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DISCLAIMER 

The data and analysis provided  in this report are for informational purposes only and shall 

not be considered or relied upon as market advice or market settlement data .  All analysis 

and opinions contained in this repo rt are solely those of the SPP Market Monitoring Unit 

(MMU), the independent market monitor for Southwest Power Pool, Inc. (SPP) .  The MMU and 

SPP make no representations or warranties of any kind, express or implied, with respect to 

the accuracy or adequa cy of the information contained herein .  The MMU and SPP shall have 

no liability to recipients of this information or third parties for the consequences that may 

arise from errors or discrepancies in this information, for recipientsƏ or third partiesƏ reliance 

upon such information, or for any claim, loss, or damage of any kind or nature whatsoever 

arising out of or in connection with:  

i. the deficiency or inadequacy of this information for any purpose, whether or 
not known or disclosed to the authors ; 

ii. any error or discrepancy in this information ; 

iii. the use of this information , and; 

iv. any loss of business or other consequential loss or damage whether or not 
resulting from any of the foregoing . 
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1  EXECUTIVE SUMMARY 

The Southwest Power Pool (SPP) Market Monitoring UnitƏs Annual State of the Market report 

for the third year of the SPP Integrated Marketplace presents an overview of the market 

design and market outcomes, assesses market performance, and provides recommendations 

for improvement .  The purpose of this  report is to provide SPP market stakeholders with 

reliable and useful anal ysis and information to use in making market related decisions .  Along 

with this goal, the MMU emphasizes that economics and reliability are inseparable and that 

an efficient wholesale electricity market provides the greatest benefit to the end user both 

presently and in the years to come.  

1.1  OVERVIEW 

The Integrated Marketplace introduced centralized unit commitment and dispatch process es, 

day-ahead and real-time balancing market s and a transmission congestion rights m arket.  

The trading of e nergy and operatin g reserve and virtual  products was also introduced in this 

design .  The centralized unit commitment and dispatch processes resulted  in the largest and 

most immediate financial benefit to the SPP market, as it allowed SPP to reduce online 

generating capacit yƍas a percent of demand ƍby nine percent  in 2014, six percent  in 2015 

and seven percent  in 2016 compared  to what was generally experienced during the last year 

of the Energy Imbalance Service market.  Changing  generation patterns , which began  in 

2015, driven by extremely low natural gas prices, high wind generation, and decreased use 

of coal generation all have increased uncertainty and appear ed to have affected the capacity 

commitment process particularly  from December 2015 through March 2016 .  Beginning  in 

May 2016, the online generating capacity figures have exhibited  a general downward trend 

indicating  efficiency improvement s with the current market design .   

The third year of the Integrated Marketplace shows a mature and very competitive  market .  

Indicators of this market state include:  

Ɩ High levels of participation in the day -ahead market transactions in terms of  the 
total megawatt -hour volume transacted across the SPP market;  

Ɩ High levels of participation in the day-ahead market  for load  (98 to 101 percent) 
and 80 percent  for generation ;  
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Ɩ Lower levels of make -whole (uplift) payments ( seven percent  reduction ); 

Ɩ Low levels of mitigation; and  

Ɩ A modest level of scarcity pricing events . 

Major drivers of the 2016 market outcomes include the continuin g decline of natural gas 

prices, and increasing wind generation capacity and output.  The increase in wind generation 

appear s to be the cause of increasing levels of overall congestion in the market . 

Average monthly natural gas prices  in 2016 at the Panhandle Eastern Pipeline hub  fluctuated 

from $1.53/MMBtu to $2.79/MMBtu through November and then climbed to $3.43/MMBtu in 

December 2016 .  For the entire year of 2016, the average monthly natural gas price was 

$2.32/MMBtu representing a 4. 5 percent  decline fr om the 2015 average .  2016 experienced  

some of the lowest monthly gas price s and the lowest annual average gas price since the 

start of SPPƏs first market in 2007. 

The monthly average real-time electricity price in the Integrated Marketplace for 2016 varie d 

between $1 6/MWh to $27/MWh with the annual average price of  $22.36/MWh .  These are 

some of the lowest monthly and annual average electricity prices since the start of SPPƏs first 

market .    

The average annual all -in price of  electricity  was $22.47/MWh.  The cost of operating reserve s 

and make-whole payment s for 2016  represented about two percent  of the total all -in price of 

electricity , mirroring 2015 shares for both .  The total price is comparable to prices in other 

markets in the region and the non -energy components compare favorably with other 

wholesale electricity markets.  

Installed generation capacity  increased in 2016 to 87,45 3 MW from 84,94 3 MW in 2015 

indicating a three percent  growth rate .  The installed capacity at time of system peak that 

qualif ies for determining the reserve margin increased from 67,251 MW in 2015 to 72,145 

MW in 2016 .  Peak load increased from 45,279 MW in 2015 to 50,62 2 in 2016.  The increase 

in capacity and load was primarily the result of SPP market expansion into the Dakota s and 

adjacent states.  System peak load increased more than capacity because of  higher than 

normal summer temperatures  in 2016.  This weather pattern resulted in a sizable decrease in 
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the reserve margin to 43  percent  in 2016 from 49  percent  in 2015.  The drop in reserve 

margin was not the result of a high level of plant retirements or increas ed overall native load .   

Generation in the SPP market by technology is changing primarily because of two factors:  1) 

relative difference in fuel prices, namely decli ning natural gas prices compared to coal prices ; 

and 2) increased installed wind generation capacity and output .  Consequently, e xtremely 

low natural gas prices have resulted in displacement of coal generation by gas generation .  

Another  trend is increasing wind generation making simple cycle gas generation less 

economic al.   

