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Wind generation peaked at 15.7 GW and peak wind penetration was almost 57 percent
of load in December. Wind capacity increased to almost 17.6 GW in 2017, up about nine
percent from 2016.

Wind generation totaled 23 percent of all generation in 2017, up from 18 percentin
2016. Coal generation fell from 48 percentin 2016 to 46 percentin 2017.

New capacity additions were almost 2,200 MW at nameplate capacity, with wind
representing 70 percent of the new capacity. Retirements were low, at around 130 MW,

The interconnection process includes almost 48 GW of additional resources, of which 93
percent are renewable.

SPP continues to have significant excess capacity at peak loads. The MMU estimates that
capacity at peak is 30 percent higher than the peak demand level in 2017.

Market prices themselves do not signal new investment in generation. Furthermore,
MMU analysis shows that market revenues do not support going forward costs for coal

resources.

Market uplifts were low at about $68 million in 2017, which was down slightly from 2016
levels.

Combined operating reserve costs totaled $80 million last year, an increase of 28 percent
over 2016. This was driven by a combination of factors including higher spinning reserve

requirements and prices.

Auction revenue rights were funded at almost 165 percent in 2017, up from just over 140
percent in 2016.

Transmission congestion rights funding increased to 94 percentin 2017 from 92 percent
in 2016.

While many participants sufficiently hedged their congestion costs with auction revenue
rights and transmission congestion rights in 2017, some participants did not.

1.2 OVERVIEW

Overall, SPP markets produced highly competitive market results with total market costs

around $24/MWh. As with previous years, the largest component of total wholesale costs

remains energy costs, which represented almost 98 percent of total costs in 2017. While total

costs increased by seven percent in 2017 compared to 2016, a main driver for the increase in

energy costs was a 14 percent increase in natural gas prices. For instance, the annual
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violation relaxation limits for resource capacity constraints, resource ramp constraints, and
global power constraints. Additional changes were implemented in August. These

changes replaced fixed price demand curves with variable price demand curves.

¢ Market participant concerns with the effectiveness of the auction revenue rights process
to allow participants to receive sufficient hedges for congestion.® We observe that while
many participants were able to manage congestion, a handful of participants did not have
sufficient hedges. There were muitiple reasons for this including the nature of congestion

patterns, outages, and market participant strategies.

1.3 DAY-AHEAD AND REAL-TIME MARKET PERFORMANCE

While load participation in the day-ahead market continued to be strong in 2017, generation
participation, particufarly from wind resources contributed to substantial increases in supply
in the real-time market and increasing incidence of negative real-time prices. For instance,
the average level of participation for the load assets was between 98 percent and 101
percent of the actual real-time load. However, we found that on average for the year, wind
generation was over 1,200 MW higher in the real-time market compared to the amount
scheduled in the day-ahead market. This represents an increasing challenge to the market as

wind generation has increased substantially over the past few years.

While virtual bids and offers may theoretically offset the under-scheduling of renewable
supply in the day-ahead market, in net they did not as they averaged around 650 MW of net
virtual supply. While about half of all virtual offer activity occurs at renewable locations, the
other half does not. Furthermore, it is important to recognize that even if virtual transactions
were to match the quantity of under-scheduled renewables, the prices associated with the
virtual offers are not likely to fully represent the offer prices of the renewable resources in

order to preserve a profit margin.

In general, virtual transactions were increasingly profitable in the SPP market. Total profits
increased in 2017 to about $54 million from about $33 million in 2016. When transaction

fees are included, net profit for virtual transactions was $35 million in 2017, more than double

6 Auction revenue rights and transmission congestion rights are covered in Section 5.2.
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the amount received in 2016. Net virtual profits were highest in April ($5.9 million) and

October ($7.9 million) when winds are typically highest and loads are lower.

Self-commitment of generation continues to be a concern because it does not allow the
market software to determine the most economic market solution. Furthermore, it can
contribute to market uplifts and low prices. Some of the reasons for self-committing may
include contract terms for coal plants, low gas prices that reduce the opportunity for coal
units to be economically cleared in the day-ahead market, long startup times, and a risk-
averse business practice approach. Generation offers in the day-ahead market averaged
almost 55 percent as “market” commitment status followed by “self-commit” status at 31
percent of the total capacity commitments for 2017.7 In 2016, the “market” and “self-commit”
shares were at 48 percent and 36 percent, respectively. While the increase in market
commitments and decrease in self-commitments highlights an improvement, self-
commitments still represent over 30 percent of generation, a trend that has existed since the
Integrated Marketplace began in 2014. In order to improve market commitment in the SPP
market, we recommend that SPP and stakeholders look to find ways to address this issue.

