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Executive Summary:Executive Summary:
IntroductionIntroduction

•• As the Independent Market Monitor (As the Independent Market Monitor (““IMMIMM””) for the Midwest ISO, one of our ) for the Midwest ISO, one of our 
roles is to evaluate the competitive performance, design, and oproles is to evaluate the competitive performance, design, and operation of the eration of the 
wholesale electricity markets operated by the Midwest ISO.wholesale electricity markets operated by the Midwest ISO.

This State of the Market report provides our annual evaluation oThis State of the Market report provides our annual evaluation of the Midwest f the Midwest 
ISOISO’’s markets and our recommendations for future improvements.s markets and our recommendations for future improvements.

•• The Midwest ISO introduced competitive wholesale electricity marThe Midwest ISO introduced competitive wholesale electricity markets on April 1, kets on April 1, 
2005.  These markets include:2005.  These markets include:

DayDay--ahead and realahead and real--time energy markets that produce transparent prices that vary time energy markets that produce transparent prices that vary 
by location to reflect the value of transmission congestion and by location to reflect the value of transmission congestion and losses; andlosses; and

Financial Transmission Rights (Financial Transmission Rights (““FTRsFTRs””) that allow participants to hedge ) that allow participants to hedge 
congestion between various locations.congestion between various locations.

•• These markets will soon by augmented by:These markets will soon by augmented by:

Operating Reserves and Regulation markets (known as Ancillary SeOperating Reserves and Regulation markets (known as Ancillary Services Markets rvices Markets 
or or ““ASMASM””) will be implemented in Fall 2008 that will optimize the alloca) will be implemented in Fall 2008 that will optimize the allocation of tion of 
the Midwest ISOthe Midwest ISO’’s resources between the ASM and Energy markets.s resources between the ASM and Energy markets.

Clarified capacity requirements and enforcement mechanisms that Clarified capacity requirements and enforcement mechanisms that will ensure  will ensure  
longlong--run economic signals support adequate supply and demand resourcerun economic signals support adequate supply and demand resources.s.
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Executive Summary:Executive Summary:
Benefits of the Midwest ISO Energy MarketsBenefits of the Midwest ISO Energy Markets

The Midwest ISO markets produce substantial savings in the folloThe Midwest ISO markets produce substantial savings in the following areas.wing areas.

•• Daily commitment of generationDaily commitment of generation:  Coordinated commitment of generation through the :  Coordinated commitment of generation through the 
dayday--ahead market produces savings relative to the prior decentralizeahead market produces savings relative to the prior decentralized system by:  d system by:  

Reducing the quantity of generation that is committed; and Reducing the quantity of generation that is committed; and 

Ensuring that the most economic generation is committed.Ensuring that the most economic generation is committed.

•• Efficient dispatch and congestion managementEfficient dispatch and congestion management:  Total dispatch costs are reduced by: :  Total dispatch costs are reduced by: 

Producing energy from the most economic supply and demand resourProducing energy from the most economic supply and demand resources;ces;

Employing the lowest cost Employing the lowest cost redispatchredispatch options to manage congestion; andoptions to manage congestion; and

Much fuller utilization of the transmission capability in the reMuch fuller utilization of the transmission capability in the region.gion.

•• ReliabilityReliability:  Reliability is improved because the 5:  Reliability is improved because the 5--minute dispatch provides much more minute dispatch provides much more 
responsive and accurate control of power flows on the transmissiresponsive and accurate control of power flows on the transmission system versus on system versus 
Transmission Line Loading Relief procedures (Transmission Line Loading Relief procedures (““TLRTLR””) relied on previously.) relied on previously.

•• Price SignalsPrice Signals:  The prices produced by the energy market provide a transparen:  The prices produced by the energy market provide a transparent economic t economic 
signal to guide short and longsignal to guide short and long--run decisions by participants and regulators.run decisions by participants and regulators.
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Executive Summary:Executive Summary:
Review of ResultsReview of Results

•• The Midwest ISO energy markets performed competitively in 2007.The Midwest ISO energy markets performed competitively in 2007.

Although certain suppliers in the Midwest ISO have local market Although certain suppliers in the Midwest ISO have local market power, there was power, there was 
very little evidence of attempts to exercise market power in 200very little evidence of attempts to exercise market power in 2007.7.

Hence, mitigation measures were employed infrequently to addressHence, mitigation measures were employed infrequently to address economic economic 
withholding that would have increased energy prices or uplift cowithholding that would have increased energy prices or uplift costs. sts. 

–– The most frequent mitigation occurred in Minnesota in a new NarrThe most frequent mitigation occurred in Minnesota in a new Narrow ow 
Constrained Area (Constrained Area (““NCANCA””) defined in January 2007.) defined in January 2007.

•• Higher fuel prices, particularly oil and gas prices, played a prHigher fuel prices, particularly oil and gas prices, played a primary role in the 13 imary role in the 13 
percent increase in average energy prices in 2007 and other risipercent increase in average energy prices in 2007 and other rising costs, including:ng costs, including:

A 26 percent increase in uplift costs associated with revenue suA 26 percent increase in uplift costs associated with revenue sufficiency guarantee fficiency guarantee 
payments (payments (““RSGRSG””) that was due to higher fuel prices and increased commitment of) that was due to higher fuel prices and increased commitment of
peaking resources to manage congestion.peaking resources to manage congestion.

A 28 percent increase in congestion costs that was due to the inA 28 percent increase in congestion costs that was due to the increased creased redispatchredispatch
costs caused by higher fuel prices and other factors discussed icosts caused by higher fuel prices and other factors discussed in the report.n the report.

•• The remainder of this executive summary provides our assessment The remainder of this executive summary provides our assessment of the of the 
performance of the markets in 2007 and recommendations for improperformance of the markets in 2007 and recommendations for improvements.vements.
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Executive Summary:  Energy PricesExecutive Summary:  Energy Prices

•• The first figure shows an The first figure shows an ““allall--inin”” price that represents the value load served based price that represents the value load served based 
on prices in the realon prices in the real--time market. time market. 

The allThe all--in price is equal to the loadin price is equal to the load--weighted average realweighted average real--time price and average time price and average 
realreal--time uplift per MW of load in the realtime uplift per MW of load in the real--time.time.

The figure also shows the monthly average natural gas prices.   The figure also shows the monthly average natural gas prices.   

•• The figure shows that the allThe figure shows that the all--in price was $51 per in price was $51 per MWhMWh in 2007, which in 2007, which is 13 is 13 
percent higher than the allpercent higher than the all--in price in 2006.  in price in 2006.  

This increase was primarily due to increases in fuel costs, loadThis increase was primarily due to increases in fuel costs, load and and 
transmission congestion that occurred in 2007.transmission congestion that occurred in 2007.

Uplift costs are 1 percent of the allUplift costs are 1 percent of the all--in price, which is similar to RSG costs in in price, which is similar to RSG costs in 
2006 and substantially lower than uplift levels in 2005.2006 and substantially lower than uplift levels in 2005.
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AllAll--In PriceIn Price
2006 & 20072006 & 2007

Note:  The AllNote:  The All--In Price is computed by calculating a loadIn Price is computed by calculating a load--weighted average realweighted average real--time energy price, plus a time energy price, plus a 
loadload--weighted realweighted real--time RSG allocation rate. time RSG allocation rate. 
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Executive Summary:  Energy PricesExecutive Summary:  Energy Prices

•• The next figure shows that natural gas prices were a primary driThe next figure shows that natural gas prices were a primary driver of energy prices.  ver of energy prices.  
This is expected when the market is performing competitively becThis is expected when the market is performing competitively because:ause:

Fuel costs represent the majority of most suppliersFuel costs represent the majority of most suppliers’’ variable production costs (i.e., variable production costs (i.e., 
marginal costs) and gas units are often on the margin.marginal costs) and gas units are often on the margin.
The correlation was weaker during the summer months when prices The correlation was weaker during the summer months when prices did not fall with the did not fall with the 
decreasing natural gas prices.  Higher loads that prevail duringdecreasing natural gas prices.  Higher loads that prevail during the summer offset the the summer offset the 
effects of the lower fuel prices.effects of the lower fuel prices.

•• Prices were generally highest during the summer, driven primarilPrices were generally highest during the summer, driven primarily by high load.  y by high load.  
However, the highestHowever, the highest--priced month was February 2007, which experienced extreme priced month was February 2007, which experienced extreme 
winter peak load conditions that contributed to energy emergenciwinter peak load conditions that contributed to energy emergencies on three days.es on three days.

Operational improvements made after the summer peak event of 200Operational improvements made after the summer peak event of 2006 allowed the 6 allowed the 
Midwest ISO to take more targeted actions, particularly when it Midwest ISO to take more targeted actions, particularly when it curtails load. curtails load. 

However, our analysis indicates that prices during the winter peHowever, our analysis indicates that prices during the winter peak event in February did ak event in February did 
not rise efficiently to reflect the near shortage conditions.not rise efficiently to reflect the near shortage conditions.

•• The differences between the hub prices shown in the following fiThe differences between the hub prices shown in the following figures indicate the gures indicate the 
transmission congestion on the Midwest ISO system.transmission congestion on the Midwest ISO system.

Prices in WUMS were relatively high due to congestion occurring Prices in WUMS were relatively high due to congestion occurring throughout the year.  throughout the year.  
The West Region experienced high prices due to substantial congeThe West Region experienced high prices due to substantial congestion early in the year stion early in the year 
as imports decreased over the Manitoba interface.as imports decreased over the Manitoba interface.
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DayDay--Ahead Average Monthly Hub Prices Ahead Average Monthly Hub Prices 
2007: All Hours2007: All Hours
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Executive Summary: Executive Summary: 
Revenue Sufficiency Guarantee PaymentsRevenue Sufficiency Guarantee Payments

•• The accompanying figures show revenue sufficiency guarantee (The accompanying figures show revenue sufficiency guarantee (““RSGRSG””) payments ) payments 
generated in the daygenerated in the day--ahead and realahead and real--time markets to peaking units and other units.time markets to peaking units and other units.

RSG payments are made to ensure that the total market revenue a RSG payments are made to ensure that the total market revenue a generator receives when generator receives when 
its offer is accepted exceeds its asits offer is accepted exceeds its as--offered costs.offered costs.
Resources started after the dayResources started after the day--ahead market to maintain reliability receive ahead market to maintain reliability receive ““realreal--timetime””
RSG when their costs are not covered by the realRSG when their costs are not covered by the real--time market.time market.
Because the dayBecause the day--ahead market is financial, very little RSG is generated in it ahead market is financial, very little RSG is generated in it –– a unit that is a unit that is 
uneconomic will generally not be selected.uneconomic will generally not be selected.

•• Of total RSG costs paid, 70 percent is realOf total RSG costs paid, 70 percent is real--time RSG and payable to peaking resources, time RSG and payable to peaking resources, 
although they produced less than 1 percent of the energy generatalthough they produced less than 1 percent of the energy generated in the Midwest ISO.ed in the Midwest ISO.

Peaking resources are generally on the margin (i.e., the highestPeaking resources are generally on the margin (i.e., the highest--cost resources) when they cost resources) when they 
run and prices are frequently set by a lowerrun and prices are frequently set by a lower--cost unit. cost unit. 

•• RealReal--Time RSG costs rose from $18.4 to $25.2 million per month from 2Time RSG costs rose from $18.4 to $25.2 million per month from 2006 to 2007.  006 to 2007.  
This was due to higher fuel prices and increased commitment of pThis was due to higher fuel prices and increased commitment of peaking resources to eaking resources to 
manage congestion in the West.manage congestion in the West.
RSG peaked in February 2007 because high winter peak loads, undeRSG peaked in February 2007 because high winter peak loads, underr--scheduling by loads, scheduling by loads, 
and congestion into the West together resulted in heavy relianceand congestion into the West together resulted in heavy reliance on peaking resources.on peaking resources.

•• DayDay--Ahead RSG declined from more than $40 million in 2006 to $26.4 mAhead RSG declined from more than $40 million in 2006 to $26.4 million in 2007.  illion in 2007.  
RSG in the DayRSG in the Day--Ahead market continues to reflect a small share (8%) of total upAhead market continues to reflect a small share (8%) of total uplift costs.lift costs.
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Total RealTotal Real--Time RSG DistributionTime RSG Distribution
April 2005 through December 2007April 2005 through December 2007
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Total DayTotal Day--Ahead RSG DistributionAhead RSG Distribution
April 2005 through December 2007April 2005 through December 2007
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Executive Summary: Executive Summary: 
LongLong--Term Economic SignalsTerm Economic Signals

•• In longIn long--run equilibrium, the market should provide net revenues (revenuerun equilibrium, the market should provide net revenues (revenue in excess of in excess of 
production costs) that create efficient incentives for investmenproduction costs) that create efficient incentives for investment and retirement.t and retirement.

•• The following figure shows net revenue provided by the Midwest IThe following figure shows net revenue provided by the Midwest ISO market over the SO market over the 
first nine months of operation in 2005 through 2007 for two typefirst nine months of operation in 2005 through 2007 for two types of new units:s of new units:

Gas combinedGas combined--cycle:  heat rate assumed of 7,000 BTU/KWh.cycle:  heat rate assumed of 7,000 BTU/KWh.
Gas combustion turbine:  heat rate assumed of 10,500 BTU/KWh.Gas combustion turbine:  heat rate assumed of 10,500 BTU/KWh.

•• Based on our estimates of the annualized costs of new investmentBased on our estimates of the annualized costs of new investment, the Midwest ISO , the Midwest ISO 
markets would not support investment in gas turbines, but may sumarkets would not support investment in gas turbines, but may support investment in pport investment in 
combined cycle generation in the congested areas.combined cycle generation in the congested areas.

•• These results are consistent with expectations because:These results are consistent with expectations because:
The Midwest ISO footprint has a small capacity surplus that contThe Midwest ISO footprint has a small capacity surplus that contributed to no significant ributed to no significant 
periods of shortage occurring in 2007.periods of shortage occurring in 2007.
The current markets do not fully price shortages when they occurThe current markets do not fully price shortages when they occur because operating because operating 
reserve shortages and interrupted load do not contribute to settreserve shortages and interrupted load do not contribute to setting prices.  ing prices.  
The ASM markets will improve shortage pricing and the Midwest ISThe ASM markets will improve shortage pricing and the Midwest ISO is working on other O is working on other 
pricing changes to allow interruptible load to set prices.pricing changes to allow interruptible load to set prices.

•• Changes being introduced to Module E of the Tariff should also iChanges being introduced to Module E of the Tariff should also improve the longmprove the long--term term 
market signals needed to maintain adequate resources by allowingmarket signals needed to maintain adequate resources by allowing a decentralized market a decentralized market 
to develop to meet the Midwest ISOto develop to meet the Midwest ISO’’s capacity requirements. s capacity requirements. 
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Executive Summary: Executive Summary: 
Economic SignalsEconomic Signals
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Executive Summary: Executive Summary: 
DayDay--Ahead Market PerformanceAhead Market Performance

•• The Midwest ISO markets have substantially improved the commitmeThe Midwest ISO markets have substantially improved the commitment and dispatch of nt and dispatch of 
generating resources in the Midwest. generating resources in the Midwest. 

The improved commitment is largely attributable to the dayThe improved commitment is largely attributable to the day--ahead market.ahead market.

The dayThe day--ahead market provides a marketahead market provides a market--based process to commit generating resources and based process to commit generating resources and 
supply load supply load –– 97 percent of the generation dispatched to meet load in 2007 wa97 percent of the generation dispatched to meet load in 2007 was scheduled s scheduled 
through the daythrough the day--ahead market.ahead market.

•• Net load scheduled in the dayNet load scheduled in the day--ahead market decreased slightly in 2007 and remained ahead market decreased slightly in 2007 and remained 
moderately undermoderately under--scheduled (i.e., less than realscheduled (i.e., less than real--time load).  Undertime load).  Under--scheduling was scheduling was 
generally more prevalent under the highest load conditions.generally more prevalent under the highest load conditions.

These results are consistent with the relative prices in the dayThese results are consistent with the relative prices in the day--ahead and realahead and real--time markets.time markets.

If load were fully scheduled in the dayIf load were fully scheduled in the day--ahead market, prices would be substantially higher ahead market, prices would be substantially higher 
in the dayin the day--ahead market than in the realahead market than in the real--time market because:time market because:

–– Supplemental generator commitments by MISO and Participants thatSupplemental generator commitments by MISO and Participants that occur after the occur after the 
dayday--ahead market tend to lower realahead market tend to lower real--time prices.  time prices.  

–– Peaking resources frequently do not set prices in the realPeaking resources frequently do not set prices in the real--time market due to their time market due to their 
inflexibility, which causes prices to be lower in realinflexibility, which causes prices to be lower in real--time.time.
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Executive Summary: Executive Summary: 
DayDay--Ahead Market PerformanceAhead Market Performance

•• DayDay--ahead market outcomes are important because:ahead market outcomes are important because:

The dayThe day--ahead market governs most of the generator commitments in the Miahead market governs most of the generator commitments in the Midwest ISO dwest ISO ––
hence, efficient commitment requires efficient dayhence, efficient commitment requires efficient day--ahead market results.ahead market results.

Most wholesale energy bought or sold through the Midwest ISO marMost wholesale energy bought or sold through the Midwest ISO markets is settled in the kets is settled in the 
dayday--ahead market.ahead market.

The entitlements of firm transmission rights are determined by tThe entitlements of firm transmission rights are determined by the results of the dayhe results of the day--
ahead market (the payment to an FTR holder is based on dayahead market (the payment to an FTR holder is based on day--ahead congestion).ahead congestion).

•• Good convergence between dayGood convergence between day--ahead and realahead and real--time prices helps ensure efficient time prices helps ensure efficient 
commitment decisions.  The following table summarizes convergenccommitment decisions.  The following table summarizes convergence results for 2007.e results for 2007.

These analyses indicate that price convergence in the Midwest ISThese analyses indicate that price convergence in the Midwest ISO has been consistent O has been consistent 
with the other RTO markets, which have each been operating longewith the other RTO markets, which have each been operating longer.r.

The congested areas exhibited larger average absolute differenceThe congested areas exhibited larger average absolute differences, ranging from $18 to s, ranging from $18 to 
$22 per $22 per MWhMWh.  This is consistent with the higher volatility in these areas..  This is consistent with the higher volatility in these areas.

The dayThe day--ahead premiums in the Midwest ISO and most other markets are conahead premiums in the Midwest ISO and most other markets are consistent with sistent with 
the higher volatility, risk, and RSG cost associated with buyingthe higher volatility, risk, and RSG cost associated with buying in the realin the real--time market.time market.

Active virtual supply and demand participation in the dayActive virtual supply and demand participation in the day--ahead market has contributed ahead market has contributed 
to the price convergence exhibited in the Midwest ISO.to the price convergence exhibited in the Midwest ISO.
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DayDay--Ahead to RealAhead to Real--Time Price Differences in 2007Time Price Differences in 2007
MISO and Neighboring MarketsMISO and Neighboring Markets

Day-Ahead Real-Time Difference

Midwest RTO:
Cinergy Hub $46.07 $45.62 $0.38 $14.31
Michigan Hub $48.47 $47.57 $0.84 $15.28
Minnesota Hub $51.97 $50.24 $1.64 $20.50
WUMS Area $54.75 $53.52 $1.17 $18.94

New England ISO:
New England Hub $67.97 $66.72 $1.25 $10.26
Maine $64.35 $63.65 $0.69 $9.92
Connecticut $71.70 $71.75 -$0.06 $12.93

New York ISO:
Zone A (West) $53.02 $52.35 $0.67 $15.66
Zone G (Hudson Valley) $72.26 $72.54 -$0.27 $20.62
Zone J (New York City) $77.21 $77.60 -$0.39 $22.58

PJM:
AEP Gen Hub $43.38 $44.15 -$0.76 $11.41
Chicago Hub $45.40 $45.76 -$0.36 $11.84
New Jersey Hub $63.45 $65.63 -$2.17 $18.45
Western Hub $56.91 $59.77 -$2.85 $17.02

Average of Hourly
Absolute Price Difference

Average Clearing Price
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Executive Summary: Executive Summary: 
RealReal--Time Market PerformanceTime Market Performance

•• Prices in the realPrices in the real--time market are substantially more volatile than in the daytime market are substantially more volatile than in the day--ahead market.ahead market.

•• This report includes a study of the realThis report includes a study of the real--time price volatility in the Midwest ISO, which is time price volatility in the Midwest ISO, which is 
nearly double that of any other RTO.  The causes of the price vonearly double that of any other RTO.  The causes of the price volatility are:latility are:

Unlike some of the Unlike some of the RTOsRTOs, the Midwest ISO runs a true 5, the Midwest ISO runs a true 5--minute realminute real--time market.  It time market.  It 
produces a new dispatch and prices each 5 minutes.  produces a new dispatch and prices each 5 minutes.  

–– However, because the realHowever, because the real--time market software is limited in its ability to look ahead, time market software is limited in its ability to look ahead, 
the system is frequently the system is frequently ““ramp limitedramp limited”” (generators are moving as quickly as they can (generators are moving as quickly as they can 
up or down), which results in transitory sharp movements in pricup or down), which results in transitory sharp movements in prices up or down.es up or down.

Large changes in the Net Scheduled Interchange (Large changes in the Net Scheduled Interchange (““NSINSI””) or changes that occur when a ) or changes that occur when a 
large quantity of generators are started or shutlarge quantity of generators are started or shut--down can cause ramp constraints to bind.down can cause ramp constraints to bind.

•• The following figure shows average realThe following figure shows average real--time prices by time of day in the winter, together time prices by time of day in the winter, together 
with the effective headroom on the system (the amount of generatwith the effective headroom on the system (the amount of generation that can be utilized ion that can be utilized 
in the next five minutes accounting for ramp limits and dispatchin the next five minutes accounting for ramp limits and dispatch limits) and the average limits) and the average 
change in NSI.  It shows:change in NSI.  It shows:

The changes in real time prices are directly related to changes The changes in real time prices are directly related to changes in effective headroom.in effective headroom.

A substantial portion of the change in effective headroom are reA substantial portion of the change in effective headroom are related to change in NSI.lated to change in NSI.

•• The report contains some recommendations that should reduce the The report contains some recommendations that should reduce the volatility of the NSI.volatility of the NSI.
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RealReal--Time System Marginal Price versus Time System Marginal Price versus 
Headroom and ImportsHeadroom and Imports
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Executive Summary: Executive Summary: 
Dispatch of Peaking Resources in Real TimeDispatch of Peaking Resources in Real Time

•• The dispatch of peaking resources are an important component of The dispatch of peaking resources are an important component of the realthe real--time market time market 
because they are a primary cause of RSG and a determinant of effbecause they are a primary cause of RSG and a determinant of efficient price signals.icient price signals.

On a daily average basis, the dispatch of peaking resources averOn a daily average basis, the dispatch of peaking resources averaged 433 MW per hour in aged 433 MW per hour in 
nonnon--summer days and almost 1000 MW per hour during the summer.  Howesummer days and almost 1000 MW per hour during the summer.  However, on a ver, on a 
number of peak load days, the average dispatch was as high as 50number of peak load days, the average dispatch was as high as 5000 to 7000 MW per hour.00 to 7000 MW per hour.

These dispatch levels are similar to those in 2006 and much loweThese dispatch levels are similar to those in 2006 and much lower than the levels in 2005.  r than the levels in 2005.  
Higher net load scheduling in the dayHigher net load scheduling in the day--ahead market and improved commitment of peaking ahead market and improved commitment of peaking 
resources by the Midwest ISO operators are responsible for the dresources by the Midwest ISO operators are responsible for the decrease.ecrease.

•• Our analysis shows a large share of the peaking resources are diOur analysis shows a large share of the peaking resources are dispatched outspatched out--ofof--merit merit 
(offer > LMP), indicating that they frequently do not set the en(offer > LMP), indicating that they frequently do not set the energy price.ergy price.

OOM dispatch results in higher RSG to ensure the peaking resourcOOM dispatch results in higher RSG to ensure the peaking resources recover their ases recover their as--
offered costs.offered costs.

This also contributes to the underThis also contributes to the under--scheduling of load in the dayscheduling of load in the day--ahead market. ahead market. 

Peaking resources are generally the lowestPeaking resources are generally the lowest--cost means to serve the load not scheduled daycost means to serve the load not scheduled day--
ahead ahead –– if they do not set prices (i.e., prices are set at a lower leveif they do not set prices (i.e., prices are set at a lower level by a nonl by a non--peakerpeaker), it will ), it will 
not provide the loads the incentive to purchase more daynot provide the loads the incentive to purchase more day--ahead.ahead.

The Midwest ISO is actively working on a pricing method that wilThe Midwest ISO is actively working on a pricing method that will allow inflexible units l allow inflexible units 
and demand to set prices.and demand to set prices.
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Executive Summary: Executive Summary: 
Generating Capacity and Reserve MarginsGenerating Capacity and Reserve Margins

•• Generating resources in the Midwest ISO market totaled almost 12Generating resources in the Midwest ISO market totaled almost 126 GW in 2007.6 GW in 2007.
•• The maximum capacity levels planners assume can be optimistic ifThe maximum capacity levels planners assume can be optimistic if all all deratingsderatings are not are not 

fully reflected, particularly those that tend to occur under hotfully reflected, particularly those that tend to occur under hot conditions.conditions.
•• The following table shows the capacity levels, internal demand, The following table shows the capacity levels, internal demand, and resulting reserve and resulting reserve 

margins for each region, including projected additions and retirmargins for each region, including projected additions and retirements to summer 2008.ements to summer 2008.
Internal demand is internal load less the sum of behind the meteInternal demand is internal load less the sum of behind the meter generation, interruptible r generation, interruptible 
load and other demand side response capability.load and other demand side response capability.
The reserve margin is equal to: (Capacity plus Firm Imports The reserve margin is equal to: (Capacity plus Firm Imports ÷÷ Demand or Load) Demand or Load) –– 1.1.

•• The table shows that reserve margins in 2008 are highly sensitivThe table shows that reserve margins in 2008 are highly sensitive to the assumed e to the assumed 
maximum capacity levels and whether interruptible demand is inclmaximum capacity levels and whether interruptible demand is included.uded.

Reserve margins based on nameplate capacity ratings indicates a Reserve margins based on nameplate capacity ratings indicates a substantial surplus.substantial surplus.
When one removes the When one removes the deratingsderatings and temperature sensitive capacity that may not be and temperature sensitive capacity that may not be 
available at peak, the reserve margin ranges from 10 to 19 perceavailable at peak, the reserve margin ranges from 10 to 19 percent (the higher margin nt (the higher margin 
includes interruptible load).  Margins are much tighter in the Eincludes interruptible load).  Margins are much tighter in the East and Central. ast and Central. 
This indicates that realThis indicates that real--time conditions may be relatively tight time conditions may be relatively tight ---- forced outages (avg. 5 forced outages (avg. 5 
percent) and operating reserves (3 percent) will utilize most ofpercent) and operating reserves (3 percent) will utilize most of the remaining capacity the remaining capacity 
surplus on generating units so that calling on interruptible loasurplus on generating units so that calling on interruptible load is likely.d is likely.

•• Although the systemAlthough the system’’s resources are adequate for this summer, new resources will liks resources are adequate for this summer, new resources will likely ely 
be needed soon.  Hence, it is important for the marketbe needed soon.  Hence, it is important for the market’’s economic signals that govern new s economic signals that govern new 
investment and retirement decisions to be efficient.investment and retirement decisions to be efficient.
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Generation Capacity and Reserve MarginsGeneration Capacity and Reserve Margins
Estimates for 2008Estimates for 2008

Capacity
Reserve
Margin

Capacity
Reserve
Margin

Capacity
Reserve
Margin

East

Internal Load 39,268   1,271      42,396            11.2% 39,484            3.8% 38,915            2.3%

Internal Demand3 36,221   1,271      42,396            20.6% 39,484            12.5% 38,915            10.9%

Central

Internal Load 39,084   711         44,925            16.8% 41,144            7.1% 39,762            3.6%

Internal Demand 37,285   711         44,925            22.4% 41,144            12.3% 39,762            8.6%

West

Internal Load 20,803   3,119      23,962            30.2% 19,304            7.8% 19,304            7.8%

Internal Demand 18,670   3,119      23,962            45.1% 19,304            20.1% 19,304            20.1%

WUMS

Internal Load 13,554   1,189      15,921            26.2% 15,329            21.9% 14,763            17.7%

Internal Demand 12,287   1,189      15,921            39.3% 15,329            34.4% 14,763            29.8%

MISO

Internal Load 108,255 6,290      127,204          23.3% 115,261          12.3% 112,744          10.0%

Internal Demand 100,009 6,290      127,204          33.5% 115,261          21.5% 112,744          19.0%

1

2

3 Net Internal Demand is internal load less behind-the-meter load and demand-side management.

LoadRegion

The Midwest ISO estimated derates from Nameplate and for temperature are included in the Available Capacity.  We have estimated additional High Temperature derate 
based on capacity offered on August 1, 2006 for units available in the Day-Ahead market.  

High Temperature Capacity2NameplateFirm 
Net 

Imports

Available Capacity1

Estimated by the Midwest ISO using Day Ahead Market offer data and observed derates in 2007.  Midwest ISO Summer Relibility Assessment 2007.  Includes known 
planned outages for 2008.
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Executive Summary: Executive Summary: 
Transmission CongestionTransmission Congestion

•• One of the most significant benefits of the Midwest ISO energy mOne of the most significant benefits of the Midwest ISO energy markets is that they arkets is that they 
provide accurate and transparent price signals that reflect congprovide accurate and transparent price signals that reflect congestion on the network.estion on the network.

The next figure shows that total congestion costs in the dayThe next figure shows that total congestion costs in the day--ahead and realahead and real--time markets time markets 
were just over $713 million in 2007, an increase of more than 25were just over $713 million in 2007, an increase of more than 25 percent from 2006.percent from 2006.
The increase was primarily due to:The increase was primarily due to:

–– Higher fuel prices in 2007, which increased Higher fuel prices in 2007, which increased redispatchredispatch costs.costs.
–– Reduced imports over the Manitoba interface and certain outages Reduced imports over the Manitoba interface and certain outages that increased that increased 

congestion into the West (the Minnesota NCA) during the first hacongestion into the West (the Minnesota NCA) during the first half of the year.lf of the year.
Nearly 90 percent of total congestion was captured in the DayNearly 90 percent of total congestion was captured in the Day--Ahead market, a marked Ahead market, a marked 
improvement from 2005 and 2006.  Residual realimprovement from 2005 and 2006.  Residual real--time congestion generally occurs when time congestion generally occurs when 
the daythe day--ahead modeling of the network is not consistent with realahead modeling of the network is not consistent with real--time system.time system.

–– Hence , the reduction in residual realHence , the reduction in residual real--time congestion indicates that the Midwest time congestion indicates that the Midwest 
ISOISO’’s days day--ahead modeling has improved.ahead modeling has improved.

•• There were a number of instances when the realThere were a number of instances when the real--time market model was unable to reduce time market model was unable to reduce 
the flow below the transmission limit.the flow below the transmission limit.

These instances result in substantial nodal price movements and These instances result in substantial nodal price movements and often require operators to often require operators to 
take other actions to maintain reliability.take other actions to maintain reliability.
Generator inflexibility (offer parameters that provide little Generator inflexibility (offer parameters that provide little redispatchredispatch capability) and a capability) and a 
certain modeling methods are the two factors that primarily contcertain modeling methods are the two factors that primarily contribute to these instances.ribute to these instances.
The report includes recommendations to address this issue.The report includes recommendations to address this issue.
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Total Congestion CostsTotal Congestion Costs
April 2005 through December 2007April 2005 through December 2007
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2005 Total 2006 Total 2007 Total

DA Congestion Cost 563,403,316  476,953,895  632,878,942   

RT Congestion Cost 269,023,576  81,862,328    80,394,808     
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Executive Summary: Executive Summary: 
Manageability of Transmission ConstraintsManageability of Transmission Constraints

•• More than 25 percent of the binding transmission constraints couMore than 25 percent of the binding transmission constraints could not be managed on a ld not be managed on a 
five minute basis (realfive minute basis (real--time time redispatchredispatch could not reduce flow below the limit).could not reduce flow below the limit).