Wind generation in 2016 continue d to increase and represented almost 23 percent  of total 

SPP generation in the months of March, April,  and October , with an annual average share of 

18 percent .  Conversely, the share of coal generation has declined from a historical average 

of 60 to 65 percent  to an annual average of 48 percent  in 2016, which is down from 55 

percent  in 2015.  April 2016 coal generation represent ed just under forty percent  of total 

generation for the month.   This is the lowest monthly share of coal since the start of organized 

markets in SPP in 2007. 

Year-end installed wind generation capacity in the SPP market increased 30 percent  from 

2015, reaching  16,114 MW at the end o f 2016.  This continued a trend that has occurred over 

the past several years.  Because actual generation resulting from new capacity does not show 

up in the market for several months after registration, the full impact of this nearly 3,700 MW 

of new wind capacity in 201 6 will not occur until 201 7.  Wind generation as a percent of load 

for any hour reached a maximum value of 48 percent in 2016 , which was higher than 

maximums of 3 8 percent in 2015 and 33 percent in 2014.  On an interval basis, i nitial result s 

from 201 7 indicate that at times , wind -sourced generation has exceeded 50 percent  (54.5 

percent  in April 2017) of total load . 

Given the large resource margin and the frequency with which prices reflect  inexpensive 

generation, prices  in 2016 generally did  not rise to levels high enough to support investment 

in new non-wind  generating capacity .  Even though  federal and/or state subsidies are 

declining,  wind generation is likely to continue to increase substantially in the next three to 

four  years. 
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In additi on to committing capacity to meet the load and operating reserves obligations  in the 

day-ahead market , SPP also committed resources for reliability needs through its reliability 

unit commitment processes  and manual commitment  processes.  This provide d SPP 

operations  with the capability to address issues regarding ramping , headroom , and local 

reliability constraints ƍservices that arenƏt directly reflected in the market prices.  The 

commitment of additional capacity to address these issues dampened prices  and increased 

reliability unit commitment  make-whole payment s.   

There are a number of resource categories that  may not be receiving  market revenues 

sufficient to cover their annual avoidable costs .  This includes resources committed  for 

voltage support , quick-start resources, and large base load resources with a significant level 

of fixed operations and maintenance costs such as coal units .  Factors influencing this issue 

include low market prices driven by low gas prices and high wind generation, large reser ve 

margin,  and high level of self -committed capacity .  The MMU, through its advisory role  to SPP 

and participation in the stakeholder process , is assessing these issues.   

Scarcity pricing levels in 2016 were about $1,300/MWh for aggregate operating reserv es, 

about  $900/MWh  for regulating reserves , and about $ 200/MWh  for spinning reserves.  This is 

comparable to 201 5 levels and consistent with other markets .   

Marginal energy component prices for ramp -constrained shortages , however, averaged just 

over $51/M Wh in 2016, $10/MWh  less than what was experienced in 201 5.  The MMU has 

voiced concern  that these low prices do not reflect the value of demand for ramp capability 

provided by fast -responding resources, creating a market separation between economics 

and reliability .  The RTO addressed this concern in May 2017 by implementing  ramp scarcity 

with the use of demand curves during times of ramp shortages .   

The Integrated Marketplace provides fewer categories of market uplift, or make -whole 

payments, when compar ed to other RTO markets , reflecting an efficient market design.  

Coupled with five -minute real -time market settlements, these provisions generally provide 

incentives for resources to meet their commitment and dispatch instructions by ensuring that 

the market covers cleared costs.  The level of make -whole payments in 2016 constitute d 

about 1.2 percent of the all -in price of electricity, which was seven percent less than 2015 

levels (1.3 percent of all -in price) and 24 percent less than 2014 levels (1.5 perce nt of all -in).   



Southwest Power Pool, Inc. Executive summary 
Market Monitoring Unit   

State of the Market 2016   5 

1.2  DAY-AHEAD AND REAL-TIME MARKET PERFORMANCE 

Load and generation participation in the day-ahead market  continued to be strong  in 2016.  

The average monthly day-ahead market  participation rate for generation assets was about 80 

percent  of installed capacity (115  percent  of load) and the average level of participation for 

the load assets was between 98  percent  and 101  percent  of the actual real -time load .   

Generation offers in the day-ahead market  averaged  48 percent  as ƎmarketƏ commitment 

status followed by  Ǝself-commit Ə status at 35 percent  of the total capacity commitments for 

2016.  In 2015, the ƎmarketƏ and Ǝself-commit Ə shares were at 46 percent  and 39 percent , 

respectively .  Other resource commitment statuses for 2016 were Ǝreliability Ə at two percent  

and Ǝnot participating Ə at three  percent , which are very close to 2015  figures .  The ƎoutageƏ 

status accounted for the remaining  12 percent,  an increase from 10  percent  in 2015.  The 

MMU monitors generation in ƎoutageƏ, Ǝreliability Ə, and Ǝnot participating Ə status for possible 

physical withholding concerns.  The MMU is also assessing the high use of self -commitment 

status because of the limitations this commitment type places on the market .  Some of the 

reasons for this may include c ontract terms for coal plants , low gas prices that reduce  the 

opportunity for coal units to be economically cleared in the day-ahead market , long startup 

times, and a risk-averse business practice approach .   

The total volume of virtual transactions as a percentag e of real-time market load averaged 9.4  

percent  for 2016 from 7.5  percent  in 2015.  In general, virtual  transactions have been 

profitable in the SPP marketplace  increasing  in 2016 to about $3 3 million from about $2 1 

million in 2015.  When transaction  fees are included  net profit  for virtuals is only $16 million 

for 2016.  Every month in 2016 was profitable in aggregate for virtual transactions, before 

factoring in the transaction fees.  Out of 82 market participants with virtual transactions in 

2016, on ly five took in over 50 percent of the net profits from virtual transactions.  