This is discussed further below.

Day-ahead prices have historically been higher than real-time prices. However, real-time
prices were higher than day-ahead prices in nine months last year primarily because of
higher real-time price volatility, which almost doubled in 2017 when compared to 2015 and
2016. This increased volatility mostly was caused by scarcity pricing events, which caused
short-term real-time prices spikes that typically only occurred for one interval. These scarcity
pricing events highlighted ramping limitations, which can be thought of as temporal
congestion. Unlike some other RTO/ISO markets, the current SPP model does not account
for forecasted ramping needs. Our analysis (see Section 3.3.1) shows that accounting for
ramping needs would greatly assist in preparing and compensating generation for both
anticipated and unanticipated ramping needs. As such, we recommend, as discussed below,

that SPP and stakeholders develop a ramping product.

7 Other resource commitment statuses are “reliability”, "not participating”, and "outage” at two
percent, three percent, and 10 percent, respectively. These all represent similar numbers when
compared over the past several years.
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1.4 TRANSMISSION CONGESTION AND HEDGING

Locational marginal prices reftect the sum of the marginal cost of energy, the marginal cost of
congestion, and the marginal cost of losses for each pricing interval at any given pricing
location in the market. Although the SPP market currently maintains a high reserve margin,
certain locations of the footprint experience significant price movements resulting from

congestion caused by high wind generation and transmission limitations.

In total, congestion costs were over $500 million in 2017. This was a significant increase from
almost $300 million in 2016. While most load-serving entities were able to successfully
hedge their congestion exposure with auction revenue rights and transmission congestion
rights, a handful of participants were significantly under-hedged. In 2017, the total of all
transmission congestion right and auction revenue right net payments to load-serving entities
of $408 million was less than the total day-ahead and real-time markets congestion costs of
$413 million. However, on an individual basis, some participants were over-hedged, whereas

others were under-hedged. Three participants were each under-hedged by over $30 million.

As a result, there were discussions in the stakeholder process about the effectiveness of the
auction revenue right process in allocating desired rights. The MMU believes that the lack of
allocated auction revenue rights appears to be, in part, related to bidding strategy. The
MMU identified instances where both prevailing flow and counter-flow positions that could
have been nominated by participants were not nominated. Moreover, transmission service
reservations are studied and granted with assumptions that include counter-flow megawatts:
This means that without the use of counter-flow, many of the prevailing flow paths are not
feasible. Nominating the appropriate counter-flow paths in the allocation will help to
increase the amount of prevailing flow paths allocated. This ultimately means the less
counter-flow nominated will result in less prevailing flow allocated. MMU and SPP analysis

identified that these positions could have improved hedges in some cases.

Finally, modeling of outages in the transmission congestion rights market are not well
aligned with actual outages that occur in the day-ahead market. Only around five percent of
the number of day-ahead outages were included in the transmission congestion rights
market. While each outage can have its own unique impacts on the market, this is a

substantial difference and is likely to be a factor influencing the effectiveness of the hedges.

State of the Market 2017 7






Southwest Power Poal, Inc. Executive summary
Market Monitoring Unit

1.6 COMPETITIVENESS ASSESSMENT

The SPP market provides effective incentives and mitigation measures to produce
competitive market outcomes even during periods when the potential for the exercise of
local market power could be a concern. The MMU's competitive assessment using structural
and behavioral metrics indicate that market results in 2017 were workably competitive and
that the market required mitigation of local market power infrequently to achieve competitive
outcomes. Even with these low levels of mitigation, stakeholders proposed market design
changes, and significant discussion occurred around changing behavioral mitigation

parameters during the stakeholder process in 2017,

As with previous years, structural competitiveness metrics—which review the structural
potential for the exercise of market power—indicate minimal potential structural market
power in SPP markets outside of areas that are frequently congested. For the two frequently
constrained areas, where potential for concerns of local market power is the highest, existing

mitigation measures serve well to prevent pivotal suppliers from unilaterally raising prices.

Behavioral indicators—which assess the actual exercise of market power—show low levels of
mitigation frequency. Mitigation of day-ahead energy, operating reserve, and no-load offers
each occurred less than 0.2 percent of the time and real-time mitigation occurred about 0.01
percent of the time. The overall mitigation frequency of start-up offers was the lowest since

the market began in 2014, as it decreased in 2017 relative to 2016 levels to just over three

percent.

