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Appendix: Introduction

l. | NTRODUCTION

This Analytical Appendix provides an extended analysis of the topics raised in the main body of
the State of the MarkdReport. We present tlessumptionanethodsand motivation for each

of the analysesTherefore, it is intended to serve as a useffdrence document to accompany

the Report.However, our conclusions from these analyses and how they relate to performance
of the markets are discussed in the main body of the Report. In addition, the body of the Report
includes a discussion of our recaor@ndations to improve the design and competitiveness of the
market.

The sections and analyses are intended to track the order of topalis@rss$ion in the main
body of the State of the Market RepoHowever, it contains many figures and tables that ar
not included in the main body of the Repevhichare intended to providedditional insightind
detail, or to shovthe analytic results in a more disaggregated form.

We want toexpress our appreciation MISO stafffor their cooperation andupport in
providing data, other information, and feedbackamerousf thetopics and issues addressed
in this report.

1 | 2020 State of the Market Report






Appendix: Price and Load Trends

In this sectiony e

reattime energy markets.

A. Market Pricesin 2020

In awell-functioning, competitive markesuppliers have an incentive to offer at their marginal

provide our

PRICE AND LOAD TRENDS

anal yses

o fdayalead apdr i c e s

costs. Therefore, energy prices shaddrespond closelwithr e s o umargieakproduction

costs which are primarily comprised of fuel costs for most resaurédthoughcoatfired
resourcesistorically have beemarginalin a large share of hours, low natural gas prices in

recent years have caused-fjasd units to be marginal in most peak hours. Additionally,
congestion frequently causes gmed units b set prices in local areas.

Figure Al shows thanonthlyfi ail h 0

Figure AL: All-In Price of Electricity

p Hectriciey framf2018to 2020along withthe price

of natural gasit the Chicago Citygate trading hubhe leftmost section shows the annual

average prices f@011through202Q The altin price represents the cost of serving load in

MI S CGetedricitymarket. It includes the loageighted reatime energycost as well as real
time ancillary servicecosts, uplift costs, and capacity coRRRA clearingoricemultiplied by

the capacity requirement) per MWh of rdahe load. We separately show the portion of the all

in energy price that is associated with shgetpricing for one or more products.
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Appendix: Price and Load Trends

Figure A2: Cross Market AHIn Price Comparison

To provide perspective on how the MISO markets compare to the other easterri-RjU@&sA2
shows the alln price for each market fro@018through202Q These markets have migrated to
similar market designs, including locational energy markets, operategves and regulation
markets, and capacity markets (with the exception of ERCOT). However, the details of the
market rules can vary substantially.

Figure A2: Cross Market All-In Price Comparison
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Figure A3: RealTime Energy Pricduration Curves

Figure A3 shows the redime hourly prices atevenrepresentative locations in MISO in the

form of a priceduration curve.A price-duration curve shows the number of hours (on the
horizontal axis) when the LMP is greater than or equal to a particular price level (on the vertical
axis). The differences beteen the curves in this figure are due to congestion and |o#seh

cause energy prices to vary by location.

The table inset in the figure provides the percentage of hours with prices greater than $200,
greater than $100, and less than $0 per MWh ithitee most recent year$he highest prices

often occur during pedkad periodsvhenshortage conditionare most common. Prices in

these hours ar@n important component of the economic signals that govern investment and
retirement decisionsBroad changes in prices are generally driven by changes in underlying fuel
prices that affect many hours. In contrast, changes in prices at the high leadlofation curve

are usually attributable to differences in weatleated peak loads that impact the frequency of
shortage conditions.

4 | 2020State of the Market Report



Appendix: Price and Load Trends

Figure A3: Real-Time Energy Price-Duration Curve
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Figure Ad: MISO Fuel Prices

As we havenoted, fuel prices are a primary determinant of overall electricity poieesusehey
constitutemost oftheg e ner at or s 6 Hemae, [gpcansa hatural gasd resources se
energy prices in a large share of hours, electricity prices tend to be highly correlated with natural
gas prices. Codlred units frequently set prices in gfeak hours.

Figure A4 shows the prices for natural gatsHenry Hub and Chicago Citygatad two types of

coal in the MISO region sindbe beginning 02012 Thefigure shows nominal prices in dollars
permillion British thermal units (MMBtu). The table below the figure shows the annual average
nominal prices between 2018 and 2020 for each type of fuel.

2020 State of the Market Report | 5
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Figure A4: MISO Fuel Prices
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Figure A6: Fuel-Price-Adjusted System Marginal Price

Fluctuations in marginal fuel prices can obscure the underlying trends and performance of the
electricity markets.In Figure A5, we calculate a fugbrice-adjustedsystem marginal price

(SMP). The SMP indicates the systemide marginal cost of energy (excluding congestion and
losses). The fuel adjustmeasolates variations in prs that are due to factors other than
fluctuations in fuel prices, such as changes in load, net imporasailable generation. The
available generation can charfgem period to perio@s a result of unit additions or retirements
and from interval to interval becausefoél supply issuesjnit outage®r deratingscongestion
management needs output by intermittent resources.

To calculate this metrithe SMP ofeach reatime intervalwasindexed to the average fuel price

of the marginal fuelrom 2019through202Q Downward adjustmestverethegreatest when

fuel priceswere thehighest and vice versaultiple fuels may be marginal, swe calculate

each interval 6s S MPweighted basidTmsemethodalogy deesmmpu ant i t y
account for some impacts of fuel price variability, such as changes in generator commitment and
dispatch patterns or relative intigagional price differece theresultof differences in regional
generation mi& thatwould impact the economics of interchangéh neighboring areas
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Figure A5: Fuel Price-Adjusted System Marginal Price
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B. Fuel Prices and Energy Production
Figure A6: Price Setting byJnit Type

Figure A6 examines the frequeneyith which different types of generating resourcestket
reattime SMPin MISO. Thetop panein thefigure shows the avage prices when each type of
unit wason the marginandthe bottom paneshows the share of market intervals thath type

of unit set the redime price.

While baseload codlred units have historically set price in the majority of hours, that s$tese
been declining over time. The year 2018 was the first year that coal resources set the marginal
energy price less frequently than geed resourcesNearly all wind resources can be
economically curtailed when contributing to transmission congesf®cause their incremental
costs are mostly a function of lost production tax credits, wind units often set negative prices in
exportconstrained areas when they must be ramped down to manage congestion.

2020 State of the Market Report | 7



Appendix: Price and Load Trends

Figure A6: Price-Setting by Unit Type
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TableAl: Capacity,Energy Output, and Prie8etting by Fuel Type

TableAl summarizes how changes in fuel prices have affected the share of energy produced by
fuel-type as well as the generators that set thetread energy prices i8020compared t@2019

The lowest marginal cost resources (coal and nuclear) produce most of the erssrgyseB

natural gadired units are higher marginabst resources, they tend to produce a lower share of

MI SO6s energy than their share of MISOG6s inst
small share of MI SO6s u rnteonittenendture, thgr @ontributyon b e ¢ a u
to energy output is much higher.

Table Al: Capacity, Energy Output, and Price-Setting by Fuel Type

2019 2020
Unforced Capacity Energy Output Price Setting
Total (MW) Share (%) Share (%) SMP (%) LMP (%)

2019 2020 | 2019 2020| 2019 2020 | 2019 2020| 2019 2020
Nuclear 12,107 11,638 9% 9% 17% 17% 0% 0% 0% 0%
Coal 46,864 46,030 37% 36% 39% 34% 47% 40% 81% 87%
Natural Gas 56,673 58,226 44% 45% 31% 34% 51% 57% 89% 98%
Oil 1,568 1,578 1% 1% 0% 0% 0% 0% 0% 0%
Hydro 4,034 3,729 3% 3% 2% 2% 1% 1% 2% 3%
Wind 3,660 4,470 3% 3% 9% 12% 1% 1%| 38% 69%
Other 2,703 3,061 2% 2% 1% 1% 0% 0% 2% 7%
Total 127,608 128,732
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C. Loadand WeatherPatterns
Figure A7: Load Duration Curvesind2020Peak Load

Although market conditions can still be tight in the winter and shoulder seasons because of
generation and transmission outages and fuel supply i9di&S,continues to ba summer
peaking meket. To show the hourly variation in loaBigure A7 shows load levels fa&2020and
prior yearsn the form ofhourly load diration curve. The load duration curveshow the

number of hours on the horizontal axis in which load is gréladeror equal tahe level

indicated on the vertical axis. Vgbowcurves for2018through2020separately

These curves reveal the changes in load that are due to economic activity and weather conditions,
among other thingsTheinsettable indicates the number and percentage of hours when load
exceededO, 9Q 100, and 11GW of load. The figure shows the actual and predicated peak

load for2020Q The APredicted Peak ( 2020vh&dMISO s t he p
expected he | oad could be higher or | ower than thi
Peak (90/10)0 is the predicted peak | oad wher
percent probability (i.e., there is only a 10 percent probabilityaaf peaking above this level).

Figure A7: Load Duration Curves and 2020Peak Load
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Figure A8: Heating and Cooling DegreBPays
MI SO6s | oad sensitiva. Fegore A8 illusttates thee influence of weather on load by

showing heating and cooling degr@aysthat area proxy for watherdriven demand for energy.
These are shown alongth the monthly average load levels for the prior thresrye
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The top panel shows the monthly average loads in the bars and the peak monthly load in the
diamonds. The bottom panel shows monthly Heating Ddgags (HDD) and Cooling Degree
Days (CDD) averageaver the 10 years prior @018across four representaticgiesin MISO
Midwest and two cities in MISO SouthThe table athebottom shows the yeaveryear

changes in average load and degtags. In 2020, COVID had a significant impact on load i

the spring and fall months, and we indicate the effects of the public response to COVID as a
ghost bar on top of the monthly average load.

Figure A8: Heating and Cooling DegreeDays
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% Chg 1920 |~V JIA
Avg. Load | -4% 0% | -2% 1%
Degree Days -1% 9% | 1% |-38% -8% |-21%| 3%

D. Ancillary Services Markets

Scheduling of energy and operating reserves, which include regulating reserves and contingency
reserves, i s | oi nt {inge marget software. é\dl a resalt, oidor&dt) st r e a |
tradeoffs result in higher energy prices and reserve priéggrgy and ancillary services

markets (ASM) prices are additionally affected by reserve shortages. When the market is short

of one or more ancillary services products, the demand curve for that product will set the market
wide price for that product arze included in the price of higher valued reserves and energy.

1 HDDs and CDDs are defined using aggregate daily temperature observations relative to a base temperature
(in this case, 65 degreBshrenheit). For example, a mean temperature of 25 degrees Fahrenheit in a
particular week in Minneapolis results in (@5) * 7 days = 280 HDDs. To account for the relative impact of
HDDs and CDDs, HDDs are inflated by a factor of 6.07 to normalizefthets on load (i.e., so that one
adjustedHDD has the same impact on load as one CDD). This factor was estimated using a regression
analysis.
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The three main ancillary services products are regulation, spinning reserves, and supplemental
reserves. Total Operating Reserves are the sum of these three products. Spinning and
supplemerdl reserves are both categories of contingency reserves.

The demand curves for the various ancillary services produgz@2dwere:

f Regulation: varies monthly according to th
$110.45 per MWh ir202Q

1 Spinning Reserves: $65 per MWh (for shortages betwermand 10 percent of the
marketwide requirement) and $98 per MWh (for shortages greater than 10 pércent).

1 Total Operating Resersé

- For cleared reserves less than four percent of the marttetrequirement, the Value
of Lost Load ($3,500 per MWh) minus the monthly demand curve price for
regulation.

- For cleared reserves between four and twelve percent, the estimated probability of
lost load based on a single large resource contingency.

- For cleared reserves between twelve percent and the Most Severe Single Contingency
(MSSCQC), the curve is flat at $2,100 per MWh and then steps down to $1,100 per
MWh through 96 percent of the requirem. For cleared reserves more than 96
percent of the marketide requirement: $200er MWh

The most important reserve constraint is the mankeéé operating reserve requirement
(contingency reserves plus regulation). This is because a shortagé opéotding reserves has
the greatest potential impact on reliability. Accordingly, the total operating reserve constraint
has the highegtriced reserve demand curve. To the extent that increasing load and unit
retirements reduce the capacity surpluMiSO, more frequent operating reserve shortages will
play a key role in providing lonterm economic signals to invest in new resources.

Figure A9: RealTime Ancillary Service ClearingPrices and Shortages

Figure A shows monthly average retaine clearing prices for the three ancillary service
products in202Q regulation, spinning resges, and supplemental reserves.

Supplemental reserves are the lowest quality reserve because the technical requirements are less
stringent than for regulation and spinning reserves. But because supplemental reserves will be

short in conjunction with tal reserves, a shortage of supplemental reserves is an operating

reserve shortage and will result in the largest shoaigeng component in each of the other

reserve prices and in the energy pri€ggure A9 shows the frequency with which the system

was short of each class of resenaswellast e | mpact of each product 0c¢

2 There is an additional $50 per MWh penalty called tF

3 There is no separate dengbcurve for Supplemental Reserves. Prices for Supplemental Reserves during
shortages are established by the Total Reserve demand curve (known as the operating reserve demand curve
or ORDC).
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Figure A9: Real-Time ASM Prices and Shortagd-requency
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$15

1.5%

Regulation Price (excl. shortages)
Impact from Reg Shortages

Spinning Reserve Price (excl. shortages)
Impact from Spin Shortages 1.2%
Supp Reserve Price (excl. shortages)
Impact from Operating Res. Shortages
Share of Intervals in Shortage

—! | 0/
$9 — Rez Spin e 0.9%

2019 Avg. Price $8.15 $2.23 $0.55
Shortage Price §0.54 $0.43 $0.28
2020 Avg. Price $8.25 $1.92 $0.25
Shortage Price 50.40 §50.26 $0.06

$12

¢E0EEEDE

$6

Price ($/M'Wh)

$3 S-Year Average| () 3o

Share of Intervals with Shortage

b dE; ,Hr  ByprppeiEalem | (oo

so il ti
JFMAMJ JASOND JFMAMJ JASOND JFMAMIJJASOND
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Note Supplemental Reserve shortages in the figure reflect Operating Reserve shortages.

