests)

Treatment of Examined Facilities seeking Competitive Entry Exemption may be T
inconsistent with developers’ expectations (Part A & B tests)

Treatment of Class Year projects located outside the Mitigated Capacity Zones may |
be unrealistic (Part A & B tests)

Treatment of exempt Prior Class Year Projects in the Interconnection Queue may be |
unrealistic (Part A & B tests)

Estimation of Locational Minimum Installed Capacity Requirements for the |
Mitigation Study Period needs refinement (Part A & B tests)

Potential Expansion of Buyer-Side Mitigation Measures

In response to a complaint by the Independent Power Producers of New York, the Commission
recognized that the current buyer-side mitigation measures do not address all potential conduct
that may suppress capacity prices.®® To determine whether the buyer-side mitigation measures
should be expanded to address additional types of conduct and capacity zones, the NYISO
evaluated the incentives to suppress capacity prices. The NYISO concluded that there are
incentives to retain existing capacity resources after they are economic to retire or mothball and
submitted a compliance filing proposing a process for monitoring for such activity.*

We agree with the NYISO’s determination regarding the incentives to retain existing units that
should retire. To address this concern, we recommended the Commission require rules that
would impose an offer floor on a generator (at its going-forward cost level) if the NYISO
determines that the generator would have retired but for an above-market contract.®’

In January 2017, the Electric Power Supply Association (“EPSA”) filed a request for expedited
action in the same docket and referred to the evolving “threat” of state-approved subsidies for

3 See the Commission’s Order on March 19, 2015: Independent Power Producers of New York, Inc. v. New

York Independent System Operator, Inc., 150 FERC 1 61,139.
36 See NYISO filing dated December 16, 2015: Response to Information Request, Attachment Il — pages 13 to

20, Docket No. EL13-62-002.
37 See MMU’s comments filed on January 11, 2016 in Docket No. EL13-62.
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retention or repowering of uneconomic units.®® In particular, EPSA argued that: (a) additional
payments to upstate nuclear facilities in the form of ZECs, and (b) the possible resumption of
repowering the Dunkirk facility highlight the importance of expanding buyer-side mitigation
rules. These initiatives together could retain up to 3.7 GW of capacity in the upstate region,
which is unprecedented in magnitude. The largest tranche of new renewable capacity under the
CES (Tier 1) will induce nearly 2 GW of UCAP to enter over the next twelve years, while the
ZEC program could retain up to 3 GW of UCAP more immediately.*® Therefore, the ZEC
program is likely to have larger and much more immediate price effects.

Uneconomic entry and uneconomic retention in the wholesale electricity market raise serious
concerns because they artificially alter the supply and demand balance by causing artificial
supply surpluses that create sizable risks for market participants. Ultimately, this undermines the
long-term performance of the wholesale markets and raises costs substantially. However, we
also recognize that states have public policy goals that may entail support for certain types of
resources, and we recognize that the current markets do not fully price many externalities of
electricity generation, including environmental emissions. Thus, state subsidies that can be
justified by the cost/value of the externalities could be legitimate. To protect the market and
balance these competing considerations, we encourage the NYISO to consider provisions that
would limit disruptive short-term supply-demand imbalances caused by public policies that
subsidize resources to enter the market or remain in the market when it is economic to retire.

Additionally, as discussed in Section VI11.B, the costs of reducing CO, emissions varies by
technology and location, and state programs to reduce emissions do not compensate resources in
an efficient, non-discriminatory manner. For instance, the cost of reducing carbon by building
new renewable energy resources is multiples of the cost of other actions. Further, many potential
investments that would reduce carbon emissions receive no compensation under the state
programs. When payments for the same attribute vary from one technology and/or supplier to
another, the payments will not efficiently facilitate decisions to achieve the public policy
objective and will undermine the wholesale electric markets.

Hence, the most efficient policies for reducing carbon missions are those that establish a value
for carbon emissions that compensates participants in a transparent and non-discriminatory
manner, which could include a carbon tax, a tradeable rate-based emission credit program, or a
cap-and-trade program. Such programs would allow the market to provide incentives to reduce
carbon emissions at the lowest cost.

38 See EPSA’s request filed on January 9, 2017 in Docket No. EL13-62.

39 See page 279 of the Clean Energy Standard White Paper — Cost Study April 8, 2016. This assumes a

constant capacity value for wind and solar units. However, the capacity values of these resources will
decrease with increasing penetrations of renewables.
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IV. DAY-AHEAD MARKET PERFORMANCE

The day-ahead market enables firms to make forward purchases and sales of power for delivery
in real-time the following day. This allows participants to hedge their portfolios and manage
real-time price volatility. In a well-functioning market, we expect that day-ahead and real-time
prices will not diverge systematically because participants will adjust their purchases and sales to
arbitrage such differences. Price convergence is desirable also because it promotes the efficient
commitment of generation, procurement of natural gas, and scheduling of external transactions.
In this section, we evaluate the convergence of the day-ahead and real-time energy and ancillary
services prices and analyze virtual trading and other day-ahead scheduling patterns.

A. Day-Ahead to Real-Time Price Convergence
Convergence of Zonal Energy Prices

The following table evaluates price convergence at the zonal level by reporting the percentage
difference between the average day-ahead price and the average real-time price in select zones,
as well as the average absolute value of the difference between hourly day-ahead and real-time
prices.*? These statistics are shown on an annual basis.

Table 5: Price Convergence between Day-Ahead and Real-Time Markets
Select Zones, 2015-2016

Annual Average (DA - RT)
Avg. Diff Avg. Abs. Diff
Zone 2015 2016 2015 2016
West -5.6% -0.5% 52.8% 58.5%
Central 1.3% 0.3% 37.3% 38.4%
North 1.9% 0.6% 44.1% 58.4%
Capital 0.9% 2.1% 33.0% 34.1%
Hudson Valley 2.3% 0.9% 32.8% 33.9%
New York City 1.0% -1.2% 34.0% 36.6%
Long Island 2.4% 0.5% 41.8% 45.0%

The average absolute difference between day-ahead and real-time prices increased in 2016 in all
regions, and was highest in the West Zone, the North Zone, and Long Island because of:

e More transmission outages in the North Zone, Long Island, and near the Central-East
interface;

¢ Increased congestion in the summer of 2016 because of higher load levels; and

40 Section 1.G in the Appendix shows monthly variations of average day-ahead and real-time energy prices.
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e The implementation of the GTDC project in February 2016 resulted in higher congestion
costs on most transmission constraints during transmission shortages, which increased
price volatility, particularly in the West Zone and the North Zone.