The decline in mitigation may be the result of declining offer price mark-ups. Both off-peak
and on-peak average offer markups were at the lowest levels since implementation of the
Integrated Marketplace at around -$3.50/MWh and -$1.70/MWh, respectively. Although a
lower offer price markup level in itself would indicate a competitive pressure on suppliers in
the SPP market, the observed continuous downward trend may raise questions about the
commercial viability of generating units and the possibility of generation retirements, Even

so, only about 130 MW of generation retired in 2017,

"1t is likely that much of this discussion had little to do with the frequency of mitigation, but more to
do with the exclusion of major maintenance from mitigated start-up and no-load offers. In January
2018, the SPP board approved a proposal to allow major maintenance costs to be included in
commitment costs. This proposal was supported by the MMU.

State of the Market 2017 9
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The monthly average output gap-which measures economic withholding—shows very low
levels of economic withholding in all months in 2017. Specifically, there was no measurable
output withheld in the two frequently constrained areas. These low levels of economic

output withholding reflect highly competitive participation in the market.

This year we introduced a new metric for competitive assessment. This metric measures
unoffered generation capacity for potential physical withholding. Specifically, any economic
generation capacity that is not made available to the market through derates, outages, or

otherwise not offered to the market is considered for this analysis.

Annually for the SPP footprint, the total unoffered capacity (as a percent of total resource
reference levels) equaled 1.8 percent in 2015, 2.0 percent in 2016, and 1.9 percent in 2017.
When short and long-term outages are removed, the remaining unoffered capacity was 0.03
percent, 0.22 percent, and 0.23 percent, respectively. The majority of the outages were long-
term outages due to maintenance during the shoulder fall and spring months. From a
competitive market perspective, the results indicate reasonable levels of total unoffered

economic capacity and are consistent with the results in other RTO/ISO markets.

1.7 STRUCTURAL ISSUES

Installed generation capacity in the SPP market has grown rapidly over the past several years.
This has contributed to high levels of capacity at peak [oads. Specifically, the MMU estimates
using a new methodology that capacity was 30 percent higher than the peak load in 2017.

SPP's current annual planning capacity requirement is 12 percent.

Wind capacity has more than doubled from 8.6 GW in 2014 to 17.6 GW in 2017. Atthe same
time, wind generation has constituted a growing and significant part of the total annual
generation, from around 12 percent in 2014 to 23 percent in 2017; the all-time high rate of
wind generation penetration was set in March 2018 at 60.6 percent of load. Furthermore, the
interconnection process includes almost 48 GW of additional resources, of which 93 percent

are renewable resources.

The shift in generation mix towards renewable resources is a significant and positive
development; however, it carries both market and operational challenges. This includes an

increase in the incidence of negative prices as they increased from 3.5 percent of real-time
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intervals in 2016 to seven percent of intervals in 2017, and growing congestion charges
which were over $500 million in 2017, up from almost $300 million in 2016. Furthermore,
these challenges are further exacerbated by the fact that currently 36 percent of the total

wind capacity is non-dispatchable.

It is in the best interest of SPP market stakeholders to prepare for the challenges these
changes to the market present. Expanding the SPP footprint, is one way to help manage the
growing levels of renewable generation. However, additional changes from planning to
operations needs to be developed to improve market outcomes. As such, we make several

recommendations to address these growing market concerns.

1.8 RECOMMENDATIONS

One of the primary responsibilities of a market monitoring unit is to evaluate market rules and
market design features for market efficiency and effectiveness. When we identify issues with
the market, one of the ways to correct them is to make recommendations on market
enhancements. These recommendations are highlighted in detail in Chapter 7. Below is a

summary of our 2017 recommendations.

1.8.1 INCREASE MARKET FLEXIBILITY

The SPP market needs more flexible generation to meet increasing ramping requirements as
renewable generation levels continue to increase and as renewable generation dominates
the interconnection queue over the next several years. Because of the variabie output nature
of these renewable energy resources, the market needs increasing capability to respond to
the inevitable fluctuations in order to promote efficient market outcomes and ensure
reliability. It is imperative for SPP and its members to improve its market mechanisms to

address this growing concern. We recommend that SPP:

¢ Develop a ramping product - A ramping product that incents actual, deliverable flexibility
can send appropriate price signals to value resource flexibility. This resource flexibility
can help prepare the system for fluctuations in both demand and supply that resuit in

transient short-term positive and negative price spikes.
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Improve rules related to decommitting resources - Over-commitment of resources in real
time suppresses prices and leads to increased make-whole payments. This can be
caused by changing conditions between the time a resource is locked into a commitment
by the market software and the time the resource actually comes on-line. The MMU
recommends that SPP and its stakeholders address this issue by enhancing its market

rules to economically decommit a resource thatis planned to start.