Additionally, higherquality reserves can always be substituted for leyugdity reserves.
Therefore, the price for spinning reserves will always be equal to or higirestipplemental
reserves. Likewise, when a shortage occurs in a tfqwality reserve product, it appears in the
price of all highemquality reserves.

Figure ALO: Regulation Offers and Scheduling

ASM offer prices and cantities arghe primary determinants of ASM outcomeiigure ALO
examines average regulation capabitityMISO resources. Regulation capabilgyess than
spinning reserve capability because (a) it can only be provided by regidapiahle resources
and (b) it is limited to five minutes ofdlirectional ramp capability.

Clearing prices for regulaig reserves can be considerably higher than the higlezsed
regulationoffer prices because the prices reflect opportunity costs incurred when resources must
be dispatched up or down from their economic level to providiréctional regulation

capabiity. In addition, as the highesuality ancillary service, regulation can substitute for

either spinning or supplemental reserves. Hence, any shortage in those products will be reflected
in the regulating reserve price as well.
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Figure A10: Regulation Offers and Scheduling
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The figureabovedistinguishes betwedheregulation thats available to the fivaninute

dispatch in the solid bars and quantities that are unavailable in the hashetheafigure

separately shows the quantitigsavailablebecause thegre not offered by participants, not
committed by MISOor limited by dismt ch | ev el (i .e., constrained

Figure ALL: Contingency Reserve Offers and Scheduling

MISO has two classes of contingency reserves: Spinning Reserves and Supplemental Reserves.
Spinning Resrves can be provided by online resources for up to 10 minutes of ramp capability
(limited by available headroom above their output level). Supplemental Reserves are provided
by offline units that can respond within 10 minutes, including their startup@iictation times.

The contingency reserve requirement is satisfied by the sum of the Spinning Reserves and
Supplemental Reserves.

As noted above, highefalued reserves can be used to fulfill the requirements of {quadity
reserves. Therefore,ipes forRegulationalways equal or exceed those 8minningReserves,
which in turn always equal or exceed prit@sSupplementaReserves. As witRRegulation,
Spinning andSupplementaleserve prices can exceed the highest cleared offereaslaof
opportunity costs or shortage pricing.

Figure ALl shows the quantity &pinning andSupplementaReserve offers by offer price. Of
the capability not avaablefor dispatch, the figure distinguishes between quantities not offered,
derated, and limited by dispatch level.
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Figure A11l: Contingency Reserve Offers and Scheduling
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E. Significant Events and Market Outcomes

In 2020, the public response to the COWVIB pandemic impacted MISO beginning in the

Spring MISO alsoexperienced multiple significant weatkretated events during the summer

and fall. As described below, these events had impacts on both the supply and demand in the
market.

MISO has experienced a significant increase in the frequency and severihecdtgm

emergencies in recent years, including emerigenequiring firm load shed in 2020. Much of

this increase is attributable to a narrowing
generation mix. Investments in gi@agd resources, rawable resources, and leatbdifying

resources have replaced much of the energy lost because of retirements of coal and nuclear
baseload resources. Increased intermittent output and its associated fluctuations, along with
increased reliance on LMRs thatrnconly be deployed during emergencies, has resulted in more
frequent emergency events. These events are important to evaluate because they reveal how well
the market performs under stress, and this helps inform improvements in both market design and
opeitions.

Figure A12 through Figure A13: Emergency Conditions in MISO in 2020

In the first full week of JulyMISO experienced hot temperatugesd high humidity in the
Midwest region. Temperatures in Michigan were over 90 degreaared to historical

average high temperaturesinthelow70sn Jul y 1, MI SO6s Maintenanc
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was indicating that the Midwest would have only @4 percent margin on thé'@&nd 7", and

MISO committed several lonlgad resources tensure that scheduled flows across the RDT

would remain at 2,500 MW even after the sectargest contingencyThis resulted in an

average of 1,700 MW that were unable to be dispatched up (i.e., trapped) on average in the South
between 2 p.m. and 4 p.netiween July 1 and 9.

We illustrate th2020emergency events with standard figures that compare the resource supply
and the forecast and actual demand during those events. We utilize figures that show each
compament of the supply and demand so they can be analyzed. The illustration to the left shows
each element included in the figures.

50,000 [he total available supply is shown in the figure with a
royal blue line and it is comprised of NSI (green area),

40,000  wind (yellow area), online generation plus RDT

Forced Outages capability into thearea plus offline resources that can

30,000 start in less than 30 minutes (light blue area), online
Derates 20,000 longlead generation (blue hatched area), and online
hr Lead [Planned Outages 10.000 emergency generator ranges uFiIized (red arel_amﬂne
Offline Gﬁ\ ! dark blue totalvailable supply line). As explained
140,000 0 below, the red area above the dark blue represents

emergency ranges not utilized.

130,000 Total

"Mﬂf Supply  This total available supply can be compared to the total
120,000 pIetal  demand. Total demansl equal to the actual retiine
110,000 Sugply g:j‘aﬂ load plus a regional reserve requirement based on the

hhr%n largest generator contingency. The figure includes this

100,000 total demand (black line), the dayead forecast of total
demand (maroon line), and the tlvour demand
forecast when relevant (not shown). Bopply margin

MW

00,000 Generation
+RDT

80,000 can be determined at any point in time as the difference
=4 between total demand (the black line) and the total
20,000 available supply (the royal blue line). MISO
10.000 WIND experiences a capacity deficiency when the black line
) e crosses above the royal bluedjrwhich will result in
0 MISO exceeding the RDT scheduling limit when the

largest contingency occurs in the North or Sduth.

The figure also shows supply components thahatavailable to the regime market (above

the royal blue line). This supply includes offline generators with modest start tirtves lfours
and > 30 minutes), shown by the yellow area, and offline emergency generation (Available
Maximum EmergenaAME) shown by the red area. The top panel of the figure shows other
unavailable generation, including offline generation with long lead timesdhours) shown in
yellow, as well as planned outages, forced outages, and derates (shown in shades of gray).

4 Under the RDT agreement, MISO is required to schedule transféhin limits (nominally 3000 MW from
North to South and 2500 MW from the South to the North) within 30 minutes following a contingency.
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FigureAl2illustrates tight conditions in MIS® Midwestsubregiorbetween July 6 and 10
from 11a.m.to 6 p.m. FigureA13 separatel\shows conditions on July. 7

The tightest conditions during the week occurredway 6andMISO declared Conservative
Operations Although temperatures and load were not quite as high on this day, windwasgput
very low. At 1 p.m. oduly 7, MISO declared a Maximum Generation Event that quickly was
elevated to an Emergency Event Step 1a in the North and Central Regions, which led to a
commitment of all available resource®n July 9, MISO declared a Transsion System
Emergency from 4:10 p.m. to 7 p.m. to help manage two parallel constraints that were impacted
by outages. The declaration was intended to allow MISO to access the emergency ranges of
online resources. IESO was in an EEA 1 condition andéwuted imports into Michigan by

700 MW. A critical unit that would have provided significant congestion relief was unavailable
because of a COVIQ9 outbreak at the plant. This caused a significant amount of congestion to
accrue in Michigan on that day.

Figure A12: MISO Midwest Conditions During Heat Week
July 610, 2020
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Figure A13: Maximum Generation Event
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Appendix: Future Market Needs

In this sectionyveillustratet h e

A. Future Market Needs in2020

Figure AlL4: Anticipated Resource Mix

FUTURE M ARKET NEEDS

dramatic changes in MISOG6s
implications of these changes. We then identify the key market issues anthriat issues and
improvements that will allow MISO to successfully navigate this transition.

Electrification of transportation with the widespread adoption of electric vehicles may
substantially change typical load profiles and congestion pattbimsetheless, the most
significant changes are likely suppdide changs MI SO6s i nterconnect.i
of mostly renewable resources. MISO currently has more than 706 potiects in the
interconnection queue, totaling nearly 110 GW, and more than two thirds of these are solar
projects and another 20 percent are wind profedising data provided by MISO for the
potential Futures Scenaribsye illustrate inFigure Al4the mix of resources in Future scenarios
1 and 3, which bracket the tgmtialgrowth in renewables that MISO anticipates through 2040.
The stacked ba indicate the amount of capacity by fuel type in each year that we show on the
horizontal axis, beginning with the 2020 resource mix.

Installed Capacity (MW)

400,000

350,000

300,000

250,000

200,000

150,000

100,000

50,000

Figure Al4: Anticipated Resource Mix
By Fuel Type
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See: https://cdn.misoenergy.org/MISO%20Futures%20Report538224.pdf
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Appendix: Future Market Needs

MI SO6s Future 1 Sciebasedapulicly annoancdd integeateg resouwrce n a
plans, regulatory goals by the various states, and utility goals. For goals that are still under
consideration but have not yet been fully determined, MISO applied a discount to account for
uncertainty. Future Scenario 1 assumptions, while intended to reflect a 40 percent reduction in
carbon at the end of the forecast period, reflects a 63 percent decrease in carbon emissions based
on current announced policies. Load growth in Scenario 1 is basedrentdactors. In Future
Scenario 3, MISO projects an 80 percent carbon reduction during the forecast period. Scenario 3
also assumes that all announced goals will be accomplished within the timeframe of the
projection and that a significant amount ofoification will occur. Load grows significantly

more in Scenario 3, with projected net peak load of 164 GW by 2039 compared to 136 GW in
Scenario 1.

Figure AL5andFigure AL6: Share of Load Served by Wind Generation

We conducted an analysis to illustratethe cumaut i ve share of MISOb6s | oa
how this share has changed over the past five years. In our analysis, we determined for each
houritstotalreat i me wi nd gener at i-toneloadmndweNMds&@ana t ot al
calculations of theame. The wind generation share of load for each hour was calculated by

dividing the total wind generation in the hour by the total load for the same hour. For the
regional calcul ation, the numerator was the w
denani nat or used was -tinedoadsnuha Cenfral aid Nerthdegions ferahle

same hour. At the displayed datapoints (evlergepercentn the first figure and everfyve

percenin the second) we counted the total number of hours wherkgeineration exceeded

that threshold and divided it by the number of hours in the datagé0(Bours for the neleap

years).

In Figure Al5andFigure AL6 below, the xaxis represents the percentage of load served by

wind, and the yaxis shows the percentage of hours during the year when at leaginthahare

of load prevailed. The light blue background represents the values associated with wind output
in 2020, while the green line illustrates the same values for 2015 and the maroon line for 2018.
The figure illustrateshe degree to which wind met exceeded percentages of load served
beginning akzeropercent(by definition all intervals would beeropercentor greater).For

examplein Figure AL5, at the 15ercentwind penetration threshaglthe percent of hours that

were at or above that level in 2020 was 3#&&ent calculated by exceeding the fiércent

threshold for B22 hoursjust shy offour months of the yearWe indicate in the table the
average, median and maxi mum share of MISO6s |
2018, and 2020.

As none of the wind gener at Figure Ai6kelow pravides nt | y s
the calculated percentage of load served by wind generation over the same time period in the
Midwest. In addition to the elements in theaket-wide figure, the Midwest figure brings a

dropline at 3Qpbercentwhich is the level noted in the RIIA studies as the point at which

renewable penetration could require additional investment and market design changes.
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Figure A15: Share of MISO Load Served by Wind Generation

2015 2020
Wind Share Percentage
Year Average Median Max Share

20154 6.6% 5.9% 19.6%
2018 7.6% 6.7% 23.1%

11.5% 10.6% 31.8%

All >3% >6% >9% >12% >15% >18% >21% >24% >27%
Hours

Wind Generation share of Load, MISOWide

Figure A16: Midwestern Load Share Served by Wind Generation
20152020

Year

Average

Midwest Wind Share Percentage
Median Max Share

2015
2018

9.2% 29.7%
10.4% 35.7%
16.6% 49.3%

10.1%
11.8%
18.1%

\

All
Hours

> 5%

> 10%

>15%

> 20%

>25%

>30% >35% >40% >45%

Wind Generation share of Load, Midwest
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Figure AL7: Daily Range of Wind Generation Output

Operational challenges arise because of the substnttalationsof the wind output. As #se
fluctuationsgrow, so do the errors in forecasting the wind output. To illuminate these

challenges, we examined the daily range in wind output along with the average wind output each
day from September through December 2020, a period during which wind output weaslyelat

high. This period included a new-#iline peak wind output above 20 GW for the first time on
December 23, a day in which wind served more than 30 percent of the demand inTWISG.
shownby the red dot ifrigure AL7 below. In the figure, we plot the range of hourly wind

output for each day in the blue and pink bars. The bottom of the bar indicates the lowest amount
of wind produced on an hdy basis, and the top of the bar indicates the highest hourly wind
output for that day. The black line represents the average wind production each day. The pink
bars represent days wheimnd output fluctuated by more than GWV.