The real-time market  is settled according to  market participant sƏ deviations from their day-

ahead positions .  Day-ahead prices are generally higher than real time prices , which indic ates 

a higher value (or premium ) attached to the relative certainty of day-ahead prices for load 

and generation , compared  to the potential volatility in the real -time market .  Real-time prices 

will be higher at times due to this volatility, which can be ca used by changing generation or 

load levels, outages, and congestion.  The average monthly real -time  price  exceeded the 
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day-ahead price  only once during the first 22 months of the Integrated Marketplace .  

However, in 2016 real-time average prices were highe r than day-ahead prices  during five 

months.  

The day-ahead and real-time energy prices at the two SPP market hubs, the North and South 

hubs, differ due to  congestion and differ ing  fuel mixes in the two regions .  The North hub  

generally experiences lower pri ces because coal, nuclear, and wind are the dominant 

technologies  in that area.  The South hub , on the other hand, has a large r share of gas-fired 

plants. 

1.3  TRANSMISSION CONGESTION AND HEDGING 

Locational marginal prices reflect the sum of the marginal cost o f energy, the marginal cost of 

congestion, and the marginal cost of losses for each pricing interval at any given pricing 

location in the market .  Although  the SPP market currently maintains a high reserve margin , 

certain locations of the footprint experie nce significant price movements  resulting from 

congestion caused by high  wind generation .    

Load-serving entities may hedge the congestion cost with transmission congestion rights and 

auction revenue rights.   At an aggregate level, the SPP load was 88 per cent hedged for the 

explicit congestion costs paid in the day -ahead and real -time market s.  In 2016, the total of all 

transmission congestion right and auction revenue right net payments to load -serving entities 

of $243 million was less than the total day -ahead and real -time market s congestion costs of 

$280 million .   

This is in contrast to 2015 when transmission congestion right and auction revenue right net 

payments to load -serving entities exceeded their congestion costs.  This change could be 

due to a variety of factors, including the market design change with Revision Request 911, 

market participant behavior, or overall increased congestion patterns in the market.  

Meanwhile, in 2016 non -load -serving entities collected transmission congestion right and 

                                                      

1 Revision Request 91 (Annual Allocation Percent Change)  changes the annual auction revenue right 
allocation system capacity to match annual that of the annual transmission congestion right auction.  
This should result in higher funding percentages, allowing market participants  to more accurately 
value their transmission congestion rights.  
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auction revenue right net revenues of nearly $9 1 million, which exceeded their day -ahead  

and real -time  market congestions costs of $1 8 million.  

1.4  OUT-OF-MARKET ACTIONS AND UPLIFT COSTS 

The Integrated Marketplace provides make-whole payment s (MWPs) to generators to ensure 

that the market provides suffic ient revenue to cover the short -run marginal cost of resources 

that provid e energy, start -up, no -load, and operating reserve products for a market 

commitment period  and for local reliability commitments .  Make-whole payments are  

additional market payment s in cases where prices result in revenue that is below a resourceƏs 

cleared  offer .  These payments are intended to make resource s whole to the costs of 

providing the  above-mentioned  products . 

In 2016, total make-whole payment s were approximately $71 million, up from $58 million in 

2015.  Much of the increase can be attributed to two factors :  1) the expansion of the market 

footprint in late 2015, and 2) more negative price periods primarily driven by  wind 

generat ion.  There were approximately 500 negative real -time price intervals in 2016, which 

is about six percent more intervals with negative prices than 2015 . 

Make-whole p ayments averaged about $0.27/MWh for 2016 .  In comparison to other 

ISO/RTO markets, SPPƏs make-whole payment s are comparable to other ISO/RTOs which vary 

from $0.22/MWh to $0.57/MWh in 2016.  Day -ahead make-whole payment s constituted 

about 38  percent  of the total make-whole payment s in 2016.  SPP pays about 87 percent  of 

all make-whole payments to gas-fired resources with  72 percent  of reliability unit 

commitment  make-whole payment s to simple cycle gas resources.  

1.5  COMPETITIVENESS ASSESSMENT 

The SPP Integrated Marketplace provides effective  market incentives and mitigation 

measures to produce compe titive market outcomes even during periods when the potential 

for the exercise of local market power could be a concern.  The MMUƏs competitive 

assessment using structural and behavioral metrics indicate  that market results in 2016 were 

workably competitiv e and that the market required mitigation of local market power 

infrequently to achieve competitive  outcomes .  Nonetheless, mitigation remains an essential 
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tool in ensuring that market results are competitive during periods of high demand and 

supply shorta ges and when such market conditions offer suppliers the potential to abuse 

local market power.  

Three metricsƍmarket share analysis, Herfindahl-Hirschman Index (HHI), and pivotal supplier 

analysisƍwere used to evaluate structural market p ower in the SPP footprint .  The market 

share analysis assessed the market share of the largest supplier in terms of energy output in 

the real-time market by hour for the entire year , along with a duration curve showing ranked 

market share.  The market share rank ranged from 9.6 percent  to 19.7 percent , which did not 

exceed the 20 percent  benchmark in any hours in 2016. 

The overall supplier concentration in the SPP market was evaluated by employing the HHI in 

terms of installed capacity, and the results show that the SPP market was not concentrated in 

any hours in 2016, which is an improvement from 29 percent concentrated  in 2015.   

The third structural metric, the pivotal supplier analysis , was used to evaluate the potential of 

market power in the presence of Ƒpivotalƒ suppliers.  In this report , the metric  identifie s the 

frequency with which at least one supplier was pivotal at varying load levels in five different 

reserve zones (regions) of the SPP footprint in 2016.  The results showed the percent of hours 

with pivotal suppl ier is the highest (around 100 percent) in the New Mexico and Texas 

regionƍirrespective of demand level ƍwhere one of the SPPƏs frequently constrained areas in 

2016 was located.  This region is followed by Iowa and the Dakotas where, depending on the 

level of load, 17 percent to 36 percent of the hours exhibit at least one pivotal supplier.  The 

remaining regions experience pivotal supplier conditions for only negligible periods.  