Enhance market rules for energy storage resources - FERC Order No. 841 requires SPP
to develop rules to create a participation model for energy storage resources. We fully
concur with FERC's objectives as energy storage resources can add significant market
flexibility to address changing demand and supply conditions. We look forward to

working with SPP and stakeholders on this enhancement.

1.8.2 IMPROVE MARKET EFFICIENCY

One of the key benefits of the day-ahead market is the unit commitment process. Market

participants offer resources into the day-ahead market and the market optimization process

minimizes production costs. Inefficient market outcomes can occur when participants self-

commit resources and when forecasted generation—such as wind—are withheld from the day-

ahead market run, even though their expected generation levels are much higher.

Address market efficiency caused by self-committing resources - While market
participants have identified several reasons why they self-commit resources in the market,
it is imperative to minimize the need to self-commit resources to realize the full benefits of
SPP's market. We recommend that the SPP and stakeholders explore ways to minimize

self-committing. One potential approach is through the development of a multi-day unit

commitment process.

Address market efficiency when forecasted resources are under-scheduled day-ahead -
Our analysis shows that, on average, 82 percent of forecasted wind generation was
scheduled in the day-ahead market in 2017, and that under-scheduling of wind is a
growing problem. While some of this difference may be related to forecasting
challenges, market participants also significantly under-schedule wind relative to their
day-ahead forecasted levels. On average for the year, over 1,200 MWh of real-time wind

generation was not included in the day-ahead market. This can contribute to distorting
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market price signals, suppressing real-time prices, and affecting revenue adequacy for all

resources.

1.8.3 CONTINUE ALIGNMENT OF PLANNING PROCESSES
WITH OPERATIONAL CONDITIONS

Enhancing the accuracy of planning processes with operational realities enables SPP and its
members to more effectively plan for future system needs and conditions. Many of the
challenges outlined in this report-including increased congestion, negative prices, and low
generator net revenues—and some of the improvements—including the Woodward phase-
shifting transformer-are, in part, a reflection of planning decisions. The more the planning
process can learn from and incorporate operational information, the more planning can
identify and address concerns in advance of market operations. While SPP has done much in
this area, there are a few additional areas that could benefit by aligning and reflecting
operational information. Specifically, the economic studies and the resource adequacy

processes are two planning processes that could benefit further from alignment.

1.8.4 ADDRESS OUTSTANDING RECOMMENDATIONS

The MMU has provided recommendations to improve market design in our previous annual
reports. Overall, SPP and its stakeholders have found ways to effectively address many of our
concerns. However, there are a number of recommendations that remain outstanding. A

description of each of these outstanding recommendations are outlined below.

» Convert non-dispatchable variable energy resources to dispatchable - in the 2015
Annual State of the Market report, the MMU identified non-dispatchable variable energy
resources as a concern because of their adverse impact on market price and system
operations. These resources exacerbate congestion, reduce prices for other resources,
increase the magnitude of negative prices, cause the need for market-to-market
payments, and force manual commitments of resources that can increase uplift. SPP and
its stakeholders at the Market Working Group discussed this issue in 2017 and passed an
SPP proposal in early 2018 to require conversion of non-dispatchable resources. The

MMU fully supports this change, which is currently awaiting further stakeholder review.

» Address gaming opportunity for multi-day minimum run time resources - For resources

with minimum run times greater than two days, the market participant knows that the
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resource is required to run and can increase their market offers after the second day to
increase make-whole payments. The Market Working Group has identified a potential
solution which would limit the make-whole payments for any resource with multi-day
minimum run times to the lower of the market offer or the mitigated offer after the first
day for resources that bid at or above their mitigated offer on the first day. While a
solution has been developed, the proposal remains in the stakeholder process. We

recommend that this solution continue to move forward.

¢ Convert the local reliability mitigation threshold to a cap - In the 2016 Annual State of
the Market report, the MMU recommended converting the 10 percent mitigation
threshold for local reliability commitments to a 10 percent cap. This recommendation
addresses an unbalanced risk associated with mitigation of resource commitments for
local reliability. This change was approved by the board in October and is pending a
FERC filing. The MMU strongly supports this change and will support this when filed at
FERC.