The average absolute difference continues to indicate the highest volatility is in Western and
Northern New York, which is attributable to relatively low production costs of resources there
and the variable effects of congestion from those areas towards the rest of the system. Prices
were particularly high and volatile in the West Zone during periods of congestion on 230kV lines
downstream of the Niagara plant as discussed below in Part 2.

Day-ahead prices were higher on average than real-time prices by a small margin in most areas
in 2016. In general, a small day-ahead premium is expected in a competitive market, since load
serving entities and other market participants avoid buying at volatile real-time prices by shifting
more of their purchases into the day-ahead market.

Convergence of Nodal Energy Prices

Certain generator nodes exhibited less consistency between average day-ahead and real-time
prices than zonal prices did in 2016.*> This part of the section discusses three locations where
price convergence was particularly poor in 2016.

First, at the Niagara 230 kV and 115 kV generator buses in the West Zone, the mean absolute
difference between the hourly nodal premium and the hourly zonal premium was significant.
This reflects that congestion patterns on the 230kV transmission system were frequently very
different between day-ahead and real-time in 2016. This pattern was driven by: a) changes in the
amount of supply (offered at a given price level) from Ontario and Niagara after the day-ahead
market; b) volatile loop flows around Lake Erie; and c) operating practices that do not fully
utilize parallel 115kV transmission lines in order to reduce congestion on the 230kV lines.*

Second, the Valley Stream load pocket in Western Long Island was affected by frequent real-
time congestion on the East Garden City-to-Valley Stream line that was not well-reflected in the
day-ahead market. This was primarily caused by large differences between day-ahead scheduled
flows and actual real-time flows across the Jamaica-to-Valley Stream PAR-controlled line (i.e.,

4 In general, a GTDC is expected to lower congestion price volatility by putting an upper bound on re-dispatch

costs, but the GTDC project also included modifications to the pricing and scheduling algorithms that
increased volatility in circumstances when the GTDC is not used. See Appendix Section V.F.

42 See Section I.H of the Appendix for detailed results.

43 External transaction bids and offers and generators offers are posted on the NYISO website on a 3-month

lagged basis. These factors are discussed in more detail in Sections 111.C and 111.D of the Appendix.
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the “901 Line”), which contributed to real-time price spikes in the load pocket.** The agreement
under which the 901 Line is used to flow power from the Valley Stream Load Pocket to New
York City results in inefficient market outcomes because this load pocket usually has much
higher LBMPs. Inconsistencies between day-ahead schedules and real-time flows across the 901
Line also contributed to real-time price volatility and poor convergence between day-ahead and
real-time prices (although real-time price volatility became less significant in May 2016
following changes to the modeling of the 901 Line).*® We recommend the NY1SO optimize the
scheduling of the 901 Line in the day-ahead and real-time markets as discussed in Section IX.D.

Third, the Greenwood load pocket in New York City exhibited much less congestion in the day-
ahead market than in real-time.*¢ Day-ahead congestion was understated partly because
uneconomic gas turbines were frequently scheduled in the day-ahead market. These schedules
are caused by software changes made when the MIP (“Mixed Integer Program”) software was
implemented in December 2014. In our 2015 SOM report, we recommended modifying the
software to prevent the day-ahead market from over-scheduling gas turbines.*” Accordingly, the
NYISO implemented a software modification to this gas turbine commitment module in
December 2016. Now this module does not commit additional gas turbines unless it would
lower bid-production costs.*

At times, the pattern of intra-zonal congestion may differ significantly between the day-ahead
market and the real-time market, leading to poor convergence at individual nodes even though
convergence is good at the zone level. Allowing virtual trading at a disaggregated level would
enable market participants to better arbitrage day-ahead and real-time prices at nodes that exhibit
poor convergence. This would help improve consistency between day-ahead and real-time
prices and ensure adequate resources are committed in the day-ahead market in sub-zonal areas.

Convergence of Ancillary Service Prices

As discussed in Section Il1.F, average day-ahead and real-time reserve prices rose for most
reserve products in 2016 despite the decrease in energy prices. Day-ahead and real-time reserve
prices did not converge well in 2016 — average day-ahead reserve prices were much higher than
average real-time prices.

44 The volatility of flows across the 901 Line has been a leading cause of transient price volatility in Long

Island as shown in Section IX.E and of balancing congestion residual uplift as shown in Section V.A.0.

4 See Section V.D in the Appendix for more discussion of this modeling change.

46 See Section 111.B in the Appendix for a discussion of day-ahead and real-time congestion patterns.

47 See Recommendation #21 in our 2015 SOM report.

48 The solution tolerance in the first MIP run is set at a higher level because of runtime considerations. The gas

turbine commitment module (the second MIP run) uses a lower solution tolerance.
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In addition to increased demand and overly restrictive limitation on scheduling reserves on Long
Island, changes in supply offers following the market rule changes also contributed to the
elevated day-ahead prices.*® We have reviewed day-ahead reserve offers and found many units
that offer above the standard competitive benchmark (i.e., estimated marginal cost) or do not
offer reserves at all. Itis likely that many of these suppliers offer in this manner because it is
difficult for them to estimate their marginal costs accurately. Hence, day-ahead offer prices may
fall as suppliers gain experience with the 30-minute reserve market. We will continue to monitor
day-ahead reserve offer patterns, and consider potential rule changes including whether to
modify the existing $5/MWh “safe harbor” for reserve offers in the market power mitigation
measures.*

B. Day-Ahead Load Scheduling and Virtual Trading

Convergence between day-ahead and real-time energy prices continues to be better at the zone
level than at the node level partly because physical loads and virtual traders are able to bid at the
zonal level in the day-ahead market. Under-scheduling load generally leads to lower day-ahead
prices, while over-scheduling can raise day-ahead prices above real-time prices. Virtual trading
helps align day-ahead prices with real-time prices, which is particularly beneficial when
systematic inconsistencies between day-ahead and real-time markets would otherwise cause the
prices to diverge. Such price divergence ultimately raises costs by undermining the efficiency of
the resource commitments in the day-ahead market.