In sum, all the three metrics discussed above indicate minimal potential struct ural market 

power in SPP markets outside of areas that are frequently congested .  For the two frequently 

constrained area s where potential for concerns of local market power is the highest, existing 

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

The structural indicators discussed above look for the potential for market power without 

regard to the actual exercise of market power .  Behavioral indicators, on the other hand, were 

assessed through the analysis of actual offer or bid behavior (i.e., conduct) of the market 

participant s to look for the  actual exercise of market power.  
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The frequency of mitigation (i.e., the percent of resource hours mitigated)  varied across 

products and markets .  The level of mitigation  for incremental energy, regulation, and no -

load  in the day -ahead market were infrequent  and up slightly  in 2016 from 2015 levels.  

Nonetheless, the level of mitigation was still very low throughout the year .  The day-ahead 

mitigation wa s on average is 0.05 percent for 2016.   The mitigation of start -up offers 

increased to nine percent in September 2016 and has since fallen to less than three percent 

in December 2016.   While this is similar to the trend that was experienced for the other 

market components , it was observed at higher levels.  The combined frequency of mitigation 

of start-up offers for  day-ahead, reliability unit commitment and manual  commitment s 

increased to 3.8 percent in 2016 from 2.8 percent in 2015.  

The mitigation of energy in the real-time  market , on average , was at very low levels with 

annual average around  0.03 percent  for 2016  resource hours .  The results represent dramatic 

improvement relative to the first year of the market in 2014 where some of these market 

components experienced miti gation levels approaching one percent.  

Finally, the output gap as a measure for economic w ithholding was  calculated first for the SPP 

footprint, with values ranging from 0.69 to 2.06 percent, with the largest gap appearing in 

December.  The output gap was also calculated for two areas in the footprint ƌ the Texas 

Panhandle and Woodward  frequently constrained areas.  The calculated o utput gap values at 

all three locations  are consistent with competitive market conduct.  

1.6  STRUCTURAL ISSUES 

Installed generation capacity in the SPP market has grown rapidly since the beginning of the 

Integrated Market place in early 2014 and has maintained a high level of reserve margin  

approaching 50  percent  in 2014 and 2015 , and 43 percent  in 2016.  SPPƏs current annual 

planning c apacity requirement is 12  percent .   

The influx of wind capacity accounted for most of the observed growth of installed capacity in 

the SPP market with growth rates of 44  percent  in 2015 and 30  percent  in 2016 relative to 

prior year .  At the same time, wind generation constituted a significant part of the total annual 

generation, around 18  percent  in 2016, with an all -time high rate of wind generation 

penetration of 54.5 percent  of load in April  2017.   
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The shift in generation mix towards renewable resource s is a significant  and positive 

development , however  it carries market and operational challenges and risks, both in the 

short- and long -run.  Market inefficiencies and operational impacts of wind generation makes 

the current mix even more of a concern  since 40 percent  of the total wind capacity is  non-

dispatchable .   

Low cost wind generation  is becoming a  contribut ing  factor to the low levels of SPPƏs energy 

prices.  The limited controllability of wind and the significant level of state and federal 

subsidies distort market prices and stress es other aspect s of a properly functioning market.  It 

is in the best interest of SPP market stakeholders to begin preparing for po tential  changes to 

the market.  

Market participant s have recently complained of inadequate cost recovery and have initiated 

discussions at various levels on existing mitigation rules as a way of addressing such issues .  

The MMU views th is market outcome as a byproduct of increasing wind capacity and 

generation , high reserve margin s, low gas prices, and certain offer behavior in the SPP 

market .  Hence, the MMU has explained  to market participant s on several occasions that the 

root cause of the issue was a combination of structural issues and certain offer behavior s 

(e.g., self-commitments by suppl iers, which is nearly 35 percent in the day-ahead market  in 

2016) not Ƒover-mitigationƒ.  In fact, the mitigation data for energy, regulation, start-up, and 

no-load components of offers in 2015 and 2016 reveal that the SPP market experienced very 

low level s of mitigation frequency.  

1.7  RECOMMENDATIONS  

One of the  primary responsibilities of a  market monitoring u nit is to evaluate market rules and 

market design features for market efficiency and effectiveness , as well as the prevention of 

market power abuse .  The MMU does this through multiple forums .  One such forum is th is 

Annual State of the Market report .  Other forums the MMU uses to fulfill this responsibility 

include preparation and submittal of revision request (RR) forms used in the RTO stakeholder 

process, commenting on revision requests submitted by SPP and stakeholders, presenting 

comments and recommendations directly to the SPP Board of Directors and FERC regarding 

proposed tariff changes, and filing comments on FERC Notice of Proposed Rulemakings 

(NOPRs.) 
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In the 2014  and 2015  Annual State of the Market report s, the MMU made several 

recommendations , most of which have been addressed through  the SPP stakeholder 

process.  Two recommendations remain open at the time this report is published .  This 

include s the revision of rules to eliminate potential make-whole payment  manipulation 

related to commitments across the midnight hour and fixed regulation bids .  The 

recommend ation to  transition non-dispatchable variable energy resources (NDVERs) to 

dispatchable variable energy resources (DVER) status, which will  lessen the negative impact of 

such resources on the market  is currently being assessed by the SPP Market Working Group .  A 

recommendation to change mitigation conduct thresholds and physical withholding pe nalty 

rules have been withdrawn by the MMU, pending further monitoring  and analysis.   

In this 2016 Annual State of the Market Report,  the MMU recommends SPP address the  

biased mitigation rule for resources committed to resolve local reliability problems.  The 

MMU specifically recommends converting  the 10 percent  threshold rule for local reliability 

commitments to a 10  percent  cap.  This will remove the risk to these resources of having their 

market offer reduced to the mitigated offer level for economic wi thholding mitigation when 

their offer is between 10  percent  and 25 percent  (17.5 percent  for resources in designated 

frequently constrained areas) as is the case for all other resources that are not subject to local 

reliability commitments.   