¢ Replace the day-ahead must offer requirement and add a physical withholding provision
- FERC rejected in fall 2017, SPP’s proposal to remove the day-ahead must offer
requirement and indicated that it would consider removal of the requirement if it were
paired with additional physical withholding provisions. While the MMU remains
concerned with the current day-ahead must offer requirement, we recommend that

further consideration of this issue be a low priority at this time given competing priorities.
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Generation from simple-cycle gas units such as gas turbines and gas steam turbines has seen
a significant decline over the past few years, decreasing share from 13 percent in 2007 to just
under five percent in 2017. Gas combined-cycle generation has remained relatively stable at
about fifteen percent for the past three years, which can mostly be attributed to low gas
prices. Wind generation share continues to increase from nearly three percent in 2007 to
nearly 23 percent in 2017. Coal generation share decreased to 46 percent of total
generation in 2017, down from 48 percentin 2016. The long-term trend for coal-fired
generation had been relatively flat through 2014 at around 60 to 65 percent of total
generation, but has declined to under 50 percentin 2016 and 2017. This can primarily be

attributed to increasing wind generation and low gas prices.

Some of the annual fluctuations in generation by technology type shares are driven by the
relative difference in primary fuel prices, namely natural gas versus coal. Gas pricesin 2012,
and 2015 to 2017 were extremely low, resulting in some displacement of coal by efficient gas
generation, as can be seen in the higher generation from combined-cycle gas plants.
Another trend appears to be the increase in wind generation pushing simple-cycle gas

generation up the supply curve, making it less competitive.

Retirement of older coal generation, environmental limits, along with competition from wind
and natural gas technologies are some of the factors that will continue to put pressure on
coal generation levels. Wind generation is expected to continue to increase in the years

ahead.

Figure 2-20 depicts the 2017 monthly fluctuation in generation by technology type.
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Figure 2—30 also shows the amount of reduced output of dispatchable variable energy
resources below their forecast. This depicts the increase in reductions of dispatchable
variable energy resource dispatch output, which is expected due to the increase in wind
capacity and transmission limitations. This also follows the seasonal pattern of lower wind
output during the summer months, resulting in the decrease in need to reduce dispatchable
variable energy resource output during these times. This increase in dispatchable wind
capacity has helped in the management of congestion caused by high levels of wind
generation in some of the western parts of the SPP footprint. October 2017 saw over 6,000
GWh of monthly wind production, which was the highest since the start of the Integrated

Marketplace and over a third of this output originated from non-dispatchable variable energy

resource capacity.

Substantial transmission upgrades in the SPP footprint over the past few years have provided
an increase in transmission capability for wind-producing regions, helping to address
concerns related to high wind production, and resulting congestion. Itis worth noting that
the increased transmission capability directly reduces localized congestion, creating a more
integrated system with higher diversity and greater flexibility in managing high levels of wind
production. However, given the historical growth of wind capacity and indicators of future
additions in the generation interconnection queue, additional transmission upgrades may

only entice further development of wind capacity.

Figure 2—-31 shows the number of out-of-merit energy directives (manual dispatches} initiated

for dispatchable and non-dispatchable variable energy wind resources for the past three

years.
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definition does not delve into the requirements of a non-dispatchable variable energy
resource. However, the market design requires that these resources, barring absence of fuel
or mechanical limitations, follow close to their current output or forecast. This concept also
applies to dispatchable variable energy resources not receiving a signal to follow dispatch
and all resources in manual control status that are not in start-up or shutdown. Significant
deviation from the most recent actual or forecasted output causes market inefficiencies that

will be evaluated by the MMU.

Large swings in generation from non-dispatchable variable energy resources responding to
the ex-ante real-time price is known as “price chasing”. This behavior introduces oscillations
on constraints, adversely impacting prices and dispatch instructions for other resources as
well as an impact on regulation products. Price chasing occurs when non-dispatchable
variable energy resources or resources on manual control respond to prices by curtailing
output in response to lower prices and increasing production when prices rise. Such
behavior can cause operational problems. For instance, it can create breaches on flowgates
when these resources raise output in response to a price increase. This in turn causes more
relief than necessary and security constrained economic dispatch effectiveness declines.
Other impacts include additional volatility in the real-time market, more regulation needs,
and more output loss due to increased regulation. Operators have at times resorted to
reducing line ratings to ensure system reliability. As a result, out-of-merit energy directives
are issued to other resources, which means extra cost (uplift) to the system, which translates

into lower market efficiency.

tn addition to the inefficiencies introduced to the market because of price chasing behavior,
there are also inefficiencies introduced by non-dispatchable variable energy resources when
they are physically incapable of responding to dispatch signals or when they are acting as
“price takers”. These inefficiencies exist at times when a non-dispatchable variable energy
resource is operating uneconomically even when considering any (state or federal) subsidies
or contract terms outside the market. This results in transmission congestion not being

relieved by the most efficient unit possible, greater price differences, and volatifity.