Table 6 shows the day-ahead schedules of physical load, virtual trades, and virtual imports and
exports as a percent of real-time load on an annual basis in 2015 and 2016 for various regions in
New York State.®® Overall, net scheduled load in the day-ahead market was roughly 95 percent
of actual NYCA load during daily peak load hours in 2016, similar to 2015. Day-ahead net load
scheduling patterns in each of the sub-regions were generally consistent between 2015 and 2016
as well.

Table 6 indicates that average net load scheduling tends to be higher in locations where volatile
real-time congestion is more common. Net load scheduling was generally higher in New York
City and Long Island because they were downstream of most congested interfaces. Net load
scheduling was the highest in the West Zone in the past two years partly because of high and
volatile real-time congestion on the West Zone 230kV system.

49 Appendix Sections I.H and I1.D evaluates day-ahead offer patterns and the convergence between day-ahead

and real-time prices for: 10-minute spinning reserves in Western New York and in Eastern New York, 10-
minute non-spin reserves in Eastern New York, and 30-minute operating reserves in Western New York.

% SeeMST233.1.21.2.1.
51 Figure A-37 to Figure A-44 in the Appendix also show these quantities on a monthly basis at these locations
in New York.
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Table 6: Day-Ahead Load Scheduling versus Actual Load
By Region, 2015-2016

. Bl O Smme] waeel Vanws] i Net
Region Year Fixed Load (Glp 20 Suppl Load Import Export Sl Vs
Load PRl P P Load
West 2015 99.5% 0.0% -4.6% 24.2% 119.1%
2016 96.7% 0.0% -4.1% 24.7% 117.3%
Central NY 2015 119.6% 0.0% 33.0% 3.1% 89.7%
2016 114.0% 0.0% 30.6% 4.0% 87.3%
North 2015 97.7% 0.0% -51.7% 3.3% 49.3%
2016 98.8% 0.0% -55.7% 5.3% 48.4%
Capital 2015 97.8% 0.0% -21.1% 5.6% 82.2%
2016 98.3% 0.0% -17.7% 5.3% 85.9%
Lower Hudson 2015 76.2% 20.8% -12.1% 6.9% 91.7%
2016 79.7% 19.5% -23.9% 8.6% 83.9%
New York City 2015 89.0% 8.1% -0.5% 4.2% 100.9%
2016 83.2% 13.6% -0.6% 6.3% 102.4%
Long Island 2015 100.7% 0.0% -1.2% 9.3% 108.9%
2016 99.8% 0.0% -1.6% 9.8% 108.0%
NYCA 2015 97.1% 5.3% -11.8% 7.0% -2.9% 0.4% 95.2%
2016 94.2% 7.0% -12.6% 8.3% -2.5% 1.1% 95.3%

Load was typically under-scheduled in the North Zone by a large margin, primarily in response
to the scheduling patterns of wind resources in this area. Wind generators and other renewable
generators typically operate in real-time above their day-ahead schedules. In 2016, renewable
generators added an average of 521 MW of additional energy supply in real-time, satisfying
nearly 7 percent of the average real-time load outside Southeast New York. These increases in
physical supply after the day-ahead market provide profit opportunities for virtual traders.

In general, the patterns of day-ahead scheduling were generally consistent with the price
premiums exhibited in each of the zones. These patterns helped improve convergence between
day-ahead and real-time prices and in doing so, improved the commitment of resources. For
example, if constraints in the West Zone are not fully reflected in the day-ahead market, the
market will rely heavily on Niagara generation and Ontario imports and commit less generation
east of the constraints. Day-ahead scheduling patterns that increase west-to-east congestion in
the West Zone increase commitments east of the West Zone in the day-ahead market.

To a large extent, the net day-ahead scheduling patterns are ultimately determined by virtual
trading activity. Figure 7 summarizes virtual trading levels by location in 2016, including
NYISO’s internal zones and external interfaces.>

52 See Figure A-46 in the Appendix for a detailed description of the chart.
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Figure 7: Virtual Trading Activity
by Region by Quarter, 2016
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The volume of virtual trading did not change significantly in 2016 from the prior year. Virtual
traders generally scheduled more virtual load in the West Zone, New York City and Long Island
and more virtual supply in other regions. This pattern was consistent with the day-ahead load
scheduling patterns discussed earlier and occurred for similar reasons. At the proxy buses, over
70 percent of scheduled virtual transactions were virtual imports. Nearly half of virtual imports
were scheduled at the Ontario interface, which exhibited a significant day-ahead premium before
2016 because of higher real-time congestion on the West Zone 230 kV facilities. In 2016,
average day-ahead and average real-time prices were more consistent at the Ontario interface.

The profits and losses of virtual load and supply have varied widely by time and location,
reflecting the difficulty of predicting volatile real-time prices. In aggregate, virtual traders netted
approximately $14 million of gross profits in 2016, indicating that they have generally improved
convergence between day-ahead and real-time prices. Additionally, the average profit per MWh
was relatively low in 2016, indicating that the markets were relatively well-arbitraged and
consistent with the good convergence achieved in 2016. Good price convergence, in turn,

facilitates an efficient commitment of generating r

esources.
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V. TRANSMISSION CONGESTION AND TCC AUCTIONS

Congestion arises when the transmission network does not have sufficient capacity to dispatch
the least expensive generators to satisfy demand. When congestion occurs, the market software
establishes clearing prices that vary by location to reflect the cost of meeting load at each
location. These Location-Based Marginal Prices (“LBMPs”) reflect that higher-cost generation
is required at locations where transmission constraints prevent the free flow of power from the
lowest-cost resources.