The MMU apprec iates the constructive effort of the Market Working Group , SPP staff, and 

other groups involved in the SPP stakeholder process  to identify and implement solutions 

that address these recommendations .  Detailed discussion of each  open  recommendation is 

contained in the body of this report.  
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2  THE SPP M ARKET IN 2016  

2.1  THE INTEGRATED MARKETPLACE 

Southwest Power Pool (SPP) is a Regional Transmission Organization (RTO) authorized by the 

Federal Energy Regulatory Commission (FERC) with a mandate to ensure reliable po wer 

supplies, adequate transmission infrastructure, and competitive wholesale electricity prices .  

FERC granted RTO status to SPP in 2004.  SPP is one of nine Independent System 

Operators /Regional Transmission Organizations  (ISO/RTOs) and one of eight NERC  Regional 

Entities in North America .  SPP provides many services to its members, including reliability 

coordination, tariff administration, regional scheduling, reserve sharing, transmission 

expansion planning, wholesale electricity market operations, and training .  This report 

focuses on the 2016 calendar year of the SPP wholesale electricity market referred to as the 

Integrated Marketplace, which started on March 1, 2014.  

The Integrated Marketplace is a full day-ahead market  with transmission congest ion rights, 

virtual trading, a reliability unit c ommitment (RUC) process, a real-time balancing market  

(RTBM), and a price-based operating reserve s market.  SPP simultaneously put into operation 

a single balancing authority as part of the implementation of the Integrated Marketplace .  

The primary benefit of introducing a day -ahead market is to improve the efficiency of daily 

resource commitments .  Another benefit of the new market includes the joint optimization of 

the available capacity for energy and operating  reserves. 

2.1.1  SPP M ARKET FOOTPRINT 

The SPP market footprint is located in the westernmost portion of the Eastern 

Interconnection, with the Midcontinent ISO (MISO) to the east, the Electric Reliability Council 

of Texas (ERCOT) to the south, and the Western Electricity Coordinating Council (WECC) to 

the west.  Figure 2ƍ1 shows the ope rating regions of the nine ISO/RTO markets in the United 

States and Canada.  The SPP market also has connections with other non -ISO/RTO areas such 

as Saskatchewan Power Corporation, Associated Electric Cooperative, and Southwestern 
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Power Administration. 2  Figure 2ƍ2 shows a more detailed view of the Southwest Power Pool 

footprint.  

Figure 2ƍ1  ISO/RTO operating regions  

 

 

                                                      

2 Southwestern Power Administration belongs to the SPP RTO, Reliability Coordinator (RC), Reserve 
Sharing Group (RSG), and Regional Entity (RE) footprints.  Associated Electric Cooperative bel ongs to 
the SPP RSG. 
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Figure 2ƍ2  SPP market footprint  
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2.1.2  SPP M ARKET PARTICIPANTS 

At the end of 2016, 182 entities were participating in t he SPP Integrated Marketplace .  SPP 

market participants  can be divided into several categories:   regulated investor -owned 

utilities , electric cooperatives, municipal utilities, federal and state agencies, independent 

power producers, and financial only market participants that do not own physical assets.   

Figure 2ƍ3 shows the distribution of the number of resource owners registered to participate 

in the Integrated Marketplace.  The number of independent power producers  is high since 

most wind producers are  included in this  categor y.  Market participants referred to as agents 

represent several individual resource owners that would individually be classified in different 

types, such as municipal utilities, electric cooperatives, and state agencies.  

Figure 2ƍ4 shows generation capacity owned by market participant type.  As can be seen 

from this chart, even though investor -owned utilitie s represent only a small percent of the 

number of participants in the market at 12  percent , they hold the majority of the SPP 

gener ation capacity at 56  percent .  This is in contrast to the independent power producerƏs 

category, which has a large number of participants representing only a small portion (11  

percent ) of total capacity.   Independent power producersƏ total capacity increas ed from 

8,345 MW in 2015 to 9,268 MW in 2016, an increase of 11  percent , mostly wind . 
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Figure 2ƍ3  Market participants by type 

 

Figure 2ƍ4  Capacity by market  participant type 

 

2.2  ELECTRICITY DEMAND  

2.2.1  SYSTEM PEAK DEMAND  

One way to evaluate load is to review peak system demand statistics over an extended 

period of time.  The market footprint has changed over time as participants were added or 

removed .  The peak dem and values reviewed in this section are coincident peaks, calculated 
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out of total dispatch across all load areas that occurred during a particular market interval.  

The peak experienced during a particular year or season is affected by events such as 

unusually hot or cold weather , in addition to daily and seasonal load patterns.  

The SPP system coincident peak demand in 2016 was 50,62 23 MW, which occurred on July 

21 at 5:00 PM.  This is higher than the 2015 system peak of 45,279 MW and about five 

percent  higher than the all -time system peak of 47,989 MW in 2011 .  Figure 2ƍ5 shows a 

month -by-month comparison of peak -day demand for the last three years.  Summer monthly 

peaks for 2016 were higher than any of the previous  years due to a warmer than normal  

summer, as well as an approximate 10 percent  increase in load as a result of the SPP market 

expansion in October  2015 into the Dakotas and adjacent states. 

Figure 2ƍ5  Monthly peak energy demand  

 

 

                                                      

3 SPP 2016 Annual Report 
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2.2.2  MARKET PARTICIPANT LOAD  

In 2016, load continued to participate in the day-ahead market at high levels.  Figure 2ƍ6 

shows the average monthly participation rates for the load assets on an aggregate level to be 

between 98 a nd 101  percent  of the actual real -time load.   