Consistent with its 2015 recommendation, the MMU reiterates the need for non-dispatchable
variable energy resources to transition to dispatchable variable energy resource status in

order to lessen the negative impact of such resources on the market. Other markets have
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Figure 2-33 Exports and imports, Southwestern Power Administration interface
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Figure 2—34 Exports and imports, MISO interface
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Figure 2—35 Exports and imports, Associated Electric Cooperative interface
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Interchange transactions in the SPP market can be scheduled in the real-time market, as well
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as in the day-ahead market. The day-ahead market has three types of interchange

transactions:

Fixed interchange transactions are physical transactions that bring energy into or out
of the SPP balancing authority. Energy prices are settled at the price at the applicable
external interface settlement location. Submitters of this type of transaction in the

Integrated Marketplace are price takers for that energy.

Dispatchable interchange schedules are physical transactions that bring energy into
or out of the SPP balancing authority and specify a bid or offer for an amount of
megawatts. These schedules are supported in the day-ahead market only and also
must meet all market requirements. Prices are determined in the day-ahead market at
the appropriate external interface settlement location representing the interface

between the SPP balancing authority and the applicable external balancing authority.

An up-to-transmission usage charge (or up-to-TUC) offer on an interchange
transaction specifies both a megawatt amount and the maximum amount of
congestion cost and marginal foss cost the customer is willing to pay if the transaction

is cleared in the day-ahead market.

Allinterchange transactions cleared in the day-ahead market, regardless of type, become

fixed interchange transactions in the reliability unit commitment and real-time market.32

As shown in Figure 2-36, 96 percent of all interchange transactions cleared in the day-ahead

market are fixed, four percent are dispatchable, and none are up-to-TUC.

32 Per Market Protocols section 4.2.2.7 Import Interchange Transaction Offers.

State of the Market 2017 » 51












Southwest Power Pool, Inc. Load and resources
Market Monitoring Unit

2.6.2.1 Monitoring/non-monitoring designation

SPP and MISO implemented the ability to transfer monitoring and non-monitoring RTO roles
in December 2017. MISO and PJM have been utilizing this function to address constraint
volatility or power swings when the non-monitoring RTO may have more “effective control”
on certain constraints. The MMU feels this added ability of transferring roles will help

alleviate power swings on certain constraints bringing about better price convergence.

2.6.2.2 Market-to-market flowgate coordination

In August 2017, SPP and MISO implemented additional criteria and processes to the market-
to-market flowgate coordination tests. A series of coordination tests are performed to
determine if flowgates should become a market-to-market flowgate. These tests are run
when a flowgate is created and reanalyzed periodically. In some cases a flowgate may pass
for scenarios that no longer exist such as outages. This may cause the non-monitoring RTO
to be asked to provide relief during a configuration that has changed. The additional criteria
added in June 2017 per the memorandum of understanding allowed for the removal of
several flowgates from market-to-market. These more frequent tests better represent current
conditions. The market monitor feels the added criteria and frequent tests better reflect

current conditions alleviating unattainable relief by a non-monitoring RTO.

2.6.2.3 Use of transmission loading relief

SPP, per its market protocols, uses the transmission loading relief (TLR) process when tagged
impacts or other external impacts are present on an SPP constraint. The market monitor
believes that the transmission loading relief process is not needed when the SPP and MISO
markets have the majority of impacts, but is still needed when external impacts from non-
market (third party) entities are significant. Assuming interface price definitions correctly
reflect congestion, tagged transactions should respond to the market conditions and either
withdraw or delay submitting tags during congestion. Thus, this should alleviate the need for

transmission loading relief when impacts on the constraint are mostly between SPP and

MISO.

When third party impacts exist, the MMU believes transmission loading relief is warranted to

subject the third party to redispatch.®* A scenario observed between SPP and MISO entailed

3 Third parties include Tennessee Valley Authority, Associated Electric Cooperative Incorporated, and
Southwestern Power Administration.
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third-party firm network and native load impacts that are not subjected to redispatch by
either market. The third party does not have a market signal in the form of a price and by the
absence of a transmission loading relief will not have an incentive to provide relief on the
constraint. Transmission loading relief is not as efficient as a market using price and dispatch
to manage congestion on a constraint. Market-to-market is the preferred method in
addressing congestion along the seams, but until further development is made in areas
outside RTO markets, transmission loading relief is the current mechanism to manage

impacts between markets and non-markets.