A. Day-ahead and Real-time Transmission Congestion

Congestion charges are applied to purchases and sales (including bilateral transactions) in the
day-ahead and real-time markets based on the congestion components of day-ahead LBMPs and
real-time LBMPs, respectively.>®> Market participants can hedge congestion charges in the day-
ahead market by owning Transmission Congestion Contracts (“TCCs”), which entitle the holder
to payments corresponding to the congestion charges between two locations. However, there are
no TCCs for real-time congestion since most power is scheduled through the day-ahead market.

Figure 8 evaluates overall congestion by summarizing:

e Day-ahead Congestion Revenues — These are collected by the NYISO when power is
scheduled to flow across congested transmission lines in the day-ahead market.

e Day-ahead Congestion Shortfalls — This uplift occurs when the day-ahead congestion
revenues collected by the NYISO are less than the payments to TCC holders. This is
caused when the amount of TCC sold by the NY1SO exceeds the transmission capability
of the power system as modeled in the day-ahead market.

e Balancing Congestion Shortfalls — This uplift arises when day-ahead scheduled flows
over a constraint exceed what can flow over the same constraint in the real-time market.

Congestion revenues collected in the day-ahead market fell by 19 percent from 2015 to $438
million in 2016. However, day-ahead congestion shortfalls rose by 170 percent in 2016 to $100
million, while balancing congestion shortfalls were unchanged. These results are discussed in
the subsections below.

53 Congestion charges to bilateral transactions scheduled through the NYISO are based on the difference in

congestion component of the LBMP between the two locations (i.e., congestion component at the sink minus
congestion component at the source). Congestion charges to other purchases and sales are based on the
congestion component of the LBMP at the purchasing or selling location.

2016 State of the Market Report | 37



Transmission Congestion

Figure 8: Congestion Revenues and Shortfalls
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Day-Ahead Congestion Revenues

Variations in natural gas prices have significant impact on congestion patterns and revenues
because they determine the costs of the resources that must be moved to manage transmission
flows. In addition, large gas price spreads between regions increase congestion by raising the
cost trade-offs of moving units to manage interregional flows. Hence, day-ahead congestion
revenues were down 55 percent year-over-year in the first quarter of 2016 as natural gas prices
across the state fell 18 to 70 percent. However, day-ahead congestion revenues rose 21 percent
in the remaining nine months of 2016 because of:

e Higher load levels in the summer months, which increased flows across the network and
resulted in more frequent transmission bottlenecks;

e Costly transmission outages across the Central-East interface, between New Jersey and
the Hudson Valley, on Long Island, and from the North Zone to Central New York;>* and

e The implementation of the GTDC Project in February 2016, which increased the
congestion shadow prices on most transmission constraints during transmission
shortages, leading to similar increases in the day-ahead market based on expectations.*®

o4 See Section 111 in the Appendix for more detailed description of these transmission outages.

% See Section V.F in the Appendix for discussion of the GTDC.
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Congestion on 230kV lines in the West Zone has been significant, accounting for the second
largest share (25 percent) of day-ahead congestion revenues in 2016. Congestion in the West
Zone was affected by offsetting factors in 2016. Factors that increased congestion included:

e The mothball/retirement of the last Dunkirk unit in December 2015 and two Huntley
units in March 2016, which had helped relieve West Zone congestion;

e The implementation of a composite shift factor at the Niagara plant in early May 2016; *
e Average clockwise loop flows around Lake Erie were higher in 2016.%7

While the following factors helped reduce congestion in the West Zone:

e Two series reactors on the Packard-Huntley 230 kV lines were added in May 2016,
which can divert flows from 230 kV paths to parallel 345 kV and 115 kV paths.

e The S. Ripley-Dunkirk 230 kV line and Warren-Falconer 115 kV line were OOS for most
of 2016 for 115kV transmission security, reducing flows on congested 230 kV lines.

Day-Ahead Congestion Shortfalls

Day-ahead shortfalls occur when the day-ahead network capability is less than the capability
embedded in the TCCs, while day-ahead surpluses (i.e., negative shortfalls) occur when day-
ahead schedules across a binding constraint exceed the capability embedded in the TCCs. Table
7 shows total day-ahead congestion shortfalls for selected transmission facility groups.®®

Table 7: Day-Ahead Congestion Shortfalls in 2016

Facility Group Annual Shortfalls ($ Million)

West Zone Lines

Niagara Modeling Assumption $2

Other Factors (e.g., Loopflows, Outages) $27
Central to East

Ramapo, ABC & JK PARs $2

Other Factors $32
North to Central $17
NYC Lines $6
Long Island Lines

901/903 PARs -$2

Excess GFTCC Allocations $4

Other Factors $11
External -$2
All Other Facilities $3

56 See Section 111.C in the Appendix for discussion of the composite shift factor.

57 See Section I11.D in the Appendix for discussion of the Lake Erie loop flows.

58 Section 111.B in the Appendix also provides detailed description of each transmission facility group and

summarizes the day-ahead congestion shortfalls on major transmission facilities.
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Day-ahead congestion shortfalls rose substantially from $37 million in 2015 to $100 million in
2016 primarily because of more costly transmission outages. Notable examples include:®°

e $34 million of shortfalls on the Central-East interface, most of which was attributable to
outages from January to May to facilitate the completion of the TOTS project and one
345 kV line outage in December that reduced the interface limit by up to 900 MW;

e $17 million of shortfalls on the transmission paths that typically flow power from North
to Central New York, due primarily to outages of 765 kV transmission facilities at the
Marcy station in April, May, September and October;

e $11 million of shortfalls on Long Island lines, primarily from the Y49 line outages from
late May to early July and from early August to late September; and

e $11 million of shortfalls on West Zone lines because several facilities along the Niagara-
Packard-Sawyer-Huntley path were out of service intermittently during the year.

The NYISO allocates day-ahead congestion shortfalls that result from transmission outages to
specific transmission owners.®° In 2016, the NYISO allocated 66 percent of the net total day-
ahead congestion shortfalls in this manner, down from 103 percent in 2015. Transmission
owners can schedule outages in ways that reduce labor and other maintenance costs, but these
savings should be balanced against the additional uplift costs from congestion shortfalls.
Allocating congestion shortfalls to the responsible transmission owners is a best practice for
RTOs because it provides incentives to minimize the overall costs of transmission outages.®!