The presence of an unmanageable constraint does not mean the sysThe presence of an unmanageable constraint does not mean the system is unreliable tem is unreliable ––
reliability standards require the flow to be less than the limitreliability standards require the flow to be less than the limit within 30 minutes.within 30 minutes.
When a constraint is unmanageable, an algorithm is used to When a constraint is unmanageable, an algorithm is used to ““relaxrelax”” the constraintthe constraint’’s limit s limit 
for purposes of calculating a shadow price for the constraint anfor purposes of calculating a shadow price for the constraint and associated d associated LMPsLMPs..

•• These instances result in substantial price movements and often These instances result in substantial price movements and often require operators to take require operators to take 
other actions to maintain reliability.  The primary causes of thother actions to maintain reliability.  The primary causes of these instances are:ese instances are:

Generator inflexibility (offer parameters that provide little Generator inflexibility (offer parameters that provide little redispatchredispatch capability); and capability); and 
A modeling parameter that causes the market software not to A modeling parameter that causes the market software not to redispatchredispatch generation that has generation that has 
small effects on the transmission constraints.small effects on the transmission constraints.

•• Both of these factors are being addressed this year through:Both of these factors are being addressed this year through:
Implementation of the Price Volatility Make While Payments (witImplementation of the Price Volatility Make While Payments (with ASM) that will ensure  h ASM) that will ensure  

flexible suppliers are not harmed when prices and dispatch signaflexible suppliers are not harmed when prices and dispatch signals are changing rapidly.ls are changing rapidly.
Reduction in the modeling parameter described above, which the MReduction in the modeling parameter described above, which the Midwest ISO plans to idwest ISO plans to 
accomplish over the next few months.accomplish over the next few months.

•• Finally, our analysis of the constraint relaxation algorithm sugFinally, our analysis of the constraint relaxation algorithm suggests that it often produces gests that it often produces 
inefficient shadow prices and associated inefficient shadow prices and associated LMPsLMPs (more than 20 percent of the violated (more than 20 percent of the violated 
constraints are relaxed to a zero shadow price, indicating no coconstraints are relaxed to a zero shadow price, indicating no congestion).  Our ngestion).  Our 
recommendations address this problem.recommendations address this problem.
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Executive Summary: Executive Summary: 
Transmission Congestion Transmission Congestion 

•• The value of congestion in the real time (based on the shadow prThe value of congestion in the real time (based on the shadow prices and flows over each ices and flows over each 
constraint) was estimated to be $984 million in 2007, up from $9constraint) was estimated to be $984 million in 2007, up from $960 million 2006.60 million 2006.

This value is larger than the congestion collected by Midwest ISThis value is larger than the congestion collected by Midwest ISO because there are a large O because there are a large 
flows (flows (““loop flowsloop flows””) created by the production and consumption of energy in other a) created by the production and consumption of energy in other areas.reas.

The Midwest ISO does not collect congestion rent on the loop floThe Midwest ISO does not collect congestion rent on the loop flows.ws.

•• The following figure also shows the value of realThe following figure also shows the value of real--time congestion by region.time congestion by region.

More than 94 percent of the value of realMore than 94 percent of the value of real--time congestion occurred on internal Midwest time congestion occurred on internal Midwest 
ISO constraints.ISO constraints.

The remaining congestion occurred on external constraints for whThe remaining congestion occurred on external constraints for which the Midwest ISO ich the Midwest ISO 
redispatchesredispatches generation, including:generation, including:

–– PJM marketPJM market--toto--market constraints; and market constraints; and 

–– Constraints in other areas for which transmission line loading pConstraints in other areas for which transmission line loading procedures are called to rocedures are called to 
manage congestion. manage congestion. 

•• As expected, congestion values increase under summer peak load cAs expected, congestion values increase under summer peak load conditions. Congestion onditions. Congestion 
values remained high into the fall due to the increased congestivalues remained high into the fall due to the increased congestion into Minnesota. on into Minnesota. 
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Value of RealValue of Real--Time Congestion by Coordination RegionTime Congestion by Coordination Region
2006 and 20072006 and 2007
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Executive Summary:Executive Summary:
Financial Transmission RightsFinancial Transmission Rights

•• Financial transmission rights provide a hedge for congestion becFinancial transmission rights provide a hedge for congestion because dayause day--ahead ahead 
congestion over the path that defines the FTR is rebated to the congestion over the path that defines the FTR is rebated to the holder.holder.

•• FTRsFTRs were underwere under--funded in 2007 funded in 2007 –– i.e., dayi.e., day--ahead congestion 19 percent less than the ahead congestion 19 percent less than the 
obligations due to FTR holders in 2007, versus the 10 percent shobligations due to FTR holders in 2007, versus the 10 percent shortfall in 2006.  A number ortfall in 2006.  A number 
of factors contribute to the shortfall including:of factors contribute to the shortfall including:

Continued challenges associated with accurately forecasting loopContinued challenges associated with accurately forecasting loop flow and nonflow and non--market market 
flows on Midwest ISO constraints in the FTR modeling.  flows on Midwest ISO constraints in the FTR modeling.  

Significant unplanned unit and line outages that reduce transferSignificant unplanned unit and line outages that reduce transfer capability modeled in the capability modeled in the 
FTR auctions.FTR auctions.

•• To address the underTo address the under--funding of funding of FTRsFTRs, the Midwest ISO has modified the assumptions on , the Midwest ISO has modified the assumptions on 
loop flows and limits used in the annual, seasonal and monthly aloop flows and limits used in the annual, seasonal and monthly auctions to use more uctions to use more 
conservative assumptions to account for:conservative assumptions to account for:

Expected differences in the average conditions modeled in FTR auExpected differences in the average conditions modeled in FTR auctions versus actual ctions versus actual 
hourly experience.hourly experience.

Unexpected line and unit outages and Unexpected line and unit outages and deratesderates that affect transfer limits.that affect transfer limits.

•• The results of these improved assumptions will be reflected in FThe results of these improved assumptions will be reflected in FTR settlement results TR settlement results 
beginning in June 2008. beginning in June 2008. 
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Executive Summary:Executive Summary:
Financial Transmission RightsFinancial Transmission Rights

•• Other transmission rights were created to accommodate grandfatheOther transmission rights were created to accommodate grandfathered agreements red agreements 
(e.g., Option B (e.g., Option B FTRsFTRs, Carve, Carve--Outs, Expanded Congestion Hedges). Outs, Expanded Congestion Hedges). 

Payments on these rights were only 6 percent of the total paymenPayments on these rights were only 6 percent of the total payments.  ts.  

This is good because This is good because FTRsFTRs provide more efficient incentives than these forms of provide more efficient incentives than these forms of 
transmission rights.  transmission rights.  

•• The report also shows that the difference between prices for The report also shows that the difference between prices for FTRsFTRs in the auctions in the auctions 
and the actual value of congestion payable to and the actual value of congestion payable to FTRsFTRs has decreased significantly has decreased significantly 
from the start of the market through 2007.  This change:from the start of the market through 2007.  This change:

Reducing the FTR profits realized by their buyers; and  Reducing the FTR profits realized by their buyers; and  

Indicates that the performance of the FTR is improving as it becIndicates that the performance of the FTR is improving as it becomes more liquid omes more liquid 
and participants improve in the ability to value the and participants improve in the ability to value the FTRsFTRs. . 
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Executive Summary:Executive Summary:
External TransactionsExternal Transactions

•• The Midwest ISO relies heavily on imports from adjacent areas.The Midwest ISO relies heavily on imports from adjacent areas.

The following figure shows the daily average net imports in realThe following figure shows the daily average net imports in real--time over all interfaces.time over all interfaces.

On average, the Midwest ISO imported almost 5 GW in onOn average, the Midwest ISO imported almost 5 GW in on--peak hours and over 2.7 GW peak hours and over 2.7 GW 
in offin off--peak hours.peak hours.

•• However, realHowever, real--time net imports decreased more than 200 MW on average from thostime net imports decreased more than 200 MW on average from those e 
scheduled in the dayscheduled in the day--ahead market.  ahead market.  

On many days the average net imports decreased by more than 1000On many days the average net imports decreased by more than 1000 MW, which can MW, which can 
create reliability issues for the Midwest ISO that must be managcreate reliability issues for the Midwest ISO that must be managed.ed.

Large changes in net imports can cause the Midwest ISO to have tLarge changes in net imports can cause the Midwest ISO to have to commit additional o commit additional 
generation and rely more heavily on peaking resources.generation and rely more heavily on peaking resources.

Recommended changes in scheduling to reduce the variability in nRecommended changes in scheduling to reduce the variability in net imports. et imports. 

•• More than a quarter of the net imports came over the Manitoba inMore than a quarter of the net imports came over the Manitoba interface, which began terface, which began 
the year well below similar periods in 2005 and 2006 due to poorthe year well below similar periods in 2005 and 2006 due to poor water conditions.  water conditions.  
However, imports rose to more normal levels by summer. However, imports rose to more normal levels by summer. 

•• The Midwest ISO is also a net importer from PJM, although power The Midwest ISO is also a net importer from PJM, although power flows across this flows across this 
interface frequently reverse direction.interface frequently reverse direction.
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Average Hourly RealAverage Hourly Real--Time ImportsTime Imports
All HoursAll Hours
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Executive Summary:Executive Summary:
External TransactionsExternal Transactions

•• Our analysis of the interaction between the Midwest ISO and adjaOur analysis of the interaction between the Midwest ISO and adjacent markets shows that cent markets shows that 
the prices at the border between the markets are relatively wellthe prices at the border between the markets are relatively well arbitraged in most hours.arbitraged in most hours.

The Midwest ISO relies on participants to increase or decrease tThe Midwest ISO relies on participants to increase or decrease their net imports to cause heir net imports to cause 
prices to converge between markets.  Given the uncertainty regarprices to converge between markets.  Given the uncertainty regarding the difference in ding the difference in 
prices (transactions are scheduled in advance), we do not expectprices (transactions are scheduled in advance), we do not expect perfect convergence. perfect convergence. 
Many hours exhibit large price differences between the Midwest IMany hours exhibit large price differences between the Midwest ISO and adjacent areas.SO and adjacent areas.

To achieve better price convergence with PJM, we continue to recTo achieve better price convergence with PJM, we continue to recommend that the ommend that the RTORTO’’ss
consider expanding the JOA to optimize net interchange between tconsider expanding the JOA to optimize net interchange between the two areas.he two areas.

–– The participantsThe participants’’ transactions would be financial and the transactions would be financial and the RTOsRTOs would determine the would determine the 
optimal physical interchange based on the relative prices in theoptimal physical interchange based on the relative prices in the two areas.two areas.

–– This change would achieve the vast majority of any potential savThis change would achieve the vast majority of any potential savings associated with ings associated with 
jointly dispatching generation in the two regions.jointly dispatching generation in the two regions.

•• The report also evaluates the marketThe report also evaluates the market--toto--market coordination that the Midwest ISO and market coordination that the Midwest ISO and 
PJM use to jointly manage transmission constraints that both marPJM use to jointly manage transmission constraints that both markets affect.kets affect.

This process has been key in allowing these constraints to be moThis process has been key in allowing these constraints to be more efficiently managed.re efficiently managed.

Our analysis shows that the process can be improved by:Our analysis shows that the process can be improved by:

–– Changing how constraints are modeled and not Changing how constraints are modeled and not ““relaxingrelaxing”” violated constraints; andviolated constraints; and

–– Modifying the dispatch assumptions to allow the Midwest ISO and Modifying the dispatch assumptions to allow the Midwest ISO and PJM to provide PJM to provide 
larger quantities of relief on the otherlarger quantities of relief on the other’’s constraints.s constraints.
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Executive Summary:Executive Summary:
IntraIntra--Hour External TransactionsHour External Transactions

•• The report also analyzes intraThe report also analyzes intra--hour external transactions (transactions scheduled for only hour external transactions (transactions scheduled for only 
part of an hour), which are desirable to the extent they contribpart of an hour), which are desirable to the extent they contribute to price convergence.ute to price convergence.

However, large changes in the Midwest ISOHowever, large changes in the Midwest ISO’’s physical interchange caused by intras physical interchange caused by intra--hour hour 
schedules can lead to price volatility and operational challengeschedules can lead to price volatility and operational challenges.s.

Such changes can also substantially affect prices because the MiSuch changes can also substantially affect prices because the Midwest ISO may have to dwest ISO may have to 
ramp generation up or down rapidly to accommodate the schedules.ramp generation up or down rapidly to accommodate the schedules.

Our analysis shows that tOur analysis shows that the majority of intrahe majority of intra--hour transactions appear to be rational, i.e. hour transactions appear to be rational, i.e. 
the participant had a reasonable expectation of profit from the the participant had a reasonable expectation of profit from the transaction.transaction.

With regard to the subset of transactions that do not appear to With regard to the subset of transactions that do not appear to be profitable, there is not a be profitable, there is not a 
sustained or consistent pattern by any participants that would isustained or consistent pattern by any participants that would indicate market manipulation.ndicate market manipulation.

•• However, the report raises two general concerns regarding intraHowever, the report raises two general concerns regarding intra--hour scheduling:hour scheduling:

Settling intraSettling intra--hour transactions on an hourly basis, rather than on the basis ohour transactions on an hourly basis, rather than on the basis of when the f when the 
power is flowing can cause a mismatch of incentives (inefficientpower is flowing can cause a mismatch of incentives (inefficient transactions that are transactions that are 
profitable or vice versa). profitable or vice versa). 

Allowing participants to schedule transactions for the last 15 mAllowing participants to schedule transactions for the last 15 minutes of the hour after they inutes of the hour after they 
have seen the prices in the first 15 minutes of the hour (that whave seen the prices in the first 15 minutes of the hour (that will be included in the hourly ill be included in the hourly 
settlement) raises a number of concerns and has led to active insettlement) raises a number of concerns and has led to active intratra--hour scheduling.hour scheduling.

The report recommends scheduling and settlement changes to addreThe report recommends scheduling and settlement changes to address these issues.ss these issues.
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Executive Summary:Executive Summary:
Market Power and MitigationMarket Power and Mitigation

•• This report provides an overview of the market concentration andThis report provides an overview of the market concentration and other potential market other potential market 
power indicators, as well as a review of the conduct of particippower indicators, as well as a review of the conduct of participants and imposition of ants and imposition of 
market power mitigation measures in 2007.market power mitigation measures in 2007.

•• The report indicates that concentration is low for the overall MThe report indicates that concentration is low for the overall Midwest ISO area, but idwest ISO area, but 
moderate in the Central and East areas and high in the West and moderate in the Central and East areas and high in the West and WUMS areas.WUMS areas.

•• The fact that a supplier is The fact that a supplier is ““pivotalpivotal”” is a more reliable indicator of potential market power, is a more reliable indicator of potential market power, 
which occurs when market demands cannot be satisfied without thewhich occurs when market demands cannot be satisfied without the suppliersupplier’’s resources.  s resources.  

•• The next figure shows this analysis by transmission constraint. The next figure shows this analysis by transmission constraint. It identifies the frequency It identifies the frequency 
with which a single supplierswith which a single suppliers’’ resources are needed to manage a constraint.  resources are needed to manage a constraint.  

58 percent of the active 58 percent of the active ““broad constrained areabroad constrained area”” ((““BCABCA””) constraints have a pivotal ) constraints have a pivotal 
supplier.  supplier.  BCAsBCAs are all constraints other than area defined in WUMS and SE Minnare all constraints other than area defined in WUMS and SE Minnesota.esota.

62 percent of the active 62 percent of the active ““narrow constrained areanarrow constrained area”” ((““NCANCA””) constraints into WUMS have a ) constraints into WUMS have a 
pivotal supplier, as do 52 percent of the active NCA constraintspivotal supplier, as do 52 percent of the active NCA constraints into Minnesota.into Minnesota.

•• In addition, twoIn addition, two--thirds of all intervals in 2007 exhibited an active BCA constraithirds of all intervals in 2007 exhibited an active BCA constraint with at nt with at 
least one pivotal supplier in twoleast one pivotal supplier in two--thirds of the hours.  thirds of the hours.  

Likewise, 30 percent and 20 percent of the intervals exhibited aLikewise, 30 percent and 20 percent of the intervals exhibited an active NCA constraints n active NCA constraints 
with a pivotal supplier in WUMS and Minnesota, respectively.with a pivotal supplier in WUMS and Minnesota, respectively.

•• Based on these results, we find substantial local market power eBased on these results, we find substantial local market power exists associated with both xists associated with both 
the BCA and NCA constraints.the BCA and NCA constraints.
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Market Power Analysis:Market Power Analysis:
Percent of Active Constraints with a Pivotal SupplierPercent of Active Constraints with a Pivotal Supplier
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Executive Summary:Executive Summary:
Market Power and MitigationMarket Power and Mitigation

•• Our structural analyses indicate substantial local market power,Our structural analyses indicate substantial local market power, but our analyses of but our analyses of 
participantsparticipants’’ conduct provide little evidence of attempts to withhold resourcconduct provide little evidence of attempts to withhold resources (either es (either 
physically or economically) to exercise market power.physically or economically) to exercise market power.

•• The next figure shows our The next figure shows our ““output gapoutput gap”” metric that is designed to detect significant metric that is designed to detect significant 
economic withholding.economic withholding.

The output gap is the quantity of power not produced when suppliThe output gap is the quantity of power not produced when suppliersers’’ competitive costs competitive costs 
are significantly lower than the LMP.are significantly lower than the LMP.

This analysis shows that the output gap rose modestly at the begThis analysis shows that the output gap rose modestly at the beginning of 2007 due to the inning of 2007 due to the 
designation of the Minnesota NCA (and the tighter associated thrdesignation of the Minnesota NCA (and the tighter associated threshold) but has eshold) but has 
generally remained at relatively low and stable levels.generally remained at relatively low and stable levels.

These results, and the results of other analyses in this report,These results, and the results of other analyses in this report, provide little indication of provide little indication of 
significant economic or physical withholding, although we monitosignificant economic or physical withholding, although we monitor these levels on an r these levels on an 
hourly basis and regularly investigate instances of potential wihourly basis and regularly investigate instances of potential withholding.thholding.

•• Market power mitigation in the Midwest ISOMarket power mitigation in the Midwest ISO’’s energy market occurs pursuant to s energy market occurs pursuant to 
automated conduct and impact tests that utilize clearly specifieautomated conduct and impact tests that utilize clearly specified criteria.  Because d criteria.  Because 
conduct has generally been competitive, market power mitigation conduct has generally been competitive, market power mitigation has been very has been very 
infrequent.infrequent.
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Economic Withholding:  Output Gap AnalysisEconomic Withholding:  Output Gap Analysis
Average of Daily Peak HourAverage of Daily Peak Hour
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Executive Summary:Executive Summary:
Development of Demand Response ResourcesDevelopment of Demand Response Resources

•• Demand participation in the market is beneficial in many ways.Demand participation in the market is beneficial in many ways.
It contributes to reliability in the shortIt contributes to reliability in the short--term, resource adequacy in the longterm, resource adequacy in the long--term, reduces term, reduces 
price volatility and other market costs, and mitigates supplier price volatility and other market costs, and mitigates supplier market power.market power.

The development of demand response in the Midwest ISO should be The development of demand response in the Midwest ISO should be a high priority.a high priority.

•• Demand can participate in the Midwest ISO markets currently in oDemand can participate in the Midwest ISO markets currently in one of two ways:ne of two ways:
Price responsive demand Price responsive demand –– reducing consumption as prices rise, but not dispatched by reducing consumption as prices rise, but not dispatched by 
the Midwest ISO.the Midwest ISO.
Demand response resources (Demand response resources (““DRRsDRRs””) ) –– dispatched like supply resources (must be dispatched like supply resources (must be 
dispatchabledispatchable on a 5on a 5--minute basis).minute basis).

•• When all forms of demand response are included, the Midwest ISO When all forms of demand response are included, the Midwest ISO has more than 8600 has more than 8600 
MW, or roughly 45 percent of the total demand response capabilitMW, or roughly 45 percent of the total demand response capability in all of the y in all of the RTOsRTOs..

Most of this interruptible load was developed by utilities underMost of this interruptible load was developed by utilities under regulated retail regulated retail 
initiatives.  In general, this load is curtailed for reliabilityinitiatives.  In general, this load is curtailed for reliability and is not priceand is not price--responsive.  responsive.  

•• The Midwest ISO continues to work to facilitate growth in demandThe Midwest ISO continues to work to facilitate growth in demand response by:response by:
Allowing DR resources to sell ancillary services or energy, and Allowing DR resources to sell ancillary services or energy, and satisfy the resource satisfy the resource 
adequacy requirements.adequacy requirements.
Removing disincentives to the development of Removing disincentives to the development of DRRsDRRs. (e.g., waiving the RSG costs to . (e.g., waiving the RSG costs to 
entities that stray from their economic dispatch level, setting entities that stray from their economic dispatch level, setting efficient shortage prices).  efficient shortage prices).  
Removing  any technical barriers to the expansion of Removing  any technical barriers to the expansion of DRRsDRRs in the market.in the market.



- 39 -

Executive Summary:Executive Summary:
Planned Market ImprovementsPlanned Market Improvements

The Midwest ISO is implementing a number of changes that will suThe Midwest ISO is implementing a number of changes that will substantial improvebstantial improve
the performance of the energy markets and the economic signals tthe performance of the energy markets and the economic signals the markets provide. he markets provide. 

•• Midwest ISO is planning to introduce ancillary services markets Midwest ISO is planning to introduce ancillary services markets in September in September 
2008.2008.

ASM will also set efficient prices in both markets to reflect thASM will also set efficient prices in both markets to reflect the economic tradee economic trade--
offs between reserves and energy, particularly during shortage coffs between reserves and energy, particularly during shortage conditions. onditions. 

ASM will also set efficient prices in both markets to reflect thASM will also set efficient prices in both markets to reflect the economic tradee economic trade--
offs between reserves and energy, particularly during shortage coffs between reserves and energy, particularly during shortage conditions.onditions.

•• Midwest ISO is completing its work to clarify the capacity requiMidwest ISO is completing its work to clarify the capacity requirements in Module rements in Module 
E of the Tariff and take appropriate steps to enforce the requirE of the Tariff and take appropriate steps to enforce the requirements.ements.

This will allow a decentralized contract market to develop for sThis will allow a decentralized contract market to develop for satisfying these atisfying these 
capacity requirements.capacity requirements.
These development of this market will improve the market signalsThese development of this market will improve the market signals that govern that govern 
investment and retirement decisions.investment and retirement decisions.
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Summary of RecommendationsSummary of Recommendations

Although the markets have performed relatively well and will perAlthough the markets have performed relatively well and will perform better with the form better with the 
implementation of ASM, we recommend the Midwest ISO consider theimplementation of ASM, we recommend the Midwest ISO consider the following changes.following changes.

1.1.Continue its work to improve the management and pricing for demaContinue its work to improve the management and pricing for demand response programs, nd response programs, 
including:including:

•• Developing centrallyDeveloping centrally--coordinated demand response programs that allow DR resources to coordinated demand response programs that allow DR resources to 
participate more fully in the energy and ancillary services markparticipate more fully in the energy and ancillary services markets; andets; and

•• Allowing the interruptible load and demand response resources toAllowing the interruptible load and demand response resources to set energy prices in the set energy prices in the 
realreal--time market when they are called on under shortage conditions.time market when they are called on under shortage conditions.

•• This will improve the incentive and opportunity for the developmThis will improve the incentive and opportunity for the development of new demand ent of new demand 
response, and allow the Midwest ISO to send more efficient longresponse, and allow the Midwest ISO to send more efficient long--term economic signals. term economic signals. 

2.2.Develop realDevelop real--time software and market provisions that allow gas turbines runntime software and market provisions that allow gas turbines running at their ing at their 
EcoMinEcoMin or or EcoMaxEcoMax to set the energy prices.to set the energy prices.

•• This change would improve the efficiency of the realThis change would improve the efficiency of the real--time prices, improve incentives to time prices, improve incentives to 
schedule load fully in the dayschedule load fully in the day--ahead market, and reduce RSG costs.ahead market, and reduce RSG costs.

•• To set prices correctly, the market must distinguish between To set prices correctly, the market must distinguish between GTsGTs that are needed versus that are needed versus 
those that would be shutthose that would be shut--down if they were flexible and dispatched optimally.down if they were flexible and dispatched optimally.

•• The Midwest ISO has developed promising research in this area anThe Midwest ISO has developed promising research in this area and should be in a d should be in a 
position to test the practical feasibility of its approach laterposition to test the practical feasibility of its approach later in 2008. in 2008. 
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Summary of RecommendationsSummary of Recommendations

3.3. Develop a Develop a ““looklook--aheadahead”” capability in the realcapability in the real--time that would commit quicktime that would commit quick--starting gas starting gas 
turbines and better manage ramp capability on slowturbines and better manage ramp capability on slow--ramping units.ramping units.

•• The Midwest ISO has made operational improvements in its commitmThe Midwest ISO has made operational improvements in its commitment of peaking ent of peaking 
resources, but the commitment of these units can be further imprresources, but the commitment of these units can be further improved by reliance on an oved by reliance on an 
economic model to commit the units.economic model to commit the units.

•• Allowing the market to commit and deAllowing the market to commit and de--commit the turbines would reduce the outcommit the turbines would reduce the out--ofof--merit merit 
quantities, reduce RSG payments, and improve the ability of peakquantities, reduce RSG payments, and improve the ability of peaking resources to set the ing resources to set the 
energy price.energy price.

4.4. Replace the current exReplace the current ex--post pricing methodology with an approach that would simply post pricing methodology with an approach that would simply 
utilize exutilize ex--ante prices corrected for metering or other errors. ante prices corrected for metering or other errors. 

•• ExEx--post pricing has never been shown either theoretically or empiripost pricing has never been shown either theoretically or empirically to improve the cally to improve the 
efficiency of realefficiency of real--time prices or the incentives of suppliers. time prices or the incentives of suppliers. 

5.5. Discontinue its constraint relaxation procedure and use the consDiscontinue its constraint relaxation procedure and use the constraint penalty factor to traint penalty factor to 
set the set the LMPsLMPs when a transmission constraint is unmanageable.when a transmission constraint is unmanageable.

•• This will allow the prices to more efficiently reflect the overlThis will allow the prices to more efficiently reflect the overloaded constraint, particularly oaded constraint, particularly 
in cases when the relaxation procedure has caused the congestionin cases when the relaxation procedure has caused the congestion to apparently disappear. to apparently disappear. 

•• This is particularly important for low voltage and marketThis is particularly important for low voltage and market--toto--market constraints.market constraints.
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Summary of RecommendationsSummary of Recommendations

6.6. Allow generating resources with lower effects on a constraint toAllow generating resources with lower effects on a constraint to be be redispatchedredispatched (i.e., (i.e., 
GSFsGSFs less than the current 2 percent cutoff).less than the current 2 percent cutoff).

•• In addition to increasing the manageability of transmission consIn addition to increasing the manageability of transmission constraints, this will tend to traints, this will tend to 
reduce price volatility by providing the market more reduce price volatility by providing the market more redispatchredispatch options.options.

7.7. Regarding the marketRegarding the market--toto--market process, we recommend the Midwest ISO consider:market process, we recommend the Midwest ISO consider:

•• Adjusting the amount of relief each RTO requests from the other;Adjusting the amount of relief each RTO requests from the other;

•• Instituting a process to more closely monitor the information beInstituting a process to more closely monitor the information being exchanged with ing exchanged with 
PJM to quickly identify cases where the process is not operatingPJM to quickly identify cases where the process is not operating correctly;correctly;

•• Optimizing the realOptimizing the real--time net interchange between the two RTO areas; andtime net interchange between the two RTO areas; and

•• Developing a process to coordinate external transactions with noDeveloping a process to coordinate external transactions with nonn--Midwest ISO/PJM Midwest ISO/PJM 
areas within the JOA.areas within the JOA.

8.8. Regarding intraRegarding intra--hour imports and exports, we recommend the Midwest ISO consider:hour imports and exports, we recommend the Midwest ISO consider:

•• The feasibility of settling intraThe feasibility of settling intra--hour transactions on at 15hour transactions on at 15--minute basis; andminute basis; and

•• Limiting acceptance of such transactions based on its available Limiting acceptance of such transactions based on its available capability to ramp capability to ramp 
internal generation up or down in support of the transaction.internal generation up or down in support of the transaction.

•• Modify scheduling deadlines to ensure that no participant will oModify scheduling deadlines to ensure that no participant will observe prices that will bserve prices that will 
be included in an hourly settlement prior to scheduling a transabe included in an hourly settlement prior to scheduling a transaction.ction.
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Average Energy and Fuel PricesAverage Energy and Fuel Prices

•• The first figure in this section shows average dayThe first figure in this section shows average day--ahead energy prices and natural gas ahead energy prices and natural gas 
prices in 2007.prices in 2007.

•• The figure shows that DayThe figure shows that Day--Ahead prices are correlated with natural gas prices.  There Ahead prices are correlated with natural gas prices.  There 
are several reasons for this relationship:are several reasons for this relationship:

Fuel costs represent the majority of most suppliersFuel costs represent the majority of most suppliers’’ variable production costs (i.e., variable production costs (i.e., 
marginal costs) and gas units are often on the margin.marginal costs) and gas units are often on the margin.

The correlation was weaker during the summer months when prices The correlation was weaker during the summer months when prices did not fall did not fall 
with the decreasing natural gas prices.  This is expected due towith the decreasing natural gas prices.  This is expected due to the higher loads that the higher loads that 
prevail during the summer. prevail during the summer. 

•• The differences between the hub prices show the congestion on thThe differences between the hub prices show the congestion on the Midwest ISO e Midwest ISO 
system.system.

Much of the DayMuch of the Day--Ahead market congestion occurred on marketAhead market congestion occurred on market--toto--market market 
flowgatesflowgates on on MISOMISO’’ss eastern border with PJM.  eastern border with PJM.  

–– These constraints generally reduce the price of energy in the EaThese constraints generally reduce the price of energy in the East and Central regions. st and Central regions. 

Prices in WUMS were high due to transmission congestion that occPrices in WUMS were high due to transmission congestion that occurred urred 
throughout the year.  throughout the year.  

The West Region experienced high prices due to high levels of coThe West Region experienced high prices due to high levels of congestion and ngestion and 
winter peak loads during the winter.  winter peak loads during the winter.  
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DayDay--Ahead Average Monthly Hub Prices Ahead Average Monthly Hub Prices 
2007: All Hours2007: All Hours
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Energy PricesEnergy Prices

•• The AllThe All--In Price figure summarizes energy prices in the Midwest ISOIn Price figure summarizes energy prices in the Midwest ISO’’s markets in 2006 s markets in 2006 
and 2007.  and 2007.  

•• The The ““allall--inin”” price represents the value load served in the realprice represents the value load served in the real--time market.  time market.  

•• It is equal to the average realIt is equal to the average real--time price and average uplift costs that would be allocated time price and average uplift costs that would be allocated 
to a buyer in the realto a buyer in the real--time market.   time market.   

The allThe all--in price was approximately $51 per in price was approximately $51 per MWhMWh in 2007 in 2007 –– a 13 percent increase a 13 percent increase 
over the allover the all--in price in 2006.  in price in 2006.  