Figure 2ƍ6  Cleared demand bids  in day-ahead m arket  

 

Figure 2ƍ7 depicts 2016 total energy consumption, market participantsƏ annual loads, and 

the percent of energy consumption attributable to each market participant.  The largest four 

participants account for just under 50 percent  of the total system load, which is 

understandable  since SPPƏs market is primarily composed of vertically integrated investor -

owned utilities , which tend to be quite large.   



Southwest Power Pool, Inc. The SPP market in 2016 
Market Monitoring Unit  

State of the Market 2016   20 

Figure 2ƍ7  Market participant energy usage  

Market Participant  
2014  
2015  

2015  2016  
Energy 

consumed 
(GWh) 

Percent of 
system 

Energy 
consumed 

(GWh) 

Percent of 
system 

Energy 
consumed 

(GWh) 

Percent of 
system 

 American Electric Power   43,046  19.0%  43,078  18.9%  42,746  17.2% 
 Oklahoma Gas and Electric   29,387  13.0%  28,433  12.5%  28,078  11.3% 
 Southwestern Public Service Company   25,898  11.4%  25,590  11.2%  25,658  10.3% 
 Westar Energy   24,238  10.7%  23,544  10.3%  23,885  9.6% 
 Basin Electric Power Cooperative *   751  0.3%  5,147  2.3%  17,859  7.2% 
 Kansas City Power and Light, Co   15,630  6.9%  15,303  6.7%  15,528  6.3% 
 The Energy Authority, NPPD   13,339  5.9%  12,943  5.7%  13,248  5.3% 
 Omaha Public Power District   11,208  5.0%  10,854  4.8%  11,168  4.5% 
 Western Farmers Electric Cooperative   9,106  4.0%  9,041  4.0%  8,448  3.4% 
 Kansas City Power and Light, GMOC   8,607  3.8%  8,339  3.7%  8,423  3.4% 
 Grand River Dam Authority   5,413  2.4%  5,616  2.5%  5,957  2.4% 
 Empire District Electric Co.   5,274  2.3%  5,156  2.3%  5,144  2.1% 
 Golden Spread Electric Cooperative Inc.   5,562  2.5%  4,840  2.1%  5,132  2.1% 
 Sunflower Electric Power Corporation   4,916  2.2%  4,646  2.0%  4,732  1.9% 
 Western Area Power Administration, Upper Great Plains #     1,128  0.5%  4,477  1.8% 
 Arkansas Electric Cooperative Corporation   3,005  1.3%  3,172  1.4%  3,708  1.5% 
 Lincoln Electric System Marketing   3,450  1.5%  3,434  1.5%  3,515  1.4% 
 The Energy Authority, CU   3,278  1.4%  3,270  1.4%  3,332  1.3% 
 Oklahoma Municipal Power Authority   2,818  1.2%  2,797  1.2%  2,857  1.1% 
 Kansas City Board of Public Utiliti es   2,368  1.0%  2,392  1.0%  2,427  1.0% 
 Midwest Energy Inc.   1,748  0.8%  1,719  0.8%  1,710  0.7% 
 Northwestern Energy #     394  0.2%  1,651  0.7% 
 Kansas Municipal Energy Agency   1,373  0.6%  1,437  0.6%  1,480  0.6% 
 Tenaska Power Service Company   1,216  0.5%  1,212  0.5%  1,363  0.5% 
 Missouri River Energy Services #     304  0.1%  1,260  0.5% 
 City of Independence   1,026  0.5%  1,017  0.4%  1,065  0.4% 
 Municipal Energy Agency of Nebraska   981  0.4%  999  0.4%  1,015  0.4% 
 Kansas Power Pool   953  0.4%  857  0.4%  860  0.3% 
 City of Chanute   493  0.2%  489  0.2%  482  0.2% 
 Missouri Joint Municipal Electrical Utility Commission   825  0.4%  448  0.2%  450  0.2% 
 City of Fremont   360  0.2%  435  0.2%  441  0.2% 
 MidAmerican Energ y Company #     74  0.0%  284  0.1% 
 Otter Tail Power Company ^       41  0.0% 
 Harlan Municipal Utilities #     4  0.0%  19  0.0% 
 NSP Energy #     1  0.0%  4  0.0% 
 System total  226,271   228,112   248,884   
 
 # Joined SPP on October 1, 2015  
 * Expanded footprint in SPP on October 1, 2015  
 ^ Load added to the footprint on January 1, 2016  

2.2.3  SPP SYSTEM ENERGY CONSUMPTION  

Figure 2ƍ8 shows the monthly system energy consumption in thousands  of gigawatt -hours.  

Total SPP system annual energy consumption in 2016 was 8.7 percent  higher than 2015 with 

248,000 GWh in 2016, compared to 228,000 GWh in 2015.   However, if the Integrated 
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System load is removed from both year Əs numbers, the increase is only about 2.3  percent .  

This increase appears to be driven by higher than normal summer temperatures.  

Figure 2ƍ8  System energy consumption  

 

2.2.4  LOAD DURATION CURVE 

Figure 2ƍ9 depicts load duration curves from 201 4 to 2016.  These load duration curves 

display hourly loads from the highest to the lowest for each year.   

In 2016, the maximum hourly average  load was 48,547 MW and the minimum was 19,377 

MW.  Comparing annual load duration curves s hows differentiation between c ases of 

extreme loading events and more general increases in system demand.   If the extremes only 

are higher  or lower  than the previous year, then short -term loading events are likely the 

reason.  However, if the entire load curve is higher than the previo us year, it indicates that 

total system demand has increased.  Reference percentage lines indicate a near identical 

load pattern over the last three years at load levels below the 25  percent  reference level.  The 

largest notable difference between  loads during  these three years occurred at load levels 

above the 25  percent  reference level.  This is due to a different weather pattern during the 

summer peak periods discussed in the next section , as reflected in the relative upward tilt of 

the load duration cur ve.  Overall, l oad in 2016 was about eight percent  higher than the 

previous three years  reflecting upward shift in the curve .  Most of this  overall  increase can be 
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attributed to the addition of the Integrated System in October 2015, as stated in previous 

sections. 