Figure A17: Daily Range of Wind Generation Output
September December 2020
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0 " NearZero Outpuf g Max Actual Output (MW) 20,141
Max 60-Minute Decrease: 5,903 MW Avg Actual Output (MW) 8,087
Max 60-Minute Increase: 4,003 MW Avg. Wind Scheduled DA 81%
L o X R
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Figure AL8: MISO Net Load on Typical Winter Day 2021 and in Two Future Scenarios
MI SOb6s interconnection queue is comprised of

forecasted to grow more rapidly than any other resource type in the next 20 \fduss.

expectation is likely driven by the fact that solar resources dominate the interconnection queue.
Given the timing of the expected increases and decreases in the output from solar resources in
MISO, a large quantity of these resources would likedyl to significant changes in the

7 See: Final Draft MTEP20 Full Reporthttps://cdn.misoenergy.org/MTEP20%20Full%20Report485662.pdf
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systembébs ramping needs. Sol ar resources wil|l
ramp demands between 6 and 8 a.m., which will continue to be served by conventional

resources. Once solar resource ouipereasesn the late morningthe conventional resources

will need to ramp down to balance the solar output. A second demand to ramp up conventional
resources will occur as solar output falls off sharply in the evening hours. These patterns are
particularlyc hal | enging i n the winter season because
and in the evening.

We calculate the net load by subtracting the wind and solar output from the total system demand.
The net load indicates the amount of remaining systemand that must be served by

conventional, dispatchable generating resources. Using hourly solar production observed
between February 10 and February 20, 2021, we calculatet! trel®9%' percentile hourly

solar production to determine a range of@pated solar production for a similar winter day in

the year 2030, based on MI SO6s Future Scenar.
the range of anticipated solar production, we determined an impact range on net load in 2030
from solar prodation. We assume that load growth and growth in wind would scale up
proportionally. In Figure AL8, we show the net load observed on February 14, @92iie black

line at the top of the figure. The maroon line at the bottom of the figure represents the solar
production across the hours of the day on that day. The dotted orange line represents forecasted
hourly solar production in 2030 consistent viiie 8" percentile capacity factors, whereas the

solid orange line represents the forecasted hourly solar production at'therééntile capacity

factors. The corresponding green dotted and solid lines at the top of the figure represént the 5
and 9% percentile corresponding net load in 2030, respectively.

Figure A18: MISO Net Load on Typical Winter Day 2021 and in Two Future Scenarios
Based on February 14, 2021
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Figure AL9: Uncertainty andMl SO6s Operating Requirements

The current market structure may | imit MISOO0s
renewable growth over the next five to ten yed®e&newable technologies offer clean and low
marginalcost electricity at the expense of greater uncertainty and lower reliability than
conventional resources. Whil e increases in s
processes and operationsadet systems and products may need to be modified in turn to
compensate availability and send signals for flexible resource investment.

Figure AL7 shows the marketvide net uncertainty from the perspectives of a one andhfour

forecast lead. The blue columns show the median and tail probabilities of the uncertainty
distribution, which combines the hourly impact of generation resource forced oatabes

forecast errors from load and renewables. These columns can be compared to the dashed black
line showing the level of offline resources available in 95 percent of peak hours with an equal or
shorter lead time. The green columns on the 4figimd si@ indicate the average operational
headroom requirements during ramping and daily peak hours. Finally, the drapdoheff the

right vertical axisindicates the share of those hours when a resource was committed to meet
capacity or headroom requirents in the reatime market.

Figure A19: Uncertaintyand Ml SO6s Operating Requiremen
August 2019 February2021
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2 000 | —Load Forecast Error Commitments 80% £
’ Renewable Forecast Erfor | availableOffline | __ ¢ —y S
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B. Shortage Pricing in MISO

Efficient shortage pricegslay a key role in establishing econorsignalsto guideinvestmentand
retirement decisions in the lostgrm, facilitating optimal interchangand generator
commitments in the shertun, and efficiently compensating flexible resourc€empensating
flexible resources efficiently will be increasingly important as the penetration of renewable
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resources increases. The output of most renewable resources is intermittent and increases supply
uncertainty, which will likely increase the frequency of reservetapes.

While MISO has experienced a few energy shortages, reserve shortagesptirfioed) energy

and ancillary markets are much more common (i.e., RTOs will hold less reserves than required
rather than not serving the energy demand). When an RTOrisaf reserves, the value of the
foregone reserves should set the reserve market clearing price and be embedded in-all higher
value products, including energy. This value is established in the reserve demand curve for each
reserve product, sefficient shortage pricingequires properly valueserve demand curves

The most highly valued reserve demand curve in MISO is the total Operating Reserve Demand
Curve (ORDC). Shortages of total operating reserves are the most severe reserve shortages and
the mat likely to impact pricing during capacity emergencids. efficient ORDC should: a)

reflect themarginalreliability value of reserves at each shortage tdvetonsideall supply
contingenciesincluding multiple simultaneousontingenciesandc) have naoartificial

discontinuities thatanlead toexcessivelyolatile outcomes.The marginal reliability value of

reserves at any shortage level is equal to the expected value of lost load. This is equal to the
following product at each reserve level:

Net value of lost load (VOLL) * the probability of losing load.

MI SO06 s QRDCdoes ndt reflect the value of reserves because:
1 The slope of the ORDC is not based onphabability of losing load

Only a small portion othe curveas based on the probability of losing I@adver 90
percent of the current ORDC is set by administrative override2atf fer MWh, $,100
per MWh, and $2,100 per MWh; and

T MI SOb&6s c ur r$,600per\W/hit sigoificantlyunderstated

This subsectioshows and discusses an improved, more accurate ORDC and compares it to

MI SO6s current ORDC. I't then shows the serie
beginning with a more reasonable VOLL and then providing the basis for an improved

simulationof the probability of losing load.

Figure A20: Current and Proposed OperatirReservddemand Curve

Figure A20 below shows the current ORDC and a curveithatratest h e | ebbvaimsc
ORDC. The shape of the current curve is initially downward slgpinigt then flattens out for

an extended range a2,$00per MWh ten$1,100per MWh Small shortages of less thimur
percent are priced at thealest step of $200 per MWh. As shortdgeels increase on the
$1,100per MWhstep of the current ORD@®he prices remain fixed and do not accurately reflect
the fact thathie probability of losing load is increasing.

2020 State of the Market Report | 25



Appendix: Future Market Needs

Figure A20: Current and Proposed OperatingReserveDemand Curve
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The IMM6 sconomicORDC reflects the marginal value of lost load based on an assumed
VOLL of $23,000 per MWh and a probabilibf losing load that the IMM estimated usiag
Monte Carlo simulatiof The inputs to this simulation are described below.

TableA2: Summary of Direct Survey Outage Costs Studies

VOLL is a widely understood concept that represents the lost value to consumers when
electricity service is interruptedt can be thought of as the value of reliable service and it is
usually measured by estimating interruption or outage c@ittage costare typically
estimatedhrough survey methods, although many studies have been conducted using only
macroeconomianalysis. Althoughmacroeconomic analysis has the advantage of relying on
widely available datat also tends to be much less accurdtke survey studies have the distinct
advantage of creating data using actual customer experiences regarding dotages.

methods underpin the major benchmark studies of outage costs in US jurisdictions including key
meta studies that have established versatile outage cost estimators.

The most widely referenced meta studies have been conducted by Sullivaof #teBerkeley
National Laboratory An initial study was conducted in 2009 (2009 Berkeley Study) and later
updated in 2015 (2015 Berkeley Study) precursor to the Berkeley studies (Lawton and

Sullivan 2001) was used as the basis for the 2005 MISO V@ldys The estimated

coefficients of the econometric model from Lawton and Sullivan were used to establish a range

8 The simulation will estimate the conditional probabilities across 10,000 iterations. This simulation will be updated once
per year using historical data from the prior calendar year wipeticable.
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of outage cost values in MISO using 2005 MiS@ecific data. Some significastirveybased
outage cost studies haabsobeen conducteih other countries.

TableA2 summarizes the results of these surliaged studiesThe results in th&able are

organized in two sections based on the different service classes within the studies. The first set
of studies listed in the table divide the classes between Residential, Large Commercial/Industrial,
and Small Commercial/Industrial. The seceadbf studies divide the classes between

Residential, Commercial, anddustrial.

The table showthat the averageutage costs range frons800 per MWhfor residential

customes to up to $87,000 per MWh for small commercial and industrial custon@ven

MI SO6s current VOLL assumption of $3,500 per
and update the VOLL assumption to a more reasonable level.

We believe the most reasonable means to do this is to use the Berkeley model with updated data
for MISO. The Berkeleymodelrelieson previous survepased outage studies that form a meta
data set used as a basisaneconometric model.

Table A2: Summary of Direct Survey Outage Costs Studies

System Wide  Residential Large C/I Small C/I Source
US Southwest $0 $ 9,970 $ 40,246 Berkely - LEI ERCOT
US (2009) $ 122 % 9,362 $ 19,333 Berkely - LEI ERCOT
US (2015) $ 3,750 $ 24,773 $ 335,226 Berkely (2015)
US-MISO $ 1,972 $ 33,294 $ 48,018 SAIC - LEI ERCOT
NZ 2018 (lower) $ 4,022 $ 7,847 $ 41,929 NZ Power/PWC
NZ 2018 (upper) $ 8,292 $ 39,856 $ 81,388 NZ Power/PWC

Commercial Industrial

New Zealand (2012) $ 46,896 $ 12,887 $ 88,280 $ 35,084 NZEA - LEI ERCOT
Australia Victoria $ 50,498 $ 4,707 $ 32,525 $ 11,883 LEI ERCOT
Australia $ 51,941 LEI ERCOT

Ireland (2010) $ 10,839 $ 20,427 $ 11,673 $ 3,752 LEI ERCOT
Ireland (2007) $ 18,483 LEI ERCOT
Average $ 35,731 $ 6,242

Average (Large C/l and Small C/I) $ 20,850 $ 94,357

Average (Commercial Industrial) $ 44,159 $ 16,906

Average Non-Residential $ 48,580

Average Commercial/Small C/l, excl.Berkely 2015, NZ 2012) $ 40,013

Note: All values in 2021 $/MWh

The econometric model in the Berkeley studies estimates the effects on outafjerokey

parameters specific adividual customer classedn particular, he estimated coefficients the
econometric model can be applied to estimate outage costs for specific regions, time periods, and
customer classes. We used 2018 MISO data and assumedhaunmeitageand found:

1 Residential customerslhe outage costs range from $3,§@0MWh to $3,900per
MWh, depending on customer income.
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1 Large nonresidential customar The aitage costs ranged from $32,08€ MWh for a
non-manufacturing customer to $73,008r MWh for a manufacturing customer.

1 Small commercial/industrial customerutage costsange from $84,00per MWh for
nonmanufacturing customers to $184,q8¥r MWh for manufacturing customers.

The small commercial/industrial estimates @unéside the range of valuésund by all other
studies. Accordingly, to identify a resonable VOLLfor MISO, we use the average of the
residential and large commerciadustrial valuedrbm the Berkley Model. We weighted the
outage cost estimate for the two groups in accordance with annual MWh of consumption in
MISO in 2018. This weightel average yielded a MIS@ide outage cost of 000 per MWh.
We propose that MISO use this as the VOLL in the ORDC.

Figure A21: Participation of Resurces in Loss of Load Probability

The current ORDC includes all resources greater than 100 MW in the loss of load estimation.
This equal treatment ignores the reality that some resources and technology types operate more
often and have a greater conttilba to system reliability. Our proposatternativeParticipation

Factor (PF) for each generation technology type is similar to the NfgR@ed Weighted

Service Factor It equals the sum of the online capacity of that type divided by the sum of the
installed capacity of that type across all hours of the historical pefibts metric is different

from a traditional capacity factor, which measures energy output as a share of generation
capability. The PF assumes resources are contributing theirfaktibato satisfying energy,

ancillary services, headroom, and ramp capability needs.

As shown inFigure A21, these two methodologies result in modéSerencesn participation

factors Becausall nuclear resowes are larger than 100 M\Whe current methodology has a

100 percent participation factoOur alternativelMM approach has a lower participation factor

that reflects outages during thedy period. The most significant differences impact

combustion turbines, gas steam uratsd combinegycle resources. These intermediate load
technologies have higher shares of large resources than the share of capacity committed. Since
an uncommittd, offline resource is not at risk of taking a forced outage, this is the appropriate
means to measure participation.

Figure A21: Participation of Resources in Loss of Load Probability
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Figure A22. ORDGEstimated Unit Failure Risk

NERC GADS failure rates, measured by the Meawi&efMime to Unplanned Outage

(MSTUO), vary significanyt among technology type&his is a key input to the ORDC because

it determines how likely it is that contingencies will occur that cause a loss of Toad.
technologyspecific values, shown in blue, range from 30 hours per unplanned outage for
combuston turbines to over 4,00@ursfor nuclearunitsUnder Ml S O&KRBC,alur r ent
generators are assumed to have an equivalent rate of forced outage. As shown in the figure
below as the maroon bar, this assumption is inconsistent wetts o wactualeébidui@ rates.