The 2006 allThe 2006 all--in of $44.84 per in of $44.84 per MWhMWh was a 20% decline from 2005.  was a 20% decline from 2005.  

The major contributing factors to these annual changes are:The major contributing factors to these annual changes are:

–– Changes in peaking commitments and resultant RSG uplift,Changes in peaking commitments and resultant RSG uplift,

–– Fuel price changes, andFuel price changes, and

–– Changes in load levels. Changes in load levels. 
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AllAll--In PriceIn Price
2006 & 20072006 & 2007

Note:  The AllNote:  The All--In Price is computed by calculating a loadIn Price is computed by calculating a load--weighted average realweighted average real--time energy price, plus total revenue sufficiency time energy price, plus total revenue sufficiency 
guarantee costs divided by actual load.  guarantee costs divided by actual load.  
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Implied Heat RatesImplied Heat Rates

•• To identify changes in electricity prices that are not driven byTo identify changes in electricity prices that are not driven by changes in natural changes in natural 
gas prices, the following figure shows the marginal heat rate thgas prices, the following figure shows the marginal heat rate that would be implied at would be implied 
if natural gas were always the marginal fuel.if natural gas were always the marginal fuel.

Implied Heat Rate = (realImplied Heat Rate = (real--time energy price) time energy price) ÷÷ (natural gas price) (natural gas price) 

This metric highlights variations in electricity prices that areThis metric highlights variations in electricity prices that are due to factors other due to factors other 
than fluctuations in natural gas prices.than fluctuations in natural gas prices.

•• The next figure compares the implied heat rates and average loadThe next figure compares the implied heat rates and average load levels for 2006 levels for 2006 
and 2007.  The figure shows:and 2007.  The figure shows:

The implied heat rates in 2007 were substantially higher than thThe implied heat rates in 2007 were substantially higher than those in 2006 during ose in 2006 during 
January and February, and from August to December.January and February, and from August to December.

In all of these months, the average loads were higher in 2007.  In all of these months, the average loads were higher in 2007.  

In the one month with a significantly lower average load (July 2In the one month with a significantly lower average load (July 2007), the implied 007), the implied 
heat rate was also significantly lower than in 2006.heat rate was also significantly lower than in 2006.

•• Substantial increases in coal prices late in 2007 also contributSubstantial increases in coal prices late in 2007 also contributed to the higher ed to the higher 
implied heat rates because coal units generally set prices in moimplied heat rates because coal units generally set prices in more than twore than two--thirds thirds 
of the time.of the time.
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Implied Heat Rate of Energy PriceImplied Heat Rate of Energy Price
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Real Time Energy PricesReal Time Energy Prices

•• The next figure shows a realThe next figure shows a real--time price duration curve for each hub.  A price time price duration curve for each hub.  A price 
duration curve shows the number of hours (xduration curve shows the number of hours (x--axis) when the LMP is greater than or axis) when the LMP is greater than or 
equal to a particular price level (yequal to a particular price level (y--axis).axis).

•• Congestion and losses cause prices to vary by location: Congestion and losses cause prices to vary by location: 

WUMS and Minnesota prices are the highest due to the frequent coWUMS and Minnesota prices are the highest due to the frequent congestion into ngestion into 
these areas these areas –– over 10 percent of the hours exhibit prices above $100/MWh at tover 10 percent of the hours exhibit prices above $100/MWh at these hese 
locations versus 6 and 7 percent at the Cinergy and Michigan hublocations versus 6 and 7 percent at the Cinergy and Michigan hubs, respectively.s, respectively.

Congestion affected Minnesota more than any other hub during 200Congestion affected Minnesota more than any other hub during 2007 7 –– causing the causing the 
highest number of hours with prices above $200/MWh (1.5 percent highest number of hours with prices above $200/MWh (1.5 percent of hours).of hours).

–– Number of hours exceeding $200/MWh increased from 2006 at all loNumber of hours exceeding $200/MWh increased from 2006 at all locations cations 
due primarily to higher oil and natural gas prices.due primarily to higher oil and natural gas prices.

Additionally, congestion from Minnesota into WUMS caused MinnesoAdditionally, congestion from Minnesota into WUMS caused Minnesota to have the ta to have the 
largest number of hours with prices less than zero (1.7 percent largest number of hours with prices less than zero (1.7 percent of hours).  of hours).  

–– This is an improvement over 2006 when 2.4 percent of hours at thThis is an improvement over 2006 when 2.4 percent of hours at the Minnesota e Minnesota 
hub exhibited negative prices.  However, the 1.7% in 2007 is tenhub exhibited negative prices.  However, the 1.7% in 2007 is ten times greater times greater 
than the rate at any other hub. than the rate at any other hub. 
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RealReal--Time Price Duration CurveTime Price Duration Curve
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$0

$50

$100

$150

$200

$250

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

$/
M

W
h

>200 >100 < 0
Cinergy Hub 0.3% 6.0% 0.0%
Michigan Hub 0.5% 6.9% 0.0%
Minnesota Hub 1.5% 10.2% 1.7%
WUMS Area 1.1% 10.6% 0.1%

Share of All 
Hours with LMP

2007

- 52 -

Real Time Energy Prices in the HighestReal Time Energy Prices in the Highest--Priced HoursPriced Hours

•• The next figure shows a realThe next figure shows a real--time price duration curve for the highesttime price duration curve for the highest--priced hours priced hours 
for each hub.for each hub.

•• Prices in these peak hours play a critical role in sending the ePrices in these peak hours play a critical role in sending the economic signals that conomic signals that 
govern investment and retirement of generation.govern investment and retirement of generation.

As shown in the prior figure, prices in Minnesota and WUMS are gAs shown in the prior figure, prices in Minnesota and WUMS are generally higher enerally higher 
in these hours than the prices at other locations in the Midwestin these hours than the prices at other locations in the Midwest ISO.ISO.

Prices throughout the Midwest ISO were above $300 in a very smalPrices throughout the Midwest ISO were above $300 in a very small number of l number of 
hours hours –– ranging from four hours (0.05 percent) at Cinergy to 30 hours (ranging from four hours (0.05 percent) at Cinergy to 30 hours (0.3 0.3 
percent) at the Minnesota Hub.percent) at the Minnesota Hub.

If peak pricing events continue at the frequencies that occurredIf peak pricing events continue at the frequencies that occurred in 2007, the in 2007, the 
Midwest ISO markets will not provide efficient incentives for neMidwest ISO markets will not provide efficient incentives for new investment in w investment in 
generation or demand response resources.  generation or demand response resources.  

–– This is further evaluated in the Net Revenue analysis in this reThis is further evaluated in the Net Revenue analysis in this report.port.

–– Improvements in the peak energy pricing provisions and related mImprovements in the peak energy pricing provisions and related market rules arket rules 
that are discussed later in the report will improve the economicthat are discussed later in the report will improve the economic signals and signals and 
contribute to resource adequacy.contribute to resource adequacy.
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RealReal--Time Price Duration CurveTime Price Duration Curve
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Implied Heat Rate Duration CurveImplied Heat Rate Duration Curve

•• The implied heat rate duration curves illustrated on the next slThe implied heat rate duration curves illustrated on the next slide represent the ide represent the 
average loadaverage load--weighted hourly exweighted hourly ex--post price during each of the 8,760 hours in 2006 post price during each of the 8,760 hours in 2006 
and 2007.and 2007.

•• This figure shows that the implied heat rate, adjusted for changThis figure shows that the implied heat rate, adjusted for changes in the price of es in the price of 
natural gas, is higher during a large number of hours in 2007. Anatural gas, is higher during a large number of hours in 2007. As discussed s discussed 
previously, several contributing factors to this change are:previously, several contributing factors to this change are:

Peak load in 2007 was lower than 2006, but average load in 2007 Peak load in 2007 was lower than 2006, but average load in 2007 was significantly was significantly 
greater;greater;

Natural gas and oilNatural gas and oil--fired resources set the marginal system price in over 29 percentfired resources set the marginal system price in over 29 percent
of realof real--time market intervals in 2007 compared to 20 percent of intervaltime market intervals in 2007 compared to 20 percent of intervals in 2006.s in 2006.

Coal set the system marginal price 77 percent of the hours in 20Coal set the system marginal price 77 percent of the hours in 2006 and 67 percent in 06 and 67 percent in 
2007.2007.

NonNon--firm natural gas transportation issues compelled many dualfirm natural gas transportation issues compelled many dual--fueled resources, fueled resources, 
particularly in the West, to burn oil during the winter.particularly in the West, to burn oil during the winter.
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Implied Heat Rate Duration CurveImplied Heat Rate Duration Curve
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Price Setting SummaryPrice Setting Summary

•• The next figure shows the frequency with which different types oThe next figure shows the frequency with which different types of units set the f units set the 
unconstrained energy price in the Midwest ISO.unconstrained energy price in the Midwest ISO.

When a constraint is binding, more than one type of unit may be When a constraint is binding, more than one type of unit may be setting prices (one setting prices (one 
in the constrained area and one in the unconstrained areas).in the constrained area and one in the unconstrained areas).

For the purposes of this figure, we show only the priceFor the purposes of this figure, we show only the price--setter in the unconstrained setter in the unconstrained 
areas areas –– thus, higher cost units may set prices in constrained areas morthus, higher cost units may set prices in constrained areas more than e than 
suggested in the figure. suggested in the figure. 

•• This figure shows that coal units set prices more in more than tThis figure shows that coal units set prices more in more than twowo--thirds of the thirds of the 
hours (including virtually all of the offhours (including virtually all of the off--peak hours).peak hours).

•• Natural gas and oil set prices during the highest load hours.  HNatural gas and oil set prices during the highest load hours.  Hence, these fuel ence, these fuel 
prices have a larger effect on the loadprices have a larger effect on the load--weighted average prices than the percentages weighted average prices than the percentages 
would suggest.  would suggest.  

•• In February 2007, natural gas fired units set prices in a largerIn February 2007, natural gas fired units set prices in a larger share of hours than share of hours than 
any other month.  any other month.  

This was due to the lower dayThis was due to the lower day--ahead scheduling levels and high winter loads in ahead scheduling levels and high winter loads in 
February, which caused the Midwest ISO to really heavily on gas February, which caused the Midwest ISO to really heavily on gas turbines that turbines that 
could be started intraday. could be started intraday. 
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Share of Interval Price Setting Share of Interval Price Setting 
By Unit Fuel TypeBy Unit Fuel Type
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LongLong--Term Economic Signals to Term Economic Signals to 
Maintain Adequate ResourcesMaintain Adequate Resources

•• In longIn long--run equilibrium, the market should provide net revenues (revenuerun equilibrium, the market should provide net revenues (revenue in excess of in excess of 
production costs) that create efficient incentives for investmenproduction costs) that create efficient incentives for investment and retirement.t and retirement.

•• The following figure shows net revenue provided by the Midwest IThe following figure shows net revenue provided by the Midwest ISO market over the SO market over the 
first nine months of operation in 2005 through 2007 for two typefirst nine months of operation in 2005 through 2007 for two types of new units:s of new units:

Gas combinedGas combined--cycle:  heat rate assumed of 7,000 BTU/KWh.cycle:  heat rate assumed of 7,000 BTU/KWh.
Gas combustion turbine:  heat rate assumed of 10,500 BTU/KWh.Gas combustion turbine:  heat rate assumed of 10,500 BTU/KWh.

•• Based on our estimates of the annualized costs of new investmentBased on our estimates of the annualized costs of new investment, the Midwest ISO , the Midwest ISO 
markets would not support investment in gas turbines, but may sumarkets would not support investment in gas turbines, but may support investment in pport investment in 
combined cycle generation in the congested areas.combined cycle generation in the congested areas.

•• These results are consistent with expectations because:These results are consistent with expectations because:
The Midwest ISO footprint has a small capacity surplus that contThe Midwest ISO footprint has a small capacity surplus that contributed to no significant ributed to no significant 
periods shortage occurring in 2007.periods shortage occurring in 2007.
When shortages do occur, the current markets do not fully price When shortages do occur, the current markets do not fully price them because operating them because operating 
reserve shortages and interrupted load do not contribute to settreserve shortages and interrupted load do not contribute to setting prices.  ing prices.  
The ASM markets will improve shortage pricing and the Midwest ISThe ASM markets will improve shortage pricing and the Midwest ISO is working on other O is working on other 
pricing changes to allow interruptible load to set prices.pricing changes to allow interruptible load to set prices.

•• Changes being introduced to Module E of the Tariff should also iChanges being introduced to Module E of the Tariff should also improve the longmprove the long--term term 
market signals needed to maintain adequate resources by allowingmarket signals needed to maintain adequate resources by allowing a decentralized market a decentralized market 
to develop to meet the Midwest ISOto develop to meet the Midwest ISO’’s capacity requirements. s capacity requirements. 
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Net Revenue and Operating HoursNet Revenue and Operating Hours
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Capacity During Peak Load PeriodsCapacity During Peak Load Periods

•• The following figure shows the generation capacity available andThe following figure shows the generation capacity available and unavailable to the unavailable to the 
market during the peak load hour of each month during 2007.market during the peak load hour of each month during 2007.

•• The first figure shows that: The first figure shows that: 
The peak load was generally higher than the emergency maximum ofThe peak load was generally higher than the emergency maximum of all online all online 
generation, which indicates that the Midwest ISO relies heavily generation, which indicates that the Midwest ISO relies heavily on imports to satisfy on imports to satisfy 
the demands for energy and operating reserves.the demands for energy and operating reserves.
The headroom on the highest load days was generally low and nearThe headroom on the highest load days was generally low and near the expected the expected 
dispatch margins.  There were no conditions requiring demand siddispatch margins.  There were no conditions requiring demand side management e management 
during the summer peak periods.during the summer peak periods.
A peak event occurred in February that resulted in demand curtaiA peak event occurred in February that resulted in demand curtailments in the West.  lments in the West.  

•• The second figure provides the same results, but shows only the The second figure provides the same results, but shows only the capacity that was capacity that was 
unavailable.  These figures show:unavailable.  These figures show:

DeratingsDeratings in the DA market were highest during July and August due to higin the DA market were highest during July and August due to high h 
temperatures, but were less than the temperatures, but were less than the deratingsderatings that occurred in 2006.that occurred in 2006.
In 2006, high temperatures and environmental restrictions resultIn 2006, high temperatures and environmental restrictions resulted in additional ed in additional 
deratingsderatings of of baseloadbaseload capacity.  Those conditions did not occur in 2007.capacity.  Those conditions did not occur in 2007.
Roughly 3.6 GW of capacity is permanently Roughly 3.6 GW of capacity is permanently deratedderated (relative to nameplate capacity (relative to nameplate capacity 
ratings) and unavailable for dispatch across throughout the yearratings) and unavailable for dispatch across throughout the year..
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Capacity During Peak Load HoursCapacity During Peak Load Hours
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Offline and Unavailable Capacity Offline and Unavailable Capacity 
Monthly Peak Load HourMonthly Peak Load Hour
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Load Maximum and Average Versus Peak PredictionLoad Maximum and Average Versus Peak Prediction
2007: All Hours2007: All Hours

•• This figure shows the peak average hourly load by month for eachThis figure shows the peak average hourly load by month for each subsub--region. region. 

•• The Midwest ISO is a summer peaking region The Midwest ISO is a summer peaking region –– the figure confirms that the highest the figure confirms that the highest 
loads occurred in the summer months. loads occurred in the summer months. 

•• Mild summer temperatures caused the realized peak load in 2007 tMild summer temperatures caused the realized peak load in 2007 to be less than the o be less than the 
forecasted peak from the Midwest ISO Summer Assessment.  forecasted peak from the Midwest ISO Summer Assessment.  

•• Load never reached the Midwest ISO Summer AssessmentLoad never reached the Midwest ISO Summer Assessment’’s peak prediction in s peak prediction in 
2007. 2007. 

In the months of July and August, the peak load was 101 and 104 In the months of July and August, the peak load was 101 and 104 GW, respectively. GW, respectively. 

Each of these monthly peaks was well below the predicted peak loEach of these monthly peaks was well below the predicted peak load for 2007 of ad for 2007 of 
nearly 106 GW.nearly 106 GW.

•• As expected, the peak load levels are substantially higher than As expected, the peak load levels are substantially higher than average load levels.average load levels.

During the summer months, peak load levels were 41 percent higheDuring the summer months, peak load levels were 41 percent higher than average r than average 
loads.loads.

Because electricity cannot be stored, the market relies on interBecause electricity cannot be stored, the market relies on intermediate and peaking mediate and peaking 
resources to meet peak demands.resources to meet peak demands.

•• The figure also shows that most of the load in the Midwest ISO iThe figure also shows that most of the load in the Midwest ISO is in the Central and s in the Central and 
East subEast sub--regions (74 percent).regions (74 percent).
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Load Maximum and Average Versus Peak PredictionLoad Maximum and Average Versus Peak Prediction
2007: All Hours2007: All Hours
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Load Duration CurvesLoad Duration Curves
2005 2005 -- 20072007

•• The next figure shows load duration curves for 2005, 2006 and 20The next figure shows load duration curves for 2005, 2006 and 2007. 07. 

Because the Day 2 Markets began in April 2005, only the period fBecause the Day 2 Markets began in April 2005, only the period from April to rom April to 
December are included to allow a three year comparison. December are included to allow a three year comparison. 

These curves show the number of hours in which the load is greatThese curves show the number of hours in which the load is greater than the level er than the level 
indicated on the vertical axis.indicated on the vertical axis.

LGE, who left the Midwest ISO in 2006, is excluded from the loadLGE, who left the Midwest ISO in 2006, is excluded from the load data in this analysis data in this analysis 
and most others in this report.and most others in this report.

•• Mild summer weather resulted in fewer hours with extreme demand Mild summer weather resulted in fewer hours with extreme demand levels in 2007.levels in 2007.

There were no hours when actual loads exceeded 105 GW in 2007, vThere were no hours when actual loads exceeded 105 GW in 2007, versus 21 hours in ersus 21 hours in 
2006 and six in 2005.  2006 and six in 2005.  

Although the peak was higher in 2006, average summer loads 2007 Although the peak was higher in 2006, average summer loads 2007 were generally were generally 
higher than in 2006.  There were 267 hours when actual loads exchigher than in 2006.  There were 267 hours when actual loads exceeded 90 GW in 2006 eeded 90 GW in 2006 
versus 188 hours in 2006.versus 188 hours in 2006.

•• Close to 30 percent of the resources are needed only to meet theClose to 30 percent of the resources are needed only to meet the energy and operating energy and operating 
reserve requirements of the region in the highest 5 percent of lreserve requirements of the region in the highest 5 percent of load hours.oad hours.

These results underscore the importance of efficient pricing durThese results underscore the importance of efficient pricing during the highest load ing the highest load 
conditions.conditions.
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Load Duration CurvesLoad Duration Curves
2005 2005 –– 2007: Nine Months Beginning April2007: Nine Months Beginning April

Note: LGEE load has been removed from these data.Note: LGEE load has been removed from these data.
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Midwest ISO Generating Capacity Midwest ISO Generating Capacity 
by Coordination Regionby Coordination Region

•• Generating resources in the Midwest ISO market footprint totaledGenerating resources in the Midwest ISO market footprint totaled almost 126 GW almost 126 GW 
in 2007;in 2007;

The resources in this figure are those owned by Midwest ISO markThe resources in this figure are those owned by Midwest ISO market participants et participants 
and exclude Midwest ISO members that are only reliability memberand exclude Midwest ISO members that are only reliability members (e.g. NPPD, s (e.g. NPPD, 
OPPD).OPPD).

Including the resources of the reliabilityIncluding the resources of the reliability--only members, the total generating only members, the total generating 
capacity would increase tocapacity would increase to 170 GW.170 GW.

•• The following figure shows the generating capacity located in thThe following figure shows the generating capacity located in the four primary e four primary 
subsub--regions in the Midwest.regions in the Midwest.

Because it is a highly congested area, we show the WUMS area sepBecause it is a highly congested area, we show the WUMS area separately from arately from 
the rest of the eastern coordination region of Midwest ISO.the rest of the eastern coordination region of Midwest ISO.

Consistent with the location of the load in the Midwest, more thConsistent with the location of the load in the Midwest, more than 70 percent of an 70 percent of 
the generating resources are located in the East and Central subthe generating resources are located in the East and Central sub--regions.regions.
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Generation Capacity by Coordination RegionGeneration Capacity by Coordination Region
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Generation Capacity and Reserve MarginsGeneration Capacity and Reserve Margins

•• The maximum capacity levels planners normally assume can be optiThe maximum capacity levels planners normally assume can be optimistic if all mistic if all 
potential potential deratingsderatings are not fully reflected.are not fully reflected.

•• In particular, capacity levels during high temperature events arIn particular, capacity levels during high temperature events are significantly lower e significantly lower 
than nameplate capacity suggests, leading to lower reserve margithan nameplate capacity suggests, leading to lower reserve margins than planners ns than planners 
typically estimate.typically estimate.

Many resources during peak load events must be Many resources during peak load events must be deratedderated in response to environmental in response to environmental 
restrictions or due to effect of high ambient temperatures.restrictions or due to effect of high ambient temperatures.

Intermittent resources cannot be counted on to provide energy inIntermittent resources cannot be counted on to provide energy in realreal--time.time.

Lastly units are often Lastly units are often ““permanently permanently deratedderated”” by a small amount, indicating that they by a small amount, indicating that they 
cannot physically operate at their nameplate capacity level.cannot physically operate at their nameplate capacity level.

•• The following table shows the capacity levels, internal demand, The following table shows the capacity levels, internal demand, and resulting reserve and resulting reserve 
margins for each region projected for 2008 given announced capacmargins for each region projected for 2008 given announced capacity additions and ity additions and 
retirements.retirements.

Internal demand is internal load less the sum of behind the meteInternal demand is internal load less the sum of behind the meter generation, r generation, 
interruptible load and other demand side response capability.interruptible load and other demand side response capability.

The reserve margin is equal to: The reserve margin is equal to: 

(Capacity plus Firm Imports (Capacity plus Firm Imports ÷÷ Internal Demand or Load) Internal Demand or Load) –– 11



- 71 -

Generation Capacity and Reserve MarginsGeneration Capacity and Reserve Margins

•• The table shows that reserve margins are highly sensitive to theThe table shows that reserve margins are highly sensitive to the assumed maximum assumed maximum 
capacity levels and whether interruptible demand is included.capacity levels and whether interruptible demand is included.

•• Using nameplate capacity levels and the projected levels for 200Using nameplate capacity levels and the projected levels for 2008:8:
The reserve margin for the Midwest ISO region is 23 percent baseThe reserve margin for the Midwest ISO region is 23 percent based on Internal Load and d on Internal Load and 
34 percent based on Internal Demand (which includes demand respo34 percent based on Internal Demand (which includes demand response capability).nse capability).
In each of the regions, the reserve margin varies from 11 percenIn each of the regions, the reserve margin varies from 11 percent to 30 percent based on t to 30 percent based on 
Internal Load and from 21 percent to 45 percent based on InternaInternal Load and from 21 percent to 45 percent based on Internal Demand.l Demand.
These results would lead one to conclude that the Midwest ISO haThese results would lead one to conclude that the Midwest ISO has a substantial surplus.s a substantial surplus.

•• However, when one removes the typical However, when one removes the typical deratingsderatings and the temperature sensitive capacity and the temperature sensitive capacity 
that was not available under peak demand conditions, we find:that was not available under peak demand conditions, we find:

The reserve margin projected for 2008 for the Midwest ISO regionThe reserve margin projected for 2008 for the Midwest ISO region is 10.0 percent based is 10.0 percent based 
on Internal Load and 19.0 percent based on Internal Demand.on Internal Load and 19.0 percent based on Internal Demand.
In each of the regions, the reserve margin varies from 2 percentIn each of the regions, the reserve margin varies from 2 percent to 18 percent based on to 18 percent based on 
Internal Load and from 9 percent to 30 percent based on InternalInternal Load and from 9 percent to 30 percent based on Internal Demand.Demand.
This indicates that realThis indicates that real--time conditions may be relatively tight time conditions may be relatively tight ---- forced outages (avg. 5 forced outages (avg. 5 
percent) and operating reserves (3 percent) will utilize most ofpercent) and operating reserves (3 percent) will utilize most of the remaining capacity the remaining capacity 
surplus on generating units so that calling on interruptible loasurplus on generating units so that calling on interruptible load is likely.d is likely.

•• Although these results indicate that the systemAlthough these results indicate that the system’’s resources are adequate for this summer, s resources are adequate for this summer, 
new resources will likely be needed soon.  Hence, it is importannew resources will likely be needed soon.  Hence, it is important for the markett for the market’’s s 
economic signals that govern new investment and retirement deciseconomic signals that govern new investment and retirement decisions to be efficient.ions to be efficient.
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Generation Capacity and Reserve MarginsGeneration Capacity and Reserve Margins
Estimates for 2008Estimates for 2008

Capacity
Reserve
Margin

Capacity
Reserve
Margin

Capacity
Reserve
Margin

East

Internal Load 39,268   1,271      42,396            11.2% 39,484            3.8% 38,915            2.3%

Internal Demand3 36,221   1,271      42,396            20.6% 39,484            12.5% 38,915            10.9%

Central

Internal Load 39,084   711         44,925            16.8% 41,144            7.1% 39,762            3.6%

Internal Demand 37,285   711         44,925            22.4% 41,144            12.3% 39,762            8.6%

West

Internal Load 20,803   3,119      23,962            30.2% 19,304            7.8% 19,304            7.8%

Internal Demand 18,670   3,119      23,962            45.1% 19,304            20.1% 19,304            20.1%

WUMS

Internal Load 13,554   1,189      15,921            26.2% 15,329            21.9% 14,763            17.7%

Internal Demand 12,287   1,189      15,921            39.3% 15,329            34.4% 14,763            29.8%

MISO

Internal Load 108,255 6,290      127,204          23.3% 115,261          12.3% 112,744          10.0%

Internal Demand 100,009 6,290      127,204          33.5% 115,261          21.5% 112,744          19.0%

1

2

3 Net Internal Demand is internal load less behind-the-meter load and demand-side management.

LoadRegion

The Midwest ISO estimated derates from Nameplate and for temperature are included in the Available Capacity.  We have estimated additional High Temperature derate 
based on capacity offered on August 1, 2006 for units available in the Day-Ahead market.  

High Temperature Capacity2NameplateFirm 
Net 

Imports

Available Capacity1

Estimated by the Midwest ISO using Day Ahead Market offer data and observed derates in 2007.  Midwest ISO Summer Relibility Assessment 2007.  Includes known 
planned outages for 2008.
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Additions and Retirements of Generation CapacityAdditions and Retirements of Generation Capacity

•• The following table shows the new capacity additions planned forThe following table shows the new capacity additions planned for 2008.  In total,  2008.  In total,  
2.7 2.7 GWsGWs of additions and 900 of additions and 900 MWsMWs of retirements are expected in 2008.of retirements are expected in 2008.

Although a total capacity addition of 2.7 Although a total capacity addition of 2.7 GWsGWs appears significant, much of the appears significant, much of the 
new capacity is wind.  The intermittent nature of Wind cause it new capacity is wind.  The intermittent nature of Wind cause it to contribute to contribute 
relatively less to reliability than conventional supply or demanrelatively less to reliability than conventional supply or demand response.  d response.  

Substantial gas/oil fired capacity is also being added in the WeSubstantial gas/oil fired capacity is also being added in the West, which should st, which should 
improve the Midwest ISOimprove the Midwest ISO’’s ability to manage congestion into the area..s ability to manage congestion into the area..

Coal Gas Oil Oil/Gas Other Waste Water Wind

ALTW 130       
AMIL 3           
CWLD 6           
DECO 53         
GRE 27         117       
MDU 20         
MP 25         50         
NIPS 131       
NSP 50         1,044    24         489       
OTP 179       
SMP 4           
WEC 145       
WPS 150       99         
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Distribution of SubDistribution of Sub--Region Generation CapacityRegion Generation Capacity
By Fuel Type By Fuel Type 

•• The Midwest ISO continues to rely heavily on coalThe Midwest ISO continues to rely heavily on coal--fired generating resources.fired generating resources.

Approximately 52 percent of its generation capacity is coalApproximately 52 percent of its generation capacity is coal--fired. fired. 

Since coal units are generally Since coal units are generally baseloadedbaseloaded, coal, coal--fired resources generate an even fired resources generate an even 
larger proportion (77 percent) of total energy produced.larger proportion (77 percent) of total energy produced.

•• The next largest of fuelThe next largest of fuel--type is natural gastype is natural gas--fired generation, which accounts for fired generation, which accounts for 
almost 29 percent of the generating resources in the Midwest.almost 29 percent of the generating resources in the Midwest.

Because these resources are higherBecause these resources are higher--cost than most of the other resources in the cost than most of the other resources in the 
Midwest ISO, they produce less than 5 percent of the energy in tMidwest ISO, they produce less than 5 percent of the energy in the region.  he region.  
However, they frequently set the price in the Midwest.However, they frequently set the price in the Midwest.

•• Nuclear units account for approximately 8 percent of capacity, bNuclear units account for approximately 8 percent of capacity, but produce 14 ut produce 14 
percent of the generation.percent of the generation.

•• Oil and hydro represent 2.6 and 5 percent of the Midwest ISOOil and hydro represent 2.6 and 5 percent of the Midwest ISO’’s capacity, s capacity, 
respectively. Other units, including wind, provide about 4 percerespectively. Other units, including wind, provide about 4 percent of capacity.nt of capacity.

•• The mix of generation is relatively homogeneous across the subThe mix of generation is relatively homogeneous across the sub--regions. However, regions. However, 
the West subthe West sub--region hosts most of the wind resources, while the East has the region hosts most of the wind resources, while the East has the largest largest 
quantity of nuclear resources.quantity of nuclear resources.
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Distribution of SubDistribution of Sub--Region Generation CapacityRegion Generation Capacity
By Fuel TypeBy Fuel Type
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Generation OutagesGeneration Outages

•• The following figure shows the generator outages that occurred iThe following figure shows the generator outages that occurred in each month n each month 
during 2007 as a percentage of total market generation capacity.during 2007 as a percentage of total market generation capacity.

These values include only full outages These values include only full outages –– they do not include partial outages or they do not include partial outages or 
deratingsderatings..

The figure divides the forced outages between shortThe figure divides the forced outages between short--term (less than 7 days) and term (less than 7 days) and 
longlong--term (longer than 7 days).term (longer than 7 days).

•• Similar to 2006 the annual combined outage rate was almost 11 peSimilar to 2006 the annual combined outage rate was almost 11 percent for the three rcent for the three 
categories of outages.categories of outages.

•• As expected, this figure shows that the largest total outage levAs expected, this figure shows that the largest total outage levels occurred in the els occurred in the 
spring and fall because planned outages are generally scheduled spring and fall because planned outages are generally scheduled during periods of during periods of 
low load. low load. 

Planned outages were 12 percent during the spring and 7 percent Planned outages were 12 percent during the spring and 7 percent in fall.in fall.

Total planned and forced outages peaked in April at almost 19 peTotal planned and forced outages peaked in April at almost 19 percent.rcent.

Planned outages were lowest, at 1.5%,  in the peak load months oPlanned outages were lowest, at 1.5%,  in the peak load months of July and August.  f July and August.  

•• The forced outage rate did not substantially increase during theThe forced outage rate did not substantially increase during the summer summer ---- it it 
remained at typical levels ranging from 3 to 4 percent. remained at typical levels ranging from 3 to 4 percent. 
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Generation Outage RatesGeneration Outage Rates
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DayDay--Ahead Hub Prices and LoadAhead Hub Prices and Load
Peak HoursPeak Hours

•• The next figure shows daily dayThe next figure shows daily day--ahead prices during peak hours (6amahead prices during peak hours (6am--10pm on 10pm on 
weekdays) and the corresponding scheduled load (including net clweekdays) and the corresponding scheduled load (including net cleared virtual demand).eared virtual demand).