Figure 2ƍ9  Load duration curve 

 

2.2.5  HEATING AND COOLING DEGREE DAYS 

Based on analysis of temperature impact on demand in the SPP footprint from 2011 through 

2016, the MMU estimates that 21 percent of d aily demand in the footprint is explained by 

variations in temperature.  This explains why changes in weather patterns from year to year 

have a significant impact on electricity demand.  One way to evaluate this impact is to 

calculate heating degree days ( HDD) and cooling degree days (CDD).  These values can then 

be used to estimate the impact of actual weather conditions on energy consumption, 

compared to normal  weather patterns.  

To determine heating degree days  and cooling degree days  for the SPP footprin t, several 

representative locations 4 were used to calculate system daily average temperatures 5.  In this 

                                                      

4 Amarillo TX, Topeka KS, Oklahoma City OK, Tulsa OK, and Lincoln NE .  After October 1, 2015, 
Bismarck ND was added to represent SPPƏs expanded market footprint. 
5 Daily average temperature is calculated as the  average of the daily lowest and highest temperatures .  
The source of the temperature is the National Oceanic and Atmospheric Administration (NOAA).  
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report, the base temperature separating heating and cooling periods is 65 degrees 

Fahrenheit.   If the average temperature of a day is 75 degrees Fahren heit, there would be 10 

(=75-65) cooling degree days.   If a dayƏs average temperature is 50 degrees Fahrenheit, 

there would be 15 (=65 -50) heating degree days.  Using statistical tools, the estimated load 

impact of a single cooling degree days  was determin ed to be 825  MWh compared to 513 

MWh per heating degree days .  As expected, the impact of a single cooling degree day  on 

load is sign ificantly higher than that of a  heating degree day  in part because of more  electric 

cooling than electric heating.  

There was a slightly higher level of cooling degree days in 2016 compared to the prior years 

as illustrated  in Figure 2ƍ10 and can be seen by  the higher values in the 2016 months.  The 

impact of this weather pattern is reflected in total  annual load as discussed above and system 

reserve margin that is discussed in the next section.  

Figure 2ƍ10  Heating  and cooling degree days 

 

Figure 2ƍ11 shows the numbers for heating degree days , cooling degree days , and load 

levels from 2014 through 2016 compared to a normal year.  The definition of normal 

temperature is the average temperature for the last 30 years.  Normal 2016 load was derived 

from a regression analysis of  actual footprint  heating degree days , cooling degree days , 

weekends, and holidays, substituting footprint normal temperatures.  
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Figure 2ƍ11  Deg ree days and loads compared with  a normal year 

 

2.3  INSTALLED CAPACITY AND GENERATION 

Figure 2ƍ12 depicts the Integrated Marketplace installed generating capacity for the SPP 

consolidated balancing authority at the end of the  year.  Total generating capacity in the SPP 

Integrated Marketplace was 87,4 53 MW by the end of 2016, representing an increase of 
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three percent  over 2015. 6  Natural gas-fired installed generation capacity still represents the 

largest share of the SPP market at 43 percent  (gas simple cycle 28 percent , gas combined 

cycle 15 percent ), with coal being the second largest type at 31 percent .  Wind continues to 

see an increase as the result of new construction , with a 2016 market share of 18  percent .  

Figure 2ƍ12  Generation capacity by technology type 

Fuel type 2014  2015  2016  
Percent as of 

year-end  2016  

Coal 26,486 28,821 26,939 31% 

Gas, simple cycle  22,694 23,910 24,024 28% 

Wind  8,583 12,397 16,114 18% 

Gas, combined cycle  12,322 12,025 12,870 15% 

Hydro  832 3,430 3,428 4% 

Nuclear  2,569 2,629 2,107 2% 

Oil  1,527 1,608 1,684 2% 

Other  155 124 289 0% 

Total 75,167 84,943 87,453   
Note:  Capacity is nameplate rating at year -end. 

 

 

                                                      

6 The change in total generation capacity from year to year includes additions, retirements, and 
nameplate rating changes that occur during the year.  
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2.3.1  CAPACITY ADDITIONS AND RETIREMENTS 

In 2016, about 3,890 MW of new generation capacity was added to the SPP market.  This is 

much lower than the 11,345 MW of new capacity added  in 2015, which was mostly from the 

entrance of the Integrated System.  Most of the new capacity in 2016 was wind at 78  percent , 

followed by natural gas at 20 percent  and solar at two perce nt.  Figure 2ƍ13 shows the 

capacity by the technology and the number of resources added .  All of this  new market 

capacity was new construction .   

Figure 2ƍ13  Capacity additions  

 

In 2016, the SPP market also experienced generation retirements amounting to 791 MW in 

installed capacity, of which 67 percent  was nuclear, 22 percent  coal, 11 percent  gas simple 

cycle and less than one percent  wind.  The nuclear, coal, and wind retirements were all one 

resource each and the gas retirements represent ed three resources .  Figure 2ƍ14 shows 

capacity retirements in 2016 by the fuel type.  The nuclear facility that was retired was 

commissioned in the early 1970s and the coal plant in the late 1950s.  
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Figure 2ƍ14  Capacity retirements  

 

2.3.2  CAPACITY BY AGE 

Figure 2ƍ15 illustrates that certain segments of the SPP generation fleet are aging .  Nearly 55 

percent of SPPƏs fleet is more than 30 years old.  In particular, nearly 90  percent  of coal 

capacity and just over 50  percent  of gas capacity are older than 30 years.  The national 

average retirement age of coal -fired generation is 54 years.  Outside of the re sources that 

joined SPP from Nebraska in 2009 and  the Integrated System in 2015 , the great majority of 

significant new capacity in the SPP footprint over the last 10 years has been wind generation.  
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Figure 2ƍ15  Capacity by age of resource 

 

2.3.3  GENERATION BY TECHNOLOG Y 

An analysis of generation by technology type used in the SPP Integrated Marketplace is 

useful in understanding pricing , as well as the potential impact of environmental and 

additional regulatory req uirements on resources in the SPP system.  Information on fuel types 

and fleet characteristics is also useful in understanding market dynamics regarding 

congestion management, price volatility, and overall market efficiency.  