2.6.2.4 Market flow methodology

SPP, MISO, and PJM calculate market flows differently. MISO and PJM use a marginal zone
methodology {although the margins are derived in different manners), and SPP uses a
tagging impact approach. This topic was not discussed in 2017, but because market flow is a
component used in market-to-market settlements, the MMU suggests this topic should be

revisited to ensure consistency and equitable measurements across RTOs.
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Some reliability unit commitments are made to meet instantaneous load capacity
requirements; however, this is not a product generators are directly compensated for by the
market. Therefore, reliability commitment processes, more often than the day-ahead market,
make commitments that may not be supported by real-time price levels. These situations
often lead to make-whole payments. The next section discusses the drivers behind the

reliability commitments and thus high on-line resource commitments.

3.1.2 DEMAND FOR RELIABILITY

The previous section noted that 15 percent of SPP start-up instructions originated from SPP
reliability unit commitment processes. To understand the need for the reliability
commitments it is useful to discuss the different assumptions, requirements, and rules that
are used in the reliability unit commitment processes versus the day-ahead market. A
fundamental difference is the definition of energy demand between the two studies. The
energy demand in the day-ahead market is determined by bids submitted by the market

participants, and averages between 98 to 101 percent of the real-time values, as shown in

Figure 2-5.

Another important difference between the two studies is virtual transactions. Market
participants submit virtual bids to buy and virtual offers to sell energy in the day-ahead
market. A virtual transaction is not tied to an obligation to generate or consume energy;
rather, itis a financial instrument that is cleared by taking the opposite positioh in the real-
time market. Because the reliability unit commitment processes must ensure sufficient
generation is on-line to meet energy demand, virtual transactions are not _incl(xded in the day-

ahead, intra-day, or short-term reliability unit _comrhitment algorithms.

The assumptions regarding wind generation differ as well. Only 82 pércent of the real-time
wind production cleared in the day-ahead market on an average hourly basis in 2017. While
the market participants determine the participation levels for their wind generators in the
day-ahead market through the use of supply offers, a wind forecast is used by the reliability
unit commitment processes. Import and export transaction data are updated to include the

latest information available for the reliability unit commitment processes.

These types of differences are referred to as resource gaps (i.e., a gap in meeting demand)

between the day-ahead and real-time markets. The resource gap is the difference between
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prices (see Section 4.1.6) and higher real-time price volatility (see Section 4.1.4). Lower on-
line capacity levels may be a consequence as market participants and market operators

adjust to these changes in market conditions.

3.3 DISPATCH

The real-time market co-optimizes the clearing of energy and operating reserve products out
of the available offered capacity based on the offer price for each product while respecting
physical parameters. The real-time market clears every five minutes for all products. The
settlement of the real-time market also occurs at the five-minute level, and the settlement is

based on market participants’ deviations from their day-ahead positions.

3.3.1 RAMP CAPABILITY PRODUCT

Evidence suggests that a ramp capability product would be beneficial to the market. A
resource’s ability to ramp should be planned for and should be valued by a price to the

extent the ramp is beneficial to the market.

3.3.1.1 Ramping limitations affecting market outcomes

The real-time dispatch does not consider future intervals. It simply calculates one value: a
dispatch instruction for the next interval. The increase or decrease of the resource’s output to
achieve the next dispatch instruction is called "ramp”. The number of megawatts a resource
can ramp in one minute is the resource’s “ramp rate”. While the real-time balancing market
considers a resource’s ramp capability for the purpose of calculating the dispatch instruction
for the next interval, ramp is not considered for any interval after that. Ramp is not currently
accounted for in terms of the next dispatch instructions even though ramp is the very

capability that allows a resource to get to the next dispatch instruction.

When ramp capability is not considered for future intervals, then the market clearing engine
may not be able to procure enough energy to serve the load or provide sufficient operating
reserves in the next interval. Even when enough capacity is available, a lack of ramp renders

that capacity unreachable. This often leads to short-term transitory price spikes,*' as seen in

Figure 3—12.

41 This is essentially temporal, or time-based, congestion,
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not a true reflection of system conditions, can be avoided and the resources that are used to
avoid the scarcity should be paid for that benefit that they are providing. This will also

incentivize future resources to be flexible.

Other RTO/ISO markets have implemented and designed ramp products that SPP and
stakeholders can consider in its design and development. For instance, Midcontinent ISO
and California 1SO have implemented ramp products, and ISO New England is in the
development process. However, at a minimum, we recommend that the design should

include the following features:
* Two products: ramp capability up and ramp capability down;

» Co-optimization with energy and other products to ensure the most economical

solution;
¢ Opportunity cost basis for pricing;

* No limitations on resource type as long as the resource can reliably provide ramp in

the direction for which itis cleared; and

¢ Consideration of both expected and unexpected ramping needs.