Figure A22: ORDC i Estimated Unit Failure Risk
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Based ortheseproposed parameterse estimatedhe generator forced outages as followsr
each simulation iteration, each naymd generatowasassigned a raman number betweerero
andone If the assigned random numlvesisless than 4FF * ORP/MSTUO) the generatowas
simulated tdoe forced out of serviceNe assumed a twibour autagerecoveryperiod (ORP)
whichis the number of houtdISO needs tdully respond to suppigide contingencies in the
RAC process.

Intermittentresources and net impokt&resimulated as supplgide forecast risks using similar
methodologies. First, a distribution of actual aggrefyatrast errorsvascalculated from the
historical period. The errors eqadthe difference between actual capability in hour t and the
forecasted capability schedulgo hours prior to t.Next, a distinct random number between
zeroandonewasassignedo each supply group for daderation. This number served the
distribution probability. The simulated forced outage equivalesthe maximum ozeroand
the inverse of the normal cumulative distribution with mean and standard devéionlatel
from the group forecast error distribution.

Figure A23: Distribution of Outage Risks by Technology Type

After calculathg aggregate forced outagetermittentresource forecasand NSI scheduling
risks, these valueseresummed by iteration ai Monte Carlo simulation. Conditional
probabilities at a given reserve levatrecalculated as the number of iterations with forced
outages greater than equal to that reserve level divided by the total number of iterations.
These probabilities accurately refledthe risk to reatime operations of losing load at any
reserve shortage level.
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Figure A23 showsthe average riskssociated witleach resource type according to the current

and proposed methodologies. Tk#tivesize of the pie charts indicateg#verage level of

risk estimaed by each methodologywhilet he sl i ces of the pie indica
contribution within the methodology.

Figure A23: Distribution of Outage Risks by Technology Type
Current Proposed
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These results show a fetold increase iriotal outage risk under tiMM -proposed
methodologyin part because our methodology accounts for the risk of multiple simultaneous
outages While the risk increased fonost technologies, there are other notable differences
Wind resources accowdfor more than 50 percent of the total outage risk in the proposed
model. The volatility of windcoupled with significant forecasting errbias creatednique
challenges. As wind and solar penetration increases over time, this formulation will better
capure theloss of loadisks. The greatest decline shown in the figure is the contribution of
nuclear resourceslhese resources fail infrequently, so their risk to-tieaé rdiability is

greatly reduced under the proposed methodology
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V. DAY -AHEAD M ARKET PERFORMANCE

In the dayahead marketarketparticipants make financially binding forward purcbssnd
sales of electric energy for delivery in real time. Rdwead transactions alldwBEsto procure
energy for their own demand, thereby managing risk by hedgiirgettosure to redime price
volatility. Participants also buy and sell energyha tlayahead market tarbitrage price
differences between the dapead andealtime markets.

Dayahead outcomes are i mportant because the bu
realtime is actually committed through the dalyead market, araimost allof the power

procured through MI SOO0 snthedaydnead market.sin ddditora nci al |
obligations to FTR holders are settled based on congestion outcomes in-tieddymarket.

A. Day-Ahead Energy Prices
Figure A24 andFigure A25. Day-Ahead Energydub Prices and SMP

Figure A24 shows average deghead prices during peak hours (6 a.m. to 10 p.m. o/molwmtay
weekdays) at six representative hutelions in MISO and thassociated daghead System
Marginal Price (SMP)Figure A25shows similar results for effeak hours (10 p.m. to 6 a.m. on
weekdays and all hours on weekends and holidaygher prices in one location relative to
another indicate congestion and loss factor differebetseen thosarea.

Figure A24: Day-Ahead Hub Prices andSMP
Peak Hours2019 2020
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Figure A25: Day-Ahead Hub Prices andSMP
Off-Peak Hours2019 2020
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B. Price Convergencewith the RealTime Market

This subsection evaluates the convergence of prices in theheéayl and redagime energy and
ancillary services markets. Convergence betweeratlagd and redime prices is a sign of a
well-functioning dayahead market, which is vital for overall markéiciency.

If the dayahead prices fail to converge with the riale pricesthen the reatime physical
dispatch is not being anticipated in the -@dyead marketThis can result in:

1 Generating resources not being efficiently commiliedausenod are committed
through the dayahead market;

1 Consumers and generators being substantially affected because most settlements occur
through the daaahead market; and

1 Payments to FTR holders not reflecting the true transmission congestion on the network,
which will ultimately distort future FTR prices and revenues.

Par t i ci-pheadmarket bitlaayd offers should reflect their expectatiadhe oaltime
market the following day. However, a variety of factors can caus¢imeaprices to be
significantly higher or lower thathoseanticipatedn theday-aheadmnarket While a welt
performing market may not result in pricgmverging on an hourly basis, they shatddverge
on a longettermbasis.
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A modest dayahead price premium reflects rational &elbr because purchases in the-day
ahead market are subject to less price volatiityichis valuable to riskaverse buyers.
Additionally, purchases in the retsine market are subjettt theallocation of reatime Revenue
Sufficiency Guarantee (RS@yststhat aretypically much larger than deghead RS@osts
Mostday-ahead purchases can avoid these RSG costs.

Figure A26to Figure A31: Day-Ahead and Re&lime Prices

The next seven figuresimmarize price convergence in the MISO marketshoying monthly
average prices in the dahead and redime markets at representadilocations in MISO, along
with the average RSG casdllocategper MWh? The table below the figures shows the average
day-ahead and redime price differencgncludingand excludingRSG chargesReattime RSG

is assessed to deviatiofrem theday-ahead scheduldkat are settled through the réiahe

market including net virtual supply Realtime RSG chargearegenerallymuch higher than
day-ahead charges antierefore shouldleadto modest dayaheadprice premiums.

Figure A26. Day-Ahead and RealTime Prices
2019 202Q Indiana Hub
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Average DA-RT Difference (% of Real-Time Price)
ExcludingRSG | 1| 2|3 |6|3|6|0|5]|2|0]|5(|-1|-3|[-1|3|-1|]6|7|-3|0|8([1]|]6|6]1]|7]0
IncludingRSG |-1| 1| 2|3 |1 |5]|-1|4]|1|-1|4|-2|-4|-2|3|-1|]6|7|-3|0|8(|-2|5|6]|0)|5]-1

9 The rate is the Day\head Deviation Charge (DDC) Rate, which excludes the locapesific Congestion
Management Charge (CMC) Rate and Pass 2 RSG.
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Figure A28: Day-Ahead andRealTime Prices
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Figure A29: Day-Ahead and RealTime Prices
2019 2020 Arkansas Hub
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Figure A30: Day-Ahead and RealTime Prices
2019 202Q Louisiana Hub
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Figure A31: Day-Ahead and RealTime Prices
2019 2020 Texas Hub
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Figure A32. Day-Ahead Ancillary Services Prices and Price Convergence

The figures above show the convergencBlof S Geesgy market prices. Price convergence is
al so i mpor t anollary $ervice mdketS Whiclsare jointly optimized with the

energy narkets. Figure A32 shows monthly average dajead clearing prices #020for each
ancillary services product, along with dalgeacandreattime price differences.

Figure A32: Day-Ahead Ancillary Services Prices and Price Convergence
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C. Day-Ahead Load Scheduling

Load schedulingNet Scheduled Interchange (N&inhd virtual trading in the daghead market
play an important role in overall market efficiency by promoting optimal commitments and
improved price convergence between-dégad and redime markets. Dayphead load is the
sum of physical load and virtulmad. Physical load includes cleared prsemsitive load and
fixed load. Pricesensitive load is scheduled (i.e., cleared) if thealagad price is equal to or
less than the load bid. A fixddad schedule does not include a bid price, indicatidgsare to
be scheduled regardless of the-@ead price.

Virtual trading in the dayahead market consists of purchases or sales of energy that are not
associated with physical load or resources. Similar to4seasitive load, virtual load is cleared
if the dayahead price is equal to or less than the virtual load bid d&etheadoad is defined
asday-ahead clearephysical loagplus cleared virtual loadhinus cleared virtual supplylus
NSI. Thedifferencedhetweemetday-aheadoadandreattime loadare important because they
can undermine the efficiency of the generamnmitmens patterns andaise RSGosts.

Whennetday-ahead load is significantly less than fBale load, particularly in the ped&ad

hour of the day, MISO wilfrequently need to commit peaking resourafter the dayahead
marketto satisfyt h e s y s -tineedé@mand Despté improvements from expansion of
ELMP, peaking resources often do not set+tgak prices, even if those resources are effectively
margnal (see Sectiotv.B). This can contribute to suboptimal réi@he pricing and can result

in inefficient outcomesvhen lowercost generation scheduled in the -@dyead market is

displaced by peaking units committed in real time. Because these peak&fjaguently do

not set reatime prices (even though they are more expensive than other resources), the
economic feedback and incentive to schedule more fully in thaldegd market will be diluted.

Additionally, significant supply increases aftee tliayahead market can lower rea@he prices
and create an incentive for participants to schedule net load at less than 100 percent. The most
common sources of increased supply in real time are:

Supplemental commitments made by MISO for reliability after theadtesad market;
Seltcommitments made by market participants after theadtad market;
Underscheduled wind output in the dayead market; and

= =4 =4 =2

Realtime net imports above dahead schdules.
Figure A33to Figure A35: Day-Ahead Scheduled Versus Actual Loads

To show netlayaheadoad-scheduling patirns,Figure A33 compares the monthBverageday-
ahead scheduled loaddwgerage redimeload. The figure shows only the daily peak hours
when undesscheduling isnost likely to require MISO to commit additionatits The table

below the figure shows the average scheduling levels in all hours and for the peak hour. We
show peak hour scheduling separatgfyregion inFigure A34 andFigure A35.
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Figure A33: Day-Ahead Scheduled Versus Actual Loads
2019 202Q Daily Peak Hour
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Figure A34: MISO Midwest Day-Ahead Scheduled Versus Actual Loads
2019 202Q Daily Peak Hour
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Figure A35: MISO South DayAhead Scheduled Versus Actual Loads
2019 202Q Daily Peak Hour
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D. Load Forecasting

Load forecasting is a key element of an efficient forward commitment process. Accuracy of the
Mid-Term Load Forecast (MTLF) is particularly importéetcause it is an input tbe Forward
Reliability Assessment Commitment (FRAC) procesgormed after th dayahead market

closes and before the re@he operating day begins. Inaccurate forecasts can cause MISO to
commit more or fewer resources than necessary to meet demand, both of which can be costly.

Figure A36: Daily MTLF Error in Peak Hour

Figure A36 shows the percentage difference between the MTLF used in the FRAC process and
real-time actual load for the peak hour of each da3(aQ
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Figure A36: Daily MTLF Error in Peak Hour
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E. Hourly Day-Ahead Scheduling

The dayahead energy and ancillary services mar&letar o an hourly basis. As a result, all
day-ahead scheduled ramp demands coming into theine@aimarket, including unit

commitments, deommitments, and changes to physical schedules are concentrated at the top of
eachhour.

MISO has several options to mage the impact of tepf-the-hour changes in real time,

including staggering unit commitments (which can result in increased RSG payments) or
proactively using load offsets in order to reduce ramp impacts. Nonetheless,-timeeamp
demands creatdaly the current hourly resolution of the dalgead market can be substantial and
can produce significant retime price volatility. MISO should consider implementing a shorter
scheduling interval in the deghead market.

Figure A37: Ramp Demand Impact élourly DayAhead Market

Figure A37 below shows the impliedeeration ramp demand attributable to-dagad
commitments and physical schedules compared teinsalload changes. When the sum of
these changes is negative, online generators are forced to ramgeaptimeto balance the
market. When the sunof these factorss positive, generators are forced to ramp dowreal
time. The greatest ramp demand periods occur at the top of the hour becausaluéathy
commitment changes and changes in NSI.
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Figure A37: Ramp Demand Impact d Hourly Day-Ahead Market
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F. Virtual Tra nsactions in the DayAhead Market

Virtual trading provides essential liquidity to the etyead market because it constitutes a large
share of the price sensitivity at the margin that is needed to establish efficieattedad/prices.
Virtual transactions scheduled in the dd#yead markedre settled againstattime prices.

Virtual trading is profitable when the trader buys low and sells high:ifiaral demand bidhis

is when the reatime energy price is higher than the dsyead price, whiléor virtual supply
offersthis iswhenthe dayahead energy price is higher than the-tmaé price.

Accordingly, if virtual traders expeday-aheadorices to bénigherthanreaktime prices, they
sell virtual supplyforwardand buyit backfinancially in therealtime market.If they foreast
higherreaktime prices, they buy virtual load. This trading is one of the primary means to
arbitrage prices between the two markétsimerous empirical studies have shown that this
arbitrage converges dahead and redime prices and, in doing somproves market efficiency
and mitigates market powéf.

10 Chaves, Jose Pablo and Yannick Perez. 2010. Virtual Bidding: A Mechaniditigiate Market Power in Electricity
Markets: Some Evidence from New York Market, Working Paper.

Hadsell, Lester, and Hany A. Shawky. 2007. @y Forward Premiums and the Impact of Virtual Bidding on the New
York Wholesale Electricity Market Using HdurData, Journal of Futures Markets 27(11).

Mercadal, Ignacia. 2015. Dynamic Competition and Arbitrage in Electricity Markets: The Role of Financial Players.
Working Paper, University of Chicago, October 2015.
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Large sustained profits from virtual trading may indicate-alagad modeling inconsistencies,
while large losses may indicate an attempt to manipulat@kesd prices. Attempts to create
artificial congestion or other price movements in the-alagad markatsing a virtual position
would cause prices to diverge from réiade prices This divergence would caue virtual
position tobe unprofitable.We monitor for such behavior and utilizetigation authority to
restrict virtual activity when appropriate.