Congestion shortfalls that were not allocated to transmission owners typically result from
modeling inconsistencies between the TCC and day-ahead markets, which included:

e Different loop flow assumptions between the TCC auction and the day-ahead market.
Higher loop flow assumptions in the day-ahead market led to a shortfall of over $10
million in 2016.

e Grandfathered TCCs that exceed the actual transfer capability from Dunwoodie (Zone I)
to Long Island.®? This resulted in a shortfall of $4 million in 2016, comparable to 2015.

e Different scheduling assumptions for the two PAR-controlled lines between New York
City and Long Island (i.e., the 901 and 903 lines). Since flows across these lines are
generally uneconomic, reducing the assumed flow from the TCC auction to the day-
ahead market led to surplus congestion revenue of $2 million in 2016.

59 Section 111.B in the Appendix discusses the transmission outages that are responsible for these shortfalls.

60 The allocation method is described in NYISO Open Access Transmission Tariff, Section 20.

61 Transmission outages can also result in uplift from balancing congestion shortfalls and from BPCG payments

to generators that must run out-of-merit for reliability due to the outage. The majority of these BPCG
payments (which are discussed in Section IX.G) are assigned to the transmission owner.

62 This is categorized as “Excess LI GFTCC Allocations” in the table.
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e The difference between the TCC auction and the day-ahead market in the assumed
distribution of Niagara generation at its 230 kV and 115 kV buses. The 115 kV Niagara
generation generally helps relieve congestion on the 230 kV constraints in the West Zone,
while 230 kV Niagara generation exacerbates congestion. In 2016, this led to a shortfall
of $2 million, which fell from a $7 million shortfall in 2015 because the NYISO
implemented a modeling change on the Niagara Plant on May 4, 2016.%3

Balancing Congestion Shortfalls

Balancing congestion shortfalls result from reductions in the transmission capability from the
day-ahead market to the real-time market, while surpluses (i.e., negative shortfalls) occur when
real-time flows on a binding constraint are higher than those in the day-ahead market. Unlike
day-ahead shortfalls, balancing congestion shortfalls are generally socialized through Rate
Schedule 1 charges.®* Balancing shortfalls totaled $19 million in 2016 and were comparable to
2015. Table 8 shows total balancing congestion shortfalls by selected transmission facility
groups.®

Table 8: Balancing Congestion Shortfalls in 2016

Facility Group Annual Shortfalls ($ Million)

West Zone Lines

Niagara Modeling Assumption -$0.4

Ramapo, ABC & JK PARs $6

Other Factors (e.g., Outages, Loopflows) $9
Central to East

Ramapo, ABC & JK PARs -$8

Other Factors $4
Capital to HVL (TSAs) $10
Long Island Lines

901/903 PARs $3

Other Factors $1
All Other Facilities -$1

63 See “Niagara Generation Modeling Update” by David Edelson at MIWG, April 5, 2016.

64 The only exception is that some balancing congestion shortfalls from TSA events are allocated to ConEd.

65 Figure A-56 in the Appendix summarizes the balancing congestion shortfalls on major transmission facilities

for 2015 and 2016 on a monthly basis. Section I11.E in the Appendix also provides detailed description for
these transmission facility groups and a variety of reasons why their actual flows deviated from their day-
ahead flows.

66 The balancing congestion shortfalls estimated in this table differ from actual balancing congestion shortfalls

because the estimate: (a) is partly based on real-time schedules rather than metered injections and
withdrawals; and (b) uses the original constraint shadow costs from the dispatch model therefore does not
reflect the effect of price corrections and Scarcity Pricing Adjustments.
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Similar to 2015, the 230 kV transmission facilities in the West Zone accounted for the largest
share of balancing congestion shortfalls in 2016. The primary drivers included transmission
outages and un-modeled factors (such as loop flows), which collectively accounted for $9
million of shortfalls. Clockwise loop flows around Lake Erie reduce the transmission capacity
available for the NY1SO real-time market and increase congestion on transmission paths in
Western New York. Hence, congestion shortfalls typically will arise when the actual
unscheduled clockwise loop flows is significantly higher than assumed in the day-ahead market.
There was a strong correlation between the severity of West Zone congestion and the magnitude
and volatility of unscheduled clockwise loop flows.®’

Thunder Storm Alert (“TSA”) constraints accounted for nearly $10 million of shortfalls in 2016,
most of which occurred on one day in July and two days in August. During these events, transfer
capability into Southeast New York was greatly reduced. TSA-related congestion shortfalls in
2016 were much higher than in the previous two summers partly because of higher load levels
during TSA events and less congestion relief from the Ramapo PARs because of outages.

Operation of the Ramapo PARs under the M2M JOA with PIJM has provided significant benefits
to the NYISO since January 2013, but effects were mixed in 2016. Additional flows (into New
York) across the Ramapo, ABC, & JK PAR-controlled lines contributed a net of $2 million in
estimated surpluses. We estimate that $8 million of surpluses primarily from relieving Central-
East congestion were offset by $6 million of shortfalls from West Zone lines not coordinated
under the M2M JOA. To better recognize these competing objectives, the NYISO modified its
operating practices in November 2015 to limit use of the Ramapo coordination process to periods
when the NYISO does not expect constraints in Western New York to be active.5®

The operation of the two PAR-controlled lines between New York City and Long Island (i.e., the
901 and 903 lines) contributed to balancing congestion shortfalls of $3 million in 2016 (and $4
million in 2015). These shortfalls arise because of differences in the schedule assumptions for
the lines in the day-ahead market and in the real-time market. Average real-time flows on these
lines were similar to the average day-ahead assumptions. However, when real-time flows were
higher, they often contributed to very high prices in Long Island.®® For example, real-time flows
from Long Island to New York City on the 901 line exceeded the day-ahead assumption by an
average of 14 percent during intervals with real-time congestion even though they were
consistent on average.