Figure 2ƍ16 depicts annual generation percentages in the SPP real -time market by 

technology  type for the years 2007 through 2016 .  Generation from simple cycle gas units 

such as gas turbines and gas steam turbines has seen a significant decline over the past fe w 

years, decreasing share from 13 percent  in 2007 to only six percent  in 2016.  Gas combine d 

cycle generation has remained relatively stable at around  13 percent  of total generation with 

a slight increase to 16  percent  in 2015 and 2016  because of low gas p rices.  Wind generation 

share continues to increase fr om nearly three percent  in 2007 to about 18  percent  in 2016.  

Coal generation share decreased to 48 percent  of total generation  in 2016.  The long -term 

trend for coal -fired generation had been relativel y flat through 2014 at around 60  to 65 

percent  of total generation, but increasing wind generation and low gas prices has prompted 

a decline to 55 percent  in 2015 and under 50  percent  in 2016.  
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Some of the annual fluctuations in generation by technology typ e shares are driven by the 

relative difference in primary fuel prices, namely natural gas versus coal.  Gas prices in 2012, 

2015, and 2016  were extremely low, resulting in some displacement of coal by efficient gas 

generation , as can be seen in the higher generation from combined cycle gas plants.  The 

other general trend appears to be the increase in wind generation pushing simple cycle gas 

generation up the supply curve, making it less competitive . 

Figure 2ƍ16  Generation by technology type, real-time, annual  

 

Figure 2ƍ17 depicts the 2016 monthly fluctuation in generation by technology type .  Wind 

generation fluctuates dramatically from 10  percent  in the summer months to 20  percent  in 

the fall and winter .  The increase in wind generation accompanied with low natural gas prices 

resulted in coal -fired generation market share falling to below 40  percent  in April 201 6.   
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Figure 2ƍ17  Generation by technology type, real-time, monthly  

 

Only in December did coal generation in 2016 exceed the levels in 2014 and 2015 , as shown 

in Figure 2ƍ18.  The gas cost increased in December to $3.43/MMBtu, while January through 

November  averaged around $2.22/MMBtu, a roughly 50  percent  increase for December .  A 

secondary driver is the ever increasing level of wind generation.  Downward pressure on coal 

generation should lessen with an increase in gas prices offsetting the expected in crease in 

wind generation . 

Figure 2ƍ18  Generation by coal resources 
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One method commonly used to assess price trends and relative efficiency in electricity 

markets originating from non -fuel costs is the implied heat rate.  The implied heat rate is 

calculated by dividing the electricity price, net of a representative value for variable 

operations and maintenance (VOM) costs, by the fuel (gas) price. 7  For a gas generator, the 

implied heat rate serves as a Ƒbreak-evenƒ point for profitability such that a unit producing 

output with an operating (actual) heat rate below the implied heat rate would be earning 

profits, given market prices for electricity and gas.   If the price of natural gas was $3/MMBtu, 

and the LMP was $24/MWh, the implied heat rate would be (24/3) = 8 MMBtu/MWh (8,000 

Btu/KWh).  This implied heat rate shows the relative efficiency required of a generator to 

convert gas to electricity and cover the variable costs of production, given system price s. 

Figure 2ƍ19 shows the monthly implied heat rate for 201 4 to 2016, along with an annual 

average for those years.  The chart shows a steady increase from 2014 to 2016 .  Typically, the 

more electric prices are set by coal generati on, the lower the implied heat rate will be.  This 

effect is very strong when gas and coal price differences are large, and diminishes as the two 

prices approach parity.  With  the low gas prices reaching parity with the price of coal during 

most of 2016 , a much higher implied heat rate is observed.  For systems like SPP where coal 

generation sets electric price 41  percent  of the time, as it did in 2016 , this cross-fuel impact 

on implied heat rate can be significant.  

                                                      

7 For the implied heat rate calculation, natural gas units are assumed to be on the margin and 
accordingly, gas prices are taken as the relevant fuel cost .  We ignore emission costs in fuel cost as 
they rarely app ly to the SPP market. 
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Figure 2ƍ19  Implied heat rate 

 

 

In 2016, coal generation represented about 48 percent  of generation, whereas total (simple 

cycle and combined cycle) gas -fired gene ration represented only about 23  percent  of total 

generation in the SPP market.  Retirement of older coal generation, environmental limits, 

along with competition from wind and natural gas technologies are some of the factors that 

will continue to put pressure on coal generation.  Wind generation capacity is expected to 

continue to increa se in the years ahead.  

2.3.4  GENERATION ON THE M ARGIN 

The system marginal price represents the price of the next increment of generation  available 

to meet  the next increment of  total system demand.  The locational marginal price at a 

particular pricing node is the system marginal energy price plus any marginal congestion 

charges and marginal loss charges associated with that pricing node.  Figure 2ƍ20 illustrates 

the frequency with which different technology type s were marginal and pric e setting .  For a 

generator to set the marginal price, the resource must be:  (a) dispatchable by the market; (b) 

not at the resource economic minimum or maximum; and (c) not ramp limited.   In other 

words, it must be able to move to provide the next increm ent of generation.  








































































































































































































































