Figure A38 andFigure A39: Day-AheadVirtual Transaction Volumes

Figure A38 shows the averaggfered and clearedmounts of virtual supply and virtual demand

in the day-ahead market frorB019to 202Q Figure A39 separates th2020volumes by region.

The virtual bids and offers that did not clear are shown as dashed areas at the end points (top and
bottom) of the solid bars. These are virtual bids and offers that were not economic based on the
prevailing dayahead market prices (supmifered abovehe clearing price and demand bid

below the clearing price).

Figure A38: Day-Ahead Virtual Transaction Volumes
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The figures above separately distinguish betweere-sensitive and pricensensitive bids.

Figure A39: Day-Ahead Virtual Transaction Volumes by Region
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Priceinsensitive bids are those that are very likely to clear (supply offers priced well below the
expected reafime price and demand bids priced well above the expectetdmeaprice). For
purposes of thesfigures, bids and offers submitted at more than $20 above or below an
expected reafime price are considered price insensitive. A subset of these transactions
contributed materially to an unexpected difference in the congestion between-tieeddyad
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Figure A40to Figure A43: Virtual Transaction Volumes by Participant Type

nvest.

The next figures show deghead virtual transactions by participant type. This is important
because participants engage in virtual trading for different purposes. Ppgsteapants are

more likely to engage in virtual trading to hedge or manage the risks associated with their
physical positions. Financial participants are more likely to engage in speculative trading
intended to arbitrage differences between-dagadand reaitime markets. The latter class of
trading is the conduct that improves the performance of the mafigisie A40 shows the same
results but additionally distinguishes between physical participants that own generation or serve
load (including their subsidiaries and affiliates) and finarary participants.Figure A41and

Figure A42 show the same values by region, &ngure A3 shows these values by type of

location.
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Figure A40: Virtual Transaction Volumes by Participant Type
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Figure A41: Virtual Transaction Volumes by Participant Type
MISO Midwest,2020
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Figure A42 Virtual Transaction Volumes by Participant Type
MISO South,2020
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Figure A43: Virtual Transaction Volumes by Participant Type and Location
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Figure A3 abovedisaggregates transaction volumes further by type of participant and four types
of locations: hub locations, load zones, generator nodes, and interfaces. Hubs, interfaces, and

load zores are aggregations of maglgctricalnodes angtherefore are less prone to congestion
related price spikes than generator locations.

Figure A44: MatchedPrice-InsensitiveVirtual Transactions

Figure A4 shows monthly average clearvirtual transactions that are considered price

insensitive. As discussed above, piicgensitive bids and offers are priced to make them very

l' i kely to cl ear. The figure also shows the s
when the prticipant clears both insensitive supply and insensitive demand in a particular hour.

Priceinsensitive transactions are most often placed for two reasons:

1 A participant seekan energyneutral positiorrelative toa particular constraintThis
allowsthe participant to arbitrage differences in congestion and losses between locations.

1 A participant seekto balance their portfolio. RS@ Day-AheadHeadroom and
DeviationChargegDDC) to virtual participants are assessed to net virtual supply, so
participants can avoid such charges by clearing equal amounts of supply and demand.

Figure A44: Matched Price-Insensitive Virtual Transactions
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Figure A45: Comparison of Virtual Transactioevels

To compare trends in MISO to other RTGgyure A5 shows cleared virtual supply and
demand in MISO, I6-NE, and NYISO as ahareof actual load.

Figure A45: Comparison of Virtual Transaction Levels
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G. Virtual Profitability

The next set of charts examines the profitability of virtual transactions in MISO. In-a well
arbitraged market, profitability is expected to be low. However, in a marttea prevailing
day-ahead premium, virtual supply should generally be more profitable than virtual demand.

TableA3: Comparison of Virtual Trading Volumes and Profitability

To provide perspective on the virtual trading in MIS@bleA3 compares virtual trading in
MISO to tradng in NYISO and ISO New England.

Table A3: Comparison of Virtual Trading Volumes and Profitability

2020
Virtual Load Virtual Supply
Market MW as a Avg MW as a % Avg Profit
% of Load  Profit of Load
MISO 12.1% $0.10 12.3% $0.99
NYISO 7.9% $0.39 13.8% -$0.05
ISO-NE 2.8% $0.43 4.8% $0.78
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Figure Ad6to Figure A47: Virtual Profitability

Figure A46 shows monthlytotal profits andaveragegross profitability ofclearedvirtuals, which

is the difference higveen the price at whidhevirtuals werebought and sold in the daahead
market and the price at which these positions were covered (i.e., settled financially) in-the real
time market. Gross profitability excludBSGcost allocations, whichan vary gnificantly.

Figure A47 shows the same results disaggregated by type of market participant.

Figure A46: Virtual Profitability
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H. Benefits of Virtual Trading in 2020

We conducted an empirical analysis of virtual trading in MIS@020that evaluated virtual

transactoe © contri bution to the efficiency of mark
transactions into thodhat led to greater market efficiency as evidenced by their profitability on
consistently modeled constraints, those that did not improve efficeneyidenced by their

unprofitability, and those transactions thakhile profitable, did not produce effency benefits.

We examined our results both in termgjaantitiesMWh) and net profits.

The virtual transactions in each category provide an indication of what percentage of virtual
activity contributed to market efficiency. Net profitalculatedas the difference between the
profits and the losses on consistently modeled constraints, indikatker virtual transactions
contributed to better market efficiency in MIS® providing incrementally better commitments
in the dayaheadnarketand leadig to better convergence.

To conduct our analysis, we first identified constraints that were modeled consistently in-the day
ahead and redgime marketsand those that were notVe categorizedféciency-enhancing

virtual transactios asthose that were profitable based on congestion that was modeled in the
day-ahead and redlme markes, as well asthe marginal energy component (systemnde

energy price). We did not include transactions that were profitetoi@use ofinmodeled

constaints orday-ahead and redgime marginaloss factodivergence. Bfits from these

factors do not lead to more efficient dalyjead market outcomes. We also identified virtual
transactions that were unprofitable but efficie@nhancing because they kedmproved price
convergence. This happens when virtual transactions respond tetingeptice trend but
overshoatso they are ultimately unprofitable at the margin.

We designed tests basedamobserved transactiontahet and a associatethggedvalue(t-24

for observations imours 0 11 andt-48 for observations imours 1224). These lagged values
correspond to the reéime prices a participant would have observed by the time the participant
submitted bids or offers for threext day in the daphead market. We us#tree tests to identify
unprofitable iciency-enhancing virtualransactios:

1 Convergence TestWhether the absolute value of the difference between thaluzad
and realtime LMPs at timd was less than thaebsolute value of the differences between
the dayahead and redgime LMPs in the lagged time period.

1 Day-Ahead Price Movement TestWhether the movement in the dalead price
improved convergenéethe absolute value of the difference between thealapd and
reattime LMP at timet was smaller than the absolute value of the difference between the
lagged dayahead price and the current raate price.

1 Virtual DirectionalTest: Whether the virtuairadehelped move the daghead price in
the right drectiond the virtual bid or offer would have been profitable based on the
lagged difference between the gayead and redime price.

Virtual transactions that did not improve efficienggrethose that were unprofitable based on
the energy and congesti on modeled constraing®d did not contribute to price convergence
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Table Al to Table /: Efficient and Inefficient Virtual Transactions 2020

The following three tablesummarize the virtual transaction quantities, profits, and losses in the
efficiency-enhancing and neefficiency-enhancing categories 202Q Table A4 shows all
participants combined;able A5 shows financial participants, afi@ble A6 shows physical
participants.

Table A4: Efficient and Inefficient Virtual Transactions in 2020

All Participants
MWh Convergent Rent-Seeking Rent-See!(ing
Profits Loss Congestion

Efficiency Enhancing (Profitable) 78,248,364 $577.0M $2.1M -$.3M
Efficiency Enhancing (Unprofitable) 11,804,874 -$42.2M $3.0M $1.9M

Total Efficiency 90,053,238 $534.9M $5.1M $1.5M
Not Efficiency Enhancing (Profitable) 3,857,860 -$6.9M $5.0M $15.5M
Not Efficiency Enhancing (Unprofitable) 62,720,604 -$466.4M $3.0M -$6.1M

Total Inefficiency 66,578,464 -$473.4M $8.0M $9.4M
Total 156,631,702 $61.5M $13.1M $10.9M

Table A5: Efficient and Inefficient Virtual Transactions in 20207 Financial Participants

Financial Participants

Convergent Rent-Seeking Rent-Seeking

MWh Profits Loss Congestion

Efficiency Enhancing (Profitable) 68,432,571 $519.9M $1.5M -$.9M
Efficiency Enhancing (Unprofitable) 10,115,526 -$37.4M $2.6M $1.7M

Total Efficiency 78,548,096 $482.6M $4.1M $.8M
Not Efficiency Enhancing (Profitable) 3,150,611 -$6.2M $4.3M $14.2M
Not Efficiency Enhancing (Unprofitable) 53,589,334 -$411.8M $2.5M -$5.8M

Total Inefficiency 56,739,944 -$418.0M $6.8M $8.4M
Total 135,288,041 $64.6M $10.9M $9.2M

Table A6: Efficient and Inefficient Virtual Transactions in 20207 Physical Participants

Physical Participants
Convergent Rent-Seeking Rent-Seeking
MWh . .
Profits Loss Congestion
Efficiency Enhancing (Profitable) 9,815,793 $57.1M $.6M $.5M
Efficiency Enhancing (Unprofitable) 1,689,348 -$4.8M $.4M $.2M
Total Efficiency 11,505,142 $52.3M $1.0M $.7M
Not Efficiency Enhancing (Profitable) 707,249 -$.8M $.7M $1.4M
Not Efficiency Enhancing (Unprofitable) 9,131,270 -$54.6M $.5M -$.3M
Total Inefficiency 9,838,520 -$55.4M $1.2M $1.0M
Total 21,343,661 -$3.1M $2.2M $1.8M
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The profits and losses shown in the tables above are useful because they account for the fact that
some transactions are relatively more efficient or relatively more inefficient than others. Each
table dso shows rents earned by virtual transactions, which are profits that daodate

efficiency benefits. Therentsreflect profitsassociated with umodeledday-aheadconstraints

and differences in the loss components between the two maifketserentsdo notgenerally

indicate a concern with virtual trading but rather opportunities for MISO to improve the
consistency of its modeling between the-dagad and redime markets.

Importantly, the total benefits are much larger than the marginal net benefits shown above
because: a) profits of efficient virtual transactions become smaller as prices converge; and b)
losses of inefficient virtual transactions get largeprases diverge.To accurately calculate this
total benefit would require one to-ren all of the dayahead and redime market cases for the
entire year.Nonethelessour analysis allows us to establish with a high degree of confidence
that virtual tading was beneficidb market efficiencyn 202Q

2020 State of the Market Report | 51






Appendix: RealTime Market Performance

V. REAL-TIME MARKET PERFORMANCE

In this section, we evaluate reahe market outcomes, including prices, loads, and uplift
payments. Walso assess the dispatch of peaking resources and the ongoing integration of wind
generation Wind generation has continued to grow and set new output rec@d20and

2021, the last of which was March 30, 2@220.7 GW.

The realtime market performs the vital role of dispatching resources to minimizettie
productioncost of satisfying energy and operating reserve needs while observing generator and
transmission network limitations. Every five minutié® realtime market utilizes the latest
information regarding generation, load, transmission flows, and other system conditions to
produce new dispatch instructions and prices for each nodal location on the system.

While some RTOs clear their ret@iine energy and ancillary servisenarkets every 15 minutes,

MI S O 6 smintite intexval permits more rapid and accurate response to changing conditions,
such as changing wind output or load. Shortening the dispatch interval reduces regulating
reserve requireents and permits greater resource utilization. These benefits sometimes come at
the cost of increased price volatility, which we evaluate in this section.

Although most generator commitments are made through thaldead market, redilme market
resultsare a critical determinant of efficient dapead market outcomes. Energy purchased in
the dayahead market (and other forward markets) is priced based on expectations of the real
time market prices. Higher retine prices, therefore, can lead to higay-ahead and other
forward market prices. Because forward purchasipgitly a riskmanagement tool for
participants, increased volatility in the reéghe market can also lead to higher forward prices by
raising risk premiums in the daahead market

A. RealTime Price Volatility

Substantial volatility in reaime markets is expected because the demands of the system can
change rapidly, and supply flexibility is res
subsection evaluates and discussesvtiatility of realtime prices. Sharp pricghangs

frequently occur when the market is racgnstrained (when a large share of the resources are

moving as quickly as possible), which occurs when the system is moving to accommodate large
changes in logdNSI, or generation startup or shutdown. This is exacerbated by generator

inflexibility arising from lower offered ramp limits or reduced dispatch ranges.

Figure A48: FifteenMinute RealTime Price Volatility

Figure A8 provides a comparative analysis of price volatility by showing the average

percentage change iaattime prices betweebh5-minute intervals for several locations in MISO

and other RTO markets. Each of these markets has a distinct set of operating characteristics that
factor into price volatility.MISO and NYISO are true fiveninute markets with ave-minute

dispatch horizon. Ramp constraints are more prevalent in these markets as a result of the shorter
time to move gener at i-timadispatchidis anneulperiod,optilMixatioB O6 s r e
that looks ahead more than one hour, so it can leettEipate ramp needs and begin moving

generation to accommodate them. We are recommending MISO adopt a similar approach.
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Although they produce fiveninute prices using epost pricing models, PIJM and ISXE

generally produce a retime dispatch everyQlto 15 minutes. As a result, these systems are less
likely to be rampconstrained because they have more ramp capability to serve system demands.
Becauséhe systems are-dispatched less frequently, they are apt to satisfy skerter

changes inoad and supply more heavily with regulation. This is likely to be less efficient than
more frequent dispatch cycie®nergy prices in these markets do not reflect prevailing

conditions as accurately as fimg@inute markets.