3.4 VIRTUAL TRADING

Market participants in SPP’s Integrated Marketplace may submit virtual energy offers and bids
at any settlement location in the day-ahead market. Virtual offers represent energy sales to
the day-ahead market that the participant needs to buy back in the real-time market. These
are referred to as “increment offers”, which are like generation. Virtual bids represent energy
purchases in the day-ahead market that the participant needs to sell back in the real-time
market. These are referred to as "decrement bids”, which are like [oad. The value of virtual
trading lies in its potential to converge day-ahead and real-time market prices, and improve

day-ahead unit commitment decisions.

In order for virtual transactions to converge prices, there must be sufficient competition in
virtual trading; transparency in day-ahead market, reliability unit commitment, and real-time
market operating practices; and predictability of market events. Since the market began in

2014, there has been moderate, and increasing levels of virtual participation. Figure 3-22
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The volatility for the majority of asset owners is grouped very close to the SPP average in both
the day-ahead and real-time markets as shown in Figure 4-11. The area of the footprint that
experienced the most volatility in 2017 was in southwest Missouri and southeast Kansas. This
area experienced a great deal of congestion during the year, mostly on the Neosho-Riverton

flowgate, which is discussed in more detail in Section 5.1.4.3.

4.1.5 PRICE DIVERGENCE

As mentioned above, real-time prices were slightly higher than day-ahead prices in 2017.
Moreover, system volatility nearly doubled in 2017 compared to 2016 and 2015. These
metrics indicate that while average prices are similar, the underlying prices in the day-ahead
and real-time markets were different. The averaging of price spikes, and in particular, high
prices during periods of scarcity, drove real-time average prices just above day-ahead prices.
We attribute these short-term, transient price spikes with limitations in ramping capability.>*
In this section, we highlight underlying differences in prices after controlling for scarcity
events. This analysis shows that significant generation, particularly from wind resources not

accounted for in the day-ahead market, drives down real-time prices.

Price convergence between day-ahead and real-time prices is important, because the more
day-ahead prices reflect real-time prices, the better unit commitment and positioning of
resources occurs for real-time operations. However, there are many factors than cause prices
to diverge between the day-ahead and real-time markets. Some of those factors may

include, but are not limited to:

¢ Day-ahead offers may include premiums to account for uncertainty in real-time fuel
prices.®

» lLoad and wind forecast errors can cause differences in the real-time market results.

» Participants may not offer in all of their load or generation in the day-ahead market.

s Modeling differences including transmission outages between the two markets.

¢ Generation outages or derates that were different in real time than was anticipated in
the day-ahead.

¢ Impacts from other RTOs, that were not anticipated, affect the SPP real-time market.

¢ Unanticipated weather changes affect the real-time markets.

% For further information on ramping issues, see Section 3.3.1.
55 Additionally, revision request 239 allowed historic fuel cost uncertainty to be considered in the
development of mitigated energy offers.
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The marginal energy cost is one of three components that factor into location marginal prices
and represents the marginal cost to provide the next megawatt of dispatch absent losses and
congestion. Both charts clearly show that day-ahead prices are usually at a premium when
compared to real-time prices when controlling for scarcity, particularly in the off-peak hours.
In 2017, day-ahead marginal energy costs, for all hours, were 10 percent higher than real-
time prices.5” This is slightly higher than the nine percent price divergence in 2016 and

slightly lower than the 11 percent in 2015.

The main contributors influencing the price differences are under-scheduling of wind
resources in the day-ahead market, self-committing of units after the day-ahead market, and
economic reliability unit commitments. In fact, only 82 percent of the wind generation was
scheduled in the 2017 day-ahead market. This changes the supply curve by shifting it
outward and causes real-time prices to drop relative to the day-ahead market. Furthermore,
the real-time market appropriately honors the minimum limits of all committed resources.
With the unanticipated generation, many non-wind units fall to their capacity limits, allowing
wind to set prices. When this happens prices often go negative as the energy offers for wind

units are typically negative to account for production tax credits.®®

Figure 4-14 shows average hourly incremental differences in megawatts produced between

the real-time and day-ahead market in 2017.

57 The MMU observed that 77 percent of the hours in 2017 had higher marginal energy cost in the day-
ahead market than the real-time market. This is after removing any hours associated with scarcity

pricing.
58 Negative prices are discussed in detail in Section 4.1.6.
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