•• For the year, peak prices were about $4.50 per For the year, peak prices were about $4.50 per MWhMWh higher at the Minnesota and WUMS higher at the Minnesota and WUMS 
Hubs than at Michigan and Cinergy. Hubs than at Michigan and Cinergy. 

During winter months, congestion was greatest in the West due toDuring winter months, congestion was greatest in the West due to::

–– A relatively higher share of load in winter;A relatively higher share of load in winter;

–– Periods of nonPeriods of non--firm gas transportation issues resulting in oilfirm gas transportation issues resulting in oil--fired turbines setting fired turbines setting 
price; andprice; and

–– Reduced imports from Manitoba during the first six months of 200Reduced imports from Manitoba during the first six months of 2007.  Manitoba 7.  Manitoba 
imports increased later in the year, contributing to the reductiimports increased later in the year, contributing to the reduction of congestion during on of congestion during 
the summer and fall of 2007.  the summer and fall of 2007.  

Prices in WUMS were high throughout the year due to frequent conPrices in WUMS were high throughout the year due to frequent congestion on southgestion on south--toto--
north constraints into the region from north constraints into the region from ComEdComEd and periods of increased congestion from the and periods of increased congestion from the 
West during the fall due to forced outages. West during the fall due to forced outages. 

The most frequent DayThe most frequent Day--Ahead constraints (Black OakAhead constraints (Black Oak--BedingtonBedington) bound more than 25 ) bound more than 25 
percent of hours and contributed to the low Daypercent of hours and contributed to the low Day--Ahead prices at Cinergy Hub.Ahead prices at Cinergy Hub.

•• As shown in the figure, high load during both the winter peak anAs shown in the figure, high load during both the winter peak and summer peak periods d summer peak periods 
led to higher prices and volatility throughout the footprint.led to higher prices and volatility throughout the footprint.
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DayDay--Ahead Hub Prices and LoadAhead Hub Prices and Load
Peak HoursPeak Hours
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DayDay--Ahead Hub Prices and LoadAhead Hub Prices and Load
OffOff--Peak HoursPeak Hours

•• The next figure shows dayThe next figure shows day--ahead prices and load during offahead prices and load during off--peak hours. peak hours. 

•• Although offAlthough off--peak hour load achieves its maximum during August, the highest opeak hour load achieves its maximum during August, the highest offff--peak peak 
loads during the winter months are almost as high due to the colloads during the winter months are almost as high due to the cold temperatures that d temperatures that 
frequently occur overnight. frequently occur overnight. 

DayDay--ahead average offahead average off--peak prices were more than $50 per peak prices were more than $50 per MWhMWh in February and more in February and more 
than $40 per than $40 per MWhMWh in December.  in December.  

In contrast, the highest average offIn contrast, the highest average off--peak price in the summer months was $38 per peak price in the summer months was $38 per MWhMWh
in August.in August.

The higher winter prices were largely due to the fact that naturThe higher winter prices were largely due to the fact that natural gas prices were higher al gas prices were higher 
during the winter months.during the winter months.

•• Congestion patterns had a significant affect on offCongestion patterns had a significant affect on off--peak prices at the Minnesota Hub:peak prices at the Minnesota Hub:

Congestion Congestion to to Minnesota lead to higher prices during winter months;Minnesota lead to higher prices during winter months;

Congestion Congestion fromfrom Minnesota lead to lower low offMinnesota lead to lower low off--peak prices during summer months.peak prices during summer months.

This changes in congestion patterns were largely related to chanThis changes in congestion patterns were largely related to changes in outages and ges in outages and 
imports over the Manitoba interface.imports over the Manitoba interface.

•• Daily hub price variability was 77 percent higher during peak hoDaily hub price variability was 77 percent higher during peak hours than offurs than off--peak hours peak hours 
in the Dayin the Day--Ahead market.Ahead market.
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DayDay--Ahead and RealAhead and Real--Time Price ConvergenceTime Price Convergence

•• The next series of analyses is focused on the convergence of reaThe next series of analyses is focused on the convergence of reall--time and daytime and day--
ahead energy prices.ahead energy prices.

•• It is important that prices in the dayIt is important that prices in the day--ahead market converge with those in the realahead market converge with those in the real--
time market because:time market because:

The dayThe day--ahead market governs most of the generator commitments in the Miahead market governs most of the generator commitments in the Midwest dwest 
ISO ISO –– hence, efficient commitment requires efficient dayhence, efficient commitment requires efficient day--ahead market results.ahead market results.

Most wholesale energy bought or sold through the Midwest ISO marMost wholesale energy bought or sold through the Midwest ISO markets is settled kets is settled 
through the daythrough the day--ahead market.ahead market.

The entitlements of firm transmission rights are associated withThe entitlements of firm transmission rights are associated with the results of the the results of the 
dayday--ahead market.ahead market.

•• In general, good convergence is achieved by priceIn general, good convergence is achieved by price--sensitive bids and offers in the sensitive bids and offers in the 
dayday--ahead market ahead market –– including active virtual supply and demand participation in theincluding active virtual supply and demand participation in the
dayday--ahead market.ahead market.
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Hourly DayHourly Day--Ahead and RealAhead and Real--Time Price DifferencesTime Price Differences

•• The next two figures show average daily dayThe next two figures show average daily day--ahead to realahead to real--time price differences time price differences 
(Day Ahead minus Real(Day Ahead minus Real--Time) at four Midwest hubs.Time) at four Midwest hubs.

•• The results for the Cinergy and Michigan hubs in the first figurThe results for the Cinergy and Michigan hubs in the first figure show:e show:

The average price differences are small The average price differences are small ---- $0.30 and $0.79 per $0.30 and $0.79 per MWhMWh for the Cinergy for the Cinergy 
and Michigan Hubs, respectively.and Michigan Hubs, respectively.

During the summer when prices are the most volatile, these diffeDuring the summer when prices are the most volatile, these differences were larger.  rences were larger.  
In July and August, the Day Ahead premiums averaged $0.90 and $2In July and August, the Day Ahead premiums averaged $0.90 and $2.95 per .95 per MWhMWh
for the Cinergy and Michigan Hubs, respectively.for the Cinergy and Michigan Hubs, respectively.

DayDay--ahead premiums are rational because entities purchasing in the rahead premiums are rational because entities purchasing in the realeal--time market time market 
are subject to RSG uplift cost allocation.  are subject to RSG uplift cost allocation.  

–– The expectation of RSG costs increases in the summer, which shouThe expectation of RSG costs increases in the summer, which should increase ld increase 
the daythe day--ahead premium.ahead premium.

–– RSG allocation risk is discussed later in this section.RSG allocation risk is discussed later in this section.
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DayDay--Ahead and RealAhead and Real--Time Price DifferencesTime Price Differences
Cinergy Hub and Michigan Hub Cinergy Hub and Michigan Hub -- All HoursAll Hours
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Hourly DayHourly Day--Ahead and RealAhead and Real--Time Price DifferencesTime Price Differences

•• The second figure shows the results for the Minnesota Hub and WUThe second figure shows the results for the Minnesota Hub and WUMS Area, MS Area, 
which are areas more frequently affected by the congestion.which are areas more frequently affected by the congestion.

•• The more frequent congestion results in higher price volatility The more frequent congestion results in higher price volatility in these areas, in these areas, 
which contributes to:which contributes to:

A wider dispersion of price differences.A wider dispersion of price differences.

–– The standard deviation of price differences was $11.55 at CinergThe standard deviation of price differences was $11.55 at Cinergy.y.

–– The standard deviation of price differences was $16.93 and $14.3The standard deviation of price differences was $16.93 and $14.35 per 5 per MWhMWh
at the Minnesota Hub and in WUMS, respectively.at the Minnesota Hub and in WUMS, respectively.

Higher average price differences.Higher average price differences.

–– The price differences were similar in these areas The price differences were similar in these areas ---- $1.55 per $1.55 per MWhMWh in in 
Minnesota and $1.05 per Minnesota and $1.05 per MWhMWh in WUMS.in WUMS.

–– These results are nearly identical to the $1.53 and $1.07 premiuThese results are nearly identical to the $1.53 and $1.07 premiums calculated ms calculated 
during 2006. during 2006. 
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DayDay--Ahead and RealAhead and Real--Time Price DifferencesTime Price Differences
Minnesota Hub and WUMS Area Minnesota Hub and WUMS Area -- All HoursAll Hours
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DayDay--Ahead and RealAhead and Real--Time PricesTime Prices
Cinergy and Michigan HubsCinergy and Michigan Hubs

•• The following figures shows the monthly average prices for the CThe following figures shows the monthly average prices for the Cinergy and inergy and 
Michigan Hubs in the dayMichigan Hubs in the day--ahead and realahead and real--time markets. Cinergy Hub is the most time markets. Cinergy Hub is the most 
liquid trading point for forward contracting in the Midwest ISO liquid trading point for forward contracting in the Midwest ISO region.region.

•• Purchases in the realPurchases in the real--time market are subject to costs associated with the allocation time market are subject to costs associated with the allocation 
of realof real--time RSG.time RSG.

This will cause participants to increase their purchases in the This will cause participants to increase their purchases in the dayday--ahead market to ahead market to 
avoid the allocation, leading to a dayavoid the allocation, leading to a day--ahead premium.ahead premium.

To account for this factor, the following figures show the averaTo account for this factor, the following figures show the average RSG allocations ge RSG allocations 
(real(real--time RSG rate) on top of the energy price in each market.time RSG rate) on top of the energy price in each market.

•• Although the average dayAlthough the average day--ahead prices were slightly higher than realahead prices were slightly higher than real--time prices, the time prices, the 
total realtotal real--time price is slightly higher when RSG costs are included.time price is slightly higher when RSG costs are included.

The largest realThe largest real--time premiums (including RSG costs) occurred in months with the time premiums (including RSG costs) occurred in months with the 
largest RSG cost allocations.largest RSG cost allocations.

This indicates that the days with the largest RSG costs are diffThis indicates that the days with the largest RSG costs are difficult to foresee and, icult to foresee and, 
thus, are not fully reflected in the daythus, are not fully reflected in the day--ahead prices.ahead prices.
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DayDay--Ahead and RealAhead and Real--Time PricesTime Prices
Minnesota Hub and WUMSMinnesota Hub and WUMS

•• The following figures show average prices at the Minnesota Hub aThe following figures show average prices at the Minnesota Hub and in WUMS in nd in WUMS in 
the daythe day--ahead and realahead and real--time markets.time markets.

•• Price convergence in these areas is more challenging because conPrice convergence in these areas is more challenging because congestion amplifies gestion amplifies 
price volatility.price volatility.

•• The increased congestion at the Minnesota Hub contributed to larThe increased congestion at the Minnesota Hub contributed to larger fluctuations in ger fluctuations in 
the monthly differences between daythe monthly differences between day--ahead and realahead and real--time prices.time prices.

•• However, price convergence  over the entire year was comparable However, price convergence  over the entire year was comparable to that at the to that at the 
Cinergy Hub.Cinergy Hub.

This indicates that arbitrage has been effective over the longerThis indicates that arbitrage has been effective over the longer--term, despite the term, despite the 
increased shortincreased short--term volatility of the prices at these locations. term volatility of the prices at these locations. 
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DayDay--Ahead and RealAhead and Real--Time Price DifferencesTime Price Differences
Midwest ISO and Neighboring MarketsMidwest ISO and Neighboring Markets

•• The following figure compares dayThe following figure compares day--ahead and realahead and real--time price differences in Midwest ISO time price differences in Midwest ISO 
and the other RTO markets in the eastern interconnect. The compaand the other RTO markets in the eastern interconnect. The comparison includes:rison includes:

Average price differences and average of the absolute value of tAverage price differences and average of the absolute value of the hourly price differences he hourly price differences 
(which shows the typical difference regardless of the sign).(which shows the typical difference regardless of the sign).

Prices in constrained and unconstrained areas in each market.Prices in constrained and unconstrained areas in each market.

•• The comparison of the average prices in the table shows:The comparison of the average prices in the table shows:

The markets exhibit a dayThe markets exhibit a day--ahead price premium at most locations, with the exception of ahead price premium at most locations, with the exception of 
PJM and some locations in NYISO.  PJM and some locations in NYISO.  

These premiums are consistent with the higher volatility, risk, These premiums are consistent with the higher volatility, risk, and RSG costs associated and RSG costs associated 
with purchasing in the realwith purchasing in the real--time market.time market.

•• The comparison of the average absolute value of the differences The comparison of the average absolute value of the differences shows:shows:

With the exception of PJM, the locations affected by congestion With the exception of PJM, the locations affected by congestion exhibited larger average exhibited larger average 
differences, ranging from $18 to $22 per differences, ranging from $18 to $22 per MWhMWh, which is consistent with the higher , which is consistent with the higher 
volatility in these areas.volatility in these areas.

In the RealIn the Real--Time Market Performance section of this presentation, some reasoTime Market Performance section of this presentation, some reasons for ns for 
differences in pricing patterns between markets are discussed.differences in pricing patterns between markets are discussed.

•• Overall, these analyses indicate that price convergence in the MOverall, these analyses indicate that price convergence in the Midwest ISO has been idwest ISO has been 
consistent with the other RTO markets, which have all been operaconsistent with the other RTO markets, which have all been operating longer.ting longer.
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DayDay--Ahead to RealAhead to Real--Time Price DifferencesTime Price Differences
MISO and Neighboring MarketsMISO and Neighboring Markets

Day-Ahead Real-Time Difference

Midwest RTO:
Cinergy Hub $46.07 $45.62 $0.38 $14.31
Michigan Hub $48.47 $47.57 $0.84 $15.28
Minnesota Hub $51.97 $50.24 $1.64 $20.50
WUMS Area $54.75 $53.52 $1.17 $18.94

New England ISO:
New England Hub $67.97 $66.72 $1.25 $10.26
Maine $64.35 $63.65 $0.69 $9.92
Connecticut $71.70 $71.75 -$0.06 $12.93

New York ISO:
Zone A (West) $53.02 $52.35 $0.67 $15.66
Zone G (Hudson Valley) $72.26 $72.54 -$0.27 $20.62
Zone J (New York City) $77.21 $77.60 -$0.39 $22.58

PJM:
AEP Gen Hub $43.38 $44.15 -$0.76 $11.41
Chicago Hub $45.40 $45.76 -$0.36 $11.84
New Jersey Hub $63.45 $65.63 -$2.17 $18.45
Western Hub $56.91 $59.77 -$2.85 $17.02

Average of Hourly
Absolute Price Difference

Average Clearing Price
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DayDay--Ahead Load SchedulingAhead Load Scheduling

•• The next two figures show the components of load cleared in the The next two figures show the components of load cleared in the dayday--ahead market ahead market 
as a percentage of the actual realas a percentage of the actual real--time load.time load.

•• The net load scheduled day ahead is a key driver of RSG.The net load scheduled day ahead is a key driver of RSG.

Net load is the physical load, plus virtual load minus virtual sNet load is the physical load, plus virtual load minus virtual supply. upply. 

Supplies are committed and scheduled in the day ahead to satisfySupplies are committed and scheduled in the day ahead to satisfy the net load.the net load.

When net load is significantly less than 100 percent of the actuWhen net load is significantly less than 100 percent of the actual load, particularly in al load, particularly in 
the peak load hour of the day, the Midwest ISO will frequently cthe peak load hour of the day, the Midwest ISO will frequently commit peaking ommit peaking 
resources to satisfy the incremental increase in load.resources to satisfy the incremental increase in load.

•• Participants will have incentives to schedule net load at less tParticipants will have incentives to schedule net load at less than 100% when:han 100% when:

Significant quantities of generation are committed by participanSignificant quantities of generation are committed by participants or the ISO after ts or the ISO after 
the daythe day--ahead market.ahead market.

HighHigh--cost units (such as peaking resources) do not set prices when dicost units (such as peaking resources) do not set prices when dispatched in the spatched in the 
realreal--time market, which reduces the incentive to schedule fully day atime market, which reduces the incentive to schedule fully day ahead.head.
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DayDay--Ahead Load SchedulingAhead Load Scheduling

•• The figures show that the vast majority of load scheduled in theThe figures show that the vast majority of load scheduled in the dayday--ahead market is ahead market is 
fixed, i.e. will be purchased at any price.  fixed, i.e. will be purchased at any price.  

PricePrice--sensitive physical load accounts for less than 2 percent of totasensitive physical load accounts for less than 2 percent of total load scheduled l load scheduled 
marketmarket--wide and is highest in WUMS at 8 percent.wide and is highest in WUMS at 8 percent.

•• Virtual bids and offers increased throughout 2007 and plays an iVirtual bids and offers increased throughout 2007 and plays an important role in mportant role in 
arbitraging dayarbitraging day--ahead and realahead and real--time prices.time prices.

•• The net load (total load net of virtual supply) scheduled in theThe net load (total load net of virtual supply) scheduled in the dayday--ahead market as a ahead market as a 
percent of the realpercent of the real--time load declined slightly from 2006.time load declined slightly from 2006.

97.1 percent of the actual load was scheduled on net in 2007 in 97.1 percent of the actual load was scheduled on net in 2007 in all hours, down all hours, down 
slightly from 97.7 percent in 2006.  slightly from 97.7 percent in 2006.  

In the peak hour of each day (which is the hour that is most likIn the peak hour of each day (which is the hour that is most likely to require MISO ely to require MISO 
to commit additional generation), 95.1 percent of the actual loato commit additional generation), 95.1 percent of the actual load was scheduled on d was scheduled on 
net in the Daynet in the Day--Ahead market versus 96.1 percent in 2006 and 94.5 percent in 200Ahead market versus 96.1 percent in 2006 and 94.5 percent in 2005.5.

Much of the decrease from 2006 to 2007 was due to low schedulingMuch of the decrease from 2006 to 2007 was due to low scheduling levels in levels in 
February (93.2  percent), which exhibited the highest RSG costs February (93.2  percent), which exhibited the highest RSG costs of the year.of the year.

With the exception of February, higher scheduling levels since 2With the exception of February, higher scheduling levels since 2005 have reduced 005 have reduced 
MISOMISO’’ss reliance on peaking resources in the realreliance on peaking resources in the real--time, which led to the lower RSG time, which led to the lower RSG 
costs in 2006 and 2007.costs in 2006 and 2007.
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DayDay--Ahead Load Scheduling versus Actual LoadAhead Load Scheduling versus Actual Load
Daily Peak HourDaily Peak Hour
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DayDay--Ahead Load SchedulingAhead Load Scheduling

•• The following figure shows the percentage of realThe following figure shows the percentage of real--time load scheduled in the daytime load scheduled in the day--
ahead market relative to the actual realahead market relative to the actual real--time load.time load.

•• The figure indicates that the percentage of load scheduled generThe figure indicates that the percentage of load scheduled generally decreased as the ally decreased as the 
load increased in 2007.load increased in 2007.

•• This pattern is likely caused, in part, by the increased reliancThis pattern is likely caused, in part, by the increased reliance on peaking resources e on peaking resources 
in the highest load periods.  in the highest load periods.  

Such resources set prices when they are needed in the daySuch resources set prices when they are needed in the day--ahead market. ahead market. 

However, they frequently do not set prices in the realHowever, they frequently do not set prices in the real--time market due to their time market due to their 
inherent operational inflexibility.inherent operational inflexibility.

This creates economic incentives for participants to reduce theiThis creates economic incentives for participants to reduce their net scheduled load r net scheduled load 
in the dayin the day--ahead market.ahead market.

We are working with the Midwest ISO to develop pricing provisionWe are working with the Midwest ISO to develop pricing provisions that will correct s that will correct 
these incentives by allowing peaking resources to set prices morthese incentives by allowing peaking resources to set prices more frequently when e frequently when 
they are economic in the real time.they are economic in the real time.
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Hourly DayHourly Day--Ahead Net Load Scheduling by Load LevelAhead Net Load Scheduling by Load Level
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Virtual Load and Supply in the DayVirtual Load and Supply in the Day--Ahead MarketAhead Market

•• Virtual trades in the dayVirtual trades in the day--ahead market serve to:ahead market serve to:

Help ensure dayHelp ensure day--ahead market results are efficient;ahead market results are efficient;

Facilitate convergence between the dayFacilitate convergence between the day--ahead and realahead and real--time prices; andtime prices; and

Mitigate market power in the dayMitigate market power in the day--ahead market.ahead market.

•• The next two figures show the daily virtual bids and offers, thoThe next two figures show the daily virtual bids and offers, those that cleared the se that cleared the 
market, and the net virtual load (cleared virtual load less virtmarket, and the net virtual load (cleared virtual load less virtual supply). ual supply). 

•• After virtual trading volumes grew rapidly in 2005, FERC issued After virtual trading volumes grew rapidly in 2005, FERC issued an Order in April an Order in April 
2006 requiring the allocation of RSG costs to virtual supply. 2006 requiring the allocation of RSG costs to virtual supply. 

Although the FERC order should have only affected virtual supplyAlthough the FERC order should have only affected virtual supply costs, both virtual costs, both virtual 
supply and demand quantities decreased initially.  supply and demand quantities decreased initially.  

The total and cleared virtual bids and offers declined by roughlThe total and cleared virtual bids and offers declined by roughly 50 percent between  y 50 percent between  
April and the end of 2006.April and the end of 2006.

While cleared quantities in 2007 have not changed significantly While cleared quantities in 2007 have not changed significantly from 2006 levels, from 2006 levels, 
virtual offers have increased substantially.virtual offers have increased substantially.

The reduced volume of cleared The reduced volume of cleared virtualsvirtuals has not undermined the convergence of has not undermined the convergence of 
prices between the dayprices between the day--ahead and realahead and real--time.time.
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Virtual Load and Supply in the DayVirtual Load and Supply in the Day--Ahead MarketAhead Market
April 2005 through 2007: Peak HoursApril 2005 through 2007: Peak Hours
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Virtual Load and Supply in the DayVirtual Load and Supply in the Day--Ahead MarketAhead Market
April 2005 through 2007: OffApril 2005 through 2007: Off--Peak HoursPeak Hours
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Virtual Quantity and ProfitabilityVirtual Quantity and Profitability

•• The next figure shows monthly average profitability of virtual pThe next figure shows monthly average profitability of virtual purchases and sales.urchases and sales.

•• As the Day 2 markets have matured, the profitability of virtual As the Day 2 markets have matured, the profitability of virtual transactions has declined.  transactions has declined.  

For virtual transactions, the average gross profit per For virtual transactions, the average gross profit per MWhMWh cleared decreased slightly cleared decreased slightly 
from $0.69 per from $0.69 per MWhMWh in 2006 to $0.43 per in 2006 to $0.43 per MWhMWh in 2007.  in 2007.  

However after RSG allocations were deducted, the average net proHowever after RSG allocations were deducted, the average net profit was negative fit was negative 
during 2007.during 2007.

•• We continually monitor for large foreseeable losses on virtual tWe continually monitor for large foreseeable losses on virtual transactions because they ransactions because they 
can indicate an attempt by a participant to manipulate the daycan indicate an attempt by a participant to manipulate the day--ahead market prices.ahead market prices.

For example, a participant may submit a highFor example, a participant may submit a high--priced virtual bid at a constrained priced virtual bid at a constrained 
location that causes artificial congestion in the daylocation that causes artificial congestion in the day--ahead market.ahead market.

The participant will buy in the dayThe participant will buy in the day--ahead at the high, congested price and sell the ahead at the high, congested price and sell the 
energy back at a lower, energy back at a lower, uncongesteduncongested price in the realprice in the real--time market.time market.

Although the virtual transaction would be foresee ably unprofitaAlthough the virtual transaction would be foresee ably unprofitable, the participant ble, the participant 
could earn net profits if it increases its FTR payments or the vcould earn net profits if it increases its FTR payments or the value of a financial alue of a financial 
position.position.

Virtual losses that warrant further investigation have been rareVirtual losses that warrant further investigation have been rare, and none have , and none have 
warranted a referral to the Commission.  warranted a referral to the Commission.  
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Virtual Profitability in the DayVirtual Profitability in the Day--Ahead MarketAhead Market
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DayDay--Ahead Forecast Error in Daily Peak HourAhead Forecast Error in Daily Peak Hour
20072007

•• DayDay--Ahead forecasting is a key element of an efficient dayAhead forecasting is a key element of an efficient day--ahead commitment process. ahead commitment process. 

The accuracy of the dayThe accuracy of the day--ahead load forecast is particularly important for the ahead load forecast is particularly important for the 
Reliability Assessment  Commitment (RAC) process. Reliability Assessment  Commitment (RAC) process. 

Inaccurate forecasts can cause the MISO to commit additional resInaccurate forecasts can cause the MISO to commit additional resources that are ources that are 
unnecessary or not to commit resources that are needed, both of unnecessary or not to commit resources that are needed, both of which can be costly.which can be costly.

•• The following figure shows the percentage difference between theThe following figure shows the percentage difference between the dayday--ahead forecasted ahead forecasted 
load and realload and real--time actual load for the peak hour of each day in 2007.  time actual load for the peak hour of each day in 2007.  

The dayThe day--ahead forecast on average exceeded the average peak load by 0.1 ahead forecast on average exceeded the average peak load by 0.1 percent, percent, 
which indicates that the forecasting was relatively accurate on which indicates that the forecasting was relatively accurate on average.average.

The average peak load forecast error was 2.2% percent on averageThe average peak load forecast error was 2.2% percent on average (forecast error is (forecast error is 
the magnitude of the error, regardless of direction), slightly hthe magnitude of the error, regardless of direction), slightly higher than 1.9% from igher than 1.9% from 
the prior year.  These results are comparable to the performancethe prior year.  These results are comparable to the performance of other of other RTOsRTOs. . 

Consistent with the in the prior two years, the figure shows thaConsistent with the in the prior two years, the figure shows that the load tended to be t the load tended to be 
overover--forecasted in the summer and underforecasted in the summer and under--forecasted in the fall.  However, the forecasted in the fall.  However, the 
magnitude of these seasonal tendencies has declined.magnitude of these seasonal tendencies has declined.
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Daily DayDaily Day--Ahead Forecast Error in Peak HourAhead Forecast Error in Peak Hour
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RealReal--Time Hub Prices and LoadTime Hub Prices and Load
Peak HoursPeak Hours

•• The following figure in this section shows realThe following figure in this section shows real--time prices during peak hours and time prices during peak hours and 
the corresponding actual load.  the corresponding actual load.  

•• The figure shows a general correlation between peak load and peaThe figure shows a general correlation between peak load and peak price with k price with 
some notable price separations due to congestion events.some notable price separations due to congestion events.

•• As in the dayAs in the day--ahead market, the most substantial congestion occurred into WUMSahead market, the most substantial congestion occurred into WUMS
and Minnesota. and Minnesota. 

In the first half of the year, prices in WUMS and the West exceeIn the first half of the year, prices in WUMS and the West exceeded $75 per ded $75 per MWhMWh, , 
over $13 higher than at the Cinergy Hub on average .  over $13 higher than at the Cinergy Hub on average .  

Prices declined in the second half of 2007.  Prices declined in the second half of 2007.  
–– Average peak prices at Minnesota Hub between July and December dAverage peak prices at Minnesota Hub between July and December decreased over $8 ecreased over $8 

per per MWhMWh from the first half of 2007.  This decline can be attributed tofrom the first half of 2007.  This decline can be attributed to increased imports increased imports 
from Manitoba during the second half of the year.  See External from Manitoba during the second half of the year.  See External Transactions for details. Transactions for details. 

–– WUMS Area prices fell during the second half of 2007 by $1.40.  WUMS Area prices fell during the second half of 2007 by $1.40.  This drop would have This drop would have 
been larger, but for generator forced outages that increased conbeen larger, but for generator forced outages that increased congestion later in the year.gestion later in the year.

Local price volatility in realLocal price volatility in real--time is due, in part, to reduced bid flexibility and time is due, in part, to reduced bid flexibility and 
ramp limits that tend to exacerbate congestion in the realramp limits that tend to exacerbate congestion in the real--time market, particularly time market, particularly 
during ramp up and ramp down periods. during ramp up and ramp down periods. 
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RealReal--Time Hub Prices and LoadTime Hub Prices and Load
Peak HoursPeak Hours
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RealReal--Time Hub Prices and LoadTime Hub Prices and Load
OffOff--Peak HoursPeak Hours

•• The next figure shows realThe next figure shows real--time prices during offtime prices during off--peak hours and actual load.  peak hours and actual load.  

•• The figure shows that load and prices are generally very low in The figure shows that load and prices are generally very low in these hours as these hours as 
expected.expected.

Prices are generally set by coalPrices are generally set by coal--fired resources in offfired resources in off--peak hours.peak hours.

Relatively higher prices in lateRelatively higher prices in late--January, February and earlyJanuary, February and early--December were due to December were due to 
high load forcing natural gas onto the margin in many hours.high load forcing natural gas onto the margin in many hours.

•• During the middle of the year, there were several negative priceDuring the middle of the year, there were several negative price spikes at the spikes at the 
Minnesota Hub, due in large part to congestion from Minnesota inMinnesota Hub, due in large part to congestion from Minnesota into WUMS.to WUMS.

These negative events were less frequent and less severe than thThese negative events were less frequent and less severe than those in early 2006.ose in early 2006.

The congestion in 2006 was exacerbated by reduced bid flexibilitThe congestion in 2006 was exacerbated by reduced bid flexibility and ramp limits y and ramp limits 
that can make the congestion difficult to manage.that can make the congestion difficult to manage.

•• Compared to summer 2006, offCompared to summer 2006, off--peak prices during the July to August time period peak prices during the July to August time period 
were relatively stable, showing few spikes in price and a generawere relatively stable, showing few spikes in price and a general lack of l lack of 
congestion separating price at the regional hubs.congestion separating price at the regional hubs.
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RealReal--Time Hub Prices and LoadTime Hub Prices and Load
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RealReal--Time Price VolatilityTime Price Volatility

•• The following subThe following sub--section evaluates intrasection evaluates intra--hour price volatility in the realhour price volatility in the real--time market. time market. 

•• The next figure presents the average system marginal price durinThe next figure presents the average system marginal price during each of the 288 daily g each of the 288 daily 
fivefive--minute intervals, which shows that average prices:minute intervals, which shows that average prices:

Decrease substantially in the beginning of the ramp up hours in Decrease substantially in the beginning of the ramp up hours in the morning; and the morning; and 

Increase sharply in the beginning of ramp down hours in the evenIncrease sharply in the beginning of ramp down hours in the evening.ing.

•• The sharp price movements that cause these patterns are generallThe sharp price movements that cause these patterns are generally the result of y the result of 
binding ramp constraints.binding ramp constraints.

•• Ramp constraints are limits in how quickly the systemRamp constraints are limits in how quickly the system’’s generation can be s generation can be 
increased or decreased to accommodate: increased or decreased to accommodate: 

Changes in interchange with adjacent areas;Changes in interchange with adjacent areas;

Increases or decreases in market load; Increases or decreases in market load; 

Changes in online generation when units are committed or Changes in online generation when units are committed or decommitteddecommitted;;

•• Ramp constraints are exacerbated by generator inflexibility resuRamp constraints are exacerbated by generator inflexibility resulting from lting from 
decreased offered ramp capability or decreased offered ramp capability or dispatchabledispatchable range;range;

•• Changes in fuel prices can magnify price volatility (e.g., largeChanges in fuel prices can magnify price volatility (e.g., larger gasr gas--coal price coal price 
spreads increase price volatility). spreads increase price volatility). 
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FiveFive--Minute Interval PricingMinute Interval Pricing
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RealReal--Time Prices by Time of DayTime Prices by Time of Day

•• The following figures shows average realThe following figures shows average real--time prices by time of day in the summer and time prices by time of day in the summer and 
winter months of 2007 when loads are the highest.winter months of 2007 when loads are the highest.