Figure A48: Fifteen-Minute RealTime Price Volatility
MISO and Other RTO Market2020
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B. Evaluation of ELMP Effects

MISO introduced pricing reforms for ikay-ahead and redaime energymarkets througkhe
implementation of the Extended Locational Marginal Pricing algorithm (EL&RYlarch 1,
2015 In May 2017, MISO implemented ELMP Phase 2. In November 2019, MISO further
expanded ELMP to incorporate F&tart Resources committed in the gdyead market to
participate in reatime price setting ELMP is intended to improve price formation in the -day
ahead and redime energy and ancillary services markets by hakM@s better reflect the true
marginal osts of supplyg the system at each locatioBLMP is a pricesetting engine that
affects prices but does not affect the dispatebMP reforms pricingn two main ways

91 It allows orine, inflexible resources to set the LMP if the inflexible unitasremic.

These resour ces-StarnResbuceBe (acrulrirreentiA yastncl udi n
start within 60 minutesAnd demand response resources.

1 It allows offline FastStartResources to be eligible to set prices during transmission
violationsor energyshortageconditions.
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The firstelement of ELMPaddresssa longstanding recommendation to remedy issues that we

first identified shortly after the start of the MISO energy markets in 2008. pricing algorithm

in UDS does not always refledte true marginal cost of the system because inflexibledogh

resources are frequently not recognized as marginal, even though they are needed to satisfy the
systembébs energy demand. The most pfreeval ent ¢
turbines that often have a narrow dispatch range. Because it is frequently not economic to turn

them off (they are the lowest cost means to satisfy the energy needs of the system), it is

appropriate for the energy prices to reflect the running cost of timése

There are several adverse market effects when economic units supplying incremental energy are
not included in price setting:

T MI SO wi || generally need t oofffralgostRSG t o cov

1 Reattime prices will be understated andlwiot provide efficient incentives to schedule
energy in the dayhead market, when loweost resources could be scheduled that
would reduce or eliminate the need to rely on kighkt peaking resources in real time;
and

1 The market will not provide effient incentives for participants to schedule exports or
imports, which can prevent lowepst energy from being imported to displace the
highercost peaking resources.

Accordingly, the objective of the online pricing reforms in ELMP is to allow certaiexibie
resources to set prices in the MISO energy markets.

The secon@lement of ELMP allows offline Fa§tart Resources to set prices under shortage
conditions. Shortages include transmission violations and operating reserves shttriages.
efficient for offline resources to set the price only when a) they are feasible (can be started
quickly), and b) they are economic for addressing the shortage. However, when units that are
either not feasible or not economic to start set energysptice resulting prices will be

inefficiently low. We review and discuss both of thesfermsin this section.

Figure A9to Figure A51: ELMP Price Effects

Figure A49to Figure A61 summarize the effects of ELMP by showing the average upward
effects via the online pricing, average downward effects via the offline pricing, and the
frequency that the ELMP model altered thegsi upward and downward.

These metrics are shown for the system marginal price (i.e., the madesenergy price) in the
reattime market and daghead market, as well as for the LMP at the most affected locations
(i.e., congestiomelated effects). Aditionally, to show the size of the ELMP price adjustments,
the tables below each of the first two figures show the size of the adjustments in those intervals
that the ELMP model affected the price.
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Figure A49: Average Market-Wide Price Effects of ELMP
RealTime Market, 2020
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Figure A50: Average Market-Wide Price Effects of ELMP
Day-Ahead Market2020
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Figure A51: Price Effects of ELMP at Most Affected Locations
RealTime Market, 2020
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The primary focus of our recommendation to expand ELMP to date has been selecting which
resources should be eligible to set prices in the ELMP model. However, it is equally important
to addresfiowresources participate in ELMP. The first three phas&i bfP do not allow

resources to set prices when the dispatch model seeks to ramp them down at their maximum
ramp rate, even if the resources continue to provide marginal energy to the grid. This ramp test
substantially reduces the number of resourceqjielify as marginal, priceetting resources.

In both the ISGNE and NYISO variants of ELMP, a resource may be considered marginal and
set prices unless it is dispatched to zero.
approach, which we evaltgbelow inFigure A62.

Figure A62: Energy Price Effects of ELMP Expansion

The following figure shows the estimated hourly SMP effects of various ELMP assumptions in
2020 In each reatime market interval, we modeled energy demand clearing with three sets of
assumptions. The first sco replicated ELMP Phase Il that existed up until November 1,

2019 is shown by the dashed maroon line. The second scenario depicted in the green dashed line
shows the effects of expanding the eligible-&tatt resources to include resources schednled

the dayahead market, which was implemented by MISO on November 1, 2019. The last

scenario shown by the blue line approximated ELMP outcomes assuming unlimited ramp down
capability, which the IMM has recommended that MISO consider implementing. [iese

show the average price differences between prices in the ELMP scenarios andriteeices.

The inset table identifies the average SMP effect for each of the scenarios and the proportion of
market intervals when the eligible resources were eckéal meet generation demand.
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Figure A52: Energy Price Effects of ELMP Expansion
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Figure A63: Evaluation of Offline Units Setting Prices

ELMP also includes provisions for allowing offline F&tart Resources to set price under

shorta@ conditions. Shortages include transmission violations and operating reserve shortages.
Prior to the implementation of ELMP, offline units could not set prices because UDS only
optimizes the schedules from online resources.

When an operating reservieastage or a transmission violation ocguhe ELMPsoftware may

set pricedased on thbypothetical commitment of an offline unitatMISO could utilize to

address thshortage This is only efficient when the offline resource is: a) feasible (can be
started quickly enough to help), and b) economic for addressing the shortage. When units that
are either not feasible or not economic to start set prices, the prices will beiendifilow.

Whencommitting an offlineunit is feasibleand is theeconomic action to take during a

transmission violation or operating reserve shortage, we ettiathe unitwill be startedy

MISO. When resources are not started, we infer that pleeadors did not believe the unit could

be online in time to help resolve the shortage and/or that the operator did not expect that the unit
would be economic to operate for the remainder of its minimum runtime. Thefefpres A3
summarizes whether the offline units that set pric&d0were a) economic, b) started by

MISO, and c) both startemhdeconomic. The marodwar on the right in the figure indicates

whether the resources actually resolved a transmission violation. The figure shows operating
reserve shortages in the left panel and transmission violations in the right panel.
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Figure A53: Evaluation of Offline Units Setting Prices
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To determine whether the usiwereeconomiggreen bar)wecompare the realtime market
revenueghe unit would have received to th&tal dispatch costsThe total costgcluded start
up and ndoad costs fot h e  minimumsuhtime starting with the interval after the interval
that they were committed/Ne identified the units that started (blue bar) by whetheUg
recognized the ursias online in the three intervals following tterommended commitment
intervak. If the conditions for economic commitments and MISO starts were met, we
determined tht the units were both started and economic (blue and green bar).

We alsodeterminé whether the offline units setting prices in the ELMP cases for transmission
violations actually resolved theolations(maroon bar). This is important because if atirodf

unit does not resolve the violation, it may alter the systéte energy price inefficiently

without significantly changing the congestion pricing associated with the violated constraint.

C. Spinning Reserve Shortages
Figure A54: Market Spin Shortage IntervalersusRampable Spin Shortage Intervals

MISO operates with a minimum required amount of spinning reservesaihéie deployed
immediately for contingency response. Market shortages generally occur because the costs that
would be incurred to maintain the spinning reserves exceed the spinning reserve penalty factor
(i.e., the implicit value of spinning reservediie realtime market).

Units scheduled for spinning reserves may temporarily be unable to provide the full quantity in
10 minutes iMISO isrampng themup to provide energy. To account for concerns that yamp
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sharing between ASM products could leaddal ramp shortages, MISO maintains a market
e X c e erdose thare0®
MW. As a result, market shortages can occur when MISO does not schedule enough resources
in the realtime market to satisfy the market requirement but is not physically short of spinning
reserves! To minimize such outcomes, MISO should set theketarequirement to make
market results as consistent with real conditionsashaspossible.

scheduling

reqguirement

t hat

Figure A64 shows all intervals i2020with a real (physical) shortage, a market shortage, or

both, as well as the physical and market requirements.

Figure A54: Market Spin Shortage Intervals VersusRampable Spin Shortage Intervals
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D. Supplemental Reserve Deployments

Figure AB5: Supplemental Resve Deployments
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r eal

Supplemental reserves are deployed during Disturbance Control Standard (DCS) and Area
Reserve Sharing (ARS) eventsigure A55 shows offline supplemental reserve r@sge during
the 11 deployments irR019andfive in 202Q separately indicating those that were successfully
deployed within 10 minutes (as required by MISO) and within Butaes (as required kihe

North American Electric Reliabl i t vy

it

ndi cates how

r el

abl

y

M

SO6 s

of f I

ne

C o rNERQ0)aTthé smmmary s vafuable because

rese

11 |tis also possible for the systemke physically short temporarily, when units are ramping to provide energy,
but not indicate a market shortage because ramp capability is shared between the markets.
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The figure includes the RSG payments to deployed offlinevese Because their commitment
costs are not considered when scheduling supplemental reserves, high uplift payments could
indicate a need to consider expected deployment costs when scheduling reserves.

Figure A55: Supplemental Resrve Deployments
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E. Uplift Costs: RSG Payments

RSG payments compensagenerators committed by MISO when market revenues are
insufficient to cover 1% @GeperallyeMSOrmakesomostthesp r o d u c t
out-of-merit commitments in redime to satisfy the reliability needs of the system and to

account for chages occurring after the daheadmarket Becausehese commitments receive

market revenues from the reahe market, their production costs in excess of these revenues are
recovered under reéiime RSG payments. MISO commits resources intnesd for many

reasongincluding to (a)meet capacity needs that can arise during peak load or sharp ramping
periods, (bmeet reatime loadthat wasunderscheduledn theday-aheadmarket or (c) secure

a transmission constrajra local reliability neegdor to maintain voltage in a location.

MISO malesmany voltage and local reliability (VLR) commitmenpsedominantlyn the day
ahead marketMost VLR commitmentsoccur in theSouth regiorto manage load pocket
requirements In order b satisfy theerequirements andccommodatéhe startup times of the
required resources, MISO makes reliability commitments in advance of or in tadeag
markets. A significant portion of the daghead RSG is associated with these VLR resources.

12 specifically, thi scommitedtohaglispatchedeoffereddostsa uni t 6s as
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Peaking resourceseathe most likely to receive RSG payments because they are the {igbtest
class of resources and, even when settiagrice,theyreceive minimal LMP margins to cover
their startup and ntonad costs. Additionally, peaking resources frequently deeiothe energy
pricebecause they are operating at their economic mininsothe price is set by a loweost
unit. This increases the likelihood that an RSG payment may be required.

Figure A66 andFigure A57: RSG Payments

Figure A66 showsthetotal dayahead RSG payments and distinguishes between payments made
for VLR andcapacity needs. In addition, capacity payments made to units in MISO South NCAs
are separately identified because these units are typically ittethior VLR and are frequently
subject to the tighter VLR mitigation criterif:he results are adjusted for changes in fuel prices,
although nominal payments are indicated separatatyure A67 shows total realime RSG

payments and distinguishes among payments made to resources committed for overall capacity
needs, to manage congestion, or for voltage support.

Figure A56. Total Day-Ahead RSG Payments
FuelCostAdjusted,2019 2020
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Figure A57: Total Real-Time RSG Payments
FuelCostAdjusted,2019 2020
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Figure A68: RSG for Units Committed for RDT

MISO has mada substantial number of resource commitmentleMidwest or South to

satisfy regional capacity needs when Regional Directional Transfer constraistbinding or
potentially binding. These commitments are not generally needed to manage the dispatch flows
over the RDT, but they ensure that sufficient capacity is available in the importing region.

These commitments are made outsi deindude t he mar
regional capacity requirementB1 more recent months, particularly during periods of high

generator outages in MISO South, MISO has incurred significant RSG for these types of
commitments, and the costs of the commitments are allocated acressith@11SO footprint

under the DDC rate. We evaluated the magnitude of these costs to determine the benefit of a
regional reserve product, which FERC approved in January 2020. Implementation of the

regi onafllerins hRoerster ve o pr d®ddcanther202s schedul ed for

Figure A58 below shows the total RSG that MISO has incurred for these commitments since
January2019and in whch region (Midwest or South) the commitments were located. The

maroon segment of the bars shows RSG payments to resources in the Midwest, and the blue bar
segments indicate the resources that were committed in the South region.
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Figure A58 RSG for Units Committed for RDT
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Figure A59: Allocation of RSG Charges

The RSG process was substantively revised in April 2011 to better reflect cost causation. Under
the revised allocation methodology, R®{#Ejible commitments are classified as satisfying eithe

a congestion management (or other local need) or a capacity need. When committing a resource
for congestion management, MISO operators identify the particular constraint that is being
relieved. Supply and demand deviations from theatsgad market th@ontribute to the need

for the commitmentor deviations that increase flow on the identified constrair allocated a

share of the RSG costs under @anstraint Management Char@@@MC) rate. Any residual

RSG cost is then allocated marketle on doadr at i o sharel¥basis (fiPass

Figure A9 summarizes how redime RSG costs were allocated among the DDC, CMC, and
Pass 2 charges in each mofrtm 2018to 202Q Until March 2014, the CMC allocations were
inappropriately limited based on the GSF of the committed whith caused a significant

portion of constraintelated RS&osts to be allocated under the DDC chagydditionally, we

note the portion of RSG cogstecurred to satisfi)WLR requirement$n both the DA and the RT
markets, ashose are allocated locally, as opposed to the DA capacity which is allocated-market
wide.