67 See Subsection I11.D in the Appendix for more discussion of loop flows and their effect on congestion.

68 See NYISO Management Committee meeting minutes for the December 17, 2015 meeting.

69 The analysis discussed in Section V.D in the Appendix indicates that these lines were the primary cause of

price volatility in the Valley Stream load pocket on Long Island until May 2016 when modeling changes
were made to improve the forecasted real-time flows across the lines.
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B. Transmission Congestion Contracts

We evaluate the performance of the TCC market by examining the consistency of TCC auction
prices and congestion prices in the day-ahead market for the Winter 2015/16 and Summer 2016
Capability Periods (i.e., November 2015 to October 2016).

Table 9 summarizes TCC cost and profit for the evaluation period separately for inter-zonal and
intra-zonal TCCs.™

e The TCC Cost measures what market participants paid to obtain TCC rights from the
TCC auctions. For a particular path, the TCC Cost is equal to the purchased TCC MW
multiplied by the TCC price for that path.

e The TCC Payment is equal to the TCC MW between two points multiplied by the
congestion cost difference in the day-ahead market between the two points

e The TCC Profit measures the difference between the TCC Payment and the TCC Cost.

Table 9: TCC Cost and Profit
Winter 2015/16 and Summer 2016 Capability Periods

TCC Cost TCC Profit Profit as a Percent
(8 Million) (8 Million) of Cost
Intra-Zonal TCC
West Zone $34 $18 53%
New York City $10 $3 33%
Long Island $7 $16 235%
All Other 514 -$6 -45%
Total $65 $32 49%
Inter-Zonal TCC
Other to West Zone $68 $41 60%
Other to New York City $16 -$6 -38%
Other to Hud VL $£38 -$17 -44%
Upstate New York to New England $36 -$19 -51%
All Other $10 -$7 -70%
Total $169 -$8 -5%

Market participants purchasing TCCs in the auctions covering the 12-month period from
November 2015 to October 2016 netted a total profit of $24 million. Overall, the net
profitability for TCC holders in this period was 10 percent (as a weighted percentage of the
original TCC prices).

0 Section I11.F in the Appendix describes the methodology to break each TCC into inter-zonal and intra-zonal

components.
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Nearly 45 percent (or $102 million) of TCC purchase costs were spent on inter-zonal and intra-
zonal transmission paths sinking at the West Zone, which was substantially higher than the $28
million of purchase costs spent in the prior 12-month period. TCC buyers netted a profit of $59
million on these transmission paths in 2016, consistent with higher-than-anticipated day-ahead
market congestion in this area.’”*

TCC buyers also received a $16 million net profit for net purchases of $7 million on Long Island
that was primarily due to much higher-than-expected congestion in the third quarter of 2016.
This was driven largely by two transmission outages:

e The Y49 line (i.e., the Dunwodie-Shore Rd 345 kV line) was forced out during most of
the third quarter, reducing imports from upstate and leading to higher LBMPs on Long
Island.

e The 677 line (i.e., the Northport-Pilgrim 138 kV line) was partially derated throughout
the quarter, leading to frequent congestion from Northport to other areas of Long Island.

The day-ahead congestion between areas across the Central-East interface was well below the
prices in the TCC auctions, particular during the Winter 2015/16 Capability Period. As
explained above, natural gas prices and price spreads between areas were much lower than
expected, particularly at the time of the one-year and six-month TCC auctions, contributing to
lower-than-anticipated west-to-east congestion. This resulted in lower-than-anticipated
congestion prices in Eastern New York and at the New England proxy bus as well.
Consequently, TCC buyers netted a 46 percent loss (i.e., $42 million in losses on $91 million of
purchase) on inter-zonal transmission paths sinking at New York City, Hudson Valley, and New
England.

In general, the TCC prices reflected the anticipated level of congestion at the time of auctions.
The past results of the TCC auctions generally show that the level of congestion was increasingly
recognized by the markets from the annual auction to the six-month auction and from the six-
month auction to the reconfiguration auction. This is expected since more accurate information
is available about the state of the transmission system and likely market conditions in the
auctions that occur closer to the actual operating period. Since 100 percent of the capability of
the transmission system is available for sale in the form of TCCs of six-months or longer, very
little revenue is collected from the monthly Reconfiguration Auctions. Hence, selling more of
the capability of the transmission system in the monthly Reconfiguration Auctions (by holding
back a portion of the capability from the six-month auctions) would likely raise the overall
amount of revenue collected from the sale of TCCs.

& See Section 111.C in the Appendix for discussion of West Zone congestion.
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VI. EXTERNAL TRANSACTIONS

Wholesale markets facilitate the efficient use of both internal resources and transmission
interfaces between control areas. The latter is beneficial because it allows:

e Low-cost external resources to compete to serve consumers who would otherwise be
limited to higher-cost internal resources;

e Low-cost internal resources to compete to serve load in adjacent areas; and

e NYISO to draw on neighboring systems for emergency power, reserves, and capacity
helps lower the costs of meeting reliability standards in each control area.

New York imports and exports substantial amounts of power from four adjacent control areas:
New England, PJM, Ontario, and Quebec. In addition, Long Island and New York City connect
directly to PJM and New England across eight controllable lines that are collectively able to
import nearly 3.5 GW directly to downstate areas.’>"® The Branchburg-Ramapo line and the J
and K lines connect the Hudson Valley to PJM with more than 2 GW of additional transfer
capability. Hence, New York’s total import capability is substantial relative to its load, making it
important to schedule the interfaces efficiently.

A.  Summary of Scheduling Pattern between New York and Adjacent Areas

Table 10 summarizes the net scheduled imports between New York and neighboring control
areas in 2015 and 2016 during peak (i.e., 6 am to 10 pm, Monday through Friday) hours.” Total
net imports from neighboring areas averaged nearly 2.9 GW during peak hours in 2016, up 13
percent from 2015.
Table 10: Average Net Imports from Neighboring Areas
Peak Hours, 2015 — 2016

Year (Hydro Quebec Ontario PJIM New England CSC Neptune 1385 VFT HTP| Total
2015 1,149 934 256 -664 186 510 46 61 69 (2,548

2016 1,408 778 382 -664 205 590 39 129 11 |2,878

2 The controllable lines are: the Cross Sound Cable, the 1385 Line, the Linden VFT Line, the HTP Line, the
Neptune Cable, and three lines known as the A, B, and C lines.