•• To examine the drivers of the price fluctuations, the figure shoTo examine the drivers of the price fluctuations, the figure shows:ws:

The effective headroom on the system (the amount of generation tThe effective headroom on the system (the amount of generation that can be utilized hat can be utilized 
in the next five minutes including ramp limitations); and in the next five minutes including ramp limitations); and 

The average change in NSI.  The average change in NSI.  

•• This figures show that:This figures show that:

Prices fluctuate the most when load is ramping up or down near tPrices fluctuate the most when load is ramping up or down near the peak (afternoon in the he peak (afternoon in the 
summer, and dual peaks in morning and evening in the winter);summer, and dual peaks in morning and evening in the winter);

The changes in real time prices are directly related to changes The changes in real time prices are directly related to changes in effective headroom.in effective headroom.

A substantial portion of the changes in effective headroom are rA substantial portion of the changes in effective headroom are related to changes in NSI elated to changes in NSI 
that occur at the tops of the hour.that occur at the tops of the hour.

The other source of changes in effective headroom are when largeThe other source of changes in effective headroom are when large quantities of generators quantities of generators 
startstart--up or shutup or shut--down at the same time.  These effects are largest late in the dadown at the same time.  These effects are largest late in the day when y when 
generators are shutting down.generators are shutting down.

•• The report contains some recommendations that should reduce the The report contains some recommendations that should reduce the volatility of the NSI volatility of the NSI 
changes.changes.
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RealReal--Time Prices by Time of DayTime Prices by Time of Day
Winter 2007Winter 2007
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FiveFive--Minute RealMinute Real--Time Price VolatilityTime Price Volatility
MISO and Neighboring MarketsMISO and Neighboring Markets

•• The next figure shows the average percentage change in realThe next figure shows the average percentage change in real--time price between fivetime price between five--
minute intervals for several hubs in neighboring markets.  minute intervals for several hubs in neighboring markets.  

•• The results indicate that MISO has the most price volatility andThe results indicate that MISO has the most price volatility and NEISO has the least.  NEISO has the least.  
These differences can be explained by the differences in the sofThese differences can be explained by the differences in the software and operations of tware and operations of 
the different markets.  the different markets.  

MISO and NYISO are true fiveMISO and NYISO are true five--minute market, with fiveminute market, with five--minute pricing and dispatch.  minute pricing and dispatch.  
Ramp constraints are more likely in these markets due to the shoRamp constraints are more likely in these markets due to the shorter timeframes for rter timeframes for 
moving the systemsmoving the systems’’ generation.generation.

However, the However, the NYISONYISO’’ss realreal--time dispatch is a multitime dispatch is a multi--period optimization that looks period optimization that looks 
ahead over the following hour so it can anticipate ramp needs anahead over the following hour so it can anticipate ramp needs and begin moving d begin moving 
generation to accommodate them.  generation to accommodate them.  

•• We understand that PJM and NEISO generally produce a realWe understand that PJM and NEISO generally produce a real--time dispatch every 15 time dispatch every 15 
minutes, although they produce 5 minute prices using their exminutes, although they produce 5 minute prices using their ex--post pricing  model.post pricing  model.

Although this system does not alter the generation dispatch leveAlthough this system does not alter the generation dispatch levels as frequently as MISO ls as frequently as MISO 
or NYISO, the systems are less likely to be rampor NYISO, the systems are less likely to be ramp--constrained because they have 15 constrained because they have 15 
minutes of ramp capability to serve the systemsminutes of ramp capability to serve the systems’’ demands.demands.

Because the system is Because the system is redispatchedredispatched less frequently, these markets likely rely more less frequently, these markets likely rely more 
heavily on regulation to satisfy intraheavily on regulation to satisfy intra--interval changes in load and supply.interval changes in load and supply.
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FiveFive--Minute RealMinute Real--Time Price VolatilityTime Price Volatility
MISO and Neighboring MarketsMISO and Neighboring Markets
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FiveFive--Minute RealMinute Real--Time Price VolatilityTime Price Volatility
MISO and Neighboring MarketsMISO and Neighboring Markets

•• One factor that may contribute to price volatility is the frequeOne factor that may contribute to price volatility is the frequency with which 5 ncy with which 5 
minute prices are approved and published.minute prices are approved and published.

One useful metric is to determine how often realOne useful metric is to determine how often real--time prices are modified.time prices are modified.

The Midwest ISO runs its realThe Midwest ISO runs its real--time dispatch model and calculates 5time dispatch model and calculates 5--minute prices minute prices 
with its exwith its ex--post price calculator every 5 minutes.post price calculator every 5 minutes.

Some of the other Some of the other RTOsRTOs run their realrun their real--time dispatch model less frequently, but still time dispatch model less frequently, but still 
calculate prices each 5 minutes.calculate prices each 5 minutes.

In general, the more frequently the system is In general, the more frequently the system is redispatchedredispatched and prices recalculated, and prices recalculated, 
the more volatile the realthe more volatile the real--time prices will be.time prices will be.

•• The second chart details how frequently fiveThe second chart details how frequently five--minute prices are being modified in minute prices are being modified in 
MISO and neighboring markets.MISO and neighboring markets.

PJM did not modify their fivePJM did not modify their five--minute prices in 18,000 intervals during 2007.  This minute prices in 18,000 intervals during 2007.  This 
is roughly 17% or two intervals per hour.is roughly 17% or two intervals per hour.

MISO solved its market in over 99% of intervals during 2007.MISO solved its market in over 99% of intervals during 2007.

•• Suggestions for reducing price volatility can be found at the enSuggestions for reducing price volatility can be found at the end of this section.d of this section.
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DayDay--Ahead and RealAhead and Real--Time GenerationTime Generation

•• The following figure details the average monthly generation scheThe following figure details the average monthly generation scheduled in the dayduled in the day--ahead ahead 
and realand real--time markets.time markets.

•• The figure shows that generation capability is generally greaterThe figure shows that generation capability is generally greater in the realin the real--time market time market 
because:because:

Some resources are selfSome resources are self--scheduled by participants after the dayscheduled by participants after the day--ahead market.ahead market.

Generation is committed after the dayGeneration is committed after the day--ahead market when load is higher than expected, ahead market when load is higher than expected, 
when load is underwhen load is under--scheduled in the dayscheduled in the day--ahead markets, or when net virtual supply is ahead markets, or when net virtual supply is 
scheduled in the dayscheduled in the day--ahead that must be replaced. ahead that must be replaced. 

•• The figure shows that 97 percent of realThe figure shows that 97 percent of real--time generation is scheduled in the daytime generation is scheduled in the day--ahead ahead 
market.market.

•• The figure also shows that dispatch flexibility is lost in the rThe figure also shows that dispatch flexibility is lost in the realeal--time market. time market. 
DispatchableDispatchable range (range (EcoMaxEcoMax--EcoMinEcoMin) as a percentage of total online capacity declines ) as a percentage of total online capacity declines 
from 29 percent in the dayfrom 29 percent in the day--ahead market to 20 percent in the realahead market to 20 percent in the real--time.  This occurs when time.  This occurs when 
EcoMinEcoMin is increased or is increased or EcoMaxEcoMax is decreased.is decreased.

These values are substantially lower than the physical flexibiliThese values are substantially lower than the physical flexibility of the generating ty of the generating 
resources, which could physically provide a resources, which could physically provide a dispatchabledispatchable range of 50 to 60 percent.range of 50 to 60 percent.

This loss in flexibility can affect the market by limiting This loss in flexibility can affect the market by limiting redispatchredispatch options for managing options for managing 
congestion congestion –– this is evaluated later in the report.this is evaluated later in the report.
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DayDay--Ahead and RealAhead and Real--Time GenerationTime Generation
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Revenue Sufficiency Guarantee PaymentsRevenue Sufficiency Guarantee Payments
DayDay--Ahead and RealAhead and Real--TimeTime

•• The next two figures shows monthly RSG payments in the dayThe next two figures shows monthly RSG payments in the day--ahead and realahead and real--time time 
markets that are made to peaking units and other units.markets that are made to peaking units and other units.

RSG payments are made to ensure that the total market revenue a RSG payments are made to ensure that the total market revenue a generator receives generator receives 
when its offer is accepted are at least equal to its aswhen its offer is accepted are at least equal to its as--offered costs.offered costs.

Resources that are not committed in the dayResources that are not committed in the day--ahead market, but must be started to ahead market, but must be started to 
maintain reliability are likely recipients of RSG payments maintain reliability are likely recipients of RSG payments –– this is this is ““realreal--timetime”” RSG RSG 
because such units receive their revenue from the realbecause such units receive their revenue from the real--time market.  time market.  

Because the dayBecause the day--ahead market is financial, it generates very little RSG ahead market is financial, it generates very little RSG –– a unit that a unit that 
is uneconomic will generally not be selected.is uneconomic will generally not be selected.

Peaking resources are typically the most likely to warrant an RSPeaking resources are typically the most likely to warrant an RSG payment because G payment because 
they are generally on the margin (i.e., the highestthey are generally on the margin (i.e., the highest--cost resources) when they run and cost resources) when they run and 
frequently do not set the energy price (i.e., the price is set bfrequently do not set the energy price (i.e., the price is set by a lowery a lower--cost unit).cost unit).
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Revenue Sufficiency Guarantee PaymentsRevenue Sufficiency Guarantee Payments
DayDay--Ahead and RealAhead and Real--TimeTime

•• The figures show that the vast majority of RSG is generated in tThe figures show that the vast majority of RSG is generated in the realhe real--time market and is time market and is 
paid to peaking resources.paid to peaking resources.

RSG payments to peaking resources accounted for 70 percent of RSRSG payments to peaking resources accounted for 70 percent of RSG payments in 2007, G payments in 2007, 
although they produced less than 1 percent of the energy generatalthough they produced less than 1 percent of the energy generated in MISO.ed in MISO.

This is expected because peaking resources are generally the higThis is expected because peaking resources are generally the highest cost resources and  hest cost resources and  
must be relied on to meet the reliability needs of the system, emust be relied on to meet the reliability needs of the system, even when they are not ven when they are not 
economic.economic.

•• RealReal--Time RSG costs increased from $18.4 million per month in 2006 toTime RSG costs increased from $18.4 million per month in 2006 to $25.2 million $25.2 million 
per month in 2007.  This was due to:  per month in 2007.  This was due to:  

Higher load during the first six months of 2007 relative to the Higher load during the first six months of 2007 relative to the load during those months in load during those months in 
2006, and2006, and

Increased commitment of peaking resources in the West to manage Increased commitment of peaking resources in the West to manage congestion caused, in congestion caused, in 
part, by lower imports over the Manitoba interface.part, by lower imports over the Manitoba interface.

•• The second figure shows DayThe second figure shows Day--Ahead RSG, which declined $14 million (or 35%) during Ahead RSG, which declined $14 million (or 35%) during 
2007 to $26.4 million.2007 to $26.4 million.

RSG in the DayRSG in the Day--Ahead market continues to be a small percentage (8.1%) of total Ahead market continues to be a small percentage (8.1%) of total uplift uplift 
costs to the market.costs to the market.

•• In total, RSG cost from both markets decreased by more than $7 mIn total, RSG cost from both markets decreased by more than $7 million.illion.
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Total RealTotal Real--Time RSG DistributionTime RSG Distribution
April 2005 through December 2007April 2005 through December 2007
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Total DayTotal Day--Ahead RSG DistributionAhead RSG Distribution
April 2005 through December 2007April 2005 through December 2007
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Weekly RealWeekly Real--Time RSG PaymentsTime RSG Payments

•• The following figure analyzes the data in the previous figure byThe following figure analyzes the data in the previous figure by week and region, week and region, 
which shows more clearly when RSG costs were incurred.which shows more clearly when RSG costs were incurred.

•• Much of the highest weekly RSG costs were caused, in part, by trMuch of the highest weekly RSG costs were caused, in part, by transmission ansmission 
congestion.congestion.

Early in 2007, congestion into Minnesota and WUMS required supplEarly in 2007, congestion into Minnesota and WUMS required supplemental emental 
commitment of peaking resources and resulted in higher RSG costscommitment of peaking resources and resulted in higher RSG costs..

This congestion was associated with south to north constraints iThis congestion was associated with south to north constraints in Iowa, which n Iowa, which 
were binding frequently as imports decreased over the Manitoba iwere binding frequently as imports decreased over the Manitoba interface.  nterface.  
Certain transmission and generation outages also contributed to Certain transmission and generation outages also contributed to the congestion.the congestion.

Although not all of the RSG paid to generators in Minnesota and Although not all of the RSG paid to generators in Minnesota and WUMS is due to WUMS is due to 
congestion, the majority of the substantial increase in such coscongestion, the majority of the substantial increase in such costs late in the year is ts late in the year is 
due to the congestion.due to the congestion.
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Weekly RSG Distribution by RegionWeekly RSG Distribution by Region
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RSG Trends and AnalysisRSG Trends and Analysis

•• The next figure shows a number of factors that explain the changThe next figure shows a number of factors that explain the changes in the RSG costs.es in the RSG costs.

•• RealReal--time RSG is generally correlated with purchases of energy in thetime RSG is generally correlated with purchases of energy in the realreal--time time 
market (i.e., realmarket (i.e., real--time demand), which often requires the dispatch of peaking unitstime demand), which often requires the dispatch of peaking units. . 

The figure shows the average increase in generation and realThe figure shows the average increase in generation and real--time demand factors time demand factors 
in the peak hour of each day in the month.in the peak hour of each day in the month.

This analysis indicates that the changes in net demand from the This analysis indicates that the changes in net demand from the dayday--ahead to the ahead to the 
realreal--time market are an important factor that contributes to RSG.time market are an important factor that contributes to RSG.

The figure also shows that the largest single contributor to theThe figure also shows that the largest single contributor to the realreal--time demand time demand 
for resources was underfor resources was under--scheduled load that must be served in the realscheduled load that must be served in the real--time time 
market. market. 

•• RealReal--time demand and RSG was highest in the summer in 2005time demand and RSG was highest in the summer in 2005--2006.  During 2007, 2006.  During 2007, 
realreal--time demand and RSG both peaked in February.  time demand and RSG both peaked in February.  

PeakPeak--hour net load scheduling in the Dayhour net load scheduling in the Day--Ahead was close to 93 percent during Ahead was close to 93 percent during 
February, which is the lowest level since the start of the markeFebruary, which is the lowest level since the start of the market in 2005.t in 2005.

Actual load exceeded the capability of online units committed inActual load exceeded the capability of online units committed in the daythe day--ahead, ahead, 
which caused substantial additional generation to be committed bwhich caused substantial additional generation to be committed by the ISO.y the ISO.
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Dispatch of Peaking ResourcesDispatch of Peaking Resources

•• As discussed above, the dispatch of peaking resources is importaAs discussed above, the dispatch of peaking resources is important because it is an nt because it is an 
important determinant of RSG and efficient energy pricing.  important determinant of RSG and efficient energy pricing.  

•• The following two figures summarize the dispatch of peaking resoThe following two figures summarize the dispatch of peaking resources in 2007, showing urces in 2007, showing 
the average hourly and peak hour dispatch of peaking units by dathe average hourly and peak hour dispatch of peaking units by day.  y.  

•• In 2007, an average of almost 1000 MW of peaking resources were In 2007, an average of almost 1000 MW of peaking resources were dispatched per hour dispatched per hour 
in the summer and 433 MW were dispatched per hour in other monthin the summer and 433 MW were dispatched per hour in other months s ---- these averages these averages 
are much lower than the levels in 2005 and slightly higher than are much lower than the levels in 2005 and slightly higher than the levels in 2006. the levels in 2006. 

•• The figure also evaluates how consistent the peaking resource diThe figure also evaluates how consistent the peaking resource dispatch is with the market spatch is with the market 
outcomes by showing:outcomes by showing:

The shares of the peaking resource output that are inThe shares of the peaking resource output that are in--merit (LMP > merit (LMP > peakerpeaker offer) and out offer) and out 
of merit (LMP < of merit (LMP < peakerpeaker offer) in the bottom portion of the figure; and offer) in the bottom portion of the figure; and 
A comparison of the average LMP at the peaking resourcesA comparison of the average LMP at the peaking resources’’ locations versus the average locations versus the average 
offer price of the dispatched peaking resources in the top portioffer price of the dispatched peaking resources in the top portion of the figure.on of the figure.

•• This economic analysis of the peaking resource dispatch shows thThis economic analysis of the peaking resource dispatch shows that:at:
Only 45 percent of the peaking resources were inOnly 45 percent of the peaking resources were in--merit, indicating that they frequently do merit, indicating that they frequently do 
not set the energy price.  not set the energy price.  
A larger share of peaking resources (54 percent) are inA larger share of peaking resources (54 percent) are in--merit when they are heavily relied merit when they are heavily relied 
on in the summer.  on in the summer.  
The implications of outThe implications of out--ofof--merit peaking resources are discussed later in the report.merit peaking resources are discussed later in the report.
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Daily Daily PeakerPeaker Dispatch and PricesDispatch and Prices
All HoursAll Hours
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PeakerPeaker Dispatch and Prices in Dispatch and Prices in 
Peak HourPeak Hour
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ExEx--Ante and ExAnte and Ex--Post Price Differences Post Price Differences 
All Hours: 2005All Hours: 2005--20072007

•• Like PJM and New England, the Midwest ISO settles its realLike PJM and New England, the Midwest ISO settles its real--time market using time market using ““exex--
postpost”” prices (i.e., prices that are computed after the operating periprices (i.e., prices that are computed after the operating period is over).od is over).

The exThe ex--ante prices calculated in advance of the interval are consistentante prices calculated in advance of the interval are consistent with the fivewith the five--
minute dispatch instructions that are sent to each generator in minute dispatch instructions that are sent to each generator in MISO.MISO.

The exThe ex--post prices are actually used for settlements and are calculatedpost prices are actually used for settlements and are calculated after the after the 
operating period based on the actual (rather than predicted) powoperating period based on the actual (rather than predicted) power flows and output.er flows and output.

–– Only units that are flexible and following dispatch may set pricOnly units that are flexible and following dispatch may set prices.  Hence, the es.  Hence, the 
units setting exunits setting ex--post prices can be different than those in the expost prices can be different than those in the ex--ante solution.ante solution.

•• Consistency between the exConsistency between the ex--ante and exante and ex--post prices is important for ensuring that post prices is important for ensuring that 
suppliers have the incentive to follow exsuppliers have the incentive to follow ex--ante dispatch instructionsante dispatch instructions

Changes were made to the exChanges were made to the ex--post pricing methodology in 2005 to improve post pricing methodology in 2005 to improve 
consistency between ex ante and ex post prices.consistency between ex ante and ex post prices.

With this change, the Midwest ISOWith this change, the Midwest ISO’’s exs ex--post methodology is not consistent with the post methodology is not consistent with the 
methodology used in PJM and New England.methodology used in PJM and New England.
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ExEx--Ante and ExAnte and Ex--Post Price Differences Post Price Differences 
All Hours: 2005All Hours: 2005--20072007

•• The price consistency is evaluated in the next figure, which shoThe price consistency is evaluated in the next figure, which shows the average difference ws the average difference 
between the fivebetween the five--minute exminute ex--post and expost and ex--ante prices.  The figure shows:ante prices.  The figure shows:

The average differences between the exThe average differences between the ex--ante and exante and ex--post price at the Cinergy Hub were post price at the Cinergy Hub were 
relatively small, as were the typical hourly difference (measurerelatively small, as were the typical hourly difference (measured by the average of the d by the average of the 
absolute value of the hourly difference).absolute value of the hourly difference).
However, there is a persistent bias in the exHowever, there is a persistent bias in the ex--post calculator that causes the expost calculator that causes the ex--post in post in 
nearly all cases to be equal to or exceed the exnearly all cases to be equal to or exceed the ex--ante.ante.

•• The exThe ex--post pricing methodology accomplishes two purposes:post pricing methodology accomplishes two purposes:
It allows the Midwest ISO to calculate energy prices that correcIt allows the Midwest ISO to calculate energy prices that correct for errors that may have t for errors that may have 
been included in the exbeen included in the ex--ante dispatch and prices; andante dispatch and prices; and
It reIt re--solves prices adjusting for generation that is not following dissolves prices adjusting for generation that is not following dispatch instructions.patch instructions.

•• While the correction of errors in the exWhile the correction of errors in the ex--ante solution is beneficial, the other changes ante solution is beneficial, the other changes 
made by the exmade by the ex--post pricing methodology are inefficient.post pricing methodology are inefficient.

ExEx--post pricing methodologies in general result in realpost pricing methodologies in general result in real--time prices that are inconsistent time prices that are inconsistent 
with the marketwith the market’’s dispatch instructions, which can undermine generatorss dispatch instructions, which can undermine generators’’ incentives to incentives to 
follow dispatch instructions.follow dispatch instructions.
Contrary to popular belief, exContrary to popular belief, ex--post pricing is a very poor means to post pricing is a very poor means to incentincent resource owners resource owners 
to follow dispatch instructions.to follow dispatch instructions.
In the Midwest ISOIn the Midwest ISO’’s case, it results in an average increase in prices of roughly 3s case, it results in an average increase in prices of roughly 3 percent.percent.
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RealReal--Time Market: ConclusionsTime Market: Conclusions

•• In its third year, the Midwest ISOIn its third year, the Midwest ISO’’s reals real--time market performed well.time market performed well.

The nodal market accurately reflected the value of congestion inThe nodal market accurately reflected the value of congestion in the Midwest the Midwest –– the most the most 
substantial congestion was into WUMS and into Minnesota in the fsubstantial congestion was into WUMS and into Minnesota in the first half of the year.irst half of the year.

Prices in the realPrices in the real--time market were substantially more volatile than in the daytime market were substantially more volatile than in the day--ahead ahead 
market, as expected, but also more volatile than the prices in nmarket, as expected, but also more volatile than the prices in neighboring markets.eighboring markets.

•• The performance of the realThe performance of the real--time market is compromised in some cases by:time market is compromised in some cases by:

Reduced dispatch flexibility offered by many generators, which cReduced dispatch flexibility offered by many generators, which can make an make 
congestion more difficult to manage.congestion more difficult to manage.

Less than optimal commitment and deLess than optimal commitment and de--commitment of peaking resources.commitment of peaking resources.

The fact that prices do not always reflect the marginal value ofThe fact that prices do not always reflect the marginal value of energy when the energy when the 
system must rely on relatively inflexible peaking resources or dsystem must rely on relatively inflexible peaking resources or demand response.emand response.

The lack of ancillary service markets that are jointly optimizedThe lack of ancillary service markets that are jointly optimized with the Midwest with the Midwest 
ISOISO’’s energy markets.s energy markets.

The exThe ex--post pricing methodology that has served to increase prices sligpost pricing methodology that has served to increase prices slightly and htly and 
results in inconsistencies between the realresults in inconsistencies between the real--time prices and dispatch signals.time prices and dispatch signals.
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RealReal--Time Market: RecommendationsTime Market: Recommendations

The Midwest ISO is scheduled to introduce ancillary services marThe Midwest ISO is scheduled to introduce ancillary services markets in September 2008.kets in September 2008.

•• Ancillary services markets that are jointly optimized with energAncillary services markets that are jointly optimized with energy will allow the market to y will allow the market to 
more efficiently allocate resources between the two services. more efficiently allocate resources between the two services. 

•• ASM will also set efficient prices in both markets to reflect thASM will also set efficient prices in both markets to reflect the economic tradee economic trade--offs offs 
between reserves and energy, particularly during shortage conditbetween reserves and energy, particularly during shortage conditions.ions.

•• With ASM, the Midwest ISO will implement makeWith ASM, the Midwest ISO will implement make--whole payments to ensure that whole payments to ensure that 
generators following fivegenerators following five--minute dispatch instructions when prices are volatile are not minute dispatch instructions when prices are volatile are not 
harmed it their hourly settlements.  This should provide better harmed it their hourly settlements.  This should provide better incentives to be flexible. incentives to be flexible. 

To improve the performance of the realTo improve the performance of the real--time market, we recommend the Midwest ISO time market, we recommend the Midwest ISO 
consider the following changes to the realconsider the following changes to the real--time market (this section does not address time market (this section does not address 
congestion management or external transactions).congestion management or external transactions).

1.1. Develop a Develop a ““looklook--aheadahead”” capability in the realcapability in the real--time that would commit quicktime that would commit quick--starting gas starting gas 
turbines and better manage ramp capability on slowturbines and better manage ramp capability on slow--ramping units.ramping units.

•• The MISO has made operational improvements in its commitment of The MISO has made operational improvements in its commitment of peaking resources, peaking resources, 
but the commitment of these units can be further improved by relbut the commitment of these units can be further improved by reliance on an economic iance on an economic 
model to commit the units.model to commit the units.

•• Allowing the market to commit and deAllowing the market to commit and de--commit the turbines would reduce the outcommit the turbines would reduce the out--ofof--merit merit 
quantities, reduce RSG payments, and improve the ability of peakquantities, reduce RSG payments, and improve the ability of peaking resources to set the ing resources to set the 
energy price.energy price.
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RealReal--Time Market:  RecommendationsTime Market:  Recommendations

2.2. Replace its current exReplace its current ex--post pricing methodology with an approach that would simply post pricing methodology with an approach that would simply 
utilize exutilize ex--ante prices corrected for metering or other errors. ante prices corrected for metering or other errors. 
•• ExEx--post pricing has never been shown either theoretically or empiripost pricing has never been shown either theoretically or empirically to improve the cally to improve the 

efficiency of realefficiency of real--time prices or the incentives of suppliers. time prices or the incentives of suppliers. 

3.3. Develop realDevelop real--time software and market provisions that allow gas turbines runntime software and market provisions that allow gas turbines running at ing at 
their their EcoMinEcoMin or or EcoMaxEcoMax to set the energy prices.to set the energy prices.
•• This change would improve the efficiency of the realThis change would improve the efficiency of the real--time prices, improve incentives to time prices, improve incentives to 

schedule load fully in the dayschedule load fully in the day--ahead market, and reduce RSG costs.ahead market, and reduce RSG costs.
•• This is difficult because the market must distinguish between tuThis is difficult because the market must distinguish between turbines that are needed rbines that are needed 

versus those that would be shutversus those that would be shut--down if they were flexible and dispatched optimally.down if they were flexible and dispatched optimally.
•• The Midwest ISO has developed promising research in this area aThe Midwest ISO has developed promising research in this area and should be in a nd should be in a 

position to test the practical feasibility of its approach laterposition to test the practical feasibility of its approach later in 2008. in 2008. 

4.4. Develop provisions that allow demand response resources to set eDevelop provisions that allow demand response resources to set energy prices in the nergy prices in the 
realreal--time market when they are called upon in a shortage.time market when they are called upon in a shortage.
•• It would also improve price signals in the highestIt would also improve price signals in the highest--demand hours, which is important for demand hours, which is important for 

ensuring that the markets send efficient economic signals to: ensuring that the markets send efficient economic signals to: 
Develop and maintain adequate supply resources; andDevelop and maintain adequate supply resources; and
Develop additional demand response capability.Develop additional demand response capability.

•• It may be possible to address this recommendation in conjunctionIt may be possible to address this recommendation in conjunction with the pricing with the pricing 
recommendation for gas turbines.recommendation for gas turbines.

Transmission Congestion and Transmission Congestion and 
FTR ResultsFTR Results
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Transmission Congestion and Transmission Congestion and FTRsFTRs

•• One of the primary functions of the Midwest ISO energy markets iOne of the primary functions of the Midwest ISO energy markets is to deliver the s to deliver the 
lowest cost supply to load given the limitations of the transmislowest cost supply to load given the limitations of the transmission network.sion network.

•• The The locationallocational market structure in the Midwest ISO generally ensures that the market structure in the Midwest ISO generally ensures that the 
transmission capability will be fully utilized and that the margtransmission capability will be fully utilized and that the marginal value of energy inal value of energy 
will be reflected in the price at each location.will be reflected in the price at each location.

•• When transmission capability is limiting such that higherWhen transmission capability is limiting such that higher--cost resources must be cost resources must be 
dispatched to serve the load (i.e., a transmission constraint isdispatched to serve the load (i.e., a transmission constraint is binding), the prices on binding), the prices on 
either side of the transmission constraint will vary.either side of the transmission constraint will vary.

This results in congestion costs being incurred that reflect theThis results in congestion costs being incurred that reflect the value of the value of the 
transmission constraint.transmission constraint.

An efficient system will always have congestion because transmisAn efficient system will always have congestion because transmission investment sion investment 
should only be made when the cost of the investment is lower thashould only be made when the cost of the investment is lower than the congestion n the congestion 
cost.cost.

The congestion costs collected by the Midwest ISO in the dayThe congestion costs collected by the Midwest ISO in the day--ahead market are ahead market are 
rebated back to holders of Financial Transmission Rights (rebated back to holders of Financial Transmission Rights (““FTRsFTRs””), which serve as a ), which serve as a 
hedge against the congestion costs.hedge against the congestion costs.

•• This section of the report evaluates the congestion costs, FTR mThis section of the report evaluates the congestion costs, FTR market results, and the arket results, and the 
Midwest ISOMidwest ISO’’s management of congestion. s management of congestion. 
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Total Congestion CostsTotal Congestion Costs
20052005--20072007

•• The first figure in this section shows total congestion costs byThe first figure in this section shows total congestion costs by month in the MISO market month in the MISO market 
for 2005 through 2007.for 2005 through 2007.

•• In 2005, the congestion costs were relatively high due in part tIn 2005, the congestion costs were relatively high due in part to high natural gas prices o high natural gas prices 
after Katrina and to after Katrina and to PJMPJM’’ss exports to TVA that were not wellexports to TVA that were not well--coordinated with the coordinated with the 
Midwest ISO.Midwest ISO.

•• In 2007, dayIn 2007, day--ahead congestion costs increased to $633 million from $477 milliahead congestion costs increased to $633 million from $477 million in 2006.  on in 2006.  
This increase in 2007 was primarily due to:This increase in 2007 was primarily due to:

Higher gas prices, which increases congestion by increasing Higher gas prices, which increases congestion by increasing redispatchredispatch costs; and costs; and 

Reduced imports over the Manitoba interface and certain outages Reduced imports over the Manitoba interface and certain outages that increased that increased 
congestion into the West (the Minnesota NCA) during the first hacongestion into the West (the Minnesota NCA) during the first half of the year. lf of the year. 

•• RealReal--time residual congestion costs in 2007 roughly equaled those in time residual congestion costs in 2007 roughly equaled those in 2006.  2006.  

One would normally expect the realOne would normally expect the real--time congestion to be very low if the modeling time congestion to be very low if the modeling 
of the transmission system is consistent between the dayof the transmission system is consistent between the day--ahead and realahead and real--time time 
markets.markets.

–– Nearly 90 percent of total congestion was captured in the DayNearly 90 percent of total congestion was captured in the Day--Ahead market, a Ahead market, a 
marked improvement from 2005.marked improvement from 2005.

This issue is evaluated and discussed later in this section.This issue is evaluated and discussed later in this section.
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Total Congestion CostsTotal Congestion Costs
April 2005 through December 2007April 2005 through December 2007
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DA Congestion Cost 563,403,316  476,953,895  632,878,942   

RT Congestion Cost 269,023,576  81,862,328    80,394,808     
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DayDay--Ahead Congestion and Obligations to FTR HoldersAhead Congestion and Obligations to FTR Holders
April 2005 through December 2006April 2005 through December 2006

•• The following figure compares monthly dayThe following figure compares monthly day--ahead congestion collections to monthly ahead congestion collections to monthly 
FTR obligations (dayFTR obligations (day--ahead congestion is used to pay FTR holders).  ahead congestion is used to pay FTR holders).  