13 Aportionof constraint e | at ed RSG costs may be allocattne to fAPas
transmission derates or loop flow.
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Figure A59: Allocation of RSG Charges
By Month,2018 2020

$40 M 1
Allocations (S Millions)
$35 M s Sum 2019 | 2020
B RTVLR $3.59] $3.09
=~ $30M [J Pass1:CMC [ $10.91| $5.39
g 3 Pass1:DDC | $38.39] $22.51
= B Pass2 $22.00| $8.32
S $25M [1 DA Capacity $14.68| $15.13
) [ DA VLR $19.94| $43.73
& s20M
=
=
© $I5M
0
&
$10 M
$5M
SO M
JFMAMIJ JASOND|J
2018

F. Uplift Costs: Price Volatility Make -Whole Payments

MISO introduced the Price Volatility Maké/hole Payment (PVMWP) in 2008 to ensure
adequate cost recovery from the ritale market for those resources offering dispatch
flexibility. The payment ensurekdt suppliers followingV | S Qisgatch signals are not
financially harmed, removing a potential disincentive to providing more operational flexibility.

The PVMWP consists of two separate paymeDes-Ahead Margin Assurance Payments
(DAMAP) and RealTime Operating Revenue Sufficiency Guarantee Payment (RTORSGP).
DAMAP i s paid wh-aeheadaarginassreducesaeedudt of deing dispatched
in real time to a level below its dahead schedule aftchas to buy its daghead scheduled
outputback at reatime prices. Often, this payment is the result of stesrh price spikes in the
reattime markethat aredue to binding transmission constraints or ramp constraints.
Conversely, the RTORSGP is made to a qualified resource that is unedatever incremental
energy costs when dispatchaabve its economic level in real tim®pportunity costs for
potential revenues are not includecitherpayment.

Figure A60: Price Volatility MakeWhole Payments

Figure A60 shows monthhyaveragd®VMWPs for each otthe pastthree yearsn the left, while
the monthly PVMWPs over the past two years are shown on the figbtfigure separately
shows price volatility based o(l) the System Marginal Price and (2) the LMP at generator
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locations receiving PVMWPIt is expected thatgyments should correlatativ price volatility
becauseolatility leads to greater obligations to flexible suppliet$4P volatility is expected to
be higher than SMP volatility because LMPs include the effect of transmission congestion.

$8

$6

Uplift Payments ($ Millions)

Figure AG0: Price Volatility Make -Whole Payments

2019 2020
: . $12
B DAMAP (Midwest) B RTORSGP (Midwest)
=3 DAMAP (South) =3 RTORSGP (South) $10
=+—LMP Volatility =i~ SMP Volatility

181920 FMAMJ J ASOND

Mo. 2019

Avg.

Table A’: Causes of DAMAP

Il n addition to

dispatched below their daahead schedule when economic, which erodes their margins earned

in the dayahead market.

This payment was intended to provide incentives for generators to be flexible and to be held

t he

r el

JFMAMIJ JASOND
2020

Volatility
(Average Interval Price Change)

ability consequences
prolonged dragging can result in substantial DAMAP. DAMAP costs arise gdr@rators are

harmless if MISO directs theto dispatch down in response to réaie prices. DAMAP was
not intended to hold generators harmless when they produce less output than would be economic
because they are performing poorly. Previously, genenatmskl not lose eligibility for

DAMAP when they perform poorly, and we addressed this in our recommendations. In May

2019, MISO implemented changes to the Uninstructed Deviation thresholds and PVYMWP
formulations that have resulted in lower unjustified DAMAP payments.

Table A7 shows the causes of DAMAP #®920compared t€019 The table shows the total
DAMAP, the shares of DAMR
the shares paid to units that are not performing well in following dispatch signals.

t hat

ar e

paid to wunits

f ol
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Table A7: Causes of DAMAP

2019 2020
Item Description DAMAP DAMAP
@ Millions) | 7 SM3® | (g millions) | % SPare

Following Instruction $21.8 87% $21.9 81%
SE Issue $0.0 0% $0.3 1%
Inferred Derate $0.0 0% $0.6 2%
Dragging - Failing New Threshold $0.3 1% $0.8 3%
Wind Unjustified $0.0 0% $0.1 0%
Dragging - Not Failing New Threshold $2.9 12% $3.3 12%

Total $25.1 100% $26.9 100%

Note: Excluded Hour Beginning 0 in the Analysis

G. Generation Availability and Flexibility in Real Time

The flexibility of generation available to the rémhe market provides MISO the ability to
manage transmission congestion and satisfy energy and operating reserve obligations. In
general, the daghead market coordinates the commitment of most genetaadis online and
available for reatime dispatch. The dispatch flexibility of online resources intresd allows

the market to adjust supply on a fimenute basis to accommodate NSI and load changes and
manage transmission constraints.

Figure A61: Changes in Suppliyom Day Ahead to Realime

Figure A61 summarizes changes in supply availability from-dagad to reaime markets
Differences between deghead and redime availability are to be expected and are generally
attributable to @aktime forced outages or derates and-teaé commitments and de
commitments by MISO. In addition, supplievbo arescheduledn theday-aheadmarket
sometimes decide not to start their units in tiea¢ but instead buy back energy at the-teaé
price. Alternatively, suppliers not committed in the ddneadnarketmay selfcommittheir
generation resourcés realtime.

The figure shows six types of changes: generating capacikgaathitted or deommitted in
realtime; capacity scheduled theday-aheadmnarketthat is not online in redaime; capacity
derated in real timgseparated by resourceleared and nacheduled in thday-aheadmarke)
and increased available capacitycreases from daghead capacityjand units committed for
congetion management.

The figure separately indicates the net change in capacity between thieedalyand redime
markets. A net shortfall indicates that MISO would need to commit additional capacity, while a
surplus would allow MISO to deommit or shoetn realtime MISO commitment periods. The
amount actually committed for capacity in réale is not included in the figure.
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Figure A61: Changes in Supplyfrom Day Ahead to RealTime
2019 2020
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H. Look Ahead Commitment Performance Evaluation

MI SO6s Look Ahead Commitment (LAC) model mi ni
committing sufficient resources to meet the shenn load forecast. This is the primary tool

that MISO uses to make econorosmmmitmentf peaking resourcen realtime. To evaluate

the performance of the LAQvhether the commitments that LAC recommended were in fact
economi¢, we compared the LAC recommendations to the Unit Dispatch System (UDS) results.

We also assess the extent to which MISO operators follow the Lé&dnreendations.

Figure A62: Economic Evaluation dfAC Commitments

Forouranalysis, wdabeled resources that were online in a LAC solutionviesé not
previously committed as 0r eecommeneatiodsahatiwouds . 0 w
have to be acted dyefore anew LACcaseruns@sed on t he )betauseive st ar t |
expect operators to wait to commit resources when posaiéagnore repeated

recommendat i ons imumtrdntimeto dvdideexcassively Wwesghtingirepeated

LAC recommendations that operators oppdéke determined whethéhe recommendations

would have beeeconomidoy comparing the estimated rdahe revewues, using ELMP prices,

overthe minmum runtime of the unito the total production cost of the unit (includistgrt cost

no load costs, and incremental energy cosisnitwasii st ar t ed ifiitmameenbne t i me o
between the timef theLAC recommendtionand t he end of the unitds |

Figure A62 below shows the results of our analysis. The left panel represents LAC commitment
recommendations for transmission constraints, and the right panel represents all other LAC
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commitment recomendations. In each panel, the stacked bars on the left show all the distinct
recommendations that LAC made through2@t9and202Q indicating the recommendations

that wae economic and not economic based on theti@al expost energy prices. The right
stacked bars show the portion of the recommended resources that were actually started,
distinguishing between those that were and were not economic. The diamondbareach
indicates the share of those recommendations that were economic.
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Commitment Recommendations
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Figure A62: Economic Evaluation of LAC Commitments
2019 2020
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Transmission

Generator Dispatch Performance

Capacity

MISO sends dispatch instructions to generators every five minutes that specify the expected
output at the end of the next fiveinute interval. Historically, MISO wouldassess penalties to
generators if deviations from these instructions remain outsid@ghtpercent tolerance band

for four or more consecutive intervals within an h&uHowever, in May 2019 MISO altered

the Uninstructed Deviation (UD) threshold from being based on output to being a function of the

offered ramp rateMl S O6 s o dentifyeng dedatidng) both the percentage bands and the

consecutive interval tedtad beersignificantly more relaxed than most other R60Os

Having a relatively relaxed tolerance balldwed resources to produce far less than their

economic output ke e |

(i

e. ,

by

by Adraggingbo

responding

poorly

over an

t o

by simply not moving over many consecutive interyaés,ii nf er r ¢.d

MI SO0 s

hetieatively deratenuaitr e ) .

der at eso

As long as the dispatch instruction is natside of the allowable toleranaeresource can
simply ignore its dispatch instruction. Because it is still considered to be on dispatch, it can
receive DayAhead Margin Assurance Paymg(AMAP) and avoidRSG charges it would

14

The tolerance band can be no less ®dfW and no greater than 30 MW (Tariff section 40.3y)a.
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otherwise incur if it were to be derate@ihese criteria exempt tlmeajority of deviation
guantities from significant settlement penaltiés this section, we calculate two types of
deviations to evaluate generator performance:

 Fiveeminute deviation s t he di fference between MI SO0b6s

generatorso responses in each interval

1 60-minute deviation s t he effect over 60 minutes of g
dispatch instructions.

We calculate the net 6dinute deviation by calculating the difference between the energy the
generators would have been producing had they
prior 60 minutes versus the energy they were actually producing.

Figure A63 andFigure A64: Frequency of Netive-Minute Deviations

Figure A63 shows a histogram of MIS@ide net fiveminutedeviationsfrom 6 am. to 10 pm.,

whi ch i ncl udmampaMlp&iiosrs itthegimmer antter seasonskFigure

A64 shows the same results the rampup hours. These hours are particularly important
because MI SO0O6s n ®lewtheir digpatoh signasrisdargest irs thesechours.
When the demands on the system are increasing rapidly and resources do not respond, MISO
will not be able to satisfy its energy and operating reserve requirements.

In each figure, the curve indites the share of deviations (on the right vertical axis) that are less
than the deviation amount (on the horizontal axis). The markers on this curve indicate three
points: the percentage of intervals with net positive deviations less50@amMW, less hanzero

MW, and the median deviation.

Figure A63: Frequency of Net Deviations
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Figure A65: Five-Minute and 6eMinute Deviations

Figure A64: Frequency of Net Deviations
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Figure A65 shows the size and frequency of five-minute and 6éninute net deviations. The
figure shows these results by hour, highlighting the difference between the worst performing

resources andhé average deviations.
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Figure A65: Five-Minute and 60-Minute Deviations
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Figure A66to Figure A68. 60-Minute Deviation by Fuel and Hour

In the next three figures, we estimated the sowwté8-minute net deviations by fuel type and

their impact. The horizontal axis is hour beginning (HB) of the day. The vertical stacked bars
are the average é@inute deviations for each HB, where red, blue, and green are the deviations
from coal, gas, ahwind units, respectively. The three charts represent all year, winter only, and
the summer season only.

Figure A66. 60-Minute Deviation by Fuel and Hour
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Figure A67: 60-Minute Deviation by Fuel and Hour
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Figure A68: 60-Minute Deviation by Fuel and Hour
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Figure A69: 60-Minute Deviations by Type of Conduct

To better show the effects of the deviations, we measured dragging by hour of th&idayen
A69, as well as the dragging that prevailed in the worst 10 percent of hours. The annual
averages over all hours are shown for both dragging and overproduction in the inset table.

Figure A69: Hourly 60-Minute Deviations by Type of Conductin 2020

Energy Lost to Dragging (MW)

1.000 |
Categories Avg.  |90th Pct.
5-Minute Deviation - Dragging (M'W) (202) (387)
800 |5-Minute Deviation - Over-Production (WM) 189 318
60-Minute Deviation - Dragging (MW) (225) (464)
60-Minute Deviation - Over-Production (WM) 94 214
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Figure A70. DAMAP to Dragging Units by Fuel Type

The next figure is intended to show the DAMAP caused bynBitute deviations. The

horizontal axis shows the hours beginning (HB) throughout the day. The vertical stacked bars
are DAMAP in dollars to units with 6finute deviations from their dispatch instructions.
Different colors represent fuel types, where maroon represents coabiuetss for gas units,

and wind units are shown in green.