& The A, B, and C lines (which interconnect New York City to New Jersey) were used to flow 1,000 MW from
upstate New York through New Jersey into NewYork City under the ConEd-PSEG wheeling agreement that
terminated May 1, 2017. These lines were scheduled as part of the primary PJM to NYISO interface rather
than by participant-submitted transaction, so they are evaluated in Section IX.D.

74 Figure A-58 to Figure A-61 in the Appendix show more detailed on net scheduled interchange between New
York and neighboring areas by month by interface.
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Controllable Interfaces

As in prior years, imports from neighboring control areas satisfied roughly 30 percent of the
demand on Long Island in 2016. The Neptune line was typically fully scheduled during daily
peak hours absent outages/deratings. Net imports over the Cross Sound Cable and the 1385 line
varied in a manner similar to the primary New England interface — lower in the winter when
natural gas prices in New England were much higher than natural gas prices on Long Island.

Net imports to New York City over the Linden VFT and the HTP interfaces were modest,
averaging 140 MW during peak hours in 2016.”° Net imports across these two controllable
interfaces typically rise in the winter months when natural gas prices in New York City are often
higher than in New Jersey and fall from May to October when natural gas prices in New York
City are lower than in most areas in PJM.

Primary Interfaces

Average net imports from neighboring areas across the four primary interfaces increased 14
percent from 1,675 MW in 2015 to 1,905 MW in 2016 during the peak hours. Net imports from
Hydro Quebec to New York accounted for 74 percent of net imports across the primary
interfaces in 2016. Variations in Hydro Quebec imports are normally caused by transmission
outages on the interface. Hence, average net imports rose 23 percent in 2016 primarily because
of fewer transmission outages.’®

Average net imports from Ontario fell 17 percent in 2016 as the Ontario interface exhibited more
frequent import limitations and lower clearing prices during periods with West Zone congestion.
Many of the import limitations were imposed by the NYISO to manage congestion on internal
230 kV and 115 kV constraints in western New York. However, the NYISO has discontinued
the practice of imposing such limitations for internal 230 kV constraints because they can be
managed more efficiently in the day-ahead and real-time markets’ security-constrained
commitment and dispatch.”

Net imports from PJM and New England across their primary interfaces varied considerably,
tracking variations in gas price spreads between these regions. For example, New York normally
has higher net imports from PJM and higher net exports to New England in the winter season,
consistent with the spreads in natural gas prices between these markets in the winter (i.e., New
England > New York > PJM).

» The HTP interface has a capability of 660 MW and Linden VFT has a capability of 315 MW.

6 Imports from Hydro Quebec were unusually low in May and October 2015 because of lengthy outages.

77 See External Total Transfer Capability Interface Limits, presented by Wes Yeomans to NY1SO Operating

Committee, February 9, 2017. Curtailment of external transactions to manage internal 115 kV congestion is
discussed in Section IX.F.0.
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C. Unscheduled Power Flows

The pattern of unscheduled power flows (i.e., loop flows) around Lake Erie has a significant
effect on power flows in the surrounding control areas. Loop flows that move in a clockwise
direction generally exacerbate west-to-east congestion in New York, leading to increased
congestion costs. Although average clockwise circulation has fallen notably since the IESO-
Michigan PARs went into service in April 2012, rapid and large fluctuations in loop flows were
still common in 2016.787°

Our analysis shows a strong correlation between the severity of West Zone congestion and the
magnitude and volatility of loop flows. & During real-time intervals in 2016 with no congestion
in the West Zone, the average clockwise loop flows were relatively small. However, West Zone
congestion became more prevalent when loop flows were significant in the clockwise direction
or when they happened to swing rapidly in the clockwise direction. We found that:

e Congestion value on the West Zone 230 kV constraints exceeded $300,000 in only 0.3
percent of all intervals in 2016. However, these intervals accounted for roughly 60
percent of the total congestion value in the West Zone in 2016. 8

e During these intervals, unscheduled clockwise loop flows averaged over 160 MW and
changes of unscheduled loop flows in the clockwise direction averaged 40 MW.

Section IX.E discusses additional analysis of transient congestion that is caused by unscheduled
loop flows and other factors that are not explicitly modeled in the dispatch software. Section V.0
discusses the effects of loop flow on day-ahead and balancing congestion shortfall uplift.

D. Efficiency of External Scheduling by Market Participants

We evaluate external transaction scheduling between New York and the three adjacent control
areas with real-time spot markets (i.e., New England, Ontario, and PJM) in 2016. As in previous
reports, we find that while external transaction scheduling by market participants provided
significant benefits in a large number of hours, the scheduling did not fully utilize the external
interfaces or achieve all of the potential benefits available from inter-regional trading.

& These PARs are generally operated to better conform actual power flows to scheduled power flows across the

Ontario-Michigan interface. The PARs are capable of controlling up to 600 MW of loop flows around Lake
Erie, although the PARs are generally not adjusted until loop flows exceed 200 MW.

& Use of these PARs since April 2012 is discussed extensively in Commission Docket No. ER11-1844-002.

8 See Section I11.D in the Appendix for more details.

81 Congestion value is a measure of real-time flow over a constraint times the shadow price of the constraint.

The quantity is used to quantify congestion in Section V.0
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Table 11 summarizes our analysis showing that the external transaction scheduling process
generally functioned properly and improved convergence between markets during 2016.%2

Table 11: Efficiency of Inter-Market Scheduling

Over Primary Interfaces and Scheduled Lines — 2016

Day-Ahead Market Adjustment in Real-Time
Average Avg 'T“ema' Percentof  Estimated | Average Avg Ipte mal Percent of Estimated
Minus . . Minus . .
Net | Hours in Production Net External Hours in Production
Imports E;ts(l:’(r:a E_f'ficie_nt Cost_S_avings Imports Price E_fficie_nt Cost_S_avings
(MW/h) (SIMWh), Direction (Million$) | (MW/h) (SMWh) Direction (Million $)
Free-flowing Ties
New England -698 $0.56 45% -$2 52 $1.30 59% $7
Ontario 871 $7.73 81% $61
PIM 292 $0.17 69% $7 5 $0.09 63% $5
Controllable Ties
1385 Line 70 $1.14 66% $2 -31 $0.53 53% $1
Cross Sound Cable 191 $4.58 73% $12 -1 $2.83 55% $0.1
Neptune 568 $7.95 89% $41 -8 $6.83 59% $0.5
HTP 7 $3.38 82% $0.1 2 $3.78 64% $0.2
Linden VFT 93 $3.56 79% $6 44 $3.21 67% $3

The table shows that transactions scheduled by market participants flowed in the efficient
direction (i.e., from lower-priced area to higher-priced area) in more than half of the hours on
most interfaces between New York and neighboring markets during 2016.