Surpluses and shortfalls occur when the Surpluses and shortfalls occur when the FTRsFTRs held by participants differ substantially from held by participants differ substantially from 
the capability of the system.  Hence, surpluses or shortfalls cathe capability of the system.  Hence, surpluses or shortfalls can occur when:n occur when:

–– The Midwest ISO sells fewer or more The Midwest ISO sells fewer or more FTRsFTRs than the capability of the network.than the capability of the network.

–– Transmission outages or other factors cause the capability of thTransmission outages or other factors cause the capability of the system  to differ e system  to differ 
from the capability of the system assumed when the from the capability of the system assumed when the FTRsFTRs were allocated/sold.were allocated/sold.

–– Loop flows over the system caused by generators and loads outsidLoop flows over the system caused by generators and loads outside of the Midwest e of the Midwest 
ISO use more or less of the transmission capability than assumedISO use more or less of the transmission capability than assumed in the FTR market.in the FTR market.

•• The figure shows that the dayThe figure shows that the day--ahead congestion collections were substantially less than ahead congestion collections were substantially less than 
FTR obligations in 2007 (over 19 percent) after incurring a 10 pFTR obligations in 2007 (over 19 percent) after incurring a 10 percent shortfall in 2006.ercent shortfall in 2006.

•• The Midwest ISO has continued to work on the FTR allocation and The Midwest ISO has continued to work on the FTR allocation and supporting modeling supporting modeling 
to reduce the shortfalls and major changes were made in the FTR to reduce the shortfalls and major changes were made in the FTR modeling which should modeling which should 
be fully reflected in the June 2008 funding results.  The changebe fully reflected in the June 2008 funding results.  The changes will generally:s will generally:

Improve loop flow assumptions.Improve loop flow assumptions.

Add additional constraints related to marketAdd additional constraints related to market--toto--market and nonmarket and non--market constraints.market constraints.

Broadly reduce transmission line limits to account for expected Broadly reduce transmission line limits to account for expected differences in FTR differences in FTR 
modeled conditions and actual hourly results.modeled conditions and actual hourly results.
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DayDay--Ahead Congestion and Payments to FTR HoldersAhead Congestion and Payments to FTR Holders
April 2005 through December 2007April 2005 through December 2007
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DA Congestion Cost 563,403,316  476,953,895  632,878,942   

Obligations to FTR Holders 555,459,747  528,687,410  756,748,119   
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Payments to FTR HoldersPayments to FTR Holders
April 2005 through December 2006April 2005 through December 2006

•• The following figure shows the monthly payments and obligations The following figure shows the monthly payments and obligations to FTR holders, to FTR holders, 
including payments to FTR Option B and Carveincluding payments to FTR Option B and Carve--out out FTRsFTRs (i.e., alternative forms (i.e., alternative forms 
of of FTRsFTRs made available to participants with grandfathered agreements).made available to participants with grandfathered agreements).

•• The figure shows that the vast majority of the payments were madThe figure shows that the vast majority of the payments were made to FTR e to FTR 
holders.holders.

95 percent of all payments were made to holders of conventional 95 percent of all payments were made to holders of conventional FTRsFTRs (i.e., only 5 (i.e., only 5 
percent of payments were made to holders of other types of transpercent of payments were made to holders of other types of transmission rights).mission rights).

Making relatively small payments on the other types of rights isMaking relatively small payments on the other types of rights is good because they good because they 
do not provide the same efficient incentives as do not provide the same efficient incentives as FTRsFTRs. . 

Payments to the holders of the alternative rights almost doubledPayments to the holders of the alternative rights almost doubled, but still , but still 
amounted to only about 5 percent of the total FTR payments.amounted to only about 5 percent of the total FTR payments.

•• As noted fundAs noted funding shortfalls were substantial in 2007, which indicates probleming shortfalls were substantial in 2007, which indicates problems s 
with the consistency of the assumptions employed regarding transwith the consistency of the assumptions employed regarding transmission mission 
capability and loop flows in the FTR and Daycapability and loop flows in the FTR and Day--Ahead markets.Ahead markets.
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Payments to FTR HoldersPayments to FTR Holders
2005 to 20072005 to 2007
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2005 Total 2006 Total 2007 Total

Funding Shortfall 47,244,440    53,023,889    120,986,381   

RT Carve-Out Rebates 1,848,943      1,839,223      912,992          

DA Option B Rebates 14,293,644    5,446,219      5,313,226       

DA Carve-Out Rebates 16,729,605    11,726,302    27,881,919     

FTR Funding 475,343,115  456,651,777  601,653,600   
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Value of RealValue of Real--Time Congestion by Coordination RegionTime Congestion by Coordination Region
2006 and 20072006 and 2007

•• To show the value of the physical congestion in realTo show the value of the physical congestion in real--time, the next two figures show the time, the next two figures show the 
value and shares of realvalue and shares of real--time congestion by region.time congestion by region.

The value of realThe value of real--time congestion is equal to the marginal cost of the constraint time congestion is equal to the marginal cost of the constraint (i.e., the (i.e., the 
shadow price) times the flow over the constraint.shadow price) times the flow over the constraint.

•• The total value of realThe total value of real--time congestion increased slightly in 2007 from 2006.time congestion increased slightly in 2007 from 2006.
We estimated $984 million of realWe estimated $984 million of real--time congestion in 2007, up from $960 million in 2006.time congestion in 2007, up from $960 million in 2006.
Congestion on transmission constraints in the Central region wasCongestion on transmission constraints in the Central region was substantial during the substantial during the 
summer months and in early 2006 and late 2007 summer months and in early 2006 and late 2007 –– in total, it accounted for the largest share in total, it accounted for the largest share 
of the realof the real--time congestion.time congestion.
However, more than half of the congestion between October 2006 aHowever, more than half of the congestion between October 2006 and April 2007 was nd April 2007 was 
related to transmission constraints into the West region.related to transmission constraints into the West region.

–– This congestion was primarily due to reduced availability of impThis congestion was primarily due to reduced availability of imports over the orts over the 
Manitoba interface and high winter loads. Manitoba interface and high winter loads. 

As in prior years, WUMS accounted for a large share of total conAs in prior years, WUMS accounted for a large share of total congestion relative to portion gestion relative to portion 
of the market load located in WUMS.  of the market load located in WUMS.  

•• The first figure also shows that the average frequency of bindinThe first figure also shows that the average frequency of binding constraints (per interval) g constraints (per interval) 
decreased slightly in 2007 (1.08 to 0.93 constraints binding perdecreased slightly in 2007 (1.08 to 0.93 constraints binding per interval).interval).

However the frequency patterns were similar in both years, peakiHowever the frequency patterns were similar in both years, peaking during the summer ng during the summer 
seasons when the demands on the network are the greatest.seasons when the demands on the network are the greatest.
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Value of RealValue of Real--Time Congestion by Coordination RegionTime Congestion by Coordination Region
2006 and 20072006 and 2007
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Share of RealShare of Real--Time Congestion by Coordination RegionTime Congestion by Coordination Region
2006 and 20072006 and 2007
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Value of RealValue of Real--Time Congestion by Type of ConstraintTime Congestion by Type of Constraint
April 2005 through December 2007April 2005 through December 2007

•• The next figure shows the value of realThe next figure shows the value of real--time congestion by the type of constraint time congestion by the type of constraint ––
computed in the same manner as in the prior figures.computed in the same manner as in the prior figures.

The types of constraints include: MISO internal constraints, MISThe types of constraints include: MISO internal constraints, MISO marketO market--toto--
market constraints, PJM marketmarket constraints, PJM market--toto--market constraints, and external constraints.market constraints, and external constraints.

Congestion occurs on external constraints when a TLR is called oCongestion occurs on external constraints when a TLR is called on a neighboring n a neighboring 
system that causes MISO to resystem that causes MISO to re--dispatch its generation.dispatch its generation.

•• As in prior years, most of the congestion in 2007 occurred on MIAs in prior years, most of the congestion in 2007 occurred on MISO internal constraints SO internal constraints 
(including the MISO market(including the MISO market--toto--market constraints).   market constraints).   

Together the MISO constraints (internal and marketTogether the MISO constraints (internal and market--toto--market) represent nearly market) represent nearly 
94.3 percent of the congestion value.  94.3 percent of the congestion value.  

•• Most of the remaining congestion is associated with external intMost of the remaining congestion is associated with external interfaces erfaces ---- much of the much of the 
external congestion was located at LG&E and TVA interfaces.external congestion was located at LG&E and TVA interfaces.

•• We review marketWe review market--toto--market results in more detail later in this presentation.market results in more detail later in this presentation.
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Value of RealValue of Real--Time Congestion by Type of ConstraintTime Congestion by Type of Constraint
2006 2006 -- 20072007
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TLR Events in 2005 through 2007TLR Events in 2005 through 2007

•• In prior reports, we showed that the transmission lineIn prior reports, we showed that the transmission line--loading relief (loading relief (““TLRTLR””)  )  
process is inefficient, leading to:process is inefficient, leading to:

More than three times the curtailments to manage congestion on aMore than three times the curtailments to manage congestion on average than the verage than the 
quantity of economic quantity of economic redispatchredispatch needed.needed.

Less timely and accurate control of the system Less timely and accurate control of the system –– resulting in lower reliability.resulting in lower reliability.

•• LMP markets help to efficiently manage most internal congestion LMP markets help to efficiently manage most internal congestion through through redispatchredispatch
rather than the curtailment of scheduled transactions through thrather than the curtailment of scheduled transactions through the TLR process.e TLR process.

•• The TLR levels include:The TLR levels include:

Level 3 Level 3 –– nonnon--firm curtailments.firm curtailments.

Level 4 Level 4 –– commitment or commitment or redispatchredispatch of specific resources or other operating of specific resources or other operating 
procedures to manage specific constraints.procedures to manage specific constraints.

Level 5 Level 5 –– curtailment of firm transactions.curtailment of firm transactions.
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Monthly TLR ActivityMonthly TLR Activity
2005 2005 -- 20072007

•• The next figure details TLR activity in 2004 to 2007 by month anThe next figure details TLR activity in 2004 to 2007 by month and  TLR level.  In the top d  TLR level.  In the top 
panel of the figure, the quantity of transactions curtailed by tpanel of the figure, the quantity of transactions curtailed by the he TLRsTLRs are shown.are shown.

•• This figure shows that the TLR calls by MISO decreased after theThis figure shows that the TLR calls by MISO decreased after the implementation of the implementation of the 
energy markets in 2005 and then declined further in 2006 and 200energy markets in 2005 and then declined further in 2006 and 2007.7.

The implementation of the markets was not expected to reduce theThe implementation of the markets was not expected to reduce the TLR calls TLR calls 
substantially because MISO still invokes TLR procedures to ensursubstantially because MISO still invokes TLR procedures to ensure others outside of e others outside of 
the MISO assist in relieving congestion on its transmission systthe MISO assist in relieving congestion on its transmission system.em.

Although the significant quantities of Although the significant quantities of TLRsTLRs are still called, the reliance on economic are still called, the reliance on economic 
redispatchredispatch for managing congestion has increased substantially.for managing congestion has increased substantially.

The reduction in The reduction in TLRsTLRs has translated into fewer schedule curtailments.  has translated into fewer schedule curtailments.  

–– Curtailments in 2007 were almost 50 percent lower than in 2005 aCurtailments in 2007 were almost 50 percent lower than in 2005 and 18 percent nd 18 percent 
lower than the curtailments in 2006.lower than the curtailments in 2006.

•• With regard to the patterns of TLR activity in 2007, the figure With regard to the patterns of TLR activity in 2007, the figure shows:shows:

TLR activity increased early in the year as congestion into the TLR activity increased early in the year as congestion into the West increased.West increased.

TLRsTLRs also increased in October and November 2007 due to problems witalso increased in October and November 2007 due to problems with AFC h AFC 
calculations on calculations on flowgatesflowgates in the West region.in the West region.
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Monthly TLR ActivityMonthly TLR Activity
2005 2005 -- 20072007
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TLR Events by RegionTLR Events by Region

•• The next figure shows the number of The next figure shows the number of TLRsTLRs called in 2004 to 2007 by region.called in 2004 to 2007 by region.

•• The figure shows that regional TLR activity has generally decreaThe figure shows that regional TLR activity has generally decreased in most of the sed in most of the 
regions.  regions.  

In all regions except the West, TLR has decreased substantially In all regions except the West, TLR has decreased substantially from 2005 to 2007.from 2005 to 2007.

In the West, congestion increased markedly in 2007 due to:In the West, congestion increased markedly in 2007 due to:

–– Reduced availability of imports over the Manitoba interface and Reduced availability of imports over the Manitoba interface and high winter loads high winter loads 
in early 2007; in early 2007; 

–– Errant AFC calculations caused overErrant AFC calculations caused over--scheduling of import capability in the dayscheduling of import capability in the day--
ahead ahead –– this overthis over--scheduling compelled the Midwest ISO to rely on scheduling compelled the Midwest ISO to rely on TLRsTLRs to curtail to curtail 
schedules in the realschedules in the real--time in late 2007.time in late 2007.

In the Central region, In the Central region, TLRsTLRs spiked in 2005 due to increased congestion caused by spiked in 2005 due to increased congestion caused by 
transmission service sold by PJM to TVA that was not coordinatedtransmission service sold by PJM to TVA that was not coordinated with MISO.  Steps with MISO.  Steps 
have been taken to better manage this service.have been taken to better manage this service.

Much of the TLR activity from 2004 has been eliminated in the EaMuch of the TLR activity from 2004 has been eliminated in the East region due to the st region due to the 
MarketMarket--toto--Market coordination with PJM.Market coordination with PJM.

Level 4 Level 4 TLRsTLRs have been eliminated in WUMS. Prior to the MISO markets, Americhave been eliminated in WUMS. Prior to the MISO markets, American an 
Transmission Company (Transmission Company (““ATCATC””) ) redispatchedredispatched generation when level 4 generation when level 4 TLRsTLRs were were 
called. This called. This redispatchredispatch is now accomplished through the MISO energy market.is now accomplished through the MISO energy market.
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TLR Events by SeverityTLR Events by Severity
2004 to 2007 by Region2004 to 2007 by Region
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Congestion and ManageabilityCongestion and Manageability
2006 2006 -- 20072007

•• Constraints are sometimes difficult to manage if the available Constraints are sometimes difficult to manage if the available redispatchredispatch capability  capability  
of the generators that affect the flow on the constraint is limiof the generators that affect the flow on the constraint is limited. ted. 

When there is insufficient When there is insufficient redispatchredispatch capability to reduce the flow below the limit capability to reduce the flow below the limit 
in the next fivein the next five--minute interval, we label the constraint minute interval, we label the constraint ““unmanageableunmanageable””.  .  

The presence of an unmanageable constraint does not mean the sysThe presence of an unmanageable constraint does not mean the system is unreliable tem is unreliable 
–– reliability standards require the flow to be less than the limireliability standards require the flow to be less than the limit within 30 minutes.t within 30 minutes.

When a constraint is unmanageable, an algorithm is used to When a constraint is unmanageable, an algorithm is used to ““relaxrelax”” the limit for the the limit for the 
constraint for purposes of calculating a shadow price for the coconstraint for purposes of calculating a shadow price for the constraint and the nstraint and the 
associated associated LMPsLMPs..

•• The next figure shows the frequency with which constraints were The next figure shows the frequency with which constraints were unmanageable in unmanageable in 
each month.  This figure shows: each month.  This figure shows: 

In 2006, 80 percent of the congestion was manageable on a fiveIn 2006, 80 percent of the congestion was manageable on a five--minute basis.  In minute basis.  In 
2007, this decreased to 74 percent.  2007, this decreased to 74 percent.  

Some of the unmanageability is caused by inflexible supply offerSome of the unmanageability is caused by inflexible supply offers, which are s, which are 
evaluated in more detail later in this section.evaluated in more detail later in this section.

Manageability should improve after the Price Volatility Make WhoManageability should improve after the Price Volatility Make Whole Payment is in le Payment is in 
place as this will provide an incentive to offer more flexibilitplace as this will provide an incentive to offer more flexibility.y.
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Congestion and ManageabilityCongestion and Manageability
2006 2006 -- 20072007
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Congestion and ManageabilityCongestion and Manageability
2006 2006 -- 20072007

•• The next chart shows the value of realThe next chart shows the value of real--time congestion on selected interfaces, indicating time congestion on selected interfaces, indicating 
the portion of the congestion that was manageable.the portion of the congestion that was manageable.

•• This figure shows that congestion in 2006 and 2007 was greatest This figure shows that congestion in 2006 and 2007 was greatest on the interfaces into on the interfaces into 
Minnesota and into the WUMS NCA.Minnesota and into the WUMS NCA.

32 percent of congestion North32 percent of congestion North--toto--Minnesota during these two years was unmanageable, Minnesota during these two years was unmanageable, 
compared to only 15 percent and 12 percent for the southern and compared to only 15 percent and 12 percent for the southern and western interfaces into western interfaces into 
WUMS, respectively.WUMS, respectively.

–– The Minnesota NCA was designated in January 2007 as a result of The Minnesota NCA was designated in January 2007 as a result of the increased the increased 
frequency of the congestion into the area.frequency of the congestion into the area.

The manageability on WUMS constraints improved substantially in The manageability on WUMS constraints improved substantially in 2007 due in part to 2007 due in part to 
the addition of transmission which reduced flows on Eau Clairethe addition of transmission which reduced flows on Eau Claire--ArpinArpin..

•• The northThe north--south congestion to TVA was a significant factor during the firssouth congestion to TVA was a significant factor during the first two years of t two years of 
Day 2 operations.  Day 2 operations.  

During 2007, however, the total congestion along this path decliDuring 2007, however, the total congestion along this path declined by more than 70 ned by more than 70 
percent due to better coordination with PJM and changes in markepercent due to better coordination with PJM and changes in market demands.t demands.
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RealReal--Time Congestion and Manageability by PathTime Congestion and Manageability by Path
2006 2006 –– 20072007

20

40

60

80

100

120

20
06

Q
1

20
06

Q
2

20
06

Q
3

20
06

Q
4

20
07

Q
1

20
07

Q
2

20
07

Q
3

20
07

Q
4

20
06

Q
1

20
06

Q
2

20
06

Q
3

20
06

Q
4

20
07

Q
1

20
07

Q
2

20
07

Q
3

20
07

Q
4

20
06

Q
1

20
06

Q
2

20
06

Q
3

20
06

Q
4

20
07

Q
1

20
07

Q
2

20
07

Q
3

20
07

Q
4

20
06

Q
1

20
06

Q
2

20
06

Q
3

20
06

Q
4

20
07

Q
1

20
07

Q
2

20
07

Q
3

20
07

Q
4

North-to-Minnesota N to S TVA West-to-WUMS North-to-WUMS

R
ea

l-
T

im
e 

C
on

ge
st

io
n

($
 M

il
li

on
s)

Unmanageable

Manageable

- 164 -

Unavailable Congestion Relief CapacityUnavailable Congestion Relief Capacity

•• The next analysis evaluates two factors that contribute to The next analysis evaluates two factors that contribute to ““unmanageableunmanageable”” constraints:constraints:
Dispatch inflexibility:Dispatch inflexibility: EcoMinEcoMin levels much higher than the physical minimum output levels levels much higher than the physical minimum output levels 
---- prevents the market from reducing the output of a resource and prevents the market from reducing the output of a resource and can contribute to can contribute to 
congestion when the resourcecongestion when the resource’’s output increases the flow on a line.s output increases the flow on a line.

Slow ramp limits:Slow ramp limits: Ramp rate limitations that are slower than the physical ramp cRamp rate limitations that are slower than the physical ramp capability apability ----
this reduces the speed with which generation can be this reduces the speed with which generation can be redispatchedredispatched to manage congestion.to manage congestion.

•• The following figure shows the effects of these factors by showiThe following figure shows the effects of these factors by showing:ng:
the amount of congestion relief (capability to reduce the flow othe amount of congestion relief (capability to reduce the flow on a constraint) that was n a constraint) that was 
unavailable due to each of these factors; and unavailable due to each of these factors; and 
the average percentage over the transmission limit of each constthe average percentage over the transmission limit of each constraint when it was raint when it was 
unmanageable (unmanageable (““average violationaverage violation””). ). 

•• The results show that on most paths, the relief that could have The results show that on most paths, the relief that could have been available physically been available physically 
would have been enough to manage the congestion. We attribute thwould have been enough to manage the congestion. We attribute the lack of flexibility to:e lack of flexibility to:

Justifiable technical concerns in some cases or simply a desire Justifiable technical concerns in some cases or simply a desire to operate conservatively.to operate conservatively.
Lack of recognition by some participants of the increased profitLack of recognition by some participants of the increased profits available from the market s available from the market 
if they are flexible. if they are flexible. 

Concerns that responding to dispatch signals when prices are volConcerns that responding to dispatch signals when prices are volatile could reduce the atile could reduce the 
suppliersupplier’’s profit s profit –– this is being addressed though the Price Volatility Make While this is being addressed though the Price Volatility Make While Payments Payments 
to be implemented with ASM.to be implemented with ASM.
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Congestion Relief Unavailable Due to Offer ParametersCongestion Relief Unavailable Due to Offer Parameters
Selected Paths: 2007Selected Paths: 2007
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Other Congestion Manageability IssuesOther Congestion Manageability Issues

•• The final factor that contributes to unmanageable congestion is The final factor that contributes to unmanageable congestion is the parameter in the realthe parameter in the real--
time market that prevents units with small effects on a constraitime market that prevents units with small effects on a constraint from being nt from being redispatchedredispatched..

Currently in the realCurrently in the real--time market, units with generation shift factors (time market, units with generation shift factors (““GSFGSF””) less than 2 ) less than 2 
percent (or greater than percent (or greater than --2 percent) are not 2 percent) are not redispatchedredispatched to manage a constraint. to manage a constraint. 

A generation shift factor is the amount by which the flow on a cA generation shift factor is the amount by which the flow on a constraint will change when onstraint will change when 
the output of a generator increases.the output of a generator increases.

This effect of the parameter is particularly large for the lowThis effect of the parameter is particularly large for the low--voltage constraints because voltage constraints because 
GSFsGSFs are generally small and less widely distributed for low voltageare generally small and less widely distributed for low voltage constraints constraints –– hence, hence, 
the cutoff tends to have a larger effect.the cutoff tends to have a larger effect.

•• In last yearIn last year’’s report, we showed that the additional relief available by lowes report, we showed that the additional relief available by lowering the cutoff ring the cutoff 
generally exceeds the average violations on the unmanageable congenerally exceeds the average violations on the unmanageable constraints.  straints.  

Hence, we recommended report that  Midwest ISO reduce the cutoffHence, we recommended report that  Midwest ISO reduce the cutoff as much as feasible. as much as feasible. 

The Midwest ISO has recently received a software modification thThe Midwest ISO has recently received a software modification that will allow it to begin at will allow it to begin 
to reduce this parameter in both the realto reduce this parameter in both the real--time and daytime and day--ahead markets.ahead markets.
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Pricing Unmanageable Transmission ConstraintsPricing Unmanageable Transmission Constraints

•• Although manageability of transmission constraints should improvAlthough manageability of transmission constraints should improve, we continue to be e, we continue to be 
concerned about the market outcomes when constraints are in violconcerned about the market outcomes when constraints are in violation.ation.

We have studied the constraint relaxation algorithm used when a We have studied the constraint relaxation algorithm used when a constraint is in violation constraint is in violation 
to produce a shadow price for the constraint (the marginal econoto produce a shadow price for the constraint (the marginal economic value of the constraint mic value of the constraint 
that is used to calculate that is used to calculate LMPsLMPs).  The same algorithm is used by PJM and New England.).  The same algorithm is used by PJM and New England.

Based on our analysis, we have concluded that this algorithm oftBased on our analysis, we have concluded that this algorithm often produces inefficient en produces inefficient 
shadow prices that distort the associated shadow prices that distort the associated LMPsLMPs.  .  

–– For example, in more than 20 percent of the cases when a constraFor example, in more than 20 percent of the cases when a constraint is violation, the int is violation, the 
relaxation produces a zero shadow price (indicating no congestiorelaxation produces a zero shadow price (indicating no congestion). n). 

The more efficient approach in this case is to set the shadow prThe more efficient approach in this case is to set the shadow price and associated ice and associated LMPsLMPs at at 
the reliability cost of violating the constraint.the reliability cost of violating the constraint.

–– Presumably, this value should correspond to the maximum cost thePresumably, this value should correspond to the maximum cost the MISO is willing MISO is willing 
to incur to manage the constraint, which is reflected by the conto incur to manage the constraint, which is reflected by the constraint penalty factors straint penalty factors 
in the market software.in the market software.

To the extent that the relaxation algorithm determines a lower sTo the extent that the relaxation algorithm determines a lower shadow price, therefore, it is hadow price, therefore, it is 
a poorer reflection of the true value of the constraint.a poorer reflection of the true value of the constraint.

•• Hence, we continue to recommend that the Midwest ISO discontinueHence, we continue to recommend that the Midwest ISO discontinue use of the relaxation use of the relaxation 
algorithm and set prices based on the constraint penalty factorsalgorithm and set prices based on the constraint penalty factors..
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Balancing Congestion CostsBalancing Congestion Costs
2005 2005 -- 20072007

•• Like all other settlements in the realLike all other settlements in the real--time market, realtime market, real--time congestion costs should be time congestion costs should be 
related only to deviations from the dayrelated only to deviations from the day--ahead schedules.  ahead schedules.  

Because the realBecause the real--time settlements are only for deviations from the daytime settlements are only for deviations from the day--ahead schedules, ahead schedules, 
realreal--time congestion charges should be close to zero as long as the ttime congestion charges should be close to zero as long as the transmission limits and ransmission limits and 
external loop flows assumed in the dayexternal loop flows assumed in the day--ahead market have not changed.  ahead market have not changed.  

Inconsistencies in limits, loop flows, or other modeling inputs Inconsistencies in limits, loop flows, or other modeling inputs can compel the MISO to can compel the MISO to 
incur realincur real--time congestion costs to reduce the flow on constrained facilititime congestion costs to reduce the flow on constrained facilities in real time, es in real time, 
which would be recovered through uplift charges.which would be recovered through uplift charges.

•• The figure shows the realThe figure shows the real--time congestion costs from 2005 to 2007. time congestion costs from 2005 to 2007. 
In 2005, balancing congestion costs rose substantially in the laIn 2005, balancing congestion costs rose substantially in the late summer and early fall te summer and early fall 
2005, totaling $270 million for the year.2005, totaling $270 million for the year.

In 2006 and 2007, balancing congestion costs were greatly reduceIn 2006 and 2007, balancing congestion costs were greatly reduced to only $82 and $80 d to only $82 and $80 
million, respectively.  The factors contributing to this declinemillion, respectively.  The factors contributing to this decline include:include:

–– Improvements made in the DayImprovements made in the Day--Ahead modeling of loop flows; Ahead modeling of loop flows; 

–– A general decrease in the frequency of congestion; and A general decrease in the frequency of congestion; and 

–– Lower fuel prices than in 2005, which reduces the costs of Lower fuel prices than in 2005, which reduces the costs of redispatchingredispatching generation. generation. 

In October and December 2007, balancing congestion costs were neIn October and December 2007, balancing congestion costs were negative due to payments gative due to payments 
received from PJM for Marketreceived from PJM for Market--toto--Market coordination.  Those payments from PJM totaled Market coordination.  Those payments from PJM totaled 
$11.6 million in 2007.  In 2006, MISO paid PJM $1.2 million unde$11.6 million in 2007.  In 2006, MISO paid PJM $1.2 million under the JOA.r the JOA.



- 169 -

Balancing Congestion CostsBalancing Congestion Costs
2005 2005 –– 20072007
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Seasonal and Monthly FTR Auction QuantitiesSeasonal and Monthly FTR Auction Quantities
2005 2005 -- 20072007

•• The next analysis shows that quantities of The next analysis shows that quantities of FTRsFTRs for peak hours that were sold in the for peak hours that were sold in the 
seasonal and hourly FTR auctions.seasonal and hourly FTR auctions.

•• The figure shows:The figure shows:

The total quantity of FTR purchases have been rising relatively The total quantity of FTR purchases have been rising relatively steadily from 2005 to 2007 steadily from 2005 to 2007 
due to:due to:

–– Fewer Fewer FTRsFTRs being allocated in advance of the auctions, notably in the summbeing allocated in advance of the auctions, notably in the summer of er of 
2007.2007.

–– The system is being more fully subscribed.The system is being more fully subscribed.

Like the total FTR purchased, the quantities purchased in the moLike the total FTR purchased, the quantities purchased in the monthly auctions has risen nthly auctions has risen 
substantially over time.  substantially over time.  

Roughly half of the Roughly half of the FTRsFTRs purchased are through the monthly auctions in 2007. purchased are through the monthly auctions in 2007. 

–– Larger monthly sales allow the Midwest ISO to reflect more timelLarger monthly sales allow the Midwest ISO to reflect more timely information on y information on 
the state of the transmission system when it determines the quanthe state of the transmission system when it determines the quantity of tity of FTRsFTRs that can that can 
be sold, which should reduce the surpluses and shortfalls.be sold, which should reduce the surpluses and shortfalls.

The second half of 2007 suggests the market has approach maturitThe second half of 2007 suggests the market has approach maturity as volumes purchased y as volumes purchased 
have remained relatively unchanged.have remained relatively unchanged.
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FTR ProfitabilityFTR Profitability
2005 2005 -- 20072007

•• One indicator of the liquidity of the FTR markets is the profitaOne indicator of the liquidity of the FTR markets is the profitability of the FTR purchasesbility of the FTR purchases

FTR profits are the difference between the costs to purchase theFTR profits are the difference between the costs to purchase the FTR and the payout on the FTR and the payout on the 
FTR based on congestion realized in the dayFTR based on congestion realized in the day--ahead market.ahead market.

In a wellIn a well--functioning, liquid FTR markets, the FTR profits should be relatfunctioning, liquid FTR markets, the FTR profits should be relatively low ively low 
because the market clearing price for the FTR should reflect a rbecause the market clearing price for the FTR should reflect a rational expectation of the ational expectation of the 
congestion value of the FTR.congestion value of the FTR.

•• The next two figures shows the profitability of The next two figures shows the profitability of FTRsFTRs purchased in the seasonal FTR purchased in the seasonal FTR 
auctions and the monthly FTR auctions.auctions and the monthly FTR auctions.

•• The first figure shows that average FTR profitability has declinThe first figure shows that average FTR profitability has declined from more than $1.50 ed from more than $1.50 
per MW in the Fall of 2005 to less than $0.30 per MW on average per MW in the Fall of 2005 to less than $0.30 per MW on average in 2007.in 2007.

Profitability is greater in peak hours than offProfitability is greater in peak hours than off--peak hours primarily because congestion is peak hours primarily because congestion is 
greater and more volatile in the peak hours.greater and more volatile in the peak hours.

•• The second figure shows that average profitability has decreasedThe second figure shows that average profitability has decreased from more than $1.30 from more than $1.30 
per MW in three months late in 2005 to less than $0.20 per MW inper MW in three months late in 2005 to less than $0.20 per MW in most months in 2007.most months in 2007.

•• These results indicate that the liquidity and overall performancThese results indicate that the liquidity and overall performance of the FTR markets has e of the FTR markets has 
improved over time, causing FTR prices to more accurately reflecimproved over time, causing FTR prices to more accurately reflect their value.t their value.
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FTR ProfitabilityFTR Profitability
Purchases in Monthly AuctionsPurchases in Monthly Auctions
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FTR Auction SummaryFTR Auction Summary
2005 2005 -- 20072007

•• To provide further detail on the performance of the FTR markets,To provide further detail on the performance of the FTR markets, the next set of the next set of 
figures show the monthly FTR prices compared to dayfigures show the monthly FTR prices compared to day--ahead congestion that are ahead congestion that are 
payable to the FTR holders.  payable to the FTR holders.  

The figures shows the values for WUMS, the Minnesota Hub, and thThe figures shows the values for WUMS, the Minnesota Hub, and the Michigan Hub e Michigan Hub 
in peak and offin peak and off--peak hours. peak hours. 

All the values shown in the figures are computed relative to CinAll the values shown in the figures are computed relative to Cinergy Hub, which is ergy Hub, which is 
the most actively traded location in the MISO.the most actively traded location in the MISO.

•• In a wellIn a well--functioning market, the FTR prices should reflect a reasonable functioning market, the FTR prices should reflect a reasonable 
expectation of the dayexpectation of the day--ahead congestion that will occur into the area.ahead congestion that will occur into the area.

The profits earned by an FTR holders is the difference between tThe profits earned by an FTR holders is the difference between the FTR price he FTR price 
paid and the congestion paid to the FTR holder.paid and the congestion paid to the FTR holder.

The results in the following figure  help explain the changes inThe results in the following figure  help explain the changes in FTR FTR 
profitability shown in the prior figures.profitability shown in the prior figures.
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FTR Auction Prices and CongestionFTR Auction Prices and Congestion
WUMSWUMS

•• The first two figures in this series show the results for WUMS iThe first two figures in this series show the results for WUMS in peak and offn peak and off--peak peak 
hours. hours. 

•• There was slightly more dayThere was slightly more day--ahead congestion in 2007 into WUMS (relative to the ahead congestion in 2007 into WUMS (relative to the 
Cinergy Hub) and the FTR values reflect this change.  Cinergy Hub) and the FTR values reflect this change.  

•• From July 2006 and December 2007, convergence between auction prFrom July 2006 and December 2007, convergence between auction prices and ices and 
congestion has been strong, particularly in offcongestion has been strong, particularly in off--peak hours.peak hours.

The only peak month that did not converge well was August.  HoweThe only peak month that did not converge well was August.  However,  the lack of ver,  the lack of 
convergence was not due to an unreasonable FTR price, but to anoconvergence was not due to an unreasonable FTR price, but to anomalously low daymalously low day--
ahead congestion during the month.ahead congestion during the month.

The congestion patterns were less volatile and more predictable The congestion patterns were less volatile and more predictable during the offduring the off--peak peak 
hours, which contributed to the stronger convergence of the FTR hours, which contributed to the stronger convergence of the FTR prices and prices and 
congestion during those periods.congestion during those periods.
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FTR Auction Prices and Congestion FTR Auction Prices and Congestion 
WUMS Area: OffWUMS Area: Off--Peak HoursPeak Hours
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FTR Auction Prices and CongestionFTR Auction Prices and Congestion
Minnesota HubMinnesota Hub

•• The congestion and FTR results for the Minnesota Hub have been vThe congestion and FTR results for the Minnesota Hub have been volatile throughout the olatile throughout the 
period from 2005 to 2007.period from 2005 to 2007.

•• In addition to volatility, the difficulties in valuing the In addition to volatility, the difficulties in valuing the FTRsFTRs are enhanced by the fact that are enhanced by the fact that 
the congestion can change directions.   The Minnesota hub exhibithe congestion can change directions.   The Minnesota hub exhibited:ted:

Negative congestion (nearly Negative congestion (nearly --$10,000/MW during off$10,000/MW during off--peak hours in Aug. 2005); and peak hours in Aug. 2005); and 
Positive congestion (nearly $10,000/MW during peak hours of FebrPositive congestion (nearly $10,000/MW during peak hours of February 2007).uary 2007).

•• The negative congestion in 2005 was due to congestion into WUMS The negative congestion in 2005 was due to congestion into WUMS that was often that was often 
difficult to manage, particularly in offdifficult to manage, particularly in off--peak hours, due to dispatch inflexibility.peak hours, due to dispatch inflexibility.

•• Congestion reversed direction (from negative to positive) in theCongestion reversed direction (from negative to positive) in the Fall 2006 due to Fall 2006 due to 
increased southincreased south--toto--north constraints into Minnesota that continued until Spring 200north constraints into Minnesota that continued until Spring 2007.7.

In both peak and offIn both peak and off--peak periods, auction prices rose during each month between peak periods, auction prices rose during each month between 
September 2006 and February 2007.September 2006 and February 2007.
The increased congestion into Minnesota was largely due to the rThe increased congestion into Minnesota was largely due to the reduced availability educed availability 
of imports over the Manitoba interface.of imports over the Manitoba interface.

•• Both figures shows that:Both figures shows that:
FTR prices responded to changes in congestion patterns with a laFTR prices responded to changes in congestion patterns with a lag as one would g as one would 
expect (since expect (since FTRsFTRs are sold prior to the month in which the congestion occurs).are sold prior to the month in which the congestion occurs).
Convergence is not as good for Minnesota largely because the conConvergence is not as good for Minnesota largely because the congestion is more gestion is more 
volatile and less predictable.volatile and less predictable.
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Minnesota Hub: Peak HoursMinnesota Hub: Peak Hours
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FTR Auction Prices and Congestion FTR Auction Prices and Congestion 
Minnesota Hub: OffMinnesota Hub: Off--Peak HoursPeak Hours
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Average Hourly DayAverage Hourly Day--Ahead ImportsAhead Imports
All HoursAll Hours

•• This section of the report evaluates the interchange between theThis section of the report evaluates the interchange between the Midwest ISO and Midwest ISO and 
adjacent areas.  adjacent areas.  

•• The analyses in this section summarizes the magnitude of the extThe analyses in this section summarizes the magnitude of the external transactions ernal transactions 
and evaluates the efficiency with which imports and exports are and evaluates the efficiency with which imports and exports are scheduled.scheduled.

•• The figure shows the average hourly net imports scheduled in theThe figure shows the average hourly net imports scheduled in the dayday--ahead market ahead market 
by day over all interfaces.by day over all interfaces.

•• The dayThe day--ahead figure shows:ahead figure shows:

The Midwest ISO is a net importer of power in both peak and offThe Midwest ISO is a net importer of power in both peak and off--peak periods due peak periods due 
to its reliance on large imports from the West and Canada.to its reliance on large imports from the West and Canada.

The pattern of net imports in 2007 was seasonal with the largestThe pattern of net imports in 2007 was seasonal with the largest imports occurring imports occurring 
during the summer under the tightest demand conditions, and to aduring the summer under the tightest demand conditions, and to a lesser extent lesser extent 
during winter peak conditions.during winter peak conditions.

•• DayDay--ahead imports averaged 3.7 GW over all hours and exceeded 6 GW dahead imports averaged 3.7 GW over all hours and exceeded 6 GW during uring 
many peak hours in the summer.many peak hours in the summer.

This indicates the degree to which the Midwest ISO relies on netThis indicates the degree to which the Midwest ISO relies on net imports to satisfy imports to satisfy 
the demands of the market.the demands of the market.
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Average Hourly RealAverage Hourly Real--Time ImportsTime Imports
All HoursAll Hours

•• The next figure shows the net imports in the realThe next figure shows the net imports in the real--time market and the change in net time market and the change in net 
imports from the dayimports from the day--ahead market.ahead market.

•• In 2007, the Midwest ISO imported almost 5 GW in onIn 2007, the Midwest ISO imported almost 5 GW in on--peak hours and over 2.7 GW peak hours and over 2.7 GW 
in offin off--peak hours peak hours ---- mmore than a quarter of its net imports came from Manitoba.ore than a quarter of its net imports came from Manitoba.

•• However, realHowever, real--time net imports decreased more than 200 MW on average from thostime net imports decreased more than 200 MW on average from those e 
scheduled in the dayscheduled in the day--ahead market.  ahead market.  

On many days the average net imports decreased by more than 1000On many days the average net imports decreased by more than 1000 MW, which can MW, which can 
create reliability issues for the Midwest ISO that must be managcreate reliability issues for the Midwest ISO that must be managed.ed.

Large changes in net imports can cause the Midwest ISO to have tLarge changes in net imports can cause the Midwest ISO to have to commit o commit 
additional generation and rely more heavily on peaking resourcesadditional generation and rely more heavily on peaking resources..

IntraIntra--hour scheduling contributes to these changes and is assessed lathour scheduling contributes to these changes and is assessed later in this er in this 
section.section.

•• The figure shows that the largest changes in net imports from daThe figure shows that the largest changes in net imports from day ahead to real time y ahead to real time 
occurred during the 4occurred during the 4thth quarter which was largely due to:quarter which was largely due to:

Problems with AFC calculations by an adjacent transmission proviProblems with AFC calculations by an adjacent transmission provider that resulted in der that resulted in 
overover--scheduled dayscheduled day--ahead imports into the West region.ahead imports into the West region.

The excess schedules had to be curtailed in the real time.The excess schedules had to be curtailed in the real time.

The issue has been corrected and the Midwest ISO is monitoring fThe issue has been corrected and the Midwest ISO is monitoring for reoccurrences. or reoccurrences. 
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Hourly Average RealHourly Average Real--Time Imports from PJMTime Imports from PJM
20072007

•• The following figure shows the average net imports scheduled forThe following figure shows the average net imports scheduled for the MISOthe MISO--PJM PJM 
interface for each hour of the day.interface for each hour of the day.

•• This figure shows:This figure shows:

Overall, MISO is a net importer of power from PJM.Overall, MISO is a net importer of power from PJM.

The MISO generally imports more power during the  peak hours of The MISO generally imports more power during the  peak hours of the day and the day and 
less power in the offless power in the off--peak hours.peak hours.

•• However, the standard deviation of the net imports is large, indHowever, the standard deviation of the net imports is large, indicating that the icating that the 
magnitude and direction of the flows between the two markets is magnitude and direction of the flows between the two markets is highly variable.highly variable.

This characteristic of the PJM transactions is due to similarityThis characteristic of the PJM transactions is due to similarity of the generating of the generating 
resources in the two areas.  Hence, the prices in the two areas resources in the two areas.  Hence, the prices in the two areas tend to move in tend to move in 
similar range.similar range.

Because the relative prices in the two areas govern the net inteBecause the relative prices in the two areas govern the net interchange between rchange between 
them, movements in the relative prices in the two areas will cauthem, movements in the relative prices in the two areas will cause the incentives se the incentives 
to import and export that fluctuate.to import and export that fluctuate.

- 188 -

Hourly Average RealHourly Average Real--Time Imports from PJMTime Imports from PJM
20072007

-500

0

500

1,000

1,500

2,000

2,500

3,000

3,500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

Im
p

or
ts

 (
M

W
)



- 189 -

Hourly Average RealHourly Average Real--Time Imports from CanadaTime Imports from Canada
20072007

•• The following figure shows hourly realThe following figure shows hourly real--time net imports across the Canadian time net imports across the Canadian 
interfaces:interfaces:

The MISO exchanges power with Canada through interfaces with theThe MISO exchanges power with Canada through interfaces with the Manitoba Manitoba 
Hydro Electricity Board (MHEB) and the Independent Electricity MHydro Electricity Board (MHEB) and the Independent Electricity Market Operator arket Operator 
(IMO) of Ontario.(IMO) of Ontario.

The MISO is normally a net importer from MHEB through the high vThe MISO is normally a net importer from MHEB through the high voltage DC oltage DC 
connection and a net exporter to IMO.connection and a net exporter to IMO.

The net imports from MHEB are generally higher in the peak hoursThe net imports from MHEB are generally higher in the peak hours and lower in the and lower in the 
offoff--peak hours.peak hours.

The Midwest ISO is a net exporter to Ontario The Midwest ISO is a net exporter to Ontario ---- exports to IMO are generally lower exports to IMO are generally lower 
in the peak and ramping hours.in the peak and ramping hours.
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Imports over the Manitoba Interface and Imports over the Manitoba Interface and 
Related CongestionRelated Congestion

•• The next figure shows the average hourly imports over the ManitoThe next figure shows the average hourly imports over the Manitoba interface ba interface 
between 2005 and 2007 on sevenbetween 2005 and 2007 on seven--day moving average basis.  It shows that:day moving average basis.  It shows that:

Imports were unusually low at the end of 2006 and beginning of 2Imports were unusually low at the end of 2006 and beginning of 2007 due to poor 007 due to poor 
water conditions that reduced the availability of hydroelectric water conditions that reduced the availability of hydroelectric resources;resources;

Imports returned to more normal levels by the summer of 2007.Imports returned to more normal levels by the summer of 2007.

•• Imports over the Manitoba interface are relatively important becImports over the Manitoba interface are relatively important because they serve the ause they serve the 
load in the Minnesota area and are a source of power that can beload in the Minnesota area and are a source of power that can be imported into the imported into the 
WUMS region from the west.WUMS region from the west.

Hence, when imports over the Manitoba interface are reduced, it Hence, when imports over the Manitoba interface are reduced, it can contribute to can contribute to 
congestion congestion into into Minnesota, generally from the south.  Minnesota, generally from the south.  

Reduced imports also tend to reduce the west to east congestion Reduced imports also tend to reduce the west to east congestion into WUMS.into WUMS.

–– However, the addition of new ArrowheadHowever, the addition of new Arrowhead--Weston 345 transmission facilities Weston 345 transmission facilities 
should reduce the congestion into WUMS from the West.should reduce the congestion into WUMS from the West.
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RealReal--Time Prices and Interface SchedulesTime Prices and Interface Schedules

•• The next three figures evaluate the price convergence and net imThe next three figures evaluate the price convergence and net imports between ports between 
MISO and adjacent markets.MISO and adjacent markets.

The left side of the figures are a scatter plot of the realThe left side of the figures are a scatter plot of the real--time price differences and time price differences and 
the net imports in unconstrained hours.the net imports in unconstrained hours.

The right side of the figures show the average hourly price diffThe right side of the figures show the average hourly price differences and the erences and the 
average magnitude of the hourly price differences (average absolaverage magnitude of the hourly price differences (average absolute differences) ute differences) 
on a monthly basis.on a monthly basis.

•• In an efficient market, prices at the interface should tend to cIn an efficient market, prices at the interface should tend to converge when the onverge when the 
interfaces between the regions are not congested. interfaces between the regions are not congested. 

•• Like other markets, the Midwest ISO relies on participants to inLike other markets, the Midwest ISO relies on participants to increase or decrease crease or decrease 
their net imports to cause prices to converge between markets.their net imports to cause prices to converge between markets.

Given the uncertainty regarding the difference in prices (becausGiven the uncertainty regarding the difference in prices (because the transactions e the transactions 
are scheduled in advance), one should not expect perfect convergare scheduled in advance), one should not expect perfect convergence.ence.
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RealReal--Time Prices and Interface SchedulesTime Prices and Interface Schedules
PJM and MISOPJM and MISO

The results for the PJM interface indicate:The results for the PJM interface indicate:

•• In 2007, the prices in the two areas are relatively well arbitraIn 2007, the prices in the two areas are relatively well arbitraged in the dayged in the day--ahead, likely ahead, likely 
because daybecause day--ahead prices are less volatile and easier to forecast than in reahead prices are less volatile and easier to forecast than in real time.al time.

•• The MISO interface prices were slightly higher than The MISO interface prices were slightly higher than PJMPJM’’ss on a consistent basis for the on a consistent basis for the 
first three quarters of 2007 but tended to be less in the last qfirst three quarters of 2007 but tended to be less in the last quarter.  uarter.  

•• The first figure shows that participants have not been fully effThe first figure shows that participants have not been fully effective at arbitraging the ective at arbitraging the 
realreal--time prices between the two areas, it is often the case that powtime prices between the two areas, it is often the case that power is scheduled from er is scheduled from 
the higherthe higher--priced market to the lowerpriced market to the lower--priced market.priced market.

•• To achieve better realTo achieve better real--time price convergence, we continue to recommend that the time price convergence, we continue to recommend that the RTOsRTOs
consider expanding the JOA to optimize the net interchange betweconsider expanding the JOA to optimize the net interchange between the two areas.en the two areas.

Under this approach, participantsUnder this approach, participants’’ transactions would be financial.  The transactions would be financial.  The RTOsRTOs would would 
determine the optimal physical interchange based on the relativedetermine the optimal physical interchange based on the relative prices in the two areas.prices in the two areas.

This change would likely achieve the vast majority of any potentThis change would likely achieve the vast majority of any potential savings associated ial savings associated 
with jointly dispatching the generation in the two regions.with jointly dispatching the generation in the two regions.
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RealReal--Time Prices and Interface SchedulesTime Prices and Interface Schedules
PJM and MISOPJM and MISO
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DayDay--Ahead Prices and Interface SchedulesAhead Prices and Interface Schedules
PJM and MISOPJM and MISO
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RealReal--Time Prices and Interface SchedulesTime Prices and Interface Schedules
IMO and MISOIMO and MISO

•• The following figure provides the same analysis for the MISO The following figure provides the same analysis for the MISO –– IMO interface in IMO interface in 
the realthe real--time market.time market.

•• For the year, MISO was a net exporter of power to IMO, exportingFor the year, MISO was a net exporter of power to IMO, exporting an average of an average of 
350 MW.350 MW.

In the first 3 quarters, the Midwest ISO prices exceeded the IMOIn the first 3 quarters, the Midwest ISO prices exceeded the IMO prices on average prices on average 
and exports averaged 170 MW.and exports averaged 170 MW.

During the last quarter, the IMO prices were higher than the MidDuring the last quarter, the IMO prices were higher than the Midwest ISO prices west ISO prices 
on average and exports averaged 860 MW.  The increase in exportson average and exports averaged 860 MW.  The increase in exports was a rational was a rational 
response to the relative prices.response to the relative prices.

•• However, the dispersion of prices shows that the schedules over However, the dispersion of prices shows that the schedules over this interface are this interface are 
relatively unresponsive to the price differences in the shortrelatively unresponsive to the price differences in the short--term.term.

•• Interpreting these results is complicated by the fact that IMO dInterpreting these results is complicated by the fact that IMO does not have a nodal oes not have a nodal 
market so the IMO price may not fully reflect the true value of market so the IMO price may not fully reflect the true value of power imported power imported 
from the Midwest ISO.from the Midwest ISO.
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Market to Market EventsMarket to Market Events

•• The next series of analyses evaluate the The next series of analyses evaluate the ““marketmarket--toto--marketmarket”” process, which is the process process, which is the process 
the Midwest ISO and PJM use to coordinate the relief of transmisthe Midwest ISO and PJM use to coordinate the relief of transmission constraints that sion constraints that 
both systems affect.both systems affect.

When a marketWhen a market--toto--market constraint is activated, the markets exchange shadow pricmarket constraint is activated, the markets exchange shadow prices and es and 
the relief requested (the desired reduction in flow) from other the relief requested (the desired reduction in flow) from other market. market. 
The shadow price measures the marginal cost of relieving the conThe shadow price measures the marginal cost of relieving the constraint.straint.
From a settlement perspective, each market is entitled to a certFrom a settlement perspective, each market is entitled to a certain flow on each of the ain flow on each of the 
marketmarket--toto--market constraints.  Settlements are made between the market constraints.  Settlements are made between the RTOsRTOs based on its actual based on its actual 
flow over the constraint relative to its entitlement.flow over the constraint relative to its entitlement.

•• This process is key for ensuring that generation is efficiently This process is key for ensuring that generation is efficiently rere--dispatched to manage dispatched to manage 
these constraints, and that prices in the two markets are consisthese constraints, and that prices in the two markets are consistent.tent.

•• The following figure shows the total number of marketThe following figure shows the total number of market--toto--market constraintmarket constraint--hours  hours  
(instances when a market(instances when a market--toto--market constraint is binding and activated) in 2007.  market constraint is binding and activated) in 2007.  

The marketThe market--toto--market constraints for both market constraints for both RTOsRTOs were equally divided between peak and were equally divided between peak and 
offoff--peak hours.  peak hours.  
The PJM marketThe PJM market--toto--market are most frequent in the summer when the demands on the market are most frequent in the summer when the demands on the 
transmission system are the greatest, transmission system are the greatest, 
The Midwest ISOThe Midwest ISO’’s markets market--toto--market constraints were binding most frequently during the market constraints were binding most frequently during the 
fall, although value of these constraints was similar in the sumfall, although value of these constraints was similar in the summer and fall as shown earlier mer and fall as shown earlier 
in the report.in the report.

- 200 -
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MarketMarket--toto--Market Constraints Market Constraints 
Shadow Price ConvergenceShadow Price Convergence

•• The next two figures show the most frequently called marketThe next two figures show the most frequently called market--toto--market constraints market constraints 
on the PJM and MISO systems.  on the PJM and MISO systems.  

•• The analyses in these figures are intended to show the extent toThe analyses in these figures are intended to show the extent to which the shadow which the shadow 
prices on coordinated constraints converge between the two prices on coordinated constraints converge between the two RTOsRTOs..

•• These figures include:These figures include:
The initial shadow price, which is based on the shadow prices ofThe initial shadow price, which is based on the shadow prices of the Monitoring the Monitoring 
RTO logged prior to the first response from the Reciprocating RTRTO logged prior to the first response from the Reciprocating RTO. O. 
The average shadow prices in the postThe average shadow prices in the post--initialization period are shown for both the initialization period are shown for both the 
Monitoring and Reciprocating Monitoring and Reciprocating RTOsRTOs..
The figure also shows the requested relief during the initializaThe figure also shows the requested relief during the initialization period and the tion period and the 
average requested relief for the remainder of the activation peraverage requested relief for the remainder of the activation period.iod.
Finally the figure shows the percent of hours the constraint wasFinally the figure shows the percent of hours the constraint was activated that it was activated that it was 
being coordinated (i.e. relief was being provided by the Reciprobeing coordinated (i.e. relief was being provided by the Reciprocating RTO).cating RTO).
Cases in which the Reciprocating RTO does not respond (where relCases in which the Reciprocating RTO does not respond (where relief capability is ief capability is 
not available) are excluded from the analysis.not available) are excluded from the analysis.

•• If the marketIf the market--toto--market process is operating well:market process is operating well:
The shadow prices of the two The shadow prices of the two RTOsRTOs should converge after a coordinated constraint should converge after a coordinated constraint 
is activated; andis activated; and
In most cases, the shadow prices should decrease from the initiaIn most cases, the shadow prices should decrease from the initial value as the two l value as the two 
RTOsRTOs collaborate to manage the constraint.  collaborate to manage the constraint.  
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PJM MarketPJM Market--toto--Market Constraints Market Constraints 
Shadow Price ConvergenceShadow Price Convergence

•• The first of the two figures shows the results of our analysis oThe first of the two figures shows the results of our analysis of the PJM constraints.f the PJM constraints.

•• The figure shows that: The figure shows that: 
The shadow prices decrease and move toward convergence over the The shadow prices decrease and move toward convergence over the duration of the duration of the 
event.   event.   

The percentage of active intervals that are coordinated (where rThe percentage of active intervals that are coordinated (where relief is received) is elief is received) is 
substantial on the PJM substantial on the PJM flowgatesflowgates..

The relief requested increased from the initialization and postThe relief requested increased from the initialization and post--initialization and this initialization and this 
consistent with the convergence and efficient coordination.consistent with the convergence and efficient coordination.

•• However, the data indicates some results that raise potential coHowever, the data indicates some results that raise potential concern, including: ncern, including: 
Cases where the Midwest ISO Cases where the Midwest ISO ““relaxesrelaxes”” a PJM marketa PJM market--toto--market constraint because market constraint because 
it cannot provide the relief at a marginal cost lower than it cannot provide the relief at a marginal cost lower than PJMPJM’’ss shadow price.  shadow price.  

–– This relaxation methodology can produce shadow prices that are nThis relaxation methodology can produce shadow prices that are not ot 
representative of the value of the congestion in PJM.representative of the value of the congestion in PJM.

Cases where the Midwest ISO is responding to a shadow price provCases where the Midwest ISO is responding to a shadow price provided by PJM by ided by PJM by 
redispatchingredispatching and pricing the constraint even after the constraint is no longand pricing the constraint even after the constraint is no longer binding er binding 
in PJM (i.e., there is no congestion in the PJM prices).  in PJM (i.e., there is no congestion in the PJM prices).  

–– This is apparently caused by PJM sending shadow price informatioThis is apparently caused by PJM sending shadow price information that is not n that is not 
consistent with its LMP calculations.consistent with its LMP calculations.
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MISO MarketMISO Market--toto--Market ConstraintsMarket Constraints
Relief Requested and Shadow PricesRelief Requested and Shadow Prices

•• The next figure shows the most frequently called marketThe next figure shows the most frequently called market--toto--market constraints on the market constraints on the 
Midwest ISO system. Midwest ISO system. 

StatelineStateline--Wolf Lake and Eau ClaireWolf Lake and Eau Claire--ArpinArpin (combining for over 1500 hours) were the most (combining for over 1500 hours) were the most 
frequently activated as marketfrequently activated as market--toto--market constraints.  market constraints.  

StatelineStateline--Wolf Lake also the highest percentage of coordinated hours at 74Wolf Lake also the highest percentage of coordinated hours at 74 percent while percent while 
Eau Claire Eau Claire –– ArpinArpin was one of the lowest at 15 percent.was one of the lowest at 15 percent.

•• Like the analysis of the PJM constraints, the figure shows that Like the analysis of the PJM constraints, the figure shows that the shadow prices tend to the shadow prices tend to 
decrease and move toward convergence over the duration of the evdecrease and move toward convergence over the duration of the event.   ent.   

•• Our analysis of the Midwest ISOOur analysis of the Midwest ISO’’s markets market--toto--market constraints raises some the market constraints raises some the 
following concerns:following concerns:

The relief quantities are rarely modified, even when its shadow The relief quantities are rarely modified, even when its shadow price is higher than price is higher than PJMPJM’’ss
and more relief may be available.and more relief may be available.

PJM sometimes returned a zero or did not respond when the MidwesPJM sometimes returned a zero or did not respond when the Midwest ISO had an active t ISO had an active 
marketmarket--toto--market constraint, which indicates an inability to market constraint, which indicates an inability to redispatchredispatch for the constraint. for the constraint. 

–– The analysis shows that PJM provides relief less than 5 percent The analysis shows that PJM provides relief less than 5 percent of the time on two of of the time on two of 
the most frequently binding constraints on the Midwest ISO systethe most frequently binding constraints on the Midwest ISO system m 

–– With With PJMPJM’’ss assistance, we are investigating why PJM so seldom provides relassistance, we are investigating why PJM so seldom provides relief on ief on 
these these flowgatesflowgates.  .  
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MarketMarket--toto--Market RecommendationsMarket Recommendations

•• We continue to support recommendations we made in prior State ofWe continue to support recommendations we made in prior State of the Market reports:the Market reports:

The marketThe market--toto--market process be should enhanced to modify the relief requestedmarket process be should enhanced to modify the relief requested based on based on 
the relative shadow prices; and the relative shadow prices; and 

The constraint relaxation algorithm should be discontinued The constraint relaxation algorithm should be discontinued ---- prices should be set based on prices should be set based on 
the PJM shadow price when the requested relief cannot be providethe PJM shadow price when the requested relief cannot be provided at a lower cost.d at a lower cost.

The Midwest ISO should institute a process to more closely monitThe Midwest ISO should institute a process to more closely monitor the information being or the information being 
exchanged with PJM to quickly identify cases where the process iexchanged with PJM to quickly identify cases where the process is not operating correctly.  s not operating correctly.  

•• Additionally, based on our preliminary investigation, we believeAdditionally, based on our preliminary investigation, we believe that certain modeling that certain modeling 
assumptions by PJM cause its realassumptions by PJM cause its real--time dispatch model to not accurately recognize the time dispatch model to not accurately recognize the 
relief that it can provide on key Midwest ISO relief that it can provide on key Midwest ISO flowgatesflowgates..

For example, PJM utilizes a 3 percent GSF cutoff that ignores thFor example, PJM utilizes a 3 percent GSF cutoff that ignores the relief that can be e relief that can be 
provided by generators with lower shift factors.provided by generators with lower shift factors.

–– As described earlier in this report, the Midwest ISOAs described earlier in this report, the Midwest ISO’’s current GSF cutoff of 2 percent  s current GSF cutoff of 2 percent  
raises efficiency concerns; a 3 percent GSF would raise much morraises efficiency concerns; a 3 percent GSF would raise much more significant e significant 
concerns.concerns.

Hence, pending the findings of this investigation, we recommend Hence, pending the findings of this investigation, we recommend that PJM make modeling that PJM make modeling 
changes to more fully recognize the relief that it can provide ochanges to more fully recognize the relief that it can provide on the Midwest ISOn the Midwest ISO’’s key s key 
flowgatesflowgates..
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Intra-Hour Scheduling

•• The last topic we address in this section of the report is intraThe last topic we address in this section of the report is intra--hour physical scheduling.hour physical scheduling.

The MISO market rules permit physical scheduling on a time increThe MISO market rules permit physical scheduling on a time increment of as short as 15 ment of as short as 15 
minutes.  minutes.  

It should contribute to price convergence and efficient dispatchIt should contribute to price convergence and efficient dispatch as market participants as market participants 
arbitrage the prices in adjacent areas.arbitrage the prices in adjacent areas.

•• However, large changes in NSI caused by intraHowever, large changes in NSI caused by intra--hour schedules can lead to price hour schedules can lead to price 
volatility and operational challenges.volatility and operational challenges.

•• IntraIntra--hour schedules affect prices because MISO may have to ramp generhour schedules affect prices because MISO may have to ramp generation up or ation up or 
down substantially to accommodate the schedules.  down substantially to accommodate the schedules.  

•• IntraIntra--hour schedules settle at the average price in the hour in which hour schedules settle at the average price in the hour in which they occur, which they occur, which 
affects participants incentives:affects participants incentives:

If the schedule causes RSG, it may not bear the full costs it caIf the schedule causes RSG, it may not bear the full costs it caused because it is evaluated used because it is evaluated 
as on hourly average basis (400 MW export is treated as a 100 MWas on hourly average basis (400 MW export is treated as a 100 MW hourly export).hourly export).

A 15A 15--minute schedule may be profitable on an hourly basis, even if itminute schedule may be profitable on an hourly basis, even if it is inefficient and is inefficient and 
unprofitable during the 15 minute schedule period in which it ocunprofitable during the 15 minute schedule period in which it occurs.curs.
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IntraIntra--Hour SchedulingHour Scheduling

•• The majority of the intraThe majority of the intra--hour schedules are occurring with PJM.  hour schedules are occurring with PJM.  

•• Hence, the following figure shows a summary of hourly intraHence, the following figure shows a summary of hourly intra--hour scheduling for the past hour scheduling for the past 
2 years between MISO and PJM.    2 years between MISO and PJM.    

The chart shows the average intra hourly scheduling The chart shows the average intra hourly scheduling occuringoccuring in the first 45 minutes of each in the first 45 minutes of each 
hour and in the last 15 minutes of the hour. hour and in the last 15 minutes of the hour. 

While shown as hourly values the imports and exports are not necWhile shown as hourly values the imports and exports are not necessarily occurring in the essarily occurring in the 
same interval. same interval. 

•• The figure shows that almost 60 percent of the intraThe figure shows that almost 60 percent of the intra--hour schedules were in the 4hour schedules were in the 4thth quarter quarter 
of the hour, which is less than the share in 2006.  of the hour, which is less than the share in 2006.  

The predominance of 4The predominance of 4thth quarter schedules is likely due to the fact that tquarter schedules is likely due to the fact that the scheduling he scheduling 
deadline is 30 minutes in advance of the beginning of the schedudeadline is 30 minutes in advance of the beginning of the schedule.  le.  

–– Hence, the entity is able to schedule the 4Hence, the entity is able to schedule the 4thth quarter transaction after it has seen the quarter transaction after it has seen the 
prices at the beginning of the hour that will be included in theprices at the beginning of the hour that will be included in the hourly settlement for the hourly settlement for the 
transaction.transaction.

The volume of intraThe volume of intra--hour schedules remained fairly constant throughout 2007.hour schedules remained fairly constant throughout 2007.
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IntraIntra--Hour Scheduling Hour Scheduling –– Price ImpactsPrice Impacts

•• The next two figures show prices at the MISO proxy bus with PJM The next two figures show prices at the MISO proxy bus with PJM before and during before and during 
intraintra--hour schedules on a weekly average basis.  hour schedules on a weekly average basis.  

•• Exports and imports had substantial impacts on MISO prices and oExports and imports had substantial impacts on MISO prices and operations in 2007.perations in 2007.
During ramp up periods, export schedules of 400 During ramp up periods, export schedules of 400 MWsMWs or more can use all of the or more can use all of the 
available ramp capability and half or more of the available headavailable ramp capability and half or more of the available headroom.room.

–– Largest price effects occur when the intraLargest price effects occur when the intra--hour scheduling utilizes a substantial hour scheduling utilizes a substantial 
portion of portion of MISOMISO’’ss capability to ramp generation up or down.capability to ramp generation up or down.

Exports may also contribute to MISO commitment of peaking resourExports may also contribute to MISO commitment of peaking resources as operators ces as operators 
commit to meet forecasted load, including net exports.commit to meet forecasted load, including net exports.

•• The first figure shows that when the intraThe first figure shows that when the intra--hour exports are being scheduled, the prices hour exports are being scheduled, the prices 
are consistently higher by an average of almost $20/MWH.  The prare consistently higher by an average of almost $20/MWH.  The price effects are largest ice effects are largest 
during peak periods.    during peak periods.    

•• Likewise, the second figure shows Likewise, the second figure shows that when imports are being scheduled on an intrathat when imports are being scheduled on an intra--
hour basis, prices are consistently lower during the schedule thhour basis, prices are consistently lower during the schedule than before the schedule, an before the schedule, 
which is consistent with expectations.which is consistent with expectations.
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IntraIntra--Hour Scheduling Hour Scheduling ––
Price Impacts of ExportsPrice Impacts of Exports
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IntraIntra--Hour Scheduling  Hour Scheduling  --
Price Impacts of ImportsPrice Impacts of Imports

0

200

400

600

800

1,000

J F M A M J J A S O N D J F M A M J J A S O N D

2006 2007

M
W

0

25

50

75

100

125

L
M

P
 (

$/
M

W
h

)

Average Hourly Schedule

Average Price After Transaction

Average Price Before Transaction



- 213 -

IntraIntra--Hour Scheduling Hour Scheduling –– DurationDuration

•• One the primary questions our analysis addresses is whether partOne the primary questions our analysis addresses is whether participants are engaging in icipants are engaging in 
economically rational (i.e., profitable) intraeconomically rational (i.e., profitable) intra--hour transactions.hour transactions.

Scheduling transactions unprofitably may indicate that the partiScheduling transactions unprofitably may indicate that the participant is deriving other cipant is deriving other 
benefits from the transactions, raising market manipulation concbenefits from the transactions, raising market manipulation concerns.erns.

•• Our evaluation focuses on the apparent profitability of the tranOur evaluation focuses on the apparent profitability of the transactions based on sactions based on 
differences in the 5differences in the 5--minute proxy prices for MISO and PJM. minute proxy prices for MISO and PJM. 

A participant scheduling a transaction between MISO and PJM woulA participant scheduling a transaction between MISO and PJM would settle with each RTO d settle with each RTO 
and receive the difference in hourly average prices.and receive the difference in hourly average prices.
A transaction is indicated as seemingly profitable or unprofitabA transaction is indicated as seemingly profitable or unprofitable based on the prices that le based on the prices that 
are observed for the hour prior to scheduling the transaction (oare observed for the hour prior to scheduling the transaction (only applies to intranly applies to intra--hour hour 
transactions scheduled in the 4transactions scheduled in the 4thth quarter of the hour).quarter of the hour).
A transactions is A transactions is ““indeterminantindeterminant”” when it begins in the first 45 minutes of the hour because when it begins in the first 45 minutes of the hour because 
the entity will not have seen any prices for the hour prior to sthe entity will not have seen any prices for the hour prior to scheduling it.  cheduling it.  

•• The analysis indicates:The analysis indicates:
As in 2006, about 80 percent of both the imports and export tranAs in 2006, about 80 percent of both the imports and export transactions scheduled intrasactions scheduled intra--
hour were scheduled when they appeared to be profitable.  hour were scheduled when they appeared to be profitable.  
Of those that did not appear to be profitable, 40 percent ended Of those that did not appear to be profitable, 40 percent ended up being profitable based on up being profitable based on 
the hourly settlement.the hourly settlement.

•• These results do not raise potential manipulation concerns assocThese results do not raise potential manipulation concerns associated with intraiated with intra--hour hour 
schedules in 2007.schedules in 2007.
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Predictable Profitability of IntraPredictable Profitability of Intra--Hour SchedulesHour Schedules
Weekly 2007Weekly 2007
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IntraIntra--Hour Scheduling Hour Scheduling –– ConvergenceConvergence

•• Although our analysis does not indicate potential manipulation cAlthough our analysis does not indicate potential manipulation concerns, the next oncerns, the next 
analysis addresses the efficiency implications of the intraanalysis addresses the efficiency implications of the intra--hour schedules.hour schedules.

•• Our analysis in the next figure examines the extent to which theOur analysis in the next figure examines the extent to which the intraintra--hour hour 
transactions contributed to price convergence between PJM and MItransactions contributed to price convergence between PJM and MISO when the SO when the 
transaction is flowing.  transaction is flowing.  

The figure shows the same profitable and unprofitable transactioThe figure shows the same profitable and unprofitable transactions (based on the ns (based on the 
hourly settlement) for the fourth quarter of the hour as in the hourly settlement) for the fourth quarter of the hour as in the prior figure, but prior figure, but 
categorizes the transactions by whether they were beneficial.categorizes the transactions by whether they were beneficial.

Transactions are beneficial when the power flows from the lowerTransactions are beneficial when the power flows from the lower--priced market to priced market to 
the higherthe higher--priced market (which will contribute to price convergence). priced market (which will contribute to price convergence). 

•• The results in this figure indicate:The results in this figure indicate:

In 2007, only 43 percent of the intraIn 2007, only 43 percent of the intra--hour schedules in the fourth quarter were hour schedules in the fourth quarter were 
beneficial beneficial –– contributing to price convergence.contributing to price convergence.

Further, only slight more than half of the Further, only slight more than half of the ““profitableprofitable”” transactions are beneficial. transactions are beneficial. 
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Efficiency of IntraEfficiency of Intra--Hour SchedulesHour Schedules
Weekly 2007Weekly 2007
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IntraIntra--Hour Scheduling Hour Scheduling –– ConclusionsConclusions

•• Our findings regarding intraOur findings regarding intra--hour transactions are the following:hour transactions are the following:

The majority of intraThe majority of intra--hour transactions are rationale based on profitability.hour transactions are rationale based on profitability.

There is not a consistent pattern of unprofitable transactions bThere is not a consistent pattern of unprofitable transactions by any participants.y any participants.

Together, these results limit potential market manipulation concTogether, these results limit potential market manipulation concerns.   erns.   

•• However, scheduling and settlement rules governing intraHowever, scheduling and settlement rules governing intra--hour transactions result hour transactions result 
in a substantial quantity of intrain a substantial quantity of intra--hour transactions that are not beneficial. hour transactions that are not beneficial. 

Because transactions are settled at hourly average quantities anBecause transactions are settled at hourly average quantities and prices (rather than d prices (rather than 
the quantity and price prevailing when the transaction is flowinthe quantity and price prevailing when the transaction is flowing), transactions can g), transactions can 
be profitable even when they are not beneficial.be profitable even when they are not beneficial.

This issue is exacerbated by the fact that transactions iThis issue is exacerbated by the fact that transactions in the last 15 minutes of the n the last 15 minutes of the 
hour are scheduled after the prices in the first 15 minutes of thour are scheduled after the prices in the first 15 minutes of the hour are known.he hour are known.

–– PJM tried to reduce 4PJM tried to reduce 4thth quarter transactions by requiring that intraquarter transactions by requiring that intra--hour transactions hour transactions 
be scheduled for at least 45 minutes be scheduled for at least 45 minutes –– however, this will likely not be effective however, this will likely not be effective 
because participants can schedule overlapping transactions in opbecause participants can schedule overlapping transactions in opposite directions.posite directions.

Finally, the large changes in NSI that are sometimes caused by tFinally, the large changes in NSI that are sometimes caused by these transactions hese transactions 
contributed to increased price volatility.contributed to increased price volatility.
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IntraIntra--Hour Scheduling Hour Scheduling –– RecommendationsRecommendations

•• To address the inefficiency of the nonTo address the inefficiency of the non--beneficial transactions and the price beneficial transactions and the price 
volatility caused by large changes in NSI, we recommend the follvolatility caused by large changes in NSI, we recommend the following:owing:

In the longIn the long--term, the Midwest ISO should consider the feasibility of settlinterm, the Midwest ISO should consider the feasibility of settling intrag intra--
hour transactions on a 15hour transactions on a 15--minute basis to align the incentives of participants with minute basis to align the incentives of participants with 
the system.the system.

In the shortIn the short--run, the Midwest ISO should require that intrarun, the Midwest ISO should require that intra--hour transactions be hour transactions be 
scheduled by the beginning of the hour (45 minutes in advance) tscheduled by the beginning of the hour (45 minutes in advance) to prevent o prevent 
participants from seeing prices before scheduling the transactioparticipants from seeing prices before scheduling the transactions.ns.

To limit large NSI changes, the Midwest ISO should reconsider thTo limit large NSI changes, the Midwest ISO should reconsider their scheduling eir scheduling 
criteria (which allow up to 1000 MW of NSI changes in each 15 micriteria (which allow up to 1000 MW of NSI changes in each 15 minutes) to limit nutes) to limit 
accepted transactions to:accepted transactions to:

–– the actual available ramp capability; or  the actual available ramp capability; or  

–– a small quantity that reflects an amount ramp capability that caa small quantity that reflects an amount ramp capability that can typically be n typically be 
accommodated.accommodated.
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Market ConcentrationMarket Concentration

•• The analyses in this section of the report provide an overview oThe analyses in this section of the report provide an overview of the competitive f the competitive 
structure and performance of the Midwest ISO markets in 2007.structure and performance of the Midwest ISO markets in 2007.

•• The first analysis is of market concentration, measured using thThe first analysis is of market concentration, measured using the e HerfindahlHerfindahl--
Hirschman Index (Hirschman Index (““HHIHHI””).).

HHIsHHIs are calculated by summing the squares of each supplierare calculated by summing the squares of each supplier’’s market share.s market share.

The antitrust agencies generally characterize markets with The antitrust agencies generally characterize markets with HHIsHHIs of greater than of greater than 
1,800 as highly concentrated.1,800 as highly concentrated.

The HHI provides only a general indication of market conditions The HHI provides only a general indication of market conditions and is not a and is not a 
definitive measure of market power because it does not consider definitive measure of market power because it does not consider demand, network demand, network 
constraints, and load obligations.constraints, and load obligations.

•• The market concentration of the entire Midwest ISO region is relThe market concentration of the entire Midwest ISO region is relatively low.atively low.

However, each of the Midwest subHowever, each of the Midwest sub--regions have HHI values close to or exceeding regions have HHI values close to or exceeding 
1800 with the exception of the Central region. 1800 with the exception of the Central region. 

The The HHIsHHIs in MISO are higher than in some other markets because the vertiin MISO are higher than in some other markets because the verticallycally--
integrated utilities in the Midwest have not divested substantiaintegrated utilities in the Midwest have not divested substantial amounts of l amounts of 
generation. generation. 
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Market ConcentrationMarket Concentration
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Residual Demand IndexResidual Demand Index

•• A better metric than the HHI for evaluating competitive issues iA better metric than the HHI for evaluating competitive issues in electricity markets n electricity markets 
is the residual demand index (is the residual demand index (““RDIRDI””). ). 

•• The RDI metric indicates the portion of the load in an area thatThe RDI metric indicates the portion of the load in an area that can be satisfied can be satisfied 
without the resources of the largest supplier.without the resources of the largest supplier.

Hence, an RDI > 1 indicates that the load can be fully satisfiedHence, an RDI > 1 indicates that the load can be fully satisfied without the largest without the largest 
suppliersupplier’’s resources.  An RDI < 1 indicates that a supplier is s resources.  An RDI < 1 indicates that a supplier is ““pivotalpivotal””, i.e., a , i.e., a 
monopolist over a portion of the load.monopolist over a portion of the load.

In calculating the RDI, we include all import capability into thIn calculating the RDI, we include all import capability into the area, not just the e area, not just the 
imports that were actually scheduled.imports that were actually scheduled.

In general, the RDI will decrease as load increases since increaIn general, the RDI will decrease as load increases since increasing quantities of sing quantities of 
rivalsrivals’’ generation will be needed to satisfy the load.generation will be needed to satisfy the load.

•• The following figure shows the RDI by load level in different arThe following figure shows the RDI by load level in different areas within MISO. eas within MISO. 

The analysis shows that in 2007 there is limited competition in The analysis shows that in 2007 there is limited competition in the WUMS region at the WUMS region at 
all load levels all load levels –– when load is higher than 80 GW (about 1/3 of the time), there iwhen load is higher than 80 GW (about 1/3 of the time), there is a s a 
pivotal supplier in WUMS approximately 90 percent of the hours.pivotal supplier in WUMS approximately 90 percent of the hours.

The West and East regions do not exhibit a pivotal supplier in aThe West and East regions do not exhibit a pivotal supplier in a substantial share of substantial share of 
hours, except when load exceeds 80 GW (7.3 percent of the hours)hours, except when load exceeds 80 GW (7.3 percent of the hours)..
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Residual Supply by Load Levels Residual Supply by Load Levels 
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Residual Supply Duration CurvesResidual Supply Duration Curves
2007: All Hours2007: All Hours

•• The next figure shows the residual supplier index in the form ofThe next figure shows the residual supplier index in the form of a duration curve a duration curve 
from highest index (most competitive) to lowest index (least comfrom highest index (most competitive) to lowest index (least competitive).petitive).

•• These curves show that: These curves show that: 

The WUMS region had one or more pivotal suppliers in almost 50 pThe WUMS region had one or more pivotal suppliers in almost 50 percent of  ercent of  
hours during 2007, which is one reason WUMS is a Narrow Constraihours during 2007, which is one reason WUMS is a Narrow Constrained Area ned Area 
((““NCANCA””) under the mitigation measures in the MISO tariff.) under the mitigation measures in the MISO tariff.

The East had a pivotal supplier nearly 7 percent of the hours.The East had a pivotal supplier nearly 7 percent of the hours.

The West had a pivotal supplier in 6 percent of hours (the WesteThe West had a pivotal supplier in 6 percent of hours (the Western region includes rn region includes 
the Minnesota NCA that was defined in early 2007 as well as othethe Minnesota NCA that was defined in early 2007 as well as other areas).r areas).

There were very few hours with a pivotal supplier in the CentralThere were very few hours with a pivotal supplier in the Central region, slightly region, slightly 
over 1 percent of the hours.over 1 percent of the hours.
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Residual Supply Duration Curves Residual Supply Duration Curves 
2007: All Hours2007: All Hours
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ConstraintConstraint--Specific Pivotal Supplier AnalysisSpecific Pivotal Supplier Analysis

•• We also conducted a pivotal supplier analysis for individual traWe also conducted a pivotal supplier analysis for individual transmission constraints nsmission constraints 
during periods that they were active in the MISO market. during periods that they were active in the MISO market. 

A supplier is pivotal for a constraint when its resources are neA supplier is pivotal for a constraint when its resources are needed to manage the eded to manage the 
transmission constraint (i.e., it has the ability to overload thtransmission constraint (i.e., it has the ability to overload the constraint such that other e constraint such that other 
suppliers cannot unload it).suppliers cannot unload it).

This is frequently the case for lower voltage constraints becausThis is frequently the case for lower voltage constraints because the resources that e the resources that 
significantly affect the flows over the constraint are those thasignificantly affect the flows over the constraint are those that are near the constraint t are near the constraint –– if if 
they are all owned by the same supplier, it is likely to be pivothey are all owned by the same supplier, it is likely to be pivotal.tal.

•• The results of this analysis are shown in the following two figuThe results of this analysis are shown in the following two figures.  The first figure res.  The first figure 
shows the portion of the active NCA constraints (in the WUMS andshows the portion of the active NCA constraints (in the WUMS and Minnesota areas) Minnesota areas) 
and BCA constraints that have at least one pivotal supplier. and BCA constraints that have at least one pivotal supplier. 

•• This figure shows that in 2007:This figure shows that in 2007:

62 percent of the active constraints into WUMS had a pivotal sup62 percent of the active constraints into WUMS had a pivotal supplier.plier.

52 percent of the active constraints into Minnesota had a pivota52 percent of the active constraints into Minnesota had a pivotal supplier.l supplier.

58 percent of the active BCA constraints had a pivotal supplier.58 percent of the active BCA constraints had a pivotal supplier.

•• These results indicate that while local market power is most comThese results indicate that while local market power is most commonly associated with monly associated with 
the NCA constraints, a large share of BCA constraints in 2007 crthe NCA constraints, a large share of BCA constraints in 2007 created substantial eated substantial 
potential local market power.potential local market power.
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ConstraintConstraint--Specific Pivotal Supplier Analysis:Specific Pivotal Supplier Analysis:
Percent of Active Constraints with a Pivotal SupplierPercent of Active Constraints with a Pivotal Supplier
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ConstraintConstraint--Specific Pivotal Supplier AnalysisSpecific Pivotal Supplier Analysis

•• The prior analysis showed that a supplier was frequently pivotalThe prior analysis showed that a supplier was frequently pivotal when a BCA when a BCA 
constraint or NCA constraint was active.constraint or NCA constraint was active.

•• The next figure shows the percentage of intervals during the marThe next figure shows the percentage of intervals during the marketket’’s operation in s operation in 
2007 when at least one supplier was pivotal for a BCA or NCA con2007 when at least one supplier was pivotal for a BCA or NCA constraint.straint.

This analysis varies from the prior analysis because it incorporThis analysis varies from the prior analysis because it incorporates how frequently ates how frequently 
BCA and NCA constraints are active.BCA and NCA constraints are active.

•• This analysis shows that:This analysis shows that:

There was an active BCA constraint with at least one pivotal supThere was an active BCA constraint with at least one pivotal supplier in 66 plier in 66 
percent of the hours during 2007.percent of the hours during 2007.

–– The regional distribution of BCA constraints varied throughout tThe regional distribution of BCA constraints varied throughout the year, he year, 
yet the total frequency was relatively constant.yet the total frequency was relatively constant.

The analysis also indicates that there was an active NCA constraThe analysis also indicates that there was an active NCA constraint with a int with a 
pivotal supplier in 30 percent of hours in WUMS and 20 percent ipivotal supplier in 30 percent of hours in WUMS and 20 percent in Minnesota n Minnesota 
in 2007.in 2007.

•• These results indicate that the BCA and NCA mitigation continuesThese results indicate that the BCA and NCA mitigation continues to be essential.to be essential.
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ConstraintConstraint--Specific Pivotal Supplier Analysis:Specific Pivotal Supplier Analysis:
Percent of All Intervals with a Pivotal SupplierPercent of All Intervals with a Pivotal Supplier
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Economic Withholding:  Output Gap AnalysisEconomic Withholding:  Output Gap Analysis

•• The next analysis is the first in a series of analyses on the coThe next analysis is the first in a series of analyses on the conduct of suppliers in the nduct of suppliers in the 
Midwest ISO, which is designed to detect significant economic wiMidwest ISO, which is designed to detect significant economic withholding.thholding.

•• These analyses use the These analyses use the ““output gapoutput gap”” as a measure of potential economic withholding. as a measure of potential economic withholding. 
The output gap shows the quantity of output that is not producedThe output gap shows the quantity of output that is not produced when supplierswhen suppliers’’
competitive costs are lower than the competitive costs are lower than the LMPsLMPs by more than a given threshold.  by more than a given threshold.  
The output gap also includes inflated offers that set the The output gap also includes inflated offers that set the LMPsLMPs..

•• The next figure shows the monthly average output gap levels in 2The next figure shows the monthly average output gap levels in 2006 and 2007.006 and 2007.
Output gap is shown for two types of units.  1) online and quickOutput gap is shown for two types of units.  1) online and quick--start units available in real start units available in real 
time, and 2) offline units that would have been economic to commtime, and 2) offline units that would have been economic to commit.it.
It also shows the output gap using the mitigation threshold in eIt also shows the output gap using the mitigation threshold in each area (ach area (““high thresholdhigh threshold””), ), 
and one half of the mitigation threshold (and one half of the mitigation threshold (““low thresholdlow threshold””).  The lower threshold would ).  The lower threshold would 
indicate potential economic withholding via offers slightly beloindicate potential economic withholding via offers slightly below the mitigation threshold.w the mitigation threshold.

•• This figure shows that:This figure shows that:
The output gap rose modestly at the beginning of 2007.  This wasThe output gap rose modestly at the beginning of 2007.  This was primarily due to the primarily due to the 
designation of the Minnesota NCA, which resulted in lower threshdesignation of the Minnesota NCA, which resulted in lower thresholds to be used to olds to be used to 
calculate the output gap for 2007 in this area.calculate the output gap for 2007 in this area.
Output gap levels were stable and generally declined slightly ovOutput gap levels were stable and generally declined slightly over the course of 2007.  er the course of 2007.  
These levels provide little indication of significant economic wThese levels provide little indication of significant economic withholding.ithholding.
However, we monitor these levels continually and have investigatHowever, we monitor these levels continually and have investigated many specific output ed many specific output 
gap issues.  In most cases, values can be explained by competitigap issues.  In most cases, values can be explained by competitive factors.ve factors.
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Economic Withholding:  Output Gap AnalysisEconomic Withholding:  Output Gap Analysis
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Economic Withholding:  Output Gap AnalysisEconomic Withholding:  Output Gap Analysis

•• Despite the relatively low output gap levels shown in the prior Despite the relatively low output gap levels shown in the prior chart, it is useful to also chart, it is useful to also 
examine this metric by load level and size of participant.examine this metric by load level and size of participant.

The incentive to economically withhold supply generally increaseThe incentive to economically withhold supply generally increases under high load s under high load 
conditions when prices are most sensitive to such withholding.  conditions when prices are most sensitive to such withholding.  Additionally, large Additionally, large 
suppliers generally have a greater ability to increase prices.suppliers generally have a greater ability to increase prices.

Therefore, the next four figures show the output gap in each regTherefore, the next four figures show the output gap in each region by load level, ion by load level, 
separately showing the two largest suppliers in the region versuseparately showing the two largest suppliers in the region versus others.  s others.  

•• These figures show:  These figures show:  
The output gap at both threshold levels are less than 1 percent The output gap at both threshold levels are less than 1 percent at nearly all load levels and at nearly all load levels and 
locations, with the exception of WUMS and the West where lower tlocations, with the exception of WUMS and the West where lower thresholds are used.hresholds are used.

–– Given the lower thresholds applied to Given the lower thresholds applied to NCAsNCAs, the higher output gap results (exceeding , the higher output gap results (exceeding 
2 percent at higher load levels) do not raise substantial concer2 percent at higher load levels) do not raise substantial concerns. ns. 

The output gap tends to rise at higher load levels because the hThe output gap tends to rise at higher load levels because the higher prices that occur at igher prices that occur at 
high load levels cause a much higher share of the resources to bhigh load levels cause a much higher share of the resources to be economic.  e economic.  

–– However, these levels are not high enough to raise economic withHowever, these levels are not high enough to raise economic withholding concerns.holding concerns.

With the exception of the West, the output gap quantities for thWith the exception of the West, the output gap quantities for the largest suppliers are not e largest suppliers are not 
significantly higher than for other suppliers.significantly higher than for other suppliers.

Overall, these results indicate that economic withholding has noOverall, these results indicate that economic withholding has not been a concern in 2007.t been a concern in 2007.
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RealReal--Time Market Output GapTime Market Output Gap
Central: All HoursCentral: All Hours
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RealReal--Time Market Output GapTime Market Output Gap
East: All HoursEast: All Hours

0%

1%

2%

3%

4%

5%

6%

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

O
th

er
T

op

Up To
60

60 To
70

70 To
80

80 To
90

90 To
100

100 Or
More

Up To
60

60 To
70

70 To
80

80 To
90

90 To
100

100 Or
More

Low Threshold High Threshold

MISO Load Level (GW)

P
er

ce
n

ta
ge

 o
f 

C
ap

ac
it

y 
in

 C
at

eg
or

y Offline Units

Online and Quickstart



- 235 -

RealReal--Time Market Output GapTime Market Output Gap
West: All HoursWest: All Hours
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RealReal--Time Market Output GapTime Market Output Gap
WUMS: All HoursWUMS: All Hours
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Evaluation of Outages and Partial Evaluation of Outages and Partial DeratingsDeratings

•• While the prior analyses assessed offer patterns to identify potWhile the prior analyses assessed offer patterns to identify potential economic ential economic 
withholding, the following analyses seek to identify potential pwithholding, the following analyses seek to identify potential physical withholding.hysical withholding.

The following figures show shortThe following figures show short--term forced outages (less than 7 days), longerterm forced outages (less than 7 days), longer--term term 
forced outages, and other forced outages, and other deratingsderatings by load level for the largest two suppliers and the other by load level for the largest two suppliers and the other 
suppliers by region.suppliers by region.

The results are shown by load level because attempts to withholdThe results are shown by load level because attempts to withhold would likely occur at would likely occur at 
high load levels when prices are most sensitive to withholding.high load levels when prices are most sensitive to withholding.

We focus primarily on shortWe focus primarily on short--term outages and partial term outages and partial deratingsderatings because withholding because withholding 
through longthrough long--term forced outages is less likely to be a profitable strategy.term forced outages is less likely to be a profitable strategy.

•• The results in the following figures do not raise substantial coThe results in the following figures do not raise substantial competitive concerns because:mpetitive concerns because:

The The deratingsderatings and outages do not rise under peak load conditions in any regioand outages do not rise under peak load conditions in any region, generally n, generally 
remaining less than 15 percent; and remaining less than 15 percent; and 

Except in the West, the largest suppliers generally have the samExcept in the West, the largest suppliers generally have the same or lower physical e or lower physical 
withholding than other suppliers (that are less likely to have mwithholding than other suppliers (that are less likely to have market power).arket power).

•• Nonetheless, we continue to investigate any outages or Nonetheless, we continue to investigate any outages or deratingsderatings that create substantial that create substantial 
congestion or other price effects.   Audits and investigations hcongestion or other price effects.   Audits and investigations have not uncovered any ave not uncovered any 
significant attempts to physically withhold generation in 2007.significant attempts to physically withhold generation in 2007.
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RealReal--Time Time DeratingsDeratings and Forced Outagesand Forced Outages
Central: All HoursCentral: All Hours
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RealReal--Time Time DeratingsDeratings and Forced Outagesand Forced Outages
East: All HoursEast: All Hours
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RealReal--Time Time DeratingsDeratings and Forced Outagesand Forced Outages
West: All HoursWest: All Hours
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RealReal--Time Time DeratingsDeratings and Forced Outagesand Forced Outages
WUMS: All HoursWUMS: All Hours
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RealReal--Time Energy Mitigation by MonthTime Energy Mitigation by Month

•• The final two figures in this section show the frequency with whThe final two figures in this section show the frequency with which mitigation has been ich mitigation has been 
imposed in the realimposed in the real--time market (no mitigation was imposed in the daytime market (no mitigation was imposed in the day--ahead market).ahead market).

•• The first figure shows the frequency and quantity of mitigation The first figure shows the frequency and quantity of mitigation by month. by month. 
Mitigation replaces a unitMitigation replaces a unit’’s offer when it exceeds the conduct threshold and the offer  s offer when it exceeds the conduct threshold and the offer  
raises prices substantially raises prices substantially –– this process is nearly completely automated.this process is nearly completely automated.
The first figure shows that NCA mitigation generally occurred moThe first figure shows that NCA mitigation generally occurred more frequently than re frequently than 
BCA mitigation in 2007.  The Minnesota NCA was added in January BCA mitigation in 2007.  The Minnesota NCA was added in January 2007.2007.

Both classes of mitigation were relatively infrequent.Both classes of mitigation were relatively infrequent.
–– 27 BCA unit27 BCA unit--hours and 256 NCA unithours and 256 NCA unit--hours of mitigation occurred in 2007.  hours of mitigation occurred in 2007.  

–– Most of the mitigation occurred in June and July 2007 when 182 uMost of the mitigation occurred in June and July 2007 when 182 unitnit--hours of hours of 
mitigation occurred.mitigation occurred.

–– There was a substantial increase in the NCA mitigation in 2007 There was a substantial increase in the NCA mitigation in 2007 –– this was largely this was largely 
due to the definition of the Minnesota NCA in January 2007, whicdue to the definition of the Minnesota NCA in January 2007, which resulted in a h resulted in a 
large share of the NCA mitigation that occurred in 2007.large share of the NCA mitigation that occurred in 2007.

•• Although mitigation was relatively infrequent during 2007, the aAlthough mitigation was relatively infrequent during 2007, the analyses earlier in this nalyses earlier in this 
section continue to show that local market power is a significansection continue to show that local market power is a significant concern.t concern.

If exercised, local market power could have substantial economicIf exercised, local market power could have substantial economic and reliability and reliability 
consequences within the Midwest ISO market.consequences within the Midwest ISO market.

Hence, market power mitigation measures remain essential.Hence, market power mitigation measures remain essential.
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Mitigation in the RealMitigation in the Real--Time Energy Market by MonthTime Energy Market by Month
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RealReal--Time RSG Mitigation by MonthTime RSG Mitigation by Month

•• In addition to the mitigation of energy offers shown in the prioIn addition to the mitigation of energy offers shown in the prior figure, mitigation is r figure, mitigation is 
also applied to offers that result in RSG payments.also applied to offers that result in RSG payments.

•• The next figure shows the frequency and amount by which RSG paymThe next figure shows the frequency and amount by which RSG payments were ents were 
mitigated in each month of 2007.mitigated in each month of 2007.

•• This figure shows that only modest amounts of the total RSG paymThis figure shows that only modest amounts of the total RSG payments were ents were 
mitigated in most months due to the prerequisites that must be smitigated in most months due to the prerequisites that must be satisfied:atisfied:

The unit must be committed for a constraint or a local reliabiliThe unit must be committed for a constraint or a local reliability issue.ty issue.

The unitThe unit’’s offer must exceed the conduct threshold.s offer must exceed the conduct threshold.

The effect of the inflated offer must exceed the impact thresholThe effect of the inflated offer must exceed the impact threshold (i.e. to raise the d (i.e. to raise the 
unitunit’’s RSG payment by 200 percent on a BCA constraint).s RSG payment by 200 percent on a BCA constraint).

•• RSG mitigation in the Minnesota NCA began to be tested at the 50RSG mitigation in the Minnesota NCA began to be tested at the 50 percent impact percent impact 
threshold in January 2007.threshold in January 2007.

•• Mitigation occurred for 98 unitMitigation occurred for 98 unit--days and slightly more than $3 million in 2007.days and slightly more than $3 million in 2007.

While mitigation of RSG was modest, this does not indicate a lacWhile mitigation of RSG was modest, this does not indicate a lack of k of locationallocational
market power.market power.
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RealReal--Time RSG Mitigation by MonthTime RSG Mitigation by Month
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