Figure A70: DAMAP to Dragging Units by Fuel Type
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TableA8: Availability of Emergencdnly Resources During Emergency Events

We conducted an analysis of MISO6s main LMR e
emergency resources had to prepare for the evmged on the timing of the declarations of the
event s. Based on MI SO6s declarations for
emergency resourceevea vai | able to be scheduled based
startup or shutdown times.

t he
on

TableA8 belowquantifies the amount of LMR and emergefeyy generation that was
available based on:

1 The offered or selécheduled resources available during the emergency from facilities
registerechs LMR-DRs, including those duaégistered as EDRs and/or DRRS;

1 The offered or selécheduled resources available during the emergency from facilities
registered as LMABTMGS, including those duakkgistered as EDRs and/or DRRs;

M The actual amount of AM that was available for the events based on natification times;
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9 Offered notification times at the time of the event; and

1 The amountofimeb et ween MI SO6s emergency decl arati
were needed

This is contrasted by the amount of gatienthatwasregistered as LMDR and LMRBTMG
in the 20202021 Planning ReourceAuction.

Table A8: Availability of Emergency-Only Resources During Emergency Events

2018 2020
. Available Response (MW)
Event Lead Time to Event LMR-DR* LMR-BTMG AME

January 17, 2018 1.5 -2 Hours 1,033.2 939.1 1,648.8
September 15, 2018 Less than 15 Minutes 439.4 871.7 143.0
January 30, 2019 1-1.5Hours 1,698.8 934.8 521.0
May 16, 2019

Advance Schedule ** 12 + Hours 3,681.2 2,059.9 N/A

Second Emergency Less than 15 Minutes 168.8 471.0 80.0
May 17, 2019 ** 12 + Hours 3,702.1 2,043.4 N/A
July 7, 2020 0.5 - 1 Hour 1,379.2 1,534.9 183.3
August 27, 2020 Less than 15 Minutes 284.4 1,366.4 132.0
Total Cleared Capacity in 2020/21 PRA 7,557.4 4,334.3 Fkk

* Includes LMRs that are offered or self-scheduled in DRR and EDR markets.

** Pre-Scheduled LMRs were cancelled in advance of event, no response required. Pre-scheduling of LMR
advance of emergency declarations began after February 19, 2019, FERC Docket No. ER19-650-000

*»** AME Resources are typically not designated as such in the capacity markets because they are only AME
the time

J. Dispatch of Peaking Resources

Peak demand is often satisfied by generator commitments in tiieweaharket. Typically,

peaking resources account for a large share ctirealcommitments because they are available

on short notice and have attractive commitrraost profiles (i.e.low startup costs and short

startup and minimupnun times). These qualities make peaking resources optimal candidates for
satisfying the incremental capacity needs of the systéowever they generally have high

incremental energy costs and frequenibynot set the energy price because they are often

di spatched at their economi c -asmen imudn o redded Wict
offer price higher than their LMP). When a peaking unit does not set the energy price or runs out

of merit, itwill be revenuenadequatdor coveringits startup and minimum generation costs.

This revenue inadequacy results in fi#@le RSGpayments.

MI SO6s aggregat e | cathke digpatehlofpeaking resobrees rasitiheme r
greatest impaaluring the summer months when system demands can aj tegase

substantial commitments of such resources. In addition, several other factors can contribute to
commitments of peaking resources, including-dbgad net scheduled load that is less than

actual load, transmission congestion, wind forecasting errors, or changestimedsSI.
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Figure A7 1 Dispatch ofPeakingResources

Figure A71shows averagkoutly dispatch levels of peaking units2019and2020and
evaluates the consistency of peaking unit dispatch and market outcomes. ufdesfig

di saggregated by t heandseparatelyiadicates thenshdrenoétimetpeakinga s o n
resource output that is merit order (i.e., the LMP exceeds its offer price).

Figure A71: Dispatch of Peaking Resources
By Commitment Reasor£019 2020
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K. Wind Generation

Wind generation in MISO has grown steadily since the start of the markets in 2005. Although
wind generation promises substantial environmental benefit, the output of these resources is
intermittent and, as such, presemtsqueoperational and schedulirtpallenges.

About 9Jpercentof M| S O dusits akeDispdtchable Intermittent Resousd®IR). DIRs are

physically capable of responding to dispatch instructions and can, therefore, settingereal

energy price. DIRsansubmit offeran the dayahead marketare eligible for all uplift

paymentsand are subject to alfpical operating requirements-or both DIR and noiDIR wind

units MISO utilizes short and lontgrm forecasts to make assumptions about wind oufha.

prevalence oDIRs allowsMISO to rarely utilizemanual curtailments to ensure reliability.

Wind resources are also qualified to sell capacity uktbetule E of the Tarifbased on their
contribution to satisfyi®ng MI SO6s planning re

15 capacity credits for wind resources are determined &

of each of the prioristee n y e ar s 06 -load dgys f28hlolrsy Hrer the 220-2021 Planning Year, the
systemwide capacity credit for windil6.6 percent, while individual credits range frond o 42.4percent.
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Figure A72: Day-Ahead Scheduling Versus Rdame Wind Generation

Figure A72 showsthe hourly averagevind scheduled in the deghead market and retine
markes by month Underscheduling of output in the daahead market can create price
convergence issues and lead to uncertainty regarding the need to commit resources for reliability.

Figure A72: Day-Ahead Scheduling Versus RdaTime Wind Generation
2019 2020
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Wind suppliers often schedule less output in thealasad market than they actually produce in
realtime.Thiscan be attributed to some of the suppli
to being allocated RSG costs when-@dead wind output igverforecasted. Underscheduling

can create price convergence issues and lead to uncertainty regarding the need to commit
resources for reliability

This convergence issue is partially addressed by net virtual suppliers that sell energy in the day
ahea market in place of the wind suppliers. Since the most significant effect of under
scheduling of wind in the daghead market is its effects on the transmission flows and
associated congestion in the eityead and redime markets, we evaluate the extemwhich

virtual transactions offset the flow effects of the wind ursigreduling. W calculated the
percentage of flows from wind units on every constraint in theati@adandreaktime markes.

We estimated profits on those constraints by vinaaltions, which weaggregated by year and

by monitored elementWe identified constraints where either the -@nead or reaime

constraint flows associated with wind exceeded 20 percent and sorted by virtual profitability on
the constraints.
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Figure A73andTable A: Virtual Transaction Effecten DayAheadConstraints
Affected by Wind Scheduling

In Figure AB4, we show the top 10 constraints identified in our analysis. In the figure, we
illustratethe average daghead flow from wind generators in the blue bars, thetiraal
equivalent in the red diamonds, and -@dnead virtual flow as a green transpéatear on top of
the blue bar. These values are expressed as a percentage of the rating on the impacted
constraints. We have masked the identity of the constraints in the figure.

Figure A73: Virtual Impacts on Top 10 Constraints Affected by Wind
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In Table 29 below, we show the total number of wimdpacted constraints that we identified in
one of six categories, the aggregate amount of congestion associated with the constraints in each
category, and the virtual profitability in each category.

Table A9: AggregateVirtual Impacts on Constraints Affected by Wind

2020
# of RT Virtual
Item Description Cons. Congestior] Profit ($

($ MM) MM)

Constraints where wind has significant impact 259 $570 $55
Constraints where wind has significant impact and RT Wind Flow > DA Wind Flow 230 $556 $55
Constraints where wind has significant impact and DA Wind Flow > RT Wind Flow 29 $14 $0
Constraints where wind has significant impact and RT Wind Flow > DA Wind Flow and Virtual Supply 387 $407 $58
Constraints where wind has significant impact and RT Wind Flow > DA Wind Flow and Virtual Supply <83 $149 -$3
Constraints where wind has significant impact and DA Wind Flow > RT Wind Flow and Virtual Supply >0 $0 $0
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Figure A74: GenerationwWind OvefForecasting Levels

In 2016 we dentified significant concerns with certain wind resources that frequently and
substantially oveforecast their wind outputThe wind forecasts are important beaidiSO

uses themto establishi nd r es our c e s 0 siretlee cealtone energymeket.i mu m
Because wind resourcegically offer at lowerprices than any other resourcesjitierecasted

output also typically matches théISO dispatch instructias) absent congestiorDispatch

deviations arise because an ef@mecasted resource wpkoduce less than the dispatch

instruction. Figure A74 shows the monthly absolute average forecast errors from the wind
resources in the bars, as well as the average forecast error plotted as a line against the right axis
in 2019and202Q MISO changed its forecasting methodology in early 2020, and this led to a
significant reduction in both absolute average and average forecast errors.

Figure A74. Generation Wind Over-Forecasting Levels
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Figure A75: Wind Generation Volatility

Wind output can be highly variable and must be managed thughiment the redispatch of
other resources, or commitment of peaking resour€ggire A75summarizes the volatility of
wind output on a monthly basis over the past two years by showing:

1 The average absolute value of therBibute change in wind generation in theebline;
1 The largest five percent of hourly decreases in wind output iput@ebars;

1 The maximum hourly decrease in each month in the drop mels
1

Changes in wind outpudihat aredue to MISO economic curtailments are excluded from
this analysis.
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Figure A75: Wind Generation Volatility
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Figure A76. Wind Generation Capacity Factors

Wind capacity factoraremeasured as actual output as a percentage of nameplate capdcity
can vary by season afatation. Figure A76 shows average hourly wind capacity factors by
month shown separatefpr two MISO Coordinatiomegiors (North and Central)

Figure A76. Wind Generation Capacity Factors
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L. Outage Scheduling

Figure A77. Generator Outage Rates

Figure A77 showsthemonthly average planned andplannedyererator outageates for théwo
most recent year®nd annual averages for the last three yedpsily full outages are included
sopartial outages or deratings are not shown. The figure also distinguishes betwegsrishort
unplannedutages (lasting fewer than sew#ays) and longermunplannedutages (seven days
or longer). Additionally, the figure distinguishes between nornmahped outageand shor
notice planned outages that are scheduled within seven days of the actual start of the outage.
Planned outagesre often scheduled in Ielead periods when economics are favorable for
participants to perform maintenanedthough shorhotice panned outages arshortterm
unplannedutages are frequently the resulieofiergenbperating problem In this figure, we
indicate that multiple outages shifted from the spring to the fall in response to COVID
restrictions that occurred during the sggrmonths.

Shortnotice and shoitermoutages are important to review because they are more likely to
reflect attempts by participants to physically withhold supply from the market. It is less costly to
withhold resources for short periods when condgiare tight than to take a lotgrm outage.

We evaluate market power concerns related to potential physical withholdsegtion VIII.G.

Figure A77: Generator Outage Rates
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VI. TRANSMISSION CONGESTION AND FTR MARKETS

Managing transmission congestiors among MI SO6s most i mportant
thousands gpotential network constraints throughout its syst&SO manages flows over its

network by altering the dispatch of its resources to avoid overlo#usgtransmission

constraints. This establishes efficient, locaspecific prices that represenetmarginal costs

of serving load at each location.

Transmission congestion arises when the lowest resources cannot be fully dispatched
because of limited transmission capability. The result ishilgaiercost units must be
dispatched in place obWwercost units to avoid overloading transmission facilities. In LMP

markets, this generation-téspatcho r {fofeneritto cost i s refl ected i n t
component of the locational prices. The congestion component of the LMPs can vary
substanth |l y across the system, causing higher LMP

These congestiorelated price signals are valuable not only because they induce generation
resources to produce at levels that efficiently manage network congestion, but also because they
provide longefterm economic signals that facilitate efficient investment and maintenance of
generation and transmission facilities.

A. RealTime Value of Congestion

This section reviews the value of ré@the congestionywhich is different froncongestion
revenues collected by MISO. The value of congestion is defined as the marginabralue
shadow priceof the constraint times the power flow over the constraind.céinstraint is not
binding, the shadow price and congestion value will be zero. fthisaites that the constraint is
not affecting the economic dispatch or increasing production cBetsat leastwo reasons
MISO does not collect the full value of the congestion on its system.

First, the congestion value is based on the total flogv the constraintind MISO settles with

only part of the flows on its constraints. Generaseryingloads outsidef MISO contribute to

fl ows over MI SO6s system (known as dloop fl ow
value. Additionally, ngghboringPJMandSPRave enti tl ements to fl ow
systemand their reatime flows up to their entittlement levels do not settle with MISO

Second, most flows are settled through the @lagad market. Once a participant has paid for
flows over a constraint in the deghead markethe participantoes not have to pay again in the
reattime markethatonly settleson deviations from the daghead market. Therefore, when
congestion is not foreseen amok fully anticipated in daxahead pricg, MISO will collect less
congestion revenue the dayahead markehan the reatime value of congestion on its system

Figure A78: Value of Reallime Congestion b§oordination Region

Figure A78 shows the total monthly value of redahe congestion b1 S QR&lgbility
Coordinationregiorsin 2019and202Q The bars on thieft panelof the chart show the average
monthly value of the past three years.
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Figure A78: Value of RealTime Congestion byCoordination Region
2019 2020

Figure A79: Value of Reallime Congestion by Type of Constraint

To better identify the drivers of the ra@the congestion valué&igure A79 disaggregates the
results by the MISO subregi@mdby thetwo types of constraing:

1 Internal ConstraintsConstraints internal to MISO where MISO is tReliability
Coordinatorthat arenot coordinated with PJM or SPP.

1 MISO marketto-market M2M) ConstraintsMISO constraints coordinated with SPP and
PJM through the M2Nprocess.

The flow on PIJM and SPP M2bbnstraints isimited tothe MISO market floyand this flow is

used in our measure of congestion value. Ma r
constraints in MISOb6s dispatch model and does
Theinternal constraintsepresented in the MISO dispatch modelude the total flow.
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