In the day-ahead market, the share of hours with efficient scheduling was generally higher for the
five controllable ties than the free-flowing ties, probably because there is generally less
uncertainty in predicting price differences across these controllable lines. A total of $61 million
in day-ahead production cost savings was achieved in 2016 across the five controllable ties. The
Neptune Cable accounted for 67 percent of these savings because the interface was generally
fully scheduled and the New York price was nearly $8/MWh higher on average in 2016.

Real-time transactions between Ontario (which lacks a day-ahead market) and New York flowed
in the efficient direction in nearly 81 percent of hours. This was partly due to the fact that the
price on the New York side was consistently higher by an average of nearly $8/MWh in 2016.
As a result, a total of $61 million in production cost savings was achieved across the Ontario
interface, despite the congestion on the 230 kV system in the West Zone, the substantial charges
that are assessed to export transactions ($3 to $4 per MWh in 2016), and the fact that the NYISO
frequently limited imports from Ontario to secure its internal 115 kV transmission facilities.

The right panel in the table evaluates how participants adjusted their transactions in response to
real-time prices, indicating that these adjustments were efficient in well over half of the hours.
Such adjustments across the PJM and New England primary interfaces resulted in a total of $12

82 See Section 1V.B in the Appendix for a detailed description of this table.
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million savings in production costs while real-time adjustments across the controllable ties were
less frequent. Many of the adjustments resulted from curtailments or checkout failures of a day-
ahead transaction, which tended to raise production costs modestly.

Although significant benefits have been achieved in the majority of hours, there was still a large
number of hours when power flowed in the inefficient direction on all of the interfaces, or hours
when large amounts of additional efficient flows could have been scheduled. These results
indicate how uncertainty and other costs and risks interfere with efficient interchange scheduling,
which underscores the value of having well-functioning, Coordination Transaction Scheduling.

E. Evaluation of Coordinated Transaction Scheduling

Although scheduling by market participants tends to improve convergence, opportunities remain
to improve the interchange between regions. Coordination Transaction Scheduling (“CTS”) is a
market process whereby two RTOs exchange and use real-time market information to clear
market participants’ intrahour external transactions more efficiently. The CTS intra-hour
scheduling system has at least three advantages over the hourly LBMP-based scheduling system.

e CTS bids are evaluated relative to the neighboring ISO’s short-term price forecast, while
the previous system required market participants to forecast prices in the adjacent market
(more than 75 minutes in advance).

e The CTS process schedules transactions much closer to the operating time. Previously,
schedules were established 45 to 105 minutes in advance, while schedules are now
determined 15 minutes ahead when more accurate system information is available.

e Interface flows can be adjusted every 15 minutes instead of every 60 minutes, which
allows for much quicker response to real-time events.

The CTS was first implemented with PJM on November 4, 2014 and with ISO-NE on December
15, 2015. It is important to evaluate the performance of CTS on an on-going basis to identify
and implement improvements.

Evaluation of CTS Bidding

CTS is that it requires traders to submit bids that will be scheduled only when the RTOs’

forecasted price spread is greater than the bid price, so the process required a sufficient quantity
of price-sensitive bids.®® Figure 9 evaluates the price-sensitivity of bids at the PJM and 1SO-NE
interfaces, showing the average amount of bids at each interface during peak hours (i.e., HB 7 to

8 Before adopting CTS, the NYISO and ISO-NE considered an alternative design called “Tie Optimization”

which would have scheduled interchange based on the ISO’s forecasts without participation by traders.
Concurrent with the publication of this report, we published an initial assessment of whether Tie
Optimization would likely have performed better than CTS with ISO-NE. For additional details about this
study, see First Year Evaluation of CTS between New England and New York, presented to Joint ISO-
NE/NYISO Stakeholder Meeting on April 20, 2017.
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22) by month. Only CTS bids are allowed at the ISO-NE interface, while both CTS bids and
LBMP-based bids are allowed at the PJM interface. Thus, the figure shows LBMP-based bids
relative to the short-term forecast so that the price-sensitivity of LBMP-based bids can be
directly compared to that of CTS bids.8*

Figure 9: Average CTS Transaction Bids and Offers by Month
PJM and NE Primary Interfaces - 2016
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Participation in CTS at the PJM interface is still relatively low after two years. The amount of
price-sensitive bids (CTS and LBMP-based together) at the PJM interface was significantly
lower than at the New England interface in 2016, and only 30 percent of the price sensitive bids
at the PJM interface were CTS bids. An average of 414 MW (including both imports and
exports) were offered between -$10 and $5/MWh at the New England interface, more than
double the amount offered at the PJM interface. Likewise, the cleared price-sensitive bids at the
New England interface were more than double the amount cleared at the PIM interface.

The differences between the two CTS processes are largely attributable to the large fees that are
imposed at the PJM interface, while there are no substantial transmission charges or uplift
charges on transactions between New York and New England. The NYISO charges physical

84 For example, if the short-term price forecast in PIM is $27, a $5 CTS bid to import would be scheduled if the

NYISO price forecast is greater than $32. Likewise, a $32 LBMP-based import offer would be scheduled
under the same conditions. Thus, the LBMP-based offer would be shown in the figure as comparable to a $5
CTS import bid. Section I1V.C in the Appendix describes this figure in greater detail.
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exports to PJM at a rate typically ranging from $4 to $8/MWh, while PJM charges physical
imports and exports a transmission rate and uplift allocation that averages less than $2/MWh.
These charges are a significant economic barrier to achieving the potential benefits from the CTS
process